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ABSTRACT 

Fortune ·8ay and Bay D'Espoir are ~wo fjords 1n close proximity, yet with 

contrasting internal properties and (:frocesses. Samples from six cores from Bay t-' · 

D'Espoir and five cores from Fortune Bay wer~ analysed for organic carbon and 

nitrogen content, r613C, o15N, and total and individual ~mino acids . The 4513C 

values for Bay D'Espoir samples were relatively lower than those for Fortune Bay, 

indicating a stronger influence or a terrigenous source in BaJ_D'Espoir. The. o1!iN 

values were constant (7-8° /oo) for all cores except for cores BDE-1643 and 
w 

BDE-1657, which were· strongly depleted in 13C ·and 15N. The 615N and the · 

amino acid signatures delineate a predominantly macrophytic source of organics 

within both bays. Productivity ·levels were reflected in the percent organic carbon 

and total amino aci.d abundances which were higher in Fortune Bay samples than . 
those in Bay D'Espoir samples. There is a general decrease in percent organic 

carbon and .total amino acids with depth . The magnitude or this trend varies with 

each core. In cores F0-840404 and F0-840405 ~be trend may be related to a 

change from modern marine sedimentation to glaciomarine sedimentlLtion. The 

change in sedimentation pattern is also reflected in t~e fraction greater than 63,, 

foram'inireral count and 180 ahu~da:nces or the- foraminiferal carbonate ·tests. ,., 

Finally, the D AlLE/L~E indicated higher .sedimentation rates in Bay D'Espoir 

than in Fortune Bay. 
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1.1. Prologue 

Chapter 1 

INTRODUCTION 

Fj~rds :ne d('E>p, glacially exc~vat<'d estu:ni('s that have ~ev<'ral llnt<}llf' 

characteristics when compared to· mor~ shallow cmbaymrnts .Thry arc conimonly 

found alcng high latitude western coastlines and may be considered as miniature 

ocean systems -wherein reac tion rates and. environmental gradi('nts may . be 1\D 

order of magnitude higher th:ln similar oceanic rates and gradi<'nts. Thus fjords 

can ·be natural laboratories where various ebvironmental, geochemical , 

sedimentological and biological problems can be investigated at an accelerated 

time scale. 

1.2. The study area ( 

Doth Fortune Bay and Ba\ D ' Espoir are located along the south<'rn shore of 

Newfoundland adjacent to ~~another (Fig. 1-1). They are both regarded as 

fjords with re~pect to location,morphology and r estricted circulation. Fortune 

Bay is a. shallow fjord. The maximum depth is 526 meters in Belle llay , S('parated 

from the rest of Fortune Day by a sill195 meters deep (Fig. 1-2) (DeYoung, 1g8J). 

The mean depth or Fortune Bay is 120 meters and the maximum depth or the 

main part of the bay is 420 ffi('tf'rs (DeYoung, 19~.1) . In the Cf'nter of th(' hay is a 

bank 15 kilometers long and about 180 meters deep. 

The bay hM three ~ills - St. Pierre, Miquelon ~tnd Sagona sills - with limiting sill 

d('pths of 125, 115, and 100 m <' t<'rs resp('('tively (DeYoung, 1P&'J). The MiquPion 

and Sagona sills connect to the Hermitage channel, whereas the St. Pierre sill 

·' 
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Figure 1-1: The study an'a. showing core 
lo<'ations of Fortune B:1y. 

• 



40' 

SAGONA ISI.AND # 
20' 

I BRUNETTEISLANO ~ 
10 ' 

20' 10' 40' 30' 20' 10' 55 •oo' 50' 



4 

( 

' Flgure 1-2: Cross sectiOTI of Fortune Bay 
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givf-5 access to the St. Pierre Channel (DeYoung, IQ83). The St. Pierre channel 

transports cold Labrador Currt-nt Water (·0.!) to -l.O 0 C) Yibich is ·relatively fresh · 

with a salinity of 3.1.0 °/oo (DeYoung. ~~~3; Richard and Hay, IQ84).The 

IINmitage channel is a two layered system with respect to water type - Modirit>d 

Slope Watt-r from the bottom to intermediate depths near 150 meters and an . ,.. 
upp~r layN or cold' Labr:tdor Current Water (De.,Young. IQ83; Richard and Hay, 

lg84). The ~1odifif'd Slope Watt"r is warm and saline with temperatures of 4 to 6 

°C and a salinity of 34 .. 5 ° /oo (Richard and Hay, JQ84J. 

The main source of freshwater into Fortune Bay is from the Bay du Nord RiHr 

which runs into Bdh• Bay. This total · yearly contribution of freshwater into the 

bay , expr('ssed as a percentage of the bay, is about 0 .6~ (DeYoung, l<l8·1). 

Bay D'Espoir is a deeper fjord consisting of a deep outer basin connected to two 

shallow principal arms (Fig. 1-3) . The maximum depth of the outer basin is 773 

meters as compared to 280 meters (in l.ampidos P:t.c;c;ag.-) in tht> innf'r bn.~in . A 

total of 10 sills, 1 outer and g inner ones occur between the mouth and the h~ad 

(Fig. 1-t) (Richard 11nd Hay, H)84). The outer sill, about 280 me,te·rs deep, at the 

seaward ('Dtranct- of Hermitl\g(' Bay, limits the t>xchange of deep water between 

the main basin and Hermitage channel (Richard and Hay, H)8.t). ThE> inner sill!l , 

especially those at Copper Head and Riches Island, which are respectively 40 and 

27 meter~ d«>t>p, restrict the exchange of water between the outer and inner basin 
'1. . 

to thE' ('Xt('nt that th(' water prnpertiE'S nT the inner ba.c;in are not innuenced by 

the Modified Slope Water (Richard and Hay, H)84). 

The upp('f Bay D'Espoir region bM three major !IOUrces or freshwater input: the 
I 

Day D'Espoir power plant, the C'onne RivPr and Southea.o;t Brook (Ricbud and 

Hay, 1084).Additiona.l infiow is derived from the Day D'Espoir Brook and Salmon 

River. 

The contrasting propertit'S of the two fjords in termll of morphology and the 

resultant internal circulation make this study particularly intert'Sting. Fort1me 



7 

-

•. 

Figure 1-3: Core lo<'ations of ~3ay D'c~poir 
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Bay tS a large fjord with unrE'Stricted internal circulation. It re~ieves seawater 

from two different major channels, and the innux or freshwater is insignificant. 

On the other h:md Bay D'Espoir recie,·es seawater from one major <'hann("l. lt has 

sevrral sills landward or the main mouth thereby brnking the fjord into p:utially 

separated basins and restricting intra-fjordic circulation. Thus the productivity of 

the Modified Slope Water and a mixture of the Modified Slope Water and 

La.brador Current <'an be compared. Finally, the freshwater innux into Day 

D'Espoir appears to be significant, causing Bay D'Espoir to be less saline than 

Fortune Bay., Bay D'Espoir may . therefore have significant terrl'l'trial organ it' 

inputs. 

Thus it was e~pected that, altbO'Ugh productivity m Fortune Bay i!' higher, 

f{'Stricted circulation or Bay D'Espoir create a better ('nvironm£>nl for prt"~<'rv:ttion 

of_organi<'S. This thesis d<'5cribcs the organic gro<'hemistry or both bays. It relates 

· primary productivity to the water types and temperatures and compares the 

rclatiH inputs of organic matter a.t various localities in Fortune Day and Bay 

D'Espoir . Environmental conditions relating to prE>Scrvation of organic matt('r and 

thE> bioch,ic~tl rE>actions invol:vE>d in the rlestruction of organic matt('r are 3lso 

· inHstigaft!'d . Thf'se rf'sults ar£' thrn utilizrd to interpret the glacial history of the 

are:~.. 

1.3. L&te Qu"tern&ry glacial bietory of study ar~a 
.. ' - ····--

There are two basic hypotheses concerning the local timing or events and glacial 

ice distribution during the Wisconsin glaciation. KiRg and Fader.( IQ86) suggest an 

('ncompassing ice COV("r rrom Early to Late Wiscon~in and by late Wi~consin the 

ire c.over was in .:1: rr~('ssinnal stage reaching the pr~sent day coast by ;....., 16 Ka 

ago. Tucker and McCann ( H~89~ report evidence that there were two ice sheets 

and the glacial maximum was from Early to Mid Wistonsin . The ~uthf'rn 

Hermitage area was inOuencE>d by a small i<'t' cap centt"rE>d north and t"a . .'lt or tbt' 

Hermitagl' area which mov('d !IOIJtbward during the La.te Wisconsin (-- 18 K&) 

(uckie and McCann, 1082; Tucker and McCann, 1g80). 

-.. --

( . 
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In tither c:l.Se the sequell'fi'<)T events remams the same gla.ciomarine 

s('dim(>ntation m a deep !lub-basin during the glacial maximum followed by 

proximal ~nd distal glacial d('posJt_s and finally a rl'turo to normal mario!' 

conditions (as sea level rises) . 

l . .f. Sedimentation of organic matter 

Organic matter represents a. small fraction of the to tal ~"'rlinwntary mati:'Ti:ll. It .. . 

consists primarily or naturally occurring biopolymers (polysaccharides, lipids, 

proteins, sporopollenins, lignin cuticles), ge<>polymers such as burnie material and 

Tl'!'iduiJ organic ma.tt('r and biomonomers which includes decomposition products, 

mainly from microbial activity of the biopolymcrs (Brooks, 1078; Morris anrl 

Culkin, fg75). 

The organic matter i~orporated into the sediments of the fjords may be from 

. terrestrial and marine sources. Terrestrial d~?tritus may enter fjords by a number 

of processes. River transport is the major input mechanism ror terrigenous organic 

: matter to nearshore marine environments (Simoneit~ 1g7S; Romankevicb, Hl84) . 

This organic matter i~ in the form or dissolved organic rompounds and suspended 

particulate organic~:; . A<>Olian transport carri('s fin~ gr:tin('d partidPs into the . ' 

marine environment. Other forms of transport include glacial runoffs, icc rafting 

and slumping. Once material is deposited in the fjordic ~nvirooment, it may be 

redistributed by turbidity currents. The allochthonous organic matter is derived 
~ . . 

mainly from t('rrestrial biosynthes('s (and industrial activiticsJ (Eglinton and 

Barnes, Jg78). In route to the m1rine environment, this organic matter may be 

subjected to considerable microbial dell;radation and ~ould be enriched in more 

te!!istant molecules (Eglinton and Barnes, IQ78). 

Marine organic matter is principally autocbthond'u3 material derived from 
' marine nora and fauna (Bordovsldy, 1g6S; Romankevich, lg84). Phytoplankton, 

zooplsnkton, bacteria snd algae and macrophytes populations produce 

auto('hthonou~ organic mllttrr in th r fjord E>nvironmrnt ( Nil'n h inc;, 1 Q81 ). 
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Pbotosynth~is by phytoplankton is the main source of organic · matter ud may 

account for more than OOC.O of the. mafine primary prOductivity (Nienbius, 1081 ) . 

. The distribution and abundance of plankton is dependent on the supply of 

nu~rients (Bordovskiy, 1Q6S; Ward. IQ85). Fjords are known to contain highly 

. diverse, seasonally changing populations of pl~nkton that vary both in number 

and t'Stuarin(' location (Lt-wis and Syvitski, 1Q83). Plankton populations may be 

concentrated in near ~gnaot waters. sheltered behind sills. upwelling areas and ' 

near river mouths. 

S('dim<'ntation of organic matter is effected mainly by active transportation as it 

passes . through· food chains, extracted by Cilier feeding organisms and by 

absorption of dissorved organic matter on to min('ral parti~IE'S or collgulation of 

organic colloids (Bordovc;kiy, JQ65). 

1.5. Early diagenesis 

The physico-ch<'mico-mirrobiologi<'al changf's that operate during deposition and 

wit.hin thr first mf'tl'r 0f h1nia l are (('~med early dia(l;enesis (Brooks, 1078). 

Biological agents are the principal factors in the degradation of organics during 

early diagenesois, the most important ate the benthic fauna and abundant 

microorganisms p3ordovskiy, 1Q6S) .. T.ht> marine bt'ntb~ gE>nt>ra lly recycles the 
( 

·npprr 2 to 10 em of sediment thereby exposing materials several times to oxic 

conditions. Eventually the sediment i.s buried below the Z<?ne or reworking and 

remains in an anoxic environrn~nt . 

Thr most significant agents of degradation or organic matter in the sedinaentary . 
column arc bacteria, which vary in number and type and with increasing depth of 

sediment and physico-chemica) conditions within the sediment (Dordov11kiy, 106.S; 
. . ~ . 

M~re, 106Q; Morris and Culkin, 1~75; Droob, 107~). . Bactttria and baderial 

<irgradation llrr most abundant at the surface of the sediment layer, in the zone of 

active · rewor,ing (£l?rdovskiy, 1065; Moore, 1060; Morr~ and Culkin, 1075 
- ) 

Brooks,' 1078). This i~ accomplished by mny enzymatic reaction11 wbi~b deue 
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large molPcules (biopolymers) into sm~Her and simpler molt-cutes !monomers) 

!Brook~. JQ7X; Morris and Culkin. 1075). These microbiological degradation 

prod urts can be i(lrntified · m recent and ancient environmt>oh as • bio-markers • 

(Eglioloo, 1Q69). Below the · zone or reworklpg, the sediment contains no free 

oX)'g('n and living aerobic bacteria decrease at a. logarithmic rate. Consequently it 

is usually observed that the amount o( organic matter decreases with depth. 
. -~ ~ . 

Bactrrial degradation is accompanied by the incorporation or metabolic by

products arid dead bacterial cells entering -the sediment. This biological activity 

presents an analytical problem in that it is difficu It, if not impossible to 

distinguish between the organic compounds e~tra.ctcd rrom living. organisms 

inhabiting the sediment and those extracted from the non-living content or A.be 

s(•dim('nt (Eglinton, Jg6Q). 

Early diagenesis also involves several chemical reactions occurring in the upper 

meter of the sedimentary column (Brooks, 1978). These reactions may include 

cl('avage or carbon • carbon bonds, reduction of unsaturated carbon • carbon 

bonds, disproportionation reactions, aromatisation and loss or NH3 , H2S, C02 and 

Cll
4 

from organic molecules (Brooks, 1978). , 

The quality and quantity of organic matter found in a sediment are a function 
. ' 

of many environmental parameters and the source of the organic matter. In this 

thesis, multiple tracer analysis is employed to determine the sources of orga.nic 

matter and reconstruct the depositional t-nvironment. Stable isotopes or carbon 

and nitrogen and abundances or amino acids in sediments a~e. used to det.ermine 

the source of organics and some depositional conditions. The oxygen isotopic 

determinations of the carbonate of 'foraminiferal tests are used to estimate 

paleosalinities which may indicate sea. level changes resulting from the Wisconsin 

glaciation. Finally, use is made of the epimerization _of I,IT.E to D-All..E in 

roraminifera.l .tests as a chronological tOQI to better establish any events in a time __ 

frame.-
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1.8. Stable earbon and nitrogen iaotopca 

Carbon and nitrogen both have two stable isotopPs. The re-lative abundanrt>S 

are: 

1 2c = 98.891 
1 4 N = 9 g . 64,; 

13c = 1. 111 
1 &N = o.3el 

The carbon and nitrogen isotopic signature of marine and tt>rre-strial organisms ic; 

usually pr('sNved in the organic component or the srdiment. 

Fractionation or organic carbon during photosynthesis 1s controlled. by . 
environmental and metabolic ('rrects (Degrns et al. , 1969). Maximum fractio nation 

is acbieYed when pH and water t emperature are low, the dissolved carbon dioxide 

concentration is high and the growth rate or the plant population is modNat!' 

( Degens ct al., I g~g ). or the-se v ari:lbles, temperature eff<'cts on fraction at ion is 

the most pronounced. Planl.ton in lower temperature waters produce isotopically ·. 

light carbon ( Parker et al ., 11l72; Newman et al., 1Q73; Sackett et al. , 1Qi3; 

Fontugne and Duplessy, 1978; Sa.ckE>tt, 1986). ,A syst rma.tic rrlatio nship is 

observed between 13C values of oceanic plankton an_d surfac~·aler temperature: 
13C values range from about -30.0°/oo at 2°C to about -20.0°/oo at J.S°C (Sackett 

et al., l Qi3). furthermore, analysis of phytoplankton from several different 

locations indicate diHereot mineral carbon rix~tion pathways on either side or a 25 

°C isotherm (fontugne and Duplessy , IQ81). The 613C values increase linearly 

from low temperatures (-1 °C) to 25 °C, abo ve which the o13C values decr rasl'd 

slightly. This was attributed to different metabolic· pathways operative on either 

·side or the 25 °C isotherm. 

Metabolic effects become important in the photosynthetic pathway of the plant. 
. ..$ . 

There are three pathways (Biaek, 1076; Hoefs, H)80; fry and Sherr, 1084; 

Stern berg et aJ., 1984 ): 

(l) The Calvin or CJ pathway, where C02 is incorporated from the atmosphere 

by carboxylation of ribulose diphosphate (RUDP). 

.. 
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{2) The Hatch Slack or C4 pathW31. where CO.) is rtxcd by carboxylation or 

phc)sphoC'nolpyruvate (PEP) followed by transportation of the carboxylation 

product to the OUt('f Jayl'r of the photosynthetic CPII wh('H' decarboxyhtion and 

rl.'(ixation by RL'DP occurs. 

'- · ·--·· -
(3) Cra..ssulacean Acid ~letabolism or CA.\1 pathway, which can utilise ('ithl'r 

RUDP or PEP Carboxylase for CO.l fixation. deprnding on environmental 

conditions. 

The different enzymatic reactions during photosynthesis by C3 and C4 plants 

produce the most 13C-depleted plants (-26.0 to -31.0° /oo) ~nd the most 
13C-l'nriched plants (-12.0 to -15.0°/oo), respectively (Fig. 1-5) (Hoefs, H)80f The 

b13C values for CA..\-1 plants reflect both C3 an.d C4 pathways and span the entire 

rangt> of 13C valul'S for land plants (Fig. 1-5) (Black, IG76). However, CAM 

plants are rare and not consC'qu('nti:d for the estim:~.tion or t('rriginous inputs to 

marine environments. 

Stable isotopes of carbon can be us-ed to investigat~ the following: 

(I) The amounts and location of tern·strial and marin!.....!nputs in Dt'arshorc 

environments. The o13C values of recent marine, sediments (about -20.00° /oo) are 

approximately the same as that of the organisms in that environment, except in 

areas' which recieve large allochthonous influxes (Parker, 1964; Simoneit, 1976): 

Significant positive correlation exists between 613C, distance from river mouth and 

grain size (Gearing et al., H)77). Grain size may be a function of source because 

tt'rrig('nous detritus tends to be larger than marine (Newman et al., -1973; Gt>aring 

ct al., 1977; Parker, 1977) . . 

(2) Early diagen('sis of organic matter. The isotopic c0mposition of an organic 
. ""' . 

compound depends on its source and rate. Parker (1964) bas shown that the o13C 

values or sediments in a marine estuary are a function or the o13C values or the 

biologics.! community of that environment. However, the o13C values c~n be 
I 

,/ 
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Figure 1-6: Isotopic variations or carbon 
in naturally occurring substanct's. 

Soun:e: Macko, 1981. 

... 
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severely altt.>red by miuobial activity (\facko and Estep,l984: Blair et al.,l9~5) . 

Any synthetic or degradative procE's..'l has the potential to cn•at(' an isotopic 

fingerprint for thl' newly formed compounds (Blair et ·al., HJ85). Thus the isotopic 

composition of the final produ<'t depends also on th\ metabolic pathway of the 

microbes. 

The c13C values of sedimentary organic matter is a function of the contribution5 

or the nrious metabolic rrac.-tions (ror E'Xample, starc.-h VS lipids). The isotopic 

composition of various metabolic fractions and also indi\·idua.l compounds 

(glutamate vs aspartate etc.) are diffe~ent (Abelson and Haering, 1Q68; O'Lnry, 

1980; Macko and Estep, 1984; Blair et al., 1Q85). Any changes in · s13C vnlurs of 

the organics of the sedimentary column may be related to changes in the relative 

amounts of organic compounds and/or organic components. 

The lipid fraction of plants, animals and sediments are significantly · more 

depleted in 13C than the total plants, animals and sediments, respectively (Fig. 

1·5)( Parker, IQ64; DeNiro, H~77: O'Leary, H~80). This is a consequence of the 

isotopic fractionation associated with the decarboxylation of pyruvic acid in a step 

transformation, culminating in the incorporation ~f 13C-depleted acetyl groups in 

the lipid fraction (DeNiro, 1Q71). Because lipid synthesis is similar in all - . 

organisms, 13C-depleted ··lipid components are usually observed · (DeNiro and 

Epstein, Ig77). The depletion of 13C during lipid synthesis (or any other synthesis) 

is accompanied by an enrichme~t of 13C in the substrate in order to achieve 

isotopic mass balance. In addition, many · deNmposition reactions tend to be 

decarboxylation, during which isotopically heavy carboxyl group& are 

preferentially removed leaving the residual organic matter_ -depleted in s13C (Tan 

and Strain, H)82). 
I 

Finally, in diagenesis and other chemical reaction~, preferential rupture of 
12c.12c bonds over 13C-12C bonds may also <Xcur (Smith, 1975). 

There is an overlap beweeri the ~13c values of organics or different origins. This 

- - - - -- -- - - - -- - - -- - ~- -

J 

··" 
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makes it difficult to distinguish unambiguously between tbe SOUH't>S of organics in 

nrarshore sf.'dimf.'oh. Consequf.'ntly , tl'lis ot>cE.>SSitates ~he use or other stable 

· r h. b b 15"'' Jsotop<'5, one o w 1c can e ·"· 

. Thf.' variation or 1 ·~Nj 14~ observed in the biosphere can be explaint>d by isotopic 

fractionations in bio~hemkal reactions or the nitrogen cycle. such as inorganic 

nitrogen assimilation, nitrogen flXation, nitrification, denitrification and 

ammonification (Smith, IQ75; Wada and Hattori, 1Q76; Pt>lers et al. , 1978; Hoefs, 

Hl80; Ma.cko, Hl81~ Macko et al., 108Za). Generally biologically combined nitrogen 

is 'enriched in 15N relative to the atmosphere (Fig. 1-6). 

Stable nitrogen isotopic analysis may be used to investigate the following: 

(I} The origin or organic nitrogen in sediments. Marine sediments have higher 

l-SN values (about ,+7.0°/oo) than terrestrial sediments (about 0.0°/oo) a.s a result 

of nitrogl'n source differences. Delwiche and Steyn (1Q70) compared 615N values 

for clover and grass from the same site. The c5
15N valul'S for grass and soil were 

significantly higher than those for clover. They concluded that the nitrogen or the 

clover was from atmospheric nitrogen, whereas that of the grass came from the 

soil. However, this use may be restricted to environments where the nitrogen 

fraction is not readily biodegradable (Sweeney et al., HJ78). 

(2) Diagenesis. The diHerence in isotopic compOsition of nitrogen in the 

atmosphere, biosphere and soil can be explained by isotopic discrimination or the 

reactions involved in the cycling or nitrogen. Bacteria preferentially utilize 14N in 

the process or nitrification, flXation, denitrification and assimilation. The 

remaining nitrogen, which is available for biological utilization, is therefore 

enriched in 1~N (Smith, Jg75}. Fractionation factors, P, for these processes 

·(fixation, nitrification, denitrification and assimilation) were about 1.004 with~ .

Aztobacltr tJintlandii, 1.026 Nitrosomonas turopata , 1:026 Pseudomonas 

dcnitrifieana and 1.015 Aztobacltr vinelandii, respectively. Similar fractionation 

results were obtained by Macko et al., (1982b) using blue-green algae, Anabaena. 
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Figure 1-8: Isotopic variations of nitrogen in 
naturally occurring substances. 

S,ource: Macko,lCJ81. 
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A small fractionation or -2.35° /oo was obst>rved b~tween algal organic matter and 

the inorganic nitrogen source during fix:Ltion or molecular nitrogen compared to a 

large fractionation .of up to -13 3° /oo during assimilation aod reduction of an 

unlimited nitrate or ammonium supply. 

The primary organic oitr'ogen compounds -~n tbe biosphere are combined amino 

acids, which occur as peptides and proteins in ('ells and extracellular produ<:"ts 

(Sigleo and Macko, lg85). The fractionation or nitrogen isotop<>s during bacterial 

utili_ntion or thfse orr;anic nitrogen substrates appears to occur during the 

processes or deamination, during which amino acids entering the cell are broken 

down to produce ammonia and organic acids (Macko and Estep, 1Q84; Macko et 

ai.,IQ82b). Most of this nitrogen is incorporated into protein amino add~ via CLU 

transamination, while 'other organic acids enter the Krebs cycle. 

Nitrog('n isotope fractionation, like carbon isotope fractionation, depends on the· 

substrate and tbe biosynthetic pathway or microbes (Macko and Estep, 1Q84). In 

laboratory cultures utilising ALA, SER and THR. as substrates, large negative 

ic;otopic fractionations were observed i.e. a depletion or up to 12.Q0 /oo relative to 

the initial composition of the subs'trate. The ASP and GLU may enter the 

metabolic pathway directly, without deamination. Bacteria grown on ASP and 

GLt) were enriched in 15N relative to the substrate. 

The C/N or the substrate also affected the. amount of fractionation • more 
~ 

aspartate ( C/N = 4) must be deaminated by the bacteria than glutamate (C/N 

= 5) (or a similar amount or cellular energy.Smaller nitrogen · isotopic 

fractionations were observed in cultures grown on TYR, ARC, GL Y, PRO and N

acetylglucoseamine. 

1
hougb other organic substrates are in the sedimentary column, correlations 

be een the c15N values with the abundance of the various amino acids were 

by othesized. 
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Gent-rally. the organic or inorganic compounds containing 14!'1 will react raster 

than the !arne compouod!5 contai-ning the ht>avier isotope I -S~ (~fa.cko and Estep, 

HJ8.jh). Th~re may be an t'nmhment in 15:\ with increasing d~pth . This may be 

due to kinetic fractionation processes resulting in tbe remo,·al of lighter and more 

<>a.<~ily hydrolysable nitrogrneous compounds from the srdimentary organic 

substrate, which beromt>S t>nriched in 151'i (lvany, 1985). 

Linear regression lines were obtained through correlation of carbon and nitrogen 

isotopir data sets in Df>arshore environments (Peters et al., HJ78; Macko, 1982c; 

lvany, lg85). The correlations appear to represent the mixing of marine and 

terrestrial • end members • of the residual refractory organic mattN. This type of 

analysis ~so servcs to characterize environments or unusual organic productivity 

(lvauy, )g85). 

Finally, signiricant rorrelations between organ1c c:trbon and organic nitrogen 

content may refiect compositional changes. This type or analysis on organics of 

sediments from the Baffin Island fjords also defined terrestrial and marine •end 

mt>mbcrs•. In addition, C/N has been usf'd as a,n approximation or the state of 

organic matter - organics wi_th a low C/N are considered to be relatively 

undecomposed and richer in protein than organics in a similar environment with a 

higbt-r C/N (~rter and Mitterer, 1Q78). Thus, a preferential loss or nitrogen 

during decomposition results in an increase in the CJN with increasing deptb of 

the sedimentary column . Data published by Degens (1967) showed that the C/N 

or marine organi~s ranged from 7.4 to 8.0 with a mean or 7.8. Sediments in Funka 

Bay, Hokkaido (Japan) were found to have C}N that gradually increased from 8 

e.t the surra.ce to about 13 in the lower layers (Monta.ni et a.J., 1080) . 

