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7 ot THE GEOCHEMISTRY OF SOME RECENT MARINE SEDIMENTS FROM THE
GULF OF ST. LAWRENCE

y A study of the less than 63 u fraction
ABSTRACT

The concentration and distribution of major, minor and trace
elements in some Recent marine sediments from the Gulf of St. Lawrence have
been studied. The geochemical characteristics of the sediments in the Gul’f,
as aqmid-lotitude sedimentary basin, are analyzed, and the factors that control
the elements distribution are studied. The partition patterns of trace elements
between the deh:itol and non detrital components of the se&iments, are discussed,

.

. and their possible significance is indicated. Vector and factor analyses are
applied to the data, and the results are interpreted in relation to various sources
of material to the Gulf. In the lights of the information gained from the study

of the Recent sediments, the geological history of five long. cores from the area

is discussed.
The present study shows the possibility of using some aspects of
the chemistry of sediments as depth indicator. It also off:ersk'son*\; base line

information needed for further environmental work.
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LE GOLFE DU ST. L AURENT
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Etude sur les fractions inférieures o 63 M.

o o
.

Resume’

’ . b
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La concentration et la distribution des éléments dons les sédiments '

S,
5

marins recents sont étudides (eléments majeurs, mineurs et éléments trace). Les
caracteristiques géochimiques des s€diments dans le Golfe, considdre’ comme un

bassin s€dimentaire de moyenne latitude, sont analysdes, ainsi que les facteurs

¥

qui contrdlent la distribution des élements. L'histoire gdologique dons cinq carotes
de sediments prises dans cette region est discutee o la lumikre des informations

- obtenues de I'onalyse des sédiments recents.

! " La pre’ser;te étude montre lo possibilite g‘u'iliwr certains aspects '
N 4 LN .
de la chimie de sediments en tant qu'indice de la profondeur. Elle pourra egalement

-

servir de base pour des travoux ulterieurs sur 'environment.
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. " CHAPTER | . ~

. - INTRODUCTION . o v
: <

1.1 Purpose of This Study

The importance of the Gulf as a sedimentary basin stems from the
'd
fact that it serves as a convergence basin for the whole of the St. Lawrence River

System and several other smaller rivers.

The Gulf offers possibilities of well .controlledl studies, as sediments
sources are only few and are well identified; also sites of depbsition vary over
small distances from shallow shelves and plqtforms to deeper troughs and basins.

It is of particulor interest for at least the Awo following reasons: ‘(i) the Gulf
provides a unique example of a'shallow epicontinental sea in‘sub*u\r;ﬁc regions

which has been influenced by glaciation and by ice as transporting mechanisms ;

(ii) it has been‘“s;gggested that the St. Lawrence Systerf has greatly influenced

’(

the compositiﬁn of the sediments of the North Atlantic Ocean between lat. 35

and 55 N’(Biscaye, 1964; Griffin gt gl. , 1968; Beltagy et ol., 1972).

Also, there is still a general lack of information on the sedimentary
geochemistry of the Gulf, despite recent studies by Nota and Loring (1964) ond
Loring and Nota (1969), More p:orﬁcuk:rly, the distributions and modes of -

occurrence of the trace elements are not known.

Hence, the present study, wos u:\}!‘eﬂoken'with the following

objectives:

<
. 4 .
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1. To study some geochemical characteristics of the sediments as

“" indicated by the concentrations and distributions of various major and trace
r L3

elements. ‘ . ’ Y

2. - To analyse the factors which influence these distributions, and

the various pathways by which the elements were incorporated into the sediments.

3. To attempt estimating the geological implications of the variations

El

of these geochemical choracteristics with time. -

The results obtained will be of value in est;:blishing new parometlers
» ;
for ice age studies and in supplying basic data for future detailed environmental

investigations of the Gulf sediments.

It was decided in this work to use only the fine fraction i.e., °
the fraction of the sediments smaller than 63 11 (230 mesh) which#the lower .
limit of sands on the Wantworth scale. This decision wos made for the following
reasons: (i) One of the intentions was fo study the geochemical characteristics
of fine terrigenous detritus brought to the Gulf in suipension or as bed load and  /
subject to large scale dispersal patterns. This perspective was thought porticularly
useful for the purpose ,o‘f characterising the Gulf of St. Lawrence as a major
source of sediments for the deep North Atlontic Ocean. (ii) It was felt that
by removing the sands and coarser material, the influence on sediment composition’
of nearby sources was decreased; this also reduced the noise introduced by‘od-

mixing 1o the sediments of ice rafted debris dispersed through the Gulf in a more
[ =
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or less random manner. (iii) Finally, in the course of s(;mple preparation for

P

chemical analysis the prefence of coarse fragments may leod(tn results bidsed

towards their particular chemical composition.

Furthermore, it could be claimed that the combined clay and
stlt fractions, as a complex mixture of material delivered to the Gulf in sus-
pension, or as bed load, or by‘_iiqﬂd\!ind, should provide a fairly good average

o /
of recent sediment composition in the Gulf. Particle size analysis of.{ediments
o .

from the Gylf indiccﬂ/a( that about 80% by wt. of I*h:'sedi.mems is in this range "' -~

?

1
Ay
Vs »

(Nota and Loring, 1964).

&
|

1.2 Limitations of the Present Study

Because of practical limitations, a total of only 55 surficial
sediment samples and 5 suspended matter samples could be collected and
analyzed. The geographic and depth distribution of the bottom samples are

shown in Figure A.1, Appendix A,tnd Figure 1.1.

o s
v .

g o

N % . , \ ’ :,
C T s adlmiﬂe%ery small number of samples iA\ relation
to the large areq of the Gulf. The density of samples stands ot one sample per

four thousand square kilometers. However, a strict control over sampling.pattems

s )

f

and the humber of samples,/‘iu\described by Grif‘fiths{%ﬁ for example, con not o : R
X - s

always be exercised in marine ;;edcﬁemicul surveys. Many instances of studies

-

based,gp a small nyghber of samples can be found in the literature: HT'MJ(“?Q)

-
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studied the geochemistry of modem sediments from the. Gulf of Paria.using a fotal
‘of 25 samples. Chester and Messiha-f'i:nno (1970) in investigating the dis-
¢ tribution pattems of sayvsral trace eléments in sediments from the North Atlantic
Ocean, based their study on 38 samples. Wed;pohl (1960) in studying the ’
geoéhemistry of marine sediments from different oceans, used only !B samples.
The hydrogeochemistry of theh whole Mackenzie River bosivn was inv?sﬁgoted-from

the study of i‘bout 100 samples (Reeder etal., 1972).

Th; validity of any conclusions inferred .fmm suclh studies, however,
x»  can be tested and reinforced by th: application of necessary statistical tests. These
are based on thé premise tho‘t information about a phenomenon can be deduced from
an gxamination of a small sample collected from an infinite set of potential obser-

vations.

The pmblem of low sampling density is even more pronounced in
,hd\ Arctic areas because of operating conditions and prohlbmve costs. Althou
it may be necessary there fo proceed with a very open network of stations, great

care must be applied to derive maximum information from the scattered data.

The present study should provide some test as to the volue ot

low somple number reconnaissance surveys, at loost for the ma|0r olements, our

[T

results may. be compared with those ot Loring (1973, in prep):oﬁto_ined from a. -
much denser saupli;\g brogmmme carried out in recent years dver the whole area .

" of the Gulf of St. Lawrence. .

4
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1.3 Areq Investigated
1.3.1 Geographical Setting

The Gulf of St. Laugiage is an inland sea occupying on area of

about 7 x "ﬁ.‘q' km. (Forrester et al., 1968), between Latitide 46° 36"
ond 50°'30°' N ond Longitude 56° 30° and 69° 00° W. It has a funnel-like
]
configuratiop (Figure 1.2).
It is bounded by Quebec and Labrodor to the north; Newfoundland

and Cape Breton Island fo the east; Prince Edword Island ond New Brunswick

" coast 10 the south; ond the Gaspe Peninsula.fo the southeast.

The Gulf communicates with the Atlantic Oceon through the Cabot

Strait 10 the east and the shallow Strait of Belle Isle to the northeast. \'

There are o few major islonds : the Magdalen Islands,. the Mingan

<

Islonds and Anticosti.

The entire Gulf octs os an estuary or mixing basin for the St.
Lowrence River. However, strictly speaking, |he~ St. Lawrence estuary is usually
considered as the region extending between Quebec City and Pointe des Monts

(Forrester, 1967).

The river is fed by the Great Lakes, has a total drainoge orea of
513 x 103 3q. km., and o mean yeorly discharge at Quebec City of about 10.2
RN "
x 103 cu. m/sec (Porde, 1919/ It has olso o number of major streams os direct

tributories, the Ottowa, the Mourice ond the Richelieu.




2

-

The Gulf of St. Lawrence, bathymetry and physiographyd,
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Other smaller rivers along the north shore and the south shore

’

of Quebec, westem Newfoundlot;d and the northern part of New Brunswick afso
contribute waters to the Gulf. With these additional streams, the total drainage

basin of the Gulf of St. Lawrence is about 13 x 105 sq-km.(E!-Sabki et al., 1970),

o

and the mean average fresh water discharge in the Gulfis 12.2 x 103 cu.m/sec
AN o a ,
(Forrester, 1964). » > X

1.3.2 Bottom Physiography ‘ , J

The bottom topography of the Gulf of St. ce has been the -
sut;iect of several investiéuﬁ::ms (Hiou:t, 1919; Huntsmorf._el(i.\, 1954 H Lou;ier
and Trites, 1958). A major feature is the Laurention Chc;nnql , which extends from ’
near the mouth of the Saguenay River to the ‘edge of the AtlontiF .Conﬁnentol

| Shelf, with c!epth fanging from 250 to 540 m. A north fostem bc:onch forms
the Esquiman Channel, which follpws the westemn sh;;re of Newfoundland towards
the Strait of Belle Isle. The Esquiman Chonnel is more than 180 m deep, except

a

as it approaches Belle Isle Strait.

South of the Laurentian Chonnel lies a platform known as.the
Magdalen Shallows, with the small Magdalen Islonds almost in its central part.
The area has an average depth of about 40 m. The Strait of Northumberlond
separates Prince Edward Islm‘é\iﬁ‘c{m the northern New Brunswick coost.
o According to Louzier lc;l. (1957), one quarter of 'h;\Gulf
,areaq is shallower than 30 m, while al;og\m is deeper than 300 m, °

—

i
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On the b;:sis of bathymetric and sedimentological data, Loring *  _

(|962).wbdivided the Gulf into two regjons (Figure 1.3). The first represents '1/

% 1

zones of recent deposition and soft sediments; the second is made up of

éaoowﬁcolly_horﬂ bottom, which may range from ex;;osed bed-rock fo either

- . : 4 o
N L3

gravel, sond or compdct sediments.

t
i

1.4  Pleistocene Events in the Gulf of St. Lawrence

The following summary of the Pleistocene history of the Gulf *

igmainly‘condensed from detailed discussions by Loring (1973); Prest ond

Grant (1969); o‘thodd@; ?

According to Lorinwé'm), since early Cenozoic times the valley

St

N W
system as it is knowh today, as well as the accompanying drainage system, develc;bed

along lines of structural and lithological weaknesses by a process of sequential

v

fluvial erosion. This erasional evolvement has taken place with minor interruption

" with the latest period of valley entrenchment, probably occurring-in Pliocene time

or early Pleistocene time.

The glacial geology of surrounding areq; and the submarine

’ morphology and unconsolidated sediments provide evidence for the presence of '

central ice sheets in the Gulf during the Pleistocene, as well as for ice odvance

o

from local centers during the retreat stages of the continental ice mass. The

evidence indicates that there were three ice lobes advoncing in the area. The o~

N . < .
main ice flow oppeared to have entered the Laurentian Trough from the north .

.

o
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side. The second major ice flow may have come also from the north, and moved
east in the Mingan Trough North of Anticosti. A third lobe from the‘hi'dnlond of
_ Labrador entered the Esquimon Trough ond modified ifs fopography. As this ice
pushed south and west, it converged with the Mingan lobe and the Laurentian
lobe ai the south end of Newfoundldnd Shelf. The ice apparently began to

wane bsh:men 14.5 oq:! 15 x 10° years B.P., with ice withdrawing up the
Lourention Channel from Cabot Strait and into the tributary valleys permitting the

invasion of deep water from the Atlantic Oceon into the Gulf.

-
1

By that time, parts ofathe coastal area adjacent to the. gt.
Lowrenc; River and G;:lf were subm’ergod beneath the sea as the deglaciation
progressed. The main cause of this sub;t'ergence was the isostatic depression of
the crust that resvited from the load of the ice, and the eustatic rise m sea level. ’
As the ice withdrew and the rebound became greater than the eustatic rise in

sea level, these coastal areas re-emerged.

Based on acoustical ond sampling data, Loring (1973) indicated:
that the lowest sea level stand was about 110-120 m below the present sea
level, with other higher standstills ot about 58-68 m below the present sea

level occurring between 5 and I3 x IO3 years B.P.

- &

1.5. Sediment Sources to the Gulf of St. Lawrence

Sediment sources to the Gulf include all rock formations in the
‘ )

areas morginal o the Gulf, and the suspended load carried by the St. Lawrence

River System. | | .

¢ —

¢




Areas marginal to the Gulf of St. Lawrence can be divided |/r::/o -

two mt;ior subdivisions: (i) the region north of the St. Lawrence River, including
the north fbore of the Gulf to the Strait of Belle Isle; (ii) the region south of the
St. Lawrence River extending over the Gaspe Peninsula, New Brunswick, Prince
Edward Island and the Mogdalen Islands. Formations there belong to the Appalachian

Province which extends down to Georgio (U.S.A.). Formations occurring in
B

»

Newfoundland are also part of it.

1.5.1 Region North of the St. Lawrence River:

This area belongs to the Grenville Province, which extends over
the southem part of the Canadian Shield north of the St. Lawrence ;’t'ld Ottawa

Rivers. Grout (1938); Dresser and Denis (1944) ond Harrison (1963) have studied and

described the different rocks found in this region. The rocks are essentially pre-

Paleoczoic granites, granodiorites, syenites, ultrabasics, gneisses and schists of the

Canadian Shield. Paleozoic sediments are made up principally of limestones and

shales (Figure 1.4).

1.5.2 The Appalachion Region:

<

A great variety of rock types is represented in this area, nomely
granite, slate, argillites, quartzites, limestones ond shales. Nearly all of these
rocks were subject to deformatiop by the Acoduon Orogeny at the end of the Devonion

period. . I |} ) ) "*\'
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a

"racks are found conglomerates, coralline Iimybges, red feldspathic sandstone,

beds of limestone, gypsum and occaiional sandstone.

? 4 e,
o 14’
. /ﬂ‘ B _: ’ . ‘
Marine limestone, dolomite, anhydrite, gypsum—rich evaporites, .-

. K P T e
shales and siltstone are extensive ih centralNew Brunswick and Nava Scotia.

€
LA

Gaspe Peninsula and Chaleur Bay:

The most dominant rock types in the rGospe Peninsulg are the

1

Gaspe sandstone and Gaspe limestone of Silurian-Devonian age.

.. The Chaleur Bay Group comprises a complex series of sedimentary

and volcanic rocks of Upper Silurian age (Greiner, 1965). Among the sedimentary

o

brick-red sandstone, siltstone and shales.

-

I P -
r The Group is also"x:har?:cterized by a number of magnetic deposits,

sulfide veins and molybdenum oakurrences.
-~ ’ < ) '
Anticosti, Mig@ﬂléhd len Islands: ¢ ’

- l , X
On the Min Islands, which lie close to the north shore, and
’ . . ,’ ' ) o
on Anticosti Island, argy exposed outcrops of Ordovician age. These outcrops are °
made up of limestones with minor amounts of shales, sandstone and conglomerates.

ua

1

Rocks on the Magdalen Islands are made up of basalts intruding

hd -

N
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Newfoundland: ")4

Newfoundland forms the norﬂ( ogstem'extromity of the Appal-
achian Tectonic Belt. Metamorphosed sediments and volcanic rocks of Ordo-

vician and Sillurian ages outcrop north of the Strait. of Belle Isle. Tb'e west
N

coast of Newfoun;ilund, near the StrGle Q{ Belle Isle, consists moinly of cor-
bonate sediments. These thin-out further south ;:long this coast to give place to

clastic sediments of Combrian age (Fleming, 1970). <

-

k]

North of Fortland Creek, older series of metamorphosed clstic
sediments are exposed, extending as for as the Port au Basque Peninsula. They

. ¢
are interrupted here and there.by ultramafic and mafic intrusions.

Clastic sediments of Silurian age, as well as volcanic rocks ond
-s0ome lime stones outcrop around St. Georges Bay (Figure |.4).

~

1.5.3 Other Sources of Material to the Gulf /

2

4

Tills in the St. Lawfence Vall;y, also marine re-working of
glacial deposits of the St. Lawrence Valley during the Champlain Sea episode,
followed by under cutting of Champlain Sea sediments during post glacial up~
Aift have made available lurge’quontiti;s of easily eroded material os. potential

sodrce of sediments (Karrow, 1961; Prest, 1961), -
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1.6  Previous Work on the Gulf oi a Sedimentary Basin : ’ ‘

.

Th? origin ond physiography of the Laurention Trough have been
discussed by Johnson (1925) , Shepard (1931, 1963) and by Mags Naeil (1956).
Structural aspects of the Trough in the region of Cabot Stiait, leading outward
from the Gulf of St. Lawrencé]o the Atlontic Ocean, have been invesiigoted

by Press and Beckmonn (1954).

Q

Studies relating to the conditions of sedimentation in the Gulf

are rare. Nota and Loring (1964) have discussed the regional marine geology .
According to them, the Pleistocene glacidtion largely determined the present
shape of the Laurention Trough. The distribution pattem of the sediments is
fairly regular ond characterized by poorly sorted 7coorse grained, near-shore
deposits and an extensive area of soft pelifesﬂin the deep parts of the Trough

-

(Loring, 1962 Nota and Loring, 1964).

The above studies concluded that the sediments may be generally

' o considered as mineralogically immature. The crystalline rocks of the Canadion
- A

Shield provide the dominant source of sands. lce transport is the main agent of

dispersal .

i

\ " The. Magdalen Shelf was the subject of more detailed studies by

Ve ,
Loring ond Nota (1966, 1969) ond Loring et al . (1970). Their observations on the

bottom morphology of the Magdalen ?helf suggest that it does not relate to the ] o
"'-. ) present environmental conditions (Loring and Nota, 1966). Th; surface sediments ,
appear to be mainly the erosional products of the' local bed rock .
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Jhe sediment dispersal pattem of the whole Gulf of St. Lawrence
was inferred from a study of the sand size froction of the sediments by Loring ond
Noto (1969). The authors concluded that detrital material from the Canadian
Shield is dispersed south ;:1d east to the shore lines of New Brunswick, Prince

Edward Island and Cape Breton Island. .
. 7

¢

Geochemical studies mode by these Gl.;ﬂlots {Nota ond Loring,

N M4
1964, Loring ond Nota, l9'68) were confined to the major elements (Na, K, Al,

Co, Si, Fe, Ti and Mn), in the Gulf region extending between 64°W and 69°W.

Their results will be discussed later.

distonce from shore ; also,

As commonly found in marine sediments, jin the Gulf of 5t. Lawrence
one finds an inverse relationship between grain size m%

* the greater the distance from shore the better sorted are the sediments. However,

ice-rafted, medium to coorse sond is common in areas of fine sediments.

On the basis of sediment texture, Nota ond Loring (1964) grouped
sediments in the westem and scuthem Gulf into three types: type | includes
material from near shore areas, charactesized by a low degree of sorting ond a
high content of coorse material ; type llt\repfesents the deep water pelites, which
have up to 60% cloy size material &vdé:iou' 35% of silt size; type ll| Wcted
to sediments similar to the Leda Clay depo;in of the Champlain Sea ond is found

anly in the estuary cbove the lSoguem:y River entronce (Nota and Loring, 1964).

’”
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Current rates of deposition may w#ﬂy from one place to
another in the Gulf. Nota and Loring (1964) concluded that maximum deposition
occurs in central, deeper parts of the Gulf, where they estimated a rate of dep-~

asition of 22 cm per 1000 years. However, this rate may only be valid for the

gray olive-green mud deposits.

The pH of the Gulf waters ranges between 8 .4 ot the surface ;:nd
7 .6 neor the bottom (d'Anglejon and Dunbar, 1968 ; Loring and Notg, 1968). ’

No systematic geographic variations were obs\e*d. '

&
An oxygen minimum is present in the deeper waters of the Gulf. -

d'Anglejon mti Dunbar (1968) medsured the dissolved oxygen near the bottom in the
deep waters of the Gulf;, they found values of 4.5 ml/l in Cabot Strait, decreasing

to concentrations be.IW 3.0 ml/l in ‘the westem ond northem parts of the Gulf. The

»

. . - Lo .
water column is well oxygenated and anaerobic conditions do not exist anywhere jn

the Gu4f . Loring and Nota (19%8) showed that oxidizing conditions prevail at the

“ hed _.?—

surfoce of the deep water pelites, with Eh values +400 mv. However, /th»\e oyidizing
AR

~

layer is only | to 2 cm thick, ond reducing conditions with negative Eh values

- develop below this depth in a reducing layer.
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7 1.7 Definitions ' /
Shallow water somples: somples collected from woter depths less thon 200 m,
- ! - > S ° ‘ -
unless otherwise stated. - ' 3

l , ’ . °
Deep water samples:  samples collected from water depth 6reot0f thant 200 m.

Detrital fraction (of  The aéid reducing mixture insoluble vesidue , mostly

the sediment, or an x ‘ #
* element): silicate minerals of terrestrial origin. .

.\ ‘ ’ + ) v i ' &\
ST Non-detrital fraction: The'acid reducing mixture, soluble fraction, including
o , ’ .

© A}
carbonates derived from terrestrial sources.

N e N . oo

Coarse clay fraction: Particles with o diameter < 4 p. . o
< i ' ° ; ¢
g Standard deviation. .
® ‘ ‘c N r
n oy - Correlation coefficients . - . §
S .
da 3 .
v . !
\ . “ :
‘ .
| e .
1Y -~ :1
-




- CHAPTER 1I. T

PARTICLE SIZE DISTRIBUTION AND MINERALOGY OF SEDIMENTS

0
> . FROM THE GULF OF ST. LAWRENCE )
AN
2.0 - Particle Size Distribution

2.1.1  Introduction i

Marine sediments may be transported to the sites of deposition by

one or more of several tronsport mechanisms (Sverdrup et ol., 1942; Kuenen, 1965).
o \_——/"

In the Gulf of St. Lawrence sediments are mainly transported (i-) by ice rafting; -

{ii) as suspended lood by water movements; (iii) as bed foad due to bottom p‘r;ceses.
~ . .S :

The fraction of the sediment whichhas been transported by the third mechanism is not

5
=3

easily identified. On the other hond, ice. rafted material can be distinguished rather

b . .
simply from sediments which have settled from suspension by the following generol

criteria; (i) sediments tronsported by ice rafting may contoin the whole spect_rukn

of particle sizes, from pebbles or boulders, down to clay size particles (Shepord, 1973);

sediment porticles carried in suspension have a narrow spectrum of fine sizes (Postma,
1969); (ii) the fraction of\ice-roﬂed sediments is independent of the distonce from

the source; (iii) becouse coarse sediments may be carried by icé over long distances,

_ their gbundance will not show ony prevailing tendency to correlate with water depth.

t
'1/
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2.1.2  Méthods of Analysis : 2
A ' T ‘ o

EER Mechonical analysis was performed on 25 Gulf samples covering

&fferent water depths, Figure B. 1, (Appendix B). Wet sievingwas usedto separate the
coarse fraction (~63p). The pipette method was used for the particle size onalysis”

of the fine fraction (< 63 p). A detailed description of these methods is given in

A}

Appendix A.

2.1.3 Results ond Diicussions

yd
The results of the particle siZe analysis aie given in Table 1

»

Appendix B. The coorse froé:}im mokes up‘ obout 21% by weight of the sediment,

¢ N
>

ranging from 0% to 66% .

I3

of the coarse fraction and the water depth. As shown Ln this Figure, there is no ‘ \
relationship between the omount of coarse material ond the de;ath of water. Clearly,
therefore, the sand ond gravel (coarse froction) could not have béen transported *

‘by water movements, ond ice mf&iné appears to be the main agent involved in
irm;porfing the coarse material . "A .supporting eviderce cc)me; from cunef\,t
measurements oio;\g the bottom in the Gulf which.were made using seobe‘d ;iri frers
(Lauzier, 1970). Thes; measurements im‘icate that the bottom currents are in the

\ .

ronge of 0.510 1.5 cm/sec. Such current velocities seem to be far below the

current speed required to transport moterials of sizes >63 p.

- - Y .
Figure 11.1 shows the relationship between the weight percenfoge X
: D

k4
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Figure 11.2 o . —

' The relationship between percentoge clay size material of the fine  °

~

fraction ( +83 p) ond water depth. .
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'up 160 25 % by weight of the total sediment and also concluded that ice tronsport

Nota and Loring (1964) found that fhe sond size fraction makes

is the moin mechanism that bri€| this material to its depositional sites.

On the othey hq], ‘the material in the fine fraction (< 63 p) may

§

-

hove been transported either by ice rafting or by currents. In either cases, water |

movements and bottom topogrophy will affect its distribution.

. Figure 1.2 shows the relationship between the clay size content
of the fine fraction (<63 |4 and the water depth. It clearly indicates that the
percentoge of the clay size material increases with depth. ' |

2.2 Mineralogy of the Coarse Fraction SN

[ 4

The mineralogical composition of the coarse fraction (563 p) has
been discussed fn d'etail by Loring ond Nota (1969) in relation with probable source
areas. Theirstudy dealt with the 50 p to 500 p fraction. In the present study, 24

somples were examined for the mineral composition of their coarse fraction. No

ottempt was mode to separate the heavy and light mineral fractions. Between 300

and 500 grains were identified and countedy each mineral component is

—

,/

as a percentage of the total number of grains. The results are given in Table 2
o

i

Appendix B. ‘ : | \ -

AN

e >
Sands from the northem, Gulf cditain, on the average, 35% qpo\tz._.
40% plogioclose feldspars, and 15% K-feldspars. Amphibole, pyroxene ond gamet

are obumb.m, moking between 6 and 13% of the total number of grains counted. The




| O ~

: . ' 24
L \ g
ratio of the latter two components tends to decrease with distonce from the north .,

shore. Opoque minerals, including pyrite are frequent and represent between 1%

and 3% of the counted grains.

o

In the sand-size fraction of somples coming ffot(n the southem part

of the Gulf, .quartz is _the dominont mineral (up to 80%). Quartz grains are vsually
3

coated with iron oxide. As compored to other regions, the southem porht of the Gulf

conta'ns considerably less pl&gfoclase!feld:pdrs, aenerally less than 7%. K-feldspars

]

are also somewhat less abindant and constitute less than 11% of the total number

of grains. An;;;hiboles and pyroxenes are rare. -Gamet ‘is present in moderate

!

