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ABSTRACT -l 

The concentration and distribution of maior, minor and trace 

elements in $Ome Recent marine sediments from the Gulf of St: Lawrence have 

been studied. The geochemical characteristics of the sediments in the Gulf, 1 

" 
as a mid-latitude sedimentary basin~ are analyzed, and the factors that control 

., 

the element; dist.ribution are studied. The partition patterns of trace elements 

between the detrital and non detrital components of the sediments, 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 s~iments, the 9eol09ical hlstory of five long.cores From the araa 

is discussed. 

The present study shows the possibility o~.~~,lt~me aspects of 

the ohemistry oi sediments as depth indicator. It a Iso off~n.·so';' base line 

information needed for further environmental work • 
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l' 

Resume' 

~. 

La cancentration ~t 'A distribution des éléments cbls les sédiments 

morins récents sont étudiées (éléments majeurs, mineurs et ~'éments trace). Les 

caractéristiques géochimiques des sédiments dans le ~~fe>c~sic:Wré comme un 

bassin sédimentaire de moyenne latitu~, sont analysées, ainsi que les facteurs 

" 
qui contraient la distribution de, éléments. l'histoi re g/ologique dans cinq carottes 

de seéfi",ents prises dons cette regioa est discutée a la lum~re des informations . 
,-obten'ues ~ "analyse des sédiments r{cents. 

r la présen-te étude montre la p6ssibilité d'utiliser certoins aspech 
, .... ~ 

de 'A chimie de sédiments en tant qu'indice de la profondeur. Elle pourra également 

servir de base pour des travaux ulterieurs .~r l'environment. 
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'. ' CHAPTER 1 

1 NTROOUCTION 

. 
1. J PuIpose of This Study • 

The i~rtonce of the Gulf OJ a sedimentol)( bOsin stems From the . , 
fad that it serves as a convergence basin for the whole of the St 0 Lawrence River , 

System and severol other smaller riven. 

The GulF offen possibilities of well.controlled studies, as sediments 

sources afe only few and afe weil identified; olso sites of depbsition 'vary over 

small distances from ~lIow shelves and plotforms to deeper troughs and basins. 

It is of particulor interest for ot l80st th~;two following reosons: '(i) the Gulf 
/" 

provides a unique example of a'sh~ epicontinental seo in -sub-orctic regions 
. ~ \" 

which has been influenced by glaci~tion and by ice as transporting mechonism5; 

(ii) it has been\su~ted that the St 0 Lawrence Systetri' has gr80tly influenced . -, 
. " 

the composition of the sediments of the North "Atlantic Oèea'n between lot. 35 

and 5,5 NO(8iscaye, 1964; Griffin ti...sIl. , 196a; 8eltagy.H...gj 01 1972) • 

AllO, there is still a general lock of" information on the sedimentory 

geochemistry of the Gulf, despite recent studies by Nota ~',;d loring (1964) and , ' 

loring and Nota (1969)~ .Mo~ ~fticulatly, the distributions and modes of 
, . 

"';, 

occurrenc~ 'of the trace elements ore not known. 

Hence, the' present stvdy, wos undertoic.en'with the following 
/ 1 

objestives: 

~ 

, 
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( 

1. To study some geochemicol characteristics of the sediments as 

,- indicated by the co.ncentrations and distributions of various mâior and trace 
'If • 

elements. 

2. To analyse the factors which influence these distributions~ and . 

the various pothways by which the elements were incorporated inta the sediments. 

3. To a"t!mpt estimoting the geological ~mplications of the variations 

of these geo;chemical choracteristics with time. 

The resultsobtoined wiJI he ot value in est~blishin9 new poramet\!rs , 
'1 

for ice age studies and in supplying basic dota for l'uture detailed environmental 

investigations of the Gulf sediments. 

• It wos decided ~n this worlc. 10 use only the fine fraction i.e., 

the fraction' of the sediments smaller thon 63., (230 .mesh) which~.the lower '" 

-<:;;. 

limit of sands on the Wentworth scale. This decision W05 made for the following 

reosons: (j) One of the intentions was ta study the geochemiéal characteristics 

of fine terrigenous detritus ~fÎ't to the Gulf in suSpension or os bed load and ) 

subiect to large scale dispersal patterns. This pe~tive wos thou~t porticularly 

useful for the purpose pf choraderising the Gulf of St. -tOwrence os a maïor 

source of sediments for the deep North Atlantic Ocean. (i i) It WQS feh that 

by removing tffe sands and cooner material, the influence on sediment composition 
, 

of nearby !OUrces was decreosed; this alto reducecf the noise introduced by ad-
, ., 

mixing to the sediments of ice rafted debris dispersed throu~ the Gulf in a more 
~ 

1 

.; 
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..!' 

or less random manner. (ii i) Finall~, in the course of somple prepdration (Qr 
/ ' 

chemical analysis ~e prlence of coarse fragments may lead ( results bid~ 

towards their pqrticular chemical composition, •. 

Furthermore, it could be é:laimed that the combined clay and 
, 

sHt fractions, as a complex mixture of material dellvered to the Gulf in sus-

3 

pension, 'Or as bed load, or by ic~ and wind, should pravide a fairly gooc;I average 

ohecent sediment !=om~s' ~n- in :~~,-;. P~rticle size onalysis of.~~iments ~ rio 
from thé Gulf indicat.rt that about 80% by wt. of the~dime~ts is i~ this range" . ~ 7- .:. 

/ 
(Nota and lorÎng, '1964). '\' 

, .2 limitations of the Present Study 
3 

Recause of practical limitat~ns, a total 0' only 55 surficiol 

sediment sampres and 5 suspended matter samples could be collected and 
, • -. _ f 

analyzed. The geographic and depth distribution of the bottom samples, are 

'1 

shown i~ F.i:gu;e".~ .. 1, Appendix A,\ Figure 1.1. . . 

': \ ~ Ttrts is admitte~very small nu~r of samples irl ~~Iation 
" ".... ~ ~~ J • \ 

\ 

to the large arefl of the Gulf. The density of samples stands at one 'sampi. per 
~ . 

.. 
• 

four thousand squore kilometers. However, a strict control over samplin~ems 
"', ' ,\. \:-.:, .. -

ond the number of samples, is described by Griffiths (1961) for exomple, cao not . ,< 

/ ~ _', '~ 4~ 
olways be exercised in marine geOchemical suryeys. Many instances of studies 

'. 

basecJ.9[' a small n~r of SOlY1>les ca~ ~ found in the literOture: Hliit .. tt·962) 

',' 

\, 

1 , 
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.. Figure 1.1 

Pe;ç'entoge ~umber of·somples 'per depfh int~rval compored to 

6. 0 1 <1 

petcentoge area of the Gulf cover~ '!iith this depth intervol .. 
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\ 
studied the geochemistry of modem sediments From tf\e, Gulf of Paria.using Q total 

1 . ~ 

'of 25 ,aomples. Chester and Messiho-Hanna (1970) in investigating the dis-

tribution patterns of sey~fQl trace elèments in sediments ftom the North Atlantic 
. ' 

Ocean, based their study on 38 samples. Wed~pohl (1960) in studying the 

~hemistry of ~rine sediments from differ~t oceans, u~ed only 18 samples. 

The hydrogeochemistry of the whole Mackenzie River basin was investigated·from 

the s~y of ~ut 100 samples (f~e~der .!!..2!., 1972). 

• 1 

The validity of any conclusions inferred from such stuclies, how~ver, 

con be testeel and reinforced by the application of necessary statistical tests. These 
(,. 

1 . 
are based on the premise that information about a phenomenon con be deduceel From 

~n ,xamination of a small sample collected fro" on infinite set of potential obser-

votions. 

The proble~ of low sampling density is even more pronou'nced in 

'hi~ Arctic Or80S becouse of operating conditions and pro~'ibitive costs. AIJhou 

it may be necessary there Jo proceed with â very ope!, network of stations, great 
. .\ 

core must be applied to derive maximum information from the scattereel dota. 

-.... 
The present study should provide some test os to th'e value of 

low sample number reconncùssance surveys, at l80st for the.,major elements; our 'f 
,.' \ "'- .. 

"\ .o..t,j .. ,.' , ~IC - ... 

results may. be co~ with those ot Lodng (1973, ln p~);~ta_i~èd From a .. 
.--~- \ 

- .' 
much den.r sampling programme carried out in recent yeot1 'Over the who'e area 

of the Gulf of St. Lawrence. 

• 

; , 
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1.3 ARIa' Investipted 

• Q 

1.3.1 

The Gulf of St. 1 ~ is an inland seo occupyine an area of .. -

about .h Ic(.. sq. km. ~r et al.; 1968), ~_ l.alit 4{,0 'JO' 

• N and Longitude 56°,~' and 69° 00' W. It has a foonèt-Iike 
~ 

configuratq, (Figure 1.2). 

It is"bounded by ~ and Labrador 10 the narth; Newfound'and 

and Cape Breton Island 10 the east; Prince Edward Island and New Brunswick 

coast 10 the south; and the Gaspe Peninsula,to the lOU~t. 

The Gulf carnmunicates with the Atlantic Ocean thlOU~ the Cabot 

Slroit 10 the east and the shallow Slroit of Belle Isle to the nartheast. ~ 

There are a few maïor islands: the Magda'en Islands,. the Mingan 

Islands and Anticosti. 

The entire Gulf acts as an es~ or mixing basin for the St. 

Lawrence River. However, strictly speaking# the St. Lawrence estuary is usually 

consiclered as the region extending between Quebec City and Pointe des Monts 

(Forrester, '967). 

The river is fed by the Great lakes, has a Iotal drainage areo of 

513 x 10
3 

ICI. Iun., and a mean yearly disdtarge at Quebec City of about 10.2 

3 ., . 
J( 10 cu. nVsec (Parete, 19~ Il has 0110 a ",!~r of maior streaft. as direct 

", ....,. ~ .::' ,). ....... 1 • • 

tributaries, the OttaWô, the Maurice and the lichelieu. 

.. 
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The Gulf of St. Lawrence, bathymetry,and physiography~ 
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,9ther smaller rivers along the north shore and the south shore 
. 

of Quebec, western Newfoundland and the northern part of New Brunswick arso 
/ 

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.(EI-SabH et al., 1970), 
. 3 .. " 

and the mean average fresh water, mscharde i;' the Gulf is 12.2 x 10 cu.m/~c 
, >-\' ... 

(Forrester, 1964). 

1 .3.2 Bottom Physiogropfly 

, _ The botto~ ~pograph~ of the Gulf of St. \c: has been ~e -. 

subject of several investigations (Hiort, 1919; Huntsmarl.ét at:, 1 ~: lauzier 

and Trites, 1958). A major fecture is th,e laurentian Chan",I, which extends from 

near the mouth of the SQguenay R~'(er to the -edge of the Atlanti.~ Continental 
. 

Shelf, with depth ranging from..250 to 540 m. A north 8Qltem branch forms 
. " '" . 

the Esquiman Channel, which follows ~e western ~re of Newfoundland towards 

the Strait of Belle Isle. The Esquiman Channel is more than 180 m deep, except 

~ as' it approaches Belle Isle Strait. 
Q 

South of the Laurentian Channel lies a platform known ~othe 

Magdalen Shallows, with the small MaQ!falen "lands almast in its central part. 

The area has an average depth of about 40 m. The Strai t of Northumbef'land 
(J 

se pa ra tes Prince Edward Islan~m the northem New Btunswick coast. 
1 ...... • 

\ 
. • Acconling 10 Lau.Zier~. (1957), _ quarter ,Of !he Gulf 

. area IS shallower thon 50 m, wh ,le a~ is deeper thon 300 m. ' 
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On the basis of bathymetric and sedimentological data, loring 

" 
. (1962) subdivided ~e Gulf into Iwo regi.ons (Figure 1.3). The first !epresents !/ 

zones of recent deposition and soft sedimentsJ the second is made up of 
~ . 
acoustically.hanf botto"" which f11CIy rOf'!ge from exposed bed-rock to either 

gravel, sand or, compc:ict sediments. 

1.4 Pleistocene Events in the Gulf of St. Lawrence 

• . ,. 
The following summary of the PI.istocene history of the Gulf • 

. , 

ilmainly condensed From detailed discussions by loring (1973); Prest and 
• 1 

• 

G ...... '.(1969h aiId~ , 

. According to lorin9'~), sinee early Cenozoic times the v~Jley . 
-........ ~\,l.: ... 1;. 

, , . ~ 
sYstem as it is knowh today, as weil as the accompanying drainage system, deveÎ~d 

" 
along lines of structural and 1 ithological w~knesses by a proce55 of sequential 

. fluvial erosion. This eroaional evolvement has taken plac6 with mi~r interruption 

with the latest period of valley entrench~t, prot)gbly occurring·in Pliocene time 

or eorly Pleistocene time. ,., 
1 

, 
The glacial geology of surrounding oreQS and the submarine 

) morphology and unconsolidated sediments provide evidence for the presence of 
, - ' 

central ice sheets in the Gulf during the Pleistocene, as weil as {or jce advance 

from local centeR during the retreat stages of the continental jce masse The 
- , •• ~ 0 

evi~e indicates that there were three jce lobes advonc ing in the area. The 

'" ", ' moin ice flow appeared to have entered the Laurentian Trough from the north 
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Figure 1.3 

Different depositional environments in theaGulf of St. Lawrence' 
- . 

(After Lor!ng, 1962). 

Shôded areas = Recent deposits 

Unshaded areClS = Non-recent .depositional. envi ronment ' 

diment thickness: 

',> 18 m 

\ 
\ 8 - 18 m 

\, 

/ 

.-

.. 

• D 

. . 

. . 

, , 

p 

\. 
. . 

Î 



10 r 
• • 

. ' . 

\ 

z+-

• 



• 

.o' 
c 

'f 

. 
l ' 

11 

sicle. The second maior ice f10w may have c:ome 0110 From the north, and movecl 

east in the Min9Cl" Trough North of Anticosti. A third Iobè from the'highland of 

~ ~tered the Esquiman Trough and modified its' topography. As this ice 

pushed south and w6st, it convergee! with the Mingan lobe and the laurentian 

lobe of the south end of NewfOundlcmd Shelf. The ice apparently began to 

• '. J 
wane between 1".5 and 15 x 10 ~rs 8.P., with ice with~ra~ing up the 

laurentioo _Channel From Cabot Skait and into the triDutary valleys permitting the 

invasion of deep wuter From the Atlantic Ocean into the Gulf. 

By that time, parts of the coostal area adiacent to the. St • ., 

Lawrence River and Gulf were submérgect beneath"the seo as the deglaciation 

progressed. The main çause of this submergence was the isostatic depression of 

the crust that resultecl From the load of the ice, and the eustcitie rile in seo level. . ~ , 
, 

As the ice withdrew and the rebound becorne greater thon the eustatic rise in 

seo level, these COQStal areas re-emerged. 

8ased on acoustical and sampling data, loring (1973) indicatecl· 

that the Iowest seo leve) stand was about 11~120 m below the present seo 

level, with other hipr slandstills at about 58-68' m belo.w the present sea

level occurring hetween', 5 c.ld 13 x 103 y':',s B.P. 

1.5. Sediment Sources to the Gulf of St. Lawrence 

... 
Sediment sources to the Gulf indude 01.1 rock fOrmations in the . 

. \ . 
oreas lIIOI'ginol ta the Gulf, and the suspended 'Ioad ~orriecl by the St. Lawrence 

- / e 
/ 

River System. 1 { 

• 

. , 

l' 
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Àreas marginal ta Itle Gulf of St. Lawrence con be divided into 
. ./'J 

two maior subdivisions: (i) the regÏOll north of the St. Lawrence River, including 

the north shore of the Gulf ta the Strait of Belle Isle; (ii) the region south of the . 
, 

St. Lawrence River extendinq over the ,Gospe Peninwlo, ~ew BruO$wick, Prince 

Edward Jsland and the MogdaJen Islands. Formotions there belong ta the Appolochion 
.' . 

Province which extends 'clown ta Georgio (U.S.A.). Formotions occurring in 

Newfoundland are 0150 port of it. 

1 .5.1 Region North of the St. Lawrence River: 

This orea ~Iongs ta the Grenville Province, which extends over 
. .., 

the so,uthem port of the Conodion ,Shield north of the St. L~rence and Ottawa 

Riven. Grout (1938); Dresser and Denis (1944) and Harrison (1963) hovê studied and , 

/ 
1 

described the different rocks found in this region. The rocks are essentiolly pre-
, . ~ 

Paleozoic granites, gronodiorites", syenites, ultrohosic5, gneisses and schists of the 

Conadian Shield. Paleo%Oic imen~cire made up princ.ipally of Ïimestones and 

shales (Figure 1.4). 

1.5.2 The AppaIQchian Region: , 

A great vari~ty of rock types is represented in this oreo, nomely 

, 
\. sronite, ..flote, arsillites, quartzites, limestones and shales. Nearly 011 of these 

• IOcks were subiect to de,fQnnatiop hy the Acad~ Orogeny ot the end af the Devonian 
II) ,1. 

" 
periode \ 



, 

---./ .-

-' --' 

~,~ 

.... 
lor\ • 

.-

. , 

.( 
/ , 

~ 

Figùre 1 A 

lï.thology and maÎor rock types in the dràinage basin of the Gulf 
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Marine limeltone, dolomite; anhydrite, gypaunrrich evapprites, . . ' , ...... 
shales and siltstone are extensive if\ centralNew Brunswick and NQva Scotia. 

G~spe Peninsula anet Chaleur Bay: 

The most dO'J'inant rock tyPes in the Gaspe Peninsula are the 

Gas~ saÀdstone and Gaspe limesfone of Silurian-Oevonian age_ 

The Chaleur Bay Group comprises a comple~ series of sedimentary 
,. 
il 

and vo1canic rQcks of Ugper Silurian age (Greiner, 1965). Among thè"sedimentary 

.: rocks gr. round co~lomerot.s, coralline I~S. red feldspathic sandslone, 

brick-red sandstone, siltstone and shales. ' ' 

f The Grou~ is also".char~cterized by a numbe: of magnetic deposits, 

sulfide veins o~d molybdenum oOlturrences. 
) 

, , 
, 

{ 

, 
Anticosti, Min n ~nd Nklàdlalen Islands: 

, 1 

- l • 1 • 

On the Mi~ Isk»nd~, which lie close 19 the nar:th shore, and . , 
on ~ticosti Island, or, çexposed ~utcrops of Ordovician age. These O"!tcrops are . 

~ , 

Mad, up of limesfones with minor amounts of sholes, sandstone and conglomerates. 
1,\ r 0 

Rocks on the Magdalen Islands ore ~e up of basa'ts intruding 

beds of limestone, gypsum and occaiional sandstone. 

a ;; Ji 

• 

• 
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Newfoundland: 

Newfoundland ,forrns th. nor" ~Item' extremity 01 the Appa'-

achion Tectonic Beh. Metamorphosed sediments and volcanic rocks of Ordo-
/ 

vician and Sillurian ages outcrop north of th. Strait. of Belle Isle. T~e west 
. 

coast of Newfoundland, near th. ~t ~.~lIe Isle, consists mainly of cor-
, 

bonote sediments. These thin-out further south aloog this coast to give place ta 
r 

élastic sediments of Combrian age (Fleming, ~970). '. 

North of Fortland Creek, older se~ies of metomOrphosed d&tic 
, 

sediments are exposed, extending as foi as th. Port au Basque Peninsula. They 

are interrupted here "and there,by ultro~fic and mafic intw:usions. 

Clastic sediments of Silurion age, as w'" as volconic rocks and 

;. some lime stones outcrop oround St. Georges Bay (F igOre 1.4) • 

.. 
1.5.3 Other Sources of Materiol ta the Gulf ) 

1 

Tills in the St. Lawrence Vall.y, also marine re':working of 

glacial deposits of th. St. Lawrence Valley during the Champla~n Seo epilOcM, 
.~ 

followed by under cutting of Champlain s.a sediments duri"8 post glacial up-
. . ') 

·Iift have made available lorge/quantitiesof easily eroded material as.potentiQI ' 

soJrce of ~iments (KprtOw, 1961; Prest, 19(1). 
\ 

'. 
Il 



• 
..... '

> 

1 

\ 

,. 

~ •. 

• 16 

1.6 Pre"i~s .W~ on th, Gulf ~i à Sedimentary Basin 
...... 

~-~_. 

T'he origin and physiography of the Laurentian Trough have been 
, 

discussed by Johnson (1925) , Shepord (1931, 19(3) and by Ma.$! Neil (1956). 

Structural aspects of the l raugh in the regian ôf Cabot $t'rait, leoding outward 

. -
from the Gulf of st. lawrence- to the Atlantic Ocean, have been investigated 

by Press and Beckmann (1954). 

Studies relating to the conditions of sedimentation in the Gulf 

are rare. Nota ood loring (1964) have discussed the regional marine geology. 

According to them, the Pleistocene glacicftion largely determined the present 

shape of the laurentian Troogh. The distribution ~ttem ofthe sediments is 

fairly regular ood characterized by poorly ,sorted coarse groined, near-shore 
, 

deposits ,and an extensive area of soft pelites in the deep parts of the Trough 

(loring, 1962 ~ Nota œld loring, 1964). 

The above studies concluded that the sediments may be genérally 

" ...". 'Ir" considered as mineréilogically immature. The crystalline rocks of the Canadian 

r----... 
Shield-proyiJé" the dominant source of sands. Ice transport is the main agent of 

dispenaÎ. 

/ 
The, Magdalen Shelf ~as t" subject of more detailed studies by . . 

loring and Nota (1966, 1969) and loring et al. (1970). Their observations on the 

-
bottom morphology of the Magdalen Shelf suggest that i t does not refate ta the 

" • • 0 . , 
Il 

present enviranmental conditiaru (LOrang and Nota, 1966). The surface sediments 0 

appear to be mainly the erosianal pracilcts of tt.' local bed rock • 

) 

;a", 

• 
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}te sediment dispersal pattem of the whole Gulf of St. L~rence 

was inferred from a study of the 5CII'Id size froctiOl of the sediments by loring ond 

Nato {19(9). The authon cancluded thot detritol materiol from the Canodian 

-
Shield i~ dispened south and east ta the shore Unes of New Brunswick, Prince 

E6.vord Islond and ~ Breton Islond. 
) 

Geochemical studies made by the,. outhors (Nota and loring, , 

' .... 
1964; laring ondNoto, 1968' were confined to the major elements (No, K,AI, 

1 

Ca, Si, Fe, Ti and Mn), in ~ <?ulf regian extendi"g between MOW and 69
0 ':1'1. 

Their results will be discussed loter. 

k commonly found in marine sediments, tn the Gulf of St. Lawrence 

0::. fin" '"' ;"vene "'Iatô .... hip belw .... 9,aôn oize '"'1 clstance f, ... "'_; al';'," 

. the greoter the dtstance from shore the better sorted o~ the sediments. How'ever, 

ice-rofted, medium ta coone sand is common ,in oreas of fine sediments. 

On the basis of sediment texture, Nota and Loring (1964) grouped 

sediments in h westem and sofuthem Gulf into three types: type 1 includes 

moteriol From Rea shore oreos, chorocte,rized by a low deg .. ee of sorting and a 

high con,,,,,t of coone moterial; type II~ .-.presents the deep w'ate .. pelites, which 
~ ... ---r'-

have up to 60% clay size materiol and~t 35% of silt sizei type III i~cted 

to seclments similor ta the Leda Cloy cIeposits of the Champlain Seo and is found 

1 

only in the estuo.-y above the Saguenay River entrance (Nota and loring, 1964). 
,. 

, 
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Cui ..... ~"01 ..... I.i_ ""'l' ~I-tly ~· ... e place to 

!.I 
another .in the Gu!f. N9to cnd loring (I~) concluded that maximum deposition 

occurs in central, deeper ports 01 the Gulf, ~he .. they estimated a rate of dep-

osition of 22 cm per 1000 yeors. However, this rate moy only be vaUd for the 

grayolive-green mud deposits., 

The pH of the Gulf waters ranges between 8." at the surface and 

7.6 near ~ boHam (d'Angle jan :--d Dunbar, 1968; ~Oring ~nd NotlI968). 

No systematic geographic vwriotions were ob~d. 

~ 
An oxygen minimum is present in the deeper waters of the GÙIf. \ . 

d' Angle ion and Dunbar (1968) me<isured the dissolved oxygen near the bottam in the 

deep waters of the ,Gulf~ they found values of 4.5 ml/i in Cabot Strait, decreasing 

to concentrations be'low 3.0 mlll in -the westem and northem ports of the Gulf. The' 
> 

water colulM is weil oxygenated and anaerobic canditions do n~t exist anywhere jn 

the G.!.f. Loring and Nota (1968) showed that oxidizing çonditions prevail at th~ . 
surface of the deep wcter pelites,' with Eh values +400 mYe However, 'th~ ofidizing 

, ~, 

1,1' -","""" 

layer is only 1 to 2 cm thick., and recllcing conditions wlth negative Eh values 

dévelop below thi. depth in a recl.cing layer • 

, 

" 
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1.7 D.fln Itlonl 1 

Shc:-lIow wat.r sampl.el: sampi., collected from wat.r depthl le" .hàn 200 m, 
., 

un 1 eu otherw i se ,tated. 
l 

Oeep wat.r samples: samples colleeted from wat.r depth ~rttater th~ 200 m. 

Det'rital fraction (of 
the sedimen t, or on 
etement): 

The aéi d redueing mixture insoluble residue, mostly . , 
silicate' minerais of terrestrial orlgin •. 

,\ 

Non-detrital fraction: Thel ocid redueing mixture, soluble fractiOn, ineluding 

o \ 

carbonates der; v,ed From terr.strial sources. 

Coarw ~Iay frtlction: Pàrticlë$ wifh' a diamet.r < 4 f.I. 

cr ;' Standard deviption. 

. \' Correlation coeffic,ien.t$ 

\ 

'. 

. '" 

~ . 

r - ~\ 

- 1 

o \ 
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CHAPTER Il. 

PARTICLE SIZE DISTRIBUTION AND MINERALOGY OF SEDIMENTS 
Q. 

FROM THE GULF OF ST. LAWRENCE , 

2.1 Particle Size Distribution 

2 .101 ln trocilction 

20 

Morine sediments ~y be trœ'llported to the sit~s of deposition by 

Q1e or more of severàl transport mechanisms (werdrup ~o, 1942; Kuenen,'19(5).0 
" ............ ~ 

ln the Gulf of S;'; Lawrence sediments are mainly tronspàrted (~ by ice rafting! . 
• f 

{ii) as suspended loa,d bywater movementS; (Hi) as bed Joad due to ~ttOA'l prOcesseso 
'" .', 1'> 1 .. • _ ...c._ J -

The frastion of the sediment which"'has been t~sported by the third mechanism is not 
_:.;: ,~'1 J '-r 

easily identifiedo On the other hand, ice rafted moterial con be distingu'ished rather 

~. . 
simpJ,y From se~ments which have settled from suspension by the following general 

Il • ~ 

~ 1 l ~ .. 1 k 

criteria; (i) sediments tronsported by jce ra,fting moy cor,tain the wmtle spectrum 

of pa~ticle sizes, From pebblès or ~Iders, clown to clay size particles (Shepord, 1973); . 

sediment porticles corried in suspension have a narrow spectrum of fine sizes (POItma, 

\ 

1969); (ii) the fraction of ice-rofted sediments is independent 01 the distance From 

the SQW'cei (iii) becouse cOQrse sediments may be carried by ic~ ~er long distances, 

their abundance wi 1,1 not show ony prevai 1 ing tenctency to correlate with water depth • 
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2. f.2 Méthods of Anal}"is 
.. 