... 

' -



,-

1.7. Amino add analysis 

Amino acids are present in sediments as -bound proteins, humi<' a('id~. 

proteinaceous matter and also as free aminn aeids from microbial 'activity (Hare,_ 

I Q6Q). The seditn('nt-water intrrface contains th (' highf'St conc~ntrationg of amino 

acid material. which decre3.Scs rapidly with depth in the sediment (Hare, lg6{); 

Whelan. · Hl';7; Montani et al., lQ80). Tht' idf.'ntirication and quantific.'ation of 
-

amino acids can be used in senral a:.;pects of <'nvironmental stiJ<~i<'s: 

(I) Environmental indicators. Amino acids play a very important role in a 

number of chemical and biochemical processes which take place in the water 

column and sediments (Starikova and Korzhikova., 1969; Bada. and Mann, 1980). 

Thus the presence or absence of amino acids may be du~ to certain reactions 

taking plact'. For instance, an increase in CLY concentration and a corresponding 

decr('a.se in SER and THR concentrations may be related to specific reaction · 

pathways (B~dl!' and Mann, 1980). Alternatively the diffNences in amino acid 

compositions can be explained in terms of depositional enviro!lments and dilf('rent_ 

stabilities through microbial or geochemical reactions (Degens, 1970; Morris, 1g75; 

Dcgens and Mopper, U76; Dungworth et al., H~71 ; \\"helan , IQ77; Carter and 

Mitterer, 1978; Gonzalez, 1.983). Analysis of two cores from the Ebro delta (Spa.i_n) 

showed that the branched-chain amino acids (VAL, LEU and ll,EU) are the least 

stable geochemically (Gonzalez, Jg8J). Black S(!a sediments, deposited under 

varying conditions, renect variations of amino acid compositions (Degens and 

Mopper, 1Q76r. Also, _THR and SER are not expected in older sediments due to 

their thermal instabilities (Wehmiller and Hare, 1072). , 

(2)1ndicators or sediment source. The amino acid 'composition may also refiect 

the ·~urce (terrestrial or marine) or the sedimentary organic matter which may 

then be related to the processes of sedimentation). Relatively large amounts of 

acidic. amino acids are present in the organics of terriginous sediments (Akiyama 

and Johns, 1072). Within the acidic fraction, ASP see~ to be more abundant 

. than GLU in marine aerived organics than terrestrial organics (Pulchan, 1085). 

- ~ · - -~---- -- -- - - -- -
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Similarly, aroma tie amino a.dds seem to b~ more abundant in offshore sediments. 

In the neutl.J fraction, a predominance or THR over SER could indicate a marine 
0 . 

pl:tnktonic sour-c~ (Gonzalez , 1083). Related to the source of amino aci~ is the 

eorrelation or eertain amino aeid ratios (Pulehan, 1985). Significant eorrelations 

were between ASP/GLU and GLY/ALA and ASP/GLU and PHE/TYR. These 

correlations yielded linear regression lines which defined marine and terrestrial 

•end members• (Pulcban, Jg8~) - GLY /ALA and ASP /~LU bav.e also .been ' 

observed to decrease with depth or the sedimentary column (Wehmiller and Hare, 

1972) .. 

(3) Index or the amount or organic . preservation. The amount or amino acids 

present may also serve to indicate the amount of organic matter present within 

· the S<'diment and the degree .or preservation. &th amino acid and total organic 

matter generally decrease with depth. 

1.7.1. Eplmer~atlon or Isoleucine . 

Amino acids in sediments are or biological origin and should exist a.s the L

con(iguration (Hare and Abelson, 19&8; Bada et al., 1970; Bada and Schroeder , 

1975; Ba4a. and Schroeder, 1976; Bada and Mann, 1980). After death of the 

organisms, the D-amino acid/L-amino acid increases with geologic age until an 

equilibrium ratio is reached. 

The . mechanics or epimerisation involves the extraction or an o proton (by a 

base) resulting in lhe formation or a planar carbnion (Ba.da and Schroeder, 1975; 
,. 

Morrison and &yd, 1978). The reaction may be . represented as:. 

IL-ILE D-AILE .. ... . ... . (1) I 

where kiLE and kAD.E a.re the rust or.der, temperature dependent rate constants 

for 1he interonversioo of L-ILE and D-AILE respeetively. The rate constants are 

governed by the Arrhenius equation : 

<J 
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() 

wht're A is the species--dependent rrequency factor, Ea the &eous-dependeot 
{ 

activation energy, R t..be ga.s constant and T the ternp~rature {K) {Bad& and 

Schroeder, HJ75; Duogworth, 1076; Williams and Smith. 1077; Miller and Han•, 

1980). The differential kinetic expression lor the ruction i.s 

1-d 0.-IL£] /dt = t lL E 0..-ILE] . -tAIL [ [D-An.E] .. . : (3) I 
Solving equation (3) a• a · function of tiae Jitlde 
lD{ (1+ [D/LJ)/ (1-K • [D/L] hln{ (1+ [D/L]) I (1-K' [DILl t.,. 

0 
= 

. (1+t') .t1 L£ . t .. .... . ... .. . (4) . . I " 

where D and L art the aaount• of D-AILE and L-Il! re•p•ctiYilJ 

1/K' = kiLE/tAILE = K•q and 

K i• the equilibriua ratio of D-AILE to L-ILE . •q • 

Since very little, if !DY, LriLE epimerisation. oecurs during acid hydrolysie or 

foraminireral tests or exists naturally, the term t = 0. in equation ( 4) is negligible 

(Ba.da. and Schroeder, 1075; Bada. and Mann, IQ80). f;quation (4) then becom~ 

ln {(1+(D.tL])/1-0.72(D/L]} = 1 .72tiLEt ....... ·. · . . (S) 

The epimerisation· or !ALE bas many geologic applications: 
:i.tb~ ., 

.. ~- -'!" .t .. ' 
:/A"t~ 

(1) Geochronology. Use is made or this reaction as a ,eochronologic : . I in · 

dating . marine sediments. It appears to follow a first order ·kinetics rate expression 

in carbonate tests. Tbi.s dating method is a relative one and it needs to be 

calibrated against absolute dates.For instance, if there is a stratigraphic . horizon or 

· known age, then kn..E can b~ calculated from e~uation (5 ): 

~ILEa ln ]} I 1. 72t. .... . (8) 

A race!"lization curve can ·be ~bta.ined by plotting ln{(l+(D/LJ)/(1-0.72!D/LJ} 

' . 
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nrsf"S depth JBa_da and Mann, 1080; Macko and Aksu, 1085). Two regions of 

lio('arity wele observed. Tbe first linea~ region generally occu·n in the interval 
I .. 

from 0 to about 145,000 years (or _rrom ID/LI = 0.:!2Q) (Macko and Aksu, 1Q8:)). 

The !'lecond region begins at 145,00 years and appears to continue to equilibrium. 
,. 

To make nge estimatl'S, kiLE' ID/LJ~uilibrium and [D/L) must be known. Using 

[D/Liequilibrium = 1.3. and measuring [D/L) in foraminiferal tests, an age estimate

can · he obtained. 

· (2) Aminostratigraphy. The n..E epimeri.salion ratios in benthonic foraminifera. 

can also be used to correlate sedime&tary units that contain in situ faunas and 
' hav~ simiJar th('rmal histories (Sejrup et aL, 1084). Tbi! type or analysis is termed 

aminostratigraphy (Nelson, 1Q82; Miller et al., H)83; Funder and Simona.rson, 

1984 ). Tb is tee hnique may be particularly applicable to this study, considering the 

close proximity of the two bays and their similar glacial history. 

A.<r· 

. It should be note~ that oilier epimeri~ation (and" racQmization reactions) can be 

used for the above' menti_oned studies. However, the epimerisation or L-ILE was 

c.hoscn b~ca.use analytieally it is the easi~?st to study. The L-ILE has two chiral 

carbon atoms and it exists as diastercomeric molecules, and thus epirnerisation 
•; . i 

produces an amino acid, D-AILE, with slightly different chemical properties (Bada 

and Mann, 1Q80). Hence L-ILE and D-AILE behave differently Cor example, on 
:,... 

cation-ion-exchange columns - D-AILE is less hydrophobic and is eluted more 

re:1.dily than L-ILE (Hare and Abelson, 1968;, Bada and Mann, 1Q80). 'Another 

advantage of the ILE epimerisation is the fact that the (D/LJ.. 'Lib . Ls greater . . ... "qut num 

than unity. 

Limitations to this approach include the large number of factors controlUng 

&mino acid diagenesis, the most important being the thermal history and 

contamination and leaching of amino · acids. Analysis is also restricted to 

monosp~cific samples in order to avoid a •species effect •. Finaliy, use of the 

&mino acid epimerisatioo reaction. is restricted to mostly marine sediments where 
~ ' ' 

temperature nue-tu&tions are less frequent and smaller than in terrestrial 

sediments. 
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1.8. !he greater than 83.u fraction-

} This sedimentary fraction· consists . of sands and larger clastic partidt.>s and 

biogrnic debris. the most)nporta.nt in this study being bt>nthic foraminifera.Th'-' 

abundance or individual ~omponents is relatt>d by srdlment texture whirh in turn 

is r('lated to depositional environm(>Dl (Slatt and Sassevill(•, 1Qi6). Th(' !;iZe or th (' 

grrater than 63 micron fraction depends on~ factors: 

( 1) ~trchanical - this describes the energy of the environment and is related to 

physical processes such as .waves and currents and the effect or bottom (e('drr~ 

(Kukal, 1971; Elhers and Blatt, 1gso; El-Ella and Coleman, Hl85). Larger particle 

sizes are in-dicative of higher physical energy and vice versa. The effect o( bottom 

feeders act in the opposite direction i.e. reduction or particle size. 

(2) Physico-chemical conditions, deal mainly with the Eh-pH conditions, salinity, 

temperature, and . the degree of calcium carbonate saturation. These conditions 

can renect the foraminiferal abundance: 

I. Eh-pH conditions will determine wh('ther foraminifE'ral tests will be 
pres€rved or corroded. 

2. Salinity variations will be renected in the foraminiferal assemblage . 

' Most foraminifera are adapted to normal marine salinities(......., 35°/oo) 
und<'r which the most diverse assemblages are found(Bra.sier, 1980). 

3. Temperature is very important, since each species is adapted to a 
cert~in range of temperature conditions, the most uitical being the 
range over which successful reproduction can take place (Brasier, ... 
1980}. 

4. Cakium carbonate solution iS directly related to Eh-pH conditions and 
also ·temperature. The solubility of calcium carbonate is less in warm 
than cool waters, resulting in thicker t~t.s in warm V.·aters. Solubility 
also increases with depth (Brasier, 1Q80). 

(3) Biogenic describes the qualitative and quantitative differences in tbe 

productivity or organisms and organic matter. Foraminifera are micro-omnivores 

,. .. 
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10 the manne environment feeding on "b:trtena, algal' protists and otht•r 

invcrtebratf'S whose populations are dependent on the amount or organics in the 

-~!_lvironmf'nt and the substrate. Silty and muddy substrates are often rich in 

organic dt·bris and the small pore spac('S rontain abun~ant bacterial blooms 

IBra.sicr, 1980). Large pore spaces of sands and gravels contain fewer nutrients 

. and therefore. support sparser bacterial populations (Brasi'er,lg80) .. Hence 

foraminifera :lre Pxcellent environtm'ntal and paleoclimatic indicators IAksu and 

Mudie, 1085; ~fudie and Aksu, HJ8-t) . 

1.0. Oxygen isotopic analysis 

Oxygen has three stable isotopes with the following abundances tGa.rlick, 1 969; 

Hods, HJ80): 

113 o = gg_ 7301 
17o = 0.03761 
18o = o.~9Q61 

Dccause of the higher abundance and gr£'n.ter m:1.c;s di(ference, ·the 180j16o is 

rrormally determined. In this study 180 values frorri the carbonate, of foraminiferal 

tests :.redetermined and applied to paleosalinity fluctuations. 

D~ring glacial periods great volumes of water were stored on the con tin en ts in 

the form or ke, which inm•ased the salinity of the oceans (Herman and O'Neil, 

1075; Erez, 197g). ~lacial ice is enriched in 160,whereas the more saline ocean 

became enriched in . 180 (Kenneth and Shackleton, Hl7!i).Thi.s is a consequence of 

the preferential conc~~trstion of 160 in · the water molecules in the vapGur phase 

during evaporation (Hoefs, lg80). The 180 analysis of th~ Arctic. Ocean 'water · 

indicates that the 180j160 dosely follows the salinity profile, 'with 180 values 

decreasing by 0.8°/oo with a 1.0° foo decrease in salinity in the .upper 350 meter 

(Herman and O'Neil, .H~75). 

In conclusion multiple tracer analysis is perrormed on the sediments of Day 

D'Espoir and Fortune Bay. Carbon and nitrogen isotopes and total amino acid 
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abundances will indicate input5 Amino ac1d distributions can also be U!l~ as 
~\ ·.-

t>nviroll~eotal iodi~ators . The t>pimerisa.tion of L-D...E will YJI'Id approximate agP~ 

ot the sedimen~s which can be used to correlate sedimentary units in both bays. 

Finally, oxygen isotopic data will indic~te glacial fluctuations. 

, ,,., 
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Chapter 2 

METHODS 

-Quartz rfistillrd wa.tf'r and quartz 'distilled 6N HCI were used in the preparation 

of all buffers for amino acid analysis (Table 1 ). Other materials for amino acid 

:~nalysis included a IJCI buffer of approximately pH 2, citrate buffers, #1 and #2 , 

of pJI 3.25 and 4.25 (Sigma Chemical Co. ,St. Louis,L".S.A.) and a borale burfer, 

#3, of .pH 9.8 which was prepared in the laboratory. A concentrated solution of 

common hydrolysate amino acids (Sigma Chemical Co., St. Louis,U.S.A.) was 

dilut£'d :1nd used for standard s~paratio~. and calibration . Ortho-phthaldialdehyde 

(OPA) (Sigma Chemical Co.,St. Louis, U.S.A) was the post column derivatization 

reagent. 

Ptecombusted copper oxide (BDH Chemical, Toronto. Montreal, \'ancouver ) 

and pure granular copper (Alpha. Resources Inc., Stevensville, Wiscoosiu) were 

~xidant and reductant rl'Spectively, f<!r ,the conversion of organic matter to carhon 

dioxide and molecular nitrogen for isotopic analysis. 

One hundred percent orth~phosphoric acid (H3PO~)was used to release carbon 

·dioxide ~C02) from the carbonate of the foraminifera) tests for oxygen isotopic 

analysis. 



33 

~ - -· 

Table 1: Preparation of bufhn . 

.. 



... 
t""'' -

SOLtrriON REAGENT AND AMOUKT USED 

FINAL VOLUWE AfTER DILUTIOJI 
USING QUARn-DISTillED lATER 

-----------------------------------------------------------------j---------~------------
BUFFFJl 11 

BUFFER 12 

BUFFER 13 
I 

CPA BUFFER 

100 ali ·Of pH 3.26 Citrat• Bufftr + 

400 ul of 8K HCl + 

20 all of aethanol 

60 ale of pH 3.26 Citrate Buffer + 

60 al• of pH_ 4 . 26 Ci~ra~• Buffer 

2 g of Boric Acid + 

10 1 of Sodiua Chloride • 
1 I of Sodiu EDTA 

30 1 of Boric Acid + 

1 1 of Brlj •35 + 

2.6 g of EDTA 

OPA SOLUTION 0 . 6 g of OPA + 

2. 6 IIlla of Kethanol + .· 

0 . 6 al• of Mercaptotthanol • 
600 all of OPA Buffer 

APPROXIMATE 2 all of &N HCl 
. pH 2 BUFFER 

AKINO ACID 
STAMOARD 

I 

&0 ~1 Aaino Acid Concentrate + 

14.04 al• of ph 2 Buffer 

1 Liter 

1 Liter 

1 Liter. pH &djulttd to 10 .0 
uing N&OH •olution 

1 Liter. pH &dju1ted to 
betw .. n g_e and 10.0 
u1ing KOH 1olu~ion 

202 all. pH - 2 

16 ale 
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2.2. Apparatus 

I 

Separation. id<'ntificatioo and qu:mtification or ammo acids wa.g don(' on a 

commercial automatic amino acid analyser consisting of four components (HarE.', 

et. al ., 1Q85)- a column, a. pre-progra.mml"d burrer unit, Ouorescence detector and 

an integrater with a ch:ut recorder. High performam·<' liquid chromatography 

was accomplished usmg a column (length = 6.95cm) containing 3~. gC:O 

crosslinked synthetic resin lpolystyrene/divinylbenzene). Detection or the 

nuorescent derivatives was achieved with an HTV Instrumentation Fluoronow 

detector 10. The output was di9played on a Soltec S-4202 chart recorder and .a 

Hewlett Packard Integrator (Model 3300A) . 

. Separation and colleCtion or carbon dioxide and nitrogen from · the sedimentary 

organic matter were done cryogenically on a high vacuum separation line (Fig. 

2·1). Carbon dioxide from the carbonate or roraminiferal tests was isolated and 

collected on another high vacuum line (Fig. 2-2). High vacuum was llchieved by a 

mercury diffusion pump backed by a rotary pump. Each separation line has a U 

trap where separation of gases was achieved. The first line (Fig. 2·1) also bas a 

cold finger where carbon dioxide was trapped and measured on a calibratt'd 

manometer. Isotopic analysis of the gases and measurement of the organic 

nitrogen content were done on the mass spectrometer (V.G. Micromass 003E). 

2.3. Methods 

The cores were collected during ' t~e 1084 expedition or the C.S.S. Dawson t.o 

Fortune Bay and the }ggs expedition to Bay D'Espoir. The cores were 

41. subsampled a[)d· samples frozen until analysis. The sediment samples were first 

dried at 40°C. A portion or this dried SE::diment was then saturated with 30% HCI 

to remove carbonates according to the equation below. 

calcium 
carbonate 

+ 2HC1 Cesc111) ---> CaC12 
.. 

hydrochloric 
acid 

calcium water 
· carbonate 

carbon · 
dioxide 

- - -- -- - -- - -- - - - - - -- - --
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Figure 2-1: Gas separation line used to puriry 
and collect N2 and C02 gases. 
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-·· .. 

Figure 2-2: Gas separation line used to purify 
and collect C02 gas. 
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The carbonate fr.-e !lediment was tht>n used for carbon and nitrogen isotopic 

analysis. 

The <'Ores wt-re also subsampled for foraminifE'ra for D .. •dLE/Ln.E and oxygen 

isotopic analyses. A suspension of about . 5 to 10 grams of sediment in 
• 

approximatt>ly 240 mls ~r water and 10 mls 'Of ralgon (dispersing agent)~ sieved 

through a 6J.11 mf.>5b and the fraction greater than 6J.u was collected and 

gravimetrically estimated. The relative foraminiferal abundance was determined 

from the fraction greater than 120,, following which the species Globobulimina 

auriculata (Bailey) were · carefully picked for D-AILE/L-ILE analysis. These 

samples were ultrasonically washed three times in pure water for 4 seconds and 

then weighed. About 4 rngs of foraminifera were acidified with 0.5 mls of clean 6N 

HCI and £.!cess 7N HCI to yield a final concentration of 6~ acid, which was sealed 

under nittogen and digested !or 24 hours at 100 °C. 

A portion (typically 50 pi) of the digestion liquor was transferred to another 

dean tube, warmed and evaporated to dryness under a stream of filtered air. Tbe . . 
' 

residue was then dissolved 10 400 pi of pH2 buffer and .injected into the arn~Q: 

arid analyser. 

-; .:··': 
fQ.Unalysis of total. bound amino acid content, approximately 200 mgs ·or the 

unacidified dried sediment was transrerred i~ a clean digestion tube, to which ~ 

exactly 1 ml or high purity 6N HCl was added. The tube was then sealed under 

nitrogen and the contents were digested at 100°C (or exactly 24 hours. Each tube 

was then bpened and 50 pi of the acid liquor was transferred to another clean 

tube, warmed aod evaporated to dryness under a stream of filtered air. The 

' residue was then dissolved in 2 pi or pH2 buffer. This solut:ion was injected into 
J .. , 

the &mino acid analyser (Fi,. 2-3). 

The samples were drawn into a loop with a syringe through a Rheodyne 7125 

injection· valve. On rotation of the valve, the amino acid solution was placed in 

. stream. with the column. The separation wis -:-flien accomplished by stepwise-

't_,.-.. 
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Figure 2-3: Schematic or th e amino ~tdd analyzer 
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isocratir -elution using thn•e buffers #1, #2 and #3lof constant ionic strength) . 

respectiveJy. At low pH, the basic amino acids (lOS, LYS and ARG) werE.' strongly 

bound to the resin whereas the acidic ones (GU.; and ASP) were easily rl'l£'3..'f>d . 

The amino acids Wt'rt' r!>Jeased from , the rolumn at charart('ristic ratE's a.o; 

indicated by specific retention timt>sfor Ec>ach amino acid . following Sl•p:uation the 
/ 

column was re-equilibrated with buffer # l. 

The post-column derivitiz:ition rf>agPnt, OPA, was pumped to the column 
, 

effluent 'stream by means of nitrogen back prcs~ure applied to the vcss(') 

containing the OP.A solution. The amino compounds Wl're then allowed to r('act 

withthe reagE'nt in a tenon reaction coil (length = Stem. width .. = .5mm). The 

reaction (sbo\\·n be)ow) produces amino 0uorescent deri\·atiVt>S, the intensity o( 

thl' nuorescence is proportional to the concentration of tht> ~mino acids. 

©=CHO ©cc(s~R, 
+ HS-R, + R2NH2 ,. 

N-R~ 

CHO c/ 

WERCAPTC- PRIMARY FLUORESCENT 
OPA ETHANOL Alii HE DERIVATIVE 

Fluorescent derivatives absorb' at one _wavelength and r~emit light a.t a longer 

wavelength (Hare et. al. ; 1985). The fluorescent derivative was excited at a 

wavelength of 340 nm; emission was measured at 45.S nm. The response of the 

fluorimeter to the derivatives w~ then plotted and areas integrated on the 

HP3JQOA. The responses were also plotted on a separate chart recorder. A typical 

separation is shown in Fig. 2-4. 

The carbonate content estimation involved saturating t sediment portion with 

30% HCI, followed by drying at 40°C. The acidified sediment· samples "Were then 

washed (to get rid of CaC12), dried and weighed. 

The procedure used in the preparation of sediments for nitrogen and carbon 

isotopic a~alysis is essentially a modified Dumas method (Macko, Jg81). Carbon 

• 

-- ~ 
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Figure 2-4: Chromatogram showing the sep:na.tion 
of amino a<'ids 

f 
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and nitrogen isowpic analyses were carried out on a<'idifird sediments. wherra.'i 

oxygen isotopi~ analysis was carried out on foraminiferal tests·. 

About 200 mgs o(sediment was accurately weighed and can•fully transferrrd to 

a clean quartz tube, approximately 30 em long and 1 em in diameter. Ground 

copper oxide followed by granular copper metal were then added to the sediment. 

The volume ratio or the . sediment to copper oxide to copper metal was 

approximately 1: S: 1. This ensures combustion in the presence or excess oxidant 

and reductant, during which the organic carbon is oxidized to carbon dioxide and 

the nitrogen content of ammonia is oxidized to nitrogen, as shown below. 

cors + 4Cu0 ---> 2Cu 2 0 + C02 T 

orgamc cupric cuprous carbon 
carbon oxide oxide dioxide 

2NH3 
+ 3Cu0 ---> 3Cu 0- + 2 3H 2 0 + N2T 

ammonia cupric cuprous water nitrogen 
oxide oxide 

The qua1tz tubes containing the sample, copper and copper oxide were tbrn · 

evacuated on the high vacuum line and sealed. Following homogenization or the 

<'Ontents, the tubes were combusted _ for 1 hour at 850 °C and allowed to cool 

overnight prior to removal from the furnace. 

' Each tube was then etched about 1.5 inches from one end and secured to the 

separation line by a Cajon nexible breaker, so that the etched mark was in_ the 

middle or the breaker (Fig. 2-1). The entire line was then evacuated and the 

sample tube broken arter being cooled for 10 seconds in liquid nitrogen to 

decrease internal pressure. 

A liquid nitrogen trap around the U trap h~ld the carbon dioxide and water 

vapor, following which nitrogen was collected on the liquid nitrogen cooled 5 

Angstrom molecular sieve for five minutes. Ion intensity or t.be N2 was measured 

in a calibrated volume on the mass spe.ctrometer prior to isotopic analysis. Next, 
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carbon dioxide wa.s s~pa.rated from water vapor, measured and collected. Tht' 

liquid nitrogen trap on the V tube was replaced by a dry i<'~met~anol slurry. This 

releasE-d thE' carbon dioxide, but trappe~ any water vapor. ;\ liquid nitrogf'D 

cooled cold finger acted as a cryogenic pump to collrct carbon dioxidt>. Aftt>r tht> 

manometric measurement or carbon dioxide, it was tr~nsferred in a liquid nitrog('n 

cool('d pyrE-X tubt> for storage until analysis on the m~~~ spE:"ctrometer . 

For .180 analysis, at least .4 mgs of washed monospecific foraminifera pichd 

from the greater than 120 11 fraction were placed in a reaction vessel and 2 mb of 

100% phosphoric acid carefully transFerred into the arm or the reaction vessel. 

FoJlowing evacuation or the. reaction vessel on a high vacuum separation line and 

temperature equilibration at 50°C in a water bath for one/our, the reaction 

between the acid and carbonate or the foraminiferal tests was initiated by tilting 

the reaction vesst>) to mix the acid and the foraminifera. The reaction was allowed 

to reach completion at 50°C in the water bath and then the reaction , vessl'l was 

placed on the high. vacuum separation line carbon dioxide. A dry ice-methanol 

slurry released carbon dioxide which was transrerred by cryogenic pumping or 
liquid nitrogen cooled transfer tube, U tube and finally the pyrex tube where it 

was collected (Fig. 2-2). 

By making comparative measuremt>nts of ratios of isotopes instead or absolute 

measurements, the variations or isotopic ratios in natural samples can be more 

accurately estimated than through use of absolute abundance determinations. The 

stable carbon, nitrogen and oxygen isotopic ratios (i.e. 13c;12c; 15NjHN, 
18o;I50) were measured relative to laboratory sub-standards in the isotopic ratio 

mass spectrometer. Tanks or ,carbon dioxide and nitrogen substandards (13C = 
45Jl5°/oo, 180 = 10.1°/oo and 15N = -1.11°/oo) were used in this :tudy . .s13C, 

6180 and 6
15N values were then recalculated to values relative to iDternational 

standards. The carbonate or the Bdemnildla americana of the Pee Dee 

formation is tb~ ·.standard for .s13C and .s180 valu~. 615N nlues were reported 

relative to atm<5Spheric nitrogen. 
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For tbt> bt"St prtcision, measurements are made' by tomparing the abundance 

ratio of the h('avy to tbe light isotope in tht> !'ample to tbe same r:ttio in a 

standard. :\JI meJ.Surements with precision ~realer than .1 ° foo were repeated . 