.y

. quantities (1%). Zircon is also present in some somples in Wts below 1%.

Opaque minerals are abundant and moke up between 3 ond 6% of the counted groins.‘:': '

Epr !

-Atthough based on a small number of somples, our conclusions c;n__c_p:d
with thosc‘éf Loring and Nota (1969). They concluded that the Laurention assemblage

prevails over most of the\Gulf and reflects southward and southeasiward dispetst;l with
s

) .7 little interference frt;m‘ other sources. ' ) -
Ve ‘ \
’ |
~ 2.3 Clay Minerals in ghe <2 p Fraction
: - > |
The mineralogy of the clay size fraction in twenty-eight sedimens

samples and in five suspended matter samples, was examined using a Norelco high
ongle X-ray diffractometer. The somples were disaggregated, thop treated to remove
the cgrbonate ond iron oxides using the pracedures described by Biscaye (1964), which

. . are modified after Jackson (1956). The pedck area ratios of the first boso! reflections were
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" other heavy atoms for Mg in the octahedral layer.

kaolinite and estimafe its content (Biscaye, 1965).

7 . /

used to calculate, approximately, the relative clay mineral content, awsuming

that the three mineral groups identified accoun

N
¢ Q

t for 100% of the minerals in the
clay size fraction ‘Weaver, 1964). Details of the method of ono‘ysis) are given

in Appendix A. The results are shown in Figure 11.3 and are given in do;qil in

—

Tﬁbl; 3 Appendix B,

v 4

In both the sediment and the suspended matter somples, illite ond

chlorite are the dominant-clay minerals. Minor amounts of kaolinite were also
;w

deTdnted. Quaitz, feldspar and ;amphibolo are présgnt. Montnorillonite was not

X

detected in any of the somples examined.... _ -

®
The illite first basal refletion (001) isasymmetrical ond skewed toward

the smaller angles (Figure 11.4). This seems to be a regional characteristic which ;
was described earlier by Allen dnd Jones (1960) end by d'Anglejon ’ 1970). Accoiding
to Gaudette et _al. (1966), the osymmetry of the 10 Aopook may indicate the presence

* : ) .

of a mixed-layer éloy 'co;np;mem,' hqwgiror; it should make up less thon 10% of the -

rotal clay minerals, as no seporate peck was detectable (Grim, 1968). ” g

i

Chlorite was identified by, its [4 A%001) peck. The second ond
f:u\rth-ou'dor reflections were always strong ond sharp. According to Brindley and

Robinson (1951) and Grim '1968) this may be in,dic’oﬁvo of substitution of Fe or Mn or

L

A second order bo;a! reflection at 3.58 Ao, was used to identi fy

-
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Somples from deep water stations contain, generally, more chlorite

— than shallow water samples (15% a3 compoared to 7%) .

iilite is the major clay constituent in all the sediment somples ond
in suspended matter saomples. However, the suspended matter saomples showed
enrichment in chlorite, relotive to the bottom sediments, they contain, on the over;:vge

30% chiorite.

The kaolinite/chlofte ratio is lower in the ;uspended matter samples,
as compared to the sediment somples. This agrees with d' Anglejon 1970), who
suggests thot a break-down of chlorite ma'e.tial to ultra-fine sizes is achieved in the
St. Lawrence basin, such that chlorite rem::ins preferentially in suspefion os compored

to other clays.

2.4 Summary I
The parﬁc'; size analysis of the sediments shows that about 80% by

weight of the sediments are of sizes below 63 y. -

In the less than 63 i froction of the sediments, the percent clay
fraction (< 4 p) increases with depth in }‘non or less linear manner. The deepest

somple contains about 95% by weight of material below 4 .

- ¢

The coarse fraction mineralogy reveals importont differences in
composition between samples coming from the northem ond the southem Gulf. Quartz
is a major component of that fraction, followed by plagioclase {ldspors ond to a lesser

extent K-feldspars. The voriations in mineralogy of the coarse fraction indicate that




e e i

the Canadian Shield form the major source of sands and gravels supplied to the

northem part of the Gulf. T'he southem part of the Gulf receives more contributions
from the Appolochiu:u region.

The m;wior clay components are illite, chlorite and kaolinite, in =
order of cbundance. No montmorillonite was detected. Strong peoks of quartz,
feldspar, ond an;;hibole were abserved. [t was found that the chlorite content
in the less than 2 p fro;:tion of the sediments increases with depth. In comparison
with the bottom sediments, the wspeqdedwmner is enriched in chlorite. This
suggests thqt the transport in suspension is responsible for some fractiondtion among

]
¥

cloy minerals.

&
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3.1 introduction

8

CHAPTER 1l

DISTRIBUTION OF THE MAJOR AND MINOR ELEMENTS ,

{

A

Analyses were performed on the fine fraction of the sediments using

%

various analytical techniques. Details on the prepargtion of samples ond the

methods of analyses are given in Appendix A. The sediments were analyzed for
N /\

the following components: carbonate, organic carbon, nhroﬁiﬁ:ﬂ; total pi;osphorus(
Al, Ti, Fe, Mg, Ca, Na and K. Mn, although cons‘id;;& os a minor component
by some investigators, was not dealt with in this chqp_'er, as the range of its con-
centration lies within the range of the trace elements. | | %

A

3.2 Results ) s,

.Results of the analyses for the major and minor elements are given in

Table 4, Appendix B. For purpotes of discussion, they are arranged according

to depth intervals. ' The results are presented as percentage of the total fine fraction

?

of the sediment.

L

3.3 Discussions

3.3.1 lmrgqnic Carbon (Carbonate)

-

3
\

The carbonate content (expressed as 'CcCOa) varies between 2% .

and 31%, with an average of 10.5%. The highest values occur near calcareous

" outcrops reflecting their direct contribution to the sediments.

|
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Figure 111
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Distribution of calcium carbonate in the analyzed samples of the
q

Gulf sediments ( wi9%).
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Loring and Lahey (1962) have shown that the carbonate content

in a section between Anticosti and Newfoundland, decreases away from Anticosti.

ol
Ay

away from both the shores of Anticosti and Gaspe toward the center af the Channel.

\ . Af the same time, an increase in the fine fractiop and the Al and Fe content is .

(Y

taking place .

7

Shell fragments also contribute to the total carbonate content, part-
5 _ .
N icularly in shallow water stations away from direct detrital carbonate sources.
Patches of sediments with calcareous shells occur along the north shore and on the

Magdalen Shelf (Sts. A-71, A-74 and R-4). Microscopic examination of these .

samples showed that molluscan skell fragments ‘and foraminiferal tests are present
_ I

A NI ]

7 in the coarss fraction of the sediments. \"
The Ca/Mg. ratio in the carbonate fraction of the sediments was not
studied. Howevel, the acid soluble Mg represents less than 1% of the total Mg
| .. in the sediménts, which suggests that carbonate in the Gu"lconsists of low Mg
‘ - calcite or o;agonite. "
{ .
| 3.3.2 Organic Carbon and Nitrogen J ’
The data shown in Table 4, Appendix B indicate that organic carbon
in the sediments of ‘the Gulf varies considerably with depth and geographic location.
.. ©  This was also observed by Loring (1970, 1972 p.c.). 2:005 indicated as recent

L

In the Gaspe Passage (Figure 111, 1), the carbonate content decreases .

-

S
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dépositional basins (P'(, é), contain finer spdimenhimd, on the average, higher

organic carbon content than areas covered by reworked glacial till;
- o :
The ofganic carbon content in the analyzed samples is 1.69% on

.
r

fhe average, and ranges between 0.2%.a.nd ‘3y39%. As exp'ected,athq Gulf
§edin;enfs are higher in‘ 9rganjc carbon than pelagic sediments; which normal ly
have values less than 0.5% (Trask, 1955; El-Wakeel and Riley, 1961). On the
otherhand, when\ compared with shallow water sediments from the near-by Scotian

Shelf, they appear somewhat deficient: Rashid and King (1.969) have reported values

between 2.29% and 4.97% for these sediments. /
(\? }

\ . .
No statistically significant correlation occur between either the

carbonate and organic carbon coatent, or the phosphorus and organic carbon.

L]
" .

The organic C/N ratio in the samples analyzed varies between 23
of\d 94 (average of 56). Bordovisky (1965) gives a range of 29 to 41 for ti»e
Caspian Sea, while a mean value of 21 ais f;und for surface deep-sea sediments
(E.l-Wukeel and Rile'y, 1961). M;:Co_m (1967) found that the C/N ratio in the

Hudson River estuary is on the average 12.9. The very high C/N ratio in the

. Gulf could be due to incorporation of organic matter deficient in nitrogen,

' oL N . .
presumably of terrestrial origin, such as wood fibers, since marine organisms have

an average C/N ratio of 6.25 (Redfield et al.,. 1963). '

s

In the sediments studied, wood fibers were frequent in the coarse ,

fraction. Wood fibers were also found in the fine fraction of the near-shore samples.
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Pocklington (.1\672,p:c5) has found'that the C/N ratio in sediments of the upper

- J

Soguenay River reaches values above 30, He attributed this high ratio to the
addition of legxin;lo the environment from the paper mills surrounding the area.
Extensive pe}:t depo;ih are present in areas marginal to the St. Lawrence estuary

and the westem Gulf.

-

S
Total phosphorus (as P205) shows a nearly uniform distribution in

the Gulf sediments. Ifs content varies between 0.1%-and 0.26%, with an averqge

~

of 0.19%. ~

C o The phosphorus in the Gulf sediments appears fo correlate positively

with Fe and Mn (correlation coeff. = +0.72 and + 0.48 respectively). .

Revelle (1944) has found o\linoor relationship between phosphorus and ..
" Mn content in pelogic sediments. Berner (1973) has shown that phosphorus is present

in association with Fe oxides of volcunic“origin in some samples from the Pacific

Oceon. The degree of association of phosphorus with Mn wos less than with Fe.

In the Gulf of St. Lawrence, it appears likely that phosphorus.is present

-

in the sedimen's in association with Fe ond Mn, probably as the metal phosphates.

This is’wggcstad by the positive corrglation of these two elements with phosphorus.

) /
3.3.4 Aluminum .

D
&

m, Al was f;und

In samples collected from depths greater than

10 vary between 4.45% and 9.8% of the total samples (gverage 7.35%).

+

Q
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P 3 Samples from depths less than 100 m have an Al content that

varies between 7.37% and 10.31% (average 8.63%). Table [1L.1 shows the

variation of Al content with water\depth in the surficial sediments from the Gulf.

Also shown, for compo;ison, oredpublishpd Al values for diffe'rent geological
5 materials. ‘
i . The Al content varies inversely with the depth of.woter. Thus
‘the Al values appear to correlate with changes in texture: as the clay size
fraction in the sedinﬁn' increases with depth,’ the Al ’\éontent decr;oses This
“trend may be caused by o decrease in feldspar content and relative increase of the
chlorite/illite ratio from sholloyv to deep w;:ter. ) Feldspars contain from 9.96%

‘ " to 16.7% Al (Kerr, 1959), as against 10.3% to 13.4% for chlorite without

B

-

any substitution. . - .’

Shallow water samples come mainly from nearby sources vlvhicﬁ may ,
influence their composition consiJ}(\ubly: Samples from along'theﬁnorth shore often ~
contain a high content of unaltered feldspars derived from the Canadian Shieid.
Sediments on the Magdalen Shelf may similarly contain considerable amounts of
feléspors, also derived from Shield rocks (Loring and th;tq, 1969) ond/or rocks

from the Chaleur Bay Group. Chlorite confent i; higher in the deep water samples

than in shallow water ones, while illite shows the opposite trend.

The relatively low Al - figutes of the deep water samples may also

] . reflect the higher chlorite content in these sediments as corpared to those from

“
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Variation of Al with depth in surface sediments of the Gulf ond Al values for

b

different geological material reported in the literature.

. TABLE 111.1 v

\

Average u y Al % o
& .77 samples from water depth -~ 100 m 8.63 0.83
20 samples from water depth between 100 and 200 m ° 8.08 1.51
12 samples from water depth between 200 and 300 m 7.6 1.54
14 samples from water depth > 300 m : . 723 1.3 .,
55 samples from the Gulf 7.64 |48
5  sspended matter samples from the Gulf 8.4 1.36
13 susperided matter samples from the St. Lawrence - 7.1
, estyary,(Smith, 1973, P.C.)
! , l‘%___ﬂ, :;f;e;) water pelites, Gulf of St. Lawrence (Nota * . 775
", and Loring, 1964) :
’ 77 sholl;w water pefites, Gulf of,St{ Lowrence (Nota-and .  7.52
Loring, 1964) . .
3 vp-river pelities, éulf of St. Lawrence (Nota on 8.92
Loring, .1964) v ’
_ | 39  granodiorites, Canadian Shield (modified from ’ Ao
. ’ Maxwell et al, 1965; Dresser and Denis, 1944)
- Igneous rocks (Clark and Washington, 1924) 8.13
a ’ - 28 shales (Clark, 1924) 8.20
52 terreginous shales (Clark, 1924) 9.10,
, 4 bluish clays, Gulf of Paria (Hirst, 1962) 7.77
6  greenish mud, Gulf of Paria (Hirst, 1962) 8.79
.- gronodiorite (Barth, 1962) , . 8.29
- . 2
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and 0.88% (average b.48%:). \Table 1.2 shows the Ti values obtained as

‘ 7 K 37

<@
- * -

shallow water. The pelitic muds found in the deep water basins are believed by

Nota and Loring (1964) to have settled from suspension after thorough c;ixing in "
the water column. The source of the suspended load'to the Guif is mainly the

St. Lawrence River System. The similarity in Al content of deep water samples

.

2 and, suspended matter samples in the St. Lawrence estuary (Table [11.1) siupports

the idea that these sediments have bgen mainly transported in suspension from
this source.

~ o

5
3.3.5 Titanium

< ) N
-

The Ti content of the analyzed sediments varies between 0.26%

compared to other values repotted in the literature.

Data in Table 1{1.2 indicates a slight increase of Ti in the sediments

with water depth. In comparison, the suspended matter contributed by the estuary
is significantly enriched in Ti as compared fo the sediments. Loring and Nota (1968)
also found that deep water pelites tend to contain slightly more Ti than near shéve

[ , .
sediments. They have attributed that difference os being due to increo/iing amounts'

LY

of material smaller than 16  in the pelites. ' T / ) ,

The same authors ho\;e also indicated that the concentration of Ti

e s

in sadiments from the/ St. Lawrence estuary ~follom the concentration of Al fairly

closely, despite mrl{edchanges in grain sizes. However, the data reporied in



TABE 1.2

T content in sediments from the Gulf, together with TI content in different
)

‘ )
geological materials, reported by other worken,

e s o W -

Average ' . ’ Vi @

7 shallow water iamples - 100 m 0.39 - 0.06
20 samples from water depth of 100-200 m 0.51 0.08
12 samples from water depth ot 200-300 m 0.47 0.10
14 samples from water depth of > 300 w 0.50 0.y
55 samples brom they(jm" ol St. Lawtence 0.48 . 0.10
3 nnpcnded matter samples from the Gull of 1.0°7  0.16

‘ . Lawrence ‘
13 W matter mmplu f:om the St. Lawrence 0.84
' estu mith, 1973, P.C. )

- Igneous rocks (Clmk,rlﬁ?d) - ) 0.64 )

78 (composite) shales (Clork, 1924) 0.3¢9

212 " rerreginous mud and moutmp lholol (Goldichmidt, 0.46
1937 . NS

- Dcoy;-goo sediments f‘unkton and Wadepohl, 1961) 0.46

- Canadian Shield rocks (Grout, 1938) ~ 0,48




~ - Table 111.3 does not indicate any correlation between Al and Ti. The Al/Ti

xatio tends to decrease in going from shallow to deep\water, and is smaller in the
B ‘ p\/\ N

Q - .

*

suspended matter as compared ta the sediments.

,w-."

The Fe/T i rotuo is on the othot hond ni? eomtont Landor;zn
(1954) has drawn attention to the snmloruy boMoen fc/Tt rotios of umoous rocks -
and those of several deep sea cores, and has suggested that there is a close relation-
ship between Fe o:\d Ti in rh\e sedimentary cycle. This also 38 prOrh'd. by

observations of Revelle et al. (1955) and El-Wokee!l and Riloy;(l%l).

The changes in the Al/Ti ratio as well as the Fe/Ti ratio suggest

T s

" that Ti eﬁten the Gulf sediments as Ti minerals, probably ilmenite and/or

w"‘
J

'\

b Y

lfim fraction of the bottom samples. Table 111.4 shows the variation of Fe content

L
- .

mtile The decreose in the Al/Tn roho from near-shore to deep water sagiments

ond tho compuratively high Ti contont of the suspended moﬂor, suppothe view -

-

that the conmbuhon of suspended matter increases with depth.

~

ey Y

3.3.6 Iron - v

All analyses refer to total iron. Fe os Fe*2 was not determined.

-

Fe averages 3.97% and ronges from-Z.26% to 5.46% iy the

of the fine frcchon with depth of water, as well as the Fe/Al mhos in the sednmonh
ond suspended matter. i ) - - ™~
B it 4

On the average,. thes'.ohl Fe content of the fine froction.incro-aus wirh

dop'h Suspcnded mtter saiviples col lected from anom parts of the Gulf have values

1§

~
~

o
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TABLE 111.3 '
R Al/Ti aoand Fe/Ti ratios for the sediments of the Gulf and the suspended matter.
~ Averabe Ti Al Fe Al/Ti 7 Fe/Ti o
K - -
7 shollow water samples<100 m 0.39 ( 8.63 3.7 - . 22.5 1.95 9.9 3.1
- , o L
samples from woter depth between  0.51 8.08 3.4 16.6 3.9 7.5 2.5
100 and 200 m
12 samples from water depth between  0.47 7.16 4,13 15.6 4.5 9.4 2.4
200 and 300 m ¢
147 samples from water depth>300 m 0.50 7.23 4.25 14.6 5.6 9.2 2.8 .
5 suspended motter samples fromoll 1.0 8.4 10.0 8.44 0.0 10.0 0.4
over the Gulf ;
13 suspended matter samples from 0.84 7.1 4.80 8.4 - 5.7 - ' 1!
St. Lawrence estuary, (Smith, ’
1973, P.C.)
- Hydrolyzate sediments (Goldschmidt, - - - 25.0 - - -
1954) ‘ .
-

¢ '0'

't
g
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‘ TABLE 111.4

Variation of Fe content with depth, together with the Fe/Al ratios in the

sediments of the bulf, ol?d other material.

Average Fe % o Fe/Al o
. .
7 shallow water samples from water - 3.7 0.75 0.43 on
"7 depth<100 m.
20 samples from water depth between 3.64 0.85 0.46 0.14
100 ond 200 m. , '
12 samples from water depth between 4,13 0.58 0.60 0.15
200 ond 300 m. -
14 samples from water depth>300 m. 4,25 0.30 0.58 0.07 .
5 suspended matter samples from the 10.00 1.74 1.20 0.05
Gulf. )
13 suspended matter samples from the 4.8 - 0.68 -
St. Lawrence estuary, (Smith, 1973, P.C.)
- Canadian Shield rocks (Grout, 1938) :3.98 - 0.78 -
. L
. c% L 4
» o~

L
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which are higher than the average for the Ccnodnon Shield. Fe is covariant with
Al, with a correlation coefficient r=+0.76. This high correlation coefficient

Al points out to their probable association in the same mineral

_minerals in several ways: (i) as an essential constituent; (ii) os o minor
constituent within the crystal lattice, when it is in isomorphous substitution;
- )-;

{ii}) as Fe oxides precipitated or absorbed on the surface of the mineral platelets.

-

Nontronite, some chlorites, vermiculite, glauconite and chamosite contain Fe as
essential constituent. Kaolinite ond halloysite can not accomodate Fe in their
lattice. Homfever, they may be surface~coated with either goethite or hermatite. L{
Hirst (1962) has suggested that Fe may substitute for Al or Mg in the laftice of

clay minerals (illite and montmorillonite).

Although Fe > could substitute for Al'> within the octahedral
layer of illi’to in the Gulf sediments, the bulk of Fe appears rather to be located
in the chlorit,e phase for the two following reasons: (i) Fe is abundant in the
suspended matter, which is enriched in chlorite as compared to the sediments;

(i) according to Loring and Nota (1968) Fe occurs in the sediments mainly as
Fe+2, which is the form present in chlorite (Griffin 3'_0[., 1968). Other sources
of Fe are possible. Goldberg (1954) pointed out that Fe may be incc‘rporoted
directly in the hydrogenous phase of marine sediments. The inpo;tunce of
biologically derive;i Fe has also been stressed by several workers, e.g. Clark and
Wheeler (1 ?022),. Bageley and Bromlette (1942), and Revelle (1944.

N




In order to estimate the total contribution made by the hydrogenous
and biogenous phases to the total Fe content of the sediments, samples were
treated by an acetic ocid-hydroxyl;mine hydrochloride mixtul\'e, described in
Appendix A. The acid reducing mixture does not differentiate between the
biogenous or the kydrogenous phcﬂ, but will separate detritgl from the non- ’

detrital components. . : .

a
—

This chemical separation indicates that, less than 25% of the total
Fe in the sediments from the Gulf is of non-detrital origin. Non-detrital Fe
ranges between 0% and 61% of the total Fe. Using the dithionite extraction

method, Loring and Nota (1968) found that between 3% and 16% of the total Fe
—

is extractable. Even less was extractable by hydroxylamine hydrochloride alone.

Both reagents are not as strong as the acid-reducing mixture used in the present
4

investigation, and only partial removal of the non-detrital fraction is likely to
+

accur when either of these .reogents is used (Chester and Hughes, 1967).

As little organic matter accumulates in the bottom deposits of the
Gulf, it is expected that non-detrital Fe is mainly.incorporated into the sediments

as ferro-manganese precipitates.

3.3.7 Maﬂesium

~

The Mg content in the fine fractions analyzed is 1.65%, on the

average, with a range between 0.85% and 2.11%. It exhibits the some variation

N
N\




with depth as Ti and Fe, i.s., 'thh‘l;:\@osf Mg content is found in shallow water

samples and the highest in deep water samples (Table 111.5).

[ 4

Mg may be present' in the amphibole, pyroxene or clay minerals
(as indicated beiore, less than 1% of the Mg is associated with cc‘nbonotgsl).
As the first two ct;mponenh are present on?ly in small quantities in the coarse
fraction, the major host minerals for Mg are likely to be the clays. This is
supported by the constancy of the Mg/ Al ratio. The similarity of the Mg/Fe
ratio of the sediments and the suspended matter suggests that the two eleme:m are

mostly concentrated in one mineral phase, possibly chlorite.

On the other hand, differences observed in the Mg/Al ratios of

“the fine sediments and the suspended matter could be explained as a result of o
fractionation of the clay minerals between the water column ond the bottom
cllopos;n. A high Mg values in the total fine froction, coupled with o relatively
low chlorite content in the clay size fraction, could occur if chlorite is increasingly
abundant in the ‘2 p to 63 p fraction. Chlorite particles may WW‘COns}dembly
in size. Gibbs (1967) found that chlorite particles in wmple. from the Amazon
River vary in size from less than 1u to 32p. Also, Griffin et al., (1968), who
examined some samples from the:Gulf of St. Lawrence, found that chlorite ;xisb

i

in the whole particle size spectrum,

Chemical separation using acetic acid~hydroxylamine hydrochloride
mixture (see Appendix A), shows that less than 1% of the total Mg content in the

fine fraction is of non-detrital origin,

¢




TABLE 111.5

riation of Mg fconnnt of the sediments with depth, together with the Mg/Al al—nda
" Mg/Fe ratios. Some published values for different geclogical material are also given.

)

Average Mg % o Mg/Al o Mg/Fe o
7 shallow water samples from 1.4 0.15 0.16° 0.02 0.40 - . 0,10 _
water depth<100 m. N )
20 samples from water depth 1.69 0.24 0.22 0.07 0.46 0.15
between 100 end 200 m.
12 samples from watwy depth 1.65 0.26 - 0.24 0.07 0.41 0.1
between 200 and 300 m. _ — 3o ‘
14 samples from water depth ) “1.69 0.16 0.24 0.06 0.41 0.06
<300 m, : .
5 suspended matter samples from 4.1 0.85 0.48 0.04 0.40 .0.02
different locations in the Gulf : ¥
- | lgneous rocks (Rankame and 1.26
, Sohama, 1950) )
- Silts and shales and muds 0.90-1.51 “
(Goldschmidt, 1954)
- Argilloceous sediments. 0.89
(Rankama and Sehama, 1950) ,
12 Gulf of Paria clay (Hirst, 1,32
1962) .
J

o




3.3.8 Calcium »

<

‘

-The ayerage Ca content in the fine fraction of the sediments obtained
from different dopf'bs in the Gulf is summarized in Table 111.4, together with values

reported for different geological materials by other workers.

The results indicate that Ca becomes more abundant with depth.

On the other hand, it is clear that calcareous rocks exert a control on the distribution
of Ca (Figure 111.2). ) Samples from shallow waters are generally lower in Ca than
deep water samples. This is true of samples coming from the Mogdalen Shelf én/
the north shore of the Gulf where calcareous sources are lacking.” In these, the

. X .
calcium content of the non-carbonate fraction probably comes to a large extent
f;om plagioclase feldspar, which is a dominant mineral in rocks along the north

/

shore (see Chopteroll above, and Loring and Not.o, 1969). Only minor amounts

A

of Ca could be present as apatite, since phosphorus is very low."

7

On the average, 63% of the total Ca is associoted with acid
soluble phase (mainly CoCOa) of the fin;\fraction, while Loring (1972, p.c.)
working on the whole gediment fo‘updu 54% of\t Ca in the non-detrital_
con:ponent. ‘Thus, 40% or less of the Ca is bound with the detrital minerals.
This would have to be mainly plagioclase, as Ca is not an essential comgonent in

clays or other minerals.

