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An understanding of sourcesh‘c&cling and iﬁpos;tion of-
organicvmatCer 1n-ndrthe;n Newfbundland fjords and bgys was
gained tﬂrough th; use of stable carbon and nitrégen
isotopic and elemental analy;es. Seston from terrestrial-
stations ;as characterﬁzed;by‘two grohps: 1) stations which
had éf;ominant influence of runoff hhd respective ave;age
§15N, 6§13C and C/N compositions of 2.2°/00, -25.5°/00 and
12.3 and 2) stations which appeared- to be'iﬁfluencéa by
fre§hwater phytoplankton had average values of 5.1°/&o,
-24.% /oo and 8.1 for §!3C, §33N, and C/N, respectively.. A‘
- macroalgae endmempsr was defined by a §!3N, ¥!°C and C/N of
4.6° /oo, -20.3° /oo and 9.2, respectively.'Surface water
"seston which was not influenced by-é%tres;rial detritus or
macroalgae had average values of 8-2°/00,W129L§f/90.'5£d
6;5 for §!5N, §'3C, and C/N,‘réspectively, and wag.
considered to be representative of a phyto%lanktdn
endmenber.

The isotopic and elemental composition of POM isolated
from the water column shifted in response to source,
diagenesis and resuspension. Surficial sediments reflected
contributions from both ;}troalgae and phyfoplankton and
showed little alteracion byvdiagenesis. Degradation was

evidenced by loss of organic matter with depth in all
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~ .sediment cores analyze;. With the'exception of one
location isotopic ratios were not altered by this process

The retreat of the Visconsinan ice sheet was recorded
by variationg in the geochemistry of sediment cores. The
average 6£5N, GISC'and C/K8 of glacial till collected from
the base of one-core; 4.3°/00, -25.3° /oo and 6.0,
respectivély, indicated a terrigenous origin. This till
was a major contributor of'organi€qﬁatter to the léwermOSt
3,se&1mentary units of that core. Shifts in §!5N from 5.5
to 9.2 °/oo and §2C from -24 .4 to -21.8°/00 above these’
units were related to ch#nges‘in the relative contributi&n
of phytoplanktong and macroalgae. The_isotopic and‘
elemental Tomposition of crganic matter within Holocene

sediments throughout all bays studied indicated a mixture

of phytoplankton and macroalgae.
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1. Purpose of study

} Bilological productivity and subsequent physical

[
transport has led to the dispersal of organic compounds

into the atmosphere, hydrosphere and lithosphere. During

transport these compounds are subject to extensive

alteration by biogeochemical reactions. Ultimately a
portion of the organic matter produced is deposited and
presérved in the sedimentéry record. Once incorporated
1n£o the sediments organic material is progressively
altered bx.dlagenesis. catagenesis and metagénesis. -
Despite Qlteration in the water column and sediments,
organic matter retains some chemical characteristics of tﬂe
source material which can Brovide information about the
productivity, climatology and transport précesses that
dominated the environment at the time of its deposition.

In this study the stable i1sotoplc and elemental |
abundances of carbon and nitrogen vere used to aharacterize
sources and‘cyéling of water column particulate and
sedimentary orgahic matter 1in the waters gﬁfbnorthern .
Newfoundland. With the 1sotope data dominant organic '

N s
Bources and their respective spatial distributions in the f‘

modern environment were established., This characterization

provides a basis to evaluate changes in the relative f-




contribution and distribugiqn‘of~source organic material in
Quaternary sediments as a consequence of clﬂmatlé events .,

The successful use of the 1§ot.ope tracer technique
requires éhe establishment of a firm basis for .

. \

interpretation. This includes differentiation of organic
-matter sources in terms of their isotobic compositions. In
addition the effects of alteration processes such as

1

biogeochemical cycling and diagenesi% must be evaluated.

~
-

2. Sources szg:gﬁaig matter ‘ .
' *

The isotoplc composition of‘a sample is expressed in

relation to a standard using per mil (°/oo) notation.

(13C/12C)

sample

§13%C (°/o0) -

§'°N (°/o0) =

Carbon isotope compositions are reported relative to PDB, a
’ . v

Cretaceous belemnite from the FPeedee formation of South

A ‘
Carolina. The standard for §!3N 1is atmospheric nigogen.

© . In the marine environment the primary contributors of

organic matter are te;ria;nous and marine detritus, Aside

from neLrshore and deltaic environments, terrestrial
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organic matter is not a significant contributor to the

-

oceén (Eadie and Jeffrey, 1973; beariﬁg et al,, 1975; Tare

s

and Strain, 1979a; Caf et al. . 1988). The marine component
otk -

can be divid;}/ﬁnto phytoplankton and macroalgae. The

carbon and n trogen isoﬁopié cémposition of these organic

sources has been determined at many glébal locations,

ranging from the equator to the :}ctic (fable”l, Fig. 1).

A clear distinction can be seen between marine and

.terrestrial sources. f“h separati&p between phytoplankton

and macroalgae may not be as clear. However,‘isotopic

distinctions between these two sources of organic matter

exist at some locations, for example in the Gulf of Maine

and off Baffin Island (Table 1). This suggests the

(-4
importance of defining these organic sources at a specific
location. Other marine sources include seagrass and

mangrove detritus, but these are not considered important

to the Newfoundland system (Puichan 1987, Troke 1987).

The isotopiec composition of a primary producer is a
function of the inorganic source ;nd metabolic effects,
Terrestrial plants and certain specles of blue-green algae
derive the majority of their.nitrogen from the atmosphere
and therefore have<a §1°N similar to nitrogen gas of 0°/00
(Hoering and Ford, 1960: Delwiche and Steyn, 1970: Macko et

al., 1987a). The primary nitrogen . source for marine algae

1s dissolved inorganic nitrogen in the form of nitrate or

\




3
ammonium. Reported §13N fd; oceanic nitrate and ammonium
range between 6 and 10° /oo (Miyake aqd Wada, 1967; Cline
and Kaplan, 1975; Ltiu, i979)._ Upop assiqiiation, marine

r

phytoplankton frequently have values similar to their

1nq;g;nic nitrogen source (Table. 1, Figures 2 and 3, Miyake

and Wada, 1967; Wada 1980). However, phytoplankton ﬁay be

1sotopically depleted relative to the nutrient source as a
s

consequence of'fraptionation, i.e. segreghtion of isotopes,

during assimilation. Sugh effects result in a iarge rang;

in §!°N values of phytoplankton and will be discussed

separately Iin section 3.

M'Atmospheric carbon dioxide, with a §13C of -7°/00, a

dissolved inorganic carbon, 0°/00, are the inorganic carbon
sources for land and marine plants respectively (Craig,
1953) . Both marine and terrestrial pPlants become depleted
in !¥C relative to their inorganic sources by approximately
203 /oo (Table 1, Fig. 2, Park and Epstein, 1961, Peters et
al., 1978). Varying isotopic compositlons.among piants may
result from differeﬁf degrees of fractionation assoclated
with pathways of inorganic carbon assimilation.

Such metabolic isotope effects are particularly
prevalent in the terrestrial biosphere. The majority of
terrestrial plants utilize the Calvin or C, photosynthetic
patiway, and incorporates carbon dioxide through the enzyme

ribore 1,5 hisphosphate carboxylase (RUBP), Plants using
in




tﬁiq pathway have been repofted to have carbon isotope
values from -34 to -24° /00 (Smith and Epstelin, 1971). A»
second method of carbon fixation is the Hatch-Slack or C.
metabolic’ pathway which results in plant 6§'2C values of -19
to -66/00 (Smtth and Eﬁsteln, 1971). Some spécies of
marine phytoplankton have bee; observed to altermnate
between C, and C, metabolisms (Morris, 19803 but the
isotopic effects of this have not been assessed.

Phytoplankton have been shown‘to‘vary 1; §13C between
-31 to ~1§°/oo (Sackett et al., 1965 Cearing et al., 1984;
and references therein). Variability in 6'3C of marine
phytopiankton cannot be as clearly explained in terms of
metabolic processes. Clranges in temperature has been
suggested as one cause for shifts in the §13C of
phytoplankton (Sackett, 1964; Sackett et ai., 1965; Deuser
et al., 1968; Rodge;s and Koons, 1969; Ropgers etJal.,
1972; Fontugne and Duplessy, 1981), though other evidence
cont;ad1CEs this (Calder and Pa;ker, 1973;.Fontigne and
Dupiessy, 1978; Rau et al., 1982; Gearing et al., 1984).
Other factors which could causervariation in phytoplankton
6}3C Include variation in species composition, changes in
water masses, the §13C of dissolved inorganic carbon (DIC),
the relative abundance of 3C depleted lipids, tﬁe

available CO, pool, salinity and decomposition within the

water column (Parker, 1964; Degens, 1969; Deuser et al




1968; Deuser, 1970; Eadie an Jeffrey, 1973; Sackett et
al., 1974; Wong and Sackett, 1%8: Fontugne and buples}y,
1978; Smith and Kroopnick, 1981; Gearing et al., 1984).
N
n a e
Studies characterizipg the geochemistry of
phytoplankton have done so by collection of particulate
‘J}ganlc matter (POM). Two classes of POM are recognized on "
the basis of thelr residence time and size. Suspended POM )
or seston consists of small particles which have residence
times on the order of several hundred years (McCave, 1975;

Sackett, 1978). Sestoﬁ fs arbitrarily defined as the

material retained on a filter with a pore size of 0.45 to

lu (Entzer;th, 1982). The larger less abundant fraction,

%}nking POM, remains within the water column for days,
weeks or less and consists primarily of ‘fecal pellets,
tests, and mariné Bnow‘(HcCave, 19i§). .Dissolved organic
matter (DOH) 1s the fraction less than 0.45u which passes
through a seston filter.

Particulate organic matter in the sea is composed
primarily of phytoplankton, zooplankton, bacteria ‘and thedir
decomposition products (Riley, !1970). Organié matter in
sediments 1is derived from POM settling out of the water
cclumn. Isotope studies usually assume that the organic

matter preserved in sediments is a reflection of the




productivity in the overlying waters at thg time of
deposition. However, due to potehtial isgtopic alteration
propeésas subsequent to production, aﬁ understanding of the
cyeling and depbsition of POM is essential to an
intérpretation qf a sedimentary Lsotqpic record (Figures 2

-»

and 3).

In surface waters POM may un&ergo dissolution and form
DOM. The 6'3C;of DOM has been shown to be f\nvariant with
location and depth in the water coiumn and s depletéd in
13¢ with réspect to surface waterﬁséston as a -onsequende
of biochemical oxidat}on or microbial u&ili tion
(Williams and Gordon, 1970; Ogura, 1972; Eadie and Jeffrey:
1973, Sigieo and Macko, 1985; Fig., 2 step 1). At the
thermocline seston may be trapped, due to density
.stratification and be subjected to extensive biolog;ca}
utilization resulting in depleted 6!3C values (Jeffrey et
al., 1983; Fig. 2 step 2). With increasing depth, seston
can become slightly more enriche% fn '3C via aggregation of
DOM (Fig. 2 step 3) and dissolut}on of sinking POM (Fié. 2
stép 4) . In near bottqm waters resuspension of sediments
may cause a shift in the isotoplc composition of seston
towards sediment values (Tan and Strain,.197§a; Fig. ngcep
5).
/% Biological oxidation of suspendad or sinking POM

)
“releases DIC depleted in '3C. Therefore the 8§13C 6f DIC




may be used as an indicator of the exéeﬁt of degradation Qf
POM in waters. In some’;ases. the contributipn of DIC f?om
degradation can be quantitatively ;ssessed (Kroppnick et
al., 1972; Kroopnick, 1974; 1980{. Other sourc;s of DIC in -

waterxs can be distinguished and include input of .

A

organically-derived, !?C-depleted riverine and soil DIC,

and DIC from the dissolution of atmospheric carbon dioxide
and calcium carbonate (Craig 1970; Kroopnick et al., 1972;
Rau, 1978; Lee et al., 1987).
: Inforﬁation about productivity and biologfcal
respiration occurring in .the water column can alseo be
gained through §!%C of DIC. 1In the euphotic zone 1'ZC i's
preferencially utilized in photosynthesis which resylcs in
an enrichment in '3C in the rémainlng DI pool. Nocturnal
re;piration releases ﬁ%c depleted in '3C back into the
water (Parker 1964;-Smith and KFoopnick, 1981; Lee et al.,
1987). The '*C enriched DIC produced in areas of high
productivity c;n. upon asslgklation, result in Esotopically 1
enriched POM and sedimentary organic matter (Deuser, 1970;
Tan and S;rain, 1979a; 1979b; 1983). ks
The natural abundance of.15N in POM results from the
reiative contribution of isotopically distinct srganQQ,
sources, 1lnorganic nitrogen source and subseq&entvcycling
(Fig. 3). Some species of bacteria and blue green algae
assimilate atmospheric nitrogen through nitrogen fixation:
X %
: ~
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This p;ocess irivolves a small or negligible fractionation
e ‘which results in §'°N values near 0°/co for these primary
produgers (Hoering.and Ford, 1960; Delwiche and Steyn,
* 1970; Macko et ;1:, 1987a). Theref;ré, nitrogen fixation
can influence the isotopic composition of POM in surface
, waters from in éitu bacterial or blue green algae
productivi;y (Wada and“Hattori, 1976; Macko et al., 198%;
Minigawa and Vﬁda, 1986{ Saino and Hattor1l, 1987; Fig. 3

o

step 1). Terrigenous organic matter is generally
characterized?by §'°N values near 0°/o0o, due to a
predominance of nitrogen fixation Iin the terrestrial
biosphere knoering and Ford, 1960; Delwiche and Steyn,
1970) .

In environments &ot dominated by Aitrogen fixation,
~ ammonia is thé.preferred nitrogen source (Saino and

Hattori, 1985). Inhibition of nitrite uptake may result

from either high ammonia concentrations (Conway, 1977) or

.high light intepsltiés (MacIsaac and Dugdale, 1372). When

ammonia concentrations are low and uptake is the qate 7

; ‘ S N limiting step in photosynthesis, it has been suggested that

-

i preferential uptake of the light isotope QOes not occur

| . (Saino and Hattori, 1985). The resulting POM would then be
isotopically similar to the starting nmmonia.(Fig. 3 step
2): In contrast, if ammonia is aQundant and not rate
limiting a large fractionation occurs resuiting in POM

: . r
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- depleted in !°N ‘relative to the starting ammonia (Wada and

. Hattori, 1978; Wada, 1980; Macko et al., 1987a; Fig. 3-step

3). o '}

In the lower euphotic zone ptodﬁctivity éan resukt
from utilization of(upwardly advect#ﬁg nitrate. Often more
nitrate 1is available tg;n can be assimilated. 1In this |
_situation n;trate‘is not rate limiting .and a large
Eractionation‘results. During nitrate assimilationx
phytoglankton have been observed to be depleted in !3N with
respect to thé initial nutrient sources. Values for lab
and flield studies show a 13 and 7°/co decrease in §!°N,
respectively (Wada and Hattori, 1978; Wada, 1980; Macko et
al., 1987a; Fisher et al., 1988). _Such fractionations
result in a minimum in the 6!3N of seston (-1°/00) in the
lower euphotic zone (Fig. 3 step 4; Saiﬁo and Hattori,

1980; 1985; 1987). | .

Under anoxic conditions fractionation during
A .
denitrification results in the production of nitrogen gas
depleted in '*N relative to the remaining nitrate (Delwiche
and. Steyn, 1970; Cline and Raplan, 1975; Wada, 1980; Fig. 3
step 5). The résidual nitratg becomes enriched, reaching
values as high as 18° /00, relative to the average of 6° /oo

for seawater nitrate (Miyake and Wada, 1967; Cline and

Kaplan, 1975). If concentrations are sufficient to support

productivity, this heavy nitrate becomos“avaflable to




phytoplankton upon advection into-‘;:he overlying waters
(%‘15."3 step 6). VWhen nutrient concentrations are low and
rate limiting,'. subsequent assimilation occurs without
fractfonaf.{on. resltlcing‘ in ses.t:on with an {sotopic
composition similar to the re.sidual nitrate (Sigleo and
Macko, 1985: Fig. 3 step 7). | '
Nitrifi{cation can occur in oxif: waters.. A large
fractionatiion assoclated with this process results in the
production of nitrat:e depleted in 3N, with the remaining
amu:oni.al becoming enriehed, pot'e‘ntiall{y reaching 6!3N values
as high’as 20° /oo a_ir greater (Del_wich; and Steyn, ‘1970;
Harioftti et al., 1984; Fig. 3 .step 8). Asisimi'latio'r} of the
resid;nal ‘ammonia by phytoplankton under rate limiﬂting
conditions rlesults‘i‘n seston with a similar isotope value
to the ammonia (H'ariottl.et alv., 1984; ‘Fig}’ I step 9).
Degradation of seston in the lower euphot_ig;: zone
causes enrichment in 3N in the suspended lo.ad (Saino and
Hattori, 1980; 1985; l.‘987; Fig. 3 step 10). Enrichments {n
suspended or sinking POM cdn also result from a
contribution of zooplankton detritus enriched in-”’_N due to
a trophic level‘ fractiot‘iat‘ion effect of 3°/6o (Fig. 3 step
11; DeNiro and Epstein, 1981; Macko et al., 1982). It has
been suggested that in some cases sinking POM produced "in

the euphotic zone .is {sotopically heavier than suspended

POM due to a contribution of fecal matter enriched in !3N

r—
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(Checkley and f.n_tzeroth. 1985; Altabet, 1988; Fig. 3 step
12). Dilssolution of sinking POM, fraétionation during
deamnation teac'tions and/or oxidative degrat.iatiof\ in deeper
vaters results in 13N enriched seston (Saino and Hattori,
1987; Altabet, 1988; Fig. 3 step 13). These mechanisnms
explain the average observed enxrichment of up to 6° /0o in
lover water seston relative to surface waters.