Rrsults :lfe PXprcs~cd in tt>rms or b13c. t.l 8o. t 1 'i:--; ·•alues per mil de(ined as 

rollows: 

where R = abundante ratio or the heavy to light isotope. 

A summary of tbe different steps towards amino and isotopic analyses is shown 

in Fig. 2-5. 

\ 

-

' 
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I 

; 

Figure _2-5: Schematic of study plan 
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Chapter 3 

RESULTS 

FORTUNE BAY COREtS 

3.1. CORE F0-840401 

3.1.1. Core Description 

I 
This core is olive grey at the top and becomes progr('SSively darker with depth. 

The total length or this core is 96 em. The sand fraction values are fairly low 

varying b('tween 3.Q% at the surrace to l.O% at 70 em. A general decrease in 

sand fraction with depth is observed (Appendix 1). 

' r.t.2. Geec:hemleal analyses 

The 613c isotopic Signature is relatively constant downcore, at about -22.2°/oo, 

except at 30 and 40 em, where values increase to -21.5 and -21.3° foo respectiYely 
1 

(Table 2 and Fig. J..l). The 615N values are &lso rairly constant with minor 

fiuctuations between 7.1 and 7.Q0 /oo (Table 2 and Fig. :J..l). 

Total and individual amino acid concentration values are high throughout tbi.J 

core, the rormer ranging between 126.9 pMfg (at the ~urface) and 88.0 ~JM/g at 00 

em (Appendix 2& and Fig. 3-2). Glycine concentrations are highest, with v_alues 

ranging from 28.2 ,Mfg at the surCa.ce to 18.1 IAM/g at 00 em (Appendix 2a and 

Fig. 3-2). The second most abundant amino acid is ASP !bowing the same trend 

as GLY, with concentrations ranging from 19.1 ~o~M/g at the surface to 13.2 at 

OOcm. Glutamic acid (11.1 to 7.2 ,Mjg), ALA (13.S to 7.6 ,Mf~). THR and SER 

.. 
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Table 2: Fortune Bay corn data . 

CORE 7 
CORE 8 
CORE g 
CORE 10 
CORE 11 

F0-840401 
F0-840402 
F0-840403 
F0-840404 
F0-840406" 

. 
' 

... 



:u 

CORE DEPnf • TOC TN C/1 TO. o•c o•" 
------·--~~--------------------------------------------------

7 0 5.2 0 . 7 e.e 125 . ~ -22.2 7.3 · 
7 6 6 . 8 0.7 e.~ 113.6 -22.0 7.9 
7 10 4.3 0.6 V.6 126 .5 -22.3 7.3 
7 20 6.9 0 .8 11 .4 ;7 . 5 -22.1 7.5 
7 30 4.9 0.4 14 . 1 ;a . 1 -21.6 7.4 
7 40 3\8 0 . 4 10.9 G5 .5 ·21.3 7 . 4 
7 60 3 . 8 0 . 6 7 .8 107 . 5 -22.1 7.9 
'1 60 4.7 0.7 8.2 101.3 -22.0 7 . 1 
7 70 3.8 0.8 6.7 108.4 -22.3 7.7 
7 80 3 . 9 0.6 8.3 116 . 0 -22.3 7. 7 
7 90 3 . 9 0.8 7.8 88.0 -22.3 .. 7 .8 

.. 
8 0 3.2 0.6 • . 2 108 . 8 -21.8 7 . 7 
8 6 3.3 0. 6 8.1 97 . 5 -21.8 7.6 
8 10 2 . 9 0 . 6 7.4 118.0 -21.1 7.7 
8 20 3.2 0.6 7 .4 94 .6 -20 .6 7.7 
8 30 4 . 1 0.6 8.9 8~ . 1 -21.3 7.3 
8 40 3,g 0.6 9.1 67.2 -21 :6 7.7 
8 50 3 . 2 0.6 7.3 62 . ~ -21.8 7.9 
8 60 3.6 0.6 8 .4 66 .9 -21.V 7.1 
8 70 3.8 0.6 g ,6 99.1 -21.6 7 . 3 
8 eo 4.0 0.4 10 .3 92.1 -21.6 7.7 

9 0 3.6 0. 4 10 .4 93 .4 -21.6 7 .6 
9 5 3.2 0 . 6 7 .4 83 . 6 -21.6 7 .4 
9 10 2 . 8 - 0 . 4 7 .3 87.0 -21.2 8 .0 
g 20 3.2 0.4 8.8 82.5 -:u.e 7.4 
g 30 2 . 8 0.6 e .g 80 .8 -21.SJ 7.6 
g 40 2.7 0.3 11.~ 88.8 -21.3 7.8 

. 
9 50 3.2 0.4 8.9 72.1 -22.1 7.4 
g 60 3.2 0 . 4 V.9 88 . 1 -21.6 7. 1 
g 70 2.9 0.3 10.1 88 .7 -21.2 7.3 

I g 80 2. 9 0 . 3 12.6 ~8.7 -21.8 7 .7 I 
g 90 2.3 0 . 6 6 .0 83.8 -21'. 2 7 .8 
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CORE DEPTH TOC Tl C/1 TAA 0 13C o•• 
------------------------------------------------------------

10 0 3.8 0.4 12.1 ea .4 -21. g 7.8 

10 5 2.3 0.3 7 .7 ·71. 0 -21 . 1 7.4 

io 10 2.4 . 0.3 11 . 1 67 . 1 -21 , 7 7 . 4. 

10 20 1. 7 0.3 G.8 81.3 -21.7 7 . 6 

10 30 0 .8 0 . 1 8.8 26 . 1 -21.6 7.3 

10 40 0.8 0.1 9 .2 14 . 8 -21.6 7 .6 

10 60 0 .7 0 . 1 9.7 8 .9 -21.6 7.6 

10 ~0 0.8 0 . 1 8 .8 11 .8 -21.2 6 . 8 

10 70 0.7 0.1 8 .6 12.0 -20.9 6.6 

10 80 :>.8 0.1 10 .4 19 .8 -21.9 7.8 

10 90 0 . 8 0.1 ' 7 .7 11.3 -21.1 7.2 

10 100 0.7 0 . 1 8.1 10 .7 -22 . 2 7 . 6 

10 110 0 .8 0 . 1 10 .9 11 .2 -21.2 6.7 

10 120 0 . 7 0.1 8 .9 7.2 -21.9 7 . 3 

11 0 1.6 0.2 11.4 - 36.6 -22.0 7 . 4 

11 6 1.6 0 . 1 11.7 38 .2 -21 . 9 7.8 

11 10 0.6 0 . 1 6.6 32 . 1 -21 .3 7 .4 

11 20 0.8 0.1 9.8 20.0 -21 . 2 7 . 6 

11 30 1.0 0 . 1 12.3 16 .4 -21.7 7 .4 

11 40 0.8 0.1 9 .9 17.8 -20.6 a.o 
11 60 0.8 0.1 8 .7 14.0 -21 . 1 6.9 

11 .. eo 0.6 0 . 1 10 .0 10 .8 -21 .8 6.6 

11 70 0.6 0 . 1 9 .3 8.8 -21.6 6 . 9 

11 80 0.7 0 . 1 9 .9 10.6 -20.8 9 . 0 

11 90 0.1 0.1 9/' 10.3 -20.6 8.0 

11 100 0.7 0.1 9.9 8 .2 -21 . 3 7.2 
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Fl~ure 3-1: F0-840401 sediment profile: • 

h13c and h15N . 

.;. .. 

·. 
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Figure 3-2: F0-840401 sediment profile: 
Individual and amino acid fractions. 
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(10.6 to S.911M/g), VAL (7.1 to 4.4 ~M/g) and LYS (10.0 to 7.0 11M/K) are abo 

relati,·ely high in concentration in compar~son with GL Y and ASP (AppE~ndi.x 2a 

and Fig. 3-2). ~1ethionine and TYR are thP lf'a..'lt abundant amino adds in this . 
core, with concE:'ntrations ranging from 4.0 to 0.3 ~~~1/g (Appendix 2a and Fig. 

3-2). The total amino acid concentration is divided into five fractions: acidic (ASP 

and GLt), basic (lllS, LYS and ARG), hydroxy (SER and Tlffi), aromatic (TYR 

and PHE) and neutral fractions (GLY, ALA. VAL, ~1ET, ILE!; and LEt:). 

Within the amino acid fractions, the most abundant _is the neutral fraction, witb 

concentration values that are relatively constant downcore (between 56.9 and 40.2 , 
,Mfg) (Appendix 3a and Fig. 3-2). The acidic fraction bas the st!cond highest 

conc.?ntration, varying between 30.2 and 20.4 J.IM/g (Appendix 3a and Fig. 3-18), 

whit-h is also relatively constant dowocore. The aromatic fraction is the smallest 

with COQ('entrations between 8 .2 to 4.6 ~-tM/g (Appendix 3a and Fig. · 3-2). 

Moderate concentrations are seen within the hydroxy and basic fractions, 20.8 to 

11.0 J..:M/g and lQ.O to 4.4pMjg respectively (Appendix 3& &od Fig. 3-18). 

However, tbe concen~rations within the basic fraction have an anomalous high of 

Hl.O #JM/g at 30 em and an anomalous low of 4.4 IJM/g at 00 em, the other values 

varying from 15.1 to lU) ,Mfg. 

Organic carbon . content is bigb throughout this core, ranging from 6.2% to 

3.6%, and exhibits a decrease downcore (Table 2 and Fig. 3-3). Total nitrogen 
- . 

content is also high and varies between 0.7% and 0.4% (Table 2 and Fig. 3-3). 
~ . 

No simple trends are observed . The C /N values range from 14.1 to 5. 7, and are 

relatively constant downcore, with average values about 0.0 (Table 2). 

The carbonate content within the sediment of this core bas the highest values in 
. -

the study area, and ranges between 32.0 to 22.5% (Appendix 1). 



60 ---

\' 

Figure 3-3: F0-840401 sediment profile: 
Organic carbon and total nitrogen contents . 
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3.2. CORE F0-840402 

1.2.1. Core Description 

This core is 83.5 em long and appears to consist or a very homogeneous olive 

grey sand. The sand fraction data is very similar to that of Core F0-840401, 

nlu~ r~nging from 2.7 to 1.1% or the total sediment( Appendix l) . 

3.2.2. Geochemical analyses 

The results ror this . core are very similar to those for Core F0-840401. The c.~3C 

valu~ are fairly constant, ranging from -20.5 to -21.9°/oo (Table 2 and Fig. 3-4). 

The ~15N valul"S are also relatively constant and range from 7.1 to 7.0° joo (Table. 

2 and Fig. 3-4). 

The total and individual amino acid concentrations are bigh .Tbe total amino 

acids range from 118.0 to 52.Q pM/g. There is a decrease in amino acid 

concentration downcore (Appendix 2b and Fig. 3-5). The relatiye concentrations 

of the individual amino acids ar~ very similar to that or F0-840401, ·with values 

slightly smaller (Appendix 2b) . The GLY concentrations range from 23.Q llM/g at 

the surface to 12.8 at 60 em and ASP concentrations range rrom 18.8 at 5 em to 

.7.7 JJM/g at 60 em (Appendix 2b). Other relatively high concentrations or amino 

acids are seen in values for ALA (10.5 to 4.2 ~o~M/g), GLU (7.9 to 4.2 ~o~M/g), SER 

(9.5 to 4.2 pMfg) and THR (8.1 to 3.6 ~o~M/g) (Appendix 2b). The lowest 

concentrations or amino acids were observed in MET (2.6 to 0.3 pM/g), TYR (2.2 

to o:1 JJM/g), PHE (3 to 0.6 mg) and ms (4.6 to 1.4 ~M/g) (Appendix 2b). The 

relative abundances of the different amino acid fractions ar.e very similar to 
. . 

F0-8-10401 showing the same order: 26.1 to 12.0 pMf~, 16.6 tQ 7.8 pMfg, 15.6 to 
I 

6.1 ,.Mfg, 5.2 to 1.4 ~M/g and 56.0 to 24.0 JAM/g lor the aciaie, hydroxy; basic, 
I 

aromatic and neutral fractions respectively (Appendix 3b and r ig. 3-5). 

The organic carbon. content fluctuates little downcore, witJ values ranging from 
I 

4.1 to 2.0% -(T~ble 2 ud Fig. 3-6). Similarly, the nitrogen content is 
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Flgu.re 3-4: F0-840402 sediment profile: 
.s13c and .s 1 ~N. · 
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Figure 3-o: F0-840402 sediment profile: . 
Individual and amino acid fractions . 
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relatively constant downcore, a( about 0.5<"(, (Table 2 and Fi~. 3-6). ~ a re5ult, 

C/~ values are also constant and relatin.•ly low with valu(>S betwl't>n 10.3 and 7.:!, 

and an averagl' value about R. A slight mrrra .. ••~> in nl'l~S dowccore- is also 

obS('rVt>d. 

The carbonate content 15 also very high 10 thl' sediml'nts of this core, wittf a 

slight decrease downcore. Values range from 24.6 to 16.7CC {Appendix 1 ). Within 

the foraminiferal assemblage, the species lslandiella islandica (Norvang) and 

Globobulimina auriculata are the most abundant. GlobobulimintJ auriculata is 

most abundant in the upper 60 em, ranging from 58.2 to 37.2%, and decreases to 

13.4% at the bottom or the core (Appendix 1). The isotopic signal or the benthic 

foraminifera Globobulimina auriculata is relatively constant downcore with .s13C 

composition ranging from 0.8 to 0 .2° /oo and 6180 composition bdween 2.3 and 

.. 1.8 ° /oo (Appendix 1, Fig\ 3-7). Tbe D AlLE/LILE for the species Globobulimina 

auriculata is 0.09 ! 0.925 at 80 em (Appendix 1). 

3.3. CORE F0-840403 

3.3.1. Core Deserlptloa 

· This core is OS em long and very similar to F0-840402. The sand !ra.ction 

values range from 6.5 to 11.2%, and shows a slight increase with depth {Appendix 

1). 

j • 3.3.2. Geochemical analyses 

Minor fluctuation; in the 613C values are seen throughout this core, with values 

remaining relatively constant between from -21.2 to -22.1° /oo (Table 2 and Fig. 

3-8). The 615N values &re also relatively constant, with ~alues· r&nging from 7.3 to 

8.0° foo (Table 2 and Fig. 3-8). · ~-

' 
The total and individual amino acid concentrations are very similar to that of 

F0-840401, with the exception of higher ARG content. Total amino acid 
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Figure 3-6: F0-840402 sediment profile: 
Organic carbon and total nitrogen contents. 
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Figure 3-7: Isotopic composition of foraminifera 
· of cores F0-840403, F0-840404 and F0-840405_ 
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Figure 3-8: F0-840403 sediment profile: 
c13c and c15N. 
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concl!ntrations range from 03.4' to 66.7 ,Mfg (Appendix 2c and Fig. 3-9). Tbe 

~ and ASP are the most abundant amino acids, · with concentrations ranging 

(rom 23.0 to 14.8 "M/g and 16.3 to 9.0 11M/g (Appendix :!c). The next most 

ahundant amino acid!! are GLV (8.3 to 5.3 1-'M/g), SER (7.2 to 5.1 .llM/g), ALA 
# . 

(8.4 to 3.2 ~o~M/g) and ARG (8.9 to 4.1 ,..Mfg) (Appendix 2c). The a.mino acid 

fractions show a very slight decrease downcore, with values varying from 22.5 to 

16.4 SJM/g. 14.4 t.o 8.6 ,Mfg, 10.6 to 5.7 ~JM/g, 4.3 to 2.6 .~o~M/g and 41.3 to 30.8 

pMfg (or the acidic, hydroxy, basic , arof!'latic. and neutral fractions (Appendix Jc 

and Fig. 3-g). 

The organtc carbon content is highest at the surface {3.6%) and decreases ' 

down<"ore to a minimum value of about 2.3% at the bottom or the core (Table 2 

and Fig. 3-10). Similarly. the total nitrogen content ranges from 0.5% (at the r . 11 . 

surface), to 0.3% (Table 2 and Fig. 3-10). The C/N values throughout the core 

range from 12.5 t.o 6.0, with no simple trend (Table 2). 

The ca~bonate content is very similar to that of F0-840402, ranging from 25.4% 

at the surface to 20.5% a.t 40 em, to 17.0% at GO em (Appendix 1). 

{ 

3.4. CORE F0-840404 

3.4.1. Core Description 

This core is 127 em long and ha.s visible color and textural variations. The 

upper 30 em of this core consist of an olive grey and sandy mud. Below 30 em the 

color and texture changes to a gny fine grained cohesive mud. The grain si7e 

data indicates a sharp discontinuity betw~en 30 and 3& em (Fig. 3-11). Above the 

discontinuity the sand fraction is high, ranging !rom 33.2% at the surface to 

12 .~% at 30 em. At 35 em depth, the sand fra~tion decreases sharply to 2.0% 

and remains near this value for the -rest of the core (Appendix 1 ). 

'1. 

' 
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Figure 3-0: F0-840·103 sediment profile: 
Individual and amino acid fractions. 
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Figure 3-10: F0-840403 sediment profile: · 
Organic carbon and total nitrogen contents. 
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Figure 3-11: F0-840404 and F0-840·105 se-diment profil<'s: 
Grain size . 
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3.4.2. Geochemical anal7aa 

The o13C isotopic signature is . relatively constant from 0 to !)() em at about 

-21.6° joo.aod Ouctuates between ·20.Q to ·22.2° foo for the _rest of the eore (Table 

2 and fig. 3-12). Tbe variations in 515N are similar to the 613c composition -

fairly constant values from 0 io 50 em (abouL 7.5° /oo), followed by nuctuations 

between 6.6 and 7.6° foo with a ~lightly ~rea.ter depletion in ~~~ downcore (Table 

2 and Fig. 3-12} . 

. Individual amino· acid concentrations a.re relatively high from the surface to 20 

em, below which the ·concentrations decrease. sharply and remain constant for tbe 

rest or the core (Appendix 2d and Fig. 3-13). The relative distribution of 

individual amino a.c4Js is very similar to F0-840401, F0-840402 and F0-840403, 

with GLY being the most abundant (18.3 to 1.5 pM/g), followed by ASP (10.4 to 

0.6 ssM/g) (Appendix 2d). Other abundant amino acids in this core are GLU (7.2 

to 0.2 -~M/g), SER (5.3 [o 0.2 pM/g), THR (5.4 to 0.2 11Mjg) and ALA (6.1 to 0.8 

pM/g) (Appendix 2d). Methionine is the least abundant amino acid . . {O.R to 

O.OpM/g) (Appendix 2d). Coincident with the sharp discontinuity observed at 30 

em at wlich individual amino acid concentrations rapidly decrease is a st£arp 

decline in the total amino acid concentration (Appendix 2d and Fig. 3-13). Total 

concentrations decrease from 81.3 pM/g at 20 em, to 25.1 11M/g at 30 em, and to 

14 pM/g at 40 em (Appendix 2d and Fig. 3-13). Above the discontinuity the tot~l 

amino acid concentration varies between 81.3 to 57.1 pMfg, whereas below the 

break values vary between 10.6 and 7.2 pMfg (Appendix 2d and Fig. 3-13). The 

discontinuity is also seen. in the amino acid fraction profile (Fig. 3-13). The 

concentrations or the acidic fraction, hydroxy, basic, aromatic and neutral 

fractions vary from 15 .6 to 17.5 pMfg, 7.3 to 10.7 pM/g, 8.0 to 11.7 pMfg, 3.6 to 

5.8 pMfg and 20.8 to 36.3 pM/g, respectively, from the sutrace to 20 em 

(Append~ 3d). Below the discontinuity the amino acid fractions decrease 

drastically, from 4.5 to 0.8 pMfg, 2.5 to 0.4 ,Mfg, 3.7 to 1.1 tJM/g, 1.5 to 0.-4 

11M/g and 13.0 to ·3.1 pM/g in the same respective order u above (Appendix 3d 

.·~nd Fig~ 3-13). 
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Figure 3-12: F0-840404 sediment profile: 

cS
13C and 615N . 
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Figure 3-13: F0-840404 sediment profile: 
Individual and amino acid fractions. 
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The organic carbo~ and totaJ nitrogen contents follow the same trend as the 

total amino acid _concentration (Table 2). Organic carbon ranges from 4.0% at the 

surface io 1.7% at 20 em and then remains fairly constant downcore between 0.8 

and 0.6<:(, (Table 2 and Fig. 3-14). Between 0 to 20 em the nitrogen contt>nt 

varies from 0.4 to 0.3%, and then decreases to about .1% for the rest or the core 

(Table 2 and Fig. 3-14}. The C/N val\)es vary between_ 6.8 and 12.1 with the 

.largest fluctuations in the upper 20 ern, below which C/N are relatively constant 

at abotrt g.o. 

The carbonate content is highest at the surface {23.1%) and decruses to about 

half this value Cor the rest of the core (Appendix 1). A discontinuity is also seen in 

the foraminiferal assemblage, where the abundance of Globobulimina auricuiCJta 
. . r · . . : 

dec.reases from 32% at the surface, to 21.5% at 30 em and to less than 1% below 

35 em. · (Appendix l). The 6180 and o13C signals o'r the carbon~te in tests or 

Globobulimina auriculata vary in the same direction downcore (Appendix 1 and 

Fig.· 3-7). The .s18o cornp~ition varies from 4.0°/oo at 'the surface to 2.2°/oo at 

the bottom or the core. Similarly I the o13C composition or 0.0° /oo at the surrace 
- -

decreases to ·1.6° foo at 120 em (Appendix 1 and Fig. 3-7). The D-AILE peaks for 

the species Globobulimina auriculata were below the limit or detection and 

estimation. 

3.5. CORE F0-840405 

3.6.1. Core Description 

This core is 108 em long and ~ very similar to F0-84040·t It iA dark greenish 

and sandy at the surrace to 35 em, below which it changes to a grey (jne grained 

cohes~ve mud. The grain size data or this core is similar to that or F0-840404. 

However, the discontinuity is more gradual and occurs deeper, between 40 to 45 

em (Fig. 3-11). Above the discontinuity the sand fraction iA high, ranpn1 from 

48.4% at the surface to 23.Q% at 40 em. At 45 em the sand fraction decreMes to 

1l.Q% and remains relatively low for the remainder ?r the core (between 10.2 and 

3.3%) (Appendix 1). 
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Figure 3-14: F0-840404 sediment profile: 
Organic carbon and total nitrogen contents . 
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-
3.&..2. G~hemleal aaalj~M 

There are several similarities.jn the ~tope and ammo acid compositions of 

F0-840405 and F0-840404 (Table 2). • 

The 613C composition throughout this cere ranges fro~ ·22.0 - 20.5° foo. The 

lowest . va)ut>S ar~ at the- surface, -22.0° foo. Below the surface, a general 

enrichment in 13C is observed from 0 to 40 em, below which the h13C values 

fluctuate throughout the rest or the core (Table 2 and Fig. 3-15). The ~15N 

composition is fairly constant from the surface to 30 em, with values ranging from 

7.4 to 7.5° foo. ~elow 30 em, .615N values nuctuate between 8.0 to 6.6° /oo (Table 
l 

2 and Fig. 3-15): 

Total amino acid concentrations ran~e from 38.2 to 8.21lM/g (Appendix 2e and 

Fig. 3-16). T<?tal amino acid concentrations vary between 38.2 to 32.1 pMfg in the 

upper 10 em (Appendix · 2e and Fig. 3-16). At 20 em the total amino acid 

concentration decreases to 20.0 pMfg, and at 50 em to 14.00 pMfg, and .remains 

constant between 10.8 to 8.21lM/g throughout the rest of the core (Appendix 2e 

., 

and Fig. 3-16 ). The most abundant amino a~ ids are GL Y, ASP and ALA, 

co~centrati~~~ ra~ng from Q.5-~-ig .pMjg, 5.7 -~U~/g an·d ~ to 1.----0---·-·- ----. ----.. !- --1 

pMjg, respectively (Appendix 2e). The concentrations of MET, TYR, and LYS 

are the lowest and are less than l pM/g (Appendix 2e). The variation of the 

amino acid fractions with depth is similar to that of the individual and total 

amino acid concentrations, i.e. a general decrease in abundance with depth up to 

~0 em, below which values are constant (Appendix 3e and Fig. 3-16). From 0 to 

50 em the · concentrations or the acidic, hydroxy, basic, aromatic and neutral 

fractions ·vary rrom 3.0 to 0.4 pMfg, 1.0 to 3.8 llM/g, 0.6 to 4.5 pMfg, 1.0 to ,2.0 · 

pM/g and 7.6 to 19.1 pM/J, (Appendix 3e). Below SO em the concentrations or the 

above fractions range from l.Q to 2.Q pMfg, 0.4 to 0.8 pMfg, 0.5 to 0.8 pMfg, 0.3 

to 0.7 pM/g and 4.5 to 'G...,.M/g· (Appendix 3e). 

--The organic carbon and nitrogen content follows the total amino aci4 trend. 
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Flsure S-16: F0-840405 sedi'ment prorile: 
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Figure 3-18: F0-840405 sediment profile: .. .. _ Individual and amino acid 'fractions . 
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·Organic carbon content ranges from 1.§% to O.S%, decreasinc gradually 

_
9 

down core (Table 2 and Fig. 3-'17). NitrogPn content ranges from 0.2% to 0.1% 

and also decreases downcore (Table 2 and Fig. 3-17). The C/N values vary 

between 1-2.3 to 5.5, and is similar to those of F0-840404 with fluctuations in the 

upper 30 em, and remaining constant at about 0.0 Cor t~e ~t or the core (Table 

2) 

The variation or the carbonate content IS very . similar to that or F0-840·&04, 

varying from 15.0% at the surface to approximately 0% for the rest of the core 

(Appendix 1 ). Tbe variation of the foraminiferal assemblage in thi,;t core is vety 

similar to - that or F0-840404, except that tbe abundance or Globobulimina 

.. - . :· auriculata gradually fades below .40 em (Appendix 1). The 6180 composition or 

the tests of Globobulimina auriculata is relatively high at the surf~ce (2.7° foo) 

and then decre_ases to 1.5 and 2.0° foo at 20 and 40 em, respectively and then 

increases to 3.2· and 3.4° /oo at 60 ·and 100 em, respectively (Appendix 1 and Fig. 

3-7). The c13c varies. approximately in the same direction 8.s the 6180Composition 

(Appendix 1 and Fig. 3-7). Finally, D AILE/LILE for the species Globobulimina 

auriculata at 50 em is 0.16 ± 0.025 (Appendix 1). 
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Figure 3-17: __ F0-840405 sediment profile: 
Organic carbon and total .nitrogen. 
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BAY D'ESPOffi. CORES 

3.8. CORE BDE-11 
__ / 

3.8.1. Core Desc::rlptlon 

This is a bomogenepus core, 105 em long and consisting or dark gray mud .. 

Lighter bands ( about .75 em thick) or this dark mud occurred at 3g, 43, and 50 

<"JTl and between 84 to 105 em. A prominent feature of this core was a large, 
• ""'"\.J .... 