Ca does not show any strong correlation with Mg (correlation

coefficient = +0.4). This and the foct that Mg and carbonate contenf are not =

- - * y
L2
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\ -
. . TABLE .6
- Avcmbc calcium content in the Gylf sediments and in different rock formations reported
in the literature. . )
Avokrage P : Ca % c
> shallow water samples from water depth < 100 m. - 1.30 ‘ 1.08
& 20 samples from water depth between 100 and 200 m. 1.84 0.78
12 samples from water depfh between 200 and 300 m. 1.87 0.85
- 14 samples from water depth > 300 m. o ‘:?.58 ) 4.2
N - 12 somples from water depth > 300 m (excluding somp!es 1.94 0.70
. *  A-18 and 20) . n
55 samples from the Gulf of St. Lowrence. 2.34
13 suspended matter samples from St. Lawrence estuary T 2.45
. (Smith, 1973, P:C.)
' - Igneous rocks (Rankama and Sahama, 1950) . 3.63
’ - Argillaceous sedirqegf’s-(ykam and Sahama, 1950) 2.23 -
- Rocks of the Canadian Shield (Grout, 1938) 3.39 -
. l’ o, . . - .

Ly
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Figure 11l.2
Distribution of calcium in the analyzed somplé

* sediments ( wt9% ).
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correlated, indicate that carbonate minerals derived from calcareous outcrops

in or around the Gulf are low Mg. limestones. t\{,,x"*/

Pl

) . 1.
3.3.9 Sodium and Pohu}m {{f

In the geochemical cyclqs,~ Na and K become separated during

weothering ond deposition processed (Rankama and ma, 1950) Whereas, -

igneous tocks contain roughty con'pomblcamunmf Na aond K, marine

L4

“ 9§ sediments, particularly pelagic sediments, contoné Awice as much K20 @ Na, O

'1
]

(Chester, 1965). _ :,» s

. Table 1.7 gives the overage concentration of Na ond K in \
sediments from different depthswfn the Gulf, together with some vc;iues from the
\

literature. Excludmg sediments from fhe Megdolen Shelf there isa steody ‘decrease

.in the dbsolute Nn concentration, as well as the Na/K ratio with decreasing deprh.

Na and 5/ are mainly locoted in clays but may also be present i/n
other mineral phases such as K-feldspar and alkali feldspar (Hirst, 19620). In V
view of 'hf‘fre"lotiy;\d; high abundm\lce of feldspar minerals i’n the Gulf sediments, »
it is likely th;t/they will affect the distribution of the two elements, particularly
in areas where the coarse fraction is ihmporfor;t. in this respect, Nota ond Loring

(1964) have indicated that the sodium content decreases with decreasing groin size.

' The variations in the Na/K ratio in the fine sediments from several

. depths, ond the' value of this ratio in the suspended matter, suggest that finely

.

~.
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TABLE 111.7 -
% - . . > N o
Variation of Na and K with depth in the Gulf sediments, together with the Na/K
ratios and the same for other materials as reported elsewhere.
7 . S B > G
Averoge Na % o K % o Na/K o
2 sediments from water depth < 100 m 1.52 0.07 1.94 0.05 0.78 .0.02 ‘
- (North Shore) . .
5  sediment samples from water depth 0.72 0.07 2.52 0.14 0.29 . 0.09
< 100 m (mogdalen Shelf)
20 samples from water depth between 0.51 0.2 -2.42 0.14 0.60 0’10
' 100 ond 200 m. ~ ©
12 samples from water depth between 1.32 0.16 2.35 0.35 0.53 '0.05
200 ond 300 m. . ’ v ’ 7
14 samples from water depth>300 m. 1.29 0.24 2,57 0.35 0.45 0.13 .
5 suspended matter samples from all 3.84 0.85 2.6 0.45 1.47 0.09 ‘
over the Gulf.
13 suspen&od matter somples from the 2.90 2.57 1.12 ¢
St. Lawrence estuary,(Smith, 1973, P.C.) - .
- igneous rocks (Rankama and Sehama, 2.83 2,59 . 1.09
1950) : ﬁ |
- Argilfaceous sediments (Ronkema and 0.97 2.70 |

Sahoma, 1950)

0.36
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divided feldspars are retained in suspension, while K-rich clays tend 1o settle

“out. This is to be expected as clay minerals in sea water tend to flocculate,
while feldspars and quartz have less tendency o do 50, hence,_ the de;sqsiﬁon

+  of the first leaves the latter in’suspension.

It was pointed out earlier that in the Gulf o fractionation process
leads to early deposition. of illite, while chlorite remains in suspension to be
' . ”
finally sedimented.in deep waters or outside the Gulf. A supporting evidence is

v provided by the change in Na/K ratio of the suspended matter belween the

i estuary and the Gulf: it increases from 1.1 in the estuary to 1.5 in the Gulf.
- »

» . /
3.4 Summorx) .

~

. As the particle size distribution of the fine fraction, as well as the

4

. clay mineral assemblage gre found to be dependent on dop. , the bathymetey of

€& Gulf plays a major role in determining the major element tomposition of the

fine sediments..
[ 4

-

This is reflected in the trends observed in the major element compos-
p P ,

ition of the sediment fine fraction: the amount of Ti, Fe, Mg, Ca and K increases
' : \

with depth, céﬁ'mehing slowly the even higher erx which occur for these elements
4

3

in the suspended matter. The elemegt ratios Ti/Al, Fe/Al, Mg/Al obey the same

s rule: in deep aterthey get progressivel} closer to their values in the suspended -

o,
matter. Y ' l



4

These results underline the importance of settling from suspension

*

as a mode of depbsition for fine material in the deep areas of the Gulf. They

confirm therefore, the conclusion reached in Chapter 11\Wwhich was based on the

respective increase of the clay size fraction and the chlorite contpnt with .depth.
! = , \‘_
N . L. ]
N . Some information is also provided as 15 the-main mode of occurrence | .

-~ 4
of the major elements. ‘Because of the high Fe/Al ratio in the sediments and the

! 4

dominance of illite among the clays, it has been shggested that &*3 may be

*
substituting for Al 3 in illite. However, the F¢/Mg ratio dgos not vary in

the Fine fraction of sedinfent s&mplas collected at various depths. lts value is

o

o‘lso the same in suspended matter, although in the suspended matter both elerr;onts
occur in higher concentrations. This strongly 'suggests that Fe and- Mg should
. ‘ P
; be associated in the same mineral phase. As the high values of Fe and Mg in
T.;‘:‘M\d suspenspids go with o marked increase in chlorite as compared to the sediments,
wyow .

" chlorite appears to be the major host for these two oleme!nt:.

—

KO

There is very little Mg (less than 1%) in the non-detrital phase

of the sediments, which indicate that no Mg-rich calcite is supplied by either

1 ~

local biogenous or lithogenous souices. On the other hand, Ca is largely provided

...

tr

by the carbonate fraction. ‘Most of the calcium carbonate is derived from calcareous
rocks rather thart shell debris. The detrital Ca, which is probably bound in plog'io}-‘ '

" clate feldspar, accounts for less than 40% of the total Ca.

4

: - - ®
- L3
@ .
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9

The abundance of Na and K in the Gulf sediments is controlled
* by both the clay minerals and the feldspars. However, the evidence suggests -
that K is mainly present in the illite phase, while Na is associated with the

: ok

| sodic feldspars.

Ti appears to be present in Ti rich minerals, iimenite and rutile,
and is not associated with the clays. As it correlates with Fe, ir&ccun more

like?y as ilmenite rather than rutile.

A Y

.

\ The C/N ratio in the Gulf sediments is very high, possibly because of
' "obundam land-derived organic matter deficient in nitrogen being supplied to the -
sediments. . 7
- 4
» L4 N )
. .
¢
. :
* £
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CHAPTER IV

GEOCHEMISTRY OF THE TRACE ELEMENTS

4,1 introduction 4

-]

The distribution and mechanisms by which various elements are
incorporated in marine sediments have been studied extensively for the last 20 yea’r.s ’
or more (see for ex. Wedepohl, 1960; Turekian and Imbrie, 1966; i'Chester and
Messiha-Hanna, 1970; ond Jones, 1973). However, the ecological importonce-
of detemining the concentration levels of trace elements in‘morine environments,

l and particularly in estuaries, has been more emphasized in recent years (Goldberg
etal., 1971, Brown Jr., 1971; Turekion, 1971). For th'e region of the Gulf of
St. Lowrence, published information is lacking, exc;pt for Mn*(Loring and Nota,

1968) . - . C y )

The following discussions onn trace elements in the fine fraction of .
the Gulf sediments, makes use of the distinction between the :_J_e_!_ri‘_t-i ond non-detrital
fractions as defined in Chapter I.' This distinction helps to establish the relative
importonce of' the various contributing sources. If a proper chemical separation -
technique is used, the composition of the detrital fraction is essentially the composition
of the source material . On the other hand, the contribution made by the non-dst.ﬁ tal
froction, is essentially related to the intensity of chemical wecthering on lond. It is

also @ measure of the inputs due to human activities in the surroundings: either directly

as by in iec'i;t of trace elements in river waters or the atmosphere, or indirectly ,

- e
- * 3
~ ’

.
’ -
f
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by re-enforcing chemical weathering through mining activities or the introduction

of highly corrosive materials into the eaviranment.

4.2 Geochemical Criteria of Association o
In order to foll{ understond the distribution of trace elements in

sediments, one must first determine the component mineral or'minerals with which it

3

is associated. As an effective separation of each mineral followed by its analysis is

cumbersome or impossible, such an association must be inferred from indirect evidence.

The following parometers have been selected as rel;tive measures of
the detrital contribution to a particular element: i) the ratio of that element to Al
will be considered to indicate the variation of that element with respect to total clay
minerals; ii) its ratio to Ng ond K will be assumed to indicate its variation relative

!

to chlorite and illite respectively.

. Admittedly, these assumptions are not strictly correct: there are \

other sources of Al, Mg, ond K beside the clay minerals, partigolarly feldspars and

ferro-magnesium minerals. Also degraded chlorite may contain|K in its stmc}ure
/

(Holland, 1(965). As a rule, however, the ratios ofﬁmce elements<to Al, Mg, ond .

K moy be used as a fair indication of their association different clay species
(Hirst, 1962b). High rates of sedimentation presumably do not allow for trace elements
to enter the mineral structures in the surfoce sediments. Thus, the detrital fraction of

the trace elements essentially reflects the chemical composition of various source

rpd§er%ols which contribute to the sediments.

o/
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In dealing with the non-detrital fraction, four criteria are used:

i) the variation of on element as a function of the parti_cle?izo, hence total available
surface area, is taken as an indication of the degree oé physical c;dsorpiion; ii) since
it is not possible to remqve separately carbonates of detrital and biogenous origin
(Wangersky; 1970,p .c.), the variation of an element with respect to carbonate is
considered to reflect its association with biérggicoily derived skeletal material . This
is somewhat arbitrary as ;orbmqtes (mainly derived from Paleozoic carbonate rocks)
may have different and modified chemical composition. However, such assumption
may be justified for the following reasons: 1) Paleozoic carbonate rocks have been
reported elsewhere to contain very small concentrations of various trace elements;

M

2) if the samples collected from nearby carbonate sources are excluded, the averoge

CaCO., content of the sediments is reduced to about 8.5% i.e. about 85% of the

3
carbonate content of the Gulf seaiments may be accounted for-by sources other than
detrital carbonates, presumably of biogenic origin. ili) the vorfption ;f on element
with respect to non~detrital Mn is assumed to give a measure of its association with
ferro-manganese hydrogenous phases; iv ) the variation of on element with respect to

organic carbon is interpreted as an indication of its association with organic detritus,

probably as sorbed ions (Nicholls ond Loring, 1962).




43 Methods of Analysis -

The following trace elements were dﬂonpinod: Co, Cr, 'Cu; Mn,

‘Ni, Pb, Se, Sr; ond Zn. The analyses were po";formod on a Perkin-Elmer M 403

otomic absorption spectrophotometer. Stondard selutions for calibration were

prepared from_ AR, g;ode reagent ior Fisher certified chemicols. Stondard rock
solutions were analyzed with eogh'new batch of somples. Analyses were made on

both the somP!es before the acid reducing mixture treatment, ond the reducing mixture
extracts. The chemical composition of the detrital fraction was calculated by
difference. The sediment residues of some samples were also onalyzed directly.

Details of the methods &8unalysis are given in Appendix A.

-~

L k) bt

T , . ‘-
.

4.4 Results ‘

———————g—

.
¢

Analytical results for both the non-detrital fraction and the total
trace nlgmbnt content of the fine fraction, are given in Tablles 5 and 6 Appendix B.
In the following discussions the élements are dealt with in olphoboﬂ'g:a! order, éxcept’

for some pairs of elements usually treated together in the geochemical literature .

é
H

4.4.1 Chromium

Detrital Cr: the average detrital Cr content of sediments from vorious

1

depth intervals are given in Table I¥.1. On the average, the Cr content in the deftital

fraction incre®® with water depth.




~

The fine fraction of the Gulf sediments appears to contain Cr levels

consistent with values reported in the literature for other sediments (Table IV.1). -
The Cr content of the detrital fraction of the deep water somples ( 5 200 m) is very
close to the average r content in the detrital fraction of the deep-sea North Atlantic

sediments as reported by Chester and MessihG2Honna (1970).

; Analysis of variancesof the Cr~ major element ratios, indicates tht
Ci/Al, Cr/Fe, Ct/K ratios exhibit wider variations than the Cr/Mg ratio, particy
in samples from deep water. This may reflect the high and variable quortz and

non-chlorite mineral content of the shallow water samples relative to the deep ones.

Y

o For depths above 100 m, both the Cr/Al and the Cr/K ratios remain

nearly invariont, suggesting that Cr is associated.with the clay minerals. The Cr/Mg

Y

ratio shows the least variation in all somples. This wc:uld suggest that although Cr

is generally present in all clay minerals, it is mainly associated with chlorite. Thus,

¥

though Frol;lich (1960) has sht;wn ihot- most of the Cr present in marine sediments from
different oceans is associated with illite, in the Gulf sediments, Cr appears to be

mainly present in chlorite.
- N\ ’ °
Figure IV.| depicts the relationship between Cr and Mg in-the detrital
j ‘ )
froction of the sediments. A regression on‘galysis shows that about 77% of the Cr is in P

. ol
association with Mg, probably substituting for that element.in“chlorite.

4'\

\



~ TABLE IV.1

Detrital and total Cr content, Cr/Al, Cr/Fe, Cr/Mg and Cr/K rotios for the fine
fraction at various depths in the Gulf of St. Lawrence and comparison with published

results.

4

Detritel

Cr ppm

o

Ci/Al* o

Cr;ﬁFe*

o]

Cr/Mg*

g

Cr/K*

O Crppm

12

- 55

12

'ghclbw water samples
(depth < 100 m} -

samples from woter depth  52.0

between 100 ond 200 m.

samples from water depth .

between 200 ond :300 n::f

_samples from water depth

>300m. .
Gulf Sediments.

" Argilloceous pelagic

sediments (El-Wakee!
and Riley, 1941)

near shore muds from
the Gulf of Paria
(Hirst, 1962) .

- North Atlantic Sediment

(Chester ond Messiha-
Honna, 1972)

" 47.5

88.0  26.0

74.0} 14.0

-

-~

72

7.3

13.3

6:32 1.87 20.76

6.7 - 2.2

12.7 3.9

10.1

- 29.1

1.48 23.54

16.66°

3.47

2.08

8.71

4.50

36.21

29.78

38.82

30.70

13.1

4.24

8.46

6.79

24.00

21,78

44,31

35.75

4,95

-

5.84

18.55

4.49 A
59 + 22

55.0

31.0

* Ratios x | ; '
Raotios x 104 \ . , 53




/4

Non-Detrital Cr: non-detrital sources contribute from 19 to 40% of the

total Cr content (average 17%).

The relotion;hip between non~detrital Crand the four non-detrital

control parameters listed above, is onalyzed statistically. The;’rewll's are shown in

~

Table IV.2. The analysis show that there is a negative correlation between the element
and the carbonate content, a positive correlation between Cr and both orgonic carbon

. b -
and nod-detrital Mn. The relative importance for each parameter con be assessad from

the portiolﬂcc'xrelotion coefficients given in Table 1V.2.

»
The negative correlation between Cr and the carborrate content in
the G}olf, confirms observations made elsewhere (Nicholls et al., 1959; Hogdnhl,

1963). It indicates that with respect to Cr, carbonates act as diluent for contributions

-

made by other sources. Qn the other hand, sorption reactions on both organic matter
and ferro-monganese hydroxides appear to be importont mechanisnis by which Cr is

incorporated into the Gulf sediments.

4.4.2 Cobalt ond Nickel
—-
Detrital Co and Ni: the average Co and Ni content in the fine fraction

of the Gulf sediments d6 not show any steady increase or decrease with depth. However,

sediments from water depths 5300 m contain more Co thon somples from other depths

(Toble 1V.3). “ v o

-~

2



5-‘) ‘e -
TAREIV.2
: r4
Correlation and regression analysis of the non-detrital Cr contribution.
Corr. ) - Significant . Regression Number of
- Porameter coeff, ot 95% level, equation " Samples
Carbonate - | - 0.32 " Yes Y=-0.29X% +10.5 51
*N.D. Manganese +0.41 “ Y= 002X+ 0.2, 51
Organic carbon - ’ +0.40 , " Y= 0.41 X.+ 3.90 25
Particle size . . 0,27—' No Y=-0.08X+6.,2 Y]
* N.D. = Non-detrital monganese. ' )
g ‘
. - ®*
. 4 .
S :
® e




Figure. IV.1

g Relationship between detrital Cr and detrital Mg. :

Figure 1V.2 ’

Relationship between Co and Mg contents in the detrital fraction.. )

.
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~

Co/Fe, Ni/Fe, and Co/Mg, Ni/Mg ratios indicate that Co ond Ni bave more

5

> Con‘\pared with other gooiogicol materials, the fine fraction of the

sediments from the Gulf, Is enriched in Co relative to tTIi . The Co/Al, Ni/Al;

~a

e W

constant ratios to Fe ond Mg thon they have to Al. Therefore, both elements shouh.i
be preferen@lly associated with ferro-magnesium minerals, mainly chlorite. On
the other hand, the average Co/Ni ratio differs for samples from different depths.
This may reflect the fact that Co and Ni do notoccur in the same mingml (Chave
ondyMackenzie, 1961). As discussed above, \}(;:riaﬁons in mineral ossemblages exist:

shallow water samples contain other ferro-magnesium minerals beside chlorite, which

becomes mare abundant with depth.

A strong correlation exists between detrital Co and Mg (Figure 1V.2).
Also, the Co/Mg ratio is almost constant for samples from different water depths. On

4 -
the other hand, there is no correlation between Ni and Mg, ond the Ni/Mg ratio is

\
quite variable.
- «

(/ On the basis of the criteria defined above, a nearly constont Co/Mg
rqtio would meon that Co is enriched in chlorite.. In this mineral, it is known to be
associated with Fe“r2 ond Mn+2 which tend to replace Mg (Grim, 1968). There is no.

evidence that Ni is associated with ony specific clay mineral .

-

.
1
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el ”
| N TABLE V.3 . '
ade N R — R . % ;‘ f" . .
Average Ni/Al, Ni/Fe, "Ni/Mg, Ni/K and Ni/Mn ratios in thes detritol VovoL . °
g LA LT
Ty fraction of the sediments of the Gulf of St. Lawrencé. ’ R
Average’ . NifAl* ¢ Ni/Fe* . Ni/Mg* o Ni/‘K’},a g Ni/Mn o - A l
. ¥ R . U *
7 shallow water samples 3.29 0.41 1113 1.34 ° 18,71  5.56 13.14  3.36 0.086 0.04
water depth<100 m, ‘ A ) .
20 samples-from water depth 4.77 1.33 13.8 8.1  20.70 10,20 16.69 1.4 0.069 0.015 ’
N ‘between 100 gnd 200 m. ‘ : * . '
12 samples from water depth 5.78 1.1 14.20 - 5.83 - 20.71 11.20  19.05 1.76 0. 319 0.029
, between 200 and 300 m. :
12 samples from water dapth 4.35 1.17 10.35 -3.96 12.90 5.2 15.68 4.23 0.085 0.032
> 300 m. . -
* ratio x \04 '
, ®
> S ’
A ) ’
s ) s
o~ A . &
& - -

o
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Non=-Detrital: Co and Ni : the examination of non-detrital Co and Ni is

- interesting as it reveals a different behaviour for each element during the geochemical
- - -

cycle in the Gulf. The averagé non-detrital Co makes up 28% of the total Co
R . ——

(ronge between 0% ond 60%). Non-detrital Ni varies between 1.5% and 70%
(overoge 48%) . In comparison, Hirst (1962) found that 32% of Co and 16% of Ni

are of non-detrital origin in sediments from the Gulf of Paria.

N

. The high percentage of non-detrital Ni os compared to Co in the

fine fraction, may reflect the influence of river waters compasition on sediments.

~

Livingstone (1963) has reported higher valc.!es for dissolved N1 as compared to Co i'n

major North American.rivers. In these, dissolved Ni is 12 times as abundont as Co.

¢

.

The correlation coefficients between non-detrital Co and Ni and
v . <.

the reference parameters dre given in Table IV.4. Co and Ni do not correlate with

~

| ’ non-detrital Mn, and show a very low correlation with Fe. This is unexpected as

both Mn and Fe oxides are well known scavengers of trace metals (Chester, 1965).

@ -
A possible explanation may be that Mn is present as sorbed ions on Fe hydroxide

rd

precipitates, rather thon as an independent mineral phase, . and that in this fom it is

v

not subiect'to isom;rpho;:s substitution. It has been ‘estoblished by Bamnes (|967)‘, thot

"the typé of Mn mineralization controls the relative abundance of trace elements in

ferro-manganese precipitates. JQ-__\ .
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- ’ TABLE (V.45 S

Correlation and régrgfssion analysis of the non-detrital Co and Ni contributions.

B ~ - »
- - 7 ! N
: Corr. Significant : Regression Numbei of
”Pcrometer Coeff. s at 95% leve! - equation samples .
Corbonate 0 . . ' Yes Y = 0.36X - 10.1 51
. *N.D. Monganess a . Ne v = 0.02x% + 0.0003X + 1 51
Ofganic corbon L0 Yes ¢ =-4.59X +20.2 25
Particle size o : No . Y=~-0.06X+17.4 25
r Carbonate: b Yes Y=~ 2.lx2 +0.07X +35.2 5)
*N.D. Manganese b -0.13 No . Ce- -1
S Orgonic carbon b | +0.38 Yes / Y =6.81X +18.9 25
. - Particle size b - 0.42 - 'No Y=-l.88X2*0.02X +38.5 . 25
- * N.D. = Non-detrital . = . ' : ' "
> ‘a = Co ‘ o
- - b . = .N; . N ~
-- = Not calculated X
- O _
1) - ~
) 6 - . 'f, 4 4
. . 1
v ~N ot T * ."\\ """ - —‘d
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Co shows a postitive correlohon with carbonate ond a nogatrve

carrelation with organic carbon, which suggest that it is contributed by the carbonare

fraction, while sorption‘ reactions on orgonic detritus are not importont for its
4 s
' deposition . On the other hand, Ni exhibits the opposite trend; it correlates _
negatively with carbonate and positively with organic carbon. Here, sorption on

. organic matter appears to be. important.

4.43  Lead ond Copper ' -

' Detrital Pb ond Cu:  the average Pb and Cu content of the fine froction
in samples from various depths is given in Table IV.5 together with the Pb/Al , Cu/Al; |
Pb/Fe, Cu/Fe; Pb/Mg, Cu/Mg ond Pb/K, Cu/K ratios. -
P Statistical tests indicate that detrital Pb does not vary with depth. .
The overage Pb content in the fine froction is significontly higher than that given for
Ca AN oo
| conhnentol sholes . ’ . (
Cu shows a steady increase toward deeper water, while in shallow - J
. ! i

. . v
water samples it has concentrations similar to near shore muds, as reported by Hirst

¥

(1962 b); Cu values increase with depth, oppr-o\oching those reported for the North
. & ; )
Atlontic deep-sea sediments by Van der Weijden et al. (1970).

\ The: variable ratios of Pb and Cu with respect to the major elements *

oy

indicate that neither is preferentially .concentrated in one of the major mineral

[T

. cpmpon'ents. However, the high detrital Pb concentrations as compared to continental

shales may reflect its associatign with K ond Ca in feldspars.
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o .

' M\-Dﬁrhol Pb and Cu: non ~detrial Pb varies between 3% and 70%,

with an average of 53%. Non-detrital Cu ronges from 27% to B5% (average 61%).

ihou values are considerably higher than those reported for fine sediments in higher

L “

lati tude environments (Table IV.11).

Non =detrital Pb strongly correlate with non-detrital Mn, while
there is no correlation betwaen?l’b ond o}!gonic carbon. On the other hand, Cu

correlates positively with organic carbon, ond shows a relatively weaker coirelation

) with non-detrital Ma (Table IV.6).. ’ ) - ’

-

In a study of organic rich sadiments from the West African Shelf,
. .
Calvert and Price (1970) also found o high correlation of organic carbon with Cu,

and a weak correlation for Pb. They concluded that Cu is associated with organic

\ -
“detritus, either as sorbed ions or as metallo-organic complexes.
| '

o~

L~

4.4.4, M_ol‘xbdenum
. Detrital Mo: the distribution of detrital Mo in the fine fraction
- LA i

appears to be independent of depth. Although its average value is close to 'rose

reported by Sandell and Goldich (1943) for igneous rocks (Table IV.7) , theretis

no preferentisl relationship between Mo any of the r;mior el.emenn.,'

~ An explanation mig{vt be that occurs in the sedifrents of the

%

Gulf as the mineral molybdenite. Several areas of Mo mineralizat]on are reported
, ., [‘ - . J

for regions contigious to the Gulf./Confribuﬁom from other dagi

unlikely, . os is not a hrace element of clays or other major minerals (VJowvckm).

I3
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° ] Table 1V.6a °
s - , )
4 - Correlation ond regression analysis for non=detrital Cu.
N B A - - i "‘
> i * - Corr. Significont . . Number of -
R s quf?"e,t Coeff ot 95% level Regression Equation Somples
- «  Carbonate | -0.20 No® Y=3.6x2-0.1x + 3 s
) N°D. Mangonese +0.35 Yes- =Y =0.06X +22.0 51
Organic carbon +0.64 Yes Y=7.2X+6.8 25
Porticle size . -0.23 © Ne ¥ = 2.56X +67.8 25
e * ” Non-detrital manganese. .
s ’ ) 4 : b .
Table 1V.6b )
. « Correlation and regression analysis for non-detrital Pb. ‘ ‘ \ - ¢
Parometer Corr. Significont Re ion vion' Number of
o Coeff. ot 95% level gression. Equati \ Samples
; - L s g :
© Carbonate +~0.42 Yes Y =4,67 Xi- 0.15X+'15.0 51
- . - *N.D. Manganese ~0.42 Yes - © Y =0.07x + 6.0 51
" Organic carbon. -0.% , No Y'=30.0x2-7.2¢ - 11.5 25 -
- Particle size -0.2 ‘No "Y,c 2.37)(2- 0.04X -~ 38.3 25 -
o ‘ S \
\‘ 3

* Non-detritol manganese.