Mechanicol œ\alysis was performed on 25 Gulf sample, covering 
, . 

êlfferent weiter depths,Fi~re 8.1, (Appendix 8). Wet sievingwasusedto teparate th~ 

coorse fraction (>63 tJ). The pip.tte-method was used for the particle size onolysis' 

of the fine fraction «63 ... \. A detoiled description of these ~ethodS is gÎven in 
'\ 

J -

~ "r
o

/ 

2.1.3 Results and DiJcussions 

/ 

The results of the portici. site ana'ysis are given in Table 1 
~ . . 

Appencli)( 8. The coorw froêttpn mokes up about -21% by weight of the sediment, 

raIlgÎng froin 0% to 66% . 

. - . ." 
Figure Il.1 shows the relationship between the weight percen!age Cl 

- 0 

Gf the coarse fraction œ\d the water depth. As shawn in this Figure, there is no .. 
relotionship betwèen' the 'amount o~ coarse moterial and .e depth of watlfr. Cleorly, 

thereiore, the ~d and growl (coarse froetion) could not have been transported' 
. ' ' 

by water movements, and ice roftin~ appeon to be the main agent, involved in 

) 

tronsporting the caor. material. ·A.supporting evidetfce cornes (rom cunent 

meosurements along the bottom in the Gulf -..,hich:,were made using seabed drifters 

(lauzier~ 1970). These meosurements indicate that the bottom currents are in the 
\ . 

range 0"0.5 to 1.5 cm/sec. Such cur~t velacities seetn to be,far below the 

CUmlnt spee,d requi red to transport moterial s of si zes >63 .. _ 

" f 
) 

,( ) 1 

1 

5-
\1> 
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Figure Il.1 
• '~ 

, . . 
, , 

Plot of the perc:entage:coars~ fr,,~tion ( >6~ fol )' vs. water-deptt:. 

-., 

, " '. ( 

Figure Il.2 

The relationship between perctmtage clay s;ze materiat of the fine 

fraction ( > 63 ... ) O"Id water' cfepth • 
'( 
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Nota and toring (1964) fou1d thot the sand size 'fraction mokes 

up to 25 % by weight of the total sediment and 0150 cO(tcluded thot icé transport· 

is the mai~ mec~ism that bri~~ this materiol to its depositionol sites. 

. . " On ,;.., other ..... J. 'th .... ferial in the fine froction k 63~) may 

have been transported either'by iee rafting or by currents. In either coses, water 

movements CIld bo~ tapogrophy will affect its distributian. 

t 

Figure Il.2 shows the relotianship between the clay size content 

oF the fine fraction «63 .- and 'the water depth. lt clearly indicotes that the , ~ . 
percentoge of the clay siu material increases wi th depth. 

2,2 Minera'ogy of the Coarse Fract' on \ 

The minera'agical composition of the coane fraction (>63 ,,) has 

• 

7 
) 

23 

been cI~ussed in detoil by Loring and Nota (1969) in relation with probable sou'rce 

oreas,_ Their,study deolt with the 50 .. to 50() fJ froetion: ln the fl(.~nt study, 24 .. 
4 .. ,~ 

samples,were examined for the mine roi composition of their coane fraction. No 
, 

otlempt wos made to separat. the heovy and 'ight minerai fractions. 8etween 300 

-

QIld SOO grains were identified ond counteq eoch minerai component is~~:eèe-d~-----=l 
" 

os a percentoge of the total number of groins-. \ The r;esults ore given in To~ 2 ~ 
\, ~ 

( \-
h,. . '-, 
~ ~ , 

Sands from the nOrth.."Gul,~ c~toin, on the average, 35% q~~tz,._ 
t ~,~ 

Appen di x' B. 

.. 
«)% plagioclase feldspars, G1d 15% K-felclspais. Amphibole, pyroxene ond gamet 

ore obundllnt, making hetween 6 and 13% of the total number of grains c~r.d. Th. 
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< 

ratio of the laHer Iwo components tends to dec~ with distance !rom the north ') 

shore. Opaque minerais, including pyrite ore frequent and represent between 1% 
-

and 3% of the COll"l ted groins. 

ln the sand-size fraction of sampi es coming froL the southem pbrt ., 

of the Gulf, ,quortz iSothe cbninont, minerai (up to 60%). Quartz groins ore usual/y 

cooted with Iron oxi-de. As compored to other regions, the southem port of the Gulf 
, ' 

conto-ns considerably 'eu p'Qgi'ociase feldspeiB, aeneroHy less thm 7%. K -fel c:kpors 
;' 1 

are 0150 somewhat less obJndant and canstitute I~ss thCWl 11% of the ~tol number 

of groins. ~phiboles and pyroxenet' ore rare. ·Gamet 'is present in moderate 

quantities k 1%). Zircon is 0'50 present in sorne ~Ies i" _ts ~.ow 1%, 
d / 

Opaque minerais are abuncbù and malee up between 3 and 6% of the coun ted groins'.:::' ' 
~ " 1 

-Although based an a smoll number of samples, OUf conclusions con...sord 

l " ' - :/ 
~ith .hose-' of Loring and Nota (1969). They concluded thot the Lourention assemblage 

p~evoils ôver most of the Gulf ond renech ~thword and southeostward dispersal with 

li ttle interference from other sources, 

2,3 

\ 
1 

Clay, MinerQls in the...,2 ., Fraction 

/ 
1 

The minerology of the clay size ftaction in twenty-eight sedm~ 

somples and in fi v~ su~ded motte'r sampi es, wos exomined using a Norelco high 

ongre X-ray dHfroctometer. The SGTIples .ere dilaggregated, the? treated to r.move 

the GPrbonote and iron oxides using the p*ec:l".s deS4ribed by Biscaye ('9M), which 

are modifjed ofter Jackson (l9S6). The peaIc area ratios of the fint basal renectians were 



• 

, 
,~ 

r 

J 

. , 

• 

" , 

-, ' 

/ 

Figure II. 3 

Distribution of clay mine~ls in sediments and suspended motter 

from the GùÎr of St, Lawrence. 
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1 
us.d to oalculate" appro)(lmat.ly, th. ,.Ia'iv. clay mi,:,.ral cont.nt, a"u~ing , 

that th. thr •• minerai groups identHi.d account for 100% of th. minerah in th. 
"(' <) 

clay slze fraction ')N.av.r, '964). D.tails 'Qf'the m.thod of onOIYlil or~ given 
, , c 

, 
ln Appendix A. Th, r"ults or~ shown, in Figur. Il.3 ànd are giv.n in detQil in, 

{,.~ ~ -

Tjtbl~ 3 Af,p.ndi)( 8. 

~ 

ln bath th. s.diment ond th. suspen'ded matt,.r sampi", iIIit. ood 
- . 

chlarit. or. th. don\inant--clay minerais. Minar omounts of kaolinit. w.r. alla 
/-

dèJJb.ted. Qua. tx, -f.ldspar and amphibole or. pr.~t. Montnorillonit. wal nat 

G etet.ct.d in any of th. sampi .. e)(amin.d"". '" ,J', 
;) • ", u 

~ 

Th. illite fint basal l'.fl.~ioo (OOO'lsalymmetrleal and skewed rowa,d ., " 

"- the smaller ooglAts (Figure Il.~). This se.mi to be a r.gional c~oroc te,jstic which 
, " 

WOI ~escrib.d earlier by Allen cind Jon.s (19~) tAd by dl Angl.joo -' 1970). AccolcJing 
. ' 

ta Gaud.tte~. (1966), theolymmetr~ of th. ro AOpeak moy Indicote the presence 
.. , i . 

• • 4 , ~ ... • -

'"" of a mixed-Iayer clay companent; hqw~Yerf it should moke up I.SI thon 10% of the, 

total clay minerais, as 00 sep~Jro"e peak 'Was detectoble (Grim, Î968). ' . 

~Chlori te wos i ~n ti ned by, i ts 14 A~OOI) peak. Th. ueond and 

f~th-order refleet,ions ~.re 01 ways strong and sharp. According th Brindley and 
CI 

, -
Robinson (1951) and Grlm (1968) th-is moy be in~ie~tive orsubstit~ti~ of F. or Ml or 

, , . -
other hea~y atoms for Mg 'in the oc tahedrol layer. 

",w 

~ second arder basal renection ot 3.58 A
O

, ,wos u .. d to identify 

k,!olinite and estimat'e ih content (Biscaye" 1965). 

.. 
.. 

.-
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'- X-f~y diffroctogfOm\ showing the skewedne" 'Of the ililte 
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10 A peak. 
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SampI.s from dHp .oter stations cantain, generolly, more chlorite 

--""'thon, shallo. woter samples (15% as compored to 7%). 

" 

lIIite is the moÎor c:lay constituent in 011 the sediment sample, and 

in suspended motter scnples. However, the 1Uspended motter samples showed 

enrichment in chlorite, relative to the bottom sediments, they contain, on the over~e --

. 
JO% chi ori te . . 

The Icoolinite/chlor'fte ratio is lower in the suspended motter samples, 

as cornpored to the sedment samples. This ogree, w;th d'Angleion tf970), who 

suggests ,hot a break'-down of chlorite materiol to ultro-fine sizes is achieved in the 

t 
St. Lawrence basin, such that chlorite rentains preferentiolly in suspefilion os compared 

to othe .. cloys. 

2." Sumtnory 

The particte size analysis of the sediments shows thot about 8O%"by 

weight of the sedim~ts ore of sizes below 63 V •. 

ln ttte leu thCll 63 fJ fraction of the sediments, the percent clay 

fraction k ".,) in~reases with- depth in L or le~ linear monne,. The deepest 

sample contains abcJut 95% by weight of material below .. .,. 

... . 
The coane fraction minerai ogy reveols important di fferences in 

composition hetw..., ~Ies coming from the northem ond ~ IOUtMm Gulf. ~uortz 

; S 0 -i"" c ............ 01 thot /, .. cti ... , ""1_'" (,y plagiaclose fldopon .... d '0 0 te;", 

extent K-felclspan. Th. variotions in ntin.ralogy of ,h. caone fraction inclicot. thot ' 
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• " 

the Cm_an Shield Conn the Mai« source of sands and gravels supplied to the 

northem part of the Gulf. The southem part of the Gulf receive, more contributions 

From the Appalachian region. 

The maïor clay cornpanents are illite, chlorite and koolinite, in 

order of aboodance. No montmorilIanite was detected. Shang peaks of qùOrtz, 

feldspar, and amphibole were abserved. It WQS found thot the chlorite content 

in flle less thon 2 ... fraction of the seclments increases with depth. In 'comporison 

with the bottom seclments, the suspet)ded matter is enriched in chlorite. This 

"" 
suggests thqt the trœsport, in ~spension,is responsible for some fractioncition amang 

clay minerais . 

• 

. .. 

1 

" 1. 

i 
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CHAPTER" III 
t '. 

• <. 

DISTRIBUTION' OF THE MAJOR AND MINOR ELEMENTS 

3. 1 Introduction 

Analyses were performed on the f~ne fraction oF the Ndiment. using 

varioui anolytical techniques. Detaillon the preparqtion of sample. and the 
( 

methods of analyses afe given in Appendix A. The sediments were analyzed for 
~, 

, ,,1 

tho'following components: carbonate, organic corbon, nltroor.n~ total phosphorus~ 
"', . ... .. ,. .. ~ 

AI, Ti, Fe 1 Mg, Ca, Na and 1<. Mn, al~ugh cansi~r~ QI a minor component 
, 

by sorne investigators, wos not dealt with in this chapter, al the rang. of its con-

centration. lies within the range af the troce elements. 

3.2 Results 

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

Tabl. 4, Appendix' 8. For purpolel of dlsèuSlion, theyar. arror;-ged according 

to depth intervals. ' The reluits are prelented al percentage of the total fin. fraction 

of the sediment. 

3.3 DilculSians r ;p;. . 
3.3.1 lnorpnic CorbOn (Carbonate) 

The carbonate content (expreued as 'CaC0
3

) varies between 2% . 

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

. outcrops r.flecting thoir direct contribution tG the Mdi .... nts. " 
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loring and lahey (1962) have shown that the carbonate content 

in a section between Anticosti aMI Newfoundland, decreases away from Anticosti. 
II. • 

ln the Gaspe Pauage (Figure 111.1), the carbonate content decreases , 

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

At the same time, an increaie in the fine fractiot' and the AI and Fe content is ~ 

taking place. 

, ", 

Shell fragments also contribute to the total carbonate content, part
f , . 

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 

Mapdalen Shelf (Sts. A-71, A-74 and R-4). Mi,croscopic examination of these " 

samples showed thot molluscan s~ell fragrnetlts ~nd foraminiferal tests are prisent 

in the cOGne. fraction of the sediments. \""\. > 

The Ca/Mgr;.: ratio in the carbonate fraction of the sediments was not 

studied. Howeve', the acid soluble Mg represents less than 1 % of the total Mg 
1 

.... in the sediménts, whlch luggests that carbonate in the Gulf consists of low Mg 

• calcite or aragonite. 

3.3.2 6rganic Carbon and N itrogen 

The data shown in Table 4, Appendtx 8 indicat. thot orgenie carbon 

in the sediments of the Gulf varies considerably w;th depth and geographic location • • 
~ \. 

This was_also observed by loring (1970, 1~72 p.c.). Arecs i~diooted os recent 
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\ 
, . 

d~positiona' basins (p.' 9)': contain finer sedimen.fs'~nd, on the average; higher 
, , 

l' t -".., 

arganic carbon content thon areaslCovered by reworked glacial till: 
j ~ • .-,., 

, . 

r The otganic ca~ content in the.analyzed sampJes is 1.69%?n 

~~ average, and ranges between 0.2% and l139%. As eXPected, th~ Gulf 
, 

~dimenf$ are hi9her i"; ,rganJc carbon thon pelagie sediments'; which normally 

'" have values less than 0.5% (Trolle, 1955; el-Wakeel and RileYI 1961). On the 
, 

othe~and, when compared with shallow water sediments from the neor-by Scotian 
1 

Shelf, they appear 5Omewhat' deficit:,nt: Rashid and King (1.969) have reported va'ues 
l 1 1 

/ between 2.29% and 4.97% for ,hese sediments. 
\\ 

\ 

No statistically significant correlotion occur between either the 

carbonate and organic carbon content, or the pllosphorus and' orgonic corbon. 

The organic c)N ratio in 'the samples analyzed vor.;es between 23 

and 94 (average of 56). 8ordovisky (1965) gives 0 remge of 29 to 41 for the , ' 
Caspian Sea, whi'e a mecn val~e of 21 is found for surface deep-sea sediments 

(EI-Wokeel and Riley, 1961). McC~m (1967) found that the C/N ratio in the 
, 

, Hudson River estuary is on the average 12.9. The vel}', hig, C/N ratio in the 
1 

Gulf cou Id he due to incorpbration of organic matter deficient in nitrogen, . \ 

.presu~bly of terre:.rial origin, such as wood fibers, si~ce marine orgonisms have 

an average C/N ratio of 6.25 (Redfie~d et a!.,. 1963). - , 
-

ln the sedimttnh stuclied, wood fibers were frequent in the caane 
... '" ~ t '~ • . -

fraction. Wood fiben were 0150 found in the fine fraction of the nttar-Ihore IOmples. 

, .. 

, j 

' . 
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Pocklington (l9n,p.c.) has found'that th. C/N ~tio in sediments of the upper 
, . .. 

A ri 
~ River ~ values above 30. He attributed this high ratio to the 

1 

addition of legninllo the environment From the paper mill. surrounding the area. 

Extensive paOt deposib are present in areas marginal ta the St. Lawrence estuory 

and the westém Gulf. 

13 ~ .3.3 ~ 
v-

Total phosphorus (as p 20 5) shows a nearly un ifotm distribuHôn..in 

the ~If sediments. Its content varies between 0.1%· and 0.26%, W!th an averqge 

- .. 
of 0.19%. ; 

... -..-/ The phosphorùs in the Gulf sediments apPean ta correlate positively 

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

Rcwelle (1944) has found a,linear relationship between phospho~s and,." • q 

Mn content in pelagie sediments. Berner (1973) has shown that phosphorus is present . , 

in. association with Fe oxides of volcanic origin in some samples (rom the Pacifie 

Ocean. The degr.e of association of phosphorus with Mn was less thon with Fe. 

ln the Gulf of St. Lawrence, it appean likely that phosphow$.·fspresent 
Ij~ ~ t. 

J-

in the sedimenb in auociation with Fe, and Mn, probablyas the méta' phosphates. 
1 

This is suggested by the positive cOC'f1tlation of th .. two elements with photphorus. 
1 

3.3." Aluminum , 

ln • ...,Ies cOllected From depths greater than 
, 

to vary between 4 • .tS% and 9.8% of the total samples' ir.7.35%). 

" . ' 

>, , 
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• ) Sampl~ f~m depths le. thon 100 m have an AI content thot 
1 

vari. ~ .. n 7.37% and 10.31% (average 8.63%). Table m.l shows the 

variation of AI content with wuter.pth in the IUrficial sediments from the ~If. 
• d 

AllO shown, for comparison, are publish,d AI valuéS for different geological 

materials: 

The AI content varies invenely with the depth of wuter. Th us 

-the AI values appear to correlate with changes in texture: as the clay size 

fraction in the sedi~nt increases with. depth,' the AI '~ontent decreases. This 

"trend, may be caused by a decrease in feldspar content and relative increose of the , 
\ 

chlorite/illite ratio fromshallo~ to deepwoter. Feldsparscontain.from 9.96% 

to 16.7% AI (Kerr, 1959), as against 10.3% to 13.4% for chlorite·w.ithout 

Gny subiti tution. 

Shall~w wattlr somples come mainly From neorby sourc~ wh kt:. may 

influence their ~omposition consi~bly: $amples From olong the, .. notth shore often ~ 

contain' a 'high contènt of unaltered feldspars derived From th. Canadian Shield. 

Sediments on the Magdalen Shelf may similarly contain considerable amounts of 

fel"pan, also derived From Shield rocks (loring and N~ta, 1969) and/Of rocks 

From the Chaleur BOy Group. Ch~rite co~.nt is hi,phet in th. deep water samples 

thon in shallow woter ones, white illite shows the opposittp trend. , 

The relatively low AI ~ figutes of the deep wut.r sampI .. may alsa 

renect th. higher chlorite content in the .. sediments as êOrilpared to those from ., . ' 

1 

• 1 

1 
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• TABLE 111.1 

. . 
Variation of AI with depth in surfac. sediments of th. Gulf and AI values for 

diFlerent geological material reported in the literoture. 

, 
Average AI ~ C1 

b> - 7< . samples From water depth .-' l00m 8.63 0.83 

20 samples From water depth between 100 and 200 m J 8.08 1.51 

12 samples From M,~er depth between 
1 

200 and 300m 7.16 1.54 

14 samples from water depth > JOOm 
; 

7.23 1.30 

55 samples from the Gulf 7."64 1.48 

5 IUlpended'matter samples from the Gulf 8.4 1.36-

13 sus~ded matt~r samples From the St. Lawrence 7. 1 , es~,(Smith, 1973, P.,C.) . 
/ . -lt

w
_, • .:;teep water pelites, Gulf of St. Lawrence (Nota ~ 7.75 
'~~ - and Loring, 1964) 

\' 

7~ -- shalk.w _1er peli .... Gulf 01 $ti Lawrence (Noto-ond . 7.52 
loring, 19(4) . 

3 up-riyer pelities, Gulf of St. Lawren&e (Nota and 8.92' 
loring, J 9(4) 

<" 

granodioritel', Canadian Shield (modified from 39 ~ ... 
Maxwell et al., 1965; Dresser and Denis, 1944) 

Igneous rocks (Clark and Washingto,n, 192") 8.13 

28 shales (Clark, 192~) 8.20 

52 terreginous shal~ (Clark, 1924) 9.10 .... 

4 bluish clays, Gulf of Paria (Hi"" 1962) 7.n ~ 

6 greenish ~'. Gulf of Paria (Hint, 1962) 8.79 

grari'odiorit. (Barth, 1962) 8.29 
~ -, . J 

~ 
« 

.... 1 

~ . .. -.. -~, 
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,haUow water. The pelitic nwds found in the deep water basins are believed by 
. .. 

" 
Nota and Loring (1964) to have settled frol!' suspension after th~rous;ll mixing in 

the wœer côlumn. The source of the suspended loqd'to the Gulf is mainly thé 

St. Lawrence River S)'It~m. The similarity in AI content of deep wat.u: Somples 

.... and, suspend~d matter samples in the St. Lawrence estualy (Table 111.1 ) supports 

the idea that these sediments have ~en ~inly traMported in suspension from 

th is saurc.". 

$ 
3.3.5 Titanium 

The Ti content of the analyzed sedi~ts varies between' 0.26% 

and 0.88% "(average 0.48%). Table 111.2 shows the Ti values-,obtained as ' . . \ .; . , 

compctred to ()ther values re'potted in the literature. 

. . 

Data, in Table 111.2 indicatn a slight increose of Ti in the sediment~ 
, , 

with wate~depth. In comparilOn, the svspended matter contri~ted by the estuary . 
is significantly enriched in Ti as compared to the' sediments. loring and Nota (\968) .. 
also found that deep water petites tend to contain slidttly more Ti thon near ~e 

, ' 

1 • ~ 

sediments. They have attributed tha~ difference as being due to increcising amounts: 

of materiolsmaller than 16 ... in the pelites •. ' 

The same authors have also indicated thaf the concentration of Ti 
~ 

in sediments From theJ St. Lawrence estuary fo~loWi the concentration of AI falr'y 
'" 

closely, despite marked-ehanges in grain ,ias. However, th. data r.po~ in 

/ 

.. 
l 

r :J 
...... 
I~ 

J 
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li Qonhtnt ln ,.dlml"" f~m t*'- Oui', to,,~'f wlth TI elonttnt ln dlnttt1tnt 
) 1 

geolog'c:al mat.tlala. ,..port.d br oth.' wathn. 
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212 
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.hallow wat.t 'Q~I., . 100 m 

lompl •• ft~m ~ot.t ~epth..,t 100 .. 200 m 
" 

IQmpl .. 'rom wa'.t depel, of 2QO..300 ~ 

aompl,n "l>m wo'.' tf •• ,th of ,300 '" 
, . 

lott1f.1I •• 'tUm th. Gulf ot St. laWI.nt. 
• 

IU''''hded maU't lampl •• ftom th, GulF of 
St. lawt."~, ' 

.u~t\d.d -maU.t .~mpl,t" f':'m th, St. luwr.nc. 
•• '~mlth-, 1973, P.C.) 
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1 ~31r ' . 
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0.50 
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- .' . Tabl. 111.3 ... not Ind/cat. any correlation betw •• n AI and TI. Th. AI/Ti 

, :Aatto tends to de~...a.. in ,going From shallow to d •• ~r, and l •• mall~ in the 

suspended matter QI 'compared tQ th. sediments. 
l'" 

.. '_f' ,".. ~ 
1. ' .• <- v -.. 

, The FeITi. ~tio, is on th.cother hand ~!~~.tant. landergran 
---- ~ .} ; .-.;. ft,~... f,-" 

(1954) hos drawn att.ntion to th. similarity between< -,./ti ratiolof i(1'eou$ rocks 

and tho .. of several deep seo core., and hm lupsted that there tl (1 close relotlon-
\' ( ~ . 

sh4p between F. a~d Ti in the sedimentarr cycle. This aiso il aupported by 

observations of Revelf. et 01. (1955) and EI-Wak.el and Riley'('961). 

~"'."" 

The changes in the AI/Ti ratio al weil 01 the FeITi ratio sugge.t 

---
'that Ti e~ters the Gulf sediments os Ti minerai., probably 'umeni'te and/or 

rutile. Th. decrease in the AI/Ti 'ratio from neor-shore to deep water ~imenh . ~ 

o 
and ttle cOmpQratively high Ti content of the suspended matt.r, supportsJhe view 

thOt the contribution of sulpende~ motter increale, with depth. 

"" ""-1- _1 ~"' ........... ,..,.., __ _ 

3.3.6 Iron 

Ali onalys,s r.fer to total 1ron. Fe J' ,Fe +2 -:. not determinod. 

fe averages 3.97% and ron98I·Fro .26% to 5.~% 1, th. 

fine fraction of, the battom sampi .. ,. T abl. ",." shows th. variation of Fe content 
~ --

o~ the fine fraction with c{epth of wut.r" as weil 01 th. F./AI ratios in th. sediments 
......,~~ • ! 

"'" and IUspended matt ..... • 

On' th. average,. the~total F. content of the fine .fraction IncreaJel with 
~ 

depth. ~ mItt.r sa~l.k collected From veu,oui parts'of 'the Gulf have yolues 
t .' ~~ • \ , . ' 



"" 

.JI

~'...t 

• 

--- Average 

7 

20 

12 

1. 
/ 

5 

13 

-./ 

t 

~ " 

TABLE 111.3 -
~-

AI/Ti and Fe/Ti ratios for the sediments of the Gulf and the suspendecf motter. 

Ti AI Fe AI/Ti 

tJ;; 

shollow woter somp les <. 1 00 m 0.39 L 8.63 3.7 - - 22.5 
-' 
sompl.s From wattr depth behvetn 0.51 8.08 3.64 16.6 
100 ond 200 m 

sample, from woter depth between 0.47 7.16 •• 13 15.6 
200 and 300 m 

• 
samples from woter ~ft»3!lO m <).50 7.23 •• 25 ' •. 6 , . f ,-, 

suspehded motter samples from a Il l.0 8.4 10.0 B.4.4 
ove, the Gulf 

s,uspended matter SG"1"es from O.~ 7. , 4.80 8.~ 

St. _Lawr~ce estuary,(Smith, 
1973, P.C.) 

Hydrolyzate sediments (Go Ictschmidt 1 '. 25.0 
1954) 

; 

.. 
• 

v 

'1 

1.95 

3:9 

•. 5 

5.6-

0.01 

.-

, 
1 

• 

F~/Ti 

9.9 

7.5 

9 .• 

9.2 

10.0 

5.7 

e_ C 
""" 

a 

3.1 

2.5 

2.4 
t 

2.8 

O •• 

-
.. 