V('rtkal worm burrow Crom 74 to Q7 em. Th.is core bas the highest sand content 

• within Bay D'Espoir, values ranging from 27.8 to 11.4%, with no apparent trends . . . 
(Appendix 4). The sediment of this core a.lso appears rich in mica fragments . 

~-

3.8.2. Geo~hemleal analyses 

The 13C is~topic sign~ture is very constant throughout this core except at 20 em 

depth.' A slight enri<'~ment in the 13C is ob~erved in the upper 10 em, shown by 

IUl.increase in 6139 from -22.6_to -22.1°/oo (Table 3 and Fig. 3-IR). At 20 tm tht>re 

is an anomalous low or -24.5° foo below whi~h the 13C co~position remains fairly 

constant for the rest of the core, with ~13C values at about' ·22.0° foo. The 6
15N 

- 0 

values are relatively constant and vary between 7 .3° foo and 7.Q0 /oo except at 20 

and 00 em where tbere are high values of 9 .4 and 8.1° foo, re!!pectively (Table 3 

and Fig. ~ 18). 

Highest total and individulll amino acid concentrations are at th~ surface, and 
' -

decrease downcore (Appendix Sa and Fig. 3-lg). The surfid~tl total amino acid 
'--. ... & 

concentration or 83.0 pM/g decreases sharply 20.8 ~M/g at 20 em and then 

increase! again at 30 em to 59.0 pMjg, with a ~~ual decrease until g~ em where 

· tbe total concl'ntration nlue falls to 15.8 em ~Appendix Sa and Fig_: 3-10). Glycine 

is the most abundant amino a~id, with roneentrations between 3.3 and 21.2 pMfg, 

rollowed by ASP, with conc:enlratiofls ranging from 2.8 to 13.6 pMfg. Other 

abundant amino aeids are GLU (1.7 to 0.1 "M/g), and ALA (1.8 to 6.1 ,Mfg) 

(Appendix 5a). The lowest concentrations (usually les! than 1 ,Mfg) are those or 
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• .. 

·' 
Table 3: Bay D'Eepoir cor" dat.a. 

CORE 1 BDE-11 
CORE 2 BDE-te67 
CORE 3 BDE-1843 
CORE 4 BDE-1184 
CORE 6 BDE-1844 
CORE 8 BD£-1~ .1 
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CORE DEP1ll TOC '"' C/1 TAA c51ac O•N 
---------------~--------------------------------------------

1 0 4 .9 0 . 5 10.9 83.0 -22 . 8 7.5 

1 10 3 .2 0 . 4 10.0 71 .4 -22.1 7 . 6 

1 20 2 .4 0 . 1 21 . 3 20.8 -24.5 9 . 4 

1 30' 3 . 9 0 . 6 8 . 8 69 .0 -21.9 7.8 

1 40 3 .7 0 . 4 9.7 82 .2 -21 . 9 7.4 

1 60 4 .9 0.4 16 . 8 68.2 -22.0 7 . 3 

1 eo 3 .2 0 . 4 10.0 &8 .6 -22.1 7.7 

1 70 3 .8 0 . 4 11.8 68.2 -22.r- 7.7 

1 eo 2.9 0 . 3 10 . 1 60 .4 -22 . 0 7.6 

1 go 1 . 8 0 . 2 10 . 8 16.8 -22 . 2 8 . 1 

1 100 2.0 0 . 2 12.0 24 .7 -22 .3 7.8 

2 - a - 0.6 0 . 1 !L2 16.3 -22 . 3 &.8 

2 10 0 .1 0 . 0 6 . 1 1.2 -24 .3 4.5 

2 19 0 . 1 0.0 7.2 1.1 -24 . 3 4.8 

2 20 0.1 0.0 6.8 0 .6 -24 .1 5.8 

2 23 0.1 0.0 7 . 0 0 .7 -24.0 4 . 6 

2 30 0.1 0.0 7.8 1. 1 -24.7 8.9 

2 40 0 .1 0.0 8.8 1.0 -24.1 6 . 2 

2 50 0 .0 0 . 0 6.2 0.8 -24 . 6 6.1 

··l 2 66 0 . 1 0.0 6.8 0.9 -24.4 6 . 6 

2 60 0 . 1 0.0 7.3 0.4 -24 . 3 6.4 

2 70 0.1 0 . 0 4 . 9 0.3 -24.6 6 . 3 

3 0 0.6 0.1 6.7 17.4 -21.7 7 . 0 

3 10 0.2 0.0 18 . 0 0.3 -24.9 3.1 

3 20 0.2 0.1 2.8 0 .'6 -24.9 6.0 

3 30 0.2 0 . 1 2 . 6 0.4 -24.7 4.9 

3 40 0.3 0 .0 16.3 0. 4 -23.8 3.8 

3 44 0.2 0 .0 11.6 0.4 -24 .0 4 . 1 
·. 3 60 0 .2 0 .0 4.7 O.Q -24 . 8 4 . 1 

3 0 eo 0 .2 0 . 1 3.4 0.9 -26.2 4.9 

3 62 0 .2 0 . 1 2.3 0~8 -24.6 4.8 

3 70 0 .2 0 .0 14.1 0.7 -24 . 6 3 . 2 

3 80 0.2 0.0 HL8 0.6 -24.6 4.0 

3 88 0 .1 0.0 8 . 5 0 .6 -23.6 4 . 2 

3 QO 0 .2 0 .0 11.4 0 .6 -24.2 3 . 3 

3 100 0 .1 0.0 7 .2 0 .6 -23 . 4 3 . 0 -

' 
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100 .. 
CORE D£P'nl TOC TN C'-_N TM oac o•• 
------------·----------------------------------------------

4 0 3.3 0 .4 .,. g . 2 73 0 -22 . 3 7 . 8 
4 10 2.8 0.3 1o.e 5e .·2 -22 . 7 7.3 
4 20 3.0 0 :4 9.4 81 .8 -21.G 7 . 6 
4' 30 3.3 0 .4 9.8 . 81.2 -22.6 7.8 
4 40 2 . e 0.4 9.3 86 .7 -22.0 7 . 6 
4 46 2.7 0 . 2 13.0 68 .2 -22.8 7 . 6 
4 60 2 . 7 0 .2 13 .0 42 .4 -22 .0 7 . 9 
4 60 3.0 0 .3 10 . 3 64.8 -22.4 7 . 8 
4 70 3.2 0.2 16.4 44.6 - 22 .0 7.9 
4 80 2.7 0 .2 14.1 69.9 -22.2 1.e 
4 90 2.8 0 .3 8 .7 84 .2 -22.2 7.7 
4 . 100 2 . 8 0 .3 8 .9 63 .0 -21 .8 7.8 
4 110 2. 6 0.3 8.3 68.7 -22.1 7.9 
4 120 2.6 0.3 8 .2 e3 .3 -22 .2 7 . 8 
4 130 2.8 0 .4 9 . 4 37 .4 -22.e 7.8 

Ei 0 4 . 6 0 .2 28 . 3 73.6 ..:2t .8 7.6 
6 10 1.4 0.2 11.3 26.7 -22~ 7.7 
6 20 1.2 0 . 1 11 .8 17.7 -21.; 7.3 
6 30 1.2 0 . 1 10.3 18 .4 -21.9 7 . 9 
6 40 1 . 3 0.1 11 . 9 24 .1 -21 .8 8 .7 
6 60 1.4 0.1 14.4 18.1 -21.8 7 . 8 
5 60 1.1 0 . 1 12.2 13 .9 -22 . 4 1 .e 
6 70 1.1 0.1 11.9 16 .0 -22.6 8.3 
5 80 0.8 0 . 1 11.6 18 .3 -22 . 0 7 . 1 
6 90 1.6 0.1 11.7 17 .9 -22.0 8.0 

6 100 1.2 0.1 11.2 14.7 -21.8 e.v 

6 0 '3 . 0 0.4 9.7 61.4 -21 . 8 7.4 
8 10 2 . 5 0.3 8.6 81.0 -21.8 7.3 
8 20 3 .0 0.3 9 .8 67 .0 -21.6 7.3 

8 23 3.1 0.4 8 . 8 48 .0 -21.3 7.7 
e 30 2.6 0.4 7 . 3 68 .8 -21.4 8 . 0 

8 40 2.9 0 .3 10 . 3 46 .1 -21.1 7 . 2 
e 49 2 . 3 0 .3 10.9 39 .6 -21.7 7 . 8 
e 80 2.9 0 .2 14 .9 40 .3 -21.6 7.7 
8 88 2 . 6 0.3 10.4 41.8 -21.8 7.7 
8 70 2 . 8 0 .4 9 . 1 42.2 -21.4 7.9 



• 

101 

Figure 3-18: DDE-11 sediment prorile: 
~t:1c and 615 N. 

,, 
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MET and TYR (Appendix Sa). The abundances or the dirrer'ent ammo acid 
! ' 

fraction~· tbrougbo.ut the core are in the order: l!eutral (44.8 to 7 .9 11M/g), acidic 

(22.7 to 4.5 pM/gl. hydroxy (7.3 to. 1.2"M/g) basic (7.3 to 1.6 ,..Mjg) and aromatic 

(3.6 to 1.0 "~/g) (Appendix 6a). The variation with depth or the amino acid 

fractions ig also very similar to that or the total amino acid concentration (Fig. 

3-lQ). 

Organic carbon content is high at thE' surface "'(4 ~%) and gradually derreases 

downcore (Table 3 and Fig. 3-20). Total nitrogen content ranges from 0.5% at the 

surface to 0 .1% at 20 em and also gradually decreases downcore (Table 3 and Fig. 

3-20). The C/N values are relatively high and constant downcore and ranges 

betwe('D 8 .6 to 12.0, with an anomalously high ratio of 21..1 at 20 em depth . 

The carbonate content is moderately high as compared to other Bay D 'Espoir 

cor<'s, with pt>rccntages varying from 17.3 at the surface to 7 .2 at the bottom 

(Appendix 4). No roraminifen ~~.re prP~ent throughout this core (Appendix 4). 

3.7. CORES BDE-1857 and BDE-1&43 

3. 7 .1. Core Description 

The core descriptions and results of the analyses Cor these cores are reported 

together bN·ause of their ~imila.ritif:'S in appearl\Dce and composition. 

Core BD£.1657 is 73 em long and consists of predominantly medium to dark 

grey mud in the upper 10 em s.nd grey , fint> grained cohesive mud from 10 em to 

the bottom. A prominent feature is th e dark parall!'l inclinE-d band!'! at 19, 23 :md 

56 em. There is also a dropstone at 40 em. 

Core BDE-1643 is 101 em long. The uppN 3 em consic;t.~ n. nry soft dark 

greenish mud. The rest or the core is a grey fine grained cohesive mud with dark 

parallel inclined bands at -44, 62 and 88 em. It also bas a dropst.one at 89 ern. 
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Figure 3-10: 13DE-ll sediment profile: 
Individual and amino acid rra.ctions. 
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Figure 3-20: BDE-11 sediment profile: 
Organic carbon and total nitrogen contents . 
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Except lor surficial high levels {31.0% and 27.2% for BDE-1657 and BDE-1843, 

respectively), the sand lra.ction is extremely low throughout both cores. Below the 

!;Urface, sand composition varies between 1.5 and 0.7<'(. and 0 . ~ to 0.4 etc for 

DDE-165i and BDE- 1643, rt>5pectively (Appt'ndix 4 ). 

3.7 .2. Geoc:hemlc:al analyses · 

Tb~ organics of both cores BDE-16.57 and BDE-1643 are the most depleted in 
13C and 1 ~N within the study area (Tables 1 and 3).Tbe hight>st values of ~11C 

occur at the surface, -22.3· and -21.7° /oo for DDE-1657 and BDE-16·13, 

respt>ctively, and fall to -24.3 and -24.9° /oo at 10 em and remain relatively 

constant downcore (Table 3 and Figs. 3-21 and FiJr;. 3-22) The ~ 15N values for 

both cores are also highest at the surface (6.8 and 7.0° /oo for BDE-1657 and 

BDE-164.3, respedively)(Table 3}:-itowevt>r, the· 615N signatures throughout both 

cores are slightly different. Core BDE-1857 shows large fiuctua.tions in o5
15N v·alues 

downcore, with values rangin~ from 4.5 to 7.6° foo whereas lor DDE-1643, the 

61.~N values fall abruptly from 7.0° /oo at 10 em to 6.0° /<>?...at 20 em, and remain 

fairly cons! ant down core (Table 3 and Figs. 3-21 and Fig. 3-22). 

Total and individual amino acid concentrations are very low and also very 

similar throughout both cores (App('ndicl'S 5b and 5c and Fig. 3-23 and Fig. 3-24, 

respectively). The highest total concentrations are at tb~.> surface, 1!>.3 llnd 17.4 

,..Mfg lor BDE-1657 and BDE-1643, respectively, below which these values fall 

sharply ·and range from 2.1 to 0.4 ,..Mfg and 1.0 and O.J ,.Mfg for BDE-1657 and 

164.1 r~pectively (Appendic.-s 5b a.nd 5c, respectively). Except for surface values, 
' ' 

individual amino acid concentrations are h,,_, than 0.2 ,Mtr; and with !teveral 

below the limit ol dete_c~ion (Appendices 5b and Sc, respectively). The m08t 

abundant amino acid lor lx>th cores is GL Y, with concentration' ranging I rom 4.1 

to 0.0 ,..Mjg (Appendices Sb and Sc, respectively). The concentration of ASP is 

the second bigtw-st, with Vl\.lues between 2.8 and 0.0 ,Mfg, with most values below 

the surface being 0.1 ,..M/g (Appendices 5b anfd Sc, respectively). Glutamic acid 

concentrations are also similar to those or ASP (Appendices 5b and 5c, 



109 

Figure 3-21: DDE--1557 sediment profile : 

h
13C and ~15N 
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Figure 3-22: BDE-1643 sediment profile: 

613C and 515N. 

• 
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respectively). Other amino_ acid concentrations, except those seen in the surface 

for ALA, are les!l than 1 ~£M/g (Appendices 5b .and 5c, respectively). The amino 

acid fractions are low at the surface and decrease to Jess than 0.6 p'!t.f/g for the 

r('St of the core (Appendix 6 and Fig. 3-23 and Fig. 3-24), with the most 

abundant being the neutral amino acids. 

Organic carbon contents for both cores follow the same trend as the to~al amino 

acid concentration. At the surface or both cores these valu('S are highest , 0 .7% 

and 0.5~o for BDE-1657 and BDE-1M3, respectively (T~ble 3 and Fig. 3-25 and 

Fig. 3-26, respectively). Like the amino acid distributions, surface organic carbon 

contents decrease abruptly to 0.1% and 0.2% for BD&1657 and BDE-1643, 

rC'spectivt'ly (Table 3 and Fig. 3-25 and Fig. 3-26, respectively). Tbf>se values then 

remain (airly constant throughout the rest of both cores. Total nitrogen contents 

are highest at the surface of both cores, 0.1% for both cores (Table 3 and Fig. 

3-25 and Fig. 3-26, respectively). In the case or BDE-1657 , below the surrace the 

total nitrogen contents are very low and constant (between .03% and .01%) 

whereas tbe total nitrogen content (or core BDE-1643 shows a greater fluctuation, 

between 0.09% and 0.01% (Table 3 and Fig. 3-25 and Fig. 3-26). 

The CfN values throughout BDE-1657 are fairly low and vary between 9.2 at 

the surface to 4.9, where'as C/N values for BDE-1643 range from 16.8 to 1.6, and 

fluctuates with no discernible trend. 

The carbonate contents throughout both cores are very low, with values ranging 

from g_g to 12.0% (Appendix 4). No foraminifera are present throughout this core 

(Appendix 4). 
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Figure 3-23: BDE-1657 sediment profile: 
Individual and amino acid fractions. 
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Figure 3-24: BDE-1643 sediment profile: 
Individual and amino acid fractions: 

I 

,, 
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Figure 3-26: BDE-1657 sediment profile: 
Organic carbon and total nitrogen contents. 
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Figure 3-26: BDE-1643 sediment prorile: 
Organic carbon and total nitogen contl'nts. 
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3.8. CORE BDE-NB.f 

3.8.1. Core Deaeriptlon 

This core is 135 em long and appt"ars v~ry homog~nroug _ It is olive gr~y with 

d:irk horizons about 2 mm broad and occurring at about 3 per em. Between .JO to 

48 em the color changes to olive black with more frequent dark horizons of about 

4 to 5 p~r em. The sand fraction is relatively low and constant throughout th 1s 

('Or~, with values ranging from 3.8 to 2.4o-o (Appendix 4). 

3.8.2. Geochemlcal analyses 

~e b
13C and c15N ('Ompositions are relativE'Iy constant throughout this core. 

The cS
13C values range from -21.8 to -22.8° foo (Table 3 and Fig. 3-27). The .s15N 

values vary between 7.0 and 7.3° foo, and increases down core (Table 3 and Fig. 

3-27). 

The. amino acid abundance throughout this core is rl'lativ(lly high and consta.n't 

downcore (Appendix 5d). Tbe total amino acid concentrations range from 73.0 

JjM/g at the surface to 42.4 JjM/g at 50 em, with most values between 50.0 to 65.0 

pMfg (Appendix 5d and Fig. 3-28). The most abundant amino acid is GLY ( 18.7 

to 8.3 pMfg), followed by ASP (11.2 to 3.7 ,Mjg). Concentrations of ALA (Q.7 to 

4.7 ,.,Mfg) and GLU (8.4 to 3.1 pMfg) are also high within this core (Appendix 

5d). The least abundant amino acids are MET and L YS (Jess than 1.0 JJM/g), and 

TYR and illS (less than 2.0 ,~o~M/g) (Appendix 5d). The amino acid fractions in 

increasing order of abundance are neutral (40.0 to 20.4 ,.,Mfg), acidic (17.8 to 9.8· 

pM/g), hydroxy and basic (7.6 to 3.1 pMfg and 7.5 to 2.3 pMfg, respettively) and 
- ----arqmatic fraction (4.1 to 1.4 11M/g), with the highest values usually at the surrace 

an~ then decreasing to relatively constant values downcore (Appendix 6d and Fig. 

3-28). 

The organic carbon content is high and constant downcore, rangin, from 3 .3% 

a~ ~he surface, to 2.5% at the bottom (Table 3 and Fig. 3-29). The total nitror;en 
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Figure 3-27: BDE-NB4 sediment profile: 

6
13C and 6

15N. 
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Figure 3-28: BDE-NB4 sediment profile: 
Individual and amino acid fra<;tions. 
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contents are also constant and range from 0.4% (at the surface)Jo 0.2% (Table 3 

and Fig. J..2Q). The CJ~ values are constant from 0 to 40 em, i.e. between 8.3 to 

10.6. from 45 to 80 em: C/N values increase to ratios between 10.3 to I '>.4, below 

which, C /~values decrease to between 8.2 and 9.4 (Table 3) . 

. The carbonate content within this core is the bigbest for all Bay D'Espoir cores, 

ranging from 27.5 at the sur(aC'e to 21.3% at the bottom (Appendix t). 

3.0. CORE BDE-1G44 

3.U.l. Core Description 

The total length or the core is 103 em. The upper 20 em consists of coarse olive 

grey sand. Below 20 em the color progressively changes from olive grey to dark 

greenish grey. Particle size decrease downcore. The sand fraction is relatively 

high in this Bay D'Espoir core, varying between 23.1 to 7.0% , with : a decrease 
\ i 

with depth·(Appendix 4). 

3.U.2. Geoc:hemlcal analyses 

The 13C isotopic cornposition is fairly constant throughout this core, ranging 

from -21.8 to -22.4° foo. There are no apparent trends with depth (Table 3 and 

Fig. 3-30). Similarly, the c15N values are relatively constant thro~ghout this 

corl', ranging from 8.0 to 6.7°/oo (Table 3 and Fig. 3-30). 

The indi.vidual and total amino acid concentrations ranges from 73.5 IJM/g at . . . 

the surface to 13.Q pMfg a.t a depth 60 em, showing a strong decrease in 

concentrations after the first_ 10 em (Appendix Se and Fig .. 3-31 ). The order of 

abundance of amino acids is the same as the other cores d~cribed earlier. Below 

the surface, however, the concentrations for GLY and ASP are quite comparable, 

6.7 to 2.{) I'M/g and 4.2 to 2.2 pMfg, respectively (Appendix Se). ·The decreas~ in 

the concentrations of individu:1l amino acids with depth ·is reflected in the amino 

aeid profile or this core (Appendix 6e and Fig. 3-31). · The order of abundance for 

I 
' 
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Figure 3-28: BDE-NB4 sediment profile: 
Organic carbon and total nitrogen contents. 
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Figure 3-30: BDE-1644 sediment profile: 

613C and 615N. 
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the amino acid fractions is similar tQ BDE-11, BDE-ND4 and BDE-1644, i.e. 

neutral (38.6 to 6.2 p.Mfg), acidic {18.0 to 3.5 11M/g), hydroxy _(6 .Q to 1.1 ,aM/g). 

basic (5.4 to 1.0 ,Mfg) and aromatic fraction (3.7 to 0.7 ,Mfg) (Appt-ndix 6e) . 

Organic carbon content follows the same trend as tbe total amino add 

concentration i.e. there is a decrease dowocore, from 4.SCO at the surfacE> with 

values b(>tween l.l and 1.4% for the rest or the core (TabiP 3 and Fig. 3-32). 

Total nitrogen contents are relatively constant from the surface to 60 em, ranging 

from 0.2 to 0.1%, and then decreasing to between O.l%.and 0.6% for the rest of 

the core (Table 3 and Fig. 3-32). Excluding an unusually high surface ratio, CJN 

values are relatively high and constant between 10.3 and H.5 with a. slight 

increase below 40 em (Table 3). 

The carbonate content within this core is fairly low, with values ranging from 

11.1 to 16.0% (Appendix 4). Within the foraminiferal assemblage, the spec1es 

Brazilina pseudopuntlata is the most abundant, followed by the spt'ci('s 

Globobulimina auriculata which shows a slight increase downcor~. varying from 

22.4% at 20 em to IO.Q at 70 em (Appendix 4). The D AILdLILE value of the 

species Globobulimina auriwlata at 100 em is 0.04 ± 0.025 (Appt>ndix 4). 

3.10. CORE BDE-14.1 

3.10.1. Core Description 

The upper 5 em consists of olive grey sandy mud . Dafk horizons similar to those 

or BDE-NB4 are seen below 5 em and continue throughout the rest or the core, 

with a dark band between 23.5 to 26 em. The frequency or the dark bands varies. 

The core becomes dark between 44.5 to 53 em and 66 to 71 em (due to rrequent 

dark horizons) and lighter from 53 to 66 em and 71 to 76 em (due to less rrequent 

dark horizoos). The sand fraction throughout this core a.s very low, varying 

between 1.2 to 1.6% with no geoer&l trends (Appendix 4). 



133 

. .,. 
'-' 

Figure 3-31: BDE-1644 sediment profile: 
Individual and amino acid fractions. 
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Flgure 3-32: BDE-1644 sediment profile; 
Organic carbon and total nitrogen contents. 
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3.11. Geoehemleal analyses 

The l.1c isotopic comp0sition is fairly coo!ltant throughout this core. with b
13C 

r::mging from -21.1 to -21.8° foo (Table 3 and Fig. 3-33). The o15N values are low 

and constant in the uppE'r 20 em of the core, between 7.3 and i .4° foo.(Table 3 

and fig. 3-33). Except (or a. low of 7.2° foo at 40 cr:n, tbe o15N values for the r(>St , 
o( the core vary betwern 7.7 to 8.0° /oo (Table 3 and Fig. 3-33). 

total ammo acid concentrations are modNately high and r;latively constant 

downcore (Appendix sr and Fig. 3-34). Total concentrations range from 61.0 to 

39 .. ) ssMfg. The concentrations of individual amino acids are also very similar to 

those of the cores d<'scribed earli(>r. Glycine ( 16.0 to 10.5 ssM/g) is the most 

abund.ant amino acid, followed by ASP (10.7 to 6.8 pMfg) (Appendix 5f). Next, 

in the order of abundance are GLU and ALA, with comparable concentrations 
' ~ .. . 

(6.4 to 3.8 pM/g) (Appendix 5!l· The least abundant amino acids are P...ffiT, LYS 

and ARG, their individual concentrations being less than 1.0 pMfg (Appendix Sf). 

The v'ariations or the dirrerent fractions are renective or the individual amino acid 

\ abundance with t"elative constancy downcore (Appendix sr and Fig. 3-34). The 

order of abundance of the amino acid fra.ction9 in increasing order is: neutral (30.6 

· to 21.8 pMfg), acidic ( 16.8 to 10.6 .uM/g}, hydroxy (6.3 to 3.2 I'M/g), aromatic 3.2 

to 2.1 .uM/g) and basic (3J:l to 1.4 JJM/g) (Appendix 6f). This is the only core · 

which does not have compuable concentrations Cor ' the hydroxy and basic amino 
I . ~ 

acid fractions . · 

The organic carbon content is highest at the surface, 3.0%, and gradually 

dt'ereases downcore between 3.0 to 2.4% (Table 3 and fig. 3-35). The tot&!. 

nitrogen content foiJows the same trend as the orga.nic carbon content, showing an 

overall slight decrease downcore &nd ranges from 0.4 to 0.2% (Table 3 and Fig. 

3-35). The C/N values are moderately high, ranging from 15.0 to 7.3, showing .a. 

slight incruse downcore below 40 em (Table 3). 

The carbonate content within this core is fairly high and constant downcore 
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Figure 3-33: BDE-14.1 sediment profile: 
6
13C and 6

15N. 
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Figure 3-34: BDE-14.1 sediment profile: 
Individual and amino acid fractions . 
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Figure ~36: BDE-t4.i sediment profile: 
Organic carbon and total nitrogen contents. 
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with V&lues between IQ.l and 17 .5~ (Appendix .4). Within tbt> foraminift>ral . 
assemblage, the species Brazilina pseudop,unetata ~ the most abundant and 

appears to increase with depth (Appendix 4). The less abundant ..species. 

G/obobulimina auriculata, shows the trend from 1.5% at the surfat'e to ll.Jc-~ at · 

70 em (Appendix 4). Finally, significant amounts of D-A.JLE wt>re dett>ct('d in th~ 

tests of the species Globobulimina auriculata, D AD..E/Ln..E values of 0.08 ± 0 .025 

at 20 em, 0.11 ± 0.025 at 30cm, 0.13 ± 0.02.) at 50 em and 0.14 ± 0.025 at 70 em 

(Appendix 4). 

., 
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Chapter 4 

DISCUSSION 

4.1. FORTUNE BAY CORES 

4.1.1. CORE F0-840401 

The low percentage or sand indicates a. low energy environment (El-Ella and 

Coleman, 1085), which is in agreement with the sheltered location of F0-8·10401 

in the deepest and innermost part of Belle Bay. The isotopic signature throughout 

this cor~ is within the compositional range or marine phytoplankton and 

macrophytic algae (Fig. 1-5 and Fig. 1-6). However, lvaoy (1Q85) found a 5
15N 

range of about 7 to 8° foo for high latitude sediments which reflects a macropbytic 

algal source o( the organics . . Compared to ~be other Fortune Bay cores, the 6
13

C 

composition or the organics or F0-840401 are relatively low, suggesting 

terrigenous innuence on sedimentation as a result of the numerous small streams 

in the region (Parker, 1072; Newman et a!., 1073; Gearing et al. , l'J77). The 

slight increase in 613c values at 30. and 40 em may be the result of an increase in 

marine sedimentatio'n.. Further~ore, the relatively low values or 6
15N correlates . 

positively with the 13C isotopic signature, indicative of terriginous inputs. The 

relative constancy of the 615N composition downcore suggests no significant 

changes in sediment&tio~ patterns and/or microbial activity in the nitrogenous 
~ ' . 

content or the organics F0-840401. 