-

"~ (1967), it may have acquired Mo in sity, ts a result of bacterial oxidation of organic

‘ matter.

Non-Detrital Mo: non-detrital Mo averages 46% of the total Mo content.

.

The degrees of correlation between non-detrital Mo and the reference parameters are

]

N
given in Table 1V.8. .
” - [~ ! \l

At least two factors contribute positively to the non-detrital Mo

content of the sediments of the Gulf: i) associgtion with carbonates, ii) adsorption

9

- onto the clay particles. As Paleozoic detrital carbonates have beor\shown elsewhere

(Krejci-Graf, 1972) to have Mo content below.detection li'mi's,' its positive

chrr%loﬁon with carbonates is due rather to the presence of Mo in fine skeletal

" . calcareous debris present in the sediments. -Mo is an importont element in living 4!5

' .
organisms. It is particulgrly known to be a growth factor for many species of marine

plankton (Provasoli eal., 1953). However, its biogeochemistry remains poorly

2

known, w
” “y e

Statistical tests suggest that Mo may be présent as sorbed ion on clay

particles, but not on organic matter, as Mo and organic matter correlate negatively.
A} . - .,

Mo may be awociated with pyrite, which occurs as @ minor component
of the fine fraction . The element is‘knowr; to be associated with wlfidesﬁ (Berﬁn)e,
|?72; Cronan and Thomas», 1972) and to accumulate during the formation of sulfide
minerals (Berner, |97l;- Stumm and Morgan, 1970; Rankama and Sehama, I?SO).'

If the pyrite in the Gulf sediments is aufhiger;ic, as proposed by Conolly et al.,
\ —_—

s

\




. - TABLE IV.7 .
s
Average Ko “ond Se content in diffarent sediments from the Gul¥ of St. Lowrence,
. compared with other values from the literature (ppm). ‘
. -~ Molibdeﬂum Seleniym
Average Total Total
. v . ofat - ota
& . Detrital fo g sediment o . sedimnf q
7 s}\allow water samples (woter’ depm 15.5 7.1 35.0 21.0 98.0 48.5 c
< 100 m) A e
20  somples from water depth between '20.0 8.0 28.4 18.4 54.6 7.6
100 and 200 m. - ~ . ’
12 samples from wafet depth befween 14.0 8.4 23.0 14.7 41.7 15/ ‘
200 ond 300 m. ., . ‘ )
14  somples from water depfh>3mm 14.3 10.5- 19.6 14.5 44.7 24.8
) (12 samples for the detrital fraction)
= Shale from Utoh (Barth et oL, 1939 0.6-96.3
;!'!. - tron sulfide from sednmentary rocks ' up o 32
(Mmoml, 19356} . )
'\_ Igneous rocks (Sondell and Goldich, 15.0
~ 1943)
= - 'Sediments from streams ond rivers of 2-98.0
Bathurst area, New Brunswick (Boyle -
‘sf‘ol. ’ 19“) \\k
- S9ils from Alobomo (Clark 1973) up 1o 170 ‘

v
. \

Lo .
\

\\ o d
\ |
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ﬂ ' - - ’ V’,
° ‘ TABLE (V.8 . .
Co 1aro' and regression analysis for non-detritdl Mo. ) e . ) 1
) ) rrelation g ysi \_\ ’ ) ) ]‘
¢ B
; i Corr, Significont | " . Number of
Parameter . coeff. at 95% level Regression’ equation samples .
‘ Carbonate +0.33 Yes Y = 1.4‘9)(2- 0.04X + 1.1 , 5
*N.D. Mangandse, «0,20 No - 51
_Organic carbon . -0.47 - Yes = - 58.9x2 +12.3X - 76.7 25
. Particle size -0.38 . Yes =-0.11X +10.0 25
2
. * Non-detrital manganese.

-— Not calculated. . - -

-~
.

174




75

e ! 4.4.5 |, Selenium
' ) Se in th.fine fraction of the Gulf sediments was analyzed using ]

A.A.S. (Robinson, 1966), after being concentrated and separated as described

' by Chav and Riley (I%S) . ", z -

& \ ) ’ ,
Se in the Gulf sediments shows a definite enrichment as compared

v

to other geological mtaritﬁ:\porliculorly deep-sea sediments (Table IV.7 ).

I .
Generally Se is enriched inthe shallow water samples relative to deep water ones.
(4

According to Rankama gnd Sohama (1950), Se closely follows
sulfur in the geochemical cycle, ‘being concentrated in the sulfide minerals. As
. P

°

-
~

Se concentrations are rafatively high in the sediments, which at the same time
‘ : contain only minor amounts of solfides, this element may be contributed by other -
. - - ’ !

minerals ©r may occur in sorbed state. The associations could be with: ‘i) sulfate

inerals such as barite; ii) sulfate ions occiui‘red or trapped in the sediments
' f

due to flocculation of suspended clay particles; iii) ferro-manganese oxide, J

particularly in associgtion with iron oxides. e
‘ {

S -

i;arite has been reported in the heavy miner;l fraction of the sediments

\\' .+ from the Gulf (Loring qrid' Nota, 1969). High Se content in samples: fmm shallow
stati;)ns as compored“ to deep water stations may be attributed to the premice of

' . pyrites and barites, . in re'|otive|y higher c‘t?r{'qni than in the sednments from deep water

°

-




Figure 1V.3 .
Relationship between total Se and non-detrital Fe in the Gulf
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o

stgtions. According to Turner7l957), the highest concentrations of Se are confined

a

to beach and lagoon deposits. oL

- Rankama and Schama (1950) state that Fe ond Mn hydroxides are
. ,

able to adsorb Se complexes from aqueous solutions. The element is more efficiently

removed from solutions by Fe (OH)3 (Chau and Riley, 1965). As ferro-manganese
oxides occur in the Gulf sediments (mostly as coating of the sediment particles)

they may well be the main host for Se. The relationship between total Se and

»

t 5. . A
non-detrital Fe is shown in Figure IV.3. Somg degree of association between the
- Lo f T Coy

two elements may be inferred from that figuré.

. -

4.4.6 Strontium

Detrital Sr; detrital Sr of the fine fraction of the Gulf sediments,

~

makes up 32% of the total Sr. The i§tter varies between 80 and 1997 ppm with gn

average of 398 ppm (0 =338 ppm). No stofisticol correlation wag found between

—

detrital Sr and either Al, Fe, Mg, or K: a high correlation does exist with Ca.

The variation of Sr with Ca is shown in Figure IV.4.

According to Viasov (1966), Sr does not ‘enter tha-clay minerals
as an isomorphous inclusion, contrary to its behavigur in igneous alumino-silicates,

F)

AL
-

.

where it f;’c.qyemly replaces to ond K. The rqloﬁor\shw"; between $r and Ca in the '

—

detrital fraction of the Gulf sediments, thus, may indicate its association with
W .

feldspars. The lock of correlation between K ond the high positive correlation with

-

Ca indicate that 5r is replacing Ca in plagioclase feldspar, most of which has

- . e

3




3

A\ Y ~

i Al

presumably been derived from granitic rocks from the north shore. A high correlation

between Ca and Sr, differentiates grantitic rocks from bosaltic ones (Wehmiller, 1972).

»

Non-Detrital Sr: non-detrital Sr (Table 1V.9) accounts on the average,

for 68% of the total Sr, with a range between 40% and 90%. o A

This fractjon may have been introduced in the sediments by either

-

- ' one or both of the followi.ng pathways: i) co-precipitation with COCOS in skeletal
- material, or in association with detrital corbon?fes; ii) sorptien on clay 'parficles
and organic matter. The p;sifive correlation with po;ficle size (inversely
" proportional to surface oreo),. and the negative correlation with organic carbon, both
. indicate that sorption reactions are not important mechanisms by which the element

was incorporated in the Gulfysediments. In Pacific pelagic clays, Goldberg and

Archenius (1958) found that about 13% of the total Sr occurs in the sorbed state .

~

The positive correlation with carbonate content suggests that Sr
may &e associated with it in the fine fraction of the sediments. The relatively low

correlatiorr coefficient, however, is expected if only part of the carbonate is
3

- aragonite shell material gble to accomodate Sr. The remaining may be detrita)
. SHeA

" calcite from.loeallimestones.

4.4.7 Z_irlc

Detrital Zn: the average detrital. Zn makes up 64% of the total Zn,
and rorés from 34% to 88%. Total Zn content in the analyzed samples averages

12l ppm (0 = 37 ppm). 1




’ ‘ TABLE IV.9
Correlation and-regression analysis for non-detrital Sr.
: Corr. Significont . N Number og
Paramter coeff. ot 95% level Regression equation samples
Carbonate +0.57 Yes Y=30.1X-16.5 51
~ Orgonic carbon - 0.47 Yes . Y = - 428.8X + 1337.0 © 25
Particle size - +0.90 Yes Y =62.4X - 204.8 25

. .
P g
v . ‘
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Figure IV.5 a,b illustrates the variations of detrital Zn with Fe
and Mg. The correlation is good, and suggests that Zn tends to follow these two

elg,ments. It appeats likely that detrital Zn in the Gulf sediments is linked with the
J

chlorite phase, rich in Fe and Mg. The similarity between the atomic radius of Zn
and the atomic .radii of Fe and Mg supports this possibility. Rankama and Sahama

(1950) state’ that the abundance of Zn in nature depends on its property of replacing
Fe‘*2 diadochically in mineral structures.

)
A

Non-Detrital Zn: on the average, 36% of total Zn is non-detrital.

statistical analysis yfelds a positive correlation between non-detrital Zn and

i) organic carbon (r = +O.6£), it) non-detrital Mn (r = +0.56); iii) particle

size (r = + 0.37). There is no correlation between non-detrital Zn and c;rbonote

g;é;r/\ten' . Thus, sorpﬁion by organic matter would appear to be the major pathway
{

by which Zn was incorporated into the :ediments. A secondary process might be

precipitation with some ferro-manganese oxide phase. These two processes are

known to be involved in the deposition of Zn in sediments elseowhere (Rankama

and Sahama, 1959 ; Calvert and Price, Il 970).

The positive correlation between non-detrital Zn and particle

size suggests that odsorption on clay particles is not on efficient mechanism in the

removal of the element.
K

.
L@ -
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Figure V.50
Relationship between detrital Zn ond detrital Mg
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! Figure 1V."5b
Relotim—s"\ip between detrital Zn ond detrital Fe
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4.4.8 Monganese

[N

Detrital Mn: the average values for the detrital Mn contént in the

fine fraction of the Gulf sediments, as well as the total Mn values, are given in

Table V.10 . The Fe content and Mn/Fe ratios are also indicated. Figure IV.6

[

shows the relationship between detrital Mn and Mg™in the sediments.

Detrital Mn has on almost cons\rpnf ratio with Aefr‘itol Fe (0.013).

The ratio for the total elements is 0.018. This may indicate that Mn is supplied in

- 0

relatively larger amounts than Fe by the non-detrital fraction.
» & s

Figure V.6 illustrates that Mn varies with Mg. Hence, if as

discussed earlier, Fe ond Mg occur mainly in chlorite in the Gulf sediments, Mn

may be associated with this clay minerol.

ra

Non-Detrital Mn: the non~detrital Mn contribution to the fine fraction

varies between 8% and 74%, with on average of 45%. The norn‘—detri:;l Fe averages
24%. The non-detrital Mn is negati vely correlated with both orgenic carbon and
carbongte content. No correlation was found between r;bn-detrital Mn and porticle
size;+ o strong correlation behn:een non;ciéhitol Mn and non-detrital Fe exists

(Figure 1V.7).

-

L

/

e , The Mn/Fe ratio in the non-detrital fraction is almost constant.

This may indicate that both elements are present in the same minerals (Chave and
Mackenzie, 196]). In the non-detrital fraction this would be 'the ferro-monganese

oxides. HoWwever, compared w ith ferro-manganese oxides from other environments

) x-




Mn content in the detrital fraction and the total sediment samples, together

3 with Fe/

"TABLE V.10

geologicl material from elsewhere.

e

values in the same samples and the Mn/Fe* ratios compared to other

~

o
v

. , Detrital fraction 7 Total sample ‘
Average \ Fe Mn Mn/Fe* a Fe Mn Mn/Fe’
i 7  shallow water samples 2.43 346 149.3 41.8 3.70 667 181
(water depth<100 m) - . ) )
20 somples from water depth 2.92 448 161.2°  37.2 3.65 694" 190
between 100 and 200 m. ! .
‘ 32 samples from water depth 3. 41 398 115.0 15.9 4.13 v 644 160
: between 200 and 300 m. .
o 14 somples.from wgter depth > 3.92 467 121.8 .67 4.2 813 150
300 m (12 samples for the
‘ detrital fraction)
’ 3 ‘ suspended motter samples "10.0 3000 300.0
— from all over the Gulf.
50  St. Lawrence Gulf sediments 4.24 720 170
(Loring and Nota, 1968)
- - Conadion Shield (Grout, 1938)  3.98° 560 140 )
- Delta clays from the Gulf of 4.21 500 1207 -
’ Paric (Hist, 1962) ~
- Igneous rocks (Goldschmidt, 5.0 200
_ 1937) -
- Ig;reOus rocks (Clark and c, 1000
Washington, 1924) . , |
"Mn is given in ppm Fe isgivenin % *Ratiosx 104 _
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' (see for ex. Price, 1967) the Ma/Fe is very small. /\

\

r

Both non~detrital Fe ond Mn enter the sea i) in ttue solution,
~ R ‘ ;" .

- ~

ii) as sorbed éons on particulate matter; iii) &s precipitates or co-precipitates on
L , )

detrital grains (Gibbs, 1973). The differences in the average content of both elements

-

reflect the relative availability of their ions in solution. . A

3 Co N \ .

Like Fe, Mn is soluble to low Eh and pH values (Garrels ond
Christ, 1965). The fractionation of the two elements may take place at or near
the source, or later in the sedimentary cycle (Ljungren, 1953). Ferrous iron in

+
solution is more easily oxidized than Mn 2 (Krauskoph, 1957). It is stabilized

as Fe2 O3 or Fe (OH)3 and taken out of solution. On the other hand, 2

oxidizes to Mn (OH)3 or MnO2 (Monheim, 1965) .‘ Low Eh values report c;by X
Loring and Nota (1968) as well as the presence of a reducing layer |-to 2|cm below s
the sediment surface, indicate that much of the Gulf sedi.ments may ha\;e redox

potentials below the stability level of }vh+4 and possibly in some areas below that

+ ‘
of Fe 3. This may explain the low concentration of Mn as Mn hydroxides.

’i

The negative correlation between non-detrital Mn ond orgonic

carbon is to be expected, as local concentrations of organic matter within the

-

sediment will decrease the Eh and pH. The negative coirelation with carbonate is

" also nof surprising: carbonates are known to contain very little ‘Mn {Turekion, 1985)..

!
¢

4.5 Discussion

-

The total abundance of the trace elements in sediments is o measure -

.
-t N 4

N\ . |

s}




i , .
" partly of their availability in the source material, ond partly of their reactivity. By

. v

using proper fractionation meth/ods,l os done in this work and in previous studies (Hirst,

" 1962 b) ~it is also possible to interpret physical and chemical pathways which lead to
¢ : <

»

their concentration in bottom sediments.

3

; The analytical results presented in this chapter indicate that, unlike

————t—

the major elements which are mainly introduced into the sediments via the detrital

(lithogenous).fraction, a significant part of the trace elements is associated with the

-

non-detrital fraction, which accumulates through reactions taking place in the water
™~

. .
column or at the water-sediment interface. This point is illustrated by the variations

¢
in element concentrations as a function of water depth: while the cbundance of major
ond minor elements, Ca, Fe, Ti, Mg, ond K increases with depth in the fine froction,
mainly as a result of the higher percentage.of clay minerals present, no particulor

trend appears for trace elements studied with the exception of Cr which occurs'mainly

?

, G
in the detrital fraction.

[y

.

-

When compared to values for sediments of other latitudes, ofter

-

nommalization to a constont CmCO3 value of 10.5%, the averaoge non-detrital -
contribution of Cu, Pb, Mn, Ni, and S¢ in the Gulf sediments, appears quite high
(Table IV.11). This r;ay be explained in part as a result of troce element enrichment

~

in the source rocks: mineralization zones for Mo, Cu, Ni and some associated elements

.
Keten

occuraround the Gulf; some of them are or have been mined. ~On the other hand,

ey

. ‘-’Pb, Cu, Zn, ond Ni are used in various industrial and domestic products and the

St. Lawrence River waters, fed by the great Idtqs‘, receive considerable mmputs of

¥ - {
[
- h .
\ '3
N E

- ¢ ' - y
.t m \ . , L
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trace elements as byproducts and wastes from industrial cities in.the U.5. A. ond

N
4

Canada. ‘Injections via the atmospher; are also likely. The estuary of the St.

Lawrence River and the G)ulf together dct as a major-sink -for these various substonces.

it is difficult to estimate quantitively how much man's influence

may raise the natural levels of trace elements in sedjments. Simple calculations
‘ > [ 4

based on pu blished analysis indicate that the Mackenzie River, which may be
considered still c;npollure“;!_(Reeder etal,, 1972), tronsports propoitionally four
times less Cu and twice less Zn yeorly as the St. Lawrence River. It thus moy be
already too late to refer to a natural back-ground baseline for further -chonges in

trace elements concentrations in the Gulf sediments.

P

When compared to those for fine sediments in the Gulf the
non-detrital fractions of the trace elements are significonfl‘z higher in the estugry .
of the St. Lawrence River (émith, 1973,p.c.). This holds true for all of the — i T

elements except Cu (Table lv.12): after nomalizoﬁc:un to 10.5% CoGOa ,nm-giefrifol

-

Cu in the esh._oory is only on the average 36% of the total element, as against 6%

t
/

¥
in the Gulf. Thus trace elements remdval is important in the estqory\, possibly asa |

result of surface sorption, ﬁ/recipitoﬁon or flocculated particles (Gib‘?s, 1973).

s

These reactions may not be reversible for all trace elements in the particular

N
" conditions of the St. Lawrence estuary, which may explain the particular behaviour
. ; /k\ ‘--, N s :
of Cu (Turekion, [971). ) . ,
)4 .
&® » '«.:
‘. %
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] " TABLE V.11 (
Contribution made by the non-detrital fraction of ifie sediments
: in the Gulf as compared to other sediments, recalculated 1o
10.5% ‘carbonate content )
i
t
% contribution mode by ’ .
the non-detrital fraction Co Cr Cv 'Mn Mo Ni Pb S Zn
* Gulf of St. Lawrence 28 17 6l 45 46 48 53 68 36
** Low'latitude sediments 58 .8 67 -- -- 43 4 - -
*** High latitude sediments ~~ 11 19 17 13 - 10 -- 24 --
+* Deep-sea sediments 126 N 14 - 9 - V7 --
~* St. Lawrence estuor)" 2 19, 3% 100 - 78 - -- 73
. | e
. TABLE 1V.12
Averoge: percentage contribution made to the total element
content by the detrital fraction. :f‘
Element . Co C Cu Mn Mo Ni Pb S Zn
average % detrital 72 83 39 55 54 52 47, 32 64
contribution - ’
* present work
T ** Hirst, (1962b) ya
*** Beltagy (1969)
+* Chester and Messiha~Hanna (1970)
-* Smith (1973,P.C.)
A
. "
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’ Statistical analysis applied to values of the non-detrital fraction

Y

has suggested that the mechanisms by which elements are incorporated into the .
Y < :

Gulf sediments vary from one element to another. Sorption by organic matter is
LY

important for Cr, Cu, Ni, Pband Zn. On the other hond precipitation in

association wi?h“fefro-mangonq;e.hydroxides provides a’major depositional pathway

o

for Cr, Cu, Pb, Zn ond Se. Carbonates may contribute to concentrations of Co,
Pb, Mo and Sr. Adsorption on the clay particles (surface reactions) appears to be

particularly efficient for the removal of Mo from sea water.

¥

~

The mineralogical association of the trace &lements studied, wo\s\.\

inferred from the study of the detrital fraction of the sediments. Based on the

average contribution of that fraction to the fotal trace element content (Table 1V.12),

f
the results indicate that the detrital character of the elements decreases in the order

Cr>Co>Zn >Mn >Mo >Ni >Pb >Cu >5r.

L 4

According to their mineral association in the detrital fraction the

elements can be divided into three groups: ,

\

Group 1: consists of trace elements mainly associated with clay minerals, particularly

chlorite, as indicated by their resPectivé relations to Mg. This group includes

Mn and Zn. Regression anc;lysis shows that 77% Cr, 73% Co, 75% Mn and

Cr, EO,
67% Zn are contributed by chlorite. .
Group I1: is made up of elements associated with non-clay minerals. To this group

belongs only Sr, which substitutes for Ca and K in feldspors. Plagioclase feldspor

appears to contribute over 90% of the element in that fraction.

il




+

*

Group 1ll: members of_this group do not associate themselves with any major
mineral component of the sediments but either occur as seporate minerals or are

distributed randomly among all the mineral constituents of the sediment. Ni, Mo, -

:
’ . o

Pb and possibly Se fall in this category.

o
Se which was studied in the total fine fraction of the sediments,

shows very high values. Although Se is being mined in Quebec and Ontano on

the edges of(ihe Canadian Shield, there is no Se mineral deposits in the St. Lawrence
dromage basin. The high values found may point out to occurrence of concentration
zones there. The relationship between Se and non-detrital Fe suggests that Se in

the sediments wés precipitated from solution with Fe hydroxides. This may have

takegn place ot the source or during transportation. -

The correlation found in the detrital fraction between Cr, Co, Mn®

an‘ Zn on one hand’ aﬁ{Mg on the other may be choroctenshc of the lithology of

- hd I

the source aregs. ) Y
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CHAPTER V

SEDIMENTATION IN FIVE LONG CORES
FROM THE Glkg OF ST. LAWRENCE

“ S
\ ~

5.1 Introduction

&Thc; stratigraphic interpretation of geochemical data obtained from
cores, is a very difficult task, particularly in the absence of any information on
rates of sedimentation (Wangersky, 1962). The partition of the elements among
f!we various inorganic and organic F_’hoses is in itself @ major pn?blem. Also,
following incorporation in sediments, some elements may be re-mobilized and

may migrate from their original sites to be ’re-precipitoted elsewhere (Lynn ond

Bonatti, 1965).

For purposes of correlation and stratigraphic studies, the selecti‘Q
of elements to naly is therefore critical. Finally, in order to come to any

valid conclusion the mwst be subjected to sensitive statistical techniques.

In spite of the difficulties involve#ﬁ\e geochemical analysis of
core samples may be the only tool available for stratigraphy in areas such as the
Gulf where radiometric, paleontological or other ty\pe of information are lacking.
In addition, having considered regional trends in the chemical composition of the
surface sedimen'ts, it is worthwhile to investigate vertical changes in element

distributions as these might reflect some modifications of the environment.

13

In the current investigation, sub-samples were taken along five

piston cores collected in the Gulf of St. Lawrence at locations given in Table V. 1.

{
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P - TABLE V.1 ;
' < Core location and water dgpths’. -
Core No. ‘Long. l.tn)catmnf l:&i. " Water depth  Length of core
BIO 115 60°11°8 48°10' 0 485.m 1060 cm
BIO 36 50°14'9 48° 59' 0 302 m 350 cm !
Sack 3 63° 08' 0 48° 30 372 m 225 cm
™ " Sack 17 65°33' 0 49° 36" 0 . 410 m 225 cm :
[ Sack 21 60°11' 0 48°17'0 345 m ~ 125cm
|
I
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These were analyzed for the following elemen's:b ‘Na, K, Ca, Al, Fe, Mg, Ti,

t

Mn, Cr, Co, Cu, Mo, Ni, Zn, and Sr.

—
1

The results for the major elements and Mn are the only ones

PR
X

presented here. Reisfts of other elements are given in Appendix C. The
elements discussed in this chopter were chosen for the following reasons: (i) as
the distribution of the major elements in the Gulf is Iutg‘ely controlled now by
t;epfh, their variations along core length may reflect changes in regional water
depth with time; (ii) except for Ca, the major elements appear to be supplied
to the sediments mainly via suspended matter input from the St. Lawrence River.
Accordingly, their variations in the cores may also gesult from fluctuations in
this source with time, including changes of the mineral assemblage supplied §n
suspension; (iii) post depositional alterations affecting the disttibuﬁ;n of major
elements are belived to be long term diagenetic effects (Weaver, 1967). They may
be considered negligible over the time period, of about 60,000 years, represented
by the longest core; (iv) although Mn may migrate vertically (Lynn and Bonatti,
1965), an attempt is made to interpret the variotions ir; non-detrital Mn in terms
of physico-chemical processes; (v) it may be risky to attempt core correlation on
the basis of vertical changes in trace elements; their distribution is influenced by
depth, but also by several additional factors, particularly, the presence of sulfide
minerals in so!m samples, their absence in others constitute a major pto!:le;n, as

some m;}e elements Mo, Cu, Ni and Zn tend to occur in association with

sulfide miderals. - .

\




A

»

Two different statistical approaches are used simultaneously to |
treat the data. First o simple correlation analysis between the elements taken
two at a time is-applied.” This is o standard technique used in dealing with
geological problems (Eisma et. al., 1966; Jones, 1972). The other method
: O
involves Q-mode factor analysis, as described and applied by brie (1963);
b

Imbrie and Van Andel (1964); and Imbrie and Kipp (1971},

Factor analysis yields o theoretical solution of the problem at

. hand by indicating the minimum number of factors résponsib'le for the ol ed -
variance in the samples. A remaining tosk for the analyst is to establish if
these theoretical factors may correspond to physical, and uw_osur/dble ones.

For this purpose, he may make use of the so called “obliqué solution" (Imbrie,
1963). The results may be very informative. They may be used as a guide for

. - N i

further experimentation and allow to construct a model for prediction and

-
A

quantification of natural processes (Spencer et al., 1968; Imb¥ie and Kipp, 1971).

5.2 . Core Lithology - e

information on texture and on the mineralogical composition of the
- 0

coarse fraction is summed up in Figures V.1 and V.2 respectively. The lithology

-~

of the cores is illustrated in Figure V.3.

éa
Three different smgraphid units, numbers 1 to 3, con be identified

in the cores on the basis of sediment colour '(Figure V.3). \

| -
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Figure V.2

Migeralogy of the coarse fraction in selected core somples

Figure V.3,
Lithology of the cores analyzed
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Unit 1, at the surface, is made up of gray olive-green sediments.
Nota and Loring (1964); Conolly et al., (1967) and Stanley et al., (1957‘) all
agree that this surface motérihl which occurs in the Laurentian Channel and on
" the Scotian Shelf, is postrPleistocene in age. Unit | corresponds to horizons
Il aand b in Conolly's subd;visions (Conolly etal., 1967)." It is underlain by
older reddish-brown glaciu! marine sediments, making up unrit-2 (Conolly's
“horizon 11). Unit 3 below .consists of red sediments marked by sandly layers and

an increased frequency of pebbles. It corresponds to horizon | of Conolly et al.,

(1967), according to whom it represents a glacial till.