) 

à 
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TA8LE 1ll.4 
I\~ 
i Variation or F. çOn~~nt with d.pth, togeth.r with th. F./ AI ratios in the 

(' .... 

sediments of the Gulf,· and other moterial. 

t 
) 

Av.rage 
~ 

7 

'\ 

20. 

12 

14 

5 

13 

~ 

sha Ilo~ water sampi .. From water 
depth(lOO m. 

sampI •• (rom wat.r d.pth behNee" 
1 00 -and 200 m. 

sample. 'rom water dep"" between 
200 and 300 m. . 

sampi .. from woter d~th >300 m. 

.uspended matter sampi .. From the . 
Gutf. 

'Ulpended matter sampI .. From the 
St. Lawrence e,tuary, (Smith, 1973, P.C.) 

~ --..... 
! 

Canadian Shiel~ rocks (Grout, 1938) 

• 
~ 

Ci ~ 

1, 

~~ n _!:c f'e g a 

Fe % . 

3.7 

3.64 

4.13 

4.2S 

10.00 

4.8 

,'3.98 

a Fe/AI 

0.75 0.43 

0.85 0.46-

0.58 0.60 

0.30 0.58 
1.74 1.20 

_a 0.68 

0.78 

.. 

,.......... 
_ 1 .~ • 

a 

0.11 

0.1~ 1 

0.15 

0.07 " 
0.05 . 

~ 

" ... -
4' 

-', 
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, 
which are hiflter thon the average for the Canodian Shield. Fe is covariant with 

AI, with a conelation coefficient r::: -+0.76. This Mgh correlation toefficient 

-=-__ , AI points out 10 their probable association in the sarne minerai 

\ 

roll (1958) has shown that Fe may he auociated with cloy 
i' 

. minerais in severol ways: (i) as an essentiol consti~nt; (i i) as 0 minor 

constituent within the crystallattice, when it is in ilOmorphous substitution; 
_ Ji 1." 

-(iii) as Fe oxides precipitated or absorbed on the surface of the minerai platelets. 
" 

-
Nantronite, some chlorites, vermiculite, glauconite and chamosite ~ntain Fe as . 
essential constituent. Kàolinite and halloysite con not accomodate Fe in their 

I~ttice. However, they ma)' be sunace:'èooted with either goethite or hermatite. l 
.r 

Hirst (1962) has suggested that ,Fe may substitute for AI or Mg in the laUice of 

ciO)' !"ineral. (iUite and mont,..,rillonite). 

+3 . +3 
Although Fe could substitute for AI withiri the octahedral 

layer of i iii le in the Gulf sed~ments, the bulk of Fe appears rather to be locoted 

in the chlorit~ phase for the two rollowing reasons: (i) Fe is abundont in the 

suspended matter, which is enriched in ch lori te as compared to the sediments) 

(H) according to Loring and Nota (1968) Fe occu" in the sediments mainl)' as 

Fe +2, which is the ronn present in chlorite (Griffin et al., 1968). Oth.r sources 
1 

of Fe are possible. Goldberg (1954) pointed out that Fe ma)' be incorporated 

. 
diractly in the hydrogenous phase of marine sediments. The importance of 

biologically derived Fe has aiso been stressed b)' se vera 1 workers, e. g. Clark and 
o 

Wheeler (1 ~)i ~.y and 8rumlette (19"2), and Revelle (19 ... ). 

tJ. 
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ln order to e.timate the total contribution made by the hydrogenous 

and biogenoui phases to the total Fe content of the sedi~nts, samples were . 
treated by an acetic acid-hydroxyl~mine h)'drochloride mixtu~, described in 

Appendix A. The acid reducing mixture does not diFferentiate between the 

biogenous or the nydrogenous phcAl, but will separate detritol From the non- . 

detri ta 1 components. 

Th'is chemical separation indicates that, less than 25% of the Iotal 

Fe in the sediments From the Gulf is of non-detriral origine Non-detrital Fe 

ranges between 0% and 61% of the total Fe. Using the dithiOf'}ite extraction 

tnethod, loring and Nota (1968) found that between 3% and 16% of the total Fe 

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

80th reagents are not as strong as the ae id-reèlue ing mixture used in the present . 
\ 

investigation, and only partial removal,of the non-detrital fraction is likely 10 

Q.Ccur whon either of these reagents is used (Chester and HughM, 1967). 

As little o~ganic matter aceumllates in the bottom deposits of the 

Gulf, it is expected that non-detrital Fe il mainly. ineorporated into the sediments 

as ferro-manganese precipitates. 

3.3.7 Mapnesium 

The Mg content in the Fine fractioni ~alyzed is 1.65%, on the 

average 1 with a range between 0.85% and 2. 11 %. It .xhibits th. sorne variation 

, 

/ 
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" . 
wlth depth Q' Ti and Fe, i .•. , 'th 'OM,t Mg content il found in shallow woter 

sampi .. and ..... highest in d.ep wa'ter sampi •• (Table 111.5). 

Mg ~y he pr.sent in the amphibole, pyrexene or clay minerai. 

(al indicated hefore, ,." than 1% of the Mg i. associated with carbonat,,). 

As the first Iwo components are present only in small quantities in the cOOrJe 
\1' 

fraction, the major host minerais for Mg ore likely to he the clays. This is 

supported by the constancy of the MfY' AI ratio. The similarity of the MwFe 
, 

ratio of the sediments and the suspended mott.r suggests thot the Iwo elements ar& , 

mostly concentrated in on. minerai phase, possibly chlorite . 
-, 

On the other hond, difference, observed in the Mg/' AI ratios of 

-th. fine sediments and the suspended matter could he explained as a result of a 

froctianation of the clay minerais hetw .. n the weiter column and the !x>ttom 

deposib. A high Mg values in the total fine fraction, coupled with a relative'y 

low chlorite content in the clay size fraction~ could occur if chloriJe. is increosingly 

abundont in the 2... to 63... fraction. Chlorite partie les ~y vary 'considerobly 

in size. Gibbs (1967) found that chlorite partide, in ~mple From the Amazon 

River vary in size from lep thon 1 tJ to 32.... AllO, Griffin !!..!!.., (1968), who 

examined IOme samples from the.;Gulf of St. Lawrence, round that chlorite exisb 

in the whole partie le size spectrum. 

Chemical separation using acetic acid-hydroxylamine hydrochloride 

mixture (see Appendix A), shows that less thon 1 % of th. total Mg content in the 

fine fraction is of non-detrital origine 

• .JI 

.. 

". 
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~rl.t;On.f TABLE 111.5 • \ 

. Ma/F. 
Mg 'cont.nt of th. sediments with d.pth, together with the MWAI and 

. . 
ratios. Sorne pubtishèd value, for differ.nt geolo;Jcal mat.rial ar. aiso giv.n . 

A ..... rage Mg% (J Mg/AI (J Mg/F. a 
c:: 

1 

7 Ihallow wat.r ICJmplel From 1.4 0.15 0.16' 0.02 0.40 • . 0.10 
wat •. r d.pth <, 00 m. 

20 sampi .. from wat.r cJ.pth 1.69 0.24 0.22 
. . 

0.07 o.~ 0.15 
betw.en 100 and 200 m. 

--
12 samples from -N0l depth ".65 0.26 ·0.24 

betw •• n 200 0 300 ln. -.... 

0.07 0.41 0.11 
~~ 

14 sampi .. from woter depth . 1.69 0.16 0.24 
< 300 m. 

. 0.06 0.41 0.06 
""" #' 

5 IU.pended matt.r sampi •• from 4.1 0.85 0.48 0J)4 0 . .0 0.02 ~ 
diff.rent locbtions in the Gulf .1 

Igneoul rocks (Rankama and 1.26 
Y 

~ 

, Sohama, 1950) 

S ilts ond .ho 1 .. and mud. 0.90-1.51 
(Gold~hm:dt, 19S4) 

. r 

Argilloceous sediments. 0.89 • 

(Rankama and Schames, 1950) 
12 Gulf of Paria clay (Hirst, 

\ 1.32 
1962) 

~ 

) 
1 t. .,... 

/ 
~)' .. ~, h -,;; 
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3.3.8 Calcium 

. -The ay.rage Ca content in th. fine fraction of the sediments obtained 
, 

from different dep",s in the Gulf is summarized in Table 111.6, 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 cJear that calcareous rocks exert a control on the distriWion 

of Co (Figure 11I.2~ Samples From Ihallow waters are gen.ra"y*Jo~.r in Co thon 

deep wat.r sampi". oThiS i, true of sampi es coming from,the Magdalen Shelf ~nl 
" the north shore of the Gulf where calcareaullOurces ore lacking.- ln these; the 

calcium content of the non-carbonate fraction probably cames to a large extent 
, 

from plagfodose feldspar, which is a dominant minerai Î-n ,rocK' along the north 
1" 

shore (see Chapt.; Il above, and Loring and Nota 1 1969). Only minor amounts 

of Ca could be present 01 apatite, linee phosphorui il very low. ' 

. 
On the average, 63% of the total Ca il associoted with add 

( 

soluble p~se (mainly CaC0
3
) of the fine"-fraction, white loring (1972, p.c.) 

working on the whole ,ediment fou~d, 54% Of'~ Ca' in the non-detrital ...... 

~ 

component. Thus, 40% or leu of the Ca is bound wVh the detrltal minerais. 

This would have to be mainly pragioèlase, as Ca is not an essential campement in 

clays or other minerais. 
" 

Ca doel not show any Itron; correlation with Mg (corr,'lation 

coefficient = -+0.4). Th is and the fact that Mg and carbonate content are not 

.. 

, 

.. 

.. 
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TABLE 111.6 
1 

- .... Average calcium content in the Gulf sediments and in different rock formations repo~ed 
in th. literature. 

Av. rage 

7"-

20 

12 
- 14 

12 
• 

S5 
13 

0. ~ 

' . , 

shallo)'V water sample. from water depth < 100 m. 
" 

somple. From water depth between 100 and 200 m. 
sample. from waler depth between 200 and 300 m. 
sample. from water depth > 300 m. 

~ -. # 

• , 
sample. from water depth > 300 m (excluding ~;"ples . 
A-18 and 20) -

sample. from the Gulf of St. Lawrence. 
~ -

suspended matter somples frem St. Lawrence e.tuary 
(Smith.l 1973, P':C.) 

Igneous rocks (Rankama and Sohama, 1950) 

Argillac80us sedi~~ma and Sahama, 1950) 
Rocks of the Cancidian Shield (Grout, 1938) 

l . 
<, 

~ 
, G 

' , 
</'0 

Ca% 

1.30 

1.84 

1.87 

-3.68 -
l 
1.94 

2.34 
2.45 

3.63 

2.23 

3.39 

a 

1.08 

0.78 
0.85 

".Z) 
0.70 

• 

..! 

~ .... 
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Figu" 111.2 

.. 
" 

. -_.----_ ........ _ ........ _--_ .. -
~. 

Distribution of' ca'ci"", in the onolyPCI samp~ the Gulf 

. seclments ( wt% ). \ 
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correlated, indicqte that carbonate minerai. deriwc:l from ca'ca~eous outcrQps 

in Or aroUnd the Gulf are Iow Ma- li_es. · ""1 
II-, 

3.3.9 Sodium and ro-lum _ .! . 
ln the ~chemiccÎl cycle, Na and .~: .,become separated ~ring 

weothering and deposition processed (Rankoma and ma, 1950). Whereas, 
) ... 

, (li 

igneous roçks contain roughly comparable ..omoun~ ,Na and K,' marine 
,< 

~ ~ 

sediments, particuJarly pelagie sediments, conta~é Jwice as much K20 as Na20 
i3 

(Chester, 1965). 1.'l" < , .. , 
" 

, Table lit. 7 gives the overage conceritration of Na gnd K in " 

sediments from different depth; '1n the Gulf, together with .;~ ~iue,s from the 

literature. Excludir1g sediments f~1J'I the Maplen Shelf, there is a st~y'~reose 

-Ïn the absolute Na concentration, as weil as the Na/K ratio with decreosing depth. 

Na o"d f are mainly locoted in clays but may a'so be present iln 

other minerai phases ~ch ~s K-feldspar and alkali fe'dspar (Hirst, 19620). In ' 

cl. ' 
view af ~JëlatiyAfy higft abundance of feldspar minerais in the Gulf sedilMnts, 

) 

~, ____ ./ -. • J 

it is Iikely that they will affect the distribution of the two elements, particularl)t 

in areas where the cOarse fraction is icrnport~t. In this respect, Nota and loring 

(1964) ha"e indicated theat the sodium c:ontef\t decr~s with decreasing grain iiu. 

The variations in the NQ/K ratio in the fine sediments From se vera 1 

depths, and the \ "0 lue of ~il ratio in the IUlp ... ded ~matt.r, suggest that fin.ly 
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TABLE 111.7 , 
, ' , , v 

Variation of Na and K with depth in the Gulf sediments, togeth-er with the t)lo/K 

ratios and the some for other materials as reported elsewhere. 

il 
Average Na% cr K% cr 

) 

Z sediments From water depth <' 100 m 1.52 0.07 1. 94 0.05 
(North Shore) 

, 

5 sediment SQn1ples From water depth 0.72 0.07 2.52 0.14 
< 100 m (rnagdale,n Shelf) 

-\ 

20 samples From water _depth between 0.51 0.2 ·2.42 '0.14 ' 
100 and -200 m. 

~--. 
12 samples From water depth betwe~" 1.32 0.16 2.35 0.35 

200 and 300 m • j' . ' 
14 samples from water depth>300 m. 1.29 0.24 2.57 0.35 

5 suspended matter sampfes From 011 3.84 0.85 2.6 0.45 
over the Gulf • 

• 
13 suspended matter samples from the 2.90 2.57 

St. Lawrence estuary,(Smith, 1973, P;.Ç.) -.. 

Igneous rocks (Rankama and Sohama, 2.83 2.59 
1950) 

Argiltaceoui sediments (Ronkama O(1d 0.97 2.70 
Sa ho ma , 1950) 

'..,. 

,t .... ' 

~ , "' :,"i1:~' '~" , ' t ïet1déWifîllRi"'4YJ/:r"t4id;.r.,j ,_ ... ~.,""...J...,,;....~-M'';..i., ... ':~~I,. ""~ 

.J ~. 
1" 

Na/K 

0.7.8 

0.29 

0.60 

0.,53 

0.45 

1.47 

1.12 

1.0Ci 

0.36 

. 
,,;1 

, 

.-
, p 

.' 

cr ...... 
,0.02 

0.09 

0:10 

'0.05 
f7 

0.13 

0.09 

--

~ 

.. 

/ 

• i 

1 

'; 
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divided f.ldspors are retained in su.pensi~n·, whUe I<-rich clays tend to ,ettle 

·out. This i, to be expected as clay minerais iD seo water tend ta Flocculat" 
!l. } tOI 

whiJe f.ldspars and quartz hav~ less tencfenc:y'to do sa) hence" the d.~sition 

of the firs' leaves the latter ,tnOs~spenslon. 

It was poi'ÙJ'd Out 'e~rlJer thet it' t~e Gulf a fractionotion process 

Jeads tq eorly deposition.of illite, while chlorite remains in suspension to be 
~ 

sr" 

ftnally sedimented.in deep waters or oulsidtf the Gulf. A supporting evidence is . ~ 

provided by the change in Na/l< ratio of the suspended matt.r be.iween thè 

estuaryand the Gulf: it increases From 1: 1 in th •• stuory to 1.5 in the Gulf. 
",. 

./ 

3.4 

• As the partide size distribution of the fine fraction, as weil as the 

clay mi~eral assemblage qre f~J;'n'd to be dependent on d~, th~ bathymetry ai 

ikff GtJl'f plays a maior role in determi'ling the major .Iement tomposition of the 

fine sediments .. 
~ 

, 

This il reflec .... d in .the trends observed, in the moior element compos-

ition of the sediment fine fraction: th. amount Qf Ti, Fe, Mg, Ca a~ K increeses J . . , \. 

with depth, a~l'OQc:hing slowly the even higher ~el which occvr for these el.ments 

in the su!pended matter. Th. elemtljlt ratios Ti/AI, FeYAI, Mw'AI obey th. sorne 
, 

/ rul.: in de.p ~t~ey ge' ·progr ... iv.l~ closer to th.ir values in th. lu~ed . 

matter. 1 

1 _ ... -..... 

, 
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. . 
These .... ults underUn. the importance of settHng from luspension , 

QI a mode of depbsltion for fin .. mat.rial in th. deep areas of the Gulf. They 
,. 

confirm tfutrefore, the condulion reached in C~apter Il'.vhich wcs based on th. 

r"spective increose of the cfay size fraction and the chlorite con,!!nt with .depth. 
-), ~ 

...... , .- --- J 
Sorne information is 0110 provided al t6 theJmaln mode of occurrence ......... 

, ' 

- d 
of the major elements. 'Beeause of the high Fe/AI ratio in the sediments and the 

. ~ 
dominance of illite among th. clays, it has been ~ggested that Fe +3 may be . . -

substituting for 14.1.
3 

in ilfite. However, the FtYMg ratio cJel not VQry in 

th. fine fraction of sedir&nt ~mplel collected at "ariou. clepths. Its value Il 

also ~e lame in suspended matter, although in the luspended motter both el.ments , 

occur in hiflher concentrations. This s'rOngly'suggests ,hot Fe and, M~ shourd .. 
be assoc:iated in the same minerai phas;'. AI the high valuel of Fe a!,d Mg in 

:,. \ ::::~~~. wspentds go with o. marked increose in chlorite as çompared to ,th. sediments, 

chlori'e oppean to be the maïor host for the,e two elementl. 
1 

Ther. is very Uttl. Mg (leu thon ,%) in th. non-detrital phase 

of the sediments, which inè:ficate that no Mg-rlch calcite Is ,upplied,'by .Hher 

local bioge.nous Or .Iiihogenous lOute... On th. other hand, Ca i. lorgely provided 

by the carbonate f,Q'ction. 'Most of the calcium carbonate i, derived From ~alcareoul 

roeks rather th~r1 ahell debris. The detrital Ca, whieh is pro~bly bound in plagio'::' 

. 
d .. feldspar, occountl l'or 1." thon 40% of th. tatal Ca . 

. ' 

'\ 
1 

) 
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. 
Th. abundanc. of Na a~ K in th. Gulf sediments il cOf)holled 

b by botte the clay minera Il and th. feldlpan. However, the ev!dence IUggetts ' 

that k i. mainly pr ... nt in th~ iIIit. phase, whit. No i. auociated with th. 

sodic feldspan. 

Ti appears to be present in Ti ,rich minerais, ilrnenite and rutile, 

and is ~t associated with the clays. AI it correlates with Fe, it ;eeurS more, 

likely as ilmenite rather than rutile. . ' 

-, 
The C/N ratio in the Gu'f sediments is very hi~, poIlibly becQuse'of 

, ... 
abunda'h' land .. derlved organie matter deficlent in nitrogen belng .upplled to the 

... '~ -

, 

. , ... 

1) 

. , 

• '. 
1 1 
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CHAPTER IV 

GEOCHEMlSTRV Of THE TRACE ELEMENJS 

4.1 Introcllction 1 

The distriL'ion and mechani .... by which various el_ .. are 

incorporoted in marine seciatents have been studied extensively ~ the 'qst 20 yea~1 . 

or more (see fOf' ex. Wedepohl, 1960; Turelcion and Imbrie, 1966; rChester ond 

Messiho-Honno, 19701 ond Jones, 1973). However 1 the ecologicol importance 

of determining the concentration levels of troce elements in marine environments, 

ond porticularly in estuaries, hm been more emphosized in recent y8Or$ (Golarg 

et al., 1971, Brown Jr., 1971; Turekian, 1971). For the region of the Gulf of . 
, 

St. LaWrence, published information is locking, except for Mi'(Loring and Nota, 

1968) •. 
, 

The following discussions on trace elements in the firle fraction of 

the Gulf sediments, makes use of the clstinction between the detri'tal and non-detrital 

1 
fractions as defined in Chapter 1.· This distinction .'ps to establish the relative 

importance of the vorious contributing sources. If a proper chemical separation ., , 

tecMique is use d, the compositiao of the detrital fraction il essentially the con:'positian 

of the source moterial. On the other hand, the contribution made by the non-detrital 

fraction, il euentiolly re'oted to the intenlity 0' chemical weathering on land. It il 

0110 0 measure of the inputs "- to human octivities in the surroundings: either directly 
, . 

as by injection 01 troce elements in river waters or the atmosPhere, or indirectly 
r' 

\0. • 

" . 
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by re-enforcing chemical weathering througl. mining ÇlCtivities or the introcklction 

of highly corrosive materials int~ th~ envi ronmen t • 

4.2 Geochemical Crite,.ia,of Association 

ln order ta ~II~ undentond the distribution of troce elements ~n 

sediments, one mud lin .. tlete:rmine the component minerai ar"minerals with which it 

-. 
is ossociated. As an effective separation of eoch minerai fol!owed by its analysis is 

cumbersame Of" impassible, such an dssociation must be inferred From indirect evidence. 

The foUowing porometers have been selected as relative measures of 

the detrital contribution ta a particular element: i) the ratio of that element ta AI 

will be considered to indicate the variation of that element with respect ta total clay 

minerais; ii) its ratio t~ Mg and K will he assumed ta indicate its variation relative 

ta chlorite and iIIite respectively. 

,Mnittecly, these ossumptions are not strictly correct: there are 

other sourc~s of AI, Mg, and K beside the clay minerais, parti lorly feldspars and 

. ferro-mognesium minerais. AllO degraded chlorite ~y cantain K in its s~Nc~re 
J 

f 

(Hollond, '965). As a rule, however, the ratios ofj3race ele Mg, ond 

K rnay be used as ,a fair indication of their association different clay species 

(Hirst, 1 962b) • High rotes of sedimentation presumably do not allow for trace elemenh 

ta enter the minerai structures in the surface .. ciments. Thù;: 'the det~itol fraction of 

the troc: elements euentially renects the chemical composition of various SOUrce 

~teriofs which contribute ta the .. ciments. 

~ / 

./1 

\ 
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-
ln dealing wlth the non-detrital fraction, four criteria are usect: 

f) the variation of on element as a functlon of the partlcle ~ze, t.ence total ovailobte 

surface area, is taken as an indication of the degree of physical adsorption; ii) sinee 

it is not possible ta rem~e seporately carbonates of detrital and biogenous origin 

(Woogenk.y 1 1970,p.c .), the variation ~f an element with respect ta carbonate il 

consi dered ta reflect - its association with biô~ically derived skeletal material. This 

is somewhat arbitrary as carbon~tes (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 ta contain very smalt concentrations of vorious trace elements; 

2) if the IOmples collected from nearby carbonate sources are excluded, th. average 

CaC0
3 
cont~nt of the sediments is reduced ta about 8.5% i.e. about 85% of the 

" carbonate content of the Gulf sediments may he accounted for"by sources other thon 

detrital carbonates, presumobly of biogenic origin. Hi) the vari~tion of an element 

with respec't to non-detrital Mn is aifumed ta give a meaSure of its associ<.ttion with 

ferro-manganese hydrogeno,,, phases; iv ) the var~tion of an elament with respect ta 

~,.,j-"" organic carbon is interpreted as an indication of its associati,on' with organic detritus, 

probably as sorbed ions (NichGlls and loring, 1962) • 

i.. , .. 
- '. ...... \ \..~ ... J,;~" 

"':t .r-..... ~ 
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Methoda of Analy~il 

The followlng trace .Iem.,t. were determlned: Co, Cr, CUI Mn, . , 

v' 
'Ni, Pb, St, Sr) and Zn,. The analy ... were performed on a Pericin-E'mer M ~3 

atomic ab,sorptlan spectrophotometer. Standard "'~tlanl for callbratian~re 

prepared From A.R. grade reagent or Fisher eertifled ehemicala. Standard rock 
- /' , 

, 
solutions were anolyz.d wlth eo~h new batch of samples. Analyses were mode pn 

bath the SQmp~es before the add recklcing mixture treatm~t,' and the reœ..cing mixture , -

extracts, 'The ehemical composjJjon of the de tri toi fraction was calculated by 

cIIfference. The sediment resiœ..es of some somples were alsa analy~ed directly. 
, . 

Details of the methods cOmolysis are given in App6ndix A. 

- ~ .... 

, .. 
4.4 Resuhs , , 

Anolytlcal relUits for both th. non-detrftal fraction and the toto' 

troc;e elemènt content of the fine frocHon, are glven ln To6lel 5 and 6 ~di)( 8. , , -
, , , 

ln the following disc:unlons the élements ore dealt with ln alphabetlçal order, «hecept . " \ 

for soma pairs of etements usuolly treated together in the geoc;hemicol IitelatuN. 
~ • - ~l 

4.4.1 Chromium 

, 

Oetritol Cr: the .Qvef'!l,ge 'de.trital Cr c:antent of .. di~ta from various 

,. 
deptb interya'. or. given in Table IV"I. 

fraction inc:re'lNÎl whh water é:lepth,' . , 

On, the a~.rog.. the Cr cant.>t ln th •• l 
-... .~' 

, . 
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The fino fraction of the Gulf sediments appears ta contain Cr levels 
" 

consistent with values reported in the literature for other sediments (Table IV .1) •. 

The Cr content of the detritol fraction of the deep weiter samples ( > 200 m) il "ery . 
close to the average ~ content in the detrital fraction of the deep-sea North lotlontic 

seciments os reported by Chester ond Masi~Hanna (1970). 

. Anolysis 01 yoriancelJOl the Cr- major elè_, .J'i"', indic .... s 1" . 
Cr( AI, CrlFe, C.r/K ratios exhibit wider variations thon tt,e 'Cr/1'tI(j ratio, port,;cu~ 

in somples From deep water. This moy reflect the high and variable quartz and 

. . 
non-chlorite minerai cantent t?f !he shallow water samplel re~ative ta the deep anes. 

t 

For depths above 100 m, bath the CrI AI and the Cr/K ratios remain 

nearty invariant, ~esting that Cr is aS5~iated_with the clay minerais. The Cr/Mg 

.. 
ratio shows the leost variation in ail samples. This would suggest that although Cr 

is generol,ly present in 011 clay minerais, it is mainly associated with chlorite. Thus, 
, > . , 
though Frohlich (1960) h~s shown that most of the Cr present in marine sediments from 

different oceans is associated witk illite, in the Gulf sediments, Cr appears ta be 
, ' . 

mainly present in chlorite. 

'\. . 
Figu~ IV.I depicts the relationship between Cr and ~ i .... · the detritol 

1 ._ 

fraction of the sediments. A regre~ion antlysis shows that about 77% of. the Cr is in , 
- ~ 

association 'with Mg, probably substituting for that .Iement..l~'ichlor;te. 

\ 

. .. c 

, . 



• • 
" 

/' 

TABLE IV. 1 

DfI!trital and total Cr content, Cr/AI, Cr/Fe, Cr/Mg and Cr/K rotios for the fine 

fraction at various depths in the Gulf of St. Lawrence and comparison with publishect 

results. 