The a.mino acid signature also supports a ma.crophytic source of orgamcs. 

Relatively high ASP/GLU (1.5 to 2.0) and GLY/ALA (2 to 3.2) aLc;o characterizes 

maerophytic algal sources (Pulchan, 1085). The very high ammo acid 
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concentrations and organic and nitrogen contents are the result or bigb organic 

productivity and/or high sedimentation rate (Morr~, l075) and Lh~ r~lative 

constancy or the individual amino acids and amino acid frartions downcore 

indicates no preferential utilization of any individual amino acids or amino acid · 

fractions. The persistence or high organic content downcore also indicates a lack 

or mierobial degradation, which is also reflected in the relatively low C/N values 

throughout the core (Bordovskiy,Hl65; Stevenson and Cheng,l068; Ros!'oleld, 

107Q). 

A high percentage of carbonates throughout this core may result from high 

productivity of calcareous organisms, which reflects availability or nutrients in the 

water ol Belle Bay. Finally the high percentage or total amino acids and organic 

carbon may be related to absorption by carbonates (CartN and Mitterer, 1978). 

4.1.2. CORE F0-840.02 

Like F0-840401, the low percentage or sand reflects the low energy environment 

located a.t a deep end or the bay (Et~EIJa and Coleman, 1Q85). 

The h15N and .s13C composition of F0-8·i0402 is similar to that ot F0-8-i0401, 

typifying a macrophytic algal source of organics (lvany, lg85). However, the 613C 

composition is slightly more enriched in the heavier isotope, indicating a possible 

stronger marine influence on sedimentation in this area of Fortune Bay than Belle 

Bay (where F0-840401 is located)(Parker, 1972; Newman et al., 1g73; Gearing et 

al., 1077; lvany, lg85). Like F0-840401 the 6
13C isotopic signature is relatively 

constant except lor the slight enrichment at 20 em. This may be the result or 

microbial activity involving cleavage or isotopically enriched labile groups by 

preferential breaking or 12C- 12C over 13C- 12C bonds (Smith, JQ75). The amino 

acid signature also points to ao algal source of organics. However, the a.mino a.cid 

signature is different .for F0-840402. Tbe ASP /GLU values are higher than those 

lor F9-840401, another indicator or a stronger marine influence (Pulchan, 1Q85). 
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t:nlike F0-840401, f0-840·402 shows slight evidence or degradation or organics. 

Total amino acid abundance decreases downcore, and there appears io be a sl~bt 

incrt'a.c;e of the C/~ values in the same direction. indicating preferential 

degradation of nitrogeneous organics. Howev('r. tbe amino acid signature remains 

fairly constant downcore indicating no preferential degradation of the individual 

amino acids or the ,mino acid fraction, as seen in F0-840401. The slightly lower 

amino acid concentutions (as compared to F0-840401) , organic carbon and total 

nitrogen content also iodkate that the input or organics in the location or 

F0-840402 is diminished and/or that productivity is lower. 

Again, high carbonate content may reflect high productivity of calcareous 

organisms. Th~e include the foraminiferal species /slandiella pseudopunetaia and 

Glob~bulimina auriculata, which are faunal types characteristic of the cold 

Labrador water current (Scott et al., 1984). The carbonate content may also be 
..... 

related to the high organic content ~nd total amino acid concentrations 

throughout this core (Carter and MittNcr, 1 078). finally, the rehtively low 

D ArLE/L[LE value is indicative or a bigb sedimentation rate (Miller et. al., 1083). 

-&.1.3. CORE F0-840403 -: . 

The more abundant sand rraction of this ~ore may be explained by it.. being in 

the middle of the Fortune Bay where the energy or the environment is higher 

than that of the location or F0-840401 :t.nd F0-840402 (EI-EIIa and Coleman, 

1085). 

The cS
13C and 615N composition is very similar to · that of F0-840·101 and 

F0-840402, reflecting a macrophytic algal source of organics (lvany, 1085 ). 

Compared to F0-840401, the .s13C isotopic composition is slightly depleted in the 

heavier . isotope, indicating a stronger marine influence on sedimentation in the 

area of location of F0-840403 (Parker, IQ12; Newman et al., 1Q73; Gearing et al., 

1077; lva.ny, 1085). The reb.tive ~ongta.ncy of, the isotopic composition downcore 

may be a result or minimum fractionation due to microbial degradation and other 

diagenetic reactions, and renects that or the primary source. 
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The amino acid signature supports the Lc;otopie evidence of a macropbytic 50urce 

of organics. Within the individual amino acids, the high ASP /GLU valu~ are . 
very .;imilar · to those of F0-840402, indicating strong marine sourced organics 

(Pukhan, H~85) . 

Amino acid concentrations, organic carbon an-d totAl nit.rogen contents are the 

result or high marine organic productivity and/or innux or organic-rich sediments . 

However, the slight decrease in the amounts of organics downcore may be the 

result o( microbial degradation . Also a general increase in C/N values downcore is 

suggestive or preferential degradation or the nitrogeneous content or the organic 

matter (Bordovskiy, 1965; Rosenfeld , 1979). 

The percentage carbonate is also very similar to that or F0-8-tO-m2 and may be 
... 

related to the high level of organics throughout the core (Carter and Mitterer, 

H)i8). The relatively constant isotopic signal from benthic foraminiferal species 

Globobulimina auricula/a is a result or no changes in the salinity or R~cent St'as 

of the study area. (Gao ct . al., IQ85). 

4 .1.4. CORE F0-840404 

1'he sharp discontinuity in grain size may be explained by a change in source or 

sediments and/or energy of the environement, which can only change as a result 

or changes in sea level or circulation patterns. However, the changes in· texture 

and color hint at a change in the sediment source as the primary cause of the 

discontinuity. From the surface to 35 em depth, this core is similar t.o the other 

cores, F0-840401, F0-840402 and F0-840403, being typically marine. The grain 

size data suggests that the rest or the core was pr~bably deposited as 'rocl: flour' 

or as very fine grained sediment as a. result or the presence or an overlying ice 

sheet (Greensmith, lg78) during the late Wisconsin period . 

The isotopic composition is very similar to those d('Scribed earlier. However, the 

relatively low ~13C values are indicative of stronger marine sedimentation 
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innueoce !Parker, 1972; Newman et al., 1973; Gearing et al., lg77; lvany, 1U85). 

A constant ~ 13C signature (or the upper 50 em suggests steady bottom conditions 

and st>dimttnt source and minor fradionation below the zone or active rework~?.g. 

llowevt>t, tbe nuctuations in isotopic composition below .')()em may be related to 

changes in source, diagenetic reactions and/or temperature nuctuations occurring 

during the Late Wisconsin event. 

The amino acid signature is also similar to that of the other cores. However, 

ASP/GLU shows a relative decrease downcore, which is suggestive or inereased 

terrestrial d<>bris inputs by processes which include ice-rafting and transport by 

meltwater runorr (Pulchan, 1085). 

All of the data are consistent, corroborating the idea or a change of 

sedimentation pattern - glaciomarine sedimentation below the discontinuity, 

followed by normal Holocene sedimentation. 

The C/N values are relatively constant, except (or slightly higher values or to.4 

to 12.1 at 0, 10, 80 and 110 em. The relative constancy of C/N and the slightly 

higher values suggest that minimal diagenetic alteration occurs downcore 

( Bordovskiy I 1 Q65; De gens, 1 Q70) and that the c /N or the source is preserved . 

Finally, it appears that the productivity or calcareous organisms was low during 

the last glacial period . The disappearance of the species Glohobulimina auriculata 

was interpreted by Scott et al. (1Q84) in their analysis of A Canso Bank Basin core 

as a renectioo or the progressive cooling of the Outer Labrador Current. In 

F0-840404, the appearance or Globobulimina auriculala is interpreted as a , 
marker or the end or the Late Wisconsin event. The low percentages or carbonate 

correl&te positively with the organic content and total amino acid conce.ntration 

(Carter and Mitterer, 1078). The 6
180 and 6

13C compositions do not support the 

other evid('Dce that sedimentation below tb·e discontinuity was during a glacial 

period. The isotopic sign&l indicates a lesser amount or continental ice during the 

Late Wisconsin than during the Holocene. This anomalous signal is probably the 

.. 
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result of variations of the relativ-e inputs and temperature of the Labrador 

Current. 

4.1.6. CORE F0-8.f040& 

Core F0-840405 is very similar to F0-84040·f The upper 4.5 cm of this corl.' 

corresponds to that part of F0-840404 which ref·resents normal marine 

sedimentation. The part below this boundary correlates with the .lower 90 em of 

F0-840404, a. zoo~ o' -g,Jacioma.rine sedimentation. 

The isotopic composition of the surface zone is similar to that of other Fortune 

Bay cores, typifying macrophytic algal sources or organics (lvany, lQ85). The 
r.. 

fluctuation or ~13C composition downcore may ·r~:>fleet one or a eombination of 

diagenetic processes, changes in sediment source andfor changes in temperature. 

Diagenetic processes which produce an overall enrichment include preferential 

cleavage of 1'2C- 12C over 12C- 13C bonds (Sm!th, 1Q75) and microbial utilization 

or the isotopically depleted lipid content or the organics (DeNiro and Epstein , 

1977). 
I 

The constancy of the 6 1 ~N values (or the upper 30 em may re_nect an 

unchanging environment, whereas the nuctuations below 30 em are reflective of 

variations in the sediment source and/or diagenesis. 

The amino acid signature also renects a macrophytic s0urce. Like F0-8-t0404, 

the low ASP /GLU below the discontinuity indicates innuxes or terrigenous 

sediments (Pulchan, H~85). 

Cores F0-840404 and F0-840405_ have two noticeable differences. Firstly, the 

levels of organics and tohl amino acid concentration or the Hol~en~ ~ortion or 

F0-840405 are relatively low compared to that or F0-840404. This may be 

related to the l~ation. Core F0-&40405 is located on a topographic high where 

er<;>sion may be stronger than in the location or F0-840404. Hence the 

sedimentation rate is expected to be lower with less accumulation or organi~ 

,, (Bordovskiy, 1g6s). 

.. 
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Secondly, the discontinuity of F0-840404 is sharp as opposed to the very 

gradual discontinuity or F0-840405. This gradual change from organic-rich to 

organic-poor ~edimtots mAy be related to mixing induced by turbulence· in this 

high en(>rgy location . 

Evidence of diagenesis in the upper 30 em comes from the C/N \'alues of the 

corE>. Howenr,the constancy in C/N values below 30 io~icates little change in· 

diagf'netic conditions and sediment sources (Bordovskiy, HW5; Rosenfeld, lg7Q) 

The disappearance or Globobulimina aun·culata in F0-840405 is interpreted in a 

similar manner to that of F0-840404. The decrease in total amino acids may be 

related to the decrease in the carbon.ate content with depth (Car'ter and Mitterer, . 
1Q78). The enrichment of the stable isotopic composition or the carbonate of the 

foraminift>ra.l test~ is indit'a.tive or incre~ed volume or continental ice during the 

Late Wisconsin, which result('d in preferential evaporation of isotopically light 

water from the ocean (Gao et. aJ.,lg85). -
Assuming the upper 50 em or sediment represents the end or the Late Wisconsin, 

-

which was dated as about 16,000 years (Fader and King, Hl86), the Kn..E for the · 

species Globobulimina nuriculata is ~::.k•Jiated to be 1.07 x 10"5 year·1
. This 

compares favorably with the Kn..E determined by Bada and Schroeder ( 1Q72) for 

calcareous sediments. 
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.f.2. BAY.D'ESPOm CO)l£S 

4.2.1. CORE BDE-11 
/ 

The high sand fraction of this core may be a result or the inOux or large particle 
' 

size debris in the sub-basin in which this <'ore is lo<'ah•o (EI-EIIa and C'olrman . 

1985). 

The isotopic signature is suggestive or a macropbytic algal wur<'e of organics 

(lvany, Hl85). Also, the relatively depleted 13C composition indicates terriginous 

innuxes of sediments and hence terriginously derived organics (Parker, 1Q72; 

Newman et al., 1Q73; ·Gearing et aL , 1977; lvany, 1985): The anomalous isotopic 

composition at 20 em may be the result of a chance event such as a turbidity now 

or mud or similar composition t? · that or the lower parts of BDE-1657 and 

BDE-1613 (described in the next section). More evidE'nce of such a process comes 

from the very low concentrations or organics and total amino acids at 20 em. 
·" 

Another such event may be responsible for the low organit"'"'t'ontent and total 

amino a<'id concentration at 90cm. The gradual overall decrease in the organic 
' 

content is reOective or microbial degradation . Furthermore, the 'increase in C/N 

values at QO ~nd 100 em indicates preferential utilization of the nitrogeneous 

content of organics (Bordovskiy, Hl65; Rosenfeld, 1Q79). 

The amino acid content also exemplifies a macropbytic source with the low 

ASP /GLU values also indicating a terriginous influence on sedimentation in the 

locality or this core (Pulcban, 1g8S). ·The total amino acids, individual amino 

acids, organic carbon and total nitrogen contents are all indicators of high 

productivity. 

The ab~ence or formainifera throughout this core may be the r~ult of reduced 

circulation ' in this part of the ba.sin. FiDally, the decrease in carbonate content 

with depth is aecompanied by a simil~ decreau in the organic .content, probably 
. • u 

indicative of ab!!Orption of organic !!ub~tances by carbonates (Carter and Mitterer, 

1Q78). 

' 
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4.2.2. CORES BDE-11i7 and BDE-1843 

- -·---
Cores BDE-1657. apd BDE-1643 ar~ located apart from each otber in different 

sulrba.'lins .within Bay D'Espoir, but. appear to be derived from the sam~ sediment 

source and by tb~ same sedimentary processes. The very fine-grained nature of 

the cores suggest tba.t they may be derived from 'rock flour' or sedimentation in 

the p~esence or an cverlying icc cover ( Greensmith, 1Q78 ) .. The fine-grained 
,. 

sedim~nt in both localities were likely formed by ice-rafting of exposed glacial till 

during a lower sea level stand associated with the Late Wisconsin event. This 

accounts for the absence of foraminifera throughout the core. The subsequent 

Holqcene transgression resulted in the deposition of the · surface layer . ./ 

(approximately about 3 em) under normal marine conditions. 

The above sedimentation pattern is supported by the isotopic signature. The 

depletf.:d c513C and c15N co~!pos1tions of the organics of the surface reflect normal 

marine organics (Parker, JQ72; Newman et al., 1073; Gearing et al., 1977; lvany, 

1985). Below the surface the isotopic signature decreases to one of organics from 

terriginously-sourced sediment, supporting the idea or land derived 'rock flour' by 

ice-rafiing. The erra.tic,·fiuctuations or l,he isotopic and C/N profiles of both cores 

may be the result of chemical changes, which may be responsible for the presence . . 

or the dark bands. 

Although the individual amino acids and amino acid fractions appear typical of 

those for the rest of the Bay D'Espoir cores, the low ASP /GLU values further 

support the idea of terriginous derived sediments (Pulchan, 1085) . . 

, 
The very low amounts of organics in the upper 3 em or each core reflects low 

organic productivity and/or influxes of organic-poor sediments. If this 3 em or 

.sediments represents the entire Hol<?Cene, the sedimentation rate is low. 

The low percent carbonate relates to the low organic and total nitrogen content 

and total &mi.Do acid concentration (Carter and Mitterer, 1078) . 
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Finally, due to very low concl"ntrations, detection and estimation or the organic 

content, total nitrogen and total amino acid contents were very difficult and 

resulted in larger than normal errors. 

4.2.3. CORE BDE-NB4 

The low sand fraction is indicative of a low energy depositional environment, 

which may b(:' due to constant environmental conditions (El-Ella and Coleman, 

1Q85). 

The low 613C and 615N composition are suggestive or a macrophytic algal source 

ofo~ganics (lvapy, 1985). Ho~ever, tbe slightly depleted c5
13C composition may be 

the result of terrigenous processes, such as infiuxes from - local streams. 

Furthermore, microbial alteration of the isotopic signature downcore is 

insignificant, as seen from the constant isotopic signature downcore. 

The amino acid signature also reflects a macrophytic source of organics 

(Pule han, 1g85 ). However, low ASP /GLU values throughout this core eorrelates 

with th~ 13C · isotopic signature, indicating terrigenous inp~ts (Pulchan, 1985). 

High levels of amino a~ids, organic carbon and total nitrogen content indicate 

high prod,uciivity levels and/or the influx or organic-rich sediments. Tbe slight 

decrease or. Uiese values downcore may be the result or minor microbial 

degradation of organics or diagenetic reactions leading to the consumption or 

organics, Th~ C/N values refiect equal degradation or carbon and nitrogen until 

40 em (Bor4?vskiy, 1965; Degens, 1910; Rosenfeld, 1979). From 40 to 80 em, there . 
appears to be prererential degradation of nitrogeneous organics (higher C/N 

values} which corresponds to the small decrease "in the total amino acid 

concentrations. From ~120 em, prefer~ntial utilization of nitrogeneous organics 

decr&ases· and then increases at 130 em. This increase is ~arked by higher C/N 

. values and lower total amino acid concentrations. 

High carbonate content may be the result of a large population of ealeareout 

I' 

• • I 
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organi;m; supported by a steady now or nutrients due to the unrestricted water 

source or this lo<."ation. The high total amino acid content correlates positively 

with the high percent carbonate throughout this core (Carter and Mitterer, 1078). 

The very low amounts or D-AILE within the tests or Globobulimina auriculata 

indicate a big~dimentation rate within this locality. 

4.2.4. CORE BDE-11>44 

The high sand content is in agreement with the location or this core - a slope, 

wlere the environmental energy is expected to be higher (El-Ella aod Coleman, 

1085). The decrease in grain size downcore may be the result or changing 

environmental conditions or sediment source. 

This core is located towards the mouth or Bay D'Espoir and hence manne 

innuence on sedimentation becomes more important (lvany, 1Q85) .. This is 

refiected in the 6
13C values, which are slightly heavier than those for cores 

BDE-1613 and BDE-ll. However, the isotopic signature once again characterizes 

a ma.crophytic algal source or organics (lvany, 1085). The variation of the c5
15N 

composition may be the result of various reactions occurring after sediment 

deposition - possibly deamination or amino acids resulting in ...a.. decrease in the 

abundances of ami~.o acids downeore. The increase in C/N values downcore 

further supports preferential degradation of nitrogeneous compounds (Btrdovskiy, 

1065; Degens, 1970; Rosenfeld, l1)79). 

The amino scid abundance, organic carbon and total nitrogen contents also 

support the id~a of microbial degradation downcore, as seen in the decrease in 

concentrations with depth. This may be related to bacterial population and 

diagenesis, which increases as grain size decreases (Bordovskiy, 1965). The amino 
I 

acid composition corroborates the isotopic signature interpretation, indicating a 

macrophytic source of organics with relatively high ASP/GLU v&lues (Puleban, 

1G85). 

( . 
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UnrE>Strict~d circulation 10 this location results 1n a steady flow of nutrit-nt.s, 

thE>reby s.Ipporting planktonic faun:~.. The pre.;ence of the spt-cies Bra:ilina is 

indicative of warm water circulation (Scott, et. al., 1984). Finally, the low 

carbonate content may be related to the low concentrations or amino acids 

(Carter and Mitterer, H)78) . The sedimentation rate for this area is also fairly 

high, resulting in low. D AILE/Ln.E values at the bottom of the core. 

4.2.6. CORE BDE-14.1 

The small grain size o{ this core can be related to a low energy environment and 

a mainly marine source, since it is located closest to the mouth of the fjord (El

Ella and Coleman, 1985). 

Altbougl the isotopic signature typifies a macrophytic source of organics (lvany, · 

1978), the 613C isotopic composition for samples from this core are the least 

depleted in the study area, indicating a very strong marine innuence on 

sedimentation (Parker, 1972; Newman et al., 1973; Gearing et al., 1977; lvany, 

1985). The relative constancy of the h13C and 615N downcore indicates minor 

alter~tion or the isotopic signature, which may be a result or little microbial 

degradation of organics with depth. Evidence of this is seen in the moderately 

constant organic carbon and tot&l nitrogen contents and amino acid 

c::oncentrations.throughout the core. The fluctuations of the 615N may be due to · ·· 

microbial alteration. Below 40 em, deamination of amino acids may be one of the 

main degradation processes as refiected in the slight decrease in Lotal &mino acids 

downcore and a corresponding lnerease in C/N values (!legens, 1070; Rosenfeld, 

1Q78) 

The amino acid signature also establishes macrophytic algae as the main source 

of organics, with high ASP /GLU · indicating strong marine infiuenee on 

sedimentation (Pulch&nr- 108!)). From the amino acid fraction distribution it also 

appears that the environment of BDE 14.1 is unsuitable for the survival of b~ie 

amino acids, as seen from the decrease of the nitrogen rich baaic fraction with 

dtpth. 
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The foraminiferal a:s,emblage of BDE-14.1 is interpreted similarly to that of 

BDE-1644. B,.ios located at the mouth of the fjord results in unrestricted 

circulation or nutrients for primary production on which planktonic faunas grow. 

Again, the spedes Brazilina p11eudopunetata indicates circulation of warm waters 

(Scott et al., }g84). The relatively high carbonate content may also be related to 

the organic content and amino acid concentration (Carter and Mitterer, 1Q78). 

The relativl'ly high D AILE/L1LE indicates fairly slow sedimentation rate, which 

may be constant downcore . Also, sediment at a depth. of 70 em is dated at 15,000 

years B.P .. 

4.3. SUMMARY AND GENERAL DISCUSSION 

Both the amino acid concentration, organic carbon and total nitrogen contents 

(or Fortune Bay are generally higher than those for Bay D 'Espoit . This is an 

indication of higher productivity and/or iofiuxes or organic rich sediments. The 

productivity within Fortune Bay is expected to be higher because or in~rea.sed 

levels or nutrient-laden seawater resulting from greater intra·fjordic circulation. 

The sections of cores at F0-840401, F0-840402 and F0-840403 are principally 

dcriv ed by marine sedimentation and show high levels of organics. Sedimentation 

rate of F0-840402 is relatively high. Cores F0.840404 a.nd F0-840405 sho~ a. 

discontinuity in the sedimentary record which represents · a chan.ge in 

sedimentation pattern. Sediments above the discontinuity result from normal 

marine sedimentation, whereas sediments below the discontinuity are glaciomarine 

in or.igin.· Normal marine sedimen4 in the Fortune Bay are characterized by high 

ron tents or organics and carbonates ·and relatively high ASP /GLU and have the 

species Globobulimino auriculato included in the (oramini!~ral assemblage. 

Glacioma.rine sediments show low levels of organics and carbonates and low 

ASP /GLU aod are devoid, or the ~cies Globobulimina ouriculata . Also, the 

presencfl! or the species lslandiella islandica indicates the infiuen:ce or the 

Labrador Current iD Fortune Bay. 
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In Bay D'Espoir, the levels of organi~s is generally lower. This may be a rf!ul~ 

of lower productivity levels . cr~ated by depletion or nutrients for the producers 

resulting from restricted intra-fjordic circulation. Cores BDE 14.1, BDE-NB-t and 

BDE-1644 are located in areas where circulation is not restrked, as in the 

localities of the other cores. This is renected in the relatively high levels or 

orgao1cs. However, BDE-1644 shows evidence ?f microbial degradation with 
J 

depth. Also the length of BDE-14.1 represents a. fairly long time period. 

• 
Evidence or the glacial history is manifested in the cores BD& 1657 and 

BDE-1643. These show the lowest levels of organics within the entire study area, 

reflecting ·the source - terrige~ous glacial till. The 13C and 16N and amino acid 

signatures are charact~ristic of terrigenous sourced organics. Finally, because the 
' sediments are land derived, there are no foraminifera present throughout the 

cores. 

Core BDE-11 is located in a restricted sub-basin within Bay D'Espoir with 

relatively high levels of organics. The amino acid and isotopic signatures are 

characteristic of macroalgal sources of -organics, with slight terrigenous overprint. 

An interesting feature of this core is evidence of an event, such as turbidity now 

of mud of composition similar to that of BDE-1&57 and BDE-1643. 

The presence of the species Brazilina pseudopunetata only in Bay D'espoir ·and 

the absence of the species /dandie/la · iBiandica indicates that Bay D'espoir does • • 

not receive significant amounts of water from the Labrador Current. Correlations 

can be made between the carbonate content and total amino acid concentrations, 

otganic carbon and total nitrogen contents (Figs. 4-1, 4-2 and 4-3). This 

relationship may be the result of the interaction of organics with carbonates . 
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Flsure "-1: Carbonate content verses total 
amino acid concentrations 

\. .I 
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Figure .t-2: Carbonate content verses organic 
carbon content 
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Flsure 4-3: Carbonate content verses total 
nitrogen content 
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Finally, correl&tions between b13C and ~~~]'.; and o13C and ASP fGLU can also be 

made (Fig. 4-4 and 4-5). These correlations define •end members• with respect to 

types of sediment inputs. Terrigenous • end members• are isotopic~lly depleted 

with respect to o13C and o15N and have' low ASP fGLU values, whereas marine 

•t'nd mt'mbers• are relatively enriched in 13C and 15N isotopes and ha.ve high 

ASP /GLU valul"S. 

' · 

• 

I • 
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Flgure '-"= Isotopic comparisons of sediments 
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Figure 4-6: ASP /GLU 'Verses 613c 

... . 



-(.N 

n 

0 

I -
~ 

I 
N
N 

~--

169 

ASP:GLU RATIO 

- N 
I I 

X X 
X 

XX t>X:r.:x 

1% XX· 

XX . ' X 
X 

X 
): 

X 

a I 

00 • 

~~------------------------------------_. 0 



liO 

Chapter 5 

CONCLUSIONS 

l. Multiple tracer analyses in this study - stable isotopes of C and N, 
amino acid abundances, grain size analyses and roraminiferal counts 
have been useful in tracing the origin or organics and hence the 
sediment sources. Dirrerent glacial historieS are also indicated. 

2. Organic carbon and total nitrogen contents and amino acid 
abundances have been related to productivity levels and sediment 
influxes. Tb· ~arbonate content show large differencs between the two 
bays with respect to productivity levels and influxes or sedimentary 
organic matter. 

3. Sediments in Day D 'Espoir are more depleted in 13C an.d have lower 
ASP /GLU values and levels of organics. These parameters define 'end 
members' in the study area with respect to sediment source. Bay 
D'Espoir samples are more towards the terrigenous end than Fortune 
Bay samples. 

4. Correlations exist between the carbonate content, organic carbon and 
total nitrogen con tents and total amino acid abundances. These · 

correlations are very similar to those bet\(een cS
13C and cS

15N, and cS
13C 

a.n.d ASP /GLU. 

5. Foraminiferal assemblages characterize the water ma,sses ancJ also 
indicate that temperature difrerences exist between Bay D'Espoir and 
Fortune Bay. 