Textural analysis (Figure V.1, also Table |, Appendix (‘Z) clearly
\

indicates that the coarse fraction ( >63 p) is more abundant in the reddish-brown

Y

sediments (units 2 and 3) than in the gray olive-green deposits (unit 1).- The latter
do not contain any significant amount of sand. Texturally, they range from sil!y
clays to clayey silts. Conolly et al. (1967) also found that the upper gray to
brown sediments (horizon il a and ’b) in their cores from the Laurention Channel,
belongs to this class. In contrast, the reddish-brown sedime:ntsl are characterized

by a high percentage of coarse sand and pebbles.

In core BIO 115 the three different stratigraphic units are,present
(Figure V.3). Cores BI0 36, S 17 and S 3 are all in unit 1. In contrast, core
S 21 consists entirely of unit 2 on the basis of colour, although its texture makes

“»
it more akin to unit 3.

-




fée

[

5.3  Mineralogy of the.Sand Size Fraction
To confirm the three stratigraphic unils suggested by visual and
textural examination of the cores, the coarse fraction of selected subrsamples
hweg'e examiped under the stereomicroscope. Between 300 and 500 grains were
identified and counted in each sample. The results are expressed as percentage

-

number of grains, and are given in Table 2, Appendix C; ond illustrated in

3

Figure V.2 .

Minerals identified were: quartz, K-feldspar, plogioclase feldspar,
amphibole, pryoxene, garnet and opaque minerals. Igneous rock fragments (mostly

-~

granite) were frequent in all the samples studied, as were fragments of slate and |

A

quartzite and to a lesser extent, foram tests.

Quartz:

In unit 1, quartz grains make up between 30% and 70% of the

total counfed\}?rairis.‘ The grains are angular and have o fresh oppecronce.

In uni"?, quartz imakes up between 28% and 50% of the grain
f
counts, The grains are always well rounded and coated with iron oxide. Similor

quartz grains appear in unit 3 at a much higher frequency, between 60% and 75%.

Samples from care S21 (unit 3) contain 70% quartz. Quortz

overgrowths were noticeable on‘sqm&\gmins.




Feldspars:

- .
v - . o

: Angulor and subangulor feldspar groms were frequent in all the

A

samples studied, but the relatwe proporhon of plag‘bclase and K\feldspars

differs between units.

In unit 1, K-feldspar and plagioclase feldspars are both present | ..

-
[P
/ur:'t,,'rx(‘* -t

\ in relatively large quantities. Each type maokes up about the same proporhon of
the total coarse fraction; K-felspar between 5% and 16%, and gfoélose
feldspar between 4% and°15%. Grain surfaces beve’froces of alterations.

7
-
Unit 2 has less feldspar_than unit 1, with possibly a higher

proportion of K~feldspar. K-feldspar makes up 4% to 8%; plogioclase

_feldspar 2% to 7% of the grains. ’

«

In unit 3, the feldspar content decreases even further with the

~
B

plagioclase feldspar abundance below 5%. |
‘ With tespect to their feldspar content, sum;ﬂei from core 5‘21
have composition approaching unit 3 rather'than unit 2, \

N . s

Homblende, Augite and Gamet:

~ i

- These three heavy minerals wepe found only in unit 1, where they

make up from 1% to 4% of the; sand fructiOn.' ’ °

’ ’ -
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Opaque-Minerals: s '

& -

Opaque minerals are common to all three units, but were found

e -

to be more ob}mdon‘t in w1 .and 2 (up to B% of the grain count}, thon in

unit 3 (3% fo 4%).

4

Pyrite occussas discrete grains; it was also found as filling in

foraminiferal tests presentSp units 2 ond 3. . -

\
/1 | b
-

Granitic rock fragments are very cbundant in unit 1, in which

{

R

Granitic Roch Frogm‘enn:“

they make between 2% and 16% of theysand fraction. ~They occur olso in-unit

2, byt they do not exceed 5% of thesand fraction. They were not idenﬁfied\g\
. a

unit 3 (Blé 115); and-were not observed in core S 21, another point identifying
{ .

. ' / ‘\ -
it asa sample of unit 3. / ‘ )
Z By
. ~ ,
A A : .
\ x

Sedimentary Rock Fragments ‘and Foram Tests:

g The so&imnﬁry rock fragments consist of red siltstone and quartzite

-

\ s )
frogmpr{h.\ Their maximum abundance is in unit 2 (Figure V.J3). Foraminifera ore

not abundant, but are always present in all units.

. . " In conclusion, on the basis of this rapid coarse fraction analysis,

™~

the mineral compositions of the three units seem significantly different. The following

' generalizations con be made: (i) the source material of the sands in unit 1 probably

e

-/

<
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to be found mainly in crystalline rocks of the Canadian Shield. The presence,
in unit 1, of blue-green homblende, which is chéardcteristic of the Shield rocks

of Eastern Quebec (Stockwell, 1957; Loting and Nota, 1969) supports this

/

/kopinion; (ii) sediments of unit 2 seef to be derived from older sedimentary .

outcrops. A likely source is the complex of Carboniferous and Permian formations
© ﬁ\\ I3

outcropping in the Appalachian region, with some contribution from the Canadian

>

Shield; (iii) unit 3 must be strictly derived from Appalachian sources, since
. ¢

it contains no granitic fragments. /

/

!

5.4  Chemistry of the Core Sampl;as

5.4«LMethods of Analysis

)

The samples analyzed were taken along the cores near levels where
marked changes occurred in either colour or texture; where no such changes

appegred, samples were taken every 50 cm.

As in previous analyses, only the «J63 p fraction was used. The

preparation and methods of analysis afe the same as those used for surficial sediments

(Appendix A).

5.4.2 Results

4

& Results of the chemical analysis of the core samples, are given k:

Tables 3, 4 and 5 (Ap;’)end'ix*C).

»s
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5.4.3 Discussion -

By inspection of Table V.2, it is evident that cores BIO 115,

BIO 36, S3 and S 17 are very similar in their chemical composition, but are

markedly different from core S 21. However, the composition does not vary
appreciably along the length of the five cores, suggesting that their respective
sour ces did not change over the greater part of the fime involved in their

a

dep_osiﬁon.

Core S 21 comes from the slope of the Lauvrentian Channel
before it branches into the Esquiman Channel. No sediments representing
unit 1 occur at the top, which consists mainly of reddish-brown sediment
(unit 3). The sediments are very similar in texture and composition fo sediments
exposed on the Magdalen Shelf, which, according to Loring and Nota (1969),
are reworked from pre~Pleistocene material. Discussing the composition of
these sediments, they pv)a’inted out that they are deficient in Al, Fe, Mn and
Na. Table V.2 indicates that material in core § 21 has similar characteristics

[y

and contrasts mafkedly with units 2 and 3 in core BIO 115,

Chemical similarities with sediments of the Magdalen Shelf

suggest that sediments in core S 21 are also residual from pre-Pleistocene

sediments. In addition, as discussed above, the mineralagy of the sond size

fraction, is not the same"as in younger deposits. It can then be safely inferred that
Q -

other sources were available to this region of the Gulf in preglacial times.

/‘/’
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TABLE V.2

"Average content and standard deviation of the elements in the core samples.

Element % _  No K Mg Ca " Fe Al Ti Mn ppm
Core No. g o ' N o4 o o4 ocd o
BIO 115 13534 0.41  2.66 0.32  1.66 0.188  1.44 1.07 4.65 0.27 6.89 0.42 0.75 0.098 668 73
BIO 3%  1.81 0.32 262015 2,01 0.11 . 1.91 0.85 4.64 0.24 5.72 0.63  0.62 0.05 561 47
Seck 3 1.75 0,07 2,35 0.14  1.83 0.03  0.80 0.06 4.57 0.19 6.90 0.44  0.89 0.037 ‘417 39
Sack 17 1.89 0.13 2,54 0.18  2.03 0.24  1.66 0.40 4.50 0.42 7.02 0.54  0.82 0.074- 353 49
Sack 21 0.93 0.11 2,08 0.33 1.70 0.21  1.79 0.40 3.33 0.22 °5.31 0.75 0.79 0.051 267 /10

* wt.%




) The variation \tvilh depth of some of tho mai?/;lom_oﬁh in the
four short cores (BIO 36, $3, S 17 and S 21) i; shown in Figures V.4 to V.8.
No speciﬁ;: trend appears to exisf; except possibly ff)r core S 21 where K, Al
and Mg tend to increase with depth in the cor;.. This is to be expected since the
three other cores sample only the post-glacial sediments (unit 1). The sources of
material to the Gulf during post—g‘lociol times presumably remained the same #

through this period, which explains the more or less constant composition across

unit 1.

a
Figures V.9 to V. 16 illustrate the variation with depth in the

core for the 8 elements studied in core BIO 115. There is no evident trend
in the vertical distribution of some elements along the core. Na and Mg are
exceptions, as they éPpear to decrease in concentration ;vith depth in the core.
A degree of covariance is suggested for Na and Mg and K, as they have
maxima ond minima at corresponding depths. Varioﬁo:‘ns in Fe ond Al could
also be r’eloted. On the other hand, Ti, Ca and Mn (!o not show any definite

trend, nor can they be correlated with each other, or with any of the othersflemenfs.

The three units identjfied on the basis of bothnlithology and
mineralogy have, however, a distinct, different chemical composition as shown
in Tobie V.3. Unit 2 hos o relatively low concentration of Na, K, Ca, Mg ,
‘and Mn when compared to units | and 3, with the \highest concentrations of

the elements being in unit 1.




TABLE V.3 .
Average chemicol composition* of the three stratigraphic units
. in Core BIO 115 , .
hY
Eler?ent - °
Stratiyaphic No K Co Mg Al Fe Ti . Mn
vnit B )
, - . . ° = ~
0-680 eEcm . 1,79 2.62 1.03 1.76 7.47 4.85 0.758 707
2 - B » T :
. 680-820 c¢m 1.24 2.2 0.74 1.47 7.00 4,67 0.754 T 569
. - _-‘3 ; te o X
‘ - 820-1040cm - 1,37 2.34 2.2 1.63 6.50. 4,41 0.649 63§
" concentrations are given in wt, %, -

® concentrations are given in ppm.
4
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Figure V.4 .
Variation of Mg content with depth in the core, for the four
short cores analyzed. '
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Figure V.6 - o .

- . v 4
Varigtion of Al content with depth. in the core, for the four '
short cores unalyzed. | ‘
o
. -
Figure V.7 .
Varigtion of Mn content with depth in the core, for the four short
cores analyzed. ' 2
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Figure—V,8
. 4 - .
- Variation of Na content with depth in the core, for the four .
r \\ - .
short cores analyzed.
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Figure V.9
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" Variation of K content with depth in the core; core BIO 115,
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Figure V.10

@ . . - - ?
~ . Variation of Mg content with depth in the core;‘core BIO 115.
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" Figure V.12 ¢ . o
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Yorioiion of Al content with depth in the core; core BIO 115
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. Figure V.13

Variation of Na content with depth in the core; core BIO.115 ..

‘

'S P P [

o

[
» «
. A
o
.
’
v.
-
1
° [
«
" [d
\ N
. -
- A & . N
- .
i
¥ -,
S,
5 N < - N
- re .
-~ -~
h .
3 \ d
. .
. ~ .

~
~
’
’
.
-
. -
~
L)
'
»
'
o
-~
——— .
@
°
o
—
- .




pe

e

¥



) ' Figure V.14

Variation of -Mn content with depth in the core, core BIO 115.

Figure V. I5 g

Variation of Ca content with depth in the core; core BIO 115.
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Voriation of Ti content with do—p'h in the core; core go 115,
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5.5 Relqﬂonships‘ Between the Elements

Sodium and Potassium:

A plotof Na vs. K inthe cor;s is shown in Figure V. 17.
The variations of Na/K are similar in the different um;'s of the cores. Both
- elements tend to decrease in absolute cont’enf from the recent sediments (unit 1)
to the older ones (units Z and 3). This may reflef:t the downward decrease in
feldspars abundance which was noted above when dealing with the mineralogy

of the coarse fraction.

With the exception of the surface one, all somples from core 'S 21

I3

are highly deficient in Na, ;s compared with other cores.

lron and Magnesium:

=~ Figure’ V.18 is a scatter diagram of Mg vs. Fe. Samples from
core S 21 again lie in a separate region of the graph. A boundary may be drawn

arbitrarily between points for the upper unit (unit 1) and fhe ol.&er ones (units 2,3).

It was concluded above, that in the Guif s'bdiment‘s Mg as well as
most of the Fe, occurs mainly in chlorite. The clustering of points in Figure V.18

tend to confirm the fact that they occur in the same mineral —~

Although there is some overlapping, sediments of unit | hove

H

generally higher LMg/Fe than those of units 2 and 3, possibly because of higher

content of pyrite, homblende and garnet in the older units. The presence of these
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/L Figure V.17

'Relc;tionship between Na and K contents in the core samples

-4 Gréy oliye-green sediments !
D Reddish brown sediments .
¢ Core S 21 -
A 1 +
M » y
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Figure V.18

Scatter diagram for the Fe and Mg contents in the core samples .

* Gray olive-green sediments .
e Reddish brown sediments
* Core S 2V’
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minaurals results in an increase of the Fe content, thussin a relative decrease of

.
Y
.

_the Mg/Fe ratio. \ :

' : ¥
5 N i c 3
} . T a ¥
. Titdnium: -
———— \ =
“ , 1§
- ¢ £ .
. , In surficial sediments, Ti does not show any correlation with either

¢
» ~

Fe or Al.~ It does not show either any relative increase or decrease with regard

h

~to these two elements in any one of the three units. ,

L

As shown above (Chapter I1), Ti is fpc;inly incorporated into the
Gulf sediments os Ti Aninerals (chiefly, ilmenite). The lack of any significant

trend with depth in the core or colour of the sediments ‘moy indicate that Ti
. ) :
minerals were supplied at a constant tate to the fine fraction of the sediments

)
k]

.during the deposition of the three units. If Ti minerals are mainly supplied in
suspension from the St. Lawrence River (C_hoptér in); it could mean that this
N

source maintaifed the sgn'\'e intensity during the complete period of deposition of -

the cores.

! L

Mango'nese: ” )

il

t

Because of the relclstively‘l:hid\aproporﬁon of the non-detrital Mn’in

@ !

the sediments of the Gulf, the correlation of total Mn with any other element is- ,

expected 10 be poor. It may then be worthwhile to consider the non-detrital

. fiaction of Mn separately. The results are given in Table 5, Appendix C, and

recapitulated in Figure V.19.
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Variation of non-detrital Mn content with depth in the core;
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In core BIO 115, relative maxima in the non-detrital froction
of Mn which is associated with Fe-Mn oxides occur ot depths in the core

of 50cm, 400 cm, and 900 cm; and at a depth of 200 cm in core BIO 36.

The presence of authigenic pyrite indicates that reducing

conditions may have prevailed in the sediments for some time ofter their deposition.

In these conditions, Mn will be reduced from Mn+4 to the soluble Mn*z. The

migration of Mn r2 in sedimen_’s is well documented (Manheim, 1965; Price,
1967). .Price (1967) has shown that during burial, the oxidate fraction. become
reduced, producing metal ions which are either preferentially absorbed by humic
acid, or which may forth metal amino-acid complexes in true solytion. Upward

migration of such complexes into more alkaline and oxidizing environments would

°

tend to precipitate Fe-Mn oxides. High pH ond Eh values can occur at the '

- " ‘ .
'sediment-water interface layer as a result of intgnsive water circilation.

»

In the present cores, foraminifera is always abundant at the core

¢

Jevels mentioned above; these intervals mark the appearance of the specim
characteristic of the North Atlantic Slope Waters, (Loring, 1972, p.c.). From
™~

this we might infer that periods of high Fe-Mn oxidés deposition correspond to

-

times of active oceanic ¢circulgtion, possibly occurring in responte to global

climatic changes.
~ 0
The following foctors may also leod to i?freoses in the deposition

of Fe-Mn oxides: (i) lower rates of sedimentation; (ii) Iotéer inputs of both

'

Fe and Mn from rivers; (iii) higher biological production in the water column.

> -
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However, there is no indication that a change in the rates of sedimentation occurred

during deposition of the cores. If such changes had taken place, variations in the

@

SN
non-detrital contribution of trace elements other than Mn would be noticeable
k(Riley and Chester, 1971)( which is not the cose (Table 5, Appendix C). The last

- : _—
two factors listed may result from' climatic modifications, which may affect the

. "weathering processes on land, or may legd to increase in bigJogical production.

5.6  Application ))f Factor Analysis for the Interpretation of the Geochemical

v

‘ Dato from the Gulf of St. Lowrence

o«

To interpret the meaning of the vertical variations in elements
N

I

content ol;)ng the cores, the analytical results were subjected to Q-mode factor
ar;alysis, as described by Imbrie ' (1963) with respect to geological studies. This
method allows to identify the main factors responsible for the compositiorial
variance of the samples. It is then possible to extract reference vectors which

are used to compute the oblique vector projections (Imbrie, 1963). In geochemical

surveys, the composition of each vector corresponds to that of a possible single
a\ Y

source contributing to regiongl sediments. By identifying among all the possible - - .

sources of sediments to the Gulf, those which fit best the main vectors composition;

M n

it is possible to make regsonable interpretation as to the nature of the major sources

which have contributed to the sediments and thus establish quantitatively their

~ relative contribution to each somple analyzed. This allows: (i) in dealing with

surficial sediments, to define areos of influence for each major source; (ii) in i

i

analyzing core samples, to establish time fluctuations in supply from these sources.

£

.
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.- It consists of a very fine-grain sediment with low Al aond high Fe contents.” Its

te

~

>

» ' L. . .
. The factor analysis indicates_that six factors account for the

-
) g ,

variations in chemical composition of the 55 surficiol samples analyzed intld)e Gulf.

94% of the observed composition can be describe& in terms of c;nly threé factors

(Table V.4). The same three factors aacount again for most of the samples com-

position when the core data is includéd. They were extracted opd rotated and the -

oblique vector projections computed. The three vectars extrdcted weré used as

) ¢
reference vectors in interpreting the core data.

The three vectors extracted correspond tosamples $-3, A;|8 and
3
A-72a. Thus these three samples may be token as adequately representing three

major discrete sources to the sediments.

[

Sample 5-3 comes from a deplh of 372 m ip the Laurentian Channel

"composition is close to that of the suspended matter in the St. Lawrence estuary. -

< '

The corresponding vector (vector No. 1) thusgmoy be considered tq represent ‘con-

tributions from the suspended load of the St. Lawrence-River.

The sample corresponding to ‘vector No. 2 contains iffé highest

i

N Y3 -~ - Kl -
calcium carbonate content of all the samples (31% by wt.). It was cdllected at
a depth of 309 m, close to the limestone formations exposed on Anticosti Island.
It is assumed then that vector No. 2 represents best the contributions made by

) ~

.
calcoreous sources to the sediments. . -

Sample A~72q is a shallow-water sbt;lple from the north shore,

! ~

hoving o chemical composition similar to the average granodiorite of 'he\&onodion

’
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Areal distribtion of vector No. | (suspended matter vq&:or)
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Figure V.22

Areal distribution of vector No. 3 (north shore vector) .
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Shield as calculated from Maxwell et al. (1965). Vector No. 3 will represent

this source. .

The correlations between vector No. | and the suspended matter

~

in the estuary, and vector No. 3 y the north shore granodiorites are shown in

Table V.5 .

LS
o VRN

Based on the study of surficial samples, it is possible to outline
areas of the Gulf where the composition of the sediments is influenced respectively
by ;och one of the three dominant vectors (Figures V.20, 21 and V.22). Vector
No.‘ 1 occurs as @ major constituent in all wnnple;, particulary in ;an\ples from

p
deep-water stations, and in the north western part of the Gulf. This agrees with
previous conclusions based on results of the major element analysis, as well as -

with those of Nota and Loring (1964), that the suspended matter contribution to

the sediments in the Gulf increases with the depth of water.

“

Vector No. 2, the calcium carbonale vector, is more restricted
and confined to sediments occurring near carbonate outcrops around or in the

Gulf.

A

Vector No. 3, the north shore vector, controls broad regions of the
Gulf. 18 influence, however, is more pronounced in the north eastern parts of
the Gulf, where there is a corresponding decrease in the contribution made by

vector No. 1.

) Due to the limited number of samples collected from the Magdalen

Shelf, this region was not considered with the rest of the Gulf. It was found,

*
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TABLE V.4

. / Extract from eigenvalues table
Eiger;value Cunmwlative % L
39.12413 71.13 .
9.14415 87.76
3.14928 93.50
- TABLE V.5
*Correlation be‘fwed;n extracted vectors and matter
from the estuary, and granodiorite
Sample (vector extracted) S-3 A-720 '
Suspended matter 0.95 0.87
Granodiorite 0.84 0.97
A\ . _
'y * Correlation is based on the cos @ criterion (Imbrie, 1963).
\\\
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however, that the five samples obtained there, are dominated by a particular vector

»

(sample R-4) which accounts for more than 90% of their composition,

.

4

Interpretation of the Core Anglyses

ey e

g

An examination of the contributions made by, the three reference
vectors to the sediments during the deposition of the five cores 'ana’lyzed, indicates
that compared o vectors No. 1 and 2, vector No. 3 shov;s significantly greater
variations (Fig. V.23). This may happen for either one of the two following
;weasons: (i) the cont’ributi\on made by vector No. 3 is small; hence, éven
minor fluctuations will become noticeablL; (i) vertical variations in vector No. 3
m;Jy occur in response to environmental factors, fgr instance changes in climatic
conditions which may affect tbe extent of ice cover dn the surface of the Canadian

)

Shield and the amount of rock detritus removed.

= A definite increase in the relative contribution made by vector No.

" 3 is observed at a depth of 50 cm in cores S 3, S17 and to a lesser extent in core

BIO 36 (Fig. V.23). As should be expected core S 21, which consists entirely of
pre-glacial sediments, does not showThe same”imriaﬁons: Vector No. 3 shifts f;om
positive to negt;ﬁve values below about 8 cm. Core BIO 115 shows onl‘y a slight
Jﬂ'fgc-;i(;; in vector No. 3 at the 50 cm. level, but measurable increases appear

further down the core at depths of 100 cm, 230 cm, 450 cm and 680 cm.

Again we may speculate that increases in vector No. 3 contributions

may be brought about by short periods of warmer temperature with consequent reduction

)y
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Vector Contribution
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. Figure V.24 ]
+ Variation in the contribution made by vector No. 1 wi'?’dopm ‘<

¢

in the core, for the five cores studied.

£

Figure V.25
-

’ t

Variation of the 3q.% vector contribution of vector No. | with "depth

in the core,; cores BI0 36 and BIO 115,

~
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f allowed the terrestfigl flora to advance 400 miles north of its present limits in
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=

> of the ice cover in the source areds to the north of the Gulf. Core BIO 115,
which is south'and far.removed from the.north shore than others does not have

a pronounced vector No. 3 maximum at 50 cm level, presumably because trans-

port by ice-rafting operates over smaller distances in warmer periods.

This interpretotion is supported by the following arguments:
(i) levels in core BIO 115 marked by maxima in vector No. 3 coincl%de with ‘Ohe
appearance in the sediments of fofaminiferal assemblages characteristic of the
North Atlantic Slope Waters (Loring, 1972, p.c.; Fig. v.3). These faunal
changes suggest that'the major circulation patterns in the Gulf were modified in
response to c|imo‘ﬁc alterations; (ii) if the rate of deposition of 22 cm/1000 year

\

(Nota and Loring, 19)64), is taken as wn acceptable approximation of the sedimentation
rates in\ the regions where the cores were deposited, the 50 cm level in cores,

$3, 517 and BIO 36 would be approximately 2400 years old. According to

Potzger and Courfemanche (1954), o warm interval occurred during this fime. It

Quebec; (iii) the four vector No. 3 maxima in core BIO 115 and BIO 36

coincide with higher contents ofnoxides of Fe and Mn (Fig. V.19). The '
deposition of these oxides may be related to changes in pH ond Eh which are

LY

both temperature dependent.

Based on a sedimentgtion rate of 22 cm/1000 year, the lowest

three vector No. 3 maxima in BIO 115 would correspond roughly to warm intervals

&
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at 10,500 years BP, 20,500 years BP ond ;31,000 years BP respectively if
the above interpretation is correct.

> On the other hand, variations along the cores in contributions made

by vector No. 1, the suspended matter vector, may indicaté fluctuations in water

depths, since it has been established above that in present conditions a larger pro-

portion of the sediments comes from suspension as the water depth increases. Var-

iations in the contributions made by vector No. 1 along the corés-ore shown in Fig.
V. 24 and 25. In core BIO 115, relative' minima appear at depths of 230 cm,

520 cm and 730 cm; while in core BIO 36 only one minimum occurs.at the 230 cm

level. According to our previous findings, these would correspond to relatively

lower stands in sea level ot about 10,500 years BP, 23,5{)0 years 8l" and

33,000 years BP, and 10,500 years BP respectively.

This application of factor analysis to a small number of cores in @’
region as broad as the Gulf of St. Lawrence serves ‘only to illustrate the possibilities

of this technique in stratigraphic interpretations. The lorger the number of cores,

1

" the more valid would become the conclusions obtained. The method is useful as it

reveals potentially n\\eaningfu\l fluctuations of geochemical properties in core samples
which under visual examin.oﬁon appear homogenous. To be entirely meoning-ful, it
would need as supporting evidence, faunal or geochronological 'studi;s. In aren;
like the Gulf where these are difficult to obtain, it may ot least allow to raise

some questions about recent climatic boundaries, which hopefully could be answered

at some later time.

4 -




CHﬁZ«i ER VI

- , SUMMARY AND CONCLUSIONS R .

4 . ’
- o

-

‘ . .
, This study hqs determined and discussed some geochemical charac-
‘ferisﬁcs of the Gulf of St. Lawrence Recent s?dir{nenfs based on the composition
of asuite of 55 samples. It has attempted to analyse the factors which control
N . . .
the distribution of selected major, minor and trace elements in the fine fraction
( 63 p) of these sediments. The major findings and some ‘;ft‘fﬁéir‘geoloycaf

implications are mow briefly summarized.