---,-- ;------ ------ ----- - -- - ------ - -~, 

j 

Oetrital ~ 
'.. 

cr Cr/AI* cr Cr/fe* 
'"' 

Cr/K* Cr ppm cr Cr/Mg* rI 

• 

• 

T~ 

rI Cr ppm 

7. shallow wat.r somples 
(depth < 100 m} -

47.5 7.3 6-;-32 1.87 20.76 3.47 36.21 13.1 24.00 4. 95~ ~ 

20 

1f' 
samples From water depth 52.0 
between 100 and 2(X)" m. 

semples from water depth . '88.0 
between 200 and ·300 m: 

13.3 6.7 '2.20 16.66' 2.08 

26.0 12.7 3.9 ·29.1 8.71 

12 _ se,nples from ,~ater depth 74.0)f 14.0 10.1 1.48 23.54 4.50 
>300m. 

55 Gulf Sediments. 

- Argi flaceous pelagic 
sediments- (H~Wakeel 
and Riley, 1961) 

12 near shore ~ds From 
the Gu If of Paria 
(Hirst, 1962) .. 

" 38 - North Atlantic Sediment 
(Chester and Messiha
Hanna, 1971) 

<Q. 

1\ 

72 

.. Ratios x 104 

29.78 4.24 21.78 5.84 

~ 
38.82 8.46 44.31 18.55 

30'.70 6.79 35.75 4.49 

59 
\ 

55.0 

31.0 

" 
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Non-Detrital Cr: non-detrital source. cantribute from 1% to 40% of the 

total Cr content (avefQge 11%). , 

The relation~hip between'nan-det~ital Ctond the four nan-detrital ' 

control ~rameters listed above, is onaly%ed ltatistically. The results are shown in 
14 }. • 

Tab'e IV.2. The analysis show that there is a negative correlation hetween the element 

and the carbonate content, a positive correlation between Cr and bath orgonic carbon 

and nM-detrital Ml. The ..e'ati:o importœ\ce for eoch parame.ter con he aae~~ From 
\,... . 

the partial cOrrelation coefficients given in table IV.2. 
~ 

~ 

The negative correlation between Cr ood the ca.rbonate content ln 

the G}'lf, confirms ob58rvati~s mode el58where (Nicholts!.!...2.!., 1~59; ~ogdohl, 

1963). It indicotes that with respect to Cr, carbonates oct as diluent for cant.,ibutions 

made by other sources. On the other hand, solption reactions en both organic motter . . 

and ferrowmangane~ hyctpxides appeor to be important mechanisms by which Cr Î$ 

incorporated into the Gulf sediments • 
• 

--'-~ 

4.4.2 Cobalt and Nickel ... _--.------
>---

Detrital Co and Ni: th~ average Co and Ni cantent in the fine froct~an 

of the Gulf 58diments do not show any lteoely increase or decrease with depth·. However, 

58d!ments Frcm wat.r depths >300 m contain more Co thon samples From other depths 

(Table IV.3) • 

. J 
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Çorrelation anc:f regreuion analysi. of th~ non-det,itol Cr contribution • 
• > 

Paramete, Corr. 
coen. 

Carbonate ' - 0.32 

• N . O. Mongene .. + 0.~1 

Orgonic carbon + o.~o . 
Particle ,jze - 0.27 

* N. D. ': Non-detrital mangen .... 

y 

., #-

r 

.., 
.. 

. Signifieont 
at 95% level 

Ve. 

~, 

" 
No 

J;:::) " 

... 

~ 

Regression 
equation 

y = - O. 29 X + 10-.5 

y = 0.02 X + 0.21, 

y = 0.41 X.+ 3.90 

Y=-O.08X+6.2 

-. 

.. 
• 

~ 

'-

. , 

, 

., 

• 
jtÂ. 

t 

• 

Numbe, of 
SampI •• 

-
.51 

.51 

2.5 

25 

C). 

... • 
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Figure. IV. 1 

Relationship hetween detrital Cr and detrital Af9. 

, 
• 

( 

Figure IV.2 
. 

Relationship between Co and Mg contents 4in the detrital fraction·. 
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, 
, Compared with other geological materials, the fine fraction of th. 

sediments From the Gulf, h enriched in Co relative to Ni.- The Co/AI, Ni/AI; 
, . 1 

, ~,' '" 
Co/Fe, Ni/Fe, and Co/lWtJ, Ni/Ng ratios indicate that Co ond Ni boye more - t - " 

constant r(Jtios to Fe and Mg thon they have to AI. Therefore, bath elements should 

be prefereC"y associated with ferro-mognesium minerais, mainly chl~rite. On 

the other hond, the average Co/Ni ratio differs for samples',from different depths. 

This moy reflect the fact that Co and Ni do ndroccur in the same minerai (Choye" 

ond Mackenzie, 1961). As discussed above, v/~riations in minerai assemblages exist: 

• 
shal/ow ~ater samples contain other ferro:naghesium minerais beside chlOlHe, whlèh 

becomes more abuncla1t with depth .. " 

A strong ~arre'at'i'on exists between detrital Co and Mg (Figure IV.2). 

Alsa, the Co/Wg ratio is almost constant for samples from different water depths. O~ 
ri 

the other hond, there is no correlation between Ni and Mg, and the Ni/Mg ratio is -

quite variable. 

(/ 
On the basis of the criteria defined above, a nearly constànt Co/~ 

rqtio would meon that Co is enriched in chlorite •• In this minerai, it i~ known to be 

associated with F~+2 and tin +2 which tend to replace ~ (Grim, 1968). There i, no-' 

eY~nce that Ni is ossociated with ~y-specific clay minerol., 

r 
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TA8LE IV .3b 

-\) 
j' -

\ 

Average ~i/AI, Ni/Fe, -Ni/Mg, Ni/K and Ni/Mn rat,ios i~ th. detrital 

fraction of tM .. sedimeAts of the GuI' of St. Lawrence. 

\ " , ~\; 

~\~~', ; .~/' 
-r'" ," 

" "---" 

"' 

'. 

./-

Averav-' 

~ 

7 shollow wot.r somp'.s 
) 

water depth<.100 m, 

20 samp ..... from woter aepth 
'betwe.n ',00 and 200 m. 

12 sampI .. From woter depth 
between 200 and 300 m • . , 

.12 sampI •• 'rom wot.r c:t.pth 
> 300 m. 

-';3 

~ 

<, 

1 ,-
~ ~ 

J 
, ." 

"\ --f"=~ 
-./ 

Ni/AI* cr Ni/Fe* ct 

3.29 0.41 11. 13 1.34 

4.77 1.33 13.8 _8:1 

5.78 1.11 

4.35 1.17 

\ 

~ ~ - \ -.. 

-!. 

Ni/Mg* ct Ni/K *, cr Ni/Mn a . , -

\8~71 5.56 13.' 14 3.36 0.086 0 ~ 

20.70 10.20 16.69 1.~ 0.069' 0.015 

.r 

'---.., 
l. 

.. 

_\ 1 

*' 
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'- • . Non-Oetritol· Co and Ni: the examinotion of non-ct,tri~ol Co and Ni is 

", inter.sting os i t raveols a different behoviour for eoch elemént during the geochemiéal 

" -

... 
cycle in the Gulf. The overog& non-detrital Co moke, up 28% of the totol Co 
~ . -- . # 

(range between 0% and 60%). Non-detritol Ni varies between 1.5% and 70% 

". 

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

fine fraction, may reflect the influence of river waters compO$ition on sediments. 
, 

. . 
.Livingstone (1963) has reported higher vol~es for disso'v~d Ni as compored to Co in 

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

The correlation coefficients belween non-detrital Co and Ni CI'ld 
~ 

the reference parameters cire gÎven in Tobie IV.4. Co and Ni do not correlate with . . 

non-detri toi Mtl, and show Q very low correlation with Fe. This is unexpected as 
1 • 

.' 

both Ml and Fe oxides are weil known sco'<feOgers oF' trace metals (Chesier, 1965). 
(f . 

• 
A possible explonotion may be that /lin is present os sorbed ioo$ on Fe hydroxide 

• 0 • . , , 
1 • 

precipftatés, rother thon os on independent minera\ phase" and that lip this fatm it is , ~ 

not subiect ta isom~rpho~s substitut; on. H hos been established b)l 8o~es (1967), thot 

.1 the typé of Ml min~,.alization controls th, relative obuncbtce of trace -elements in 

f~rro~ongone~ precipitetes. '~ 

• , 

... 

) 

.' 
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TA8Le IV.4I:i, 

~ 

'-
~ Correlation and regr,ssion analysis of the non-de'trital Co and Ni contributions. 

} '" " . . __ ... _._--

P t 
Corr, J Signifi~ant Regressi0l' Nurnber of 

arame er ,r ~ . , CO'eff. ot 9;JiIO leve 1 . equotlon samples • 
---~~ 

;-

Carbonate a +o.~/ 'Vot Y = O. 36X ... 10. 1 51 

*N. D. Mongone" a - 0.09 - No ,. Y = 0.02)(2 T 0.OOO3X + 11 5\ 

Oiganic carbon ... 0 ~l VIS Y = - <4. S9X + 20.2 2S 
• 

'·-0.15 Partiel_ size a No y = - O. 06X .. 17.4 2S 
f Carbonat .. b - 0.36 Yes y = - 2. 1 X 

2 
+ O. 07X -+- 35. 2 5\ 

*N.. 0: Mongenese b - 0.13 ( No Sl 

q~.;anic carbon b ... 0.38 YII / )' = 6.81X -+- 18.9 25 

P9rtiel .. size b -' 0 .. 42 'No Y = -1. 88 X 
2 

+ 0.02>< + 38.5 - . 2S 

," 

-
i" 

~ N.D. = Non-detrital .. 
.;, a = Co 

'~ b = Ni , 

= Not calcul,ated 

" 

, :i,( 
-il- • \." 

~-
!' 
f 

o. 

() 

, \ 
r 
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Co shows a postitive correlation with carbonate and a negative 

correlation with orgonic carbon, which lugge~t that it is cantributed by the carbonate 

fraction, while IOrption reactions on orgonic detritus ore not important for ifs 
1 • , 

deposition. On the other hand, Ni exhibits the opposite trtmd, it correlotes ~ 

-
negotively with carbonate and positively with orgonic carbon. Here, sorPtion on 

ôrganic matter appears to-~" important. 

4.4.3. leod and Capper 

. Detrital Pb and Cu: the average Pb and Cu content of the fine fraction 

in somples (rom var;ous depths ;5 ~iven in Table IV:5 together w~th 'the Pb/AI, Cv/AI; 

Pb/Fe, Cu/Fe; Pb/Mg, Cu/~ ond Pb/K, Cu/K ratios. 

, . 
Stat;stical tesh indicote thot detritol Pb cbts not ;.tory with depth •• 

\ 

. '1 
Th.8 Qveroge Pb content in the fine fraction .is significontly higher thon thot g;ven for 

• " .' • t' ' , 

continental sholes. 

Cu shows a steody ;ncreose toword deeper woter, while in shallow 

• ! , '-

watet sarnples it hos concentrations similor ta neor shore muds, os reported by Hint 
.. . , 
(1962 b); Cu values increose with depth, oppr~ching tho~ reported for the North 

~ . 

Atlantic deep-seo seaimen!s'by Von der Weiiden ~. (1970). 

. . 
• 1_1_ 

The~variahle ratios of Pb and Cu with respect to the mOlor eutmenh " 
" .... 

lndicate that ~eitheÏ' is preferentidlJy ,concentrated in one ,of the major minerai 
• 

c~~nts •. However, t~e hi~~ detrital Pb concentrot~oi\$ os compared ta contin~ta' 1 

, 

moles may reflect its ossodatiqn with J( and Co in feldspa",. 

~\ 'j. 
.~ 

.. 

j 
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. ~-o.trltol Pb and Cu: non-d.trlol Pb varl •• between '3% and 70%, 

wlth an.av.rage of 53%. Non-detrltal Cu rong •• Jrom 27% to 85%" (ayeroge 61%). . ~ 

Th ... volue. or. conllderably h~gh,.r thon thostt-reported for nne .. dlmentl ln, hlgh.r 

latitude envir~menh (Tobl. IV.II). 

. 
Non-d.trltal Pb Itrongly correlaie with non-dehftal Ml, whlle 

th.r. h no conelotlon between, Pb and o'rganlc carbon. On th. ot~.r hand, éu 
/ ' 

c:orrelotel pOlitlvely wlth organlc carbon, and .how. a relatlvely w.oker cotrelotion 

wlth non-dotrital M~ (Table IV .6) • 

• 

ln a .tudy of orgoolc rich' .. dlmentl 'rom th. w •• t AfrlcCWl Sh.ll, 
t-

Colvert and ~r1 ce (1970). alto found a hJgh corielotlon of,organlc carbon wlth Cu, . 
and a weak corr~.lation for Pb. The.y conclu~d that Cu Il anoeiat.d wJth organ1c 

\ 
. detritUI, ,i ther as lorbed Ion, or al mefallo-orgonlc complexel. 

1 

.. 
.. ... • ... ~Itbdenum 

Detritol MO: the dlatrll>utlon of detrltal Mo in the fine fraction 
1 

appears to be independent of ~pth. Although ih average ... alue i, close to those 
1 • Il 

repOrted by Sondell and Goldlch (1943) for ign.ou. rock. (Tobie IV. 7), th.r.q. 

np er.M,entb1. ,~.tlan"'lp betw •• n Mo ~ ony 01 th. ';'ojo, .i.monts,· . 

An e)(plonati~ miglt he that"Woccun in the sadi enh of th. 

Gulf al th. m',",al molybdenit.. Se .... ra 1 area. of Mo minëralizot .~ are r.~rted 
. . fi - < 

. r ' 
lor regi"". contI 1..,. t~ th. Gulf. Contributions lrom othe,. doltl le. 0\ 
unllkel,y"o, is not,a tr~cc. element of clays or oth.r major minerais (VJ~$OY~). 

, 1 

• 
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--- TobIe 1'1.60 ' 
::f 

I.~ -Correlation ond regf.ssion onalysis for non-detrital Cu. 
1", 

... -
i 

\ --"1 Poromete~ 

Carbonate 

·N~'b. Manganese. 

Orgonic carbon 

f>arti~le size 

• ., Non-detritar mangonese. 
<Q. 

Corr. 
Coeff 

• 0.20 
-
-r0.35 

.,. 0.64 

- 0.23 

S i g,,\ifi c:on t 
Regression EquctiOtl o~ 9S~~ level 

. 
No y = 3. 6X 2 - 0', lX ... 23 

Yes- ' .; y = O. 06XI -1- 22. 0 

Ye1 Y = 7:'lX ... 6,8 

1'10 '( = 2.56X ""67.8 

Q. 

Table IV.6b 

<' Correlation ond l'4!SfessJon onofysis for non-detrital Pb. 

" 

Nu.rof 
Semples 

Sl 

51 

2S 

2S 

• 
Corr. Signifieont 
Coeff. ot 95% lever RegressiOr')~fquotion' \ Number of 

"1 Semples 
Parameter 

. 1 

2 '. 
Carbonate. . ·0.42 Yes Y=~.67X -O.15X ... 15.0 

*N ,o. Mongonese .. 0.42 Yes Y = O. OlX ... , 6.0 

Organic c;crbon. - O. 3) .~ No y' = Xl,OX2 - 7. 2X - 11. 5 

Parti cie size 
. '. 2 

- O. 22 1'10 Y F 2. 37X - O. 04X - 38.3 

~---------~~~---~--~ '" 
~ Non-detritat mansan,est. 

~~- - ~-'----- '( - '-

" 

51 

Sl 

25 

zs 

,J 

( 
-' 

f 

• 
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[.1 .. J 
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Non-Oetrltal Mo: non-d.trital Mo aVlrage146% of th, total Mo content. 
f 

The d,gr •• , of correlation between non-detrital Mo and th. rlference pa(arneters are 
..... 

given in Table IV.B. 

At least two factors contribute poiitively ta the non-detrital Mo 
". 

content of the sediments ôf the Gulf.: 1) ossociation witn carbonate.; ii) adsorption 

" onto the clay particlel. As Paleozoic detrital car~nates have bae,\,hown elsewhara 

(Krejci-Graf, 1972) ta have Mo content b.low,d.tection limita, its positive 

~ 
..... c?r~lotion with carbonates is' due rftther to th. prelence of Mo in fine skeletol 

, , 

,~ calcareous debris present in the s.diments. -Mo is an important ',Iament in living 

~,gani.ms. It i. pa,ti~"Y known ~ ~ a orowth facto, fo, many .pecie. of ;"',In. 

plankton (Provalol i ~:, 1953). Howev.r, its biogeochemi.try remains poorly 

known .• 
. \ 

Stotfstical tests suggest that Mo may be prlifsent al sorb.d Ion on clay 

particles, but not on organic matter, as Mo and organic matter corr.late neéoUvely. . ~ 

, \ 

Mo may b. a'IaDciatad with pyrite, which occur. as a !'linor component 
r , 

of th. fine fraction. Th. el.rnent is'known ta be associated with sulfid" (Bertine, 
\ 

1~72; Cronan and Thamas,..J972) and ta accumulat. durlng the formati~ of lulfide' 

• 
minerols (Semer 1 1971; Stumm and Morgan, 1970; Rankama and Sahama 1 1950). 

If the pyri.tè in the Gulf sediments is authigenlc, al proposeCi by Conolly et al. 1 

\ -
(1967), it may have acquired lIv:J in .itu, t a ,e.ult of bacterial oMldation of or~~ic 

matter. \ 
, . 

• 
• 

.J 
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l , 
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TABLE IV.7 ' 

Average ~'and 'Se content in diffèrent sediments from rh. Gull of St. Lawrence, 

c:ornpored with other values From the lit.rature (ppm). 

MI;) t ywenufT' Selenit;m 
" Total - Total Av~rage J Oetritcl a sediment a sediment 

1_' ___ _ 
7 st\Clllow wotér'~~I~ (:';~;~~~tn ----15.5 7. t '- 35.0 

<: 100 m) '~ 

20 $,amples from wcter depth between '20 . 0 8.0 28 . 6 
100 and 200 m. 

1 2 semples FrOm wofer depth betwHn 
200 and 300 m· " 

1 
\ 

14 semples From water depth :> 300 m. 
(12 semples for the detritat hCKtion) .. .' 

~ . 

-
Shole lrom Utah (Barth et aL, 1939) 

-r-
Iron sulfide From sedirnentary rocks 
(Minami, 1935b} 

1~.0 

U.3 

- ~ I~ roda (Sandell oncf Goldich, 15.0 
• 1943) \ 

, . Sediments hem streoms and rivers af 
Bathurst area, New Brunswick (Boyle 

~·al., 1966), "-

SOi~s From Alobomo (Clark 1973) '\ 
\ 

\ 
\ 
\ 

. \ 

\ ~ 

~~,- ~ - -

2-98.0 

8.4 23.0 

10.5 - 19.6 

21.0 98.0 

, 
18.0} 54.6 

14.7 41.7 

l~.S 44.7
1 

0.6-96.3 

up to 32 
-<1 

~ 

up Jo 170' 

. , 

• 

a 

48.5 

77.6 

15.'9 

24.8 

'1 
~ 

~ 

-a. 

~ 
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TABLE IV.8 

Correlotion and regression anolys-is for~~friJélI Mo. 

.' 
/' 

~ 
~ 

# 

~:-, . " 
.. '.:>~ (. 

, 

\ ',..>,\ 
-/ '\~ 

J '" 

\' 

Para'tMter 

Carbonate 

·N.O. MOn~. 

o rgo" je co rbon 

Portici. siZ"e 

'.' 

Corr. 
coeff. 

~ 0.33 

• Oit 20 

- 0.47 

-0.38 

• Non-detfitol mangane ... 

Not co leu taled. 
, . 

... 

/ 

..... .': .. ,--_. ,.~ 

Sig\ifleont 
ot 95% level 

, 

Ve, 

~ 

'{es 

Ves 

~ 

-

RegreSl iOn' eqoot ion 

·~2 V = 1.4,.)\ - O.o.&X + 1.1 

V = - 58.9X2 + 12.3X ... 76.7 

V=-.O.l1X-l0.0 

ft 

'f .. __ -':. 

. . 

\ 

6-

',,-

Number of 
sampi., 

51 

51 

as 
2S 

,) 

" 

" • 

"-,,,,"'" -
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~.~.s. ,Selenium 

S. in th"'fin~ fraction of the ~If sediments WOI onoly%ed UIÎng 

A.A. S. (Robinson, 1966), of ter being concentrated and se~roted as described 

by Chou and Riley (1965). . 

\0 " , 

Se in the Gu If sediments shows a d.finite enrichme~t as .compared 

to other ,geologtcal 'mqteri:tJ,articulorly deep-sea sediments (Table iv. 7). 

<i1 
Generally Se is enriched in' the shallow wuter somples relative to ~e.p water ones. 

~ 

According to Rankama qnd Sahama (1950), Se closely follows 

sulfur in the geochemical cycle_/~ing concentràted in the sulfide minerais. As 
// 

/ -
Se concentration, are ~ôttvely high in the sediments, :;vhich at the sa~ time 

. //' 

contain only m~r amounts of s{Jllides, this el~trnent may be contributed by other . 
. / ~' , 

minerais fbr may occur in sorbed state. The aSSGciati~s could be wifh: . i) sulfate 

merafs such as barite; ii) sulfate ions acquired or trapped in the sediments 
; 

du.e to flocculation of suspended clay particles; iii) ferro-mangane .. olCide, 

particutarly in' alsociation with iron o)(ides. 
~ ,,~ 

"\It ~ 

liarit. hm been reported ,in the heavy minerai fraction. or~the sedimenh 

From the Gulf (loring Qnd t-Iota, 1969). High Se cOntent in sample,' From shallow 

, ' , 

statiof'!s as, compared to deep water Itations may he attributed to th. presence of 

pyrites and barites,. in relatively higher co~tent thon.- in the sediments from deep wut.r 
< 1 ~ <;. ... 
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figure IV.3 

Relationshlp betW.~ t~.1 Se and ndn-detrital Fe in the Gulf 

sedi~ts. 
-/, 
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'. 

Figure IV .4 
" "': ' , 

o "Relationship be-tweeri Sr and Ca contents in the detrital frac té "!' 'of 
) -" 

the Gulf sediments., 
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~tions. According to Turner (1957), the highest concentrations of Se are confined 

to beoch and la900n deposits. 

- Ronkama and Sohama (1950) state that Fe and Mn hydroxides are 
\ , 

able to ad$Orb Se complexes from aqueous solutions. The element is more efficiently 
- -

removed From solutions by Fe (OH)3 (Chou and Riley, 1965). As ferro-mongonése' 

oxides occur in the Gulf sediments (mostlyas cooting of. the sediment perticles) 

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

l " -
non-detrital Fe is shown in Figure 1 V. 3. So~ tfegree of aS50ciotiôn between the 

~ .... 1 

two eJements mo-y- be inferred from that figure. 

4.4.6 Strontium 

Oetrital Sr: detrital Sr of the fine fraction of the Gulf sediments, 

makes up 32 % of the total .Sr. The rRtter ~aries between ao and 1997 ppm wi th qn 

average of 398 ppm (a = 338 ppm). No statistical correlation w~ found between 

detrital Sr and l'tither AI, Fe, Mg, or 1<: a high correlation does exi~t with Ca. 

The variation of Sr with Ca is shown -in Figure IV.4. 
~ , 
\ , , 

J i According to Vlasov (1966), Sr does not 'enter th clay minerais , 
t 
~ , t 

as an isoml.~~s inclusion, contrary ta its beh~vi~~r i5' ·gneous olumino-silicates, 
J ... ~~~ __ '" C"1: 

where it f:~ently replaces èa ,ood K. The r~t(jt~~htP bet~een Sr and Ca in the. \ l 

~ . . .-- ; 

dê .... ital fraction Qf th. Gulf sediments, thus, moy indicat. its association w,th 
•• r . 
. . 

fe.ldspars. The lack of correlation between K ànd the hi~ positive cor!,elation with 

Ca indicate that Sr is replacing Ca in plagioclase feldspar, most of whi.ch has - --
.' 
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&>resumably been derived from granitic rocks from the north shore. A high correlation 

between Ca and Sr, differentiates grantitic rocks from basaltic ones (Wehmiller, 1972) • 

. , 

Non-Detrital Sr: non-detrital Sr (Table IV. 9) accounts On the aveFage, 

for 68% of the total Sr, with a range between 40% and 90<'10. \ 

This fraction may have been introduced in the sediments by either 
, 

, . one or bath of the followi~g pathways: i) co-precipitation with CaC03 in skeletal 

material, or in associatio~ with detrital carbonates; ii) sorptiem on clay particles 

. 
and organic matter. The positive correlation with particle size (inversely 

proportionaf to surface area) , and the negative correlation with organic carbon, bath 

indicate thot sorption reac:tions are not important mech~nisms by which the element 

was incorporat~d in the G~I~sédiments. In Pacifie pelagie clays, Goldberg and 

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

The positive correlation with carbonate content suggests that Sr 

may ~ associated with it in the fine fracti~,n of" the sediments. The relatively low 

correlation' coefficient, however, is expected if only part of the carbonate is . , 

, aragonit~ ,sheH moterial able to accornodote Sr. Th~ remaining, mqY4 be detrital 

, cale ile From .looeol,limestones. 
. , ,. 

4.4.7 Zinc 

/ Detrital, Zn: the :average detrital. Zn mokes up 6A% of the total Zn, 

and ra~s From 34% to 88%. Total Zn content in the anolyzed samples averages 

121 ppm (a ~ 37 ppm). 

,. 
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~ramter 

Carbonate 

Organic carbon 

Parfide size -

, .. 

TABLE IV.9 

Correlation ond.regression analysis for non-detrital Sr. 

Corr. 
caeff. 

+ 0.57 

- 0.47 

+ 0.;90 

,-

~. . 
« 

." • \ t, 
or 

~ . 
-é _ 

') 

~r 

Si9nific:ant 
ot 95% level 

Yer. 

Yes 

Yes 

-, 

. 
Regression equation 

Y= 3O.1X - 16.5 

Y = - 428.8X + 1337.0 

Y = 62.4X - 204.8 

- > 

Number of 
samples 

'b 

51 

25 

~ 

• 

-.. 

< 

~ 
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Figure IV.5 a,b illustrutes the variations of detrital Zn with Fe .. 
and Mg. The correlation is good, and suggests that Zn tends to follow these two 

1 

e~ments. It appeoh likely that detrital Zn in the Gulf sediments is 'linked with the 
i ) • 

chlorite phase, rich in Fe and Mg. The similarity between the atomic radius of Zn 

and the atomic .radii of Fe and Mg suppot"ts this possibility. Rankama and Sahama 

(1950) state' that the obundonce of Zn in nature de pends on its property of replacing 
7 

F +2 "'odo h' Il' . l " e ul C Ica y ln minera structures. 

, , 

Non-Oetrital Zn: on the average, 36% Qf total ZI'! i5 non-detrJtal. 