6. Tbe changes in sedimentation patterns that accompany climatic 
fluctuations can be traced by the levels or . organiC! in the sediment, 
grain size,' foraminiferal assemblage and amino acid abundance and 
amino acid signature. )'he 6180 composition or th~ carbonate of 
foraminiferal tests can ·also be useful ~ a paleosalinity indicator, 
providing there is no mixing of sediments within the sedimentary 
column. 

• 

... 
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7. The D AD...E/Ln.E values indicate higher sedimentation rates in Fortune 
Bay than Bay D'espoir. . · 

• 
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Appendix 1: Grain 1ize. carbonate content.. foraminiferal 

count• and 11ot.opic coapo1ition and 
D A 1 L EtLI L E of Fortune Ba7 core•. __________ _ 

Iaotopic analyse• were carried out on the 1pec111 
Globobulimina auriculata. 

A = Percent Brazilina paeudopunetata of the tOtal 
fora.iniferal population. 

B = Percent Globobulimina auriculata of the total 
for-niflra_l population. 
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40 14.3 7.2 7.9 8.0 24.1 1.1 5.2 0.9 4.9 4.2 1.2 2.6 ~.6 5.9 3.0 
50 16.4 . 7. 2 · 7.9 7~9 24.4 7.9 5.7 0.6 4.2 4.3 1.5 1.1 2.6 5.9 3.0 
60 13~8 6.5 7.5 7.7 22.9 7.9 5.0 1.8 5:1 -s.o 1.3 2.7 2.9.6.3 2.9 

· 1o 13.7 ~.6 7.6 8.3 23.7 8.0 5.1 2.2 4.4 5.3 0.8 2.8 2.7 6.2 2.8 
80 13.8 &.5 7.3 7.9 22.2 8.5 5.2 1.8 s.o 5.4 1.6 2.6 2.8 6.7 3.0 

. I 

- --~ 

-r · ' 

, . 

) 

. ..... • •• _.j! 



.• 

F0-840403 AMINO ACID CONCENTRATION - pli/1 of SEDIMENT 

J SUM 
_DEPT.H ASP THR SER GLU GLY ALA VAL M~ ILEU LEU ,TYR PHE HIS LYS ARG 
asssa•2•••••==•ss•ss:s•s•••sa~•••s•••••••••••~•••••••••••••••••••••••••••••••••••••••••• 

0 14.2 7.4 7.0 8.3 19.4 8.4 5.1 . 0.8 3.1 4.5 2.0 2.3 1.8 0.7 8.0 93.4 
5 12.9 5.8 7.2 7.2 18.3 7.6 4.4 0.7 2.6 3.8· 1.2 2.1 1.8 2.1 5.5 83.5 

10 11.9 s.o 5.7 5.9 15.o 6~4 3.9 o.6 2.0 2.9 1~2 2.1 1.a 2.1 5.5 67.0 
20 16.0 4.1 6.8 6.9 23.9 3.6 3.9 1.0 3.2 3., 1.3 2.0 1.4 0.3 4.7 82 . 5 
3 0 15·. 8 4 • 9 6. 5 6. 7 2 2 • 5- 3. 6 4. 0 0. 7 3. 21 3 • 4 1 • 4 2. 0 . 1 • 4 0. 3 4. 7 80. 6 
40 13.7 J. s .5.5 6~0 1s.2 6.4 3.6 o.a 2.1 2.9 1.0 1.8 1.2 o.4 4.1 68.6 
50 14.1 3.6 5;7 ·6.1 19.1 3.2 3.6 l.l 3.2 3.2 1.1 1.7 1.2 0.4 4.8 72.1 
60 11 . 1 3.3 - 5.3 5.~ 15.4 8.0 3:4 0.9 2.7 2.~ 0.9 1.7 1.1 0.3 5.6 68.1 
70 16.3 4.1 6.2 7.2 23.2 4.1 4~2 1.4 3.5 4.2 1.5 2.1 1.4 0.3 8.9 88 . 7 
80 ·9.9 3.9 5.1 5.9 14.8 6.6 3.6 1.2 2.6 3.6 1.1 1.7 1.2 0.2 5.3 66.7 
90 15.~ 3.1 5.7 ~~8 22.4 4.0 4.0 1.4 3.1 4.0 1.6 2.1 1.7 0.2 8.3 83.8 

PERCENT INDIVIDUAL AMINO ACID 
=====s=•••••••••••a••=••••••••• 

DEPTH ASP THR SER GLU GLY j ~ALA VAL MET !LEU LEU TYR PliE HIS . LYS ARG 

···2·-~2·=··===··=···=···········=······---·~-~----································ I 

0 
s 

10 
20 
30 
40 
50 
60 
70 
80 
90 

15.2 
15.4 

. 17.8 
19.4 
19.6 
20•0 
19.6 
16.3 
18.4 
14.8 
18.,4 

7.9 
6.9 
7~5 
s.o 
6.1 
S.i 
5.0 
4.8 
4.6 
5.8 
3.7 

7.5 
8.6 
8.s 
8.2 
8.1 
e.o 
7. 9' 
7.8 
7.o · 
7.6 
6.8 

8.9 
8.6 
8.8 
8.4 
8.3 
8.7 
8.5 
7.8 
8.1 
8.8 
8.1 

20.8 
21.9 
22.4 
29.0 
27.9 
22.2 
26.5 
22.6 
26.2 
22.2 
26.7 

9.0 
9.1 
9.6 
4.4 
4.5 
9.3 
4 '. 4 

11.7 
4.6 
<1.9 
4.8 

' 

5.5 0.9 
5.3 · 0.8 
5. 8 0 •. 9 
4. 7 . l. 2 
5.0 0.9 
5. 2 l. 2 
s.o 1.5., 
5.0 1.3 
4. 7 1. 6 
5. 4 1. 8 
4. 8 l. 7 

3.3 
3.1 
3.0 
3.9 
4-.0 
3.9 
4.4 

' 4.0 
3.9 
3.9 
3.7 

4.8 
4.6 
4.3 
4.2 
4.~ 
4.2 · 
4.4 
4.3 
4.7 
5.4 
4.8 

2.1 
1.4, 
1.8 
1.6 
1.7 
1.5 
1.5 
1.3 
1.7 
1.6 
1.9 

2.5 
2.5 
3.1 
2.4 
2.5 
2.6 
2.4 
2.5 
2.4 
2.5 
2.5 

1.9 
2.2 
2.7 
l. 7 . 
1.7 
1.7 
1.7 
1.6 
1.6 

.1.8 
2.0 

0.7 
2.5 
3.1 
0.4 
0.4 
0.6 
0.6 
0.4 
0.3 
0.3 
0.2 

8.6 
6.6 
8.2 
5.7 
5.8 
6.0 
6.7 
8.2 

10.0 
7.9 
9.9 



~,f 

ro-840404 AMINO ACID COICDI'UAfl()ol - ,JI./1 .of IEDlMDIT 

------------ --------------------------
....... 

'otPTH MJP THR ••• GL.U · GLY ALA VAL MZ'l' ll..llU LEU TYII PH£ Kl& 1..\'S ARG SIM 

-~······-~ 
............................... -----·--·----------.. ---------------~---

0 10.4 
5 . 3 s.:2 6.o 15.6 5.0 4.0 o.6 2.1 2.6 1.1 1.9 1.6 4.0 1.4 .4 

5 10.2 5.4 5.l 5.9 u.9 s.2 4.3 0 . 4 -z.a 3.4 2.2 2 . 0 2.6 3.5 2.0 71.0 

10 · 10.0 3.s 3.8 5 . 6 14.8 5.4 3 . 6 0.5 2.4 3.1 2.6 2.4 1 . 0 3.6 2 . 8 57.1 

20 10.3 5.2 4.8 1.2 18.3 6.1 4.4 o.e 2.8 ).9 2.8 3.0 2.1 ••• 4.2 81.3 

30 2.5 1.3 l.l 2.0 6.6 2.2 l.l o.l 1 . 0 1.6 0.5 1.0 0.9 1.) 1.5 25.1 

40 0.6 o.2 0.2 0.2 4.7 1.8 0.5 0.2 1.4 1.4 0.4 o. 7 o. 5 l.l 0.7 14.9 

50 1.1 0.5 0.4 0 . 7 2.1 0.7 0.5 o.o 0.4 0.5 0.1 O; 3 0.2 0.6 0.6 8 . 9 

60 1.9 0.8 0.5 1.0 2.8 1.0 0.9 0.1 0 . 5 0.6 0.1 0.4 0.4 0.7 0.] 11.8 

•. 10 1.6 0 . 6 0 . 6 1.1 2.6 1.0 -o ; 7 0.1 0.4 0.6 0.2 o.J O. l o. 7 1.0 12.0 

80 . 2.4 1.1 1.0 1.6 4.0 1.5 1.1 0.4 0.9 1.4 0 . 4 0.1 0.6 1.2 1.5 19 . 6 

...... 
90 1.6 0.7 0.7 1. 1 2.5 1.0 0 . 7 o . 2 0.6 0.6 0.1 o.J 0.1 o. 7 0.4 ll.l 

100 1.2 0 . 5 0 . 4 0.8 2.4 0.9 0.6 0.1 0 . 6 0.6 o.s 0.4 0.4 0.9 .Q.] 10.7 

17\ 110 1.6 0.1 0.6 1.0 2.4 0.9 0.6 0.2 0.6 0 . 6 0.1 o. 3 0 . 3 0.1 0.6 u. 2 

..... 120 0.9 0.5 0.4 0.6 1~6 0.6 0 . 3 0.0 0.2 0.4 0.1 o.l O,l 0 . 4 0.4 7.2 

I , . 
PERC on' INDIVIOO.IU. AMINO ACID 

......... 

............................... 
DEPTH ASP THR SI!R GLU GLY ALA VAL MET li..EU I..EU TYJI PHE tUS LYS UG 

----~-----------------------------·--------------------·······--·-················· 
0 15.2 1.1 7.6 8.8 :22.8 7.3 5.8 0.9 ) .1 ),8 2.5 2 . 8 2.3 5.8 ].5 

5 14.4 7.6 . 7. 5 8,) :Z2.4 1.3 6.1 0.6 3.9 4.8 3.1 2.8 3.7 4.9 2 . 8 

10 17.5 6.1 6.7 9.8 25.9 9.5 6 . 3 0.9 4.2 5.4 4.6 4. 2 3.5 6.) 4.9 

20 12.7 6.4 5.9 . 8.9 :u.s 7.5 5 . 4 1.0 3.4 4.8 3 . 4 ).7 ).) 5.9 5.2 

I 30 10 . 0 5.2 4.8 8.0 26.3 8.8 5.2 1.2 4.0 6.4 2 . 0 4.0 3.6 5 . 2 6.0 

' 40 4.0 -1.3 1.3 l.l 31.5 12.1 3 . 4 1.3 9.4 9.4 2.1 4.7 3.4 8.1 4 . 7 

50 12.4 5 . 6 4.5 7.9 23.6 7,9 5.6 o.o 4 . 5 5.6 Ll 3.4 2 . 2 6.7 6.7 

I 
60 16 . 1 r..a · 4.2 8.5 23.7 8.5 7.6 0.8 4.2 5.1 0.8 3 . 4 3.4 5 . 9 2.5 

70 13.3 5.0 5 . 0 9.2 21.7 8.3 s.8 o.8 3. 3 . 5.0 1.1 2 . 5 2 •• 5 5 . 8 8.) 

80 12.2 5.6 5.1 8.2 20.4 '7. 7 5.6 2.0 4.6 7.1 2.0 3.6 3.1 6.1 7 , 7 

90 14.2 6.2 6 ; 2 9.7 22.1 8.8 6.2 1.8 5.3 5 . 3 0.9 2. 7 0.9 6 . 2 3.5 

100 11.2 · 4.7 ).7 7.5 22.4 8.4 5.6. 0 ._9 5 . 6 5.6 4.7 ).7 3.7 8.4 2.8 

110 14.) 6 . 3 5.4 8.9 21.4 8.0 5.4 L.8 5.4 5 . 4 0.9 2.7 2.7 6 . ) · 5 . 4 

120 12.5 6.9 5.6 8.3 22.2 8.3 , 4 . 2 o.o 2.8 5.6 1 . 4 4.2 4 . 2 5 . 6 5.6 
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. F0-840405 . AMINO ACID CONCeNTRATION - . p.)j/& of SEDIMENT 

OE~H ASP THR SER GLU GLY AtA VAL MET ILEU LEU TYR PHE HIS LYS ARG SUM 
·: ••~s~s~s~s•eus2w•W=••••••••••~••z•••••~•=•aaaass•••••••••••••••••••••••••••••••••••••••• 

0 
s 

10 
20 
30 

. .. 0 
so 
60 . 
70 
·so 
90 

100 

5 •. 6 
5.7 
4.7 
2.9 
2.6 
2.9 
2.5 
1.8 
1~2 
1.7 
L7 
1.3 

1.6 
1.7 
1.4 

. o.·a 
0.7 
0.8 
.0.6 
ci.5 
0.3 
o. 4 . 
0.4 
0.3 

L4 
2:1 
1.7 
0.8 
·0. 6 
0.6 
0.4 

. o. 3 
··O. 2 
0.2 
0.1 
0.1 

3.7 
3.7 
3.1 
1.9 
1.6 
1.8 
1.4 
1.1 
:o. 7 
1.: 1 
1.1 
0.8 

9.5 
9.5 
8.6 
5. 2 . 
3.9 
4.:7 
3.5 
2.6 
2.2 
2.6 
2.6 
1.9 

4.2 
4. 2 . 
3.6 
2.2 
1.7 
2 •. 0 
1.6 
1.3 
1.1 
1.2 
1.3 
1.0 

2.3 
2.3 

· 2.0 
~ 
·1. 3 
1.2 
1.3 

. l. 2 
0.9 
o.8 
0.9 
0.9 
0.7 

0.2 
0.3 
0.2 
0.2 
0.2 
o.1 
0.1 
O.l 
o.o 
0. i.' 
0.1 
0.1 

1.0 
1.3 
1.2 
o.~ 
0.6 
0.7 
0.6 
0.5 
0.4 
0.5 
0.4 
0.3 

1.5 
1.5 
1.3 
0•9 
0.8 
0.8 
0.6 
0.5 
0.4 
0.5 
o.s 
0.5 

PERCENT INDIVIDU~ AMINO ·ACID 

0.5 
o.s 
0.7 
0.4 

. o. 3 
0.5 
0.2 
0.2 
0.2 
o'. 2 
0.2 
0.1 

----··························' . 

0.9 
'1. 0 
1.3 
0.9 
o.s 
0.7 
0.8 
0.3 
o.s 
o.s 
o.s 
0~2 

1.1 
1.1 
1.0 
0.8 
0.3 
0.6 
0.4 
0.4 
0.3 
0.3 
o.3 
0.6 

0.7 
0.7 
0.5 
0.4 
0.1 
0.1 
o.o 
o.o 
0.1 
o.o 
0.0 
0.0 

2.4 
2.7 
0.8 
0.6 
0.3 
0.4 
0.2 
0.3 
0.2 

'> 0.2 
0.2 
0.2 

36.6 
38.2 
32.1 
20.0 
15.4 
17.8 
14.0 
10.8 
8.8 

10.5 
10.3 
8.2 

ASP THR SER GLU GLY ALA VAL MET ILEU LEU TYR PHE HIS LYS ARG DEPTH 
••=••=•••••ssas••••••••••••=•••••••=•~••••••••=••••••••••••••••••--•••••••••••••••• 

6.6 
7.1 
2.5 
3.0 
1.9 
2.2 
1.4 
2.8 

1.9 
1.8 
1.6 
2.0 
0.6 
0.6 
o.o 
o.o 
1.1 
o.o 
o.o 
.i). 0 

3.0 
2.9 
3.1 
4.0 
1.9 
3.4 
2.9 
3.7 
3.4 
2.9 
2.9 
7.3 

2.5 
2.6 
4.0 
4.5 
3.2 
3.9 
5.7 
2.8 
5.7 
4.8 
4.9 
2.4 

0 
5 

10 
20 
30 
40 
50 
'60 
70 
80 
90 

100 

15.3 4.41 

14.9 '4.5' 
' 14. 6 . 
14 .. 5 
16.9 
16.3 

. . 17.9 
16.7 
13.6 
16.2 
16.5 
15.9 

4.4 
4.0 
4.5 
4.5 
'4. 3 
4.6 
3.4 
3.8 . 
3.9 
3.7 

3.8 
5.5 
5.3 
4.0 
3.9 
,). 4 

. 2. 9 
2:.8 

2\, 3 
1\19 
1~10 
1.,2 

10.1 
9 .. 7 
9.7 
9.5 

10.4 
10.1 
10.0 
10.2 
8.0 

10.5 
10.7 
9.8 

26.0 
24.9 
2'6.8 
26.0 
25.3 
26.4 
25.0 
24.1 
25.0 
24.8 
25.2 
i3.2 

11.5 
11.0 
11.2 
11.0' 
11.0 
11.2 
11.4 
12JO 
12.5 
11.4 
12.6 
12.2 

6.3 
6.0 
6.2 
6. 5 . 
7.8 
1.3 
8.6 
8.3 
'9.1 
8.6 
8.7 
8.5 

0.5 
o.a 
o·. 6 
1.0 
1.~ 
0.6 
0.7 
0.9 
o.o 
1.0 
1.0 
1.2 

2.7 
3.4 
3.7 
4.0 
3.9 
3.cJ 
4.3 
4.6 
4.5 
4.8 
3.9 
3.7 

4.1 
3.9 
4.0 
4.5 · 
5.2 
4.5 
4.3 
4.6 
4.5 
4.8 
4.9 
6.1 

1.4 
1.3 
2.2 
2.0 
1.9 
2.8 
1.4 

~ 1.9 

2.3 
1.9 
1.9 
1.2 

~ 
1. 9 -
1.9 
2.4 
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Appendix 1: Aaillo acid fractiolll of Fortulle Bay cor•• . 
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., F0-840401 AMINO ACID FRACTION- pK/g of SEDIMENT 
--~~=-~==~~~~=::s:s:=a•s====s========-==•••••~••••••• 

DEPTH ACIDIC HYDROXY BASIC AROMATIC NEIJl'RAL TOTAL 

===a=•===============••====~==========•===•••••••••••====••a••••••••• 
0 30.2 20.8 14.6 4.6 56.9 126.9 

5 26.2 17.9 13.3 4.8 51.2 113.5 

10 27.4 19.0 15.1 5.5 58.8 125.6 

20 23.4 15.3 11.9 3.9 43.1 97.5 

30 20.B 13.6 19.0 4.5 40.2 98.1 

40 22.1 13.8 11.2 6.1 42.4 95.5 

50 24.8· .13. 9 15.5 7.4 46.1 107.5 

60 24.1 14.3 13.8 5.2 43.6 101~3 

70 25~1 14.8 14.5 7.4 46.6 109.4 

80 28.1 15.0 15.1 8.2 48.6 us.o 

90 20.4 11.9 4.4 6.2 44.9 88.0 

• F0-840401 AMINO ACID FRACTION PERCENTAGES 

~ 
:c====E=========s••=======~•a~;========~==•••--• 

~ 

DEPTH ACIDIC HYDROXY BASiC AROMATIC NEIJl'RAL 

======s======sa=s:=======-:====csce:c:zs:aa••••s==••••••••••• 

0 23.8 16.4 l 11.5 3.6 44.9' 

- 5 23.1 15.8 11.7 4.2 45.1 

10 21.8 15.1 12.0 4.4 46.8 

20 24.0 15.7 12.2 4.0 44.2 

30 21.2 13.9 19.4 4.6 41.0 

40 23.1 14. s.- 11.7 6.4 44.4 

50 23.1 12.9 14.4 6.9 .42. 9 

60 23.8 14 .-r ' 13.6 5.1 43.0 

70 23.2 13.7 13.4 6.8 43.0 

80 24.4 13.0 13.1 7.1 42.3 

90 23.2' 13.5 1 . .. 5.0 7.0 51.0 ' • j 



F0-840402 AMINO ACID FRACTION- ~JWI of SEDIMENT 
=•==ssEss~s=s~=~=======::ss=-••ssKa:::3&z~s•••••••:•• 

DEPTH ACIDIC HYDROXY BASIC AROMATIC NEln'RAL ' .TO'l'AL 

==========••as:::.:=============•=•••••=-•a••••••-=a::s:::sz•==•••••••••----

0 24.9 15.7 15.6 4.1 48.4 108.8 

5 25.4 13.8 12.1 ).9 42.3 97.5 

10 26.1 16.6 13.3 5.2 56.9 118.0 

20 21.3 14.3 10.2 ).6 45.1 94.6 

30 20.4 14.9 10.5 3.4 39.9 89.1 

40 12.8 '18. 6 6.6 2.2 26.9 57.2 

50 12.9 ·8.0 6.1 1.4 24.9 52.9 

60 12.0 ~- 8 . 6.7 2.2 "" 27.0 55 . 8 

70 19.6 12.7 10.4 3.2 43.3 89.1 

80 17.8 11.3 10.3 3.4 39.5 82.1 

"' F0-840402 AMINO ACID FRACTION PERCENTAGES 
<7'1 
~ 

:m===c===:===•a=s~=~s=zc==z••=a==••==s:====••••• 
DEPTH ACIDIC HYDROXY BA.SIC AROMATIC NEtrrRAL 

: ::=====:•~==••=•c••••=••==•••••c••s=•c••:=z•••••••••--•••••s• 

0 22.9 14.4 - 14.3 3.8 44.5 

s 26.1 14.2 12.4 4.0 . 43.4 

10 22.1 14.1 11 .• 3 4.4 48.2 

20 22.5 15.1 lO.S 3.8 47.7 

30 22.9 16.7 u.a 3.8 44.8 

40 22.4 15.0 11.5 3.8 47.0 

~0 24.4 15.1 u. 5 2.6 47.1 

60 21.5 14.0 12.0 3.9 49.4 

70 22.0 14.3 ll.7 3.6 48.6 

80 21.7 13.9 12.5 4. 1 48.1 



F0-840403 AMINO ACID FRACTION- ,Jl/g of i£orHENT 
=====z====~=•••-~•==zK==••=•=•==~:===z==zxa•••••••••• 

DEPTH ACIDIC HYDROXY BASIC AROMATIC NEUTRAL TOTAL 
•••2•••••••••••••••••••••••--•••••••••&=s••••••••••••••••••--••••---• 

0 22.5 . 14.4 10.5 4.3 41.3 93.4 
5 20.1 13.0 9.4 3.3 37.4 83.5 

10 17.8 10.7 9.4 3.3 30.8 67.0 
20 22.9 •10. 9 6.4 3.3 39.1 82.5 
30 22.5 11.4 I 6. 4 3.4 37.4 80.6 
40 19.7 9.0 5.7 2.8 31.6 68.6 

50 20.2 9.3 6.4 2.8 33.4 72.1 

60 16.4 8.6 7.0 2.6 33.3 68 . 1 

70 23.5 10.3 10.6 3.6 40.6 88.7 

80 15.8 9.0 6. 7· 2.8 32.4 66.7 

90 '22. 2 8.8 10.2 3. 7 38.9 83.8 

\&) 
-~~:~~~!~!====·-~~~~-~:~~-:~:::~-~~~:~:~==~-

a-. NEl!I'RAL 
..... DEPTH ACIDIC HYDROXY BASIC AROMATIC 

•~cs~=:~~~:=:=======~======:~~=;=:==========z======:===::=~•= 

0 24.1 15.4 11.2 4.6 44.2 

5 24.1 15.6 11.3 4.0 44.8 

lU 26.6 16.0 14.0 4.9 46.0 
20 27.8 13 .·2 7 ·. 8 4.0 47.4 

30 27.9 14.1 7.9 4.2 46.4 

40 28.7 13.1 8.3 4.1 46.1 

50 28.0 12.9 8.9 3.9 46.3 
60 24.1 12.6 10.3 · ).8 48.9 

f2.0 
Q 

70 26.5 ll. 6 4.1 45.8 
80 23.7 13.5 10.0 4.2 48.6 
90 26.5 10.5 12.2 4.4 46.4 



P0-8404041 I'.Ml NO AC 10 f'RACT 10111- .-I& .of Sio:Ol HDI'I' 

---------------------------------------~----DEPJ'H t.Cl DlC HYDROXY BA!ilC AltOMAT l C I' EIJTIUU. TCYr'A.L ..................................................................... 
I 0 16.4 10.5 8.0 3.6 29.9 68.4 

5 16. 1 10.7 8.1 4.2 32.0 71.0 
10 1~.6 7.3 a.• ~.o 29 . 8 ~7 . l 
20 17.5 10.0 11.7 5.8 36.3 81. 3 
30 4.5 2.5 3.7 1.5 13.0 25.1 
40 0.8 0 . 4 2.4 1.1 10.0 14 . 9 
50 1.8 0 . 9 · 1.4 0.4 4.2 IL9 
60 2.9 l.J 1.4 0.5 5.9 11.8 

I' 70 2 . 7 1.2 2 .0 o.s 5.4 q.o 
80 4. 0 2. 1 ).) 1.1 9.3 19.6 
90 2.7 1.4 1.2 0 . 4 5 . 6 11. J 

100 2 . 0 0.9 1.6 0 . 11 5 .2 10 . 7 
llO 2 .6 l.l 1.6 0. 4 ~. J 11. 2. 

r-
120 1.5 0.9 1.1 0 . 4 J.l 7. 2 

0\ ..... 

F0-840404 AMINO ACID FRACJ'ION PERCENTAGES 

-----·-----------------···-···--··-·······------DEPI'H ACIDIC HYDROXY BA&IC AROMATIC "NELITRAL 

·····················---··-·--·-··---···········--·····------
0 24.0 15 . 4 11.7 5. 3 43.7 
5 22.7 15 .1 11.4 5.9 45.1 

10 27.3 12.8 14.7 8.8 52 .2 
20 21.5 12.3 14.4 7.1 44.6 
30 17.9 10.0 14.7 6. 0 51.8 
40 5.4 2.7 16.1 7.4 67.1 
50 20.2 10.1 15.7 4.5 47.2 
60 24.6 11.0 11.9 4.2 so. o I 

70 42 . 5 10.0 16.7 4. 2 45.0 
80 20 .4 10.7 16.8 5. 6 47.4 
90 23 .9 12.4 10.6 J.S 49 .6 

100 18.7 8 . 4 15.0 8.4 48 .6 
110 23.2 11.6 14 . 3 ).b 47 . 3 
120 20.8 12 . 5 15.3 5.6 43.1 



.· F0-840405 AMINO ACID · FRACTION- p}l/1: of SEDIMENT 
••=P•-•~s~~~s-a:B~•••a••:••••--••••=•~•~=•s•z•••••••• 

DEPTH ACIDIC HYDROXY BASIC AROMATIC NEUTRAL TOTAL 

=s========a•a•m••c•cs::=;=~===:===#=a•2cB:s••••••••••••••--•••••••••~ 

0 9.3 3.0 4.2 1.4 18.7 36.6 

5 9.4 3.8 4.5 1.5 19.1 39.2 

10 7.8 3.1 2.3 2.0 16.9 32.1 

20 4.8 1.6 1.8 1.3 10.6 20.0 

30 4.2 1.3 0.7 0.8 8.4 15.4 

40 4.7 1.4 1.1 1.2 9.6 17.8 

so 3.9 1.0 0.6 1.0 7.6 14.0 

60 2.9 0.8 0.7 o.s 5.9 ' lO.B 

70 1.9 0.5 0.6 0.7 ~j 4.9 8.8 

80 2.8 0.6 o.s 0.7 ~.8 10.5 

90 2.8 0~5 0.5 0.7 S.B 10.3 

100 2.1 o. ·~ O.H 0.3 4.5 8.2 

CIO F0-840405 AMINO ACID FRACTION PERCENTAGES 
(}\ 
...... :====s•••••e===~~ec~•:=:~~••a::z;:s::::=;======• 

DEPTH ACIDIC HYDROXY BASIC AROfotATIC NEUTRAL 
::s::z:=========~====:===~cs:::acc~=•=•=======z===•==•===z•c 

0 25.4 8.2 ll. 5 3.8 51.1 . 