The major source of org.anic matter in sediments is
from primary productivity occurring in the overlying

surface waters. However, significant isotopic differences

betveen sedimentary and particulate organic matter have

been found. This mayi be related to the fraction of POM

analyzed or preserved. In some cases sinking and suspended

POM has Peen found to be isotopically similar to

.sedimentary organic lﬂq'tter (Entzeroth, 1982: Wada et al.,

1987b; Libes and Deu-ser, 1988;'Ci’1fuentes et al., 1988).
Differences in §13C between POM and sediments may be
accounted ;t:or by a greater relative contribution of
isotopically distinct diatom or na-noplanktoq detritus in
productivity or presgrvagion (Gearing et al., 1984).
Isotopic fractionation at Ehe sediment water interface has
been suggested as an additional cause of sediment and Poﬁ
differences (Eadie and Jeffrey, 1973; Libes and Deuser,
1988) o |

In estuarine waters the isotopic composition of POM

/ ’ g
o
//\-—‘ .
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can vary considerably on a ‘seasonal basis. Yearly

variation in the §'3N of POM ranges between 7 and 20°/o0
(Mariottil et al., 1984; Cifuentes et al., 1988; Gearing et
al., 1988). Seasonal changes in the §'3C of POM can
fluctuate as much as 10° /00 (Gearing et al., 1984,

Cifuentes et al., 1988). In oceanic waters of the Sargasso

Sea seasonal nitrogen isotopic variation of sinking POM was
correlated with the carbon flux (Altabet and Deuser, 1985).
This suggests that the isotopic composition of sedimentary
organic matter may more strongly reflect the §'°N and §!3¢C
of POM durin'g maximum flux periods as woulld occur during a

spring bloonm &Cifuentes tt al., 1988).°

4, Carb : e otopic and e t

as tracers of organic mattey in sediments
7

The determination of the §!3C of sedimentary organic

'matter as a basis for separat'ing marine and terrestrial
sources has been well established. With the exception of N
large river deltas, terrestrial organic matter is not
extensively transported onto the continental shelves
(Sackett and Thompson, 1963;r Sackett, 1964 ; Hunt, 1970;
Shultz and Calder, 1976; Gearing e‘t: al., 1977; Hedges and
Parker;, 1976; Tan >a'nd Stra_ln, 1979b2. In sever;al estuaries

‘a terrestrial influence on sediments was not carriedfbeyond

10 miles fnland from the river mouth (Hunt, 1970). However,

-
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near large river deltas, terrigenous organi{c matter may be
carried as much as 100km offshore (I(ennicutt et 'al., 1987).

In addition to dfltaic environments, terrestrial detritus

may be ;\r‘ansported offshore by ice rafting in high latitude

areas (Gearing et al., 1977; Sackett, 1986b).

Several studies in the Gulf of Mexico have shown a
terrestriai influence nea? the bottom of piston core;‘.
(Sackett, 1964; Parker et al., 1972; Newman et al., 1973).‘
Upon lowering of the sea level during glacial periods
terrestrial organic matter was Aeposited dAto the
continental sl?pe and abyssal plain (Parker et al., 1972;
Newman et al., 1973). 1In this way §!3C bec()fes a tool for
iden'tify'ing climatigally influenced depositional events.

In a similar manner as §'%C, stable nitrogen isotopes
have proven useful in'reso.lving marine and terrigenous
sources of organic matter in sediments (Peters et ’,1'1
1978; Sweeney and Kaplan, :1980b; Macko, 1981; 1983). -As;
consequence of d\istinct met:abc:lic pathways -and diff;ring
inorgan;c‘nitrogen sources, terrestrial and marine plants
can be distinguished on the basis of §'3N values.
Furthermore, mixing models based on nitrogen isotope
abundances can be used to predict the relative T
contributions of marine and terrestrial detritus to
s>diments (Peters et al., 1978; Sweeney and Kapl'an; 1980b;

Macko, 1983). : &




Sedimentary §!3N values have been useful in

recognizing other sources of organic matter,r These include
the abllity to trace sewage, kelp, seagrass, mangrove and
marsh detritus (Sweeney and Kaplan, 1980a; Sweeney et al.,
1980; Macko, 1981; 1983; Macko et al 1987b; Pulchan, 1987;
Troke 1987). In addition, a distinction can Be made .
between sediments associated with nitrogeg fixing and

nitrate assimilating phytopfnnkton (Stuermer et al., 1978; /

Macko et al., 1984). This technique has been used to
’ e

——

recognize the predomijance of nitrogen fixation in the

Cretaceous (Rau et al., 1987).
Changes in oceanic productivity may also be recognized

by the.nitrogen 1sotop;c signature within sediments,

During periods of low prdductiJﬁty complete assimilation of
available nitrate may not be possible. Nitraté uptake
under these conditions {s not rate limiting and results in
phytoplankton depleted in !3N. When nitrate is rate
limiting, as would occur during high ptoductivitj. no net
fractionation accurs and phytoplankton isotopically
resemble the availablg nitrate (Wada and Hattori, 1978;
Wada 1980)2» On this basis, large scale productivity
changes have been recognized in middle Miocene to Recen;
sediments from the Baffin Bay (Macko, 1988).

” .
Carbon to nitfogen ratlos provide another tool for

-

assessing the origins of sedimentary organic matter,
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Marine phytoplankton are abundant in nltrogen-rich proteins

and therefore nge a low C/N of approximately 6 (Muller,
1977). Terrestrial plants have a much lower protein '
content, and therefore have a high C/N with values between
14 and 30 (Godell, 1972).

Altﬁough C/N frequently correlates with §13C as gource
indicators of organic matter in sediments, they are
-consideqsd less reliable than carbon isotope values (Tan
and Strain, 1979b; LaZerte, 1983; Kennicutt et-al., 1987).
The greater uncertainty in this method is a consequence of
the wide variation in the terrestrial endmember (Tnnxand
Strain, 1979b), or the magnitude of error in measgring both
elementai carbon and nitrogen (Waples and Sloan, 1980).

;n addition, marine and terrestrial discinctions are
obscured by alteration of C/N in the water column and
sediments. A preferential loss of more labile nitrégen
rich components during decomposition results in higher C/N
and can cause overlap of th; terrestrial and marine
endmeémbers (Peters et al.,-197§); Sedimentary C/N lower
than 3, the value for pure protein, have been observed and
are primarily caused by the presence of inorganic ammonia
that 1is either dissolyed or bound in clays (Hﬁller. 1977;
Meyers and Keswani, 1984). Absorption in clays of organic
compounds with low C/N, such as amino acidé, may also yield
low C/N in sediments (Muller, 1977: Pillon et al., 1986).

N

’




By using C/N in conjunction with {sotopic analyses sources
of organic matter and ‘diagenetic effects may be better

defined than by use of either techniqud alone.

5. e ' % o e Y

Diagenesis 1h sediments has been recognized by
depletions of organic carbon and nitrogen with deﬁth in a
sedimentary sequence (Montani et al.,1980; Waples and
Sloan, 1980). Some studies have concluded that diagénesis'
doesynot significantly alter the isotopic composition or
organic matter in sediments (Sackett, 1964; Sweeney et al.,
1980; Arthur et al., 1985; Dean et al., 1986; Schidlowskiy
1987). However, changes in isotopic values for both carbon
and nitrogen down core have be;n attribu;ed to diagenetic
alterations (Sackett; 1964; ﬁacko, 1981; Macko et al.,
1987b). Enrichments in }3C can result from loss of

isotopically 11ght lipid material or diagenesis under

17

anaerobic conditions (Sackett, 1964: Behrens and Frishman, 

1971; Macko, 198l1). Loss of !2C enriched proteins and
carbohydrates or loss of terminal 1§btop1cally heavy
carboxylic acid groups results in lower §!3C values (Degens
et al., 1968b; Brown et al., 1972; Macko, 1981; Spiker and
Hatcher, 1984; 1987). Enrichments in 15& in sediments have

been attributed to loss of more easily hydrolyzable

nitrogen compounds (Macko, 1981;\ Macko et al.., 1987b) .




Cry TR T TR W AT MSILA ) [T
* N S iy ex ERE Ao

o : ‘ .
Several studies have been—conducted to investigate

isotoplic changes during decomposition. In phytoplankton
deconpositloﬁ studies, no significant‘change in §13C was
observed (Geﬁting et al., 1984). However, decomposition
has been shown to produce changes in the §!°N of marine
detritus as large as 10° /o0 (Wada, 1980; Zieman et al.,
1984). These findings suggest that microbial alteration °
cannot be ignared vhen“evaluqting the isotopic signal

preserved in sediments.

6. Study sfitei northern Newfoundland fjords and bays
The Newfoundland continental shelf is characterized by

4
central basins and fjords with depths of 200 to 400m (Scott

et al., 1984). These bisins were probably excavated from
the underlying bedrock during pre-late Wisconsinan glactial

-

advances and ére currently covered primarily by
glaciomarine Fediments (D;ie 1979, $ale an& Haworth, 1979).
Wave or tidal reworking of shallower shelf sediments has
result;d in redepositioﬂ\pf fine£>led1ments in the basins
with the coarser fractions remaining on the banks (Scott et
al., 1984). In negrshore areas, fluvial input and offshore
transport of terrestrial debris ﬁnf:contributed to post-
glacial sediment deposition (Dale, 1979).
Micropaleontological eQi?ence of sediments off

northern and eastern Newfoundlend has revealed a aequencé




of Quaternary climatic events. . Water temperatures of 0 to
3°C, similar to the present inner Labrador current,
doninated‘throughout most of the Wisc®nsinan ice age. 1In

the mid-Wi sinan an interstadial is suggested by

moderalély va;ner outer Labrador current water temperatures
of 2 to 4°C (Scott et al., 1984; Miller, 1987). Retreat’of
the late Wisconsinan ice sheet was c;ncurrent with water
temperacﬁres.simiinr to the interstadial and glacial ice
margin conditions that may have been almost fluvial at
times (Mudie and Guilbault, 1982; Scott et al., 1984;

Miller et al., 1985; Miller, 1987). Complete deglaciation

of the land mass took place prior te 12,000 yr BP (Blake,

-1983; Macpherson, 1988),

Outer Labrador current conditions dominated the
northern Newfoundland continental shelf in the early
Holocene with the exception of a brief incursion of inner
Labrador current water at the Holocene-Pleistocene
boundary. Development of the Labrador current;may have
occurred at this time. In the mid-Holocene water
temperatures similar to the present outer Labrador current
éontlﬁued to dominate though a brief ;arm interval from
5000 to 7000 yr BP has been suggested (Scott et a&l., 1984;

.

Miller et al., 1985; Miller, 1987). Separation of the

Labrador current into inner and outer currents occurred in

cpe late Holocene (Scott et al., 1984), Inner Labrador

19




current waters have dominated the northern Newfoundland

»

shelf since that time, although Gulf streem waters may have

influenced water temperatures off Bonavista Bay,
Newfoundland (Scott et al., 1984; MacNeil, 1986; Miller,
1987).

Organic geochemical studies in Newfoundland bays have
been useful in tracing sources of organic matter and
climatic events. Depositi;ﬁ of terrestrially derived
glacial till in Bay D'Espoir was‘characterlzed through §i3N
and §!'3¢C analysia (Pulchan, 1987). The organic component
of Holocene sediments was characteri?ed as having a marine
macroalgae origin, indicative of interglacial conditions
(Pulchan,; 1987; Troke, 1987). Isotope studies of modern
organic matter have recognized the predominance of
phytoplankton as a contributor to sestonvin"Bay D'Espoir
and Fortune bay (Dickson, 1986), and deposition of

terrestrial detritus offshore, resulting from paper mill

effluent in Bay of Isles (Tan and Strain, 1979b).

-

7. §!n22§1§ .

&

.

Carbon and nitrogen isotope and elemental ratios have
been widely r?cognized as tracers of organic and inorganic
, b
sources in the natural environment. Tracing with thése

methods can be problematic 'due to large variations within

. ' R Y .
endmembers and the effects of diagenesis. This study
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involved a carﬁon and nitrogen isptopic and elemental
evaluation of sources, distribution and presefvatioﬁ of
organic matter {n th; fjo;ds and bays of northern
Newfoundla:d (Figufas 4-11). Sources were collected and
"analyzed to define endmember geochemical compositions.

Distributions of these sources in the moderg‘and ancient
environment was ass;ssed by conpprf&ons of several bays and
transects from bay heads to the offshore.. The effects of
diagenesis were determined by methodical comparisons of

surface samples with those deeper in the water column or

sediments.

-4
o




Marine water column and sediment samples were taken
along the north and east coasts of Newfoundland in the
sunmers of 1986 and 1987, during four research cruises

aboard the RV Wilfred Templeman, CSS Dawson and CSS Baffin.

Waters from riverine drainages were obtalned at road side

stations (Fig. 4-1F, Appendix 1). All samples were
analyzed for §13C, §'3N, and carbon and nitrogen abundances
to characterize organi) natté: sources and to ;sie:s the
geochemical effecfg/:;bdiagenexis. The §!3C of DIC and
dissolved oxygen concentrations for some stations were‘
determined to provide additional data on biogeochemical
processes occurring in the'water column (Appendices 2 and
3).~a{§diment color was indicated by Munsell color notation
in core descriptions to assist ih correlating sedimentary
units among cores (Kollmorgén Corpo?}tion, 1975). Grain-

size analyses (Folk, 1980) were done on one cbre t& assist

in characterizing the depositional environment (Appendix

4). . ~
Surficial sediments were collected with a 0.25m?

Vecn grab sampler. Once the sediment was recovered two

sanples were taken, one from the upper oxygenated layer and

A\
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another from a depth of 3cm. . Gravity and piston cores were
. used to penetrate deeper ned%nents, with a maximum recovery
.of 5.5m. .Cores were r&frigerated (3°C) prior to removal of
sediment samples at 16 or 20cm intervals within one'montﬁ
of core collection. A conmnparison of samplfs taken three
weeks after storags at 3°C and those taken after one and
one-half years at room temperature was made to assess the

effects of storage on sedimentary organic isotopic and .

elemeﬂtal data.

Surface, middle and bottém wntefs vere obtgined by
lowering 5L Niékin bottles to Sm, 100m and Sm above bottom,
respectively. An hliquot of 25ml was retained for analysis

of DIC. Excess mercuric chloride was added to inhibit

respiration. An additional 300ml of water was reserved for

J

determination of dissolved oxygen. Oxygen concentrations

were determined, within a few hours of collection, by

Winkler titration using phenylarsine oxide in place of \5
thiosulfate\(Hach Chemical). Seston was isolated from the
remaining 5 to 10L of water by filtration through pre-ashed

47p GF/C glass fiber filters. All filters were ripsed with

at least 300ml of distilled vater to yemove salts and

’

acidified to resove carbonate (30% HCl).

2. Isotopic analysis - LT

In preparation for lsotopic analysis sediments were

”
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freeze dried, acidified (308 HCl), dried and ground into a
; .
 fine powder.. Combustion of organic matter was performed °

.

"

using a modified Dumas method (Macko, 1981). The surficial

layer of the POM filter or 200 to 400mg of sediment was

‘/ﬁlaced in an ashed quartz tube. . Precombusted copper oxide
(BDH 6hem1ca1) and pure copper (Alpha Resources Inc.) was

added in a ratio of 5:1:1 to the sediment or filter.

JFvacuated samples were heated to 850°C and allowed to cool

-

gradually overnight to prevent formation of carbon monoxide
’ A : . ¢

%

N

and nitrous oxides.

Carbqpldioxide and ﬂitrogen gas we:é separated
cryogenically from the combustion products on a vap;ui
line. Purified carbon dioxide and nitrogen gae sanples
were analyzed for their isotopic compositions on either a
'VG 903E or Prism triple collector stable isotope ratio mass
spectrometer; All samples were analyzed By'coppariaqn to
laboratory gas standards which were calibrated with respact
to NBS standards. Isotope ratios are reported‘lﬂ per mil
notation reiative to PDB‘and atmospheric n1t4é; M standards
for carbon and nitrogen, respectively. |

Abundance measurenments for nitrogen gas samples were
determined using a calibrated volume within the ncis
spectfometet. The ion beam produced is pr;ﬁoréionQ} to the

pressure of the gas. Carbon abundances were determined on

a calibrated manometer during dtyogenic gas‘neparation.