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

Il 

i) orgonic corbon (r ::;: +0.66), ii) non-detrital Mn (r == +0.56); iii) partide 

size (r = + 0.37). There is no correlation between non-detrital Zn and carbonate 
/ , 

~tent: Thus, sorpti'an by orgonic matter would appeor 10 be the major pothway 
, 1 .. 

l by which Zn wos incorporated into the sediments. A secoridary process might be 

precipitation with sorne ferro-mangonese oxidephose. These two processes ore 

known to be involved in the deposition of Zn in sediments elsewhere {Rankamo , 

. ( 

and Sohama, 1959; Colvert and Price, 1970). 

• 
The positive correlation between non-detrital Zn and particle 

size suggests thot adsorption On clay porticles is not on efficient mechanism in the 

removal of the element . 

1 

J 



~ •. 
/ 

( , 
:; 

... 

~'!I 

• 
( 

r 

Figure tV.Sa 

Relotionship between detrital Zn and detrital Mg . . 

/ 

1 ;s. 

Figure IV:Sb 

Relatjon~ip b~~een detrital Zn and detrital Fe 
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4.4.8 ~nganese 

, 
Oetrita' Mn: the average values for the detrital Mn content in the 

fine fraction of th~ Gulf sediments, os weil as the total Mn values, are given in 

Table IV.IO. T~e Fe cOntent and Mn/Fe ratios a-re also indicated. Figure IV.6 

s~ws the relationship hetween detrital Mn and Mg~n the sediments. 

DetritaJ Mn hOI on olmost con$)pnt ratio wÎth detritol Fe (0.013). 
, , 

The rotio for the total e'emenf's is 0.018. This moy indicote thot Mn is supplied in , 
, 

relatively lorger amounts thon Fe by the non-detrital fraction. 

• • 
Figure IV. 6. iIIustrates that Mn varies with Mg. Hence, if as 

discussed eQrlier, Fe and Mg occur moinly in chlorite in the Gulf sediments, Mn 

may be associated with this clay minerai. 

'. . 
Non-Detrital Mn: the non-detdtal Mn contribution to the fine fraction 

vari~s between 8% and 74%, with on average of 45%. The non~detrital Fe averages 
v· ,~ 

24%. The non-detrital Ml is negativelY,correlated with both orgonic corbon ~nd 

, 
carbonate content. No correlation wos found between nbn-detrita' Mn and porticle 

size!~ a str'Ong correlation between non-detrital Mn and non-detrital Fe exists 

(Figure IV. 7). ., 
, l' The Mn/Fe ratio in the non-detrital fraction' is olmost constant. 

This may in~icate that both ele~nts are present in the sa';' minerais (Chave and 

Macken~ie, 1961). In the non-detrital fraction this YtOuld be 'the ferro-mongat'lt:se 

• , 
oxides. Hotever, compored w ith ferro-manganese oxides From 6ther environments 

J .-
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TABLE PJ. 10 

M.., content in the detritaf fraction and the total sedimen't semple!l, )ogether 

..vith Fi values in the sorne semples and the Mn/Fe* ratios compared to other . 
geological rnoteriol From elsewhere. 

5 ; -------- ---~ 

Oetrital fraction Totaf sample . . 
Average 

\ Fe Mn Mn/Fe * cr Fe Mn 

7 

20 

J2 

. 
14 

5 

50 

shatlow water samptes 
(woter depth<,1OO m) 

semples from wat~ depth 
between 100 and 200 m. 

semples from water depth 
between 200 and 300 m • 

sample6. From w/.ter depth ~ 
300 m (12 semples for the 
detrital fraction) -

suspended matter somples 
from ail over the Gu If. 

, 
St. Lawrence Gulf sediments 
(loring and Nota, 1968) 

Canadion Sh-ield (Grout ( 1938) 
1 •• 

Delta clays From the Gulf of 
Paria (Hia.~, 1962) 

Igneous rocks (Goldschmidt, 
1?3~ 
Igneous rocks (Cla"rk and 
Washington, 1924) 

2.43 

2.92 

-$.41 

3.92 

, 10.0 

3.98 
4",21 

5.0 

346 

448 

398 

467 

3000 

560 

500 

1000 

, 

149.3 

161.2 

115.0 

121.8 

. 
300.0 

-140 

120---

200 

41.8 3.70 667 

37.2 3.65 694 -

15.9 4.13 ' 644 

11.6 4. 25 813 
.-

4.24 ~ 720 

>V 

-..... 

• 

MA/Fe* 

181 

190-

160 

190 

170 

~ is g;ven in ppm Fe is given in % * Ratios x la 4 
~ __ ~~e~ ____ ...... "1 

'\ 

CD 
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"'-., /"''' 
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otP" ,Figure IV.6 
" 

RèJationship between Mn and ~ contents in the detritol frocti~' 

of the Guff sedi~ents. r 

" 

v flgur. IV. 7 

l ReJationship between non-detritoJ M1 and non-detrital Fe in the 
t 

Guff sediments. 
.. '\.., 
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1 (see for ex. Priee, 1967) the NtA/Fe is very small. \ 
/\ 

\ 
80th non-detrital Fe and M1 enter the sea i) in t 

, 0 " ,' .... 

ii) as sorbed ~ons on partieulate matter; ,\ii~, ~~ precipitates or.co
- .... 
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detrital grains (Gibbs, 1973). The differènces in the average conte t of both elements 

reflect the relative availability of th~ir ions in solution. 

like Fe, /lin is soluble ta low Eh and pH values (Garr Is on:d 

Christ, 1965). The fractiOAation of the two elements moy take place a or near 

the source, or later in the sedimentary cycle (l iungren, 1953). 

1 ·· '1 'd' d h 1.L +2 (K si< h 1957) 'l' d 50 ut.on 15 more eas. y ox. Ize t on 1VT1 rou op 1 • 1 Ize 

as Fe
2

0
3 

or Fe (OH)3 and ~aken out of so~ution. On the othér hCJld, 
+2 

oxidizes to /lin (OH)3 or Ml0
2 

(.v.anheim, 1965). low Eh values report d by 

Loring and Nota (1968) os werl as the presence of 0 rewc ing layer I-to 2 cm below 

the sediment surface, Îrrdicate th~t much of the Gulf sediments mey have r~x 

potentiols b,elow the st~bility level of Wn +4 ond possibly in s~ areas below thot 
\ 0 

+3· 1 of Fe • This may explain the low concentration of Wn as /lin hydroxides. 

The negative correlation between néin-detrital /lin and organic 

carbon i-s to be expected, os local concentrations of orgonic motter within the 

sediment will decrease the E~ and pH. The negative correlation with carbonate is 
~. .... 

~ also not surprising: carbonates ore known ta contoin very little 'iIn {Tu;~ian, 1965)., 

4.5 Discussion 

The total abundance of the trace elements in sediments is Q rneosure 
0' 

.. 

.. 

. . 
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, ROrtly of their avoilability i"l the source material, and partly of their reactivify. By 

using proper fractionation methods" os done in this wodt and in previous studies (Hirst, 

1962 b)rit is also possible to interpret physicol and chemicol potf,woys which leod to 
, ~ 

their concentration in bottom sediments. o 

The analytical results presented in this chopter indicote thot, mlike 

the major elem~nts which are mainly ihtrodJced into the sediments vio the detritol 

(1 ithogenous)Jraction, a significant part of the trace el~ts is ossocioted with the 

non-detrital fraction, which accumulates through reoctions toking place in' the water 

" column or at the woter-sediment interface. This point is iIIus~roted by the variations 
\~I q 

in element _concentrations as a functian of water depth: while the obundance of major 

and minor elements, Co, Fe, Ti, ~, and K increase:s with depth in the fine fraction, 

mainly os a r~sult of the higher percentage_of clay minerais present, no particulor 

trend appears for trace eJements studied with the exception ~f Cr which occurs'~inly 

in the detri tal fraction. 

When compored to values for sediments of other latitudes, ofter 

, normalization ta a canton! CoC0
3 
val~e of'lO.5%, the average non-detrital 

contribution of Cu, Pb, /tln, Ni, and Sr in the Gulf sediments, appeors quite high .. 
(Table IV. 11)'' T~is ~y be Bxplained in part as 0 result of t~e element .. riclvnent 

in the source rocks: mineralizotion z~s for Mo, Cu, Ni and sorne ossocioted elements 

occuraround the Gulf; sorne of them ore Or have been mined •. On the other hcnd, 

Pb, Cù, Zn, and Ni are used in variOtI$ incllstrial and domèstic proc:iIcts and the 

St. Lawrence River waters, fed by the grect laIe .. s, receive considerobr~'"inputs of 

y 

\ 
9 \ 

" 

) 

, . 

, .... ;:1 

; . 
'~ 

" '.~ 
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trace elements as byproducts and wastel from industrial cÎties in· the U. S. A. and 

" ..;-

.. , 
Cmado •. Injections via the atrnosphere ore also likely. The estuary of the St. 

87 r 

Lawrence' River ood'the Juif together oct as a mojor-sink -for~ese various substances. 

lt is difficult ta estimate quantitively how much màn's influence 

may raise the naturol levels of trace elementl> in se a, men ts . Simple colcul~tlon~ -
! ' • 

bOsed on ~ blished onolysis Indicote that the Mad<enzie River, which may be 

" -
considered still unpollute'd (Reeder et al. , 1972), transports propoftionally four 

times~less Cu and twi~e le~ Zn yeorly as the St. Lawrence R;ve~. It thus moy ~ 

alreody tao lote to refer ta 0 noturpl bock-ground boseline for further changes in 

trace elements concentrations in the Gulf sediments. 

When compared ta those for fine sediments in tHe Gulf the , 

nan-detrital fractions of th~ trace elements ar~ si.~nificantll higher in the e,tuqrr' 

,-

of the St. Lawrence River (Smith, 1973,p.c.). This holds true for 011 oF the ..- ----. -
elements exèept Cu (Table Iv.12): of ter normalization)o 10.5% Cae:-0

3 
,,~on-~trifol 

" 1 
/\,- -

Cu in the estuary is only on the o~e\ 36% of the total element, as agoinst 61% 

in lhe.G ull. Thus l,ace· el emen I:7VO 1 i s 1 mportan 1 in the e.tuo~\. >possi bl Y as 0 

result or" surface sorption, precipitotioo or flacculated pertides (G'b~, 1973). 

~ 

These reoctiafl$ moy not be reversible for ail trace elements in the particulor 

" conditions of the St. Lawrence estuarylv which moy explolCl !he porti culo~ behoviour 

of Cu (Tureki~, 1971). ", ' .. ~ '~\. ,- - "0 " 

'-.-., .. 

/1 
, ! 
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J TABLE IV. li 

Contri~tion ~e ,by the non-detrital frac t'ion of the sediments 

in the Gulf a~ .compared 10 other sediments. reca'culatect'Io 

10.5% 'carbonate content 

• .% contribution mode by 
the non-detrital fraction Co Cr Cu ,~ Ik>. Ni Pb 

* Gul.~ St. Lawrence 28 17 61 45 46 48 

** low'latitude sediments 58 ~8 67 43 

*** High latitude sediments ,~~ 11 19 17 13 10 

+* Oeep..5eO sediments .' 12 6 11 14 9 

_- * St. lawrence estuary 26 19 36 100 78 

TABLE IV.12 
" 

Average percentage éontribution made -10 the total element 

content by the detrital fraction. 

Element 

average % .... detrital 
contribution 

* presen t work' 
** Hirst, (1962b) 

*** Beltagy (1969) 

' 0 Co 

72 

+* Chester and Messiha-.Hanno (1970) 
-* Smith (1973.P.C.) 

.' \ 

.. 

Cr 

83 

Cu Mn Mo Ni 

39 55 54 52 

) 
". 

... 

53 

-4 

Pb 

47. 

88 

Sr Zn 

68 36 , 
--/;' 

l' 

24 

17 

73 

Sr Zn 

32 64 1'1 
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,e 
$tatistical analys~s applied to values of the non-detritàl fraction 

hos suggested that the mechanisms by which elements are jncorporated into the 
" "",l_ v 

1 

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

importont for Cr, Cu, Ni, Pb and Zn. On the other hand precipitation in 

aS$OCiation withvferro-màn9an~se.hydroxides provides a 'major depositional pethway 

for Cr, Cu, Pb, Zn and Se. Corbonates may contribute to concentrations of Co, 

Pb, Mo and Sr. Adsorption on the clay pertides (surface reaet ions) appears to be 

particularly efficient for the removal of Mo from seo water. 
r , 

The mineralogical association of the trace èJemênfs- studied, w~'-
, ~ 

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

average contdbution of that fraction to the fotal trac~ el.,ment content (Table IV.12), 

1 

the results indicate that the detrital charader of the elements decreases in the ~rder 
, 

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

According to th~ir minerai association in the detritalfraction the 

elements con be divided inta three groups: 

Group 1: consists of trace elements mainly assocÎ"ated with clay mineraIs, particularly 

chtori~e~. as indicated by their respective relations to Mg. This group includes 

Cr, Co, Mn and Zn. Regression analysis shows that 77% 0, 73% Co, 75%' Mn and 
" 

67% Zn ore contributed by chlorite. .... . 
Group Il: is mode up of elements associated with non-~Iay minerais. To this group 

belongs only Sr, which substitutes for Ca and K in feldspars. Plagioe/ase feldspor 

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

1. 

~ ______ -L _____ '~~ 



• 

90 

. 
Group III: members o~is group do not associate themselves with al'l)( major 

1 minerai èomponent of the sediments but ei ther occur as seporate minerais or are 

distributed randomly amang 011 the minerai constituents of the sediment. Ni, Mo, . 

Pb and possibly Se fall in this category . 

.... 
. Se which was

o 

studied in the total fine fraction of the sediments, 

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

the edges of(,.,e Canadian Shield,' .h~re is no Se minerai deposits in the St. Lawrence 

drainage basin. The high values found may point out ta occurrence of concentofation 

zones there. The relationship between Se and non-detrital Fe suggests that Se in 
, 

1 
the sediments was prècipitated from solution with Fe hydroxides. This may have 

t~k~n place at the source Or during transportati9n. 

The correlation f9und in the detrital fraction between Cr, Co, Mn. 

a~ Zn on one ~and ~~ M~ on th~ other moy ~ characteristic 'of the lithology G:f 
, _", 'I.t ... ~ .... . 

the source areQs. ,( 

.\ 

\ \ 
\ 
\ 

\ 
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CHAPTER V 
• 0 

SEDIMENTATION IN FIVE LONG CORES 

FROM THE ~F ST. LAWRENCE 

'-
Introduction 

91 

The stratigraphie interpretation of geochemical dota obtained from 
f!o 

cores, is a very difficult task, particu~arly in the absence of any information on 

rates of sedimentation (Wangersky, 1962). The partition of the elements among 

the various inorganic and or9Qnic phases is in itself a major problem. Also, . . . 
following incorporation in sédiments, sorne elements may be re-mobilized and 

may migrate from their originQ' ... ~ites ta be re-precipitated elsewhere (Lynn and 

For purposes of correlation and stratigraphie studies, the selecti\: 

naly is·therefore critical. Finally, in order ta c~rne to any 

must be subjected ta sensitive statistkal techniques. 

ln spite of the difficulties involvec;t-t-the geochemical analysis of 

core samples may be the only taol avoilable for:..,~lgraphy in areas such as the 

Gulf where radiometric, paleontological or other type of information are lacking. 

ln addition, having considered regional trends in the chemical composition of the 

surface sediments, it is worthwhile ta investigate vertical changes in element 

-

~istributions as these might refle~t some modificationS' of the environment. 

ln the current investigation, sub-somple. wer. taken olong five 

!' 

piston cores collected in the Gulf of St. Lawrence at locations given in Tobie V. 1. 0 

( 
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Thase were analyzed for the following elements:
c 

-Na, K, Ca, AI, Fe, Mg, Ti, 

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

, 
The results for the major elements and Mn are the only o,:,es 

,.. . ,.,~ ..... .., 

presented here. Res~rts of other elements are given in Appendix C. The 

elements discussed in this chapter were chosen for the following reasons: (i) as 
, 

the distribution of the major elements in the Gulf is largely cont~lIed now by 

depth, their variations along core length may reflect changes in regionol 'NOter 

dep.,th with tlme; (ii) except for Ca, the major elements appear te be sttpplied 

to the sediménts moinly via suspended motter input frOm the St. Lawrence River. 

Accordingly, their variations' in the cores may also ~sult From fluctuations in 

this ~urce with time, including changes of the minerai assemblage supplied ,in 

suspe~sion; (iii) post depositional alterations affecting the distribution of ~jor , 

elements ore belived ta be long term diagenetic e~fects rNeaver, 1967). They may 

be considered n~gligible over the time period, of about 60,000 years, represented 

by the longest corei (iv) although Mn may migrate vertièally (Lynn and Bonotti, 

1965), on attempt is made, to interpret the variations in non-detrital Mn in terms 

of physico-chemical processesi (v) it mày be risky!o attemPt core correlation on 

the bosis of vertical changes in trace elements,: their distribution is ~fluenced by 

depth, but 0150 by s~veral additionol factOrs, particularly, the p~sence of sulfide 

minerais in L samples, their absence in others constitute a maior proble;", os 

some tr~ elements Mo, Cu, Ni and Zn tend te' occur in association with 

su 1 fi de' mi*era'is. ' \ 

''\ 

) 
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Two diffe;ent statistical approaches ore used si...,ltaneously Jo 

treat the dota. First a simple correlation analysis between the elemenh taken 

two at a time is-applied: This is a standard technique used in dealing with 

geological problems (fisma et. al., 1966; Jones, 1972). The other method 
, .' ~~ 

involves Q-mode factor analysis, os descri~d and applied by)tnbrie (19&3); 
/' 

Imbrie and Von Andel (1964); and Imbrie and Kipp (1971}. 

, 
Factor analysis yields a theoretical S9'utioft of the problem at 

hond by iodicalÔng the minimum number of factors r~,iponsi~le for !he ~ed 
variance in the somples. A re!'lOining task For the anolyst is Jo establish if 

these theoretical factors may correspond" ta physical, and ~~'e ones. 

1 

For this purpose, he may moke use of the 50 called "oblique solution" (lmbrie, 

\ . 
1963). The results may be very informative. They may be used os a guide for 

. \ ~ 

further experirnentation and allow to constroct a mode 1 for prediction 'and 
., 
• 
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J 

quantification of natural processes (Spencer!:.L2.h, 1968; Imblie and Kipp, 1971) . 

5.2. Core lithology 

InFormation on texture and on the minerological composition of the 
o 

coarse fraction is summed up in Figures V., and V.2 respec:tively. The lithology 

of the cores is illustrated in figure V. 3. 

~ 

i 

Three different s~graphic units, numbers 1 Jo 3, con be identified 

in the cores on the basis oF sediment colour (Figure V. 3) • \ 

~ 
; 

1 
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Temory di~rom showing the diffe.~·ce in texture between the gray , 

• alive-green sediments and the reddish-brown sediments 
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Mitgeralogy of thè coarse fraction in selected core samples 

Figure V.3 l 

Uthology of the cores analyzed 
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Un it 1, at the surFace, is made up of gray olive-green sediments. 

Nota and loring (1964); Conolly et al., (1967) and Stanley et 01., (1971) 011 - -
agree that this surfac~ matèri-ol which occ;uts w,. the laurentian Channel and on 

the Scotian Shelf, is post .. P.leistocene in age. Unit l,corresponds to horizons 
J 

III a and b in Conolly's subdivisions (Conolly.!!...!!.:., 1967).' It is underlain by 

older reddish-brown glacial marine sediments, making up unit---2 (Conolly's 

horizon 11). Unit 3 below,c6nsists of red sediments morked by sandly loyers anc;f 

on increased frequency of pebbl,es. It corresponds to horizon 1 of Conolly et al. , 

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

Texturai analysis (Figure V. 1, olso Table 1, Appendix C) clearly , 

indicates thot the coorse froc Hon . ( >63.,) is more abundant in the reddish-brown 
, , 

sediment~ (units 2 and 3) thon in the gray olive-green deposits (unit t).~ The latter 

do not contain any significant amount of sand. Texturally, they ronge frQm silty .. 
clays to clayey silts. Conolly et al. (1967) olso found that the upper gray to 

brown sediments (horizqn III a and b) in their cores From the lourentian Channel, , 
. 

belongs to this closs. In contrast, the reddish-brown sediments are characterized 

by a high percentage of coarse sand and pebbles. 

ln core 810 115 the three different dratigraphic units a"..}present 
'\ ' 

(Figure V.3). Cores 81036, S 17 and S 3 are 011 in unit 1. In contrast, core 

S 21 consists entirely.of unit 2 on the basis of colour, ~Ithough its texture mokes 

~, 

it more akin to unit 3 . 

il 

( 

'- ----
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5.3 Mineralogy of the.Sand Size Fraction 
ù 

To confjl'~ the three stratigraphie units suggested by visual and 
p 

texturai examination of the cores, the eoarse fraction of selected sobrsamples 

, 
were examir~ under the stereomicroscope. 8etween 300 and 500 grains were 

identified and counted in each sample. The results are exp'essed os percentoge 

number of groins, and are given in lable 2, Appendix C; and iIIustroted in 
, -

Figure V.2 '. 

Minerais identified were: quartz, K-feldspar, plagioclase feldspa .. , 

amphibole, pryoxene, garnet and opaque minerais. 11Jle0u5 rock fragments (mostly 

granite) were Frequent in all1~ samples studied, as were fragments of slote and 

quartzite and ta a lesser extent, foram tests. 

Quartz: 

ln unit l, quartz grains moke up between 30% and 70% of the 

totol counted'~rair1s., The grains ore ongular and have 0 fresh oppeoronce. 

ln unit -?, quortz mokes up between 28% and 50% of the grain 
1 
1 

eounts. The grains are always weil rounded and coated with iron oxide. Similor 
, ~ 

.~ 

quartz grains appear in uni! 3 at a much higher fre:quency, between 6&Wa c:wtd 75%. 

Samples from core 521 (unit 3) contain 70% 

overgrowth. were not;~eabl. o~ra;ns. ~ 

" 

quartz. Quartz 

", 

t 

j 
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Fe Idspars: 
• 

Angula; and subangular feldspor grains ':ere Frequent in ail the 
, --.. 

!amples studied, but th~ rel~tive ~roportion of pl:ag~clase and K\felds~rs 
differs between units. 

1 

i 
ln unit 1, K-feldspar and plaflloclose feldspars are both present 

'" 1 lU "1 ,'; u ..... ,.,f", "I1t~ ... t f" " t;_" 

.in relatively large quontities. Each type makes up about the SEIme proportion of 

the ,~~~I coarse fraction; 1(-fels~r between 5% and 16/.glodase 

feldspor between 4% and 0 15%. Grain surfaces be~fraces of alterations. 

~~ 
Unit 2 has less feldsF)I(~J_--thân unit 1, with possibly a h ig,er 

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

_ feldspar 2% to 7% of the grains. 
( 

, 
ln unit 3, the feldspar content decrdases even further with the 

plagioclase fèldspor abundance below 5%. 

(' 
WHh respect to their feldspar content, samp1~s,from core S 21 . ~ , 

" have composit,ion opproaching unit 3 ra'therthan unit 2.., 
t 

.tiom&lende, Aùgite and Gamet: 

\ 

These three heavy minerais were fouod only in unit 1, where they . ' 

~ke up from 1% to 4% of the sand fraction. 
/" 

.\ 

, 
• 

() 
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(; 

" 

O})oque mine.rols or. common to 011 thr .. units, but wer. fovnd 
.'"~ . 

o \ ' 

ta be more obùndont in unîn r~ ~-ond 2 (up to 8% of the groin count), thon in 

unit 3 (3% 10 4%). 

>, Pyrite o~os discrete groins; 

forominiferol tests present), units 2 Qnd 3. ' 
1 

Gronitic Rod Frogmonts:' 
- ·w 

if 'litas 0110 found os filfang in 

Gronitic roH fragments are ve,ry obundant in unit 1, in which 

they mak. betwHn 2'"'b and 16% of the)sond fraction. "They ()Ccu, also in"unit . . 

• 4 

2, but they do f,lOt exé"ed 5% of thesand fraction. They were not iden'ified~ 
a 

unit 3. (81Ô " 5); ~nd-wer~ not obs~rv~d in core S 21" onathe, point identifying 

it 0$'0 sampi. of unit 3', 
1 

J 

1 

l 

l~ 
\ 
'\ 

Sedimen,tary Rock Frul.menh ~nd Forum Tests: 
.. - Q , 

, ' ~ 

'l' 

T.~~ sedimentary rock f,rogmetlts ~ons;st of red siltston. onet quartzite 
\ 

\ 1 \ 
f rag",," ts • 

'"l> 
) 

,Their maximum obundonce is in unit 2 (Figu,e V.3). Forominifero ore 

not, obundant, but ore olways present in ail unit~. 

ln conclusio.n, on th. basis af this rapid coone frJ'C.tion ana'ysis, 

the mine4lJ1 compositions of rhe three unih seem significont'y different. The following 
, l " """" 

o 
generoliz~,ions con be made: (0 the $OUrce ma'eria' of t~ sands in unit 1 PfObably 

... ~ .. 

/ 

. }~ . 
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~ he round ~mainly in crystalline rocks of the Canadian Shiel?" The presence, 

in unit 1, of blue-green hornblende, which is ch6rJcteristic of the Shield rocks 
1 

of Eastern Quebec (Stoc kwe Il, 1957; Loti ng and Nota, 1969) supports th is 
1 

1 opinion; (H) sediments of unit 2 see ta be derived from aider sedimertary 

outcrops. A likely source is the camp e~.of ç:arboniferous and Permian formations 

outcropping in the Appalachian regio , with so~e contribution From the Canadian 

~ 1 
Shôeld, Oôô) unôt 3 must be stdell! dedved lrom APpalach~~n sources, sônc. 

ôt c9ntaôns no granÔlôc Iragments. 1 

1 
! 

5.4 Chemistry of the Core Samples 

5.4eethods of Analysis 

The samples analyzed were token along the cores near levels where 

mélrked changes occurred in either colour Or texture; where no such changes 

appeQred, samples were taken every 50 cm. 

As in previous ana lyses, only. the ,)63 ~ fraction was used. The 

preparation «:Ind methods of analysis arè the some as those used for sudicial sediments 

(Appendix A). 

5 :4. 2 Results 

Results of the chemical onalysis of the core IQtnples, are given t, , ~ . 
1 .. 

Tables 3, 4 and 5 (Appendi xC) • 

\ 
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5 .... 3 Discussion .' 

By ins.pection of Table ,,_ 2, it is evident that cores 810 115, 

BIO 36, S3 and S 17 are very similor 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 

sources did. not change over the greater part of the fime involved in thei r 

de~sition. 