/
The material smaller than 63 microns makes up on the average

79% of the studied sediments. The percentage of cloy-size components (- 4 p )

shows an approximately linear increase with water depth, which suggests that
%
settling through the water. column of particles delivered to the Gulf in suspension
is an important pechanism of sediment accymulation., However, the importance -

Al >
of ice-rafting os a maojor transport process is evidenced by a complete lack of

? correlation between the percent coarse fraction in. the samples ond the depth of ,
water. - Lol ?"& \

(N, .
. The mineral composition of sediments usually provides the best
indication as to the natu;e c;nd relative importance of the vuriou&.contributinq'
~ sources. In the Gulf, _,the dominant fine fraction, which was here onolyzs‘d,‘ \
is a complex mineralogical mixture in which it is difficult to identify all the
.’ 1 component minerals. On the other hand, an analysis of the coarse fr)th/;:m/ A

N
&

¢
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mineralogy provides a convenient simple technique to determine the source areas

¥

(Loring and Nota, 1969). "It clearly distinguishes between a northern Gulf province,
in which sediments originate mainly from the crystalline complexes of the Canadian
Shield, and a southern Gulif ;;mvince, where sediments have their principal

sources in the Appc;lachion regions. This distinction is based~sn the shcpelﬁnd
appearance of the quartz minerals: amphibolesand pyroxenes orejporricularly

abundant in the northern part of the Gulf.

Among the clay minerals in the 2 micron fraction, the order of
Y

gbundance was found 1o be illitd, chlorite and kaolinite. No montmorillonite was
detected. In this very fine fraction, which corresponds to the dimension of particles
ingywsion, quartz, feldsporsand amphiboles are also present in significant

quantities. The suspended matter is enriched in chlorite with respect to the sed-

iments. Thus some fractionation appears to take place in the water golumn during

\

‘which chlorite is left preferentially in suspension. On the other hand the chlorite

‘ ]

content in the clay-size fraction (- 4 u) is found to increase with water depth,
\

another indication thot the contributions to, the sediments made by material in

i

suspension increase toward the central ond deeper ports of the Gulf.

In studying the geochemical composition of the sediments, a procedure
was used to distinguish for each element between a detrital fraction, which is supplied
to the Gulf as component of mineral detritus and a non-detrital fraction, which is
introduced in soluble form and accumulate in the sediments by ei@er direct pre~

cipitation, surface reaction or biological ptocesses. For both fractions, criterio
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mineralogy provides a convenient simple technique to determine the source m’reas
(Loring and Nota, 1969). It clearly distinguishes between a northern Gulf province, -
in which sediments originate mainly from the crystalline complexes of the Canadian
Shield, and a southern Gulf province, where sediments have their principal

sources in the Appalachian regions. This distinction is based on the shape and

appearance of the quartz minerals: amphiboles and pyroxenes are particularly

“ abundant in the northern part of the Gulf. .

Among the clay minesgls_in the 2 micron fraction, the order of
abundance was found to bgillite , chlorite gnd kaolinite. No montmorillonite was
fraction, which corresponds to the dimension of particles

detected. In this very fin

in suspension, quartz, feldspars and amphiboles are also present in significant

quantities. The suspended matter is enrichdd in chlorite with respect to the sed-

iments. Thus some fractionation appears to take place, in the water column during

which chlorite is left preferentially in suspension. On the other hand the chlorite
content in the clay-size fraction (- 4 p) is found to increase with water depth,
another indication that the contributions to the sediments made by material in

-

guspension increase toward the central and deeper parts of the Gulf.

In studying the geochemical composition of the sediments, a procedure
was used to distinguish for each element between a detrital fraction, which is supplied
to the Gulf as component of mineral detritus and a non-detrital fraction, which is
intro;iuced in soluble form and accumulate in the sediments by either direct pre-

cipitation, surface reaction or biologfcal processes. For both fractions, criterio

ot



wera defined and correlation tests applied to determine as closely as possible their

preferential associations with one or several of the sediment components. The

/
results were discussed in detail in Chapters 3 and 4. They are summarized in

the first column of Table VI.1.qa.

Locally the nature of the country rocks exposed on shorefmay affect
the composition of the nearby sediments; for instance the distribution of calcium
is affected by calcareous outcrops. However, as a rule the distribution of the
major elements is mainly a function of the depth of water because of its cont‘rol

on both the texture and the min;aro|09y of the sediments.

3

With respect to the detrital fraction of the trace elements, chlorite

4

. .
' is found to be responsible for between 65% and 80% of detrital Co, Cr, Mn ¥
and Zn. Almost all of the detrital Sr enters the sediments in association with

plagioclase feldspars.
- .

On the other hand, partial correlation and multiple regression
(]
anclyses indicate that organic matter is @ major carrier for the non-detrital

fraction of the trace elements, which could possibly occur as sorbed ions or
organic complexes. Precipitation with iron oxides is important only for Mn

and Se, and to a lesser extent for Pb, Cr and Zn. Co, Pb, Mo and Sr

ST
*

,/ are added to the sediments in association with carbonates. Adsorption on clay

¢

particles appears to contribute only Mo.

‘ " Very high Se values in the sediments analyzed are of particular

interest since zones of seleniferous mineralization or soils of high Se content y,

J

[+




. TABE VI e

Cogontration and partition of slaments between
1al comgonents in the Gulf, end compativen

with other envitonments.

TR mm e e - T LIt W
N low lutitude neritic*® High letitude Doep-rea
Area  Gulf of 3¢. Lawrance S«ﬂm}l“ Sedinents Sedimants
»
it 4 i e = e A b mime o -7 —~
Element
C OJ 2-27% (W0 5%) 0% 0-20% 0-98%
low Mg colcite Co C()a C.(OJ ‘Mg(,(’:' Cu (?0 Calcite
ond wrogonite
'103 01 0 24% (0 V9%) (0 14%) 0 0%-0 0% 0 13-0 &2
fe - Mn compounds 1 ? phosphaticnodules
*te + Mn compoends
C 0 2-3 W (1 69%) 017-1 1% 0 0-13 0% (0 28%)
wood"'mumann ?i\ ? ‘
Al 4 45-10 3 b7-0om (7 29%) 0 95-9 38%
clay minerals cloy minerols ? clay mineral
¢ jeldvpors 4
11 0 26 O Biv'w (0 48N 0 34 0 % {0 I5%) 0 59%)
Henerite hO’ ? clay mineruls,
ndile, onetore
feo 226 5 A6 4 208 AV I cloy minerals ¢ F&
chheiite ¢ 1o [ ? M mneeals
onidey limasnste
Mg DAY 2 Niw 0 6v-1 28w ? (218%)
Chkorite Montroadlonite Montemositlonde ¢
corlbonate ¢ other
A clays
Co 04V O 0 501-097% ? 0 75%)
Co CO ¢ Plagen (nL()J ' Coarbonates ¢
clase lt-‘dqu Phosphetes
Ne 05 ) var, 0 786-2 SAX, ¥4 “ ‘“) .
Sodhe teldhipany Hise o Montaorillonite
Mo trocalionte * Zeolite
3 LI BEAS V832 0 ? {2 Y0w)
e ¥ chlonte tihire * Chinvive & hites
R Heldspan
Co 627 P 0-1) [kl 944 [ 2 add (Jv M,
Chionite ¢t e &___‘“,..
Ce 19-10% ppm 59- 98 ppm 15-130 ppen (80 pye)
Chbhoeite Mn nodules ¢ Hve
‘ rock fragmenis
Cu 15 14% ppm 1523 9-130 ppm (115 ppm)
antly 1n assodigteon ? carbonate Orgonic carbon
*ilh CHgumie mgt ey .
M 4 1497 ppm 2900- 4000 1250- 3000 # (382 ppm)
Chileverty ¢ he fo-Mn orides Mn-fe nodules fo-Ma nodules
onedes,
Mo 070 Py ? ? (2’ m)
Sutledes ¢+ Molylds iiite
¢ corhonate
N M W ppm 23-34 ppm 9-80 ppm (7% o),
no delinite minciols - ? ~ fe-Mn mdulm fo-Mn minerals
t Cothonotes
[ 4] - 25 20 oy 13-32 rpm (32 m)
Moy non-debiital ? ? ?
Se 0-1¢/ P I'4 0.l7-9.0m
Fo onudes ¢ Sullid - - i
S B0 1YV, 5, 10n)- 480 ppm 580 2300 ppm 180 ppm
Cud eate
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TABLE VI.1.b

Trace element contribution mode by the non-detritol fraction

< of the sediments in the Gulf as compared to other sedimen's(l).

y

% contribution
made by the non- Co C¢ Cu Mn Mo Ni Pb St 2Zn

detrital fraction

* Gulf of St. Lawrence 28 17 61 45 46 48 53 68 36
** low latitude sediments 58 8 67 -- - 43 4 - -
t High latitude sediments 11 19 17 13  -- 10 -- 24 --
tt Deep sea sediments 2 6 M 14 -- e -- 17 --

(1) values normalized to 10.5% Ca Co3, which is the average for the Gulf

sediment samples used in this study. .

TABLE VI.1.c

* Trace element association in the non-detrital fraction

Y
\ E)emenls
Variable Co Cr Cu Mn Mo Ni Pb St Zn Se
Organic Carbon X X X X X
Fe oxides X X X X X X
Carbonate _)§,~' X X X ’
Adsorption < C X
*  Present work. T Chester and Messiha-Hanna (1970);
**  From Hirst (1962 a,b). Van der Weijden et al. (1970);

El-Wakeel and Riley \(1961).
' ;;c;;: gﬁ;n?‘lgz;()l‘?bb); ( )> average values given in parenthesils.

? no information available.
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s
hav\énot\boon reported anywhere in the drainage basin. The correlation between

°

Se and non-detrital Fe in the sediments would indicate that Se is removed

from solution during the precipitation of iron oxides. Whether Se is introduced

in the Gulf entirely by natural processes or partly as the results of Man's activities
t

3 Y

is not known.

The high porcemogosh‘o'f non-detrital contributions to the total
concentrations of some trace elements, suggest that chemical weathering may be
more active in the St. Lawience basin than is usually expected in subarctic regions.
Feldspar particles in the sediments do not show much alterations. On the ‘other hand,
there are detectable amounts of kaolinite, a diagnostic product of mineral dis-
integration. The relatively high orQan‘ic matter dominantly of terrestrial origin and
the numerous peat, bogs in marginal areas of the western Gulf suggéslwthat soil-forming
processes are o;five encugh to induce partial mobilization of krdce elements from

i
parent rocks. Other non-detrital additions of trace elements to the environment may

-

come from, (i) mining and other human activities in the drainage basin (Boyle et ol,

1966); (ii) upward migration of some elements, such as. Mn, within the sediments

followed by redepostion at the interface. '

\

When compared with other regions, broad difference in geochemical

characteristics seem to exist between the Recent sediments in the Gulf of St. Lawrence

and neritic or shelf sediments in high and low latitdes for which analyses are avail-

able. "I>he chemical composition for these various environments and the deep-sea are
. ) .

compared in Table VI, 1.a..The main host mincials are also indicated. Differences
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- o
appear not only in the absolute concentrations of the elements, but hlso in their
relative distribution among the various mineral components of the seliments.
Montmorillonite which acts as the host mineral to many elements in Jow latitude {
sediments (Hirst, 1962 o,b) is charoctetisﬁcguy absent in the Gulf.| In contrast
chlorite, and to some extent illite are the mineral components whigh accomodate

.

the largest number of elements. The chlorite comes largety from the| physical

breakdown or basic igneous and metamorphic rdcks, while the illite which is the

dominant clay mineral may have beeri derived mostly from tillite and| glacial

sedir:\ec'ﬂs .(Foi'rbridge, 1965). The element distribytion between the detrital and
non-detrital fractions differ markedly in the Gulf from that observed in low o

high latitude sediments ond in deep-sea deposits. ‘Aftet normalization to a constant
c?ub;mote content, the non-detrital contribution to the elements Mo, Ni,*Pb ond
Sr ishigher in the Gulf than in any other environment (Table Vi.1b). On the

other hand non-detrital Co, Cr and Cu are intermediate between low and high

latitude sediments. \ ’ ;

Since the depth of water appears to be the major factor which

indirectly controls the composition of the syrface sediments in the Gulf, this raises
* v

the possibility of using some aspects of the .chemistry of sediments to indicate thé depth of

deposition, hence changes in sea level. This analysis is delicate and may best be
PP
performed using the major and minor elements, as with regard to trace elements
¥,
i
complicating factors modify the influence that depth may exert on their distribution.

Studies carried out on five cores by means of correlation tests showed that
o
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- variations in single element composition or in element ratios exist between distinct

12

stratigraphic units. Going one step further, by applying factor analysis it was _

possible ta obtain a theoretical solution which gave the major vector variations °

as a function of depth in the cores. These variations provide an additional method
' /

for core cross-correlation which could be precious in the study of Recent deposits

’

lacking in standard stratigraphic criteria. Also these factor variations may be

indicative of recent climatic changes as they can easily be interpreted in terms .

1

of short period sea-level fluctuations. Thus geochemical analyses performed

pu

systematically on a large number of cores from a given region may provide inter-
esting paleoclimatic information, as long as some independent stratigraphic

control is also available.

Finally, the present study may provide a base line for further

investigations concerning changes in trace element inputs in the marine environ-

\

ment caused by present industrial activities. Variations ire the non-detrital fraction

are certainly related to these activities. In fact it has been shown .in Chapter 1V

]

that the Cu input in the Gulf could be 3 to 4 in'\\e; that expected for a river
having the same annual discharge and comparéble draifage area; but without

industrial and human contributions. This could also be true for most of the other

t
)

Elements studied.

o

)
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APPENDIX A

SELECTION OF SAMPLES AND METHODS OF ANALYSIS

A 1 Selection of Sonyles,‘ ' ) 3

The cores from which the som;')ﬂles were taken were collected
duting four short ciuises to the Gulf of St. Lawrence in the years 1967, 1968,

1969 and 1970. Samples were collected as short corgs that varied in length

s
- Fe

from one foot to twelve feet, depending on the type of sediment and the type

.
.

of core. 1 . b

. A piston corer as well gs simple giavity corer were used in the

-

sampling process.

The positions of the coring stations and the depth of overlying water -

ate given in Table 1. The stations are shown on Figure A. 1.

)
r

The cores obtained wete kept in theii plastic tubes under fchrig-

eration until opened for the sampling process ot the Matine Sciences Centie

laboratories in Montieal. ; The material used for this study was taken from the

first four.cmat the top of the core. l;\ ouder\lvoid contamination duiing

o

sampling, the outer portion of each core section was removed.

Suspended matter samples were collected during a cruig to the

.
o
2

Gulf in 1972. A continuous flow, centiifuge was used to collecT the suspended
® El
matter from wates samples pumped fiom ca. 4 m below the sea surface.

1
! ®

, . 7
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TABLE A.1

Core locations and water depths.

149

Water depth

o~
. ,

J

Sample No. Longitude Latitude m

- , e —
A-2° 60° 06° W a7 16N 238
A-4 59° 34' W 47° 32' N 468
A-6 58° 31'w 49° 50 N 15)
A-7 459°.09' W . 50° 03'N 241
A-10 61° 30' W 4% 51N - 182
A-F3 66° 00" W 50° 02 N 3

C A4 65° 54' W 4%° 46' N 315
A-15 65° 59' W 49° 35 N 324
A-16 65° 48' W 49°17' N 189
A-17 647 40" W 45° 26' N T9
A-18 63° a1'w 49° 22' N 309
A-20 , 64°02’ W 49° 04' N 320
A-25 62° 46' W a8° 47' N 297
R-2 61° 39' w 46° 36' N 61
R-4 62° 20' w 47° 04' N 57

* R-5 63° 06" W . a7° 46' N .70
R-61 - 63%24' W 48° 04' N * 53
G-¢ 61° 45' W 45° 57' N 3l

' G-9 63° 55' W 45° 57' N 377
G-1 65° 52' W "45° 23' 335
G-12 66° 02' W 49° 41' N 350
G-21 ° 59°.05' w” 45° 35' N 234
G-23 57° 39" w 50° 39' N 264
G-25 58° 11w 51°02' N + 197
G-30 L 60% 49" w 51° 02' N © 322

LN
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. S e i i . e A

Sample No. -

A ————— A — s e o o o o, o

$-17
S-3
$-21
S5-19
A-50
A-51
1-6
A5
¥ A-58
T A-54
A-5)
A-63
-7
A-61
A-67a
A-71
A-72q
A-740
A-78a
A-82
A-83
A-84
A-85

N e

150"

TJABLE A.1 (cont'd)
Longifude Latitude Wd'e’r“qopth ‘
65° 33" W 4° 36' N 410 /
63°08' W - 4 340N 72
60° 11 W 48°17' N 345 e
62° 27' W 4%° 49' N 270
59° 43' w 47° 24' N 470
59° 52' W 48° 54' N ./ 2s8-
58 42" w . 4 a9'N 87 &
58° 00" W T 50°04' N 220
57°52' W 50°10' N 157
59° 20" W 50° 22' N 18
58° 32" w - 50° 47' N 30
61° 35" w 49° 37" N 27 L
59° 11' w 50° 02' N 205 ik
60° 14' W 49° 24* N 275
62° 24" w. 50° 09" N 202 .
63° 25'w 50° 67' N 47
63° 23" w 49° 59' N 148
64° 17" W © v 50° 04" N 124 s
65° 12' W 50° 09" N 124
66° 36' W - 50° 02' N 170 ‘
66° 50' w 49° 45' N 146
66° 33' W 49° 34' N 230 |
66° 33w . 49°19' N 320 \ ‘

o5
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, ' TABLE A.} (c9ni'd)

Sample No. Longitude Wohrmdnpth
A-67b 3 miles west of 67a 212
A-72 3 miles west of 72a . 149
A-74 5 miles west of 74¢0 50
A-85b 4 miles south of 85 13
¥
P « ‘
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3

Samples from 2 long cores (B|O¥36 and BIO 115) were kindly

“ supplied by Dr. D.H. Loring. These samples were preserved dry in the‘open air.

A.2  Methods of Analysis '
<, o \
A.2.1 Sample Preparation :

-

.

Representative samples were obtained from each core section and

were then tregted as described below: .
1. ca. 8'gm of each sample was suspended in 500 ml of deionized
water and pldced in an ultrasonic bath for ca. 20 min. o
~2. The suspension was passed through @ 230 standard mesh, stainless

steel seive (0.063 mm). The coarse fraction was dried, weighed,

P

and kept for mineralogical studies.
-~

3. The suspension was filtered and washed with deionized water until

- ~

Cl” free, then dried in an air oven at 76°C.

4. The sediment flakes on the:filter paper were transferred into an

E

¥
agate mortar. The sediment'was ground gently in order to break

2
<« -

- the aggregates without altering \;l"'e particle size pattern.

5. The ground samples were i&bpj in glass vials for future analysis. -
: Y - \-_ .
9§ J T - \7 ! '

-

. A.2.2 Particle Size Anolysis . Y o

. Between 2 and 3 -gm of-the well mixed dty sample was treated as

-

desciibed below:

-»
. ~ s 7/
Pl
.
: {5



The acid washed sqmple:;vas then centrifuged, washed several
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To the weighed s_ur;wfale, S0 ml of 25% acetic acid was added. -

The Sc:m’ﬁia was then placed in an ultrasonic bath for ca. 30 min.
!
fo ensure complete dissolution of the carbonate components.

t

times in“distilled water and treated wifh/ 15 ml o?’ H202. -

1

The sample + H202 was then placed in o water bath at 85°C

until no reaction was visible, then removed, centrifuged, washed

" and dried in an air oven at 90°C.

<

Each dried, carbonate, organic matter-free sample was then -
rf;émughly mixed,.and 1 to 1.5 gin was toke;n for particle size
analysis. Each samples was suspended in 200 ml distilled water
and placed in an ultrasonic bath far 20 min. After cooling the

sample was ‘transferred to a 11 graduated cylinder, shaken well,

and the sediment allowed to settle.

» .
The samples were semoved from the cylinder.at the 20 cm mark be-

low the water level, at time intervalsccalculated from Stdck's Low and

selgcted to give particles of size ranges given in Table A. 2.

3

Samples of each particle size class were collected in a small tubé and
centrifuged. The liquia‘wos then carefully poured off and the sediment \\ |
dried at '90°C, cboled and weighed in the tubes, which has previously

been weighed dry. - . {

] ‘ . f .
L (\ P
’ - A ¢ e
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TABLE "A.2

o

Particle Size Ranges .

122 - .

Particle range

’

16- 31

8-16p"

3

>3 p

5
A Y



7’ ® . / « 2
a ? 8. The E:\erqentage of each particle size glass was calculated, and then

adjusted to wt% of the fotal_sample, taking thé coarse fraction into

. consideration,
y

9. Reproducibility‘of the technique was tested for each $ize class by
carrying out the separation of one Asample three times. The results
are given irt Table A.3, where they are expressed as w#,% of the
finf fraction.

d ) TABLE A.3
‘Re}:)roducibil_ify of the Pipette Ancﬁsi's .
Separation No. )

size class ” 1 2 . 3
> 3lp ' 147 15.0 C16.3
. 16 - 21 p') l& 15.5 144 14.4
' 8-16 4 14.0 - 14.6 3.6
- 4-8y 8.4 S 0.2 8.1
C 2.4y 9.6 8.1 . 9.4
24 37.8 38.0 8.2

) -

z b >
~ .
. - J

A.2.3 X-ray Diffraction Analysis  * =

. ~ .
X-ray diffiaction analyses were carried out on the 2 y fraction of
. - . I
the sediments and on the suspended matter. Samples chosen for the X-ray studies
ll . L4 L)
w?reg(afed os described below:: . .

’ ) Q/

k]

J
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shdken with 1 N solunons of KCI Mg Cl
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Between 1 and 1.5 gm of the dry sample was weighed out and
treated with 25 ml of sodium acetate-acetic acid solution at

pH 5. The sample was then placed in an ultrasonic bath for ca.

)
-

20 min to remove carbonates, .

The sample was centrifuged, washed with distilled water several

times and treated with 10 ml 30% H202 The sample was then

. ' o . .
placed in a water bath at 85 C, until reaction ceased to occur,

even on the addition of a few fresh drops of H2O2. '

&

Iron was removed using sodium dithionite-sodium citrate solution,
, /-' . A
with NoH(}O3 as buffer (Mehwa and Jackson, 1960), by shaking

N - ’ .- ’ °
the sediment with 15 ml portions of the mixture at 80 C three

1

times egch for about 5 min.

The sample was then woshecfseverol times with distilled v(mer then

r

? and Ca C' s‘ep?rotely.

S

The sample was washed several times with distilled water, suspended

*

in 50 ml of distilled water and placed in an ultrasonic bath for

ca. 20 min. ) ]

The 2 u fraction was separated by sedimentation, centrifuged and

the liquid poured off.

Z("

The 2p ‘ﬁacﬁon was suspended in g minimum of distilled water.
Two sli&es/of cach sediment sample’ weie prepared by pipetting the

S




&

9.

! v
-

suspension on a 27 x 46 mm mictoscope glass slide, which was

as

- 4

left to dry in a relatively dust free place.

A slide of each sample was then glycolated and éxomineg with a

Norelco X-ray diffractometer, using the following settings:

-
.

Target Cv - ®
. Current ' ~//20 mA.
Voltage 35 Kv \
‘Beam slit 1 mm
g Filter monochrorhator ) . -

.. Time constant 3 sec. '
Gonhiometer speed  1/2 28°/ min.

. Chatt speed 1/2 inch / min. _ i

-

The minerals were identified using the following criteria:

.(a) Kaolinite was identified by its 3.58 A° peak; which was
- : L ‘ '
used for the calculation of the mineral content.
. d ( \

(b) Ilite was identified by its strong peak‘at 0 A° wiﬁch is

. not offected by glycolation or heating.
’ .

(c) Chlorite group wbos; identified by its 14 A° peak, which is

unchanged by glycolation and not destroyed by heating to

575°C. The fourth order reflection ot 3.54 A° was, how-

»

. > - ; - -
ever, used for the calculation of the mineral content.

(d) Montmorillonite: this group was not identified in ony of the

[

. samples analysed.
’ . ~@n 2

-




.

“
“ . \
' e

N * . . -
10. The mineral concentration is expréz‘;: g percentage g(the sum of

the weigh;ed peak areas assuming that the clay minerals account for

100% of the somple;}\inemlogy. From the studies of Johns, Grim
| .

and Bradley ‘(1954), Weaver (1961) and Biscaye (1965), the fol'lowingl
weighting factors have been used: four times the illite 10 A” peak,

- o
the area of montmorillonite peak and twice the area.of 7 A~ peak

-

@ ) which is divided proportionally between kaolinite and chlorite

\ % using the ratio of 3.58/3.54 peak greas.

-
~
2

o .

A.3  Methods of Chemical Analysis

L)

A.3.1 Preparation of Sediment Sojutions (e;cept for silica and Se)

-

4 ‘.
Sediment solution (A) was prepored by digestion of the sediment

sample- with HF and HCIO4. The solution is used for the determination of oll

" “the major elements except silica and all the trace elements, except Se, which

~

need special preparation.”

Reagents: 1. Hydrofluor}c acid (Fisher certified).

2. Perchloric acid 70% (Fisher certified).

' Met o ’

by

. Weigh exactly 0.5 gm of the sample into 20 ml pt crucible. Add

@

"4 ml of HC'O4 and from a polyethylene measuring éyiinder, add 15 ml of HF.’

Heat the covered crucible on a water bath overnight. On the following moming

v

— ‘

\ v,
.



_ond heat until most of the "H CIO4 is removed (do not allow to dry). Add 2 mb
P

« -

~

remove the.lid of the crucible and evaporate the HF on the water bath. When -

<

no further fumes of HF are visible, place the _cruciblé under an infra-red lamp
Y -

of H C|O4 and repeat the eyaporation. Add 1 ml of perchloric acid from )
-7 B

o pipetfe and 15 ml of water: Heat the covered crucible on a water bath and

| ~

stir until the content dissolves. Trolnéfer toa 50 ml volumetric flask and dilute -

-~

to that volume. A fresh reagent blank solution was prepared each time that o :

new batch of reagent was used. -

Solution (A) was dilute'd between 10 snd 50 times for the
& o
determingtion of the major elements on the AAS, and it was used without dillution

for the determination of trace elements.’ o

1
” 1

A.3.2 Atomic Absorption Spectrophotometric Analysis 1y .

1

A.A. spectrophotometer (Perkin Elmer M403) was used for the

determfnotic&n of major as well as trace elements in the sediment solutions.

€

Standards were prepared from aralytical reagent grade chemicals or
Fisher certified. They were added to a matrix made also of A.R. chemicals, by

mixing them in proportions similar to that given in the literature for near-shore
! k1

muds. This would give d’{?\mposifion similar to that expected in the sediment samples

¢ / .
and hence the background and interference effects are taken into consideration.

. - . /
The %ondard solutions, after being mixed in the proper ratios (see

.