N
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3. DIC extraceion

Excractién of DIC from water samples was performed by
éryogenic purif.ication on a vacuum line. A weighed sal?ple
of approxiﬁately 20ml was acidified under vacuum with
phosphoric acid to release carbon dioxide gas. Water wvapor
vas separated from the evolved carbon dioxide in a cooled
U-trap'(~60°C). In-l}ne diffusion and toepler,pumps were

used to transfer the carbon dloxide to a calibrated

manometer for determination of DIC concentration.

4, e -size alys
The relative abundances of sand, silt and clay
s

fractions were determined for core SB3, using the method of
Folk (1980). Carbonate content was qualitatively assessed
by observing the degree of effervescence during
Qcidificacion with 30% HCEI.. Subsamples of 20g were taken
from this c<;te at 25cm‘ intervals. Samples w:re dried,
veighed and washed through a 63um sieve. The portion that
remained on the sieve represented the sand fraction.

The w.ash passing throu‘gh the sieve was added to a 1L
set.tlving cylinder., Twenty wml of a 0,1 molar solut"ion of
sodium hexametaphosphate was added as a dispersant and the

vash was diluted to 1lL. The settl_ing column was vigorously

stirred to evenly distribute the size fractions and 20ml

aliquots were removed by pipet at specific time and depth




intervals (Table 1). Aliquots were dried (150°C) and

weighed. All final weights were corrected for sodium

hexametaphosphate contributions. Silt and clay abundances

were calculated from the 20 second and 2 hour aliquots,

respectively.




Results

The distribut.ion of source organic material in tﬁe
Newfoundland bays was revealed t*rough determination of the, \
isotopvicu_abundances in riverine and marine seston and
surficial sediment samples. Samples of seston and DIC
taken at various depths were used to evaluate diagenesis
within the wvater column. A comparison of ‘surfici:al
sediments with s&mples taken at Jcm was made to assess
alteration processes within upper sediments. This data
provided a basls to evaluate the isotopic signature

preserved in Quaternary sediments.

1. o es

The C/N, 6'3C and 613N of several specles of marine
plants, POM obtained from phytoplankton tows, river seston
and a terrestrial sediment were analyzed to characterize
thelr organic geochemical compositions (Tables 3, a”) N
Considerable variability exists in isqcopic and elemental
compésitions among the various species of algae. The
respective §°N arif&lac values for the kelps range from
3.9 to 7.7°/00 and -21.0 to -13.0°/0o0o. Ratios of carb;n to
nitrogen exhibit a wide range of 7.78 to 27.79.

A large range of values Iin isotopic composition and -

C/N are also observed within a single plant leaf. Though

- )




R e T

| | . / 28
similar in §'5N, the §2°C and C/N of a Laminaria digitada
Teaf are greater than the stalk by 3.6°/vo and 11, |
Vrespectivelyl (Table 3). The range of values for 15 samples
taken within a slnsle blade of Laminarjia m_imm is
8.26 for C/N, 3.1°/00' for §13C and 7.3°/oo for §13N (Figure
12). The central portion of the leaf has'a relativefy low -
§'3N of 3.3°/00, a high §'3% of -22.2°/00, and a high C/N
of 14.14 when compared to other parts of the blade. The
holdfast has a high §!3N, a very low §!?C value and a low : I
C/N.

The marine angiosperm, Zostera marina, had a 615N of

4.8°/00, a C/N of 17.36>and is enriched by 3°/00 relative

to the nearest 8”C‘value of the kelps (Table 3).
Filamentous pat‘ticulate matter collected from the plankton
tows, with a 6§33C of -21.5°/00 and a §!3N greater than
9°/00, 1is at least 1.5%°/00 more enriched >1n 15N and
sligh;ly more depleted‘ in 13C than the algae. The low C'/N .
of plankton tow material relative to other organic matter
sources reflects the ni.t'rogen-rich composition (Table 3).
Terrigenc;us organic matter from rivers 1is .
character{zed by low §'3C values in relation to the ot:xer
organic matteAr sources, Brook sediment and river ;eston s
depleted in 3¢ by §°/o¢; and 4°/oo, respectively, in

comparison to the plankton tows (Tables 3, 4). The

nitr'ogen isotopic composition of terrestrial seston ranges

- ’ .
: \ i
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from 1.6 to 6.5°/00 and overlapped }.5°/o? vith, the kelp o
values. Seston from the Exploits River has the lowest b
5§'3N. Most elemental carbon to nitrogen ratios for
terrigenous samples are lo§er than those of the algae. The
highest riverine C/N value 18 observed in the Exploits
River. |

i rine surface water seston was characterized by
avefage 513N and §'3C values of 7.4 and -24.3°/0co0,
respecti&?ly (Table 5). Surface, middle and bottom waters,
are similar in average §'°C (Table 5). The §'*N of bottom .
waters i{s enriched b} 1.6°/00 relative to the surface
(Table 4). Iﬁe range of {sotope values for all seston
samples 1is 1;5 to 16.8° /oo for §!5N, -21.0 to -30°/00 for

5§13C (Tablé 6). The range of C/N is from 1.8 to 27.4 and
»

fncrease within the water column in the order middle <
surface < bottom (Table 5;. The average congéntrations of
total suspended matter and Its organic carbon and nitrogen
increase in the order middle < surface < bottom (Table 7).
Isotoplic and elemental data for seston samples show
considerable variablility among stations and cruises (Table
6).’>Despite this scatter, distinct trends between spring
and fall sampling -and with depth can be discerned. In May,
surface water seston commonly has low §'°N and high C/N

values as compared to collections in August and November.

This difference 1is particul&rly evident in Exploits, B




Bonaviata and Trinity Bays.

The §'3N of seston from middle waters exhibit two
pat;ern; of variatigp. At the majority of stqtions surface
and bottﬁm waters nfe isotopically similar to each other
but distinct from middle vater samples. This trend is
phrticulafly evident at EX4 in Hay‘and GB3, WB1l, and ND2 in
August (Figures 13 and 14). At other locations, such ¥s
EX6 In August and ND2 in H;y. §!3N values increase with
depth Zrig. 15). | ‘

,Frequeﬁtly, the {sotopic composition of seston from
bottom waters. is shifted from that of middle waters in the
dLrectitQ{jE the §15N and §!3C of the underlying sediments
(Figures £4 and 16). In aﬂdition, bottom water ;eston at
nearly all stations has greater organic and total suspended

" matter concentratigns than samples from the overlying
waters (Table 6). v

The av;rage 6§13C of DIC values for bottom and middle
waters are depleted by 3 and 1.5°/00, respectively,
relative to the surface water (Table 8, Figure 17). ..
Concéntraéions of DIC in most samples collected below 22m

are greater than those taken at the sutgpce (Table %‘

Figure 18). In addition there is no significant

relationship between §13C of DIG)and the concentration of

dissolved oxygen (R < 0.15).
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The average nitrogen isotopic composition of surficial
aedinenc;ry organic matter obtained from surficial
sedi;;nts 7.6°/00, 1s nearly identical -to that of surface
water—seston (Tables 5 and 9, Figure 19). The average §t3c¢
for sur}ace sedi!ents\ ~21.8° /oo, is enriched by 2.5° /oo
relative to surface“waéer gseston, and is similar to she
values for POM from the/ plankton tows (Tables 3, 5 and 9,
Figure 20). Ratios of carbon to nitrogen for grab.samples
average 6.7. This value 1is less than that of marine seston
and greater than that of tow POM (Tables 3, 5 and 9).
S$diments taken from the surface and-those at a depth of
3cm are nearly identical in average lsotopic and elemental
compositions (Table 9). 1In all bays agundances of carbon
and ﬁitrogen are lower in offshore stations than in the
nearshore (iable 10).

If Exploits Bay and the nearshore station in White Bay
are excluded from the surface sediment data set the
variation in §23C is only 1°/0oo. The lowest §!3N and §!3C
and the\highesE levels of organic carbon and nitrogen "are
observed in nearshore stations of Exploits Bay (Table 10).
Increasing enrichments in !N and 33C are observéd with

distance from the head in Exploits Bay, though not in a

similar transect within Conception Bay (Figures 21 and 22).

Similarly, Halls. and White Bays exhibit depletions in 13c¢C




within nearshore stations relative to the offshore (Table

10).

Recomposiction experiment

A comparison of samples taken 3 weeks after storage at
3°C and those taken after 1 1/2 years at room fenperature
is shown in Tables 11 and 12. Only minor differences iﬁ
carbon and nitrogen isotopic and elemental values exist
betwéen the two sets of data. Carbon abuhdances and C/N
values are greater in the i 1/2 year datq'set. The range
of §'3N values In the 1 1/2 year samples 1is greater by

’

0:9°/oo than the 3 week samples.

Core SB3 was collected from within the Notre Dame
Basin (Fig. 4) aﬁd has a total length of 525em. Within
this core five sedimentary units are identified (Fig 213).
" Based oJ se&ine;: descriptions and lithology}these units
appear to correlate with sﬁ;cific units described by
previous work in this area (Dale and Haworth, [979: Dale,
1979; Mudie and Guilbault, 1982; Scott et al., 1984;
HacNeil, 1986 and Macpherson, 1988). These units are

thuug&t to represent a complete sequence of events since

the mid:Wisconsinan (Dale, 1979; Mudie and Guilbault, 1982;
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Scott et al., 1984). Core SB3 is the only core in this
study vhich penetrated to unit 5. Therefore, core SB3 is
considered to represent the most complete sequence of l
climatic events of all the cores collected in this atudy.i
Unit 5 (526 to 505¢n) consists of a poorly sorted red
(10R 4/6) mud ‘'which is greater than 50% sand (Fig. 54).
Previous studies hgve indicated that this unit is composed
of glacial marine till (Dale, 1979 and Scott et al., 15984).
The §%%C, -25.5°/00, and elfmencal abundances in unit 5 are
the lowest of any unig in this core (Figures 25 ;nd 26).
Nitrogen isotope values of 4 to 5°/00 are also lower than
the majority of samples within this core (Fig. 25). Carbon

to nitrogen ratios are between 3 and 8 which is typical of

the entire core ({15. 27).

Within unit 4 (505 to 443cm) the seﬁiment is weak red
(10R 57&) in color and more stratiffied than in unit 5. Th;
sand content raﬂges between 20‘and 40% and is at least 10%
lower than that of unit 5 Organic abundances and nitrogen
isotope values in unit 4 are only slightly greater than in
unit 5, however §'3C values are nearly 2°/oo greater.

Unit 3 extends from 443 and 395 cm. ¥icthin this unit,
between 443 and 395cm, several distinct olive gray‘(SY 4/2)

iaminations, identified as diatomaceous muds &A. Aksu,

Dept. of Earth Sciences, Memorial University of

Newfoundland, personal communication), are vlsible‘against
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the reddish gray (10R 5/1) mud which comprises most of this
unit. The iowernost samples within thig unit are

characterized by §!3N and §13C values 2° /00 greater than in

unit 3. A diatomaceous lamination at 412cm is 1sotopica11y

similartéﬁ unit 5 withaa very low §!3N value of 4.1°/00 and
a §13C of -25.3°/00. In addition a
occurs - in close association with thi
23 and 25). Organic carbon an? nitroge pOncentrations for
the eq;ire.upit are greater than that of unit
maximum abundances of 0.66 and 0.14%, respéctively. The
sand component increases with depth reaching a maximum of
4.5%. 5 | | o

Unit 2 (395 to 55cm) 1s divided into 3 subunits based
on sediment cdloration and carbonatJ content (Dale 1979 and
Mudie and Guilbault, 1982). The lowermost subunit, 2c,
extends from 395 to 177cm and {s further divided into four
zones b;sed on the isotope d;ta and sediment coloration
(Fig. 23). The entire subunit {s characterized by a
relatively‘dbderaCe carbénate content.

With the exception of a reddish gray.(IOY 5/2) calor
in zone 2, between 256 and 195cm, .an olive gray (5Y 5/2) to
gray (5Y 5/1) sediment coloration dominates most of sgbunit
2c. Zones 2 and 3 contain'less than-3% sand whereas units

1 and 4 have greater than 13%, Carbon and nitrogen

1sotope§ increased from minimum values of -23 and 6° /00,

[
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renp;ctively, in zone 4 to maximum values of -21.8 and

9.2° /00, respectively, in zone 3. Low values are again

evident In zone 1. Abundances of organic carbon and

~
3
’
{.

o

nitrogen vary in a similar manner with maximum values of
0.89 and 0.22%, respectively, in zone 3 and minimums in
zones 1 and 4,

The sediment in subunit 2b, between 177 and 163cm,’ ﬂas :
3 ' . a distinctive grayish brown (2.5Y 5/2) coloration and a
relatively high carbonate content. Only one sample was
taken from within this subunit and this is chgracterized by
a §!3N of 6.1%/00 and a depleted §'3C of -24.9°/00. An
unusually IOHVC/N of 1.7 1s{found for shis sample as well
as low abundances of organic carbon and nitrogen.

Subuhit 2a extended to 55c¢m and has an olive gray (5Y
4/2) coloration with slight black mottling and a moderate
carbonate content., Abundances of sand decrease from a
maximum of .30% near subunit 2b to & minimum of 3% near unit
1. >Silt concéntrationsngre constant at approximat;ly 50%.
Oyganic abundances increase steadily throughout this )

L} . /’

subunit with the greatest values at the core top of 1.12%
for carbon and 0.32% for nitrogen. Carbon isotope values

are low and slightly higher than in subunit 2b. Slight

enrichments in 15N in subunit 2a relative to 2b are

evident.

K A dark olive gray (5Y 3/2) coloration with black
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. mottling dominates in unit 1.  Isotope values are kreltet
in SE’C than in subunit 2a, with a maximGm of -22.5°/00,
though similar in §!3N. 1In addition, sand and silt
concentrations, 7 and 64%, respectively, are sigilar to the

uppermost sample in subunit 2a.

4b. Core WB1l

This core was collected.l0km from the head of Wkite

~

Bay (Fig. 4). The entire length of core UBTT 531c¢cm,

vcoﬁsists of an olive gray (5Y 4/2) mud with varyind'amounts

of heavy black mottling. This suggests that only unit 1 is

represented. A steady increase in 633N values iq/observed

from 7° /00 near the top to 9°/00 at the core bottom (Fig.
28). The averég; §13¢ valué between 220 to 3lé4cm,
2&.6°/oo. is 1>¥°/;o more deTletedvthan,the~average for
se@iment below 3;§fm (Fig. 28). Above 220c¢cn carbon>va1ues
fncrease to a maximum of -22.0° /oo at 20cm. The upper 20cﬁ

are slightly depleted relative to those below. - o

Organic carbon and n1tFogen abundances generally.§r
in¢rease up core and range from 0,99 to 4.83% a;d 0.1; éfl
0.42%, respectively (Fig.cg9). The uppermost few sanmples
show slight reductions in organic nitrogen. Thioughogt the
core most §/N values range Between 6 and 12 (Fig.“30).
However, the C/N of the sample at the core top, 19, greatly

excreds this range.

’




4c. Core WB7

Core WB7 was collected 7lkm from the head of White Bay
with a tocai recovery of 430cm (Fig. 4). The sediment from
core WB7 consists of an olive (5Y 4/4) to dark olive gray
(5Y 4/2) mud with moderate black mottling throughout fts
entire length., Based on these sediment characteristics
this core is Interpreted as conéisting entirely of unit 1.

A steady increase in §13¢C uﬁ core is apparent with
depleted values near -25°/00 at the core bottom and -21° /oo
at the top-(Fig. 31). The §!°N above 390cm range between
6.4 to 8.1°/00 (Fig. 31). Sediments below 400cm are

)
enriched in 15NAby as much as 1.6°/00 relative to this
range.

Throyghout the lower half of the core, elemental
: abun%ances are near 0.5% for carbon and‘O.l% for nitrogen
(Fig. 32). Between 203 and 153cﬁ elemental abundances
increase then remain nearly constant to Ocm. Maximum
concentrations of carbon and nitrogen for the cor; are 2.78
and 0.60%, reSpectively. Most C/N values range between 4

and 8 and no trend with depth is observed (Fig. 33).

-~
At

44. gg;grgnz,

Core GB2 'was collected 7km from the head of Green Pay,

a fjord that opens into Notre Dame Bay (Fig. 4). Total

37




sediment recovery was 32lcm. The upper 44cm of core G2 ,
consists of a dark olive gf;y (5Y 4/2) mud charactéristic
of unit 1; Beginning at 44cm to the core botfom the

’
sediment changes from an olive gray (5Y 4/2) to dark gray
(5Y 4/1) mud with moderate black mottling. This interval
has a moderate level of carbonate.

Nitrogen isotope values are constant throughout the
core and range between 7.0 and 8,5°/00 (Fig. 34), A change
in §13¢C is évident'between samples below 44cm which have
values near -22°/o0o and ‘those above which are approximately
-21°/00 (Fig. 34). 1In addition elemental abundances are
different between these depths (Fig. 35). Concentrations
of carbon and nitrogen belg;'200cm,$0.7 and 0.1s
respectively, are constant and more enriched than those of
the sediments abzvef Between 44 and O;n elemental
abundances 1ncrease’sharﬁly, attaining maximum values of 7
4.23% for carbon and 0.63% for nitrogen. Most C/N ratios
‘are in the range of 4 to 10 and exhibit no trends with
depth (Fig. 36),

The transitional éﬁangeé evident in coloration, §'3¢C
and elementgl abundances seen ‘in this cor; at 44cm are also
evident in core SB3 between unit 1 torsubhnit 2a.