5 24.6 9.9 11.8 3.9 50.0 
10 24.3 9.7 7.2 6.2 52.6 
20 24.0 8.0 9.0 6.5 53.0 
30 27.3 8.4 4.5 5.2 54.5 

40' 26.4 7.9 6.2 6·:7 53.9 

'so' 27.9 7.1 4.3 7.1 54.3 
60 I 26.9 7.4 6.5 4.6 54 . 6 
70 21.6 5.7 6.8 9.0 55.7 
80 26.7 5.7 4.8 6.7 55.2 
90 27.2 4.9 4.9 6.8 56.3 

100 25.6 4.9 9.8 3.7 54.9 
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Appendix .f: Graill •1ze. carbonate c:olltnt. foraa1D1hral 
count• and 11otopic co~eition and 
OAILE/LILE of Bay D'~poir cor11. 

I•otopic aaal7111 wert carried out. ou tbe epeci•• 
Globobulimina auriculata. 

A = Perc:eat. Brazilina paeudopunelata of Ut t.otal 
foraainiftral popula~ion. 

B = Perceat. G/obobulimina auriculata of Ue t.otal 
foraaiaiferal populatioa. 

CORE CODE 
1 BDE-11 
2 BDE-1867 
3 BDE-1843 
4 BDE-JB.4 
6 BDE-1844 
e BDE-14,.1 
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FOII.n." IN l fERAL. .;:JL"NT 

cx:M: UE P'T H • ),lJI 0 \ CARBONATE " s 
- - - -- -- -- -- - · -- - ~--- ----- --- - -- --- -------- -------~--·- -- --

0 l l. 8 17 . 3 o.o J .J 
20 14.0 . 0.0 o.o 
~0 20.4 14.4 0.0 0. 0 
10 27.8 o.o ... o.o 

l ·)O : l . 4 7 . 2 0 .0 1) . 0 

2 0 31.9 11.0 o.o 0 . 0 

2 20 1.4 o.o o.o 
2 4 0 1.3 10. 2 o.o o.o 
2 S6 l.S o.o o.o 
2 70 0.7 10. 1 o.o o.o 

0 27.2 10.0 o.o 0 . 0 
JO 0.) o.o o.o 
so 0.4 9.0 o.o 0 . 0 
70 0 . 2 0 . 0 0. 0 

100 0 . 4 9.6 0 . 0 Q , \,) 

4 0 2.7 29.0 
4 30 3.5 
4 60 ).7 21. 3 
4 100 2.7 
4 130 2. S 22 . l 

5 0 23 . 1 12 . 0 l s. 7 22.0 
s 20 ··12. 5 lS.2 24.4 
~ so 'l.S 11. 1 )0,0 22.6 
S ; 70 16. 3 56 . 1 10.9 
5 lOO 7. 0 16.0 69.9 u.s 

6 0 1.2 17. 5 56.2 1.5 
6 20 1.4 66 . 0 6.5 
6 40 1.4 17. 9 89.1 2.3 
6 50 1.4 62.1 7. 2 

6 70 1.6 1').1 80.0 11.) 

a:R IU'l1l OIL 
5 100 0 . 04 

6 20 o. oe 
6 lO O. ll 

' ~ o.u 
6 70 o.u 
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Appendix 6: Aaino &cid coapoti t.ioll of Bay D "Etpoir coree. 



BDE-11 AMINO ACID CONCENTRATioN - ,M./1 of SEDIMENT 

~z===s••=====ss======s==z••••••••s•a~z=•=••••ss:ss•~•••••••••• 

DEPTH ASP THR SER GLU GLY ALA VAL MET ILEU LEU TYR PH& HIS LYS ARG SUM 

••••••=•~:==~~~2,••=s:ssmm•====2====•s•••••••••••==zz•••=~a••••••--••••••••••••••••••••• 
0 13.6 ' 4. 1 3.2 9.1 21.2 10.5 5.9 o.s 2.8 3.9 1.0 2.3 2.4 1.3 1.3 83.0 

10 11.9 3.8 2.9 8.4 17.0 7.0 4.7 Q.6 2.6 3.4 0.9 2.5 1.7 0.7 3.5 71.4 

20 3.2 l.O 0.7 2.3 5. 1 1.8 1.3 0.2 0.7 1.0 0.3 0.1 0.6 1.0 0.8 20.8 

·~~ 30 11.3 2.0 1.4 6.7 14.5 5.7 3.9 o.s 2.0 2.6 o.a 1.8 2.2 0.6 3.0 59.0 

40 10.3 3. 1 2.4 6.9 16.1 a.o 4.5 0.4 2.1 2.9 0.8 1.7 1.9 0.3 0.8 62.2 

50 8.0 3.2 2.1 5.8 8.5 6.7 4.7 4.1 2.2 3.9 0.8 2.2 1.8 1.0 3.2 58.2 

60 8.8 4.1 2.7 6.8 9.2 8.4 6.1 4.8 2.7 3.6 1.0 . 2.6 1.4 0.7 3.7 66.5 

70 8.8 2.7 1.7 5.8 12.4 6.0 3.7 0.4 1.9 2.6 0.9 2.0 1.2 4.0 2.1 56.2 

80 7.9 2.4 1.5 ·5. 2 u. 2 5.4 3.3 0.4 1.7 2/' 3 o.8 1.8 1.1 3.6 1.9 50.4 

90 2.8 0.8 0.4 1.7 3 . 3 2.2 I 1.1 0 . 1 0.5 0.7 o.s 0.5 0.3 0.7 0.6 15.8 

100 3.1 1.2 1.0 2.4 6.1 3.2 1.9 0.2 0.9 1.2 0.4 0.6 1.0 0.1 0.8 24.7 

N 
0 
N 

PERCENT INDIVIDUAL AMibiO ACID 
••••=======•=z============•s••• 

DEPTH ASP THR SER GLU GLY ALA VAL MET ILEU LEU TYR PHE HIS . LYS ARG 

••••••••••••••2••••••~•••••a••••a•••••••••••••••••••••••••••••·~••••••••••••••••---• 

0 16.4 4.9 3.9 11.0 25.5 12.7 7.1 0.6 3.4 4.7 1.2 2.8 2.9 1.6 1.6 

10 16.7 5.3 4.1 u. 8 23.8 9.8 6.6 0.8 3.6 4.8 1.3 3.5 2.4 1.0 4.9 

20 15.4 4.8 3.4 11.1 24.5 8.7 6.3 1.0 3. 4 4.8 1.4 3.4 2.9 4.8 3.8 

30 19.2 3.4 2.4 11.4 24.6 9.7 6.6 0.8 3.4 4.4 1.4 3 . 1 3.7 1.0 5.1 

40 16.6 5.0 3.9 ll.l 25.9 12.9 7.2 0.6 3.4 4.7 1.3 2.7 3.1 o.s 1.3 

50 .13. 7 s.s 3.6 10.0 14.6 u. 5 8.1 7.0 3.8 6.7 1.4 3.8 3.1 1.7 5.5 

60 13.2 6.2 4.1 10.2 13.8 12.6 9.2 7.2 4.1 5.4 1.5 3.9 2.1 1 .1 5.6 

70 15.7 4.8 3.0 10.3 22.1 10.7 6.6 0.7 3.4 4.6 1.6 3.6 2.1 7.1 3 . 7 

80 15.7 4.8 3.0 10.3 22.2 .10. 7 6.5 o.e 3.4 4.6 1.6 3.6 2.2 7.1 3.8 

90 17.7 5.1 2.5 10.8 20.9 13.9 7.0 0.6 3.2 4.4 3.2 3.2 1.9 4.4 3.8 

100 15.0 4.9 4.0 9.7 24.7 13.0 7.7 0.8 3.6 4.9 1.6 2.4 4.0 0.4 3.2 

!" 

.. 



·. I .. 

1 . 

.JJ , 

BDE-1657 AMINO ACID CONCENTRATION - ,JA/& of SEDIMENT . / 
s==2==s:s:=sss••••ss•••·•=a••••aa•••==ss::a:::D:.:••=-•••--•___...• .. •••• 

DEPTH ASP THR SER GLU GLY ·ALA VAL MET lLEU LEU TYR PHE HIS LYS ARG SUM 

···----~---·-==···==~=····==•:~======·········--···=···-·-2·-····-·------------····-·-·· 
0 2. 3' 0.7 0.5 1.5 3.9 1.8 1.0 0.1 Q\6 0.7 0.1 o.J 0.4 0.4 0.9 15. 3 

10 0.1 0.1 o. 1 0.1 0.2 0.1 0.1 o.o o.o 0.1 o.o o.o 0.1 0.1 0.1 1.2 

19 0.1 0.1 o.o 0.1 0.2 0.1 0.1 o.o o.o 0.1 o.o o.o 0.1 o.o Q.l 1.1 

20 O.l o.o o.o o.o 0.1 0.1 o.o o.o o.o o. 0- o.o o.o o.o o.o o.o 0.6 

23 0.1 o.o o.o o.o 0.1 o.1 o.o o.o o.o o.o o.o o.o 0.1 o.o o.o o.7 

30 0.1 0.1 0.1 0.1 0.2 0.1 0.1 o.o Q.O o.o o.o o.o O.l o.o o.o 1.1 

40 0.1 0.1 0.1 0.1 0.2 0.1 0.1 o.o o.o o.o o.o o.o ·o.1 o.o o.o 1.0 

so 0.1 o.o o.o 0.1 0.1 0.1 o.o o.o o.o o.o o.o o.o 0.1 o.o o.o 0.6 

56 0.1 0.1 o.o O.l 0.1 0.1 0.1 o.o o.o o.o o.o o.o o.o o.o o.o 0.9 

60 0.0 o.o o.o o.o 0.1 ·. o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 0.4 

70 0.0 o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 0.1 o.o o.o 0.3 

. ' ,., 
0 
N 

PERCENT INDIVIDUAL AMINO ACID 
~2=~~==••••••••••••••s•a•s•a••• 

DEPTtl ASP THR SER GLU GLY ALA VAL MET ILEU LEU TYR PHE HIS LYS ARG 
•••••=•s~••=•=s=szs==~au:z=~••~s=ss:ss•m••••••••••••••••••••ss:p•s••••••••••••••••••• 

00 15.1 4.7 3.6 9.9 25.7 11.7 6. 7. o.s 3.6 4.8 0. 1(, 2.2 2.8 2.3 s.e 
10 11.4 4.6 . 4. 7 7.6 18.1 11.0 6.8 0.8 3.8 5.4 1.8 2.6 4.5 1o:e 6.1 

19 12.5 5.1 4.5 13.7 15.1 10.8 7.1. 0.7 3.6 5.0 2.3 3.5 6.3' ·3.7 6.2 

20 12.4 5.0 5.4 6.9 18.2 12.0 7.4 o.o 4.1 6.3 2.6 4.3 7.4 2.8 5.2 

23 9.6 4.7 3.3 6.4 13.8 14.8 5.1 o.o 4.0 3.9 3.4 6.8 11.1 6.2 6.8 

30 lo.9 4.9 7.4 13.5 13.8 10.9 7.9 o.o 3.1 4.3 2.2 4.1 6.9 4.3 5.9 

40 8.7 6.1 13.1 11.7 16;.1 11.2 7.3 0.0 2.7 3.7 1.8 2.4 7.1 4.2 3.9 

50 10.0 4.9 8.6 10.5 14.6 10.2 4.7 o.o 3.1 4.6 1. 0 1.5 11.3 6.2 8.7 

56 13.7 6.2 4.8 15.7 14.6 11.8 6.4 o.o 3.5 5.3 2.0 3.1 4.7 3.4 4.9 

60 10.4 5.2 7.5 6.3 16.6 10.0 10.7 1.1 3.4 4.6 2.2 3.3 3.6 5.4 9.5 

70 7.4 3.0 5.5 7.2 14.3 10.5 1.3 o.o 3.0 5.2 5.5 8.2 i4.6 2.3 11.9 

\ 



........ ---------------------------------- ---------

BDE-164) AMINO ACID COOCP'.NTR..\TIOO - ,.~~~, of SEIJIMP'.NT 

·················--·······························-··········· 
Dt::PTH ASP THR SER GLU GLY ALA VAL MET ll..EU l..EU TYR PH It HlS J...YS ARG. S UM 

······················------------·--·····-----·-····-····-··--------·-·····~------------
0 2.8 0.9 0.8 1.7 4.1 2.0 1.2 0.2 0.6 0.9 0.2 0.5 0.3 0.3 0.9 17.4 

10 0.1 0.0 o.o o.o 0.0 o.o o.o o.o o.o 0.0 o.o o.o o.o o.o o.o 0.3 

20 0.1 0.0 0.0 0.0 0.1 0.1 o.o 0.0 o.o o.o o.o o.o 0~0 o.o o.o o.s 

30 0.1 o . o o.o o.o 0.1 0.1 o.o o.o - o.o o.o 0.0 o.o o.o o.o o.o 0.4 

40 0.1 0.0 0.0 o·.1 0.1 olo o.o 0.0 0.0 o.o o.o o.o o.o o.o o.o 0.4 

44 0.1 ().0 o.o 0.1 0.1 o.o i).O 0.0 o.o o.o 0.0 o.o o.o 0.0 o.-o 0.4 
50 O.:L4f 0.-0 o •. o 0.1 0~ 1 0.1 0.1 o.o 0.0 0.1 o.o 0.1 o.o 0.1 o.o 0.9 
60 . 0.1 o;1 o.o 0.1 0.0 0.2 0.1 o.o o.o o.o o.o o.o o.o o.o 0.1 0.9 
62 0.1 o.o o.o 0.1 o. ·1 0.1 0.1 o.o o.o o.o 0.0 o.o o.o o.o 0.0 0.8 
70 0.1 o.o o.o 0.1 0.1 o.o 0.1 o.o 0.0 o.o 0.0 o.o o.o o.o o.o . 0.7 • 
80 0.1 o.o o.o o. 1 0.0 0.0 o.o 0.0 0.0 o.o o.o o.o o.o o.o o.o o.~ ' .... 88 0.1 o.o o.o o.o 0.1 0.1 0.0 o.o b.O o.o 0.0 o.o o.o o.o 0.0 o.s 

0 
N 90 0.1 o.o 0.0 0.1 0.1 0.0 0.1 0.0 0.0 0.0 0 . 0 o.o 0.1 0.1 o.o o.s 

100 0.1 0.0 o.o 0.1 o.o o.o o.o o.o o.o o.o o.o o.o 0.1 0.1 o.o o.s 

PERCEN'I lNOlVlDUAL AMINO AClU 

------·---~--------------------ASP THR SER GLU GLY ALA VAL MET Pt-IE HIS LYS ARG DEPTH lLEU J...EU TYR 

·····----------------------------------------·-----------------------------~------00 16.1 S.l 4.6 10.0 23.5 11.7 6.7 0.9 3.6 5.3 0.9 2.7 1.9 1.~ 5.4 
10 18.8 3.7 3.4 12.2 15.7 11.7 1.2 o.o 5.3 7.8 0.8 0.6 7.1 4. 7.4 
20 14.4 4.8 3.5 8.1 18.7 16.5 6.7 o.o ).6 4.0 1.0 1.8 6.9 3. 6.5 
30 12.0 3.8 2.~ 7.5 U.4 13.2 9.5 12.1 4.8 5.1 1.5 1.3 5.2 2-~ 6.4 
40 13.2 5.0 4.3 14.0 14. ~.10. 7 6.8 0.5 3.6 4.8 2.2 4.6 5.6 4.2 6.5 
4 .. 12.2 - 4.6 4.2 15.4 16. 10.1 o.o 8.8 .3.) 4.2 1.6 2.2 s.s .... 7.2 
so 9.0 3.6 2.0 8.2 12.0 13.0 u. 2 o.o ... 1 7,8 4.1 7.5 5.7 6.6 S.l 
60 15.1 6.3 2.4 5.4 20.6 10.1 6.9 0.6 5.3 ... 4 1.2 ).4 5.4 2.1 8.6 
62 13.9 5.0 4.3 9.6 19.4 u. 7 7.1 1.0 4.2 5.8 2.3 ).6 4.6 2.7 4.8 • 70 17.2 6.1 4.7 10.3 20.1 6.3 8.9 o.o 3.5 2.0 3.4 3.2 4.2 4.~ 5.8 
80 18.2 6.7 5.4 11.9 5.3 3.3 9.8 1.2 •.a 6.7 2.4 4.5 7.9 5.9 6.0 
88 11.8 4.8 4 . 3 8. 2 22.9 1J.l 7.0 0.0 3.7 s.o 2.0 3.4 5.6 2.9 5.1 
90 9.9 2.S 2_. 2 11.2 12.5 7 ... 18.S o.o ).5 4.0 O.l o.s 11. .1 11.1 s.3 

100 14.8 4.5 4.0 16.8 10.5 6.2 9.1 o.o 3.0 J. 9 0.4 o.s 11.1 11.] 4.8 

.. - . ... - . ... . . ._._.._.. 
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BD£-ti84 AMINO "ClD CONCDITAATION - ""'• of St:Ol"Ern' -----------------------__....-.--.------------------------
DEPTH ASP ALA v~ ll.IU J.EU TYII t'l:!. t: HIS L.YS "RG SUM 

·0 

THR su Gl.U Gl..Y I"!T 

-----------------····---------------------~-----------------------·····-------···--· 0 11.1 4.0 3.6 6.7 18.7 9.7 5.0 0.5 2,7 ).8 0.1 1.6 1.1 0.5 3.3 1).0 

10 10.0 ).1 2.1 5.2 13.7 5.6 3.1 0.5 2.0 2.5 0.8 1. 8 1.0 0 . 6 ).8 5~. 2 

20 10.3 3.2 2.0 s.a 12.7 9.6 4.8 0.6 LO 1.2 1.0 2. l 1.3 0.6 5.6 (11.8 

)0 10.2 3.2 2.0 5.7 12 . 5 9.5 4 . 7 0.6 1.0 1.2 1.0 2.1' 1.3 0 . 6 5.5 61.2 

40 9.7 3.4 2.6 5.6 16.2 6.7 5.3 0.8 2.4 3.2 1.1 2. 1 1.3 0 . 6 4.7 65.7 

45 8.6 2.9 2.2 5.0 14 . 1 6.0 4.1 0.5 2.2 2 . 9 0.7 2.0 .0. 9 0.5 ).6 56 . 2 

50 £.9 2.3 1.8 ) , 9 ' 10.4 4.7 ),0 0.6 1.6 2.1 O.f> 1.2 0.8 0.2 2 . 1 42.4 

60 8.1 2.8 2.5 5.0 14.8 7 ,.} ),7 0 . 4 2.0 2.7 o.s 1.2 1.1 0.5 2.4 54.8 

70 7.3 2.4 1.9 4.1 10 . 9 4.9 3.2 0.6 1.7 2 . 2 0.6 l.l 0.8 0.2 2.4 44. s 

80 11.2 4.6 2.9 8.4 10. 1 4.9 6.2 0.7 ). 1 ).9 0.4 1. 0 0.6 0.::1 1.7 59.9 

90 10.1 4 . 1 2.7 7 . 0 11.4 8.11 6.4 0 . 6 ~-0 3.8 1.2 2.5 1.8 0.9 0.1 64.2 

100 9.4 2.8 1. 8 4.8 10.6 8.4 4.6 0.4 .o 2.6 0.8 1. 8 1.2 0.6 1 •• 53.0 

110 10.1 ),6 2.2 6.2 B. 3 8.4 S.5 0.6 2 . 8 3.7 1.2 2.5 1.9 0.3 1.4 58.7 

120 9.5 ],9 2.5 6 . 7 u.s 9.2 S.6 0 . 8 J,O 3.7 1.4 2 . 7 1.6 o.l 0.9 6).) 

130 6.7 1.9 1.2 3 . 1 8.4 5.0 3.3 0.3 1.4 2.0 0.6 1.2 O.l Q,(, 1.4 37.4 

lfl 
0 ' N Pf.RCENT INDI Vl OUI.L #.MillO ACl 0 ............................... 

DEPTH "SP THR SER GLU GLY M.A \/1.1. MET ll.EU LEU TYR ~E HIS LYS ARG 

--------------------------·----------------------------·-·········--·-··-······---~ 0 15.2 s.s 4.9 9.2 25.6 lJ,J ~.8 0.7 3.7 5.2 l. 0 2. 2 l.S 0.7 4.5 

10 17.8 5.5 3.7 9.) 24.4 10.0 ~.6 0.9 3.6 ••• 1.4 ) . 2 1.8 1.1 6 .8 

20 16.7 5.2 ),2 9.4 20.6 15.5 '7 . 8 1.0 L.6 1.9 1.6 3.4 2. 1 1.0 9.1 

30' 16.7 5.2 3 . 3 9.) 20.4 15.5 7.7 1.0 1.6 2.0 1.6 ).4 2. l 1.0 9.0 

40 14.8 5.2 4:0 8.5 24.7 10.2 8.1 1.2 3.7 4.9 1.7 3.2 2.0 0.9 7.2 

45 1S.3 5.2 3.9 8.9 25 . 1 10.7 7,) 0.9 3.9 5.2 1.2 3.6 1.6 0 . 9 6.4 

50 16.3 5.4 4.2 9.2 24 . 5 11.1 · 7.1 1.4 3.8 5.0 1.4 2.8 1.9 o.s 5.4 

60 14.8 S.l 4.6 9.1 27.0 13.0 6 . 8 0.7 ].6 4.9 0.9 2.2 2.0 0.9 4.4 

70 16.4 5.4 4.3 9.2 24.5 u.o 7.2 1 . 3 J . B. 4.9 1.3 2.9 1.8 0.4 5.4 

80 18.7 7.7 •• a 14.0 16. 9 8.2 10. 4 1.2 5 . 2 6.5 0.7 1.7 1.0 0.3 2.8 

90 15.7 6.4 4.2 10.9 17.8 13.4 10.0 0.9 4.7 5.9 1.9 3.9 2.8 1.4 0.2 

100 17.7 S.l 3.4 9.1 20.0 15.8 8.7 0.8 3. 8 4.9 1.5 ).4 2.3 1.1 2.6 

110 17.2 6.1 3.7 10. 6 14.1 14.J 9.4 1.0 4.8 6.3 2.0 4.3 3.2 0.5 2 . 4 

120 15.0 6 .• 2 ).9 10.6 18.2 14.5 8.8 1.3 4.7 s.a 2.2 4.3 2.5 0.5 1.4 

130 17.9 S.1 3.2 8.3 22 . 5 13.4 8.8 0.8 3.7 5.3 1.6 ).2 0.8 1.6 ),7 



BDE-1644 AMINO ACID CONCENTRATION - 1J)Ur. of SEDIMENT 
wws==•a•s•••••••••s••••••••••••••=•m•=••••••••--•••••••••••••• 

DEPTH ASP THR SER GLU GL)' .ALA VAL MET ILEU LEU TYR PHE · HIS LYS ARG SUM 

~··=•~~=~s====z===c•••••••••••••~z2•••••a•••••••••s••••••••••••••••••••••••••••••••••••• 

0 11.3 3.6 3.3 7.6 20.1 6.8 4.7 0.8 2.7 3.5 1.5 2.2 - 1.8 0.7 2.9 73.5 

10 4.2 1.3 0.9 2.4 6.7 2.2 1.6 0.4 1.0 1.2 0.5 0.7 0.7 0.2 1.6 25.7 

20 3.0 0.9 0.6 1.6 4.8 1.8 1.) o .. 2 0.7 0.8 0.3 0.6 . 0.4 0.2 0.7 17.7 . 

30 2.9 o.e 0.5 1.6 4.2 1.4 1.2 0.2 0.7 0.7 0.3 0.5 0.3 0.4 0.8 16.4 

40 3.6 1.2 0.8 2.1 ' 5.6 2.4 1.7 0.3 1.0 1.3 0.5 0.7 0.7 0.8 1.5 24.1 

50 3.3 0.9 0.6 1.8 4.5 1.6 1.4 0.1 0.7 0.9 0.3 0.6 0.4 o.o 0.9 18.1 

60 2.4 0.7 0.4 1.5 3.3 1.2 0.9 0.1 0.6 0.7 0.2 0.5 0 . 4 o. 3 Ch9 13.9 

70 2.9 0.8 0.4 1.6 2.9 0.7 1.1 · o . 1 0 . 6 0.8 0.3 o.s 0.4 1.0 0.9 15.0 

80 3.4 0 . 9 0.4 - 1.9 3.4 0.8 1.3 o. 1 0.7 0.9 0.3 0.6 0.4 1.2 1.0 18.3 

90 3.1 0.9 0.5 1.8 4 •. 3 1.7 1.3 0.'2 0.7 0.9 0.4 0.6 . 0.4 o.s 0.8 17.9 

100 2.2 0.7 0.5 1.3 3.3 1.5 1 • .l 0.2 o.e 1.3 0.3 o. s 0.7 o.o 0.3 14.7 

"' 0 
N 

PERCENT INDIVIDUAL AMINO ACID 
•=•z•ass••••••••••s•~••s••••••• 

DEPTH ASP THR SER GLU GL~ ALA VAL MET !LEU LEU TYR . PHE HIS L'iS ARG 

•••,••~s••••••••••••••••••••••••••••••••-•••••••••••••••••••••••••••••••••••--•---• 
0 15.4 4.9 4.5 10.3 27.3 9.3 6.4 1.1 3.7 4.8 2.0 3. 0 2.4 1.0 3.9 

10 16.3 5.1 3.5 9.3 26.1 8.6 6.2 1.6 3.9 4.7 1.9 2.7 2 7 0.8 6.2 

20 16.9 5.1 3.4 9.0 27.1 10.2 7.3 1.1 4.0 4.5 1.7 3.4 2[ 3 - 1.1 4.0 

30 - 17 . 7 4 . 9 3.C 9.8 ~5.6 8.5 7.3 . 1. 2 4.3 4.3 1.8 3.0 1.8 2.4 ' 4.9 

40 14.9 s.o 3.3 8.7 23.2tlO.O ' 1 7 ol 1.2 4.1 5.4 2.1 2.9 2.9 3.3 6.2 

so 18.2 5.0 3.3 9.9 24.9 9.8 7.7 0.6 3.9 s.o L7 3.3 2.2 o.o 5 . 0 

60 17.3 s.o 2.9 10 . 9 23.7 8.6 6.5 0.7 4.3 s.o 1.4 3.6 2.9 2. 2 ' 6.5 

70 19.3 5.3 2.7 ll. 7 19.3 4.7. 7.3 0.7 4.0 5.3 2.0 3.3 2.7 6. 7 ' 6.0 

80 18.6 4.9 2.2 10.4 18.6 4.4 7.1 0.5 3.8 4.9 1.6 3.3 2.2 . 6.6 5.5 

90 17.3 s.o 2.8 10.1 24.0 9.5 7.3 1.1 3.9 s.o 2.2 3.4 2.2 2 . 8 4.5 

100 15.0· 4.8 3.4 8.8 22.4 10.2 7.5 1.4 5.4 8.8 2.0 . 3. 4 4.8 o.o 2 . 0 



' 

. BDE-14.1 AMINO ACID CONCENTRATIOO - tiiU& of SEDIMM 

--------=---------------~-----------------------------------~!~~---~~~--~~~--~!~ .. :~~--:~!--~- v~-~~.:~!~--~!~ .. :!~--~~--~~--~!!~-~~---~ 
8.7 2.8 2.4 5.3 13.8 4.0 3.7 0.5 2.0 2.6 0.9 1.5 1.3 0.8 0.9 51.4 

· I 

0 
10 10.7 3.5 2.8 6.1 16.0 6.4 4.3 0.6 2.3 2.9 1.2 2.0 1.5 0.2 0.4 61.0 

20 10.0 3.1 2.3 5.7 14.8 6.1 4.0 0.6 2.3 2.8 1.2 1.9 1.6 ' 0.2 o.s 57.0 

23 8.1 2.6 2.0 4.6 .12.~ 4.6 3.2 o.s 1.9 2.3 o.~ 1.5 .1.1 I 0.2 0.4 46.0 

30 e.o l 2.8 2.9 5.7 17.7 5.2 3.4 0.1 2.2 2.9 1.3 1.9 3.1 0.3 o.s 58.6 

40 ~.a) 2.3 1.7 4. 4 .12. 2 4.3 3.3 ·0. 7 1.9 2.3 0.9 1.5 1.1 \ 0.1 0.4 45.1 

49 6.8 2.1 1.5 ) '. 8 10.5 4.1 3.0 o. 6· 1.6 2.0 0.8 1.3 0.9 0.1 0.4 39.5 

60 6.9 1.9 1 .. 3 4.0 10.9 4.1 3.1 o.s 1.7 2.1 0.9 1.4 1.1 0.1 0.4 40.3 

68 
• ' 

7.2 2.2 '. L5 4.1 11.3 4.3 3.0 p.4 1.7 2.1 0.9 1.3 1.1 0.1 . 0.6 41.8 

70 - 7.4 2.3 1.5 4.2 11.6 4.4 3.1 0.4 1.8 2.2 0.9 1.3 1.1 o.1 0.6 42.. 2 ... 