Table A.4 o,b) to give the mixed standards, were dried under an infra-red heater and

.
1 . o
.



TABLE A. 44q,b

*Mixing ratios of different elements used for the

preparation of the matrix for the standard solutions.

(@)

[y

Major

Ti Si

, Elements \ Al Ca Fe K Mg Mn  Nqg

Concn. in ppm, , \ )
in a final s 900 ]90 500 250 400 30 250

volume of 50 ml. .

100 3500

J » ' . s

(b) : .

Trace | Co Cr Cu Ni Mo Pb  Se

+  Elements

Sr In

Concn. in ppm, in
a final volume 2 5 2 3 } 2 1
of 50 ml.

-

*  Ten times dilution of this matrix was used when determining major elements.

(Solution’ B in sediment solution). -

©
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the residues were treated in the safhe manner as the sediment samples. The standards
’ >

v

were dissolved in deionized waterand made to volume. Standard curves for some .

v

elements were drawn using fhe addition method; the results obtairied from the first

-

(artificial rock solutions) and the addition method were compared and found to agree

within less than 1 5%. Standard solutions prepared by mixing pure chemicals were

By

used throughout this work. ) . A )
\ ’ *

Sediment samples were am;lyzed using a Perkin-Elmer Mode] 403 A.A.S.
I

-

fitted with digital readout system. Table A.5 gives the analytical cindiﬁohs applied

for each element-(Perkin-Elmer Manual, 1969; Robinson, 19665 Buckley and Cranston,

1971). ' .

Reproducibility of the technique was tested by carrying out oncnlysis

‘on six replicates of one sample. The results are given in Table A.6.

e

-
L]

g \
A.3.3 Determination of Selenium
7

t

-

. Using AAS, selenium was determined in the sediments after being -

separated from other elements by the method described by Chau and Riley (1965).

- \ - . .
o~ ) Y
(a) Preparation of Sediment Solution (B) ;

! / . ‘ 3
LI Weight 0.5 gm of the sediment sample in a platinum crucible. ~
Add 10 ml of HF (40%) and 10 ml of concentrated nitric dcid~ Heat the

covered crucible on o Waterbath overnight. The next morning, remove the lid-



\

TABLE A.S
~ —_—
Analytical conditions for the A.A. analysis
Element . R
Moct Al Ca Fe *K Mg Mn Na Ti
Setting —
Wave length A° 3247 - 4227 2483 7665 2852 2975 5890 2768
. x
Burner type Nitrous 4 inch 1 4 inch 4 inch \ 4 inch 4 inch 4 inch Nitrous
~ axide single single single single single _single oxide
h shit slit slit shir slit shit
Burner position parallel parallel parallel -- ‘ - 45°% with porallel 7 45° with parallel
.- - " burner : burner
Flame used ocetl + - acet, + acet. + acet. + ocet. + acet, + acet, + acet, +
N2.O air air ¢ air air ’ air air N2O
Lamp current , Maximum current recommended by the manufacturer,
Element . p
Maching Co Cr Cu Ni Mo Pb - Se r Sr .2n
Setting - {
Wove length A° | 2425 13579 3247 3415 3133 2833 1963 4607 2139
" Burner type 4%nch 4 inch 4 inch 4 inch Nitrous 4 inch 4 inch 4 inch 4 inch
’ . single single single single oxide “single single single single
slit slit s\{if slit siit slit slit slit
Burner position parallel parallel parallel parailel po'ro“el parallel parallel parallel paralled
Flame used - ocet. + acet. + ocet, + acet, + ocet. + et + acet. + acet. + acet, +
T air " air air air. N2'O air air air air
Lamp current Maximum ‘current recommended by the manufacturer.
\\\ —
_* Emission Flame photometry.
R L

£91
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TABLE A.6

AN

*Reproducibility of the Atomic Absorption fechniquS.

Run No. = -
Element“ 1 2 3 4 5 )
Al - 8.34 8.57 8.18 8.61 .  8.32 ¥ 8.53
Ca 6.59 6.71 6.74 6.80 6.72 3.75
Fe 6.295 6.4, 631 . 6.43 6.30  6.35
‘Mg 0.113 0.1 0.1 6.]11 0.115  0.110
Ne ' 0.875 0.855 ..0.869 0.855 0.865 , 0.860
K 1.17 2 a9 g L 109
Ti 0.555 0.490 0.505 .E)q.5‘65 0.510  0.515
Co 26.5 29.5 28.0 2.5 26.0  27.5
Cr 29.5 30,0 30.0 290 - 29.5 30.5 '
Cu 5.5 45.5 450 ©.0 5.0 45.5 :
Mn 371 369 374 365 365 363
Mo 9.5 9.0 8.5 1.0 9.0 9.5
Ni 20.5 19.5 21.0 21,0 20.0  20.5 .« :
Pb 31.5 37.5 33.0 345 32.. 33:5 ,
. R S~ .
12 .9 8 2 8 L
394 385 383 |2 - 38 . ‘
56.0° 58.0 55.0

25.5

57.0 b .

* First 7 elements are given in wt. %,

p G

g\e rest in ppm.
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N T -
and evaporate to dryness on the waterbath. Evaporate to dryness 3 times with

~ -

1
concentrated nitric acid to remove fluoride. . .

Add 25 ml of 4 N hydbochloric acid to the residue and boil

gently for 2 minutes in order to dissolve it and reduce to selenite any selenate

5 , N -
which might have been formed. Wash and transfer quantitatively to ¢ 41 conical
' e

flask . . : ?

(b) Separation of Selenium —

Co-precipitation with lron Oxide:

A

Dilute the sediment solution (B) .to ca. 21 with re-distilled water.

Adjust the pH ofthe solytion to ca. 3.5-4 with sodium hydroxide. Dilute to

4

. +3°,
41 ond add 30 gm of NaCl to assist the coagulation bf the Fe ~ "hydyoxide

3
pH to 4.5-5.0‘, with dilute ammonium hydroxide. »Aﬂer 2 hours, odd a further

precipitate. Add with shaking, 60 mg F'e+3 (os FeCl s'olu/ﬁ'on) and adjust the

60 mg of Fe+3 solution and restore the pH to 4.3-5.0.

-, Allow the solution to stand for 2 days. Siphon off the supernatant

to
liquid, separate the precipitate by centrifugation, and wash it with 0.5% amifonium .
nitrate. Dissolve the precipitate by warming with }-ml oftoncentrated nitric acid

ond 0.1 ml concentrated hydrdchloric acid. Dilute the solution with enough water to

make the oci:ﬁiy 0.2 N. ' \
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! . J

lon Exchimge' Separation:

. %
- ”

i oo .
Pass the resultant solution through on ion exchange column filled

with CGS-240 resin (in the form of H+) 0 a depth of 10 cm.

Elutwe with 350 ml of 0.2 N nitric acid. Combine the percolate
and eluate, add 1 ml of 2N sodium hydroxide and evaporate to dryness on a
water bath. ln)im|ve the residue in a minimum of water and dilute to volume
{usvally 10 ml).

9 . ™~

" {c) Atomic’ Absorption Analysis )

Se was determined in the resultont solution (step 111.b) using the

standard seltjng.s given in Table. A.5. ;

Onmitting the somple, blank determination and stondards were treated
G
in the same manner as, described above.

Reproducibility of the method was tested ond the results are given

in Table A.6.

L4
~

A.3.4 Separation of Detrital and Non-Detrital Components of the Sediment

There are vorious ways in which sediments con be subjected to chemical

5

s his

ottdkk in order fo examine the partition of trace ele:}{ents among the component phases .

~&

Goldberg ond Arrhenius (1958) used EDTA for this purpose. Asthenius and Korkish (1959)
\ ) ; ) ! 5
used ¥ M hydrochlosic ocid 1o seporiite the Fe OxiJe fraction of the fe-ro-mangonese
’ \x ~ . \ 1

. . k2
. o N -
‘\ ¢ f ot Fa) -
R .

~

(™

5




noaules. Hirst and Nicholls (1958) used 25% acetic acid to separate the detrital
. » N

Reagents:

. : ' ' 167

N

and non-detrital fractions of carbonate sedimerits. Chester an?‘lughes (1967)
have examined these methods, they condlyded that in‘all the above methods,

porti\o\'cﬂock of the non-detrital components is likely to occur. They used a
mixhi?of 25% acetic acid and 1 M hydroxyl amine hydrochloride which has
¢ ‘ ‘ ’ .

the ability to dissolve the carbonate fractions as well as the ferro-manganese

minerals. In the present’study this latter technique was used.

b

The non-detrital contribution of the elements was determined in
I 3 -

the solution after destroying the organic compounds using perchloric acid as

L¥S

described below. T;age element contribution made by the detrital fraction was
~ "v\

-

calculated by difference, and the trace element content of the detrital phase of

the sediment was calculated by multiplying the latter yalue by 100/100 - % CoCOa.
- . ) % .

L]
’

- ' ' -

1 »

< ”

- 35% (v/v) aceticdcid: Dilute 350 ml “of glacial acetic acid to

o 3

11 with re-distilled water.
\

- \ ’
25% (w/v) hiydroxyl-amine hydrochloride: Dissolve 25 gm of the

~

A(R. gr&:je reagent in 106 ml of re-distilled water.

, Mixed acid rej&ing reagent: Mix 75 ml of 25% hydr;xyl-umine -

hydrochloride and 175 ml of 35% .acetic acid. This solution is equivalent to

~—

M hydroxyl-omine.h}drochlo:ide and 25% (v/v) acetic acid.

-
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'‘Method: J . ’,' l
— : =
) l"lace, 1 gm of the air dried sediment in @ 100 mi conical flask °
ond odd 50 m! of the reducing mixture. Put the flask(s) in-an vitrasonic bath

1

for 4 hours, centrifuge, and collect the liquid in p/sepordfe flask. Wash the

sediment and add the'washing to the original liquid. Evaporate to near dr}riess,
add 3 mi bf.perchloric acid and -5 ml of concentrated nitric acid. Continve ~ .
- ' “ , !

" evaporation with another 2 ml of perchloric acid. Dissolve the whitg residue
. . ' ; .

in @ minimum of water. Make to volume for the elemental analysis on the AAS.

The sediment residues after centrifugation and wash ing were dried

“

and the dﬁtritol'&ocﬁon (gh‘e residue) was treated as described in section A.3.1 ond

A.3.2 for the total sample. , } . O
A.3;5 Determination of Organic Carbon - T
- Orgoanic carbon in the sediments wés determined by the wet o~

- ° . . . -

oxidation method described by El-Wakeel and Riley (1958). - s
\

Reagents: ' . ‘

- Chromic acid: Dissolve 13 gm of Cr.O \k.k..).in o plsimom

, y ‘ , 61293 o

of water then add 900 ml of concentrated sulfuric acid. Cool and complete to ’

] .. LAY
- t N ™
<

& A
Ferrous ammonium sulfate O.Q\l:

~
-~

" dilute to 500 ml.
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> \ Ferrous phenonfhroi’in ind{cafor (0.025 m): Dissolve 0.337 gm

-

Y

of o-phenanthrolin in 25 ml of 0.69% ferrous sulfate solution.

.

Method:

- -

. Weigh out 0.15-0.3 gm " of the washed dry sample into a 100 ml

conical flask. Add W) m! chromic acid reagent. Cover (loose cover), shake, and

]

. o . .
heat in a waterbath at 100" C for 15 minutes. Cool and pour the contents into

k/\ . 200 ml of distitled water. Add one drop of ferrous phenanthrolin indicator and
titrate with 0.2 N ferrous ammonium sulfate until a pink colour just persists. "
. Blank is carried out by omitting the saomple.
s ’ . N -~y -
1 ml of 0.2 N ferrous ammonium sulfate = 1.15 x 0.6 mg carbon.
- v .
A
A.3.6 Pnosphorus Determination
-
Phosphorus is determined in solution A by a single solution moly-
4 -
) bdenum blue method, using ascorbic acid as the reducing agent.
. adénts: .
\ ’ Sulfuric acid,' 3 N. Dilute 84 ml concentrated sulfuric’acid . <L
| « ’ 4 A P
‘ to 11,
] . ’ Ammonium molybdate. Dissolve 5.0 gm of ammonium molybdate
' 1 .
Lo A.R. in water, dilute to* 250 ml. B :
° \




iy
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*

=S
)

D \ . Ascorbic acid (0.01 M). Dissolve 4.4 gm 67qsc;orbic acid in
' - &

-~ ’
water, dilute to 250 mil " The solution should be stored in a refrigerator and

made aofresh if it becomes yellow. ° -
v . ,

A}

&

Reducing solution. Mix 125.ml of 3 N sulfuric acid, 38 ml

) heY

of ammonium molybdate and 60 ml of ascorbic ac':id, dilute to 250 ml. The
/' . “

reagent, which has a faint green colour, should be made up immediately before

use. ' .

-

Standard #;osphate solution. Prepare a solution of potassium '

dihydrogen phosph'ate A.R. (dried ot 110°C). Dissolve 0.0959 gm K H2F’O4 )
) .

-

in 1 1. The solufion contains the equjvalentaf 50 g P205/ml.
5 ' ‘

Treatment of Flasks: , .

To obtain accurate results all §radualed flasks shauld be allowed

to stand’ for several hours filled with concentrated sulfuric acid and then washed

1,

well with distilled water. ‘

" Method:
I v ."" '
Pipette 1 ml of solution A into a 50 ml graduated flask, add
. e

20 ml of the reducing solution and dilute to volume. After allowing to stand

ar

overmight, measure the oftical density at 827 mp inao céll of an approptiate
length (1 or 5 or 10cm). Carry out a reagent blank determination on o
. ’ L
‘ +
solution treated in the same manner as solution A, omitting the somple. Stand-

ardise the method using 1 ml of stondard P2 05; carry ‘out corresponding blank

'




‘ | '
~ R VA

using distilled water. 30 pg P202 in a final volume of 50 ml give ﬁopﬁcal
. ] oot

ity (1 cm cell) of ca. 0.386 (after deduction of reagent blor:ak, which is 59_

). '_l’he molybdenum glue!zolour is stable for at l;cst a weel&. . k

‘% P.O eophcol density of sample x 0.25 x volume of stondard
‘ #2 5 optical density of stondard
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ANALYTICAL RESULTS OF THE SURFICIAL

SEDIMENTS
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TABLE 8.1
Particle size analysis of the sediments.
Pwi‘;:‘g'i‘z;giw R4 R2 A7 A6 AB G G612 6B AN Ale A7
562,54 . - 12 9.6 24 224 152 1.6 168  -- 4.4 . 20
62,591 " 15.2 8 16.8 6.4 8.0 3.2 5.6 8.8 7.2 7.6 6.4
T35y - 136 9.6 17.4 2.2, 40 0.8 1.6 8.8 128 0 - 4.0
16-8 4 256 17.4 10.4 58 1.6 0 .48 10.4° 8.0 6.4 152
84 4 10.4 27,2 22.2 0 9.6 2.4 7.2 24 48 0 12.4
f 42 15,0 1.6 4.2 3.4 13.2 21.6 37.6 24.8. 6.4 23.2 7.6
: <2y 202 13.2  18.4 9.2 4.2 568 4.6 8.0 60.8 38.4 344
;
Pgmf“’:’g.f;“a;” G R6 RS 8 50 G9 G2 A8 Al5S A4 G2 51 78 82
R - - -
> 62.5 4 32.0  20.8° 16,0 424  -- 153 2.7 57.6 32.8 44.0 -~ 0  66.4 -
62531y 4.0 9.6 - 40 20 1.4 09  9.6. 0.8 144 --  10.8 40 2.3
A-16 4 0.8 13.6 19.2 .24 100 66 204 48 32 32 56 1.2 40 7.5
16-8 4 1.8 160 148 3.2 1.3 07 93 % 1.6 8.0 3.2 193 1.6 8.6
84 4 4.4 7.2 144 7.2 107 18 0.0 24 0 1.6 168 2.4 6.4 9.0
42y 7.6 128 17.6  13.6- 63.2 27 1.7 3.0 2.0 7.6 3.6 199 9.6 7.2
<2y 39.6 200 28 7.2 26 25 250 2.6 416 2.2 428 464 8.8 41.2
4 - ~
i S
- 3 . )
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Figure B.1
Locatiarf of samples used for mechanicol

analysis. . )
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TABLE B.2

Mineralogy of the coarse fraction.

——

% mineral componeni

Plogioclase Horneblende-Augite Opaque

. Sedimentary rock
overage Quartz K. Feldspar Feldspar Garnet-Zircon  minerals fragments-
16 samples from 35 15 50 ’ 7 .2 B
the northem ) ) ) '
part of the
Gulf .
.9 samples from 53 10 7 1 5 - 24
the southern
/part of the -
Gulf ,
g
] &
- [ . ] 2 : ) =




TABLE 8.3

Clay mineral composition of the < 2 u- fraction
of the sediments ond the suspended matter.

.-

k4l

5:::;:‘,:;;. K/C Chlorite % ’Kaoolinite % tilite %(
A-50 0.38 25 10 65
A-63 0.58 15 9 76"
A;74 0.53 8 7 85
A-85 0.35 15 5 80
A-10 0.35 9 3 73
A-51 0.41 19 8 7
R-5 0.40 7 5 ga -
A-58 ~ 0.40 17 7 76
A-2 0.53 10 5 85

_ A-61 0.44 . 10 4 86
-7 0.37, 9 3 88
G-12 0.56 19 " 2o
S-17 0.720 29 20 51

A-82 0.32 17 5 78
A-84 0.35 10 4 86
5-3 . 0.49 22 N ‘67
A-71 (?.]5 2 4 72
ALl4 0.35 15 5 80
A-25 0.44 2! 9- 70
R-2 | 0.67 7 5 88
k=4 0.35 "2 91

AV 6,27 14 . 4 82

/
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v R TABLE B.3 (cont'd) '
v . ( . ' -~
Sediment - K/C ;:hlo};f.% Kéoiini;e% lite % “.
Sample No. ‘ , o -
E L Lo K L !
G-9 0.73 SR AR § 78
G-11* ~ 047 w7 3 L%
$-19° . 0.4 12 .7 el
o G-30 0.22 s '3 S PR
G-25 0.3 -, 14 5 81
. c-21 0.76 9 6 85
Suspended Matter, - i i _ oot
Sample No. K/'C, . Chlérite % Kaolinite % Iite %
\ - I
B 0.17 37 6 57 - "y
2 0.15 * 35. 5 60
3 0.23 29 7 64
4 0.35 23 8 69
5 0.27 '28 '8 64 :
A3 ‘j '
N ) N i :
& &
: {




TABLE B.4

" Major elements content of the Gulf sediment in wt%.

~

-

ES";":;"; Gie A7l A74 R6 R4 - R2 RS A13 A85H A-54 A-7da  A-78a A-55  A-83
Si 2.7 201 5.4 0.4 8.2 30.2 287 30.2 29.6 2.3 2.7 27:5 3.0 2.]
K 2.32. 1.88 1.9 251 271 264 245 2.23 2.2 2.5 217 2.2 2.57. 2.43

Na 0.74  1.46 1.59 115 0.59 0.5 0.60 1.9 1.6 . 1.56 ' 1.64 1.64 1.54 1.57
Ca 0.3 2,91 2.8 1.9 0.52 0.42 .0.35 3/15 0.84 1.24 2.42  1.63 1.76 1.5]
Mg » 1100 1,37 1.54  1.50. "1.48 -1.55 1,32 1.59 < 1.49 ' 1.67 1.0 1.59 1,68 1.7
Al v 1 7.37 10317 907 7.75 9.17  8.76  8.00 6.91 8.72 0.71 9.71' 9.60 4.80 10.06
Fe 404 243 256 409 425 . 430 4.09 465 329 359 2.66 3.9 3.49 4.68—
| (N 0.35  0.49 "0.48. 0.30 0.38 0.37 0.37 0.58 ° 0.47 0.46 Q.sé' 0.61 0.45: 0.56
‘MnO, - 0.08 0.08 0.7 0.12 017 Q1 010 0.3 0.0 0,10 0.08 0.10°0.10 0.12
POs . 0.14 0.7 011 0.8 ,0.20 0.26 0.16 0.2 0.8 015 0.10 0.7 0.15 o0.21

. , s :

.*CO3,  8.30 25.0 140 450 7.5 7.00 9.20 5.00 6.5 10.50- 1.5  7.00 5.00 4.00
Org. C - V46 1.5  -= o 020 us -- -~ 230 - 1.3 253 2.2
Org. N == 0.025 0.025 - - - . -- -~ 0.06 --  0.02 0.04 0.04

r\ - - - - -
- ~ . o . . ' _ -
not determined c ‘ - . 3

as Caicium carbongte - ~




" TABLE B.4 (cont'd)

.

AR

ESI:::L: A-78a “A-72 A-6  A-58 A-82 A-10  1-6  A-16 G-25 ~Afaza‘ A-78b A-85a A-83a A-67q
. — * - -

Si 270 305 28,7 30.2 .2.2 2.0 2.8 3.8 2.9 320 2.0 2.4 28.40 29.3
Ky 243 249 23 200 7 250 261 247 \2.44 252 251 251 2,53 249 2.57
Ne- CN7 122 118 1.3 1.eé 147 1.3 /1,230 167 1.6 163 145 1,59 1.56
.Ca 1,69 2,88 1.52 1,74 117 1.52 1,85 3.88 1,00 1,35 1,25 1,19 1.19
Mg 1.50 211 188 . 1.89 . 1,62 1.5 1.95 1,66 2.04 1,02 1.0 ' 1,73 1.59  1.47.
Al 9.20 579 7.13- 880 9.27 8.82 854 622 6.9 885 10,01 876 937 9.5
Fo 2,28 2.45.. 4.17 . 2.26 440 4.93 378 450 3.9 276 3.9 451 410 3.7
T 0.54 0.49 0.55 0:44 0,61 0.52 057 049 0.26 0,52 0,51 0.52 0.44 0,60
MiOp,  0.06 0.9 011 008 014 012 010 015 01 010 .01 013 011 0.10°
P,Os - 0.13° 0.6 0.9 017 025 0.25 0.2 . 02 02 017 019+ 0.21 0,19 0,17

v N : - o

" @Oy 12.00 10,00  9.00 .00 200 1500 7.50 4.00 10.0  2.00 .8.50 4.00 -6.00 2.00
"Org. C - . 066  -- -7 1,85  Q.84_ 1.40 == e N X I TR
- Org. N -- 000 . -- - 0,03 002 003 -- -- -- -~ _0.05 -- 0,02

S

. < 9
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A
“ . ~  TABLE B.4 (cont'd)
Sa:nplc oo i .« . -
Eloment - N/  A67h A53 5 A4 G2 A2 A7 G2 5<19 A6l A6l A5l A5 A-1g
S%21 85 @5 3.9 2.5° 8.6 21 2.6 8.3 3.4 2.0 2.5/
205 26777240 230 25t 229 131 261 2,64 245 2.34
200 155, 125 1.3 1.3 LU 151 138 1.43 1,09 1.27
247 089 177 1.0 230 371 °1.00 © .11 .23 1.52 4.00
1.94° 054" 0.64 0.8 200 1.84 1.39 1,80 1.85 1.80 1.71
4.7 912 .7.50. 5.95) 8.28 7.33 4.80 875 '8.32  4.82 6.75 4.45
2.73. 449 4)3 3.8 43 424 495 498 4.06° 3.72- 444 2.7
0.39  0.49 0.3 ¢0.52 0.5 0.29- 0.59 0,5 0.53 , 046 0/43 0.23
0.09 010 0.17 0.0, 0.13 0.1 0.08 0.10 0.0 0.10 0.07
0.17 ~.0:18  0.20 0.5 020 0.21- 0.19 0.17 0.20 0.16 0.18 '0.10
/3?00.‘ /450 11.00 6.5 11,00 195  5.00 13.00 6.0 22.00 31.00
/ [ } <
3,39/ 1.43 - - == - 216 "2.95 210 e
o% 0.03° - -= - = 004 0.08 _0.03 - -
. /‘ \,
. - 7 *
v &
. o
.2

oo
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TABLE B.4 (cont'd)
Somple a4 A0 A=85  G:30 A-15  G-lPrse2l  GI2 A-l7 S-3 G-9  S-i7 . A-4  A-50
Element . - ' - - ‘
Si 2.6 20,30 3.1 269 271 2.3 325 (8.4 281 3.2 244 30.8 308 2.8
K 2.27  2.48 ~'2.60 4.45/ 2.50 2.46 2,21 2,51 234 248 2.36 2.33 217 2,44
5 :
Nae .37 .28 1547 128 . 1.3 1.3 1.2 1.33 083 1.66 0.97 171" .32 1.21.
Ca 9.44. 550 " 1.39 2.0 .63 2.22 1,5 1.74, 321 0.75 3.29 1.60 2.2 1.57
Jl - < °
Mg 1.96¢ 1.88 1,68 1700 1,56 1.66 171 1,70 L71 1.7% 130 . 1.87 1.46 .67
Al 6.21 + 9.80 7.25 7.{3‘*‘\@8.20 7. 5.46 7.0 8.25 6,80 7.50 6.64 6.60 9.14
Fe 410 468 445 T 422 469 4.7 3,64 433 413 452 390 4.44 3.8 3.97
Ti _ = 0.39 049 0.53 0.4 -- 031 074 b.sz 0.46 0.88 0.32 0.84 0.52  0.56
MnO, 010 - 0,13 017 .. 012 014 0.3 0.7 0.25 012 012 0.1  0.10 0.12 0.13
P05 0.14° 019 0.18 0.18 0.20 0.22 017 0,23 020 0.7 015 0.22. 039 0.9
coy” 10,00 21.00 4.00 12.00 10.00 12.00 --  9.00 9.5 2,00 9.00 3.00 7.00 8.50
Org. C -- - -- -- - - L4 - - 133 -  1.28  --  2.64
Org. N - -- -- -- -7 - 000 - -+ 003 -- 002 -- 0,03
~\/ -
2
L] ) b .
+ . - Q
. . 3 .‘53
i e —
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TABLE B.5
Total trace element center of the Gulf sediments (in ppm).
sample ~ A7l T A-74° R-6 R4  R-2  R-5  A-13 A-85b A-54 A-74a A-78a A-55 A-83
Element : .
4 4\3,
€o 43 43 48 46 48 40 34 59 50 40 53 52 33 49,
Cr 64 26 23 63- 73 77 47 55 3 .4 19 42 7 61
Co 169° V7 28 80 109° 116, 73 73 25 44 15 34 2 a5
Mn 776 525 415 530 1065 710,648 805 600 605 720 630 605 775
Mo 30 33 71 1 59 7+ 24 6 62 15 ' 18 19 © 47 ekd.
Ni 55 44 42 48 . 70 65 50 55 44 45 45 43 45 Y
Pb —117 40 40 70 10 . 103 ' 85 150 30 30 50 46 ™ 35 150
Se 61 6 91 130 120 116 167 116 40 28 79 4 7 1
Sr 225 1997 1582 80 135 15 150 460 - 249 335 390 446 - 448 ‘392
Zn 153 48 59 127 P33~ 130 114 109 100 92 N7 . 95 72 122
1
n.d. = not detected.
-- = not determined.
-
) s
N
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TABLE B.5 (cont'd)
:j’:":‘::,’A-?za A-72  A-6  A-58 A-82 A-10 -6 A-16  G-25 A-820 A-78b A-850 A-83a A-67a
Co. 39 36 23 %5 89 47 43 55 40 50 . 48 .62 50 . 44
G 28 20 93 92 54 8 64 65 55 29 35 52 52. 44
Cu * 25 21 72 19 33 70 45 76 48 28 25 40 39 37
Mn 660 555 670 530 865 773 630 915 663 635 . 720 BN - 715 585
\ . :
Mo 24 - 8 25 70 29 46 12 22 35 49 18 28 21 19
Ni 38 43 69 63 56 72 70 82 49 35 45 62 49 49
\/Pb\\ 25 <~ 45 82 25 40 107 35 250 92 35 50 35 40 45
Se \ 52 6 60  .n.d. 82 84 nd. 61 2 10 79 65 75 62
St 483 606 235 287 35 305 281 320 475 411 390 311 ass 253
Zn 79 52 98 56 116 153 108 152 90 85 117 155 112 103
‘\\ ' kY .
<3 .
n.d. = not detected.
. == = not determined. J

[] -d ‘ .
. &
{ 4 w




TABLE B.5 (cont'd)

"

not determined.

o -
Sample | A-67b  A-53  A-84 G-2] A;2 A7 G-23  S-19 A63a  A-61' 1A-51  A-25  A-18
Element ! S " P
o 5 s w57 52w s w9 s 6 41 s 52 s
Cr 89 52 97 35 70 52 89 98 43 59 4% 60 62 33
Cv 100 50 28 39 72 86 100 81 32 55 43 45 97 50
Moo 790 830 565 640 700 600 790 688 484 660 655 s 668 430
Mo 27 68 27 17 24 7 22 24 9 17 58 43 3 .9
Ni 8l &7 77 79 54 3% 81 90 49 67 61 69 71 55
Pb 150 40 30 40 92 70 190 70 28 50 65 35 125 90
A /A A" S R Vi
Sr 280 © 309 49 286 20 190 280 310" . 533 278 295 185 375  785.
g B7Tle 7793 190 163 157 133 61 150 123 103 207 85 é{
n.d. = not detected.