-

Therefore, the éhanges in geoch;mical and sedimentary
. -,

characteristics at 4icm are interpreted as representing the

transition from unit 1 above, to unit 2a below. These are




\)
the only units which wvere recovered by this core.

4e, Core HB2

1

A total .of 298cm vas recovered in core HB2. This core
was collected from Halls Bay, a fjo;‘d 20km, southeast of
Green Bay, that also ;)pe;is up into Notre Dame Bay (Fig. 4).
The upper 165cm of sediment consists of a fine silty, olive
gray (5Y 4/2) nmud with‘heavy black mottling. Below 165cm
the sediment is” onlyhlightly mottle&, d';ark gray (5Y 4/1)
and has a high carbonate content. |

Nitrogen isotope values range from 6.0 to 7.8° /oo with

no consistent pattern of variation throughout the core

™~

(Fig. 37). The §'3C range from -22.9 to -21.2° /oo
throughout the core (Fig. 37). From 170 te 150cm a slight
increase in §'°C is obsetved, Similarly, garbon and
nitrogen abundances 1increase across this transition and
generally continue to increase to Ocm (Fig. 38). Carbon.
and nitrogen concentrations above 165cm range from 1.44 to
2.88% and 0.23 to O.44%, for carbon and nitrogen,
respectively. Elemental C/N values axe highly variable
throughout this core, and range from 6.2 to 21,6 (Fig. 39).
A large numbe.r of high C/N.}values occur in the ‘lower part

of the core (Fig. 39). Two units are recognized in core HB2

based on {ts similarity in geochemical and sedimentological

changes to cores SB3 and GB2. Unit 1 is identified between

)
§1 -
e ‘
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.0 and 165¢cm and subunit 2a from 165cm to th/z core bottom.

4f. Core EX6: trigger weight and plston core
' Coring at station EX6 took place where Exploits Bay
- opens into Notre Dame Bay (Fig. 4). Sediment recovery was
1ll4cm for the trigger weight core and 403cm for the piston °*
core. Three sedimentary unit‘s are distinguish;ble in the
piston core and 2 within the trigger weight core.
| The bot:t:oxg S5cm of the piston core consists(of a
reddish brown (2.5YR 4/4) mud with a fine 'silt‘y texture.
The one sample taken from this interval is characterized by
low §!3N and §23C values of 4.9 and -24.7° /oo, respectively
f (Fig. 40). Abundances of organic caxbon, 0,31y, and
nitrogen, 0.05%, are also low in comparison to the rest aof
the core (Fig. 41),.

Between 398 and 353cm the sediment {8 a dark grayish
brown (2.5Y 4/2) hea\‘vily mottled black with nunehrous
bivalve shells and a lem, round carbonate dropstone at
383cm. The 'carbon and nitrogen isot::ope values,

i approximately -22°/oo and 7°/oo, respectively, Qre more

4 enriched than those of the sediments;’below.“Char)ges in the
sedimentary and .geochemical charact/e’ristics between
p

j : :

i sediments below 398cm and those inithe interval of 398 to
; ‘ \

1

4

353cm are similar to changes observed between zones 2c¢-2

and 2c¢-1 of core SB3. Consequently, the two sedimentary
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intervals below 353¢m are classified as zones éc-z and 2c¢-
1

1. No didtomaceous laminations are present in core EX6.

This suggests that they were not deposited at this location

or that the core did not penetrate far enough into the

’
-

sediment to sample them.

From the top of subunit 2c to a.depth of 348cm the
Qedimenc has a gl;ayish brown (2’.5Y 4/2) color and a very
high carbonate content. Although similar to zone 2c-1 in
515N, this f{nterval 1s depleted in 6'3C, %C, N and C/N
(Figures 40, 41 and 42). Nearly identical isotopic and
elemental values are oi?setved between this interval and
subunit 2b of core SB3 indicating that they are composed of

the same subunit. p

A:)ove subunit 2b to a depth of 139cm the sediment is
dark gray (2.5Y 4/) with a moderate carbonate content,
Isotope values are variable and range between 6.2 to
8.3°/00 and -22.8 to -21.3°/00 for carbon and nitrogen,
respectively. Elemental abundances are constant throughout
most of the unit at levels of 0.5% foor carbon and O.1l% for
nitrogen and are similar to subunit 2c.

From 139c¢m to the ‘core top the sediment consist of an
olive gray (5Y 4/2) silty sud with black mottling. '
Increases in §!°N and §12C of 1°/00 are noticeable fron the'
top few samples in subunit 2a to the bottom few samples in

\
the unit above. Over this same interval the organic
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abundances increase as well, reaching concentrations near 9
,3.0 and 0.5% for“carbon and nitrogen, respective'ly. As 1in
other cores, these changes indicatc.a that this Qppermost
interval i{s unic 1, '

Uit}hin the trigger weight core the éolor change
between sediments below 77cm to those above is similar to
the color change observed at 139cmh1n the_Piston core. A
slight increase in §13C and large increases in elemental
compositions_ are observed betwe;n sedinen;:s below and those
above 77cm (Figures 43 and 1'&4). Only a small variation in B
§1*N oeccurs t:hrou.ghout tin éore (Flg. 43). Ratios of
carbon to nitrogen Iin the trigéer welght are sinila.r to
those in the upper portion of the pisto'n core (Fig. 45) .‘

These results indicate that the transition from unit 1l to .

unit 2a Is located at 77cm in the trigger weight core.
i - . . ‘
Re&:ove:y of unit one was much less in this core than in the :

piston suggesting that the upper portion of this unit 'was
lost either by flowing out the top of the core or upon

impact at the sediment water interface. .

-

4g. Core ND2 -
Collection of icore ND2 took place 23km north of core
EX6 and fo_rmed a transect with EX6 and core SB3 (Fig. &4).

fediment recovery extended to 348cm for this core. From

340cm depth to the core bottom the sediment is reddish gray
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(10R 5/1) with 613N and §!°C values near 6.3 and -22°/00,
respectively (Fig. 46). Sediments below 340cm in core ND2
are similar in isotopic composition and coloration to those
of subunit 2c¢-2 }n SB3 (Fig. 24, 25, and 46). Elemental
abundances for carbon, 0.5%, and nitrdgen, 0.07¢, are
nearly constanf within this interval and throughout the
core (Fig. 47). Values of C/N are less than 10 for this
interval and the majority of the core (Fig. 48).

Between 360'and 313cn the sediment is olive gray (5Y
5/2); with a moderate amount‘of carbonate and has several
thin dintomaceousAlaminations. Nitrogen isotope values are
similar to those of the ifdiments below. "A pfogressive
depletion in !3C occurs from the bottom to the top of this
interval. | \

‘Above 313cﬁ, to a depth of 295cm, a grayish brown
color (2.5Y 5/2) dominated and carbonate content 1is high,
The trend of decreasing §!3C observed in the sediments
below continues, reaching e mainimum of -24.1°/00 at 310cm.
Values of C/N, 24.7, within this interval are extreme
relative to the rest of the core (Fig. 48). Changes in
isotope values and coloration between 313 to 340cm and
those between the depths of 295 to 313cm are similar to
changes observed between zone 2c-1 and subunit 2b in cores

SB3 and EX6. Consequently, sediments between 313 to 340cm

are identified as zone 2c-]1 and those between 295 and 313cn

-
L)

»

AN 2.
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as subunit 2b,.

Above subunit 2b a light olive gray (5Y 6/2) doniiiy{s

the sediment. A diatom lamination is present at a depth of
287cm. Increases of greater than 1°/00 in both 615NAaqd
{13C occur f;on the bottén of subunit 2b (313 cm) to a
depth of 250cm. No further changes in §'°N are evident
from 250cm to the top of this core. The §'°C remains

- ’

’pptoximately constant to 20cm.

The coloration of sediments above 17cm is olive.gtay
(5Y 4/2) with heavy mottling. These sediments are enriched
in §23C by more than>1°/oo relative to those between 295
and 17cm. Coupled with the cﬁange in §33C are sharp
increases in the organic abundances which feqch maximum
concentrations at the core top of 1.95 and 0.38% for carbon
and nitrogen, respectively. These changes 1h“hed1nent

coloration and geochemistry at 17cm define subunit 2a below

and unit 1 above.

4h. Core NS}

Core NS1 was collected 17km from the head of Newman

Sound, a fjord that opens into Bonavista Bay (Fig. 5).

This core had the loﬁzst sediment recovery, 226cm, of any
core within this study. Sediment is olive gray (5Y 4/2) to
dark olive gray (5Y 3/2) with heavy black mottling

throughout the core.
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Nitrogen and carbon {sotopes for the enfire core
varied only 1°/o0o and have average values of 7.5 and -
20.7°/00, respectively (Fig. 49). This core h%:jp hign
abundanQe of carbon, 5.79%, and nitrogen, 1.01% (Fig. 50).
Both of these parameters decrease sharply down core. The
total variation in C/N is from 5.0 to 10.9 and no trend
with depth is apparent (Fig. ?1).‘ Stable isotopic and
sedimentary evidence suggest that the entire core is

-,
composed of unit 1.

61. ore B.

Core éil ;as chlected from tﬁe center of Bonavista
* Bay and had a total sediment rec&yery of 556cm (Fig. 5).
Sediment coloration and isotopic data in core BBl are very
similar to core NS}. An olive gray (5Y 4/2) to dark olive
gray (3Y 3/2) sediment with varying amounts of black
mottling dominEGis throughout the core. Carbon and
nitrogen isotope values are very consistent down core and
averaged -21.6 and 7.4°/co, respectively (Figure 52). Core
BBl is not as organic rich Qé core NS, with maximum values
"of 3.35 and 0.63% for carbon and nitrogen, respectively,

~

Between 0 and 180cm a gradual decrease in carbon and

nitrogen abundance is evident (Figure 53). Carbon to

nitrogen ratios range between 5.1 and 11.9 and do not show

much variation with depth (Fig. 54). The sediment




coloration and isotopic composition indicate that the
/entire length of this core consists of unit 1.
| 4. Core summary

A}

Five distinct units were identified and described
g vithin the continental shelf sediments off northern

Newfoundland. These units have unique sédimentary and
geochemical characteristics which are correlated Among

cores. Within these units a complete sequence of

+
’ depositional events representing the retreat of the Late

' Wisconsinan ice sheet and the Holocene interglacial period

|
d
!
9
|
1
i

can be observed. e

~
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The composition of organic matter preserved in
sediments depends on 1its origin and processes of alteration
prior to and after deposition. Througg.geochqpical
analysis of this material a history of depositional and
climatological events can be obtalined. The objective of
this stud; was to assess sources and cycling of organic
matter within the bays of northern Newfoundland as a basis
for evalu;ting sources of organic matter :reserved in
Quaternary sediments. Three endmembers, terrestrial,
marine phytoplankton and macroalgae, were ch;racterized by .
isotople and elemental analys{s for comparison with seston
and sedimentary organic mat::r. Data on seston and

sediment from different depths was used to assess

dlagenesis.

1. eshwa ’ ! . ig
Freshwater seston has §!3C values which fell within

the range of values reported by previous studies for the

tefrestrial endmember (-26.5 to -24.8°/00; Table 1; Peters

et al., 1978, Haéko 1983). Most seston §!°N are more

énriched than values u;ed to model this endmember (Tagles 1

and 4). The ratio of carbon to nitrogen within the

terrestrial environment, 14 to 30, is higher than all
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valueé'obcaiﬁed within this study (Table 4; Godell, 1972).
Within a‘freshvater system Hlnigava_gnd Wada (1984)
lntetpreted'enriéhed values qf 613N relative  to the
terrestrial endmember to be a consequence of phytoplankton.

The enriched §'3N and low C/N values within lacustrine and

-

. .
{ riverine systems of Newfoundland are suggestive of a

L

E>eshwater phytoplanktdn influence.

/J The Exploits River {s unique hmong freshwaters of .
Newfoundland. Thé average §3C, -25.5°/po, and §!3N,
2.2°/00, 1is 0.6 and 2.8°/00 more depleied than the averages
of all other stations. Thae average C/k. 12.3, is greater
than the average of 8.1 obtajned for-the other freshwaters.
Unlike other rivers, the Exploits River is 1nf1§en¢ed by
paper m;ll effluent. This effect could lead to the
depletions observed in the stable isotope values, .
The freshwater terrestrial seston daca suggests that
within the northern Newfoundland ;ystem the terrestrial
endmember is influenced by both freshwater phytoplankton
and an allocthonous input from runoff and paper mill
efflueﬁt. Consequently, the signature of this endmember ,
would be between the average 6§'3C and §'3N for freshwater
seston ipfluenced by phytoplankton, -24.9 and 5.1° /oo

respectively, and the average §'°C and §'3N of Exploits

Ri7er seston, -25.5 and 2.2°/o00 respectively.




2. Macroalgae

Macroalgae from northern Newfoundland has nitrogen

isotope values which fall within a range, 3.9 to 7.7/00,
which was approximately 2°/oo depleted relative to that
reported by Miyake and Wadg'(1967). The variation in §13C
betweén species is as much a8 7% /oo (Table 3). The

specles, Laminaria solfdupgula, has an averdge carbon and

nitrogen isotopic composition of -20.3 and 4.6° /oo,

respectively. L. solidupgula fis recognized as a dominant

species within this system (Bob Hooper, Dept. of Bilology,

x

Memorial University of Newfoundland, personal
communication). Coﬁsequently, its isotopic compositio; may
be the mostycharacgerlstic of the khacroalgae endmember.
Carbon isotope values of macroglgae can vary with
seasons aﬁd within a single plant/ Stephensonvet al., i984;
Fry et al., 1987). The variation over one year can be as

much as 7°/oo and within plant differences are as great as

8°/00. A 4° /00 variation is cbserved within a single L,

solidungula plant from Bonre Bay, Newfoundland (Fig. 12). .
The homogenized L.)solidungyvla from chis study are at least

2° /00 enriched in !C relativas to species of the same genus
taken from other high latitude locations (Stephenson et
al., 1987; Dunton and Schell, 1987).

This study showed that nitrogen isotope and C/N values

also vary within a single plant. The C/N values =at the

re




3iade‘edge and holdfast are at least € less than those of

the midrib (Fig. 12).‘ Ratios of carbon to nitrogen of less
than 10 indicate nitrogen storage (Hanisak, 1983). The low
C/N oﬁserved along the blade edge and holdfast of tﬁe plant

denote nitrogen storage. The enriched §!°N and the low C/N

in these areas in compirison to the midrib suggest that

there is isotopic discrimination during storage (Fig. 12).
Varyfng degrees Jof biosynthesis which draw on these storage
products may be an important factor in determining the §!3N
of algae.‘

Among specles of macroalgae there is a range of 20 in
C/N (Table 3). Four of the eight v;lues were greater than
18. A C/N-greater than 10 is &n indicator of nitrogen
limftation (Hanisak, 1983). High values in this study
may reflect a lack of available inorganic nikrogen in the
environment of these algae. However, no additional data
was collected to assist in discerning the reasons for the
low abundance of nitrogen in these macroalgae.

Based on the analysis of macroalgae in this study, it
is not possible to define a clear endmember isotopic
composition ‘for the northern Newfoundland system. The !°N
values of macroalgae overlapped that of seston. However,
the algae are more enriched in !3C than all but one of the
seston samples (Tables'B and 7). In that L, goljdungulas is

a dominant species in this area, its isotoplc composition
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may most closely tefleét-that of the macroalgae endmember.
L. solidungula is more enriched in 13C and more depleted in
15N than 29 of the 33 surface seston samples.

Consequentiy, values of sediment which are depleted in !°N
and enriched. in 13C relative to seston may reflect the

influence of macroalgae.

3. Marine pﬁ;;i;ulé;g organjc matter

The isotopic abundances of carbon and nitrogen in
surface water seston off northern Newfoundland a;e similar
to those reported by other studies. Seston had an avexage
§13C of -24.3°/00 which is.sinilar to values reported for
phytoplankton from high latitude areas (Sackett et al.,
1965; HcConnaugﬁey and McRoy 19?9; Tan and Strain 1983,
Dickson 1986, Dunton and Schell 1987, Table 5). The
majority of sufface seston §13N values are within the range.
of 5 to.9°/00 which is common for phytoplankton from
pelagic seas and coastal areas (Minigawa and Wada, 1984,
Table aé). Such values are similar to that of oceanic
nitrate, the primary source of nitrogen for phytoplankton
(Hiyake and Wada, 1967; Cline and Kaplan, 1975 and Liu,
.1979). It has also been suggested that ammonia
assimi%gtion éap result Iin.values for seston which range

between 6 and 10° /00 (Saino and Hattori, 1980). The N of

surface water seston is similar to the range reported fqr

©




marine phytoplankton/(ﬂuller, 1977, Table 7).