Core S· 21 comes From the slope of the laurentian 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 sirriila~ in texture and composition ta sediments 

exposed on the Magdalen Shelf, which, according to loring and Nota (1969), 

ore reworked From pre-Pleistocene material. Discussing the composition of 

" 
these sediments, they pointed out that they ore d~ficient in AI, Fe, ~n and 

No. Table V.2 indicates that material in core S 21 has similor characteristics 

and contrasts rncfrkedly with units 2 and 3 in core BIO 115. 

Chemical similarities with sédiments of the Mogdolen Shelf 

suggest that sediments in core S 21 are ,0150 residual from pre-Pleistocene 

sediments. In addition, os discussed above, the minerarQgy of the sand size 

fraction, is not the samefas in younger deposits. ft con then be safely i'nferred thot 
'\ . 

-. other sources were avoilable to this region of the Gulf in preglacial times. • 
\~ 
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EI.ment % Na 
Core No. r: 

810 115 1:534 0.41 

BIO 36 1.81 0.32 

Sack 3 1. 75 0.07 

Sock 17 1.89 0.13 

Sock 21 0.93 0.11 

• wt.% 

_.f 

" 

" ~ 

, ;;-

TABLE V.2 

*Averoge content and standard deviation of the elements in the,core samples. 

K 

a 

2.66 0.32 

2.62 O. 15 

2.35 O. 14 

2.54 0.18 

2.08 0.38 

p 

,. 
" 

1.66 

2.01 

1.83 

2.03 

, .70 

Mg Ca 

cr 

O. 188 1.44 

O. l1 . 1.91 

0.03 0.80 

0.24 1.66 

0.21 1.79 

~ 

Fe AI 
(J (] a 

» 

1.07 4.65 0.27 6.89 0.42 

0.86 4.64 0.24 5.72 0.63 

0.06 4.57 0.1.9 6.90 0.44 

0.40 4.50 0.42 7.(}2 0.54 

0.40 3 .. 33- 0.22 '5.31 0.75 

• 
Ti Mn ppm 

a-l a 

0.75 0.098 668 73 

0.62 0.056 561 47 

0.89 0.037 '417 39 

0.82 0.07.- 353 49 

0.79 0.051 267/10 

1 

-8 
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The variation ~ith depth of IOme of the ma~I.~~h ln the 

four short cores (BIO 36, S 3, S 17 and S 21) is shown in Figures V." to V.8. 

No specifie trend appeari to exist, except possibly for core S 21 where K, AI 
1 

ane! Mg tend ta increase with depth in the core.. This is to be expected since the 

three other è'ores somPle only the post-glacial sediments (unit 1). The sources of 
. 

material to the Gulf during post-glacial times presumably remained the sarne 

throust- this period, which explains the mOre or less constant composition ocross 

unit 1. 

core for the 8 

fi9!Jres V. 9; V. 16 iIIustrate the variation with delth in the 

elements studied in core 110 115. 11,ere is no eViden\ trend 

in the vertical distribution of $Ome elements along the core. No and Mg ore 

exceptions, as they àppear to decrease in concentration with depth in the core. 

A degree of covariance is suggested for No and Mg and K, as they have 

~ima rd minima at corresponding depths'. Variations in Fe and AI could 

also be related. On the other hand, n, Ca and Mn do not show any definite 

t~end, nor can they be correlated wi~ 80ch other,' or with any of the otherflements. 

The three uf:lits identlfied on the basis of both litholog)' and 

mineralogy have, however, a distinct, different chemical composition os shown 

in Table V.3. Unit 2 has a relativ~ly low concentr~tion of Na, K, Ca, Mg 

°and Mn when compored to unit. 1 and 3, with the highest concentrations of 

the elements being in unit 1. 

. . 
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TABLE V.3 

Average ehemi.eal cOmposition* of the three stratigraphie unÎts 
in COte BIO 115 • 

\ 

EleJent 
, -Stratil(aph ie Na K Ca Mg 

unÎt ' . 

0-680 cm J.79 2.62 

2 \ 

,68o-8~ em 1.24 2.20 
3 

820-1040 cm 1.37 2.34 

,. 
,concentrotion. ore given in wt. %. 

-concentrations are given in ppm. 
~ 

JI - ~r: 

/ 

'" 

1.03 1. 76 
1> 

0.74 1;47 
" 

2.26 1.63 

-

fil" 

o 

-;. 

AI Fe 

....... 
7.47 4.85 

7.00 4.67 

6.50- 4.41 

- ~ 

" 

Ti Mn-

0.758 707 
. .. 

0.754 569 

0.649 6J. 

-8 
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Figure v ... 

Variation of Mg content w.i th depth in the core, for the four 

short cores ana 1 yzed . 
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Figure '1.5 
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Variation of K content with ciepth in the core,~ for thê fou~ short 

~cores analyzed .. 
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figure V.6· 

Variation of AI content with ~pth. in the corel' for the four 

short cores -ana 1 yzed . 

Figure V.7 

Variation of Mn content with d~pth in ~he core, for the four short 

1 cores" onatyzed. 
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Figure V.9 
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Variation of K content with depth in the coreJ core 810 115. 
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Figure V. 10 

Variation of Mg content with depth in the core;'corê BIO 115. 
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Figure V.1l 
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Variation of Fe content with ode~h. in the core; core, 810 115. 
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~oriotion of AI content with depth in the core; ,core .BIO' 15 
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Figure V. 13 

Varjotion of No content with dep~ 'in the core; COre 810J 15 
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Figure V.14 

Variation oi.Mn content with depth in the core; core 810 115. 
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Variation of Co content,with depth i.h the core; core BIO 115 . 
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Figure V.16 . , 

Variation of Ti COnIen' wl th clepth il! "'" core; core lO 115 . 
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5.5 Rel~,tionship5 Between the Elements 

Sodium ahd Potassium: 

A plot of No vs. K in the cores is ~ in Figure V. 17. 

,The variations of Na/K ore similor in the different units of the cores,. 80th 

, e lements tend to decrease in absolute content from the recent sediments (unit 1) 

,to the older ones (units 2 and 3). This ma)' reflect the downword decrease in 

feldspors abundance which was noted above when deal,ing with the mineralogy 

" of the coarse Frqction. 

With the eKception of the surface one, 011 somples From core 'S 21 

'" 
are highly deficient in No, os compared with other cores. 

\ 
Iron and Magnesium: 1 

Figure' V.l8 is a scatter diagram of Mg vs. Fe. Samplas.from 

core S 21 again lie in a separate region of the graph. A boundory may be drawn 

. , 
arbitrarily between points for the upper unit (unit 1) and the older ones (units 2,3). 

It 'was concluded above, that in the Gu4~ ~iinent,s Mg' as weil os 

most 'of the Fe, occurs mainly in chlorite. The clustering of points in Figure V. 18 

tend te> conHrm the fact that the)' occur in the some mineral;--

) 
Although there is some overlapping, sedimenh of unit 1 have . . 

generally higher Mg/Fe thon thase of unih 2 and 3, possibl)' because of hidter 

content of pyrite, homblende and gamet in 'the aider units. The presence af these 

,-
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1 Figure V.17 

,~ .. 
Relotionship between No ond·K contents in the COre semples 

"it GrèY?'iye-green sediments 

o Reddish brown sediments 

• Core S 21 
t'., 

(' 

Figure V.IS 
, . 

Seotter diogram for the Fe and Mg contents in .the core semples > 

... Gray olive-green sediments 

o 
Reddish brown sediments 

• Core S 21' 
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115 • t l , .. 
mindrah' results ion an increase of the Fe,. cpntent, thuSI'in a relative deerease of, 

the MW'Fe ra'1io. , . 
f 

} 
Titdn~um: 

t 

ln surfièial sediments, Ti dôes not show ony correlation with ci,hrr 

Fe Or AI. .. It does not Ihow either any relative increase Or decrease with regard 

.. to these two elements in any one o'f the three vnits. 

- / 
As shown obove (Chapter III), Tf is mainly incorporated into the • 

.. 
Gvlf sediments ~ Ti ,mio.erals (chiefly, ilmenite). The lock of ony signifieant 

trend with depth in the core or colovr of the sediments 'may indica'e thot Ti , . . 
minerols were supplied ot a constant iate to .the fine fraction of the sedi;';e~ts 

. during the depositio~ of the three units. If Ti minerais are mainly supplled in . . 
" J 

suspéns,ion From the St. lowré!"ce River ~C~aptt\\ ln); i~ could mean that this 

SOurce maintoine4;the ~nie intensity during the complete period of deposition of' 

the COres. 

Monganese: /. 

, . 
Decouse of the re/otivelychighaproportion of the non-detrital Mn' in 

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

expeded la he poor. It may then be worthwhile ta consider the non-detritaf 

ffoction of Mn separately. The results are giv'en in Table 5, Appendix C, and 

recapituloted in Figure V. 19. 
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In·core 810 115, relative maxima in the non-detrital fraction 

of Mn which is associated with Fe-Mn oxides occur at depths in the core 

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

The presenGe of authigeni,c pyrite indicates thot reducing 

conditions may have prevailed in the sediment!. for some time after their deposition. 

. ~ ~ 
ln these conditions, Mn will be redueed from Mn to the soluble Mn . The 

migration of Mn t2 in sediments is weil documented (Manheim, 1965; Priee, 

1967). Priee (1967) has shown thot during burial, the oxidote fraction. beto~ 

reduced, produeing metal ions which are either preferentially absorbed by humie 

acid, or which may form metal amino-aeid complexes in true soltttion. Upword 

migrttion of such complexes ;nto mo;e a1kaline and oxidizing environments would 

tend to preeipitate Fe-Mn o)(ides. High pH and Eh values con occur at the 
- ,/, . 

Jsediment-water interface layer os a result of int~msive water cireûlotiOfl. 

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

.Ievels mentioned obove; these i,ntervols mark the oppearonce of the speci~ 

charocteristic of the North Atlant'ie Siope Waters, (loring, 1972, p.c.). From 
~, 

th is we might, infer that periods of h igh Fe-:Mn oxides deposition correspond to 

limes of active oceanic èircufation, possibty occurring in responSe to globol 

cl i matie changes. 

(\,) 

The followi~g factors may also lead to i~reases in the deposition 

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

Fe and Mn From rivers; (iii) higher biological production in th"e woter column. .. " 

1 
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, 1 

However, there i~ DO indication tftat a change in the rates of sedimentation occurred 
• 

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

'-----" 
non-detritol contribution of trace elements other thon ,Mn would be noticeable 

,(Riley and Chester, 1971)\ which' is not the case (T9b1e 5, Appendix C). The last 

~ , 

two factors listed may result from· climatic modifications, which may affect the 
• ,1 

'weathering proces;es on land, or may leI'Jd lo increase in bi~ogical production. 

, J 
5.6 Application ~f Factor Analysis for the Interpretation of the Geochemical 

Dota from the Gulf of St. Lawrence 

To interpret the meaning'of the vertical variations in elements 

content along the- cores, the anolytical resul!S were subjected to Q-mode factor 

analysis, as described by Imbrie'(f963) with respect to geological studies. This 

me~od allows to identify the main f~ctors responsible fonthe compositional 

variance of the samples. It is then possible to extract reference vectors which 

are used to compute the obliqu~ vector proi~ctions (lmbrie, 1963). In geochemic,al 

surve).s, the composition of each vector corresponds to that of a possibtè single 
"\ . 

SOurce contributing to regiongl sediments. 8y identifying among ail the possible 

sOurces of sediments to .ne Gulf, those which fit best the main vectors composition; 

it is possible to make rea~nable in~erpretation as to the nature of the major sources 

which have contributed ta the sediments and thus establish quantitatively their 

relative contribution te each 50mple onalyzed. This ollows: (i) in deoling with 

surficial sedi-rents, to defin~ areas,of influet:\cè ,Fo.r eoch ma.i0r source; (ii) ln 

ano'yzing core somples, to estoblish time fluctuations in supply from these sources. 

1 
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. 
.. The factor analysis indicat.es .. thot six factors account for the 

) . ~ , 

variations in chemical compo,it~on of the 55 surficiol somplesano"yz.ed in t~e Gulf. 

94% of the observed composition con be described in ter ms of ~nly threè factors 
, 

(Table VA). The some thr~e factors oocount ogain for mast of the somples com-

position when the cOre dota is includ,èd. They, were e~tracted olld rototed and the 

oblique vecto,. projections co'mputed. The three ve~rs exfràcted weré used os 
""~ 

reference vectors in interpreting t~e cor.e dota. 

The three vectors extrocted correspond tosamples S-3, A-18 and 
" "-

t 
A-72a. Thus these three samples may be taken as adequately representing three 

'. 

major discrete sources to the sediments. 

Sample S-3 co mes from a de~ of 372 m if' the laurention Channel 
- ' . 

,·It consists of a very fine-groin sediment with low AI and hi~ Fe contents .... Its 

. composition is close to that of the suspended matter in the St. Lawrence estuary •. 

-
The correspon4ing vector (vector No. 1) thus may be considered t~ represent 'con-

tributions from the suspended lood of the St. Lawrence-River . . 
The sample corresponding to 'vector No. 2 contains t!!~ hi~esf 

'/ 
1 • , • 

calc;ium' carbonate cont~nt of 011 the somples (31,% by wt.). If was càllected at 

" a depth of 309 m~ close to the limestone formations exposed on, Anticosti Island. 

Il is assumed then that vector No. 2, represents ~st the contributions made by . 
J 

colca~~us sources to the sediments. 

Sorpple A,.-720 is a shollow-wo'ter ~~Ie from the-" oorth shore, 
1 r ' 

bOving a chemic~' compo5iti~n similor to the ~erag~ granodiorite of the_~anodion 

.. 

, . 

, . 
-/-

r . . 
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Areo' distribtion of ".ctOf No. 1 (suspended matter ~tor) 
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Figure V.22 
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Areol distribution of vector No. 3 (north shore vector) . 
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Shield al calculated from MaKweli et al. (1965). Vector No. 3 will repfe\ent 

th is $Ource. 

The corre lotions between vector No. 1 and the suspended matter 

in the estuary, and, vector No. 3't!1 the north shore granodiorites are shown in 

Table V.5 . 

T ' 
~-- ., 

Boséd on the study of surficial semples, it is possible to outline 

oreos of the Gulf where the composition of the sediments is inFiuenced respectively 

by eoch one of the three dominant vectors (Figures V.20, 21 and V.22). Vedor 

No. 1 occurs as a major constituent in 011 samples, particulary in somples From 
/ 

deep-woter stôtions, and in the north western port of the Gulf. This agrecs with 

previous cone/osions bosed On results of the maïor element onolysis, os weil os ' 
~ 

wi th those of Nota and loring (1964), thot the suspended motter contribution to 

the sediments in the Gulf Încreases with the depth of water. 

Vector N!>. 2, the calcium carbonate vector, is more reshicted 

and confined to sediments occurring near carbonate outcrops around or in the 

Gulf. 

Vedor No. 3, the north shore vector, controls brood regions of the 

Gu If. It\ influence, however, is more pronounced in the J)Orth eostern porh of 

the Gulf, where there is a corr~sponding decreose in the contribution made by 

vector No. 1. 

Due ta the limited number of samptes collected from the Magdalen 

SheH, this region was not considered with the rest of the Gulf. It wus found, 
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TABLE V.4 

Extract From eigenvalues table 

Eigenvalue 

39.12413 

9. 14415 

3. 14928 

TABLE V.5 

Cùmulative % 

71.13 

87.76 

93.50 

*Correlation I?~'twe;n extracted vectors and matter , 

from the estuory, and gronodiorite 

Sample (vector extracted) 

Suspended matter 

Gronodiorite 

S-3 

0.95 

0.84 

A-72a 

0.87 

0:97 

* Correlation is bosed on the cos 9 oritei-ion (lmbrie, 1963) • 
' . 
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hOWdver, that the five samples obtained there,are dominated by a particular vector 

(sample R-4) which accountS for more than 90% of their composition. 

} 

, J 

Interpretation of the Core Analyses 

An. examination of the contributions made by. the thr-ee reference 

vectors to the sediments during' the deposition of the five cores an~lyzed, indicates 
, 

thot compared to vectors No. 1 and 2, vector No. 3 shows significantly greater 

variations (Fig. ,V. 23). This may happen for either one of the two following 

. i \ 
reasons: (i) the confribution l'hade by vector No. 3 is smalli hence, even 

minor fluctuations will become noticeabl~s (ii) vertical variations in vector No. 3 

may occur in response to environmental factors, for instance changes in c1imatic 
f' 

conditions which may affect the ext'ent of ice coyer on the surface of the Canadian 

Shield and the amount of rock detr.itus J:emoved. 

A definite increase in the relative contribution made by vector No. 

, 3 is observed at a depth of 50 cm in cores S 3, S 17 and to a lesser e~tent in core 

810 36 (Fig. V. 23). As should be expected core S 21, which consists entirely of 

• pre-glacial sediments, does not showft'tie SQme variations: Vector No. 3 shifts from 

positive to negc;tive values below about 8 cm. Core 810" 5 shows only a .!I ight 

.iri1Îect;o~rec fo, No. 3 o' .he 50 cm. level. "", """""",ble ;naeo,e, oppear 

furth~r down the cOre at depths of 100 cm, 230 cm, 450 cm and 680 cm . 

Again we may specula te that increoses in vedO' No. 3 contributions 

t 

~ 

.l'~ ~j . -
'JIIAo"'f" ,..,.,,~& 

... ,;!. .. 

may be brought about ~y short periods of warmer temperature w;,h consequent reduction 
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Figure V.23 

Variation in the contribution made by vector Na.3 with depth in 

the core, Jar the five cores studied. 
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Figure V.2. 

Voriotion& in the contribution made by vector No. 1 wHtd.ptll 

in the' core, for the five cores studied. 

Figure V.25 
,~ -

Variation of the Sq. % vector contribt.!tion of vector No. 1 with 'depth 

in the core. cores 81036 and BIO 115 • 

" 

.. 



• 
&: 
0 

:;:: 
:) 

\ ..0 

1: 
8 
u ... 
! 
u ., 
> 
?ft 
• 
i" 

&: 
.2 -j 

• 

.. .. , 
.. 
r 

.. ... 

· ... -
· .. -
.. 

Cl 

.. 

... 
Co ""-/ 

j J. J ... '" '" '" 

j 

1 1 l .. ~ ., .. ,.. M ... 
Depth in 

cm 

1 1 ! 1 ... " .. 
'" .. .. 
~ ln VI '0 

the çOre. 

~( "',' 
, ' 

',. ,; , ,; , . ' '" ... ~ ~-o p 
\1 

1 t .. 
~ .. .. 

~ ho 

,,« ... ' 

1 , .. 
" 

~ ... ... 

n ---I--~----i-t --- f---"'--I---+I--tl~-+--t--+--+t--+I--+--+--I 
H .a ;: il. ~ ", z .. .. n .. .n .. 

" • .. .. 
1 

.. 
• .. . , .. 

• '" - .- ,.. t. t"\ ,.. ~ !t ~. ~ ~ '0 ;t : 
• 

Depth in the core • 

cm 
, 

\ ' 

• 

') 



• 

( 

• 

. 127 

.., of the ice coyer in the source areas to the north of the Gulf. Core BIO 115, 
" 

which is south' and for':removed From the...north shore th~n others does not have 

a pronounced vector No. 3 maximum at 50 cm level. presumobly ~cause trons-

port by ice-rafting operates over smaller distances in warmer periods. 

This interpretotion is supported by the following arguments: 

(i) lev~ls in core 810 115 marked by tnCJxima in vector No. 3 coincide with the 

appearonoe in the sediments oF fo'iaminiferol assemblages characteristic of the 

North Atlantic Siope Waters (loring, 1972, p.c.; Fip. V.3). These faunol 

changes suggest that the l'Tl(Jjor circulation patterns in the Gulf were modified in 

response to climatie alterationsj (ii) if the rate of deposition of 22 c""l000 yeur , \ 

(Nota and loring, 1964) is token aS' an acceptable approximation of the sedimentation 

rates in the regions where the cores were deposited, the 50 cm le've' in cores, 

S 3, S 17 and BIO 36 would be approximately 2400 yeurs old. According to 

Potzger and Court:èmonche (1954), a warm interval occurred during thisJime. ,It 

F allowed the terrestfiqt floro to ~\dvance 400 miles north of its present limits in 

Quebec; (iii) the four vector No. 3 maxima in core BIO 115 and BIO 36 

coincide with higher contents of oxides of Fe and Mn (Fig. V.19). The 

deposition of the se oxides may be related ta chonves in pH and Eh which are 

bo,th tempe rature dependent. 

) Based on a sedi mentation rate of 22 enV1000 yeor, the low~t 

three vector No. 3 maxima in 810 115 would corres~ roughly to worm intervals 
\ ~ 

f 

:"G 
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at 10,500 years BP, 20,500 yeal"S BP and 031,000 ~ean 8P respectively if 

the above interpretotion is correct .. 

) 
On the other hand, variations along the cores in contributions made 

by" vector No. 1, the suspended matter vector, may indicatè f1.uctuations 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 olong the cor~s,ore shown in Fig. 

V. 24 and 25. ln core 810 115, relative'minima ap~r ot depths of 230 cm, 

520 cm and 730 cm; while in core BIO 36 onlyone minimum occurs.at the 230 cm 

,lever. According to Our previous findings, these would correspond to rèlatively 

~ower stands in seo level at about 10,500 years BP, 23,5io yeors Bf, and 

33,000 years ,~P, and 10,500 yeors 8P respectively . 
. "' 

~, 

This application oF factor anàlysis to a small nùmber of cores in a' 

region os bread'às the Gulf oF St. Lawrence ~rves'only ta illustrate the possibilities 

of this technique in stratigraphic interpretations. \ The larger the number of cores, 

the more valid would become the çonclusions obtained. The method is useful as it 

revecls potentially meoningful Fluctuations of geochemical properties in core somples 

which under visual examinotion appeor homogenous. To be entirely meaningful, it 

.... ...". , '" 
would need os supporting evidence, faunel or geochronological studies, ln areas 

like the Gulf where these are ~ifficult to obtain, if may ot least alfow to raise 

some questions a~t recènt dimatic boundaries, which hopefully could be onsw.red 

at sorne loter ttme. 
) 

" 
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CHlftER VI 

SUMMARY AND CONCLUSIONS 

This study has determined and discussed sorne geochemical charoc-

teristÎcs of the Gulf of St. Lawrence Recent sèdirrents based on the composition . ., \ ' 

of a suite of 55 somples. It has attempted to analyse the factors which control 

the distribution of selected major, minor and trace elements in the fine fraction 
. ~ '\ . 

( 63 ... ) of these sediments. The major .findings and sorne ~(th~ir 'geoI09ica~ , , ) 

implic~tions arel1'lOw bt-iefly summarized. 

J 
Jhe material smaller than 63 lnÎcrons makes up on the average 

79% of thft studied sediments. The percentoge of cloy-s1ze components (/ 4 p ) 
" 

. .... 

shows an èJpp~ximately linear increase with water depth, which suggests that 

'j. 

settling through the water, column of particles delivered to the Gulf in suspens-ion 

is an important rpechanism of sediment accymulation ..... However, the importonce 
, '> 

of ice-rafting as a major tran~port prOcess is evidenced bya comPlete lack of 

) correla;ion between the percent coaiose fractio~ in. the somples and the depth o~ 

water. 'r\ , , 

~ '. 
'" 

\" )he m;nera'i co~s;t;~n 0( sed;ments u$UQliy p,ov;des the 00' 

indication as to the nature and relative importance of the varioUA,A;ontributing .' ~ 

, Î 

sources. In the Gulf, the dominant fine fraction, which was here analy%~l'· l, ., 

is a complex mineralogical mixture in which it is difficult to identify 011 the . 
component minerais. ,On the other hand, an analysts of the coOrse f~ "'" 

• 
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minerology provides a con"enient simple technique to determine the source areos , 

(loring and Nota, 1969). ·It clearly disfinguishes between a northern Gulf province, 

in which sediments originate mainly From the crysta"ine compte)(es o~ the Canodian 

''',,- Shield, and a south~rn Gulf province, where sediments have their principal 

so~rces in the Ap~lachion regions. This distinction is-bose~ the shope~nd 
J 

r appearonce of the quartz minerais: amphiboles<Jnd pyro)(enes are particularfy 
1 .. 

abundant in the northern part of the Gulf. 

)-
Among the clay minerais in the 2 micron fraction 1 the order or 

" 
obundonce was fou'nd to be illitJ', chlorite and kaolinite. No montmorillonite was 

, 

detected. , In,this very fine fraction, which corresponds ta the dimen~ion of particles 

in~~rsion, quortz, feldsporsond amphiboles ore olso present in signifieant 

quonti'ies. The suspended motter h enriched in chlorite with respect to the sed-

i";"'nts. Thus sorne fractionation appears to take placé in the wcter çolumn during 

'which chlarite is left preferentially in suspension. On the other hand the chlorite 

1 

content in the clay-size fraction (. 4 tJ) is found to increase with watcr depth, 

\ 

another indication that the contributions ta, the sediments mode by ~teriol .n 

, . 
suspension increase toward the central ~nd deeper ports oF the Gulf. 

ln studying the geochemical composition of the sediments, a procedure 

wos used ta distingufsh for each element between a de.trital fraetiop, which is suppl ied 

to the Gulf as companent of minerai detritui and a non-defrital fraction, which is 

introduced in soluble rorm and ac:currulate 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 areas 

(loring and Nota, 1969). It clearly distinguishes between a northern Gulf province, ' 

in which sediments originate moin Iy from the crystalline complexes of the Canadian 

Shield, and a southern Gulf province, where sediments h~ve their principal 

sources in the Appalachian regions. This distinction is based on the shape and 

appearonce of the ~uartz minerais: amphiboles and py~o)(enes are particuJarly 

abundant in thè northern part of the Gu If. 

, " Among the clay mine~n the 2 r:.icron fract ion 1 the order of 

abundance was found ta ~ illite,- chlorite Qnd kaolinite. No montmorillonite was 

detected. In this very fin)fraction, whïch corresponds ta the dimension of partides 

in suspension, quart~ feldspars and amphiboles are also present in significant 

quantities. The suspend.d matter is enrich~d in chlorite with res~ct ta the sed-

iments. Thus sorne fractionation appears ta take place .. in the water column durin'g 

which chlorite is left preferentially in ~uspension. On the other hand the chlorite 

content in the clay-size fraction (. 4 ... ) i~ found to i,:,crease with water depth, 

another indication that the contributions to the sediments mode by material ln 

.suspension increose toward the central and deeper parts of ,the Gu If. 

ln studying the geochemical composition of the sediments, a procedure 

was used to distinguish for each element between a detrital fraction, which is supplied 

te> the Gulf as component of minerai detritus and a non-detrital fraction, which is 

introduced in soluble form and accumulate in the sediments by either direct pre-

cipitation, surface reoction or biologlcol proce$es. For both fractions, criteria 

J 

,~ 
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werd defined and correlation tests applied to determine as closely 01 possible their 

preferential associations with one or several of the sediment components. The 

1 

results were discussed in detail in Chapters 3 and 4. They ore summarized in 

the first column of Table VI. 1.0. 