9

v81
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TABLE 8.5 (cont'd) : )
|
Esl‘::‘:r"‘: A-l4 A0 A85  G-30 A5 G-ll S-21 G-12 A-17 53 Ge9 17 A-4 A-50
Co 43 54 57 47 46 I 49 57 48 37 31 50 15 50
Cr-' 46 62 54 93 62 61 78" 68 72 95 3 105 e 55
Cbo 75 N5 7 8 45 84 42 8 7 29 154 a 57 58
Mn 642 820 1065 783 865 805 484 15§7 755 641 663 772 -, 750 7_95
Mo 17  nd 27 43 10 19 16 14 "4 12 56 nd. 3 6 -
Ni 50 76 66 70 58 67 34 70 74 50 47 7 a2 ey
P 120 220 .80  -92 20 92 3 82 170 48 95 44 65 35
Se n.d. 114 nd. 67 \/ n.d. .22 - 41 89 -- 20 -- 54 47

Sr 1135 390 378 305 380 365 147 325 400 N 220 .23 350 278
Zn 189 145 132 122 136 196 109 146 145 152 123 133 1\6\\ < 13Q

Y ~
~ -
‘ \ .
-
’
.
Y

not detected. S

=
o
"

= not determined.



S

not determined.

-

~

©
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TABLE B.6
» Traoce element content in the non-detrital fraction of
the sediments (in ppm).
N _ .
E%;“::j G-c A-71  A-74 R-6 R-4 R-2  R-5 A-13  A-85b A-54 A-74o A-78a  A-55
-Co 26 12 10 19 20 19~ 17 23 15 6 21 16 7
Cr 24 8 4 8 15 2 3 . nd. 6 nd— 3 4 6
Cu 146 8 19 60 54 " 74 40 21 16 28  nd 4 19
Mo 511 171 30 354 769 44 448 339 207 238 137 . 202 1%
Mo 19 21 32 n.d 47 16 o T4 n.d. 12 6 31 2 21
Ni V38 26 22" 15 47 2 2 23 15 1 17 21 10
Pb 67 13 13, 4 66 61 49 84- “n.d. 3 6 N 13
S 214 1690 1195 67 122 .. 100 135 189 25 118 339 190 232
Zn 106 9 18 46 70 59 43 38 32 38 27 36 24
n.d. not de;ected).

981
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TABLE B.6 (cont'd)

» -
Sample 2 83 A-720  A-72 0 A-6  A-58  A-82 A-10  1-6  A-16 G-25 A-67a -7  A-67b
Element : ‘ . , , k )
Co 7 10 7 8 3 1 13 16 16 6 0.0 20 0.0
Cr 6 - 7 22 19 12 21 0.0 6 1 0.0 9 n.d.
v 2B 17 39 13 8  nd. 29 24 32 26 17 56 17
Mn 401 38 141 206 127 522 352 168 423 226 213 283 213
Mo  n.d. 6 Y SO | T 27 4 10 15 5 14 - 5
Ni 17 17 23 "3 24 137 39 21 40 24 17 -39 17
Pb 86 1 16 4 7 22 76 nd. 58 1 135 1
s 123 223 327 153 153 nad. 181 193 195 209 - 69 178 &9
Zn 3 ra 4 18 35 22 78 61 40 49 23 33 58 28

n.d. = not detected. c~

not determined.

{81
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TABLE B.6 (cont'd)
—_—

>

b

' e A-53  A-B4 o2l png A7 CBS19T A3 Al Asl acgs A-18 A-14
Co 2 24 18 20 .16 1 13 9 2 24~ 22 --
Cr 2 12 20 9 8 6 8 i 1 3 -
T A Y BV 27 B % ox g 3 39
. Mn  24) 206 . 35 39 83 W6 N8 - 303 255 o 379 173 287

Mo 19 n.d. 7 n.d. 14 8 4 3 3 18 7 2
Ni 4 50 14 1 39 51 24 34 24 35 40 38

) Pb 12 23 e 53 3 38 15 18 28 12 72, 75
Sf 190 76 44 121178 179 %2 47 192 126 %47 54y 54
Zn 9 M4 106 120 66 76 . 22 55 34 52 132. 18 ns.

[

. n.d. = not detected. R

not determined.

881




TABLE B.6 (cont'd)

»

__J’

. - n - - .
Es,:"”:: A2 A-85 G-30 A5 Gl A G127 A7 53 o S=14 A4 A-50
o 2 10 7 2 14 14 14 19 -- 33 16 18 4
T 2 g e no g 1 8 - 0.0 17 ' 20 g
Cu g8 20 19 25 33 22 42 45 -- 127 25 42 34,
Moo 300597 37 w2 et gy M8 - 298 400 s08 43
Mo  nd.. 12 1g 3 12" a4 s 25 > 2% nd ond 0.0
Ni® Ty oy 17003 st L gy g 107 49
Pb . 100 45 4 nd 20 48 52 .. 68 25 8. 16
SS26 059 175 250 1em 7207 20 .. B e 29 g
Zn 49 42 22 45 N2 a4 50 . -- 46 55 123 . 40
. .
n.d. = not detected, ) -
== ~ = not determined. .
Y - -
3
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ANALYTICAL RESULTS FOR THE.CORE
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APPENDIX C '

SAMPLES ANALYZED
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TABLE C.1

Pa;ﬁcle size distribution of selected

/

core, sampd'?.

Somple No. ? ' o :
- Gray olive~green . > 63 16-63 p 4-16 p < 4p
sediment L.
5-3,1 - 32 . 27. 41
5-3.2 '3 27 38 32
5-3.3 7 20 29 44
5-17.1 1 AT 37 44
5-17.2 * 5 18 32 45
$-17.3 5 19 30 46
BIO 115.1 2 15 39 44
BIO 1152 g 2 35 42
BIO 115.6 " .0 10 3l 59 .
BIO 115.13 5 12 28 55 '
BIO 115.16 -- 14 36 50
BIO.115.17 .y 18 39 43
BIO 36,1 5 BNV 20 58
BIO 36.3" —- . 29- “0 31
BIO 36.4 ' 18 21 53
BIO 36.7 12 77 53 |
Reddish~brown'sediment |
5-21.1 ' 22 2 36
5-21.2 26 17 IR '@ 1
BIO 115,22 29 20 17 34
BIO 115.23 30 21 15 . 34
BIO.115. % 40 27 12 21
BIO 115.32° 28 18 14 40
BIO 115.38 2 24 14 36
BIO 115.40 25 . 22 35




h . TABLE C.2
< - : 7 s
‘ Mineralogy of the coarse fraction in selected
& s core samples. (% number of grains counted). . £
3 ‘ ‘ —
Component “ Plagioclase Potash Amphibole Opague Granitic  Sedimentary
Sample No Quartz feldspar feldspar pyroxene minerals _rock rock
" . : garnet - fragments fragments
§=17.1+ - 52 T .8 16 . 3 1 7 13
s-17.3 - : \ ‘72 4 9 1 1 2 n—
" s-3.1 - 35 15 L5 4 4 4 33
' 5-3.5 ; 56 4 1 4 e 7 20
810-36.1 47 8 4 2 ‘9 23
BIO 36 (150) 4 7, .10 4 2 15 T
BIO 115.2 68 5 . 1 6 1 18 ]
BIQ 115 150) - * 57 2 8, 1 8 - 22
BIO 115/250) 64 s 5 4 18
BIO 115 (450) 7T 7 2 12 40’
, \ o ’
) Lo 1, )
BIO 115 (685) 3 8 - 6 1 3
' BIO 115 (720) 50 3 4 - 8 1 4,
- BIO 115 (780) 28 2 6- - 3 4.5 © 56.5
BIO 115 (823) 46 3 4 - ~ 5 B =
/ | R

Py N N - . v .
. '
.
. .
N . .
ri.g 1 —_— . > PY




" TABLE C.2 (cont'd)

<

A

J-}»

Component ~ Plagiocl ) Amphibole  * Graniti Sedi ry
h Quert gioclose Potash : o anitic edimentary
e Sample No rtz feldspor . feldspar p.yront;c mi::?:lz rock " rock
., ‘ garne fragments fragments
BIO 115 (855) 65 s - .. ] =
BIO 115 (880) 75 > 4 . - :
BIO' 115 (900) 60 ' 5 ) \ ) 2:
. BIO 115 (%%
] ‘ (988) 63' 6 - 4 - o5
o S'?ﬁ 70 3 L, i o
, g'z‘ .3 70 & . - 14
- - 5 - 14
- ( .
Yo - :
¢ E -
L J P -
- ‘{
3




TABLE C.3

Elemental“dnclysis of the core samples. -
B ?

Cepin s . 1S 15 15 ns ns N5 1S ns  us s s NS 1S NS s -1
L]
Core ) 2 3 U 5 6 7 8 9 10 " 12 13 14° 15 16 17
Elanent 0 50 00 150 175 200 230 285 290 . 350 400 420 . 450 455 470 510 550
’ x 223 25 26 2.62 2.61 253 2.55 2.53 2,60 2.68 2.67 2.7\ 275  2.67 274 270 2.79
. No 173 1.68 -2.11 188  1.83 2206 227 1.8 1.92 183 179 1,73 191 1.67 1.62 1.6 170
e ! 193 17 150 VM 166, 128 123 T2l 1.7 1,07 441 478 0.61 0.5 0.82 0.72 0.8
1¢ ta 205 18 - 1.85 1.84 1.82 .79 f1.s7‘m .83 1,76 174 v V72 . 1.8 1.8 1.
3 4 49 6.72 7.29- 7.5 7.17 7.01 6.99 6.88 /,6.93 7.02 7.35 7.50 7.43 7.1 7.68 7.00 7.16
Fe 453 466 4.85 ,4.83 " 476 497 478 476 484 4.89 4.82 4.98 506 512 478 4.9 4.8
T .08 067 072 0.6 0.75 0.84 0.77 0.69 02 077 0.83 0.8 0.8 093 0.9 062 - 0.74
iAn/opm 682 795 657 . 678 701 692 730 737 747 T\ B2 764 754 638 &1 - &1 73
-, . -5 - . é -
* ) ) {
/ . -
ral
e .
\
f




\ . \
B v .
Dep*h — 1ns M5 15 15 15 155 1\5\ ns 1158 1s 15 ns  Nns 15 ns 115
in L3 - . -
Core. 1 19 20 2, 22 2 25 26 z 2 2 - - 3 L3z 3 k)
Element 600 650 680 - 486 700 703 720 723 - 750 800 ] 835 .843 850 _ BS3-74 B64-74 ?
¥ 2 &7 252 195 Y194 200 2.06 2.5 2.6 2.1 2,23 247 25 2.8 2.14_ 2.25 252 °*
N% 145 - 164 140 1.09 107 09 120, 1.38 137 154 1.0 6 1,07 L2 V.07, 0.9 3.5 °
Cq - D3 059 078, 0,9 0.923 0.58 978 0.65 0.5 1.02 0.5 0.8 3.87 3.32 4,66 4.73 - 0.8
) r?‘v_:: . “e7. 147 V.34 240 125 137 1,54 0.52 .56 1.81 1,35 1,87  1.68 1.45 1.38  1.&5
AL Tei M 748 647 764 733 672 7.33 M7.3% - 670 703 L2 679 6.4 609 617 6.7 ‘
Fe 478 48] 483 4.2  4.42 48B3 447 4857 491 . 452 5.04 459 445 413 405 ‘\4.21 4.69
1 071 0.67 0.7 0.74 0.64 ~0.83 0.7 0.72 0.7 /).70 0.72 0.73 0.59 0.60 0.60 0.61 0.64 B
Mn/ppm 455 437 ;595 550 - 565 53 - 609 583 ses S &0 575 588 557 682 7 7SS
_ _ ) k | "
. . \ - *
I d . _ - ‘,‘
@ P! R :
7 ~\
AN \‘ .
%f' - ) %
. 7
. \ —
‘: b
L 3 i
i / ‘ “ >
> -~ 14 .




,_:j

N\

~— >
s fal . -
’ TABLE C.3 (cont'd)
De";‘nh 115 115 1¥5 115 115 115 115 115 -1s 115 115 BIO3 BIO35 BIO36 BIO% BIO% BIOM
Core 3 3% ¥ 38 39 40 41 42 43 4“4 45 v " 3 . 5 %
Elament 85O © 900 950 980 992 . 1016 1021 . 1040 1042 1049 1040 .
K 247 254 23 234 2,29 2.31° 2,38 213 217 2.18. 2.24 2.50 249+ 2.67 284 2.76 2.%
No .83 177 157 R32 150 141 1,63 116 134 1,35 1.41 2,00 212 204 1.95 2.09 2.02
" Co 12¢ 113 129 T.9% 218 1.70 1.57 355 263 V.69 1.13 0.5 1.07 0.29 1.45 0.51 1269
- 1857 18 171 165 1.7 L7417V L1390 1,47 164 1,62 1.9 1.89 1.9 1.9  1.94 2.04
Al * 4573 6 64 6.43 6.44 6.18 6.51 6.57 6.30° 4.48 6.51 6.56 5.67 6.63 6.40 6.73 6.23 6.74
Fe 4.57 4.64 4.39 4.39 4.3 4,51 4.49 4.12 4.37- 4.42 4,52 4,78 4.81 5.06 ° 4.92 4,64 4.82
Ti 0.65 0.62 061 0.8 0.64 070 087 0.6 0.68 0.67 0.6 0.64 0.5 0.6] 0.8 0.56 0.59
H - N
Mn/pem 730 704 668 601 624 696 728 727 . 641 KASS . 685 496 501 557 612 644 612
. - ° N
. :
- \ - ¢ -
e @

961
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: ‘ TABLE C. 3 {cont'd)
I/ i :
Pad B
w\gd,m m}y &t0% 8103 BIO36 BIO3% BIOW s3 $3 s3 s3 $3-  s3 S17  §17
n
Core 8 9 10 n 12 13 ? ? 2 3 4 5 6 7 2 3

Element - ) ) . ’ e

K 2,60 262 267 250 231 263 -2.58 2.2 272 230 - 238 22 2.6 2.7 2.2 274 2.2

Neo 1.9 -1.82 1,79 1.4 L3 118 L7 1.z 112 173 .88 1.74 .7 .76 L7\ 1.87. 2.06
T Ce - 182 217 216 2.3 250 4.05 221 224 509 072 0.8 0.7 0.9 0.8 080 1.45 0.20

Mg 2202 197 .09 200 217 %2 "201 203 232 1.83 1.88 1.86 1.83 1.84 1.0 2.10 1.55

Al 5.76 . 5.94 259 6.62 633 592 6.32 6.44 578 7.04 7.46 7.30 6.26 652 6.58 6.76- 6.16

Fe 4.67  4.60 441 450 4.36 4120 464 437 40T RS 440 448 460 4.9 446  4.82 3.4

(I 0.59 0.67( 0.73 0.64 0.65 054 0.5 0.68 057 08 0.9 08 091 08 08 08 06 3

Mn/ppm 583 545 542 517 532 578 % 549 K547 526 422 399 472 417 453 408 398 280

- - I - \
) ’ - ’
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TABLE C.3 (cont'd)
’D?prh 517 517 S17 S17 $21 21 $21 $21
n
. Core 4 5 é 7 2 3 4 5
' Element -
K T 263 274 256 248 1.60 1.8% 2.58 - 2.19
Na 1.76 1.88 1.98 200 0.84 0.8 094 0.9
Ca 2.28 1.24 " 184 201 1.60 2.47 1.79 .54
Mg 2.22 222 216 210 1.34 1.74 1.89 1.83
Al 7.00 752 7.48 7.60 4.82 4.2 59 6.10
Z,/Nc Fe 476 470 43U, 482 316 3% 3.08
‘ Ti 0.83 086 0.82 087 082 . 0.84 . 0.72
"© Mn/ppm  * 400 405 343 331 283 29 257
i :
P
. ~
f
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\
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) R




TABLE C.4

Trace element content® in the core’

samples.
Sai:r::o. C<‘> Cr Cv Mo Ni Sr Zn
Core BIO 115 1~ 61 46 314 N 66 86 3N
. 2 68 77 244 4 72 73 309
3 73 70 151 18 73 74 - 303
4 74 86 189 22 65 64 ' 310
; 5 73 7:)\\ 127 W 70. 69 309
} 6 73 82 107 13 62 63 310
| 7 74 81 87 3 82 59 300
8 73 82 N 4 67 56 310
9 7 73 130 14 2‘ 66 53 305
< 10 77 85 126 n.d. 59 47 3
1 74 84 126 9 65 30 32
12 76 .84 133 6 64 33 310
13 - 76 70 93 .8 62 37 175
14 76 79. 99 8 62 37 175
15 78 7 103, 9 62 44 308
16 Al 60 8 9 65 4 310
| 17 84 85 169 4 79 38 268
’ 18 g4 82 N2 1 77 27 309
19 82 78 95 86 30 123
2 78 83 70 n.d. 68 37 287
2 21 76 81 118 n.d. 61 29 294
22 75 82 87 n.d. 67 3 306
o ' 81 ' 89 75 nd. 75 2 102
24 82 70 58 ] 6 20 268 -
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TABLE C.4 (cont'd)

A )
SaEn'\;'l:e'l‘\:o. Co .Cr Cu Mo Ni \‘ Sr n
Core BIO 115. 25 85 81 77 11 74 28 281
26 94 77 77 5 74 21 28
27 71 82 48 n.d. 72 45 289 .
28 91 163 61 10 126 19 306 \
29 77 8 55 n.d. 74 NS 254
30 61 92 68 6 79 N2 305
.31 60 70 46 N 65. 102 307
22 61 ¢ 69 2 84 ' 95 309
33 59 75 46 20 ‘84 95 309
34 72 80 51 19 65 39 306
35 7V 76 51 9 69 52 2404 ’
36 71 84 45 18 67 54, 306
y 37 68 76 65 73 52 309
T 3 63 ° 80 72 7 69 65 307
39 63 78 64 25 63 70 305
40 65 68 54 1 68 59 309
" 67 73 57 12 71 58 29
42 60 73 47 19 65 B84 263 .
43 61 82 . 44 14 63 74 263
, 68 76 50 22 67 52 .302
L :3%/ 64 66 48 20 64 50 3N
Core BIO 36 1 73 80 6 25 73 52 137
2 64 77 6 30 69 6l 126
3 67 8. 63 28 75 7 27
4 76 78 58 8 74 (79 127

Ve
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TABLE C.4 (cont'd)

201

Element

Sample No. Co Cr Cu Ni Sr Zn -
Core BIO % 5 78 68 67 3% 66 B2 12
“ 6 76 66 76 2 66! 82 17
7 70 60 71 2 63 81 1M
8 65 69 64 36 63 91 N3
9 67 72 9N 27 68 .89 ‘113

10 67 8 99  -- 79 67 103
N 63 127 51  -- 87 61 85
12 58 . 131 55 - 91 68 75

Core $-3 1 34 40 21 - 38 46 80 ¢
2 37 40 19  -- 32 45 69
3 35 39 16 -- % 54 &
4 32 40 - 18 -- 35 52 65
5 33 3 20 -- 35 51 67
6 37 3% 18  -- 4 49
7 3B 35, 18 - 31 49 67
Core $S-17° 1. 31 3 19 - 31 69 62
2 35 41 30 - '3 61 77
3 33 3B 15 - 29 65 47
74 '3 4 17 - 29 65 7
5 39 50 21 -- 37 63 71

5 33 3 25 - 33 82 &5 |
7 2% M - - 33 98 - 52
Core $-21 I 27 34 14 . -- 27 40 28
2 27 33 16 -- 4 30 4
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\ / . TABLE C.4 (cont'd) .
Element o \ ‘ .
» Co - ‘Cr , Cu Mo Ni Sr Zn
Sample No. : :
Core §-21 3 31. .47 16 -- 36 39 45
4 30 38 18 -- 35 4] 47 .
28 39 16 -- 40 36 47 \
I3 ' !
* concentrations are given in ppm.
"n.d.’ not detected.
-=  not determined. a
P
|
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, TABLE C § -
—————— - . 4 §
) Anglyses of the non=-derrital troce elements
LS e \ -
Somple 113 115 15 118 113 115 113 11 113 1 1y {.11s 3 b3 3% 36 3 3 3 l 3
Ne 1 2. 3 6 9 11 16 18 3 2 T38| 38 PR [ -
Element 0 em s0em D00 em | 200 em| 290 cm| 400 em | 510 em | 600cm | 703 em 800 ¢cm aw‘:m S8 em| 0 cm 50 em| 100 ¢m | 130cm 200cm [ 250 em {290 cm [ 35¢C ¢cm
- —
~1a.8¢1) 208 865 | 977 1122 1069 1138 1126 1043 74 | 1032 1210, 1093 827 869 1014 1063 1124 1080 906 }1133
Fe |a.m8.(2)] 1630 1523 [148% {2190 1670 | 2000 1930 1745 11420 | 16%0 1928 1720 152% 1590 1778 1920 1925 1798 1540 1850
2-1 122 660 | 508 1068 601 865 804 702 676 558 15 627 698 721 761 855 801 718 634 _ | 717
’ 1 19 1958 173 176 185 200 178 171 160 156 188 163 68 75 88 112 126 96 «f 1.7 164
Mn (2 226 2718|219 238 267 312 243 223 207 150 231 200 71 be ) 99 129 148 103 .1 162 ! 207
2-1 41 83 46 9 82 112 63 52 47 3 %) » 3.0 3.0 1.0 17.0] 22.0 1.6 250 43
1 8.0 10 1.7 715 6.6 [ 6.8 6.8 2.9 5.9 5.7 4.8 3.5 40" 5.1 s 7o 9. 6.8 7.9 9.5
Co |2 90 150 1 90 [ 60 6.3 £70 4.5 70 56 855 6.5 6.0 7.5 320 5.0 65 177%a 5
2-1 1.0 0.5 -- 1.5 19 0.9 -- 1.4 1.6 Ly 7 .- 0.7 3.0 2.0 24 3.3 .- .- .- . .
i 250 2%.0| 18.7 17 2 145 11.7 11.0 7.% 5.3 B.4 1.7 16.3{ . 10.6 12,11 s 20 a2 1.2 13.2 Wl 2.
Ni |2 3.0} 31.0] 22.5 25.5% 20.5 16.% 19.5 18,51 118 16.% 8.5 235 220( 20.5 29.0] 27,0 27.8| el 230 29.8
2-1 50 1.0 3% L 35 60 4.8 8.3 10.6 6.2 8.1 6.8 13.2 11.4 8.4 13.8 4.5 16.3 8.8 10.9 93
1 44 2] 44k .6 7.3 4.2 4.8 L} 2.0 3.1 4“6 40 0 5.3 4.6y S 1N 62, 4.6 it e
— ! .
Cr {2 128 2.0] 10.% .5 78 20.5 80 7.01 6.0 7.0 7.% 70 Sler 53 6 s1 b :i v 5 ys5 | wy
-1 - i) 19.8] 61 39p 02 1630 32} aal w0l 3| 28| 30f esl ooz s oty cel v
T T : -
1 122.0] 134 21 94.6 92 8 0| 161,7 hé.6 62.9 52.6 3l.2 38,11  48.8 29 3 3¢.1 37,00 29 710530 846, br e’ 3y}
1
Cu |2 160.5] 130 91.0f 82.5] 90.5 . 57.% Ses.s| se.o| 33.s| ses| «2.0] 910 as| 30 36.0 - ] 53.0 | 22,54 300
] 2-1 18.5 . - .. 4.8 . 10.9 2.6 6.4 2.3 1.4 - 1.7 1.4 - 6.3 - - oea i c.?
Y ] 4 -y
ﬁ’éx’ 128 123 123 123 e [ o128 123 121 36.0| 128 10.61 118~ 51,01 37.0f 47.0, 39.0 ssv.c,r 2.0 .0, .-
In |2 7% 265 | 286 | 2N 253 N 274 260 1 0} 240 160 264 4.0 37.0] 29.0f 25 1[BEC! 2.0 20.0 0
2.1 166 140 143 150 135 152 151 139 1107 138 56.0] 146 . . - - - ‘ 2.0 . ‘ -
: } ™~ ) :
. b Acatic ocid anhact
2 oti¢c o d-Hydronylamn hydrochloride mixtue effect. )
Ac Hydroxy yd ] ( : . <
. Y, .

-