The §'3N and C/N of filamentous material obtained from
plankton tows is ;ithin the range of the surface sesfon(
The §'*C of the tow material is enriched relative to the
surface seston. This distinction is a consequence of
differences in the type or source of material collected by
the two sampling devices. Niskin bottles primarily collect
su;pended POM, which has been termed seston, whereas the
larger fraction, sinking POH; 1is obtained in the plankton
tows (McCave, 1975; Altabet; 1988). Suspended material has
been shown to be enriched in !3C relative to sinking POM
(Entzeroth, 1982). Alternatively, a larger contributios of
macroalgae to the plankton tow nateriﬁl could account for
the observed enrichment in !3C relative to seston.

Enrichments in the §!®C of phytoplankton material have
glso been attributed t; isotropic discrimination between
HCO, " and CO, in seawater (Deusef,.1970). During periods
of high productivity there 1; increased utilization of Cco,
which shifts the equilibrium between HCB,‘ and dissolved
C0; in favor of the production of CO,. ﬁnder these
condiéions the normally obkserved 7° /oo eqﬁilibriun
fractionation effect in §'°C, between HCO3  and dissolved

CO,, is reduced (Degens et al., 1958b). This leads to

$
- enrichments 4<n" 13C of dissolved CO, and of the

phytoplankton which utilize this gas.




The origin of the plankton tow material is u.ncertain.
Isotopic and elemental data suggest that it is mostly
composed of phytoplankton with a minor conttibution from

macroalgae.

It is difficult to discern relationship of

this/matsrfal to the rest of the system”becatse only two

samplgfs were obtained.. Consequently, the seston samples

are congldered to be t:he most representative of/m ine POM.
Variatioﬁ observed in the :fsotopic'and e];'en;e al
abundances of surface w‘q;’er sestor; reflect gh_ang;as ‘In the
relative input of organic matter from terrestfial,
phytoplankton and macroalgae detritus. 1In May, seston from
Exploits and Trinity Bays_r 1s characterized by lower»$15N
and higher C/N and‘ organic concentrations than at other

times of the year (Table 13). These changes indicate an

increased terrestrial influence in May as a consequence of

53

spring runoff. The low §!'>N and high C/N values in e

Bonavista Bay in May are also inte.rpE}ted ad being
influenced by terrestrial runoff.
Depletions 'in 12C, which normally accompany
terre;trial input, are not al;lays ébserved. At EX4, EX2,
and TB5 the carbon values in May, -23.5 to -23..2"/00, are
greater than at other times of the year. This seems to
contradict a terrestrial influence since the average value

for freshwater seston from the Exploits River is -25.5° /oo,

The most enriched 6'3C within Exploits Bay, -22.5°/a00, is




\btained at EX1, the station nearest to the mouth of the

E\(ploits River. The carbon and nitrogen isotope values at

Ex\l are similar to L, solidungula which suggests a strong
{
macroalgae contribution at this station. _A macroalgae

influence in May throughout the Exploits and at HB3 in May
and ND2 in November could result in the observed

»
enrichments in §'3C. [

Excluding stations within Exploits, Trinity and Halls
Bays 1in May and ND2 in November where a terrestrial or

{

macroalgae contribution is obser{ld, low §'3C wvalues

suggested -a predominance of phytoplankton detritus. If the
-+ . )
above stations are not includéd, the average for §!3N and

§13C is 8.2 £ 1.5 and -24.6 * 1.6, respectively. These
values define the phytoplankton endmember for the bays of

3

northern Newfoundland.

The isotopic a;'xd e‘lementa} composttiéﬁ‘of seston from
lower waters is a fuhction.of sources, degradation and
resuspension. Degradation of organic matter typically
results in increases in §!3N and C/N and decreases in §'3C
and organic concentrations (Gorden, 1971: Hu1~1er,'19'{7 and -
Saino and .Hatt\ori. 1980).. Diagenetic effects within the
water column ax:e evident at many stations by increases in
Gi"N in middle and/of.‘ bottonm wat‘err seston relative to-

surface vaters (Figures 14 and 15).

The §!3C and C/N of seston showed no consistent trends

19
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with depth as opposed to §!3N. The smaller variation in

§13C relatiVve to §!°N may be eihplained by fractiopation of

13N during utilization and mobilization of the nitrogen,
Microbial activity may increase the nitrogen content of
detritus over time (Tenore, 1983). The variable C/N wvalues
and organie concentratlons; of lower water seston in this
study may, ther;fore, be related to the size of the
bacterial community present.

At some stations the §!3N of middle water seston is
lower than that of seston above and below (Fig. 14). i
&imiiar depletions in !3N have been observed at the base of
vth—‘e euphotic zone and were attributed to isotopic
discrimination during assimilation of inorganiec nutrients
under high concentrations where conditions are non rate
limiting (Saino and Hattori, 1980; 1985 and 1987).
However, decreases in seston nitrogen isotope wvalues have
also been at'tributed to growth of bacteria utilizing
isptopicdlly depleted ammonium (Wada 1980, Libes;and *
Deuser, 1988}, ‘5'99£ng to the lack ,o’f data on nutrient
concentra'tion ahd isotopic abundance\'\i/r, 1s not possible in
this study to distinguish between these tw.o pProcesses.

Degradation of organic matter in the water column is L\ )
also indicated by changes in the §!°C and concentration of
DIC with depth (Figutes 17 and 19). Averliage 8'3C values

are lowest in bottom waters and greatest in surface waters.

-/
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Alsg} evident 1is an increase in DIC concentration in deeper
water samples (Table 10). These two trends 1nc§1cate an
i»np\;lt: o.f isotopically depleted carbon d_ioxide froym the
oxidation of or'ganic natter (Kroopnick 19.80).

Seston from bottom waters frequently has greater
concentrations of t:?tal suspended matter and _‘organic carbon
and nitrogen than surface and)‘or midadle wate;s (Table 7).

A contribution of sedimentary materialyto these samples' is
likely since the majority of b.cv)ttom samples were collected

v

Sm above the seabed. Near bottom seston §'3C values have
been observed to reflect a mixture of sediments and surfgpe

water seston as a consequence of resuspension (Tan and

Strain 197%a). Similar shifts in bottom water seston §!3N

and 613C values are observe{ at several stations in this °

study and indicate resuspension of sediments (Figures 14
and 16). The effects of resuspension may have 'been ?
observed at all stations had seston been collected nearer -
to the seabed. | .

\These results suggest that the isotopic and elemental
composition of seston in lower waters is a‘ffected by
productivity, degradation and resuspension. There 1s a
teﬁdency for one process to affect one parameter to a
greater extent than it affe'cted others. For exanéle,
degradation in middle waters at station HB1 in November

resulted in a 5.6°/o0 increase in §'3N with respect to the
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surface, but had negligible effascts on §!'’C or C/N (Table
6) . Resusﬁension is clearly indicatéh at GB} in August by
an increase of 2.09mg/l in total suspended mattervo} bottom
water seston with respect t; thelmiddle watet‘sanplq. Both
carbon and nitrogen isotope values at GB3 are shifted.by
greater than 1°/o00, but the change in C/N was minor. These
data indicate that degradation and resuspension, either
directly from the bottom or from slumping, can affect
seston carbon and nitrogen to vafying degrees or
independently. A clearer inte;pfetation‘of the processes

affecting the isotopic and éle tal composition of seston

could be obtained by collection and alysis of more

samples from different depths at each station.

4 . Surficial ggdimgngs

Sediments receive organic matter from the water
column. The isotopic and elemental\composition of J
sediments within Northern Newfoundland Bays should reflect
a mixture of the threé endmembers which contribute to the
waters of this systen, The 'upper centimeter of sediment
material is similar to the phytoplankton endmembexr in §!°N
and GC/N but resembles m#croilgae in §13C (Table 14). These
results infer a mixing of two sources as opposed to
diagenesis. The enrichment in !3¢ of surficisl sediments

relative to seston contradicts the isotopic trend that is




assoclated with diagenesis (Eadie and Jeffrey, 1973;

Jeffrey et.al., 1983):

A terrestrial inflgence is observed in Exploits Bay.
The §'°C and C/N of surficial sediments at EX1l are very
similar to the terrestrial endueubef (Tables 10 and 14). A
grab transect in Exploits Bay clearly demons®rates a mixing
of terrestrial and ngridB sources by increases in §!3C anad
523N with distance from the head of the estuary (;igukas 21
and 22). A similar transect in Conception Bay does not
show a similar mixingatrend. Isotoplic values throughout
the Bay are relatively constant and 1ndicat4ve of a mixture
of phytoplankton and macroalgaes material.

The surficial sediment data demonstrate that isotopic
and elemental data can be used in the modern environment to
assess the relative contribution of sources of organic
material to the sediments. Information regarding
vafiations in this input over time is retained in core
samples. However, diagenesis in sedimentg mu§t be assessed
to determine if this process obscures, the geochemical
signature of the source material.

Decomposition may be responsible for the ﬁidor range
of §1°N and greﬁte: C/N values when samples were ﬁtoréﬂ for
one and one-half years in the laboratory at room
temperatur; (Table 12). Héwevet, it is difficult to make a-

firm conclusion of the basis of these few samples. More
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hanples are needed from this and other cores to assess the"
organic geochemical chaqg;}_ghat occur to sediments under
storage. Diagenesis is not apparent in the upper 3cm of
the sedlpentl.i The average isotopic and elemental
composition of samples taken at 0 and 3cm are nearly
identical (Table 9). The geochemical signature is
preserved and therefore the ability to assess the relative
contributions of organic sources was maintained in upper

sediments.

Evaluation of core data similarly depends on the

ability to distinguish changes due to source from those

which are a consequence of diagenesis. The latter effect
1s indicated by decreases in the organic“abundance of
carbon and nitrogen down core (Montani et. al, 1980; Vaples
and Sloan, 1980). vSuch trends are apparent in all cores
from this study (Figures 26, 29, 32, 35, 38, 41, 44, 47, 50
and 53). Enrichments in !3N and depletions in '%C over the
same interval where organic abundances decrease have been
attributed to diagenesis (Behrens amnd Frishman, 1971;
Macko, 1981). Concomitant decreases in §'°C and carbon and
nitrogen abundances are observed in core‘WB7 (Figures 31

and 32). No definitive trends are observed in §!5N with

Ty
Aty




depth. Decreases in §!3C and organic abundances between
unit 1 and 2a of cores SB] and ND2 are accompanied by
changes in sediment coloration. As will be di;cussed later
this color change implies a change in sediment
characteristic{ which is probably related tec a change in
source. Core WB7 is the only core where diagenesis is
clearly indica;ed by isotopic trends.

With the exception of core WB7, diagenesis is not
considered a domi;ant factor in ‘controlling the isotopic

composition of sediment cores. Therefore, the data from

this study is used to assess changes in the relative

contribution of endmembers as a funection of climatological

events from the late Wisconsinan through the Holocene.

5b. Inte 0 ve

The most complete sequence of}depositional events {is
represented by core SB3. For the sedimentary record
represented by this core, lsotopic and elemental data
evidence the retreat of the iaté Hisconsinaq,ice sheet.
Ice movements are reflected by changes in the relative
contributions of organic matter sources and
sediﬁentological characteristics. A regional
1ntérpretatfon 1s provided by correlations among cores.

The earliest depositional event represented by unit 5

of core SB3 1s interpreted as till that was deposited
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dgring the Late Wisconsinan élaciai maximum. This material -
1s considered to have originated from Carboniferous bedrock
located west of core SB3 (Mudie and Guilbault, 1982). The
average §!°C, -25.3°/00 and average 61°N, 4.3°/00, for
ugit S are similar to the Isotopic composition of
freshwater seston tonsidered to be of phytopla;kton origin‘
(Table 5 and Fig. 23). Similar isotope values are reported
by Pulchan (1987) ‘f‘or a glacial till dePosited in marine
sediments from Bay D'Espoir, Newfoundland. The C/N valués

are lower than that of the Exploits river seston but most

fall within the range of fresh water seston (Tables & and

14, Figa 27). The geochemical evidence indicates that the

sediment in unit 5 was initially deposited during the
Carboniferous in a freshwater environment prior to glacial
transporg.

Previous work suggested that Unit 4 was deposited
shortly after separation of the grounded ice sheet from the
sea floor (Mudie and Guilbault, 1982). The §1°N and C/N
values are similar to unit 5. An increase of 1.7°/00 1in
the average §13C of unit 4 relative to unit 5 may indicate
a small contribution of marine organ!c matter (Fig. 23).
After separation waters below the ice sheet could have
exchanged with those further offshore resulting in mixing

of till and marine organic matter.

A greater marine influence is evidenced in unit 3 by




diatom laminations and §!°N values near 6°/00 at the base
of lhis unit (Fig. 26). The rotrgat of the ice sheet over
thls location is implied by these data and the ob#erved
decrease in the abundance of sand from the bottom of the
core through unit 3 (Fig. 24). Ages of 21,000 and 17,000
yr BP has been proposed for this event (Hudie and
Gullbault, 1982; Scott et al., 1984). Carbon and nitrogen
isotope values of the upper sediments of unit 3 are similar
to unlit 4. Within unit 3 these §!5N values can be
accounted for by release of till as the iceAsheec melted or
preferential degradation of marine organic Matter and
preservation of the signal from the more r actory
terrestrial till,

The sediments of unit 2c are similar in isotopié and
C/N composition to that which would result from a mixture
of macroalgae and phytoplankton (Figures 25 and 27). The }
weakening influence of till and predomingncg of
phytoplankton is indicated by increases in §13N up core
within zone 4. Enrichments in !3C from the bottom of zone

4 through zone 3 may reflect a contribution of macroalgae.

The productivity of macroalgae gfowing at depth would be

enhanced by increased light attenuation associated with
extensive ice free conditions. Surface phytoplﬁnktqn could
flourish with partial ice cover. Reductions in ice cover

could account for the influence of macroalgae organic
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matter observed in zone 3. ’ '

Athough a narine/{;;:::nce continues to dominate the
geochemical parameters of sediments within zone 2, a
reddish gray coloration suggests deposition of till. The
" low sand content within this zone suggests‘that the till
was not deposited in close proximity to core SB3 (Fig. 24).

Sediments in zone 2 of core ND2 are similar to zone 2?2 of

core SB3 in isotopic composition and sediment coloration

hé}g. 46) . However,.in core EX6 the reddish s;diment is

accompanied by §'3C and §'’N values similar to those of
unit 5 of core SB3 (Fig 40). The isotope values of
sediments vithié zone 2- of EX6 indicace a second deposition
of till in close proximity to this core. The till may have
been flushed into the Notre Dame ;asin. Organic
. concentration of the till is low and not sufficient enough
to overprint thg marine signature prevalent in zone 2 of
cores SB3 and ND2 (Figures 26, 41, and 47).
. .
Decreases in ,4'°C and C/N up core in zone 1 of subunit
2c and subunit 2b within cores SB3 and EX6 are
characteristic of an increased contribution from
phytoplankton relative to n;croalgae. The §!'3N of 6°/o00 is
low relative to the phytoplankton endmember but is within |
the range of surface water seston (Tables 7 and\lh).

Shifts in the nitrogen isotopic composition of

phytoplankton may be related to variation in the abundance
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-and lsotopic composition of inorganic nitrogen (Cline and
Kaplan, 1975;\540 and Hattori, 1987)-.

Subunit 2b éf core ND2 has a similar isotope
composition to subunit 2b of cores SB3 and EX6, The C/N
values in subunit.2b of ND2 of greater than 20 are strongly
indicative of terrigenous organic matter. This

'subunit 1s characterized by a very high cafbonate content
considered to be détrital in origin (Dale, 1979). Th§ high
carbonate content of subunit 2b distinguishes it from the’
carbonate poor'till. Transport of detrital carbomate and
localized deposition of terrigénods material could have

resulted from ice rafting.

A phytoplankton signature dominates the sediments of
subunit 2a of core SB3. At core sites EX6, ND2, GB2 and
HB2 subunit 2a has 6‘5N values which are similar to those

of subunit 2a of core S$SB3 but §'3C are greater and range

between -21.3 and -23.2°/00 (Figwres 25, 34, 137, Ab and

56). The enrichments in !°¢C reflept a‘greatet contribution
of macroalgae at these inshore stations. Within subunit 2a
of core HB2 C/N-values greater an 16 could result from a
contributi#n of terrestrial organic matter (Fig. 39).

+An age of 10,000 yrs BP has been estimafed for the
base of unit 1, which has been suggesﬁed to represent
sedimentation after complete deglaciation of Newfoundland

(MacPherson, 1988). Aside from evidence of a terrestfial
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input observed in the §!%C and C/N of the upper 10cm of
core WBl, unit 1 15 dominated by marine organic matter

(Figures 28 . and 30). ‘Thq majority of §!*N values and C/N

r

values for unit 1 of all cores are typical of a mixture of

’

phytoplankton and macrualgae‘organic matter. A greater

contriﬁution"of macroalgae relative to phytoplankton in

most samples of unit 1 is sdggested b& 5§'3C values which ,
are enriched relacive the phytoplankton endmember (Fig.