- ' Locally the nature of the country rocks exposed on shore may affec t r 
the composition of the nearby sediments: for instance the distribution of calcium 

is affected by calcareous outcrop'. However, os a rule the distribution of the 

major elements is main'ya function of the depth of water because of it~ control 

on both the texture and the minerology of the sediments. 

1 
With respect to the detrital fraction of the trace ele~nts, chlorite 

is found to be responsibfe for between 65% and 80% of detrital Co, Cr, Mn' 

_ •. -1': 
-., 

. 
and Zn. Almost 011 of the detritol Sr enters the sediments in association with 

plagioclase feldspars. 

On the other hand, partial corr!'ation and multiple regression 

analyses indicate thot organic matter is a major carrier for the non-detrital 

froction of the troce elements, wh,ch could possibly occur os sorbed ions or 

orgonic complexes. Precipitation with iran oxides i$ important only for Mn 

and Se, and ta a 'euer extent for Pb, Cr and Zn. Co, Pb, Mo and Sr 
, r 

~ 

t'are added ta the sediments in association with carbonates. Adsorption on cloy 
, . 

particles appeors to contribute only Mo. 
" • Very rngh Se values in the ~iments onalyzed ore of particular 

interest since zones of seleniferous mineralizotion or soils of high Se content 
o 
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\ TABLE VI. 1.b 

Trace element contribution mode by the non-detritol fraction 

,of the sediments in the Gu1!.os compored to other sediments(1). 
, 

% contribution 
made by the non- Co Cr Cu Mn IN> Ni Pb Sr Zn .-
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 12 6 11 14 9 17 

(1) values normolized to 10.5% CaC0
3

, which is the average for thè Gulf 
, 

sediment samples used in this study. 

TABLE VI. 1. c 

* Trace element association in the non-detrital fraction 

\ Elements 

Variable Co Cr Cu Mn Mo Ni .Pb Sr Zn Se 
-~--- -- - - ---- - - ---.-- -- --- - ---- --
Organic Carbon 

1 

X X X X X 

Fe oKides X X X X X X 
0 

Carbonate ~.' X X X V 
, 

Adsorption - X . .... 

* Prtfs~nt work. tt Chester and Messiho-Honlla (1970); 

** From Hirst (1962 a,b). Van der Weijden et 01. (1970); 

• EI-Wokeel ond Ri ley \(1.961 ) . 
t From Angino'11966); 

( ) .... averoge values given in parenthesis. 
Be 1 tagy (1969) 

? no information ovoiloble. 

1 ., 
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,. 
ha~t __ be.n reported anywhe,.e in the drainage basin. The correlation between 

Se and non-defrifol Fe in the sedlmenti wou Id indicate that Se is removed 

From solution during the precipitation of iron o)(idel. Whether' Se is introduced 

in the Gulf entirely by naturol process •• or partly as th, results of Man's activities 

is not known. 

The high percentages o'f non-detrital contributions to the total 

concentrations al somo traçe elenl«!nts, sug~st that chemical weathering may be 

more active in the SI. Lawrence basin thon is usually expected in suborctic regions. 

Feldspar porticles in the sedimJnh do not show much alteratio,ns. On the'other hand, 

there ar~ detectable amounts of kaolinite, a diagnostic product of minerai dis-

integration. The relaHvely high or~anic matter dominantly of terrestrial oriyin and 

the numerous peat bogs in marginal areas of the western Gulf wggest. that soil-forming' 

processes' are active enough to induce partial mobilization of froce elements from 

1 

pàrent rocks. Other non-detrital additions of trace elements to the environment mey 

come from, (i) mining and other human octivities in the droinog. basin (Boyle et al, ,-
, . 

1966), (ii) upward migration of sorne elements, such as· Mn, within the sedi'ments 

fo/lowed by redepostion ot the interface. 

When compored with other reg!ons, broad difference in geochemicol 

~ characteristics seem ~o exist between th~ Recent, ~dimenls in the Gulf of St. Lawrence 

C and neritic or shelf sediments in h igh and low lotit ~des for which analyses ore avail-

ahle. T'he chemical composition for ~~Se various environments and the deep-sea arc ~ 
compa,.d i" 1 qi'!!'f' VI. 1 . 0 •. Il ... ~ .. i ni;.; mine,;' 1. are al", ind; cote<!. D; fI.renw. J 
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appeur not onfy in the absolute èoncentratlons of the elements, but blso in thei, 
1 

relotive di.tribution omong the voriou. minerol component. or th_ .+Imenls. 

Montmorillonite which acts os the host minerai to mony eleménts in ow latitude {, 

sediments (Hirst, 1962 o,b) is characteristicQijy absent in the Gulf. In contrast , 

chlorite, and to sorne elt'enl illife ore the minef,Ol componenh whiJ Qccomodate 
tÎ 

the largest number of elements. The chlo.ite comes largety from the physical 

1 

, b'eokdown or basic igneous and metomorphic rocks, while the illite hich is the 

dominant clay mine,al ~y have beeri derived mostly from tillite and glacial 

sedimentS .(foirbridge, '965). The element distribytion between the etrital and , ' 

non-det~ital frodion~ differ markedly in the Gulf from thot observed ln low 0' 

high latitude sediments and in deep-sea deposits. Afte, normalization to a conslant , 

c~,~note content, the non-detrilol contribution to the elements Mo, Ni,'Pb ond 

Sr is' higher in the Gulf thon in any other environment (Tobie VI. 1 b). On the 

otfier hond non-detrital Co, Cr and Cu ore intermediate betwecn low and high 

latitude sediments. 

Sinee the depth ~f water oppears to be the major factor which 

indir,ectly controls the 'composition of the.s'Arfoce sediments in the Gulf, this raises 
~ 

the possibility of using sorne aspects of the .chemistryofsediments ta indicate thé dcpth of 

deposition, henee changes in seo level. This analysis is delicate and may best be 
~ 

performed using the majo\f and minor elements, as ytith regard ta trace elements 
\ 

comÏ>licoting factors modify the infl~ence that depth may cxert On their distribution . 

Studiel cotried out on five'cores by mecns of corre lotion tests showed that 
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\ / 
votlations in lingle element cOQ'l.po~ition or in element rati~s exlst between distinct, 

stratigraphie units. Going one step Further, by applying factor analysls H was _ 

possible to obtain (, theoretical solution which gave the major vector variations • 

as a function of depth in the cores. Thes8 variations provide an additional method 
, 1 

for COre cross-correlation which could be precious in the study of Recent deposits 

locking \n standard stratigraphie criteria. Also the se factor vorio;ions may be 

indicative of recent climatic changes as they can eosily be interpreled in terms 

of short pèriod seo-Ievel fluctuations. Thus geoche~ical analyses performed 
r-

systematically or~ a large number of cores From a given region may provide inter-
, 

esting paleoclimatic in~rmotion, as'" long as some independent stratigraphie 

control is also available. 

finally, the present study moy provide a base line for further 

investigations concert\Ïng changes in trace eleme~t inputs in the marine environ-
, 

ment coused br preseQt industrial activities': Variations in> the rion-detritaf fraction 

afe certainly related to these octivities. In foct it has been shown .in Chapter IV 

that the Cu input in the Gu If could be '3 to 4~~~ t~at expecJed for 0 ri~er 
having the sorne onnuàl dischorge and compar6ble drQinage area; but'without 

industriol and human contributions: This cou Id also he true for most of the other 

elements studied . 

'. 
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APPENDIX A 

SElECTION Of SAMPLES AND METHODS OF ANAL YSIS 

Sele.E.!}on of Samples, 
~ 

, 

'. 

The cores From which the somp'ies were taken were collected 
/' , 

'. 

dUI ing fOUI short cluises ta the Gulr'of St. Lawrence in the years 1967, 1968,> 

{l 

1969 and 1970. Samples were co"ected as short cor~s that v~rièd in leng'h 

'From one foo' to 'wclvc feet, depending on the type of sediment and ,he type 

of core. • 1 

A piston corel as weil ~!; simple gravit y corer were used in ,IH' 

sampling process. 

148 

The position$ of the coring stations and the depth of ovcllyif19 wakr . 

ale given in Table 1. The stations are shown on Figure A. 1. 

The cores obtained WCI e kept in thei. plastic tubes under lefr ig-

e/otion until opened for the sampling procéss at the Moline Sciences (enfle 

'oborat~ries in Mont/eal . .!l The matarial used for this study was toke,n From the 

first 'four ,~""ot the top of the core. In o.der~ -void contamination dU! ing 
L< 1 f\t~ , 

safllpling, the outer portion of each COre section Jas removed. 

Suspcnded matte. somples were coltected during a crui • to the 
{l' 

Gulf in 1972. A continuou~' !Io~~ccntl ifuge WQ<, uscd '0 <.ollc(" ... ,t.c !.l/!.pcnocd 
, ( 

mott.er From wattH somple~ pumpl'd from~. 4 rr below the seo sur fan . 

~-
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"" " 

T.J..8LE A. 1 

:- " \ Core locallon~ and wa'e, depths. 

Sample No. Longitude Latitude 
Wafer depth 

m 
"~--,-----, 

0 A-')' 60° 06' W 4f 16'N 238 
, 

A-• 59° 34' W 47
a 

32' N 468 . , 
,.' 

~ 

58° 31' W 49° 50' N 
J 

A-6 1,) J 

A-7 !>9°·09' W 50° 03' N 241 .../ 
f, A-1Q 61° 30' W ,49° 51' N 182 

A- f?3':'"'~ 66° 00' W 50° 02' N 113 
~ 

65° 54' W 49° 46' N A-14 315 

A-15 65° 59' W 49° 35' N 324 

A-16 65° 48' W 49° '17' N 189 

64° 40' W 49° 26' N 
0 

A-17 369 .. 'J 

A-18 63° 41' W 49° 22' N 309 

Q A-20 64° 02' W 49° 04' N 320 

A-25 62° 46' W 48° 47' N 297 

\ R-2 61° 39' W f 46° 36' N 61 

R-4 62° 20' W 47° 04' N 57 

. R-5 63° 06' W " 47° 46' N , 70 i 

R-6 \ 63°°24' W 
1) 

48° 04', N f ·53 
, 

G-c 61° 45' W 45° 57' N 31 <t. 

1 G-9 " 63° 55' W 0 
45 57' N 377 

G-ll \ 65° 52' W 
I, ° 
"49 23'~ '335 

(i-12 66° 02' W ° 49 41' N 350 , 
fT' 

59°,05' W r 49° 35' N G-21 234 

G-23 5-,0 39' W 50° 39' N 264 • C":25 J 5Ro 11' W 51° 02' N ~ 197 

G-3Q 60° 49' W 51° 02' N :1'2 
Y,' " ~ 

'-*"\ 
, <' 

\ JO' 
\ 

. v' . 1 
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TABLE A.l (contt'd) ---
• . 

-~---_._._-- ._--,--- ---....... .. 

Sample No. 1 longitude latitude 
W~ter ~epth 

m 

,-------- ~-----.--.-""__r"- ~-------'. 
$-\7 65° '33' \\1 49° 36' N 4\0 / 

, 63° 08' W ' 
. 

48° 34' N $-3 , ~3n . 
S-21 60° 11' W 48° 17' N î34!> ~ 

5-\9 b'l~ 27' W 49° 49' N 27,0 

A-50 59° 43' W 4-,0 24' N 470 
0' / 

A-51 ° 48° 54' N / 288· 59 52' W / 
, , 

~~ 
1-6 58° 42' W 49° 49' N , 187 

58° 00' W 
,..-.,,1 

50° 04' N A-53 

1 
220 

l' A-58 57° 52' W 50° 10' N 157 

A-54 r)9° 20' W 50° 22' N 118 

A-5J 58° 32' W 
'" 

. 50° 47' N .. 13\ 
\ 

A-63 61° 3!)' W 49° 371 N 27~) li 

1-7 ~9° II' W 50° 02' N 20~ 11 

A-61 
, 

60° 14' W 49° 24' N 27'.; 

A-67o 6i 74' W· 50° 09' N 202 

A-71 63° 25' "!IV 50° fl7\ 'N , 47 

. A-na 63° 23"W 49° 59' N 148 

A-74a 64° 17' W 50° 04' N 124 ~!~"\ 

~ 
.J 

A-7Bo 65~ 12' W 50° 09' N 124 

A-82 66° 36' W 50° 02' N 170 
t 

A-al 66° 50' W 49° 45' N 146 

A-84 ~;! 66° 33' W 49° 34' N 230 
'" ~ . ~ 

, 

"-B~) 66° 33' W 49° 19' N 320 
J 

"-

• iJij 

~, 
, 

d - • 
"-

/ , . -- <, '"'-, 
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Sampi. No. 

A-67b 

A-72 

A-7~ 

A-85h 

\ 

• 
• • u 

t-
TABlE Â.l (cont'd) 

longitude 

Il 

Wot.r d.epth 
m 

-------------------------------_.~------
, _/~ 

3 miles west of 670 

3 mile, west of 720 

5 mil., west of 740 

. .. 

, r" 

< \ 

, ' 

. , 

212 

f49 

50 

113 

r 

151 
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. Figure A.I 

" 

j Co.e and Suspended motter somples locations, 

• Core $Omple 

Suspended moUe. sample ( 
,.' 

'. 

.' \ 
J 

• '0 

.. ... 

. , 
i 
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Samples From 2 long cores (810 36 and 810 115) were kindly 
,. 

supplied by Dr. D. H. Loring. These samples were preserved dry in the open air. 

A.2 
"( 

\ 
A. 2. 1 Sample Preparation 

Repre~ntative somples were obtained From each core section and 

- , 

were then treàll!d as described below: 

1. ca. 8'gm of each sample was suspended in 500 ml of deionized 

water and plôced in an ultrasonic bath for~. 20 min. . ;J/ 

~2. The suspension was passed through 0 230 standard mesh, stainless 

steel se ive (0.063 mm). The coarse fraction was dried, weighed, 

and kept for minerological studies. 

3. The suspension was filtered and woshed with deio";ized ..voter until 

CI- free, then drietf in on air oven at 7aoe. 

" . 
4. The sediment flakes on the' filter paper were tran~feHed Into on 

/1 

agate mortar. The. sedi~nhvas gr~u~. gentl)' in order to ba!Q1c 

- the aggregates withoutaltering t~e pert ide stze pattern. 
- , 

5. ' The ground scimples were kepJ in glass viors for futute analysis." 
-""'-, 

,-' ,- '~ 

A. 2.2 Partie Je Size Analysis 

Between 2 ,pnd 3 "gm of-the weil mix'ed dt y sample 'NOS treated as 

desCI ibed below: 
,; 
f.~ 

.f 

.. 
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3. 
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To the weighed ~ample, 50 ml of 25% acetic acid wal added. 

The ~mp:ie was then placed in an ultrasonic bath for ~. 30 min, 

1 

fo ensure complete dissolution of the carbonate components., 

The acid washed sqmpl(,was then centrifuged, washed several 

times inQ.distilied water and treated with .. 15 ml o~ ,H
2
0

2
. 

The somple + H
2
0 2 was then placed in o."water bath at 85°C 

until no rea~tion was visible, then removed, centrifuged, washed 

and dried in an air oven at 90
0 

C. 

( 4'. Ea.ch dried, carbonate, organic 'rnotter--free sample was then 
" \ 

thorough Iy mixed, -<md 1-- to 1.5 gin was ta ken for perticle size 

anol~is. Each samples was suspended in 200 ml distilled water 

and pJQced in on ultrasonic bath fQr 20 min. After cooling the' 
~ l ' 
SQ,mpl~' was ''transferred to a 1 1 graçfuated cylinder, shaken weil, 

and the sediment allowed to settle . .. 
6. The samples were re-moved from the cylinder.at the 20 cm mark be-

low the water level, at time interval~calculated From SJôck's Law ond 

sel,çted to give perticles of size ronges given' in Table A. 2. 

7. Somple,s of each particle size class were collected in a smoll tubé and 

çentrifuged, The liquid, was then carefully poured off and the sediment 
, . 

dried at "90
o

C, côoled and weighed in the tubes, which has previously . ~ 

been weighed dry. 

" 

1 

\ 
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TABLE ·A.2 

Particle Size Ranges 

lime 

min sec Particle range ---
56 > 31 tJ 

7 45 1.6 - 31 tJ 

, 30 8 16 tJ 
~ 

122--- 4- 8 tJ 

490 2.':' 4 ... 

*490 2 tJ ' 

* depth .- 10 crlCJ' 
" 

;-

- . 

'" '" 
• 1< 

'" 

" 

., 

,. . 
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The ~rlii.entage of each particle size s;lass was calculated, and then 
• 

odjusted to wt% of the total.sample, takin,9 thé coarse fraction into 

consideration. , 

"Reproducibility of the technique was tested for each ~ize class by 

(1 

carrying out the separation of one sample three times. The results 

are given irt' Table A. 3, where they ore expressed as wJ .. % of the 

fi~ fraction. 

size closs ' 

TABLE A.3 

AReproducibil.ity of the Pipette Analrsi~ 
Seporot ion No. , 

> 31 ~ ) 1 

16 - 21 .... -{ 

14 7 

15.5 

14.0 • 

2 

15.0 

14~1 

14.6 

10.2 

. 8 ::,_16 fJ 

4 - 8'fJ . 

2..:. 4 ... 

2 fJ 

.. 

8.4 

9.6 

37.8 

• 

8.1 

38.0 

3 

16.3 

14.4 

13.6 

8.1 

9.4 

3~.2 

A.2.3 X-'ay Diffraction Analysis 
1 

~-ray diffraction analyses were carried out on the 2 ~ fraction of 
1 , . 

the sedime.nts and on the suspended matter. Samples chosen for the X-ray studies 
.#,' . " w:'"rO.ed os descdbed bel_w,-

-;; 

1 

\ 



··e 

>, 

" e 

. , . 

:s 

If 

157 

/ 
1. Between and 1.5 gm of the dry sample was weighed out and 

treated ~ith 25. ml of sodiùm acetate-acetic acid solution at 

pH 5. The sample was then placed in an ultrasonic bath for ca. 

20 min to remove carbonat~ 

2. The somple was centrifuged, washed with distilled water several 

times and Ire~ted ~ith 10 ml 30% H
2
0

2
, The sample was then 

, 0 
placed in a water bath ot 85 C, until reaction ceosed to occur, , 
e,!en on the addition of a few frèsh drops of H{) 2' 

3. Iro~ was removed using sodium dithionite-sodium citrate solutio~, 
~. 

with NaHOO
3 

a~ buffer (Mehr.o and Jac~son,_ 1960), by sha~ing 

the sedimel)t with 15 ml portipns of the ;;;ix·ture at aooc three 

t;mes e,9ch for about 5 min. 

4, Tlie sample was ~he~ washe<f several times with disti lied \a~~r, thcn 
, ~ ~ "'" 

. shôken wit~ 501~tions of t<CI, Mg ~'2' and Co CI 2 ~p?ratcly . 

. 5., The ~mple was washed sev~~ol times with âistilled woter, susp;nded 

-
in 50 ml or'c;fistilled water and placed in on ultrasonic bath fOI 

~ ~ 

co. 20 min. 

o 

6. The 2 ~ fr~ction wa~ separat~d by sedimentation, centrifuged and 

the liquid poured off. 

t, 
7. The 2 ~ flaction -was suspended in" minimum 01 distilled .,.atef, 

Two slides 'Of l'ad. sediment so~le·we,e prepared by plpettiog the 
~ ~ 
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\ 

1 i 

1 • 

• 

8. 

, 

'suspension On a ~7 x 46 mm midc)Scope glass slide, which wos 
Q. , ... 

left to dry in a relatively dust free place. 

, . 
A slide of eoch sample was then glycolated and examined with a 

:J. -

Norelco X-roy diffractometer 1 u~ing the follo~ing settings: 

• r 

li 

Target 

Current 

Voltage 

. 8eom slif 

Filter 

lime constant 

1 mm 

monochrorhotor 

3 sec. 

Gon iometer speed' 1j2 29
01 min. 

Chatt speed 1/2 inch / min. 
, J 
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9. The minerais were identified using the following criteria: 
.' 

",(a} 
o Kaolinite was identified by its 3.58 A peak; which was .. . -

used for the calculation of the minerai content. 
,r ~ 

(b) Illite wos identified by i1$ strong peakOat lO A
O 

which is 
, 

not affecfed py glycolation or heating. , 

(c) Chïorite group ~Sf identified by its 14 A 0 peak, which' is 

unchonged by glycolotion and not destroyed by heating to 

o ' O· 
575 C. lhe fourth order re'flection at 3.54 A was, how-

. ~ .( 

jJiI{ , . ..' ever 1 used for the caiculbti~o~ of thè minerai content • 

~, J " 
.. 

(d) Montmoril.lonite: this group wos not identified in any of ~e 

somple<s anolysed. 

~ t 
1 

, t 
• 1 

, , 

: 
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10. '. .~. 
~he mineraI concentration is e)(p~led al q. percentage (the sum of 

the weighted peak areas assuming tflat the clay minerais account for 

. 
100% of the sample",mineralogy. From the studies of Johns, Grim 

'\ 

and Bradley "(1954) 1 Weaver (1961) and Biscaye (1965) Î the fotlowing 
• 1 

:weightin9 factors have been used~ four times the illite 10 AO peak': 

the orea of montR'lOrillonite peak and twice the orea,of 7 A'O peak . -

~ 

which is divide,d proportionolly between kaolinite and chlorite 

using the ratio of 3.58/3,.54 peak ,oreas . .. ' 

A.l Methbds of Chemicol Analysis 
, /" 

A,3.1 Preparation of Sediment So:Iutions (except for silica and Se) 

'A . 
Sediment'solution (A) was prepored by digestion of the sediment 

sample' witll HF and Hela 4' The solution is used for the determination of 011 

-the major elements except silico and ail the trace elements, except Se, which 

need spee ia'i preparation ." . 

. 
Reagents: 1. Hydrofluoric acid (Fisher eertified). 

2. Perçhloric acid 70% (Fisher certified). 

• Weig.. exactly 0.5 gm of the sOmpte into 20 ml pt erucible. Add 

4 ml of Hela 4 and from a polyethylene measuring ~ylinder 1 odd 15 ml of HF.' 

, ' 

Heat the eovered erucible on a woter bath overnight. On the following rnoming 



,', 
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remove the'Jid of the crucible and evaporate the HF on the wa'ter bath. When' 
J' ' 

no further fumes of HF are visible, place the cruc ibl~ unde'r an infra-red lamp .. . ~ 

and heat unti 1 most of the /H CIO 4 is removed (do nO,t al .. ~ow to dry). Ad~ 2 mt 

of. H CIO 4 and repeat the eyaporation. Add 1 ml of per.chloric acid fropl 
.1 

a pipetfe and 15 ml of water: Heat the covered crue ible on a woter bath and 

stir u~til th~ content dissolves. tran~fer to a 50 ml volumetrie flask and dilute ~ 
-' 

. 

to that volume. A fresh reagent ~Iank solution was prepared eoch time tha' a 

n'ew batch of reagent w6s used. 

/ , 
Solution (A) was diluted b~tween lOrd 50 times for the 

J;; 

determinQtion of the' major elements on the AAS, and it was used withou~ dillution 

far the determination of trace elements: , ( 

( 

A. 3. 2 Atomic Absorption Speetrophotometric Analysis 
" ) , '" 

A.A. spectrophot~meter (Perkin Elmer M403) was used far the 

determï'nati~ ~f major as weil as trace elements'in the sediment solutions. 

, 

Standards were prepared hom analytical reagent grade chemicals Or 

. 
Fisher certified. They were added to a matrix made also of A.R. chemieals, by 

mixing them in proportions similor to that given in the literature for neor-shore 
, -

mud~. This would give ~mposition similor to tha~ expected in the sediment sofl1>les 

r • 
and hence the background and interference effects are taken into consideration . 

• 
The fandard solutions, after being mixed in the proper rati~~ (s~e 

Table A.4 a, b) to give the mixed standards, were dried unde,. an infra-red heote,. and 

\ '" 
, , 

) 

, . 
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• 1 

• TABLE A~ 4 a,b 

*Mlxing ratios of different elements used for the 

preparation of the matrix for the standard solutions, 

(a) 

Major 

\ Al Ca Fe K Elements ~g' Mn Na 

Conen. in ppm, ~ ') 1 l 

in a final /900 100 ·500 250 400 30 250 
volume of 50 ml. . 

, 

. J~. 
(b~ 

Trace 
Co Cr Cu Ni Mo Pb Se 

Elements 

Concn, in ppm, in 
a final volume 2 5 

, 
2 3 2 

of 50 ml. 

? 
,. 
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Ti Si 

100 3500 

Sr Zn 

10 2 

, 
* Ten tîmes dilution of this matrix wa~ used when determining major etements. 

(Solution' B in sediment solution). , 
Jo 

ft:\ 

1 

v _ ' 

" 

~ 

( 
~ ... 

" ... 
" 

~ ~ " 

'. 

i 
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the residues were treated in the same manner as the sed'iment samples. The standards 
• > 

were dissolved in deianizedwaterand made to volume. Sta~dard curvés for some 

elements were drawn using fhe addition- method; the results obtained fl'am the firsf 
, " ' 

(artifiçial rock solutions) and the addition fTlethod were compared and found to agree 
, \, 

, wiÎtîin less than ~ 5%. Standard solutions p;épared by mixing pu.re chemicals were 

used throughout this work. 
( , 

Sediment samples were anolyzed using a Perkin-EI~r ModeJ 403 A.A. S. 

fitted with digital readout system. Table A.5 

for each element-(Perkin-Elmer Manual, 1969; 

give~ the analytical c\nditions applied _ 

Robinson,' 1966'; Bu~J'ey and Cranston, 

1971) . , 

Reproducibility of the technique was tested by carrying out anGI'ysis 

'on six replicates of one sample. The results are given in Table' A.6. 

~ 

. . 
A. 3. 3 Determination of Sel~nium 

Using AAS, selenium was determined in the sediments after being 

separated From other elements by the method described by Chau and Riley (1965). 

- ,-' 

(a) Prep?ration, of Sediment Solution (8) 
J' j 

Weight 0.5 gm of the sediment sample in a p'atinum crucible. / 

Add 10 ml of HF '~40%) and 10 ml of coneentrated nitrie deid-o Heat the 

covered crucible on a ~terbath ,?vernight. The' n~xt morning, ;êmove the lid' 

": r' ... 

\ ::' ; 
1 j • 

,~ 
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--

~ Moer in 
S.tting 1 

Wav. Itngth A 
0 

Burn.r type 

. ' '--. 

Burn.r position 
, 

. -
Flame \.lIed 

-Lamp current '1 

~ MaChin. 
S.tting , 

0 
WOY' I.ngth A 

.., , Burn.r type 
, 

Burn.r position 

. Flam. l..Ised -

Lamp C\.l~ref'lt 
L-_~_ -- - - --

TABLE A.5 
1 

Anelyti.caJ condJtions for the A.A. enelysis 

AI Ca Fe ·K Mg Mrl Na 

. ...... 