,... ,_ 
0 
N 

' PERCENT INDIVIDUAL AMINO ACID 

a:•:S22S·-----------------=-a--
DEPTH · ASP •THR SER GLU GLY ALA VAL MET ~LEU LEU TYR PHE HIS LYS ARG 

•••=s••~•=•sses=•a:ssasas2~aa=2•a•:••••••••••••••••••••••••••••••••••••s••••••••••• 

0 16.9 5.4 4.7 10.3 26.8 7.8 •7. 2 1.0 3.9 5.1 1.8 2.9 2.5 1.6 .· 1. a --

10 17.5 5.7 4.6 10.0 26.2 10.5 7.0 1.0 3 ~ 8 4.8 2.0 3.3 2.5 0.3 0.7 

20 17.5 5.4 4.0 1~.0 26.0 10.7 7.0 
I 2.8 0.4 1.1 "4. 0 4.9 2.1 3.3 0.9 

23 17.6 5. 7 . 4.3 1 .o 26.5 10.0 7.0 1.1 4.1 s.o 2.0 3.3 2.4 0.4 0.9 

30 13.7 4.8 4.9 9.7 30.2 8.9 s.e 1.2 3.8 4.9 2.2 3.2 5.3 o .'5 0.9 

40 17.3 5.1 3.8 9.8 27.1 9.5 7.3 1.6 4.2 5.1 2.0 3.3 2.4 0.2 0.9 

49 17.2 5.3 3.8 9.6 26.6 10.4 7.6 1.5 4.1 5.1 2.0 3.3 2.3 0.3 1.0 

60 17.1 4.7 )..2 9·. 9 27.0 10.2 7.7 1.2 4.2 5.2 2.2 3.5 2.7 0.2 1.0 

68· 17.2 5.3 3.6 9.8 27 .() 10.3 7.2 1.0 4.1 .. s. 0 . 2.2 3.1 2.6 0.2 1.4 

70 17.5 5.5 3.6 10.0 27.5 10.4 7.3 0.9 4.3 5.2 2.1 3.1 2.6 0.2 1.4 

, 
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( 

Appendix 8: Aaino acid fnctions of B&J D'E•poir cor•• . 

. ) ' 

.. 

~ -· - -- - -- - - ~- -- - - -- . - -~ - . 



BDE-11 AMINO. ACID F RAC'l' I ON- siJI./g of SEDIMENT 
:ssss:==c=s=s~z::=========:::u&~=•=•a====r=2zZ~2••••• 

DEPTH ACIDIC HYDROXY BASIC AROMATIC NEUTRAL TarAL 
::~~~~2sz:z:s:s•s:z2sz=•====~=a=z=2~s••••a~••••••~•-•••••••••••••·~~-

0 22.7 7.3 s.o 3.3 44.8 83.0 

10 20.3 6.7 5.9 3.4 35.3 71.4 
20 5.5 1.7 2.4 1.0 10.1 20.8 
30 18.0 3.4 s.8 2.6 29.2 59.0 

40 17.2 5.5 3.0 2.5 34.0 62.2 

50 13.8 5.3 6.~ 3.0 30.1 58.2 
60 15.6 6.8 s. 3.6 34.8 66.5 
70 14.6 4.4 7.3 2.9 27.0 56.2 
80 13.1 3.9 6.6 2.6 24.3 50.4 
90 4.5 1.2 1.6 1.0 7.9 15.8 

100 6.1 2.2 1.9 1.0 13.5 24.7 
--' 

0'\ 
0 
N . BDE-11 AMINO ACID FRACTION PERCENTAGES 

:::s=2==sc:z==•••s•=~••••c•••••~~---~~z=•••a•••• 

DEPTH ACIDIC HYDROXY BASIC AROMATIC NEI.1l'RAL 
ss•==•s=s::sss•s•••==========z==~~~==•======~•s•••=s••••••••• 

0 27.3 8.8 6.0 4.0 54.0 

10 28.4 9.4 8.3 4.8 49.4 
20' 26.4 8.2 11.5 4.8 48.6 
30 30 . 5 5.8 "-f 9.8 4.4 49.5 

40 27.7 e.8 4.8 4.0 54.7 tt, ., 
50 23.7 9.1 10.3 5.2 51.7 
60 23.5 10.2 8.7 5.4 5~.3 

70 26 . 0 7.8 13.0 5.2 48.0 

80 26.0 7.7 13.1 5.2 48.2 
90 28.5 7.6 10.1 6.3 50.0 

100 24.7 .8.9 7.7 4.0 54.7 



BDE-1657 AMINO ACID FRACTION- ~o~KI& of SEDIMENT 
~2===s=============z====~aa~•~=•»•3••=•zcaaaa••••••~• 

DEPTH ACIDIC HYDROXY BASIC AROMATIC NEl.li'RAL TOTAL 
g~~==•2m•~=••s~•2•2~••=••••••••••••••••••••~·-••••••••••••••••••~•••• 

0 3.8 1.2 1.7 0.4 8.1 15.3 

10 0.2 0.2 0.3 0.0 0.5 1.2 
19 0.2 0.1 0.2 o.o 6.s 1.1 
20 0.1 0.0 0.0 o.o 0.2 0.6 
23 o .. 1 o.o 0.1 o.o 0.2 0.7 
30 0.2 0.2 0.1 o.o 0.4 1.1 
40 0.2 0.2 0.1 0.0 0.4 1.0 
so 0.2 o.o 0.1 o.o 0.2 0.6 
56 0.2 0.1 o.o o.o 0.3 0.9 
60 0.0 0.0 0.0 o.o 0.1 0.4 
70 0.0 0.0 0.1 o.o o.o 0.3 

0 
~ BDE-1657 AMINO ACID FRACTION PERCENTAGES 
N 

~==~==:======•====:::a:m:aza:z:::====z=•s••••••• 

DEPTH ACIDIC HYDROXY BASIC AROMATIC NE'l1l'RAL 
==========z2••===z=======2:s:::::s=========••2•2s=•2•:•=•s•=s 

0 25.0 8.3 10.9 2.9 . 53.0 
10 19.0 9.3 21.4 4.4 45.9 
19 26.2 9.6 16.2 5.8 42.3 
20 19.3 10.4 15.4 6.9 48.0 
23 16.0 8.0 24.1 10.2 41.6 
30 24.4 12.3 17.1 ___p. 3 40.0 
40 20.4 19.2 15.2 4.2 41.0 
so 20.5 13.5 26.2 2.5 37.2 
56 29.4 ll.O 13.0 5.1 4l.6 
60 16.7 12.7 18.5 5.5 46.4 
70 14.6 8.5 28.6 13.7 34.3 



BDE-1643 AAIHO ACID FRACTION- .w, of SEDIMI':MT 

·······---------------------·--------------·---------DEPTH ACIDIC H'tDROX'i BASIC UOMATlC N£tll'RAL TO'I'AL 

--------------------------------------------------------·-··-··---··-0 4.5 1.7 1.5 0.7 9.0 17.4 
10 0 . I 0 . 0 0 . 0 0 . 0 0.0 0 . ) 
20 0.1 o.o o.o o.o 0.2 o. s 
JO 0 . 1 o.o o.o o.o 0 . 2 0 . 4 
40 0.2 0.0 o.o o.o o. 1 0.4 
44 0 . 2 o.o o.o o.o o. 1 0.4 
so 0 . 2 o.o 0 . 1 o. 1 0.4 0 . 9 
60 0.2 0.1 0 . 1 o. o 0.) 0.9 
62 0 . :2 0 . 0 0 . 0 o. o. o.) O.tl 
70 0 . 2 o.o ,, o.o o.o 0 .2 0 . 7 

~ 80 o. 2 0.0 o.o o.o o.o 0.5 
~ 88 o. 1 o:o 0.0 o.o 0 . 2 o.~ 
N 90 0.2 o.o 0.2 o.o 0.2 o. 5 

100 0.2 o.o 0.2 o.o o.o 0.5 .. 
BDE-l64J AMINO ACID FRACTION PERCWTAG£5 

------------------------------------------------DEPrll ACIDIC HYDROXY BASIC AROMATIC N~IUU.. 

________________________ _. ___________________________________ 

0 2&.1 9.7 8.9 J.6 51.7 
10 31.0 7 . l 18.8 1.4 41.7 
20 22.5 8.) 17.0 2.8 49.5 
30 19 . 5 6.6 14.1 2.8 57. l 
40 27.2 9.) 16.3 6.8 40.4 
44 27 . & 8.8 17 . 6 3.8 42.4 
50 17 . 2 5.6 17.6 1Lb 48.1 
60 20 . 5 8.7 1&.1 4.& 47.9 
62 23.5 9. l 12.1 5.9 49. 2 
70 27.5 10.8 11 . 7 5.4 44.6 
80 )0 . l 12. 1 19.6 6 . 9 31. 1 
88 20 . 0 9. l 1).6 5.4 51. g 
90 21. l 4.7 27.5 O.tl 45. ~ 

100 )1 . 6 8.5 27 . 2 0.9 31 . 7 

' 



' 

BO£-NB4 AMINO ~CIU FRACTION- ,.w/& of SI::DIHENT 

·----------·-------·---------------········-··---···-DEPTH ACIDIC HYDROXY BASIC IIROMATIC II&UTAAL TOT.U. 

---·-------------·-------·-··········---------------····--·--········ 0 17.8 7.6 4.9 2.3 40.4 73.0 
10 1 ~. :l !>.2 !> . 4 2. 6 28.0 !>6 . 2 
20 16 . 1 !>.2 7 . 5 ) • 1 29.9 61.8 

30 15.9 5.2 7 . 4 3.1 29.5 61.2 

40 1~.) 6.0 6.6 ) .2 )4 . & 6S.7 

4!1 lJ,(I 5 . 1 5 . 0 2.7 2 '1.1:! 56.2 
50 10 . 8 4. 1 3.3 1.8 22.4 42.4 

&0 13. 1 s. 3 4.0 l.7 30.7 54.8 

70 11.4 4.3 3.4 1.9 2J.S 44.5 

eo 19.6 7.5 2 . 5 1.4 28.9 59 . 9 

90 17. 1 6.8 2.8 ).7 33.8 64 .2 
100 14 . 2 4 . 6 ) . 2 2.6 28.6 53.0 
llO 16.) S.B 3 . & ).7 29.3 58.7 

120 4&. 2 6.4 2.8 4. 1 33.8 6).) 

N 130 9.8 l.l 2 . ) 1.8 20.4 )7.4 
....... 
N 

80£.~84 AMINO ACID fi\ACTlotl PERCOOAGES 

-------------------------------------------·----DEPTH A.ClDlC KYDJII.OXY BASIC AIUJMATl C N ~lrl' RAL 

··--·-··-···-------------------------------------------------0 24.4 10.4 6 . 7 3 . 2 SS.l 
10 27.0 9.) 9 . 6 4 , 6 49.8 
20 26.1 8 . 4 12.1 '5.0 48.4 
30 2&.0 8.~ 12.1 S.l 48.2 

40 23.3 'J.1 10.0 4.9 52.7 

·~ 24.2 9 . 1 8.9 4.8 5).0 

50 25.S 9.7 7 . 8 4 . 2 52.8 

) 
60 2).9 9.7 7.3 ).1 56.0 
70 25.6 9 . 7 7.6 4 . ) 52.8 
80 12.7 12. s 4 . 2 2 . ) 48.2 

I 90 26.6 10.6 4 . 4 5.8 52.6 
I 100 '26 .1:1 8.7 6.0 4.9 54 . 0 

110 27.8 9 . 9 6 . 1 6 , ) 49.9 
120 25.6 10.1 4 . 4 6.~ 53.4 
130 26.2 8.) 6 . l 4 .8 ">4 .~ 

) 



BDE-1644 AMINO ACID FRAcriON- p)l/& of SEDIMENT 
•••••••za••~•aa•••cs:2==~•-•=•••~•·•~•••••••••••---•• 

DEPT II ACIDIC HYDROXY BASIC AROMATIC NEUTRAL TOTAL 
••••••••••••~••••••s=•~aaa••••••••••••••••••••••••••••••--••••••••••• 

0 18.9 6.9 5.4 3.7 38.6 73.S 

10 6.6 2.2 2.5 1.2 13.1 25.7 

20 4.6 1.5 Ll 0.9 9.6 17.7 

30 4.5 1.3 1.5 0.9 9.4 16.4 

40 
, 5.7 2.0 3.0 1.2 12.3 24.1 

50 S.l 1.5 1.3 ().9 9.2 19.1 

60 3.9 1.1 1.6 0.7 6.9 13.9 

l 70 4.5 1.2 2.3 o.9 6.2 15.0 

80 5.3 1.3 2.6 0.9 7.2 :......18. 3 

90 4.9 1.4 1.7 1.0 9.1 17.9 

100 3.5 1.2 1.0 0.8 8.2 14.7 
....., -N BDE-1644 AMINO ACID FRACTION PERCENTAGES 

•~-~~~~~~~s•~~•••sss•zz••~=•s••••••aza:32::sa3a• 

DEPTH ACIDIC HYDROXY BASIC AROMATIC NEUTRAL 
•====~s=====:==============••=•••••••az==•••••••••••••••••••• 

o· 25.7 9.4 7.3 s.o 52.5 
10 25.7 8.6 9.7 4.7 51.0 
20 26.0 8.5 7.3 5.1 54.2 
30 27.4 7.9 9.1. 4.9 51.2 
40 23.7 8.3 12.4 5.0 51.0 
50 28.2 0.3 7.2 5.0 50.8 
60 28.1 7.9 11.5 5.0 48.9 
70 30.0 8.0 15.3 5.3 41.3 

80 29.0 7.1 14.2 4.9 39.3 
90 27.4 7.8 9.5 5.6 50.8 

100 23.8 8.2 6.8 5.4 55.8 



BDE-14.1 AMINO ACID FRACTION- ,dl/& of SEDIMENT 
-•=•==sz===••==•====•====s•~•a•s••s2a•••••••••••••••• 

DEPTH ACIDIC HYDROXY BASIC AROMATIC NEtJl'RAL T<JrAL 

•s=•••====•••••••••••••~•••••••••••••~~••••2•••=s2s••••••••••••••••• 

0 14.0 5.2 3.0 2.4 26.6 51.4 

10 16~8 6.3 2.1 3.2 32.5 61.0 

20 15.7 5.4 2.3 3.1 30.6 57.0 

23 12.7 4.6 1.7 2.4 24.7 46.0 

30 13.7 5.7 3.9 3 .. 2 32.1 58.6 /" 

40 12.2 4.0 1.6 2.4 24.7 45.1 

49 10.6 3.6 1.4 2.1 21.8 39.5 

60 10.9 3.2 1.6 2.3 22.4 40.3 
68 ll. 3 3.7 1.8 2.2 22.8 41.8 
70 ll.6 J.B 1.8 2.2 23.5 42.2 

.. 
~ BDE-14.1 AMINO ACID FRACTION PERCENTAGES 
N sa=•=•=••==••z•••az••••s•a•••--••••••••••••••••• 

DEPrH ACIDIC HYDROXY BASIC AROMATIC NElll'RAL 
•s:•••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

0 27.2 10.1 5.8 4.7 51.8 
10 · 27~5 10.3 3.4 5.?. 53.3 
20 27.5 9.5 4.0 5.4 53.7 
23 27.6 10.0 3.7 5.2 53.7 
30 23.4 9.7 6.7 s.s 54.8 
40 27.1 8.9 3.5 5.3 54.8 

49 26.8 9.1 3.5 5.3 55.2 
60 27.0 7.9 4.0 5.7 55.6 
68 27.0 8.9 4.3 5.3 54. s 
70 27.5 9.0 4.3 5.2 55.7 
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\ Appendix 7: Aaillo •cid ntio• . 

• 
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.... ::. 
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AMINO ACID RATIOS OF FORTUNE BAY CORES 
aaaass&~==~z=~: ~; ;~====::::= ~=====:=:s 

F0-840401 
s::a:z::::Sas 

DEPTH ASP/GLU THR/SER GLY/ALA PHE/TYR 
==:xzs:2:=====:=::2===2===~=~=:=3••===~=:======: 

0 1.7 1.0 2. 6 3.6 
5 1.8 1.0 2.7 2.0 

10 1.8 1.0 2.6 2.1 
20 1.7 1.0 2.7 1.8 
30 1.7 1.0 2.6 2.2 
40 1.7 0.8 2.6 0.8 
so 1.9 0.9 2.3 0.7 
60 1.8 0.9 2.3 1.6 
70 1.7 0.9 2.4 0.8 
80 1.9 '0.9 2.3 0.7 
90 1.8 1.0 1.3 0.6 

F0-840402 ' 
===::;======= 

DEPTH ASP/GLU THR/SER GLY/ALA PHE/TYR 
:s:z=s=======2======:=======~-================== 

0 2.2 0.7 2.7 1.7 
5 2.8 0.7 3.0 1.6 

10 2.3 1.0 2.5 1.4 
20 2.3 0.9 2. 5 1.4 
30 2.5 1.1 2.6 1.6 
40 1.8 0.9 3. 1 2.1 
so 2.1 0.9 3.1 0.8 
60 1.8 0.9 2.9 2.1 
70 1. 6 0.9 3.0 3.6 
80 1.7 0.9 2.6 1.6 

F0-840403 
=~:K==:~=-:a• 

DEPl'H ASP/GLU THR/SER GLY/ALA- PHE/TYR 
••••••s•sa••••••2•••••~•aaaa2a•aaaa:::::=:~====a 

0 1.7 1.1 2.3 1.1 
5 1. 8 0.8 2.4 1.7 

10 2.0 0.9 2.3 1.7 
20 2.3 0.6 6.6 1.5 
30 2.4 0.8~ 6.3 1.4 
40 2.3 0.6 ' 2.4 1.8 
50 2.3 0.6 6.0 :L . s 
60 2.1 0.6 1.9 1.9 
70 2.3 0.7 5.7 1.4 
80 1.7 0.8 ' 2.2 1.5 
90 2.3 o.s 5.6 1.3 

~ - -~ - . - - - - -- - - - - -- - -
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-. 
.. . .. 

F0-840404 
•••aa2a::z•=-• 

DEP'l'H ASP/GLU THR/SER GLY/ALA PHE/TYR 
3~~aaaa••~•••••••••••••••••••a•••••••••••••••••• 

0 1.7 l.O~o 3.1 1.1 
s 1.7 ' 1.0 3.1 0.9 

10 1.8 0 . 9 2.7 0.9 
20 1.4 1.1 3.0 l.l 
30 1.3 l.l 3.0 2. 0 
40 3.0 l.O 2.6 1.8 
so 1.6 1.3 3.0 3. 0 
60 1.9 1.6 2.8 4.0 
70 1.5 1.0 2.6 1.5 
80 1.5 1.1 2.7 1.8 
90 1.5 l.O 2.5 3. 0 

100 1.5 1.3 2.7 0.8 
110 1 . 6 1.2 2.7 3. 0 
120 1.5 1.3 2.7 3. 0 

F0-840405 ---------··· DEPTH ASP/GLU THR/SER GLY/ALA PHE/TYR 
===============~=~==••=•••=••••a~2a~a••••••••••• 

0 l.S 1.1 2.3 1.8 
5 1.5 0.8 2.3 2. 0 

10 1.5 0.8 2.4 1.9 
20 1.5 t:o 2.4 2.3 
'30 1.6 ' 1.2 2 . 3 1.7 
40 1.6 1.3 2.3 1.4 
so 1.8 1.5 2.2 4.0 
60 1.6 1.7 2.0 1.5 
70 1.7 1.5 2.0 2 . 5 
80 1.5 2.0 2.2 2 • .j 
90 1.5 4.0 2.0 2.5 

100 1.6 3. 0 1.9 2.0 

· ' 
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AMINO ACID RATIOS OF -BAY 0 'ESPOI R CORES 
•••••••••••••••••••~aa:a2~2a~===s=~~2:s2s 

- - . t· -··-··· ··· .. 

· BDE-11 
aasss••• 

DEPTH ASP/GLU THR/SER GLY/ALA PHE/T'iR 
••••••aa•••••••••••••a•a2s:a:s::2:2~S~~2sss:as•• 

0 l.S 1.3 2.0 2.3 
10 .1.4 1.3 2.4 2.8 
20 1.4 1.4 2. 8 2.3 
30 1.7 1.4 2.5 2 ._3 
40 1.5 1.3 2.0 2 . 1 
50 1.4 1.5 1.3 2.8 
60 1.3 1.5 l.l 2.6 
70 1.5 1.6 2.1 2.2 
80 1.5 1.6 2.1 2.3 
90 .L-.6 2.0 1.5 1.0 

100 1.5 1.2 L9 1.5 

BDE-1657 
••a•az•=•= 

DEPTH ASP/GLU ·. THR/SER GLY/ALA PHE/T'iR 
•••••z•z••••••3•=~~•s•s•••2•s•a2ms•=2m=•zaa•2ma• 

0 1.5 1.3 2.2 3.1 
10 1.5 1.0 1.6 1.4 
19 0.9 1.1 1.4 1.5 
20 1.8 0.9 1.5 1.7 
23 1.5 1." 0.9 2.0 
30 0.8 o. 7 1.3 1.9 
40 0.7 0.5 1.4 1.3 
50 1.0 0.6 1.4 1.5 
56 0.9 1.3 1.2 1.5 
60 1.7 0.7 1.7 1.5 
70 1.0 I o. 5 1.4 1.5 

BDE-1643 

··--------DEP'l'H ASP/GLU ' THR/SER. GLY/ALA PHE/TYR 
•••••••••••••••••••--•••••••a•••••••••=•=s2~=:•= 

0 1.6 1.1 - l. 0 3.0 
10 l.S 1.1 1.3 o.a 
20 1.8 1.4 1.1 1.8 
30 1.6 1.4 0.9 0.9 
40 0.9 1.2 1.3 2.1 
44 0.8 1.1 1;6 1.4 
50 'L1 1.6 0.9 1.8 
60 .2.8 2.6 2.0 2.8 
62 1.4 1.2 1.7 1.6 
70 1.7 1.3 3.2 1.7 
80 1.5 1.2 . 1.6 1.9 
88 1.4 1.1 1.7 1.7 
90 0.9 1.1 1.7 ' 1.7 

100 0.9 1.1 1.7 1.3 
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BDE-NB4 ,. 
a=:2a~aaaa 

DEPrH ASP/GLU THR/SER GLY/ALA PHE/TYR 
;x:z~:s2:=•=•s~s:a:ss•2s2a•••23a•aaaaa~a~a•••••• 

0 1.7 l.l 1.9 2.3 
10 1.9 1.5 2.4 2.3 
20 1.8 1.6 1. 3 2.1 
30 1.8 1.6 l. 3 2. 1 

40 1.7 1.3 2.4 l.? 
4S 1.7 1.3 2.4 2.9 
so 1.8 1.3 2.2 2.0 

,60 1.6 1.1 2~1 2.4 
70 1.8 1.3 2.2 2.2 
80 1.3 1.6 2.1 2.5 
90. 1.4 1.5 1.3 2.1 

100 2.0 1.6 1.3 2.3 
110 1.6 1.6 1.0 . 2.1 
120 1.4 1.6 1.3 1.9 
130 2.2 1.6 1.7 2.0 

BDE-1644 
•==~==-=s=s 

DEP'l'H ASP/GLU THR/SER · GLY/ALA PHE/TYR 
===•=:====a•~•a•=~~===••ss2m::s3•~~=•~33•aap•••• 

0 1.5 1.1 3.0 l.S 
10 1.7 1.4 3.0 1.4 
20 1.9 1.5 2.7 2.0 
30 1.8 ' 1.6 3.0 1.7 
40 1.7 1.5 2.3 1.4 
so 1.8 1.5 2.8 2.0 

60 1.6 1.8 2,7 2.5 

70 l.S . 2.0 4.1 1.7 

ao 1.8 2.3 4.3 2.0 
90 1.7 1.8 2.5 /'" ' 

1.5 
100 1.7 J 1.4 2.2 1.7 

BDE-14.1 

·--······ 
DEPTH ASP/GLU THR/SER Q..I,.Y/ALA PHE/TYR 
ss•sss~:~za:zaaaa•2••••••••••••••••••••••••••••• 

0 1.6 1.2 3.5 1.7 
'1o 1. 8 1.3 2.5 1.7 

20 1.8 l.3 2.4 1.6 
23 1.8 l.3 2.7 1.7 
30 1.4 l.O 3.4 1.5 
40 1.8 1.4 2.8 1.7 
49 1.8 1.4 2.6 1.6 
60 1.7 LS 2.7 l. 6 . 

68 1.8 1.5 2.6 1.4· 

70 1.8 1.5 2.6 1.4 