49). This macroalgae predominance is most evident at NS1.

\

QQanESiO[!§

I;otopic tracers in combination wiFh elemental
analyses are ﬁseful in distinguishing among three sources
of organic matter, terrestrial, macroalgae and
phytoplankton, which influenced the waters and sediments
off northern Newfoundland, Séston fxom Qost locations is
prima{ily composed of phytoplankton. 1In Ma;f Trinity,
Exploits and Bonavista Bays show a terrestrial input in
surface seston samples. The majority of surficial
sediments reflect a mixture of phytoplankton and macroalgaé
detritus. A terrestrial influence is reklected only in
surficial sediments of Exploits Bay.

The geochemistry of seston and DIC from the lower

Ny

water column is related to sources, degradation and’
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sediment resuspension. It is possible that these processes

"act independently to dffect the isotopic and’elemental

composition of<lower seston. Diagenesis is8 observed to

alter isotopic abundances In water column suspended POM.
However, in only one core are sediments affected by this
process. C?nsequently, in other cores the {sotopic
sign%tu;es are considered to indicate organic‘matter
sourqf%.

Through geochemical characterization of sediment cores

¥

the retreat of the Wisconsinan ice sheet is‘docunented and

correlated among cores. ;Isotopic and elemental parameters

show a decrease in the 1;f1uegce of terrestrial organic

.

matter within glacial till and an increased marine
influence up core. withinfﬁarlne sed%ments a variation in

the dominance of phytoplankton and macroalgae is observed.
\ .

Geochemical .data provide a method«for assessing the

Y

origins of sediments. This is particularly useful in the

absence of microfossil assenﬁlugesﬁ. New developments in
isotope sclence which involve the isolation and analysis of

compounds may assist Iin a more accurate evaluation of’

diagenesis and origins of organic matter.
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Table 1. Carbon and nitrogen isoctopic compositions of
dominant organic matter sources (endmembers) to
marine sediments, -

,,____\ Terrestrial Marine Location and Reference
‘ Phytoplankton Macroalgae
§15N §13¢ §13N s§l3c¢ S1IN s§13c¢
__— (°/00)(°/00) (°/00)(°/00) (°/00)(° /00)

2 -25 6 -21 8 -22 Gulf of Maine:
‘ Mayer et al., 1988

4 .25 9 -22 7 -21 Baffin Island,
. Canadian Arctic: :
Macko et al., 1987b .

o 1.8 -26.5 6.3 -20.3 Otsuchi River
. o " Watershed, Japan:
Wada et al., 1987a

3.1 -25.2 6.8 -21.0 - Canadian Arctic
. Archipelago:
Pereira and Macko,
1986 . ‘ !

0 -2648 6.2 -21.2 U.S. east coast:
: Macko et al., 1984

7.5 -21.0 Northwest Gulf of
Mexico: Macko
et al., 1984

-0.9 -19.4 Southeast Gulf of
Mexico: Macko
et al., 1984

2 -26 10 - -21 - Northeast Pacific
: : Ocean: Peters
et al., 1978

2.5 -24* 10 . -22 Southern California
. _ Ceast: Sweeney
f ‘ ’ et al., 1980 and
Sweeney and Kaplan,
! 1980a

* These values are a characterization *of—terrestrial
sewage, .o

¥
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Table 2. Time and subsur
. settling column

o

face depth of aliquots used in
determination of silt and clay

abundances (adapted from Folk, 1_9'80).

Time Subsurfacg depth (cm)
20 sec. 20
2 ain. 20
4 min. 20
8 min. 20
15 min. 20
30 min. 10
2 hr. 10
8§ hr. 10

Table 3. 1Isotopic and elemental analysis of potential

contributers of

organic matter to the water

column and sediments of northern Newfoundland.

— - ——— - i — . e o e o . £

§15N(°/00) §13C(°/00) C/N

Fucus vesiculosis leaf
Ascophyllum nodosum leaf
Saccorhiza dermatodea 1
Saccorhiza dermatodea 2
Laminaria digitada leaf
Lamiparia digitada stem

‘Laminaris solidungula 1

Laminarias solidungula 2
Laminarias solidungula 3
Zostera marina leaf
Zostera detritus
Plankton tow Exploits Bay
Plankton tow White Bay
Brook sediment (Big Brook

-21.5 3,87
-21.5  5.16
-27.7 ©12.22

5.6 -13.0 27:79
4.5 -13.9 .
6.5 -16.2 26.70
6.9 -17.6 24,54
7.3 -13.8 18.67
7.7 - -17.4 ' 7.78
5.0 -21.0 10.05
4.9 -20.4 B.74
3.9 -19.6 '+ 8.72
4.8 -9.3 17.36
4.6 -9.9 24,04

. 9.9
9.2
3.9

NF) -

-

Unless other wise spec

ified the entire plant vas

analyzed. The Fucus and Ascophyllum plants were
" collected offshore in Bay of Isles in 5/87, as were

the plankton tows.

collected using SCUBA
algae were collected usin
** Not determined.

solldungula plants were
from Bonne Bay in B8/87. Other

g SCUBA from Logy Bay in 6/87.




Table 4. Seston data for t
: on. 5/29/87

errestrial stations collected

Location §18
(° /o

N &613C pgC/1l yaN/1 C/N
e)(° /oo)

SL1 Sandy Lake 3
"BB2 Burnt Berry BRook 5
S03 South Brook . &
BA4 Badger Brook 5
BA4 Badger Brook 6
ERS Erploits River 2,
ER5 Exploits River 1
ER5 Exploits River 2
IA6 Indian Arm Brook 4
BI7 Big Brook 5
SHS ShoaI Harbour River 6

NMWOWAIWMFWEHEONW

-25.2 197
-24.8 160
-24.4 87
-25.2 120
-24.2 92
-25.2 261
-26.0 451
-25.4 469
-25.5 101
-25.17 121
=244 85

OV ENHEOVRNW

TSM = total suspended mat
* Data was lost in handling.

Table 5. Mean and standard
and C/N of seston samp
and bottom waters.

ter.

deviation data on &§!3N,
les from surface, middle

Samplex* §13N(°/00)
depth mean * o

§13C(°/00)
mean t ¢

Surface A
Middle . +

Bottom .0+ 2.4

-24.3 1.5
-24.6 1.6

-26.1 % 1.3 . 5.8

* Surface waters vere taken
90 - 115m, bottom waters we
bottom and ranged in dept:hs

from - 6m, middle waters from
re taken approximately 5m above
of 160 - 633m,




Table 6. Isotopic, elemental and total auspendgi matter
data of seston samples for all research surveys.

Depth §5N &3¢  wgC/1 wgN/1  C/N TSM* Date
(m) (°/00)(°/oo0) (mg/1) (m/d/yr)

WB1 1 10.1 -24, 42 . . 11/17/86
WB1 115 10.1 -24, 34 :
WBl1 231 10.1 -23. 63

WB1 4 . =29, 29 . . 5/27/87
WBl 100 . -22. 41 . .50
WBl1 236 . -23. 76 . .81

WB1 5 . -25, 33 . .02 8/15/87
WBl 100 . -24.3 18 . .10

WB1 265 ; -24.0 46 } 1.36

WB7 3 . -24.3 46 . *£  11/17/86
WB7 200 -24.0 41 *k
WB7 390 .0 -23.3 s8 . >k

WB6 5 -21, 95 . . 5/27/81

7
WB6 100 * -21.0 60
5

WB6 418 . -21. 112

WB6 100 . - 24, 28
WB6 42C . . 41

WB6 5 .3 -24, 42 . . 8/15/87

SB&4 3 L9 =233 42 . . 11/17/86
SB4 149 .2 =23, 84

SB4 302 . - 24, 97

SB2 6 . -25. 53 . . 5/26/87
SB2 96 . - 24, 48 . 50

SB2 277 . - 24, 60 . .87

SB2 5 . -26. 38 . . - 8/15/87
SB2 100 . -24. 18 . .74

SB2 286 . -25. 25 . .36

GB1 3 9.0 -24.2 38 7.4 **  11/18/86
GB1 100 10.3 -23.9 38 8.4 *k
GBl 181 11.3 -24.4 46 8.1 *k

a s

* TSM .= Total suspended nacEer./ *** Data lost in handling
** Data was not collected ’ ; .

N\
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Table 6. Continued , v
Stn. Depth §!5N 613¢ BgC/1l  pugN/1  C/N TSM Date
(m) (°/00)(°/00) : (mg/1) (m/d/yr)
GB3 S 8.7 -24.5 76 11 8.3 0.24 8/14/87
GB3 100 11.1 -26.9 33 8 5.2 0.53 ’
. GB3 245 8.0 -25.4 55 12 - 5.5 2 .64
HB1 2 8.2 -23.8 29 5. 6.5 **  11/18/86 {
HB1 90 11.8 -24.4 1 4 7.6 *k
HBl 169 13.8 -23.7 25 5 6.1 *k
HB3 & 6.8 -22.5 98 12 9.2  0.35 5/26/87
HB3 99 5.8 -25.2 43 10 5.3 0.35
HB3 310 8.1 -25.7 29 9 3.7 - 0.7&4
ND2 2 5.0 -23.3 42 5 9.3 **  11/18/86
ND2 181 6.7 -24.9 35 4 9.3 . ax
ND2a 361 7.8 -23.0 62 7 10.7 *k
s ND2b 361 7.0 -22.7 84 9 11.0 *k
ND2 5 6.1 -24.1 70 10 8.1 O0.64 5/26/87
ND2 100 7.3 -23.2 74 11 7.8 0.57
ND2 214 13.1 -24.8 45 12 4.5 0.67
ND2 . 5 7.4 -27.7 33 9 4.3  0.22 8/14/87
ND2 100 1.5 -25.3 16 7 2.6 0.83
ND2 366 9.2 .27.8 23 9 3.0 1.28
EX6 4 3.8 -23.6 37 10 4.2 **  11/19/86
EX6 301 4.5 -24.1 33 5 7.4 *k
EX6 589 5.4 Xk 33 8 5.0 *k
EX6 5 5.7 -23.3 111 14 9.2 0.47 - 5/25/87
EX6 100 9.3 -23.9 113 15 9.0 0.74
EX6 620 9.3 -24.0 90 10 10.7 0.45
EX6 5 7.2 -23.5 62 13. 5.7  1.09 8/14/87
EX6 100 10.6 -24.0 58 10 6.6 -0.33
“EX6 633 11.9 -24.9 30 9 3.8  0.90
EX4 5 6.3 -23.5 130 14 10.8 0.71 5/25/87
A, EX4 102 2.4 -23.0 114 11 11.7 0.60
EX4 488 9.4 -24.0 91 10 11.1 0.78
ND2 a and b are replicate samples. -
¢ 3




" Table 6. Continued.

. : v
Stn. Depth §13N 613¢ BgC/1  ugN/1 TSM Date
(m) (°/00)(°/00) o (ag/1) (m/d/yr)

.6 -24.5 ' 0.84 ' 8/14/87
.8 . -24.6 0.58
.6 -23.0 . 0.57

.8
10
9

?

70-23.2 . 0(76 5/25/87
.8 -24.2 A 0.87
50 -23.1 . 0.95

-23.0 . 0.09 8/13/87
-25.2 0.40
-22.3 0.55

-23.7 1.62 5/25/87
-24.2 . 0.71

-24.5 ) 0.75

-23.7 : 0.55
-25.1 . 1.95

-24.8 1.10 8/13/87

-22.5 10, 0.73 5725787
-22.7 0.78 ‘
.23.0 | &.20

-24.2 N 0.40 5/24/87
-23.6 1.26
-23.4 ) 1.21

-23.7 . ** 11/21/86
-23.6 . 1)

-24 .4 *k

-2%5.6 ; 0.80 5/23/87
-24.9 0.75

-25.0 2.15

8.8 -24.7 - 1.16 8/12/87
.8 -25.3 1.46

.40 -27.3 . 1.28




Table 6. Continued.

73

Stn. Depth §!°N §''C  ugG/l  ugN/1 C/N TSK Date
(m) (°/o0)(°/c0) (mg/1) (m/d/yr)

TBS 5 6.4 -23.5 176 12 17.0 0.50 5/23/87

TBS 100 5.4 -25.1 101 10 11.5  0.65

TBS 570 4.6 -23.6 234 11 24.8 1.27

TBS 5 8,4 -25.7 31 9 3.4 1.93 8/12/87

TBS 100 8.2 -30.0 14 9 1.8 0.78

TB5 578 9.9 -231.2 58 11 6.3 0.55

RS1 - 5 9.7 -23.6 43 9 5.5 0.20 8/12/87 .

RS1 100 8.4 -25.6 38 10 4.6 0.07

RS1 160 9.3 -25.2 32 9 4.0 KL

CB3 100 8.8 -27.7 18 9 2.4  1.65 8/18/87

CB3 254 8.6 -24.3 12 10.5 s ,

111

.25

—_————




Table 7. Mean and standard deviation data on :
concentrations df total suspended matter, organic
carbon and nitrogen of seston samples from
surface, middle and bottom waters,

Sample ugN/1 #gC/1 TSM(mg/1l)*
depth mean * o mean * o mean * o

Surface 10, 72 41 0.77 0.55
Middle 9 53 34 0.64 0.38

Bottom 10 & 77 *+ 66 1.27 + 1.02

* TSM = total suspended matter.

Table 8. "Mean and standard deviation data on §!3¢ and
concentration of DIC.

Sample® §13¢C(° /o0) : Conc. (mM/kg)
depth mean t o ) mean * ¢

Surface 23,1 4+ 1.7 1,50 + 0.38
Middle ) 2.3 . 1.70

Bottom . ‘1.8 1.68

* Surface water samples were taken 1-1l4m,
22-131m, and bottom samples 189-626m.
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Table 9. Mean ‘and standard deviation data on §!3N, §t3c,
N, 8C and C/N of grab samples.

Sample 615N s§13¢ &N sC c/N
depth mean * o mean * o nmean *+ o mean * ¢ mean * o

(em) (°/o0)  (°/00)

0 7.6 1.1 -21.8 % 1.1 0.66 + 0.34 3.67 + 2.06 6.7 + 2.9

3 7.6 0.9 -21.4 % 0.7 0.66 + 0.34 3.60 + 1.80 6.7

+
N
[




Table 10. Isotoplc and elemental data on grab samples.

-

Statlon* §13N §t3c¢ T SN C/N Date
- (®°/o0) . (°/oc0) P (m/d/yr)

EX1S** . 24, .18 . 0.61 . 9/6/86
EX1B . -23, .32 .63

TEX1S . -25. .69 43 . 5/25/87
EX1B . -23. .65 .79 .3

EX2S . -22.9 .61 .00 : 5/25/87
EX2B -22. .73 .95

EX2S . -22. 6.77 ° .40 . ‘8/13/87
EX2B . -21. .91 .90 .

EX3S . -22. .41 .44 5/25/87
EX3B . -21, " 4.31 .05 :

EX4S ) .21, 38 . 1.22 ) 8/14/87
EX4B 7. -21. 17 46

EX6S ) -21, .08 89 .7 8/14/87
EX6B .5 -20. .49 75

ND2S . -20. .02 .23 . 8/14/87
ND2B . ) -20. .15 .23

HB1S . -22. .13 .59 . 5/26/87
HB1B . -21. .86 .17

HB3S . -20. .84 .93 . 5/26/87
HB3B . -20. .69 .67

HBSS . -21. .74 .83 X 5/26/87
HBSB ) -21. .93 .77

GB1S A -21. .26 .57 . 8/14/87
GB1B . -21. .40 .81

GB4S 9.4 -21.1 3.11 0.75 4, 8/14/87
8.2 3

GB4B -21.0 .44 0.65 6.1

* Statlon abreviations are the same as are in appendix 1.
** § = surficial sediment, B - sediment at a depth of 3cm.




Table 10. Continued.

Station* §!3N §t3¢ Date
(°/00) (°/o0) (m/d/yT)

WB1S . -22.3 . . . 8/15/87
WB1B 3 -22.0 .

WBSS . -21. ) . . 8/15/87
WB8B -20. 3

CB1S ) -21. ) ) ) 8/18/87
CB1B X -21. )

CB2S . -21. . . 3. 8/18/87
CB2B ) -21, .

CB3S . -21. . . . 8/18/87
CB3B . -21, .

CB4S X -21. . ) 8/17/87
CB4B ) -21. )

CBSS 9 . . . 8/17/87
CBSB .

RSSS . . . . 8/12/87
RSSB .

OF1S ) : . . . 8/15/87
OF1B .

0F2S . . . . . 8/15/87




Table 11. Newman Sound piston core data: samples

removed 3 weeks after collection in .
comparison to samples maintained at room
" temperature for 1 1/2 years.

Sample Depth §13N sl3c sC
set¥ (cm) (°/oo0) (°/00)

NS1 0
NSl 10
NS1 30
NS1 40
NS1 50
NSl 60
NS1 70
NSl 80
NSl 90
NS1 100

-20.8
. -20.7
-20.6
-20.3
-20.4
-20.7
-20.6"
-20.6
-20.6
-20.6

1.01
1.03
0.72
0.63
0.62
0.62
0.62°
0.47
0.32
0.27

NN NNNNNaN~NN
wwmmmm,ooooonu’\
NP WP WLWEPWV
VORANIOANUVO
. . - - » » . . .
HFOWOAMANWWNE O

NSD 5
NSD 15
NSD 25
NSD 35
NSD 45
NSD 55
NSD 65
NSD 75
NGD 85
NSD 95

-20.5
-20.2
-20.2
-20.0
-20.2
-20.3
-20.3
-20.5
-20.7
-20.6

1.43
.62 1.19
.97 0.75
.64 0.66
.87 0.38
.49 0.41
.74 0.37
.86 0.33
.94 0.28
.48 0.28

WU N NNNNNON
WO Oh\WWULWwooWw
DN WWW 2O
EFEUNYVOOUNMOVULnN

;—NSI_;amples wvere taken from the core 3 weeks after

collection. NSD samples were taken 1 1/2 years
after collection.
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Table 12. Newman Sound piiton core data: mean and
stancard deviations on .data from samples taken 3
weeks and 1 1/2 years ofter core collection. .

Sample §!3N = §l3¢ aC &N C/N
set mean * ¢ mean * ¢ mean * o mean * mean * ¢

(° /o0) (°/o00) B

NSl 7.4 + 0.3 -20.6 0.1 3.78 £ 1.12 0.63 %+ 0.25 7.3 %

NSD 7.5 + 0.4 -20.4 + 0.2 4.12 + 1.45 0.61 * 0.41 9.4 ¢+




o

Table 13. Surface water lelcyﬁ‘data for all research
n cruises.

Depth 615N 6'3C mgG/L mgN/1 G/ TSM  Date
(m) (°/00)(°/00) b -(mg/l)(q/d/yr)

3 10. -24, 0.042 . % 11/17/86
4 11.7 -29. 0-029 . 2.. .125 5/27/87 -
5 8. -25. 0.033 0. " 022 8/15/87

-24.3 0.046 . 0. i % 11717786
-21.7 0.095 O. ) 325 5/27/87
-24.4 .0.042 0. ) .240  8/15/87

-23.3 0.042 O. i * 11/17/86
-25. .053 0. . .179  5/26/87
-26. .038° 0. . .556  8/15/87

-24, .035 "o. . * 11/18/86
=24 0.076 . ‘ . . 244 8/14/87

-23. .029 0. ) * 11/18/86
.22, .098 0. . 350 5/26/87

-23. .042 . . “* 11/18/86
-24. .070 . . .643  5/26/87
-27. .033 . . .220  B/14/87
-23c% .037 . . * 11/19/86
-23. .111 . . L4746  5/25/87
-23. .062 . . 5. .089  B/14/87"

.23, .130 . . .711 5/25/87
-24. .068 . 6. .844 8/14/87

-23. .080 0. ) .737 5725787
-23. .080 0. . .088 8/13/87

.23. J104 0. . .622  5/25/87
.095 0. ) .100 8/13/87

-22.5 0.148 0.0A6 30.6 0.730 5/25/87
-24.2 0,100 0.0 .395  5/24/87

-23.7 0.104 0. : *  11/21/86,

* Data was collected.




Table 13. “)Cor.x'iitnued.

'Strs,.f\nepch §'3N §'3C  mgC/l mgN/1 TSM Date
o 2{(m) (°/fo0)(®°/o0) _° . (mg/1l)(mn/d/yr)

TBé6 5.-6.1 -25.6 .174 0,014 . - 0.800 5/23/87
TB6 5 8.8 -24.7 .037 0.010 4. +1.156 8/12/87

TBS 5 6. -23.5 0.176 0.012 .0 0.500 5,23/87
TBS -25.7 0.031 0.009 .9 1.933 8/12/87

RS1 . -23.6 .043 0.009 . .200 8/12/87

1

Table 14. Isotopic composition and C/N of endmembers and
surficlal grab sediments”of northern Newfoundland.

Endmnember or §13N §i3c c/N Description
grab (°/oo) ‘o/oco0) )

- [ — —_———

Phytoplankton 8. . . Marine seston .
Endmember excluding samples with
a terrestrial or
macroalgae influence -

N
~

Terrestrial . . The two values in each
. set are; the average
for the Exploits
River and the average
of terrestrial
seston excluding
Exploits Rfver

Endmember

Macroalgae .6 . : L. solidungula

Average of . . . Average of samples
Surficial : from all marine -
Sediments . stakions

from grabs




Figure 1. Carbon and_-"nltrogen isotaopic composition
of organic matter sources contributing to marine

sediments from wvarious locations.
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Figure 2, Cycling of particulate organic carbon in the
sega and associﬁped 1sotopic effects.

DOM: dissolved organiec matter ’
POMsink: sinking particular organic matter
: dissolution, degradation -
: oxidative degradation
: aggregation
: dissolution
: resuspensgion

“




Terreatrial

Upper euphotic zone

A

Lower waters
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Figurd 3, Cycling of particulate organic nitrogen in the
sea and associated isotopic effects.

LY

POMsink: sinking particular organic matter ’ ‘ ,

1: nitrogen fixation . . s
" 2: ammonium assimilation, rate limiting . z
+3: ammonium assdmilation, non rate limiting - '
R 4: nitrate assimilation, non 'rate, limiting .
S: denitr{fication . :
"6 advect‘}on g ’ \ :
- 7: nitrate assimilation rate limiting ‘
8: nitrification S .
o 9: ammonium assimilation, rate limiting
N 10: oxidative degredation : :
. 11: contribution of zooplankton detritus
- - “"T27 contribution of fecal matter
13: disaggregation

o
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Figure 4, ' Locatlions of sediment cores in White Bay and
the Notre Dame Bay system.
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5. Locations .0of sediment cores in Bonavista Bay.
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Figure 6% The island of Newfoundland and locations of
seston samples from freshwater.
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Figure 7. Locations of seston samples fr'om White Bay and
the Notre Dame Bay system. .
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Figure 8. Location of seston samples from Bonavista
Trinity, and Conception Bays.
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Figure 9. Location of surficial sediment (grab) samples
'in White Bay and near the Gray Islands.




“Gray Islands

£§> Gl2

‘

Gl




4 ~

»

. i
—‘-’li ~

4
. ) . A .
Figure 10. Location of surficial sediment samples in the
Notre Dame Bay system. . -
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Figure 11. 1Location of surficial sediment samples in
Random Sound and Conception Bay,
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Figure 12. Catbon and nitrogen isotopic and elemental
data on 15 samples taken from different locations on

the same Laminaria solidungula alga.
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Figure 13. Nitrogen isotopic composition of selected
seston stations that showed depletions in !3N in
middle waters with respect to surface and botton

water samples.
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Figure 14. Nitrogen isotopic composit:it;n of elected
stations where the §'°N of bottom water seston was

intermediate between the §*SN of middle water and
sediment.
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Figure 15, Nittogen fsotopit composition of selected
seston stations which showed increasing 6§!°N wvalues

with ingrew$ing“depth in the water column.
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Figure 16. Carbon isotopic composition of selected
stations where the §!3C of bottom water seston was

intermediate between the 513C of middle water and
sediment values.
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Figure 17. Carbon isotopic composition of dissolved
inorganic carbon (DIC) samples with respect to depth
in the water column (locations of stations given in

Appendix 1).
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Figure 18.' Concentration of DIC samples with respect to
depth in the water column.
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Figure 19. Frequency of §!3N occurrences for surface
water seston and surfictal sediment samples.
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Figure 20, Frequency of 6'3C occurrences for surface-
water seston and surficial sediment samples.
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Figure 21. Nearshore to offshore transects showing

8'°N of surficial sediments from Exploits and
Conception Bays.
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Figure 22. Nearshore to offshore transects showing the
§'3C of surficial sediments from Exploits and

Conception Bays.
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Figure 23. Sediment descriptions and average 1sotopic
compositions of the units, subunits and zones in

core SB3.




Depth

Unit

127

.

Dencriptlon . : avorage
§VIN ‘llc
(°/00)

Dark olive gray with black
mottling
low carbonste

Olive gray, slightly
mottled black
moderate carbonate content

Grayish brown mud
very high qagtonlte content

Olive gray, slightly mottled
black
moderate carbonate content

Reddish gray’ )
moderate carbonate content

Olive gfay‘to brownish gray
nud

moderate carbonate content

—— o ——

Similar to 2¢-3

Reddish gray mud with olive
gray diatom rich laminations
1low carbonate content

———

Firm light red mud
low carbonate content

Poorly sorted, red and sandy
mud
low carbonate content
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Figure 24. Grain size data for core SB3
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Figure 25. Carbon and nitrogen isotope data for core SB3.
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Figure 26. Carbon and nitrogen abundance data for core
SB3.
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Figure 27,. Carbon to nitrogen ratio data for core SB3.
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Figure 28, Carbon and nitrogen isotope data for core WB1.
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Figure 29.
WBL.
\

Carbon and nitrogen abundahce data for core

-3
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Figure 30. Carbon to nitrogeN ratio data for core WBI.
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Figure 31. Carbon and nitrogen isotope data for core WB7.
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Figure 32. Carbon and nitrogen abundance data for core ] .
WB7. ’ ) ‘\_7(
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Figure 33. Carbon to nitrogen ratio data for core WB7.
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Figure 34. Carbon and nitrogen isotope data for core GB2.
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Figure 35. -‘Carbon and nitrogen abundance data for core
GB2.. ’
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Figure 36. Carbon to nitrogex'l ratio data for core GB2.
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Figure 37. Carbon pnd nitrogen isotope daty for core HB2.
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Figure 38. Carbon and nitrogen abundance data for core
HB2.
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- . Figure 39, Carbon to nitrogen ratio data for core HB?2.
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Figure 40. Carbon and nitrogen isotope data for core EX6.
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Fig'ure 41. Carbon and nitrogen abundance data for core
EX6 .
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Figuhe 42.
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Figure 43. Carbon and nitrogen isédtope data for core
‘EXT6.
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Figure 44, Carbon and nitrogen abundance data for core
EXT6. ' ‘
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Figure 45. Carbon to nit:’ogen'ratio data for core EXTS.
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Figure 46. Carbon and nitrogen isotope data for core ND?.
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Figure 47. Carbon and nitrogen abundance data for core
ND2.
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Figure 48.
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Figure 49. Carbon and nitrogen isotope data for core NSI.
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Figure 52. Carbon and nit:r“ogen'isotope data for core
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Appendix 1, Latitude (lat.) and léngitude (long.)
coordinates of sampling stations, type of sample collected
and .research crulse of sample collection.

T T T e e e e e e e e N e e s o et e

Station lat.(N) b’“ﬂ’(w) Core DIC Grab . POM*

D86 D86 B87 D87 T86 B87 D87

WB1 49 35.3 56 48.1 X X X X X X .
WB6 S0 02.2 56 29.7 X X
WB7 S0 02.8 56 31.1 X X X :
VB8 50 09.5. 56 19.7 X
GI1 50 33.0 52 27.4 - X
GL2 50 44.9 55 10.5 X
SB2 S0 17.4 55 32 .8 ' X
SB3 50 16.0 55 27.0 X
SB&4 50 14.7 55 17.9 X b
ND?2 49 47.5 55 11.7- X X X X X X
- GBl " 49 37.3 56 09.0 ° X X X
) GB2 49 38.6 56 06.5 X L« :
GB3 49 40.7 56 03.2 - X
GB4 49 43.6 55 57.1 X
HB1 49 26.9 56 05.1 X X .
HB2 49 28.8 56 02.6 X
HB3 49 30.5. 56 0p.3 X X
HB4 49 33.6 55 52.0 X
HBS 49 38.4 55 444 X
\ EX1 49 09.9 55 18.8 X X X X X
. EX2 49 13.7 55 15.8 x x ° X X
EX3 49 17,7 55 12.4 X X X
i 12 FXa 49 22.2 55 10.3 X X X
EX6 49 30.6 55 07.4 X X X X X X
BB1 48 45.1 53 21.6 . X X
NS1 48 36.0 53 47.8 X X
TBS 48.03.1 53 21.1 . X X
T86 48 08.2 53 10.8 _ X X
RSS 48 .S 53 55.0 . X
RS6 48 .2 53 50.0 ' X
CB1 47 30.7 55 07.4 X .
ch2 47 36.7 53 07.1 X
CB3 47 41.8 53 03.8 X X
CB& 47 48.3 52 56.8 X
CBS 47 53.2 52 44,3 X

* D86 - Dawson Aug. 28 - Sept. 10, 1986; T86 = Templeman
Nov. 15 - 22, 1986; B87 - Baffin May 22 - 30, 1987 D87
= Dawson Aug 10, - 15, 1987. : ;
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Appendix 2. Oxygen and dissolved inorganic carbon data for
the Davson 1986 cruise. - .
Sta.* depth §*3C DIC conc. 0, O,sat. sal. temp. date
(m) (°/0°) (mM/kgJ (ml/1) (%) (°/o00) (°C) (m/d/yr)
WB1 10 -1.9 0.944 6.6 102 30.6 10.2 9/4/86
; 100 0.0 1.012 7.6 103 31.6 4.0
237 -5.6 2.089 7.0 91 33.2 -1.0 ~
WB7 10 -3.7 1.975 6.6 103 31.1 10.0 9/4/86
A 80 -1.4 1.932 7.8 106 31.9 4.0
400 -4.7 1.475 6.5 80 33.9 0.0
ND2 1 -1.3 1.975 6.6 103 30.7 10.6 9/7/86
40 -2.3 1.787 7.4 102 31.2 4.8 .
131 *k *k 1.4 87 32.9%9 -1.4
356 -3.5 1.882 6.1 79 34.5 2.2 <
SB4 14 -3.7 1.523 6.6 101 31.3 9.7 9/5/86
82 -6.9 1.714 7.3 86 32.9 -1.4
oo * % 1.637 6.5 81 33.9° 0.3
GB1 2 -0.7 0.879 6.4 101 30.8 11.0 9,/7/86 ”
59 -5.7 1.844 7.5 98 30.8 3.0
207 -6.9 1.021 6.8 83 33.1 0.5
HB3 2 -4.6 1.51‘1 6.8 106 30.8 10.3 9/6/86
22 _-5.1 1.744 7.3 112 31.2 9.8
46 . -5.7 1.801 7.3 111 32.8 9.1
189 = -8.5 2.000 6.3 75 33.6 -0.8
~ L 4
EX&6 1 -3.0 1.621 6.6 102 30.6 10.8 9/6/86
. 60 -6.5 1.657 7.7 102 31.9 3.0
626 -7.4 1.658 \6.8 80 33.3 -1.¢6
EX1 6 -5.7 1.307 6.9 106 25.0 11.9 9/5/86
44 -5.6 " 1.719 6.6 86 31.5 2.5
NS1 2wk *%%x 6.3 103 31.0 12.8 9/8/86
31 * kR k% 6.6 98 31.7 8.5
221 * k% ok 6.3 79, 33.6 0.1
;“EEEEISE"ISEZEIEEE‘Z?Z—QICZB'IE—ZEEZHEIQ_I _______________ ‘
** Sample was lost in handling. .
**%* DIC samples were not collected at this station.
Sk

’

P el
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Appendix 3. Oxygen data for the Baffin 1987@1-7:1' the Dawson
1987 crulses. . .

Cruise Stn 1lat.(N) depth 0, O,sat. sal. temp. date
long. (W) (m) (ml/l) (%) (°/oo0) (°C) (m/d/yr)

B87 WB5 49 58.5 6 7.9 103 31.1 3.1 5/27/87

B8 7 SB2 * 5 7.9 102 31.8 2.6 5/26/87

- B87 ND4 49 53.2 5 7.8 101 32.0 1.8 5/25/817
54 41.9 100 6.6 78 32.8 -1.6
D87 ND& 9 8.3 131 30.1 11.5 B8/15/87
53 10.0 124 32.1 0.8
. 103 9.6 115 32.8 -1.1
b 15s 9.4 110 33.2 -1.3
201 9.4 112 33.5 -1.2 .
: 301 8.2 103 33.9 0.3 e
8 . 340 6.8 88 34.4 1.9
) D87 ND6 5¢°03.1 5 10,1 158 30.1 11.0 8/15/87
S 56 15.5 49 4.1 50 32.7 -0.1
' 100 6.4 75 33.2  -1.3
154 4.8 57 33.7 -1.0
: 204 5.0 61 34.0 -0.2
; 303 6.2 80 34.4 1.6 .
: 352 7.9 103 34.5 2.2
‘ D87 GB3 * 8 7.1 119 31.1 14.2 8/14/87
54 9.9 123 32.4 0.4
103 9.6 113 32.8 -1.3
204 9.0 108 33.5 -0.9
305 8.5 107 34.0 0.7
384 8.0 101 34.1 0.8 -
D87 EX5 49 26.3 7 7.8 131 30.1 14.6 8/14/87
) 55 07.8 102 9.4 110 33.1 -1.6
201 8.9 105 33.2 -1.4
— 303 8.7 104 33.3  -1.2
. ‘ 404 8.6 103 * 33.3 -1.0
505 8.9 106 33.3 -1.1 v 4
593 9.0 108 33.3  -1.1
) : * Statlon locations given in Appendix 1.
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Appendix 3. -Continued.

Cruise Stn lat.(N) depth . 0, O,sat. sal. temb. date
. long. (W) (m) (ml/1) (%) (°/oo0).(°C) (m/d/yr)

5725787

8/14/87

5/26/87

~J

5/24/87

o >N

8/12/87
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9.
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Appendix 4. Grain-size data for core SB3.

Depth(em) ¢ Sand $ Silt & Clay

-
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- Appendix 5. 1Isotopic and elemental data of sediment cores
collected in relation to depth below the core top.
S
Core Depth §33N §i3¢ 'C N C/N .
(em)
WB1 0 6.4 -23.7 4.83 0.30 19.03
WB1 10 6.9 -22.9 3.68 0.36 11.83
WB1 20 7.0 -22.0 3.05 0.36 9.98
WB1 30 6.9 -22.4 2.63 0.40 7.65
WB1 40 6.6 -22.1 3.58 0.43 9.77
WBl 50 6.9 -22.7 4.65 0.46 11.70
WB1 60~ 6.6 -22.2 3.40 0.40 9.95
wB1l 70 6.5 -22.9 3.77 0.44 9.93
WB1 80 7.9 -22.7 3.55 0.46 9.08
WB1 90 7.7 -22.8 2.91 0.43 7.88
WB1 100 7.0 -22.7 2.96 0.41 8.50
VBl 120 6.8 -23.0 j.80 0.36 12.29 :
WBl 140 7.3 -22.6  3.56 0.43 9.56 O
WB1 160 7.2 -23.6 ~2.17 0.37 6.90
WB1 180 7.0 -23.9 2.63 0.38 8.17
WB1 200 7.6 -22.3 2.76 0.43 7.54
WB1 220 7.0 -24.8 2.15 0.39 6.50
WB1 244 7.9 -24.7 1.14 0.27 5.03
WB1 264 7.7 S -24.,6 1.46 0.29 5.82
WB1 284 7.8 -24 .7 1.21 0.27 5.23 .
N WB1 304 8.0 =24 .4 1.84 0.36 6.03
- WB1 314 7.4 -24 .4 2.00 L0.35 - 6.77
WB1 344 7.3 -22.8 2.98 0.39 8.91
WB1 364 7.6 -22.8 2.48 0.42 6.84
WB1 3g8 7.9 -23.0 1.62 0.26 7.36
WB1 408 8.7 -23.2 1.30 0.17 .9.17
WB1 428 8.7 -23.9 1.25 0.20 7{%
WB1 448 8.8 -22.¢6 1.75 0.25 8. Oy
WB1 458 9.2 -22.3 0.89 0.25 4.13 o
WB1 468 8.3 -22.3 1.42, 0.49 3.39
WB1 478 8.6 -22.9 1.51 0.19 9.12
. WB1 ‘488 9.3 -22.7 1.26 0.13 11.79
’ WE1l 508 8.7 -23.6 0.99 0.18 6.26
WB1 528 9.0 -23.2 1.16 0.15 9,05
WB7 0 6.9 -21.5 2.78 0.55 5.87 -
WB7 10 6.9 -21.3 2.78 0.43 7.58
WB7 20 7.1 -21.6 2.64 0.50 6.20
WB7 30 7.1 -21.2 2.15 0.60 4.20
WB7 40 7.1 -21.6 2.48 0.45 6.47
WB7 50 6.9 -21.7  2.0Q 0.40 5.84
a \




Appendix 5. Continued. . -
__________________________________________________________ , -
Core Depth §&!3N §13¢ $C N c/N
(cm)
' ¢
WB7 60 6.7 .22.2 1.86 0.50 Ya.aa
We7 70 7.4 -21.7 2.33 0.58 4.67
W87 80 7.8 -21.7 2.23 0.50 5.23
WB7 90 6.7 -22.5 2.48 0.56 5.20
WB7 100 7.9 -21.7 2.01 0.50 4.66
WB7 110 7.6 -21.8 2.68 0.50 6.27
WB7 120 7.3 -21.7 2.43 0.62 4.58
WB7 123 7.2 -21.6 1.97 0.40 5.45
WB7 133 7.9 -21.7 2.03 0.38 6.25
WB7 143 7.4 -21.8 2.03 0.48 4,90
WB7 ) 153 7.0 -22.1 2.35 0.47 5.84
WB7 163 7.3 -22.0 1.75 0.44 4.61
WwB? 173 6.7 222 .4 1.73 0.29 7.03
WB7 183 7.3 2224 0.99 0.26 4.38 .
WB7 193 6.8 -22.5 1.16 0.27 5.09
WB7 203 6.4 .22.7 1.19 0.17 8.07
WB7 213 7.6 .22 .4 0.95 0.10 11.26
WB7 223 6.9 -23.0 0.68 0.11 7.18
W87 233 8.3 -22.9 0.55 0.08  8.04
WB7 243 7.8 -22.8 0.52. 0.12 4.98
WB7 253 7.4 -23.4 0.53 0.11 5.83
WB7 263 + 7.5 -23.1 0.51 0.09 6.98
W87 273 8.1 -23.3 0.42 0.11 4.48
WB7 280 6.9 -23.0 0.54 0.09 6.71
WB7 290 7.7 -23.2 0552 0.05 11.87
WB7 300 8.1 .22.9 0.51 0.07 8.39
WB7 310 8.0 -22.9 0.40 0.08 5.84
WB7 320 7.0 -22.6 0.52 0.11 5.71
WB7 330 7.6 -23.8 0.56 * 0.12 5.32
WB7 340 7.5 -22.9 0.41 0.10 4.98
WB7 350 6.8 -23.1 0.38 0.09 5.23
WB7 360 7.7 -23.5 0.48 0.12 4.86
WB7 370 7.4 -22.3 0.40 0.09 5.46
WB7 180 6.0 .23.2 0.40 0.08 5.93
WB7 390 6.2 -23.2 0.35 0.18 2.30
WB7 400 8.6 -23.7 0.41 0.06 7.74
WB7 410 9.7 -~ -23.7 0.45 " 0.17 3.02
WB7 420 8.3 -24.2 0.44 0.09 5.86
WB7 429 8.2 2247 0.40 0.19 4.71
[
SB3 0 8.1 -22.6 1M3 0.22 4.17
SB3 10 8.0 2224 1.09 0.4 3.74
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Appendix 5.  Continued.

Core " Depth
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Appendix 5. Continued.
Core Depth §!3N §13¢c sC L c/N
(cm)
EX6 132 7.7 -21.7 1.56 0.78 6.52
EX6 142 7.7 -21.8 1.54 0.7 6.68 -
EX6 152 7.2 -21.3 1.25 0.1 7.10
EX6 162 7.1 -22.2 1.08 0.16 7.72
EX6 172 6.8 ~-22.0 0.75 0.13 6.96
EX6 182 6.9 -22.0 0.76 0.15 6.12
EX6 192 7.1 -21.8 0.76 0.15 6.00
EX6 202 7.3 -21.7 0.85 0.10 7.44
EX6 212 7.3 -21.8 0.57 0.:0 6.91
- EX6 222 7.6 -21.6 0.54 .19 6.62
EX6 2132 7.2 -21.7 0.35 0. uh 4.76
EX6 242 7.1 -21.8 0.48 0.0h 9.26
EX6 252 6.5 -22.1 0.41 0.t 5.23
EX6 262 8.3 -22.1 0.39 0.1 5.51
EX6 272 6.8 -21.8 0.34 0.0h 6.87
EX6 282 6.9 -22.0 0.33 . 5.70
EX6 292 7.9 -21.3 0.38 0.19 4. 34
EX6 302 8.0 -22.8 0.26 0.0/ 4.53
3 EX6 312 6.9 -21.5 0.37 0.0 5.00
- EX6 322 7.1 -22.1 0.58 0.12 5.70
- EX6 332 6.2 -22.5 0.41 0.6% 5:31
EX6 342 6.8 -22.3 0.46 0.10 5.16
EX6 352 . 6.9 -24 .2 0.12 0.0, 2.43
EX6 362 6.5 -22.3 0432 0.0, 6.13
EX6 -~ 372 6.3 -22.5° 0.34 0.07 5.65
EX6 378 6.4 -22.2 0.41 0.9% " 5.68
EX6 + 382 6.8 -22.1 0.37 0.n’ 6.68
EX6 392 6.8 -22.4 0.34 0.0, 8.87
EX6 402 4.9 -24 .7 0.31 0.0, 7.18
u \
HB2 0 6.6 -22.4 2.44 0.3 8.60
HB2 10 6.0 . -22.2 2.88 0.2 11.58
\ HB2 20 6.1 -22.5 2.87 0.44 7.67
HB2 30 6.5 -22.4 2.33 0.44 6.17 ©
HB2 40 7.4 -22.4 1.87 0.3 7.12 .
HB2 50 7.8 -22.2 1.95 0.30 T.51 K
HB2 60 7.5 -21.9 2.04 0.3: 7.58
HB?2 70 . 6.4 -22.4 0 " 2.41 ). 31 9.05
HB2 80 7.2 -21.8 ;.05 0.23 10. 28
HB2 90 7.8 -21.8 .03 0.37 6.51
HB2 100 6.7 -21.8 1.97 0.18 12.67
HB2 110 7.3 -21.9 2.43 0.24 11.84
¢ e "
J <r
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Appendix 5. Continued.
e R
Core Depth §!3N 3¢ $C L C/N
(cm)
HB2 120 7.0 -21.2 2.38 0.1 8.58
HB2 130 6.4 -21.8 2.08 0.19 13.11
HB2 140 6.7 -21.8 2.10 0.7 9.03
HB2 150 6.6 -21.2 1.44 0.28 5.93
HB2 160 . 7.3 -21.9 1.58 0.3 8.04
HB?2 170 6.6 -22.5 1.16 0.09 15.07
’ HB?2 180 7.4 -22.5 1.09 0.t38 16.20
HB2 - 190 6.6 -22.4 0.85 0.1% 6.57
HB2 200 6.8 -22.5 0.57 0. 3 8,20
HB?2 210 7.0 -22.4 0.72 0,03 11.19 .
HB2 220 7.2 -22.2 0.76 0.2 6.94
HB2 230 6.6 -22.8 0.56 0.3 8.12
HB 2 240 6.7 -22.5 0.89 0.0 17.93
HB2 250 7.5 -22.4 0.77 0.1 9.33
HB2 252 7.5 -21:3 0.89 0. 10.19
HB2 260 6.9 -22.6 0.80 0. 14.24
HB2 270 6.9 -22.2 0.75 "0 12.01
HB2 280 6.3 -22.9 0.78 0. 13.48 -
HB2 290 7.2 -22.1 0.94 0.1} 8.50 R
HB?2 297 6.5 -22.5 1.21 0.: 21.60 ]
GB2 0 7.8 -21.0 3.39 0.5 7.59
GB?2 10 7.6 -21.0 2.86 0 3¢ 11.01 -
GB2 .20 7.5 -21.2 4.23 0.b63 7.86
At GB?2 24 7.2 -21.4° 2.87 0.4° 7.49
GB?2 34 7.3 -21.13 2.53 0.3 8.04
; GB2 A 7.8 -22.4 1.68 0.2, 7.59
GB2 54 - 7.7 .21.6 1.10 0.1, 8.96
GB2 64 7.6 -22.1 1.84 n.32 6.64
GB2 74 7.9 -21.9 0.91 0.1 9.79
GB2 84 7.9 -21.8 0.91 0.0 14.76
GB2 94 7.8 -21.8 0.68 0. 7.09
GB2 104 7.3 -21.9 1.62° 0.1; 4,79
GB2 114 7.3 -23.0 1.57 0.24 7.49
GB2 124 7.0 -22.9 1.09 0.22 5.88
GB2 134 7.7 -22.1 & 0.88 0.t8 5.69
GB2 144 7.8 -22.13 0.73 0.4 4574
GB2 154 7.9 -22.2 0.87 0.1 9.73
GB2 160 8.3 -22.0 0.85 .11 9.10 .
GB2 170 7.6 -22.6 1.16 0.22 65.06 .
GB2. 180 8.3 \ -22.0 0.69 c.lg . 7.78 .
GB2 190 7.5 -22.5 0: o7 5.64




Appendix 5. 'Continued.
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Appendix 5. Continued.’

Core Depth &'3N §1%¢ 3C w0 C/N
(cm)
ND2 270 7.3 -22.8 0.45 0.4 8.85
ND?2 280 6.3 -23.0 0.54 0.7 9,37
ND?2 290 6.3 -23.3 0.55 0.t 11.93
ND2 300 6.9 -23.5 0.80 0.04% 21.66
ND2 310 6.3 2241 0.76 0.0 24.67
ND2 320 5.7 -24.0 0.63 0. 9.20
ND?2 330 6.0 -22.9 0.51 0. 7.82
ND?2 340 5.8 2224 0.58 0.7/ 9.35
ND2 347 6.1 -21.8 0.49 G. 7.65
ND?2 cc 6.6 -21.9 .53 0.0% 8.06
NS1 0 7.5 -20.8 5.79 1.0 6.71
NS1 10 - 7.8 -20.7 4.40 1.3 4.98
NS1 30 7.8 -20.6 4 .84 0.72 7.82
N1 40 7.8 -20.3 "3.50 0.6 6.50
NS1 50 7.6 -20.4 4.39 0. g 8.25
_Ns1 60 7.6 -20.7 3.24 0.¢° 6.15
. NS1 70 7.8 -20.6 4.00 0. &2 7.57
NS1 80 7.2 -20.6 2.78 0.4 6.88
NS1 90 7.2 -20.6 2.71 0.3 9.76
, NS1 100 7.2 -20.6 2.11 0.27 9.09
NS1 110 7.2 -21.0 2.51 0.30 9.66
. NS1 120 7.7 -21.3 1.98 0.2 7.97
NS1 130 \7.5 -20.7 2.61 0.3 10.22
. NS1 140 7.6 20.5 1.93 0.4, 5.08
NS1 150 7.2 -20.4 1.76 0.2 9.98
d NS1 ~ 160 7.4 " .20.5 1.97 ¢, 7y .74
NS1 170 7.4 -20.2 1.78 0.237 7.69
NS1 180 7.3 -20.9 1.65 0.17 11.69
NS1 190 7.8 -21.1 1.41 0.20 8.30
NS1- 200 7.2 -20.6 1.35 .17 3.46
NS1 + 210 7.2 -21.3 1.24 0.7 8.55
NS1 220 7.5 -21.0 1.37 016 10.05
. NSl 225 - 8.1 -21.0 1.11 0,12 10.91
B11 Q 7.5 -20.9 3.35 A £.23 *
B11 10 7.5 -21-.0 3.09 C.43 8.40 N
Bl1 20 7.3 -21.1 2.76 ¢oy7 6.80
Bll 30 7.2 -21.1 2.58 0.yl 7.37
Ell 40 7.3 -2..3 3.16 (. A4 8.36
B1l 50 6.8 -21.3 2.38 C.5% 5.05
Bl 60 7.4 -21 .4 2.86 .27 8.96 i
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Appendix 5. Continued,

Core Depth §!3N §13¢ $C N C/N
(cm)
SV
B11 70 7.5 -21.5 2.37 0.34 8.13
Bl1 80 7.4 -21.4 2.83 0.3 9.67
B11 90 7.7 -21.4 2.05 0.31 7.82
* B11 100 7.4 -21.5 2.39 0.10 9,29 ° :
. Bl1 120 1.5 -21.4 2.20 0.2 . 8.34
' Bl1 140 7.2 -21.6 1.32 0.3 6.84
Bl1 160 7.2 -21.8 1.21 0.1% °~10.3& )
B11 180 7.3 -22.0 0.91 0.11 9.36 ’
Bl1 200 7.2 -22.0 0.82 0.%0 9,51
B11 220 7.4 -21.9 0.86 0.03 11.90
. Bl1l 240 7.6 -21.9 0.77 0.09 10.00
B11 260 7.5 -21.9 0.82 0.0 11.40
Bl1l 280 7.5 -21.9 0.73 0.09 9.58
B11 300 7.7 -21.8  0.81 0.¢9 10.82
B11 320 7.7 -21.6 0.61 0.08 9.56 .
Bl1 340 7.6 -21.7 0.71 0.0 10.84
. B1l 360 7.4 “<.21.9 0.53 0.0 9.53
Bll 380 & 7.5 -21.8 0.47 (.05 10.63
B11 400 7.3 -21.9 0.46 0.Ch 9.14
. Bl11l 420 7.5 -21.7 0.61 0.07 10,40
Bl1 440 7.7 -21.6 0.49 0.06 8.90
Bl1 460 7.5 -21.5 0.54 006 10.13
Bl1 480 7.3 -21.8 0.40 (.05 5.89
B11 500 7.8 -21.7 0.51 ¢.0p 7.83
B11 520 6.8 -21.7 0.47 0.07 7.69
., Bll 540 6.7 -21.6 ©  0.56 G.8 3.23
B1l1 555 7.2 -21.9 0.57 0.0 R.24
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