3247 ~ 4227 24,83 7665 2852 2975 1 5890 , 
N itrous 4 inch 1 4 inch 4 inch , 4 inch 4 inch 4 inch . 

Q,l( ide singl. singl. single sirigle single singl. . 
si if si i t Il it 51 itJ si it 51 it . , 

para Il.1 parall.1 perall.1 -- ' 450 with poroll.1 /., 450 with 
. ~burner burn'er . 

acet:' + " acet. ~ acet. + . ac.t. + acet. + acet. + acet. + 
N2·O 

. air .. air air : air air aIr , 
; 

Maximum curr.nt recommended~ the manufacturer. 
/ .. 

/ ... / 

~ 

~ 

. 
1 

Co Cr Cu Ni Mo Pb - Se , 

i - " . , 1 
1 
, 

2425 3579 3247- 3415 3133 1 2833 1~1 
, 

4 lnch '. 4 inch- 4 inch - 4 inch Nitrous .4 inc'h 4 inch 
si";gle single single single oxide C single single 
si it si it c s~it sllt . sHt slit . 

porallel para Ile 1 parSlllel . para Il .. 1 parallel para Ile/ parallel 
-

~cet, + acet. + acet. + ocet. + ocet. + oc.t. + ocet. + 
air air air air. N-Q 

2 air air 

, Maximum'current recomrnended by the manufacturer. 
, 

---- -- ---- --- ------ -- --- _.~_ .. - ---- - -- ---- ----- - ~ -------

"-
• ' Emission Flame photometry. 

• 
Ti 

2768 

Nitr:oui 
oxid • 

parall.1 

oc.t. + 
N20 

Sr 

4607 
4 in~h 

.single 
51 it 

paralÎel 

ocet. + 
air 

-_. ------- ~ ~-

\. 

·Zn 

2·139 
4 inch 
single 

slit 
. 

parallél 

acet. + 
air 

0-
c,.) 

il 

;""01 

--



. , .' 'ç 164 

r 

~~ 

~ TABLE A.6 \ ~ 

!Reproducibility of th! Atom~c Absorptio~ techniquj' 
Ru'n No. ' 

Element 1 2 3 4 5 6 
" 

, 

AI - 8.34 8.57 8.18 8.61 Ci. 32 ;; 8.53 , 
.. 

Ca b 6.59 6.71 6.74 6.80 6.72 6.75 

Fe 6.295 6.4Sr 6.31 , ~. 43' 6.30 6.35 
,# 

Mg. 0.113 0.11 0.11 O. 111 0.115 0.110 

No • 0.875 0.855 0.869 0.855 0.865 0.860 

K 1. 17 1. 19 • 1. 21 '1-, 19 1. 18 1 :19 

.-
Ti 0.555 0.490 0'.505 0.565 0.510 0.515 

• 

Co 26.5 29.5 28.0 25.5 26.0 27.5 

29.:0 . 
' , 

Cr 29.5 30.0 30.0 29.5 30.5 

.. Cu 45.5 45.5 . 45.0 46'.0 45.0 45.5 

" ~ 

Mn 371 369 374 365' 365 368 

Mo 9.5 9.0 '8.5 11.0 9.0 9.5 

Ni 20.5 19.5 21.0 21.0 20.0 20.5 " .. 
Pb 31.5 37.5 33.0 34.5 32.0 33.'5 

, .. ~..,. r;.. 

8 12 ' . 9 8 9' 8 .. 
394 385 ' 383 382 , 385 

§6.0 ~5.5 58.0 55.0 57.0 

• Fi~t 7 e~ements are given in, wt. :/~~te rest in ppm. 
1 

* 

.. ~ , 
~~ 
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r 

and evaporate to dryness on the waterboth. Evaporate to dryness 3 times' with 

, ~ 

concentrated nitric acid ta remove fluorid~, 

.' .. 
Add 25 ml of 4 N hydh,chloric acid to the residue and boil 

gentry for 2 minutes in order to dissolve it and teduce to selenite,any sel.mate 

~ 

which might have been formed. Wash and transfer quantitatively to a 41 GOl'lical 

flask: 
Il 

(b) Separation of Selenium 

Co-precipitation with Iron Oxide: 

Di lute the sediment solution (8) ,'to co. 2 1 with re-distilled water. 

Adjust the pH orthe solvtion fo co. 3.5-4 with sodium hydroxide. Dilute ta --- ~ , 

4 1 and add 30 gm of NoCI to ossist the coagulation f;;f ~he Fe +3"'hyd~xide , , 
precipitote. Add with shaking, 60 mg F'e +3 (os feCI

3 
Solution) and adiust the . \ /" 

<4 

-pH ta 4.5-5.0, with dirute ammonium hydroxide. After 2 ho,,~, add a further 1 

+3 . 
60 mg of Fe solution and restore the p~ ta 4.~-5. O. 

. 
Allow th~ solution f.p stand for, 2 doys. Siphon off the supemotànt 

l ' . 
liquid, separate the precipitote by centrifugation, and wash it with 0.5% ontinonj'um 

nitrate. Dissolve the precipitate by warming with ~'Jnl ol'"l:On~ntrated nitric acid 

and 0.1 ml concentrated hy~ro'chloric acid. Dilute the solution with enough woter to 

-
moke the acidity 0.2 N . 

.. 

0' 

, , 



• 

• 

Ion ~c:hànge Separation: 

~ ! .~. 

~ 
lM 

Pass the resultant solution through an ion exc:hange c:olurm fifled 

+ 
with cGS-240 resin (in the form of H ; kt 0 depth of 10 cm. 

Elute with 350 ml of 0.2 N n;tric ocid. Combine ~ percolate 

and eluote, odd 1 ml of 2 N sodium hydroxide and evoporate 10 d?-ness on a 
i 

" 
water bath. DillOlve the residue in a minimum of woter 0Ad dilute Jo volume 

-
(usuol.ly 10 ml). 

,Cc) .Atomic· Absorption Anolysis 

Se was determined in the resultont solutioa (step III.b) using the 

standard settJngs given in Table. A.5. 
J 

Omitting the somple, blonk detenninotion and standards were treated 

in the sorne manner ~described obove. 
• 

Reproducibility of the method wos tested and the t"esu.lts are given 

in Table A.6. 

A.3." Separation of Detrit~1 and Non-Detrital eoft.panents of'the Sediment 

" There ore yorious ways in ~ich sediments con he sub;ected to chemical . . ' , . 
attcl:k in or~~ fp exomige the partition of trace el~ts omong ",e comiJonent. phases. 

t 9.. '~. 

) 

Goldberg on,d Arrhenius (1958) used EDlA for this purpose. Anhenius CW'd K~lcilh (1959) 
~ : • J 

used 1 M. hydroc;hlotic o<:id to ~iAe Jhe Fe oJCJe froction of the ferro-";"'9JiI~se 
\ ,,'" \ 1 

.' 

. .. 
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167 .. 
nooules. Hint and Nicholls (1958) used 25% acetic acid to separate the detrital 

• ./ 

and non-detrital fractions of carbonate sedimerits. Chester andJiughes (1967) 
. - Î ' ( 

have examined these methods, tbey con~ded that in 'ail the 'above methods, 

par~attack of ~e non-detr~tal co~ne~ts' is 1 ikely to o·cc~r. They used a 

mixtuuje of 25% ~cetic a~id and ~ lA hyd.roxyl ami",!e hydrochl~ride ~hich has 
( . 

, 

the ability to dissolve the carbonate fracf.lions as welf as the ferro-manganese . . 
minerais: ln the present 'study th is lath:;r techniqlie was used. 

The non-detrital contribution of the elements was .determined in 

the solution ,aher destroying the orgonic compounds using perch!oric acid os 
, . 

described be"lo,w. Tra~e element contribution made by the ,detrital fr~ction was 
" . ':-' 

c.alculated by difference, and the trace element con~ent of the detrital phase ?f 

the sediment was calculate~.by multiplying the latter' ~alue by 100/160 - % CaC03. 
IV 

Reagents: 

35% (v/v) acetic'déid: Oilute 350 ~I· of glacial acetic acid to 

1 1 with re-disti lied wàter. 

\ 
25% (w/v) Jlydroxyl-amine hydrochlôride: Dissolve 2.? gm of the 

. grtt reogent in 1 ~ ml of re-disti lied woter. 
, , . . 

Mixed acid re;SCing reoge"nt~' Mix 75 ml of 25% h.ydroxyl-omine ...... 
\ 1 

. ' ~ 
hydrochloride and t 75 ml c:J 35% ,acetic acid. This so'tutron is equivalent to 

• 
1 M hydrox9l-omine.hydrochloride and 25% (v/v) acetic acid . 

l ' 

) 
~ \ 

. -~ 

" 
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" 

'Method; J 
-.. 

Place 1 gm of the air 'dried sediment in Q 100 ml conicaJ flask 

a~d odd 50 ml 'of the r~ducin9 mixture. Put the fI~k(s) in-an ultrosonic bath' 
1 f r l , 

for 4 hours, centrifuge, and, collect the liquid in ~ separa te flask. Wash the 
, . l , 

, ~ 

sediment and odd .... e'washing ta the original liquid. Evaporate to I\ear dryriess, 
1 

( . 
add 3 0,1 ~f .per-chlof'ic acid ond -5 nil of concenlrated nitric acid. Continue 
~ , 
, evaporation with another 2 ml of perchloric acid. Dissolve the whir~ residue' 

• 1 • , 

in a minimum of water. , Make to volume for the e~e~tal analysis o!" the AAS. 

• • C 

The sediment residues" afte~ centrifugation and washing were dried 

• f 

an,d the ;tri~arFraction (!h~ reSidue), wos ~reated as described ~n section A. 3.1 

A.3.2 ~r the total sample. 
, . 

A. 3; 5' Deter",ination 9f Organic Carbon 

, . , 

OrganiG: c~rbon in the sedimeAts wOs determined by the "';et . - . 
~ . 

oxidation method described by EI-.Wakeel ond Riley (1958). 
\ 

" ) 
Reagents: 
• 

and 

Chromic dcid:' Dissolve 13 gm of c~r203 ~.IL)· in a Y:;rrom 

of water then add 909 ml of concentrated Sulfuric acid. Cool and "complete to, 

1 1. 

~ , 
Ferrous arnf'llqnium sulfate 0.2 N: ----, 

91ade ~It in 400 ml ()r\.di~tillt.-d water contoining 10 ml 
. :'~ 

'. 

of the A.R. 

, dilute to 500 ml. 

• 

• 

• 

f 

\ 

.. 
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Ferrous phen~nthroi'ïn indicator (0.025 m): Dissolve 0.337 gm 

of 0- phenan~rolin in 25 ml of 0.69% ferrous'sulfate solution. 

Method: 

.... 
, Weigh out O. 15-0.3 gm ' of the washed dry semple inta 0 100 ml 

conical flosk. Add la ml chromic ocid reagent. Cover (loose cover), shoke, and 

heot in a .waterbath at t,OOOC for t5 minutes. Cool and pour the contents into 
, . 

. 200 ml of distilled water. Add one drop of ferrous phenanthrolin indicator and 

titrate with 0.2 N ferrous ammonium sulfate untif a pink colour just persists.. 

Sionk is carried out by omitting the $Ofnple; 
/ 

~ 

1 ml .of 0.2 N 'ferrous ammonium sulfate == 1.15 x 0.6 mg carbon. 

A. 3. 6 Phosphorus De té rmi na t ion 

Phosphorus is determined in tolution A by o-single ~ol~tion moly-
, 

bderium blve method, using oscorbic ocid as the reducing agent. 

.-, 

~: 
Sulfuric acid, 3 N. Dilute 84 ml concentra.ad sulfuric'pcid . 

to 1 ,. 

" Ammonium molybdate. Dissolve 5.0 gm of ammonium molybdote 
f 

A. R. in wote"r, di lute ta· 250 ml. 
. . , 

. . ( 

.- . 



.0 

, 
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-' 

Ascorbic acid (0.01 M). Qissolve 4.4 gm ,ascorbie ocid in 
~ ~ ., 0 

, 'water, dilute Jo 250 nil. The solution shoutd be stored'in a refrigerotor and 
r ' . 

made afresh if it be'c:omes yellow •. 
.# 1 

0' 

Reducing solution. Mix 125·ml of 3 N sulfuric acid, 38 ml 

of ammonium molybdate an~ 60 ml of asc9rbic acid, dilute to 250 ml. The 
i 

reagent, which has a faint green colour, should be made up immediotely before 

use. 
~ . 

Standarc1 Pho$phate ~Iution. Prepa're.Q solution bf potassium' 

dihydrogen ph~sphate A. R. (dried at 110°C). Dissolve 0.0959 gm K H2 PO 4, 
- .. . J 

in'l 1. The solution c~ntains the equ;valent 2.' 50 9 P 20 5/ml. 

: \} 

T reatme"t cif 'F lasks: . 
. To obtain accurate results 011 graduated flasks,s~ould be allowed 

to stand'Jor ~verar'hours filled with concentrated sulfuric acid and then washed , ~, 

weil with distilled water. 

Method: 

-....' 
Pîpette 1 ml of solution A into a 50 ml graduated flask, add 

, 'ri 

20 ml of the reducing solution and dilute Jo volume. After allowing to stand 

overni~t, measure the oJi.tical density at 827 nlfJ in a ~èll of an appropriate 

length (1 or 5 or 10 cm) •. Carry out a reagent blank determination on a 
, 1 

solution treated in the sa~ nianner as solution A, omitting the samp,le. Stond-
; \ . .. 

, 
ardise the Pl8thod using 1 rhl of standard P 2°5; carry'out correspondi,ng blonk 

, '. 

'\1 '. 0 
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using djstilled water. 50 t.I9 P 202 in a final yOlu~ of 50 ml ~I giv,: ~ptical 

n cm cell) of Ca. 0.386 (after deductio~ of reagent blank, which i$ c6. - ~ ,-
t 

). Th. nalybdenum ~Iour is stable for al 1;""1 a ~~~. "1. . 
') . ~ 

ulate: ~ . 

% P 0 == 6 optical density o! sample ~ 0.25 x volume of standard 
ft> 2 5' ophcalëjènslty of standard ' . . 

li J' 

" 

, 

• , 
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APPENDIX 8 

~NAL YTICAL RESULTS OF THE SURf.CIAL l"~ 

SEDIMENTS 

• 
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TABLE B.2 

Mineralogy af the coarse fraction. 

K. Feldspar 
Plagioclase Horneblende-Augite Opaque 

Feldspar Garnet- Zircon minerais 

... 

f ..--1 

f\ 

.' 

Sedimentary rock 
fragments-

of 
~. 

l 

.. 
"\ 

r· 

.' 
~ ~ 

.... 
~ 

.... 
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. TABLE 8.3 

• 
" 

Clay miMitral composition of the < 2 JI - fraction 

of the sediments and the suspended matter. /~ 

• 
Sediment K/C Chlorite % ) Kaolinite % Illite %( 

Sample No. 

A-50 0.38 25 10 65 , . 

A-63 0.58 15 9 76' 

A-74 0.53 8 7 85 V 

A-85 0.35 15 5 80 . 
'~ 

~ 

A-IO 0.35 9 3 73 • 
A-51 0.41 19 8 73 

R-5 0:40 7 5 88 · 
A-sa. 0.40 17 7 76 

A-2 0.53 10 5 85 

A-61 O ..... ' 10 4 86 · ~ · 1-7 , 0.37 9 3 88 
~ 

G-12 0.56 19 11 70 

S-17 0.70 29 20 51 
" 

A-82 .().32 17 j 5 78 
r 

À-84 0.35 10 4 86 

S-3 0.49 22 . 11 67 

A-71 0.15 24 4 72 

A.LI4 0.35 15 5 ao ) 

A-25 '~ O ..... 21 9' 70 

R-2 0.6~ ,- 7 5 88 

R-4 0.35 7 2 91 . • A-17 0.27 14 4 82 
, 

~ / 

'1 
. . 

. , J 
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TABLE B. 3' (cont1d} ,-... .' .. , • 

Sedimènt -
K/C Chlorit. % Kaolinite % -illite o/~ 

Sample No. 
" .' 

~ ., 
G-9 0.73 

, , 
",15' 11 76 '-./ 

./ , . 
'- " 

G-ll • 0.47, ~ 7 3 90 ,; . ~ . 
$-19 • 0.6&1 . 

12 7 81 
" , , 1 ~\\\ 

G-30 0.22 15 3 82 

G-25 • 0.36 14 5 81 

C-.21 0.76 9 . 6 85 

, -

Suspended Matter. 
. 

Illite % " - K/C ChÎ6rite % Kaolinite % 'Somple No. } 

? 

O. 17 37 6 57 • t 

2 O. 15 
,J , 35, 5 60 

3 0.23 29 7 64 .. , 

4 0.,35 23 fi 69.~ 

5 0.27 '28 -8 -. c 64 

. , 
v 

" 

• 

,. 
-'e 
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TABLE B.4,' 
. , 

• Major elements content of the Gu If sediment in wt%~ 

.j 

Sample G-c A-71 A-74 R-6 R-4 R-2 R-5 A-13 A-85b A-54 A-740' À-780 A-55 A-83 
Element .., .... 

Si 29.7 20.1 25.4 30.4 ' 28.2 30.2 . 28.7 30.2 29.6 26.3 26.7 27;5 31.0 27.1 
-

K 2.32. 1.88 1.99 2.51 2.71 2.64 2.45 2.23 2.29 2.56 2. 17 2.29 2.57, 2.43 , 

>Je 0.74 1.46 1.59 1. 15 0.59 0.55 0.60 1. 94 T.66 1.56 1.64 1.64 1.54 1.57 

Ca 0.36 2.91 2.85 1.69 0.52 0.42 . O.~ 3/.15 0.84 1.24 2~42 1.63 1.76 1.51 . 
Mg _~~ . 1. 10 1.37 1.54 1.50. . 1.48 .,.1 .55 r. 32 1.59 • 1.49 ' 1.67 1.60 1.59 1.68 1. 71 

AI 7.37 10.31 ". 9.07 7.75. 9.17 8.76 8.00 '6.91 8.72 0.71 9.71' 9.60 4.80 10.06 

Fe , ,4. Q.4 2.43 2.56 4.19 4.2,5- . ~,30 J.09 ,4.65 j.29 . 3.,59 - 2.66 3.99 3.49 4.68--
, . 

b.37 ' 0.1v Ti 0.35 0.49 0.48 0.30 0.38 0.37 0.58 ' p.47 0.46 0.61 0.45 ' 0.56 

-MnO 
2 0.08 0.08 0 .. 07 0.12 -0.17 0....-11 b.l0 0.13 0.10 0,: 10 0.08 0.10 • 0.10 0.12 

· P20S 0.14 0.17 0.11 0.18 J 0.20 0.26 0.16 0.26 0.18 0.15 O. 10 0.17 o. 15 0.21 
/' -' 

· *C'0
3
-- 8.30 25.0 14.0 4.~ 7.50 7.00 '9.29 ~.OO 6.50 10.50 " 11.5 7.00 8.00 4.00 · , 

Org. C L46 1.56 0.20 2.30 1.30 2.53 2.23-, 
Org.N 0.025 0.025 0.06 0.02 0.04 0.Q.4 

. 
~ 

,<. 
/' 

Id' ,. 
-- noJî etermlned -

~ èi:t 
.' as Calcium\carbonate "" ~~ 

. , 
< 

~,. 
' . "" ~. 
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TABLE B.4 (c:ont'd) 

" 

... ...-:; 
r~v 

--,-- - -~- ---- ----------------=:.....-_---

---------.-

• 

Sample • A-780 ~ A-72 A-6 A-:5B' A-82 A-10 f-6 A-.16 G-2.5 A-82a l A-78b A-85a ~-83a A-670 
Eleme"t 

,SI 27. l 

K-4 2'fo 
No- l. 7 . "-

,Co 1.69 

Mg 1. 50 

AI 9.20 

F. 2.28 

T,I 0.54 

MnOL, 0.06 

P205 ' 0.13 . 
.., , 

(,. 00-'· 
3 12.00 

Org. C --
. O'rg. N 

• 

----..J..___ --" _ ~ __ . ___ .. _ 
---------- ~----~------------------------------~------------------------------------------------. 

30.5 28~ 7 30.2 " 29.~ 24.0 27.8 31.8 

2 ... 9 _2:36 2.11 2.51 2.61 ~2.~. 
1. 22 1. 18 1.34 1.66 1. 47 1. 36 1. 23. 

2.88 1. S2 1. 74 1. 17 1.52, 1.85 
- \ 

2.11 1.'88 ' l. 89 . 1.62 1.65 1. 95 1.66 

5.79 7. 13 . 8.80 9.27 8.82 8.S~ 6.22 
, 

2."S. . l4.17 ,- 2.26 ' 4.40 4.93 3.78 ~.SO 

0 .• 9 0.55 0; .... 0.61 0.52 0.57 0.49 

0.09 0.11 0.08 0.14 O. 12 0.10 O.lS . -. 
O. 16 O. 1~ 0.,17 0.25 O.-~ O. 20 .~, O. 23 ... 

'" .10.00 9.00 6.00 2.00 - 15.00 7.50 4.00 . 
0.66 .- 1.85 Q.84 _ 1..40 

0.01 .- .. 0.03 0.02 0.03 

_c 
,.. 

~ 

27.9 

2.52 
i~'67 

3.88 

2.04 

'6.95 

3.99 

0.26 

0.11 

0.23 

10.0 

-r 
t,. 

32.0 

2.51 

1.69 

1.00 

1.02 

8.8~ 
1 

2.76 

0.52 

0.10 

0.17 

2.00 

r, 

~ 

27.0 28.4 28.40 29.3 

2.51 2.53 2.~9 2.57 

1.63 1,,4.5 1.59 
"-

1.56 
..f 

1.35 1.25 1.19 1.19 . 
1.60 ' 1. 73 J .59 , 1."7· 

10.0r ,8.76 9.37 9.57 

3.90 4.51 4. 10 3.71 

0.51 0.52 0.« 0.60 

.0.11 0.13 0.11 0.10 . 

0.19. 0.21 0.19 O. 17 

.8.50 " 4.00 ~6.00 2.00 

J 2.11 " 1.88· 
___ O.OS 0.02 

-"" -0 

. ~ 

io.......!.::. _____ . __ . __________ . __ ~ __________ . 

" 

' .... 

J 

c; 
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Lo_./ ~ TABLE 8.4 (c:ont'd) 

~, . .. 

eS,ampl. A-67h A-53", A-84 G-21 A-2 A-7 G-23 $ .. 19 A-63a A-61 A.,51 A-25 A-18 
.ment 

.., , 
. - ! 

29~t 32.1 28.5 27.5 31.9 26.5·~ 23.6 32.1 22.6 28.3 31.4 23.0 21.5 / 
'''l'<.~' .J ,~ 

2.53 2.05 2.67 -- 2.40 2.30 2.5l 2.29 1.31 2.61 2.64 2.45 2.34 
" 

Na 1.33 1.50 1.20 1.55,:',. 1.25 1.13 1.33 1.\1 1.51 '1.38 1.43 1.09 1.27 
--

Co 2.30 1.22 2.47 0.89 1.71' 1.30 2.39 3.71 01.00 1'.11 1.23 ',.52 
o 

Mg 2. 60 L 85 1. 94' 0.54· O. 64 ,O. 85 ' 2.00 1. 84 1. 39 1. 80 1. 85 1. 80 1. 71 / 1. 62 

AI 8.28 8.84 4.~ 9 .. '? . -"7.50., 5~: 8.28, 7.33 4.80 ~ 8.?2 4.82 6.7S 4.45 

F. " 4.34~ \ 4.53 /.7~. 4,.49 ,_,,4:J,? _.~3.84 4.34 4.24 4.95 .4.98"0 4.06' _3.72 cft4. 2.76 ~ 
Ti \ 0.55- 0.52 0.39 0.49 0.30 (lG.52 0.55 0.29 -J 0.5'9 0,56 0.53 .. 0)46 .43 0.23 

Mn0
2 

'0.13 0.13 0.09 0.10 O.U - 0.10 j).13 0.11 O.ce 0.10 0.10 ~.10 "0'.11 0.07 

Pil05" 0.20- 0.21 0'.17 ·'-.~O:18 0.20 0.15 0 .. 20 0.21' 0.19 .0.17 0.20 0'16 0.18 '0.10 

J. - 3 i 
C03~ 11.0 4.00 /.00.;, 4.50 11.00 6.50 11.00 19-.5 5.00 13.00 6.00 9. 22.00 31.00 

. 
- < Org. C, 0.72 37' 1.43 2.16 '2.95 2.10 fl·91 

Org. N 0.01 O. .0.03 ' 0.04 0.08 0.03 /0.04 . 
r - , 

'-' J / ë» o , 
~ , 

~"e / 1 ~ 
~,< 

~ ~ - l ,..,-

~~~.~~~~ ...... J.,k " 
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TA"SLE 8.4 (cont'd) 

c-

.. <, 

Sample 0 

S-j7 A":14 A-20 --.keS G:-30 A-15 G: 1 y~-.:- "5- 21 G'::12 A-17 5-3 G-9 A-4 A-50 
Element 

. 
t-'< 

Si 28.6 20.30 31. 1 26.9 27.1 26.30 32.5 ~28.4 28.1 31. 2 24.4 30.8 30.8 26.8 
,.- -

1< . 2.27 2.48 '-- 2.60 4.45/ 2.50 2.46 2.21 2.51 2.34 2.48 ' 2.36 2.33 2.17 2.4'4 
') /' 

Na 1. 37 l.28 1.54 .; 1.~8 '. 1. 37 1. 35 1. 12 1. 33 0.83 1.66 0.97 1 .71' '1.32 1 .21 . 
, 2.~ 

-

Ca 9.44. 5.50 1. 39 2. 10 1.63 2.22 
'" 54 

1. 74_.~ 3.21 0.75 3.29 1.60 1.57 . --
Mg 1. 96 1.88 1. 68 1'.70', 1.56 1.66 1. 71 1. 70 1. 71 1. 79 1.30. 1.87 1.46 1.67 

At ;-r-~ ~. -6.21 ' 9.8Q 7.25 7 ~ <'.~. 20 7.9:] -5.46 7.10 8.25 6.80 7.50 6.64 6.60 9.14 

Fe 4.10 " 4.68 4.45 " 4: 22 4.69 4.27 3.64 4.33 4.13 4.52 3.90 4.44 3.88 3.97 

~.32 
.. , 

Ti - '0.39 0.49 0.53 0.44 0.31 Cf. 74 0.46 0.S8 0.32 0.84 0.52 0.56 
" ~ t;~ 

Mn° 2 0.10 ' 0.13 0.17.t 0.12 0.J4 0.13 0.07 0.25 0.12 0.12 O. 11 0.10 O. 12 0.13 

- '" 
. 

P20S 0.14 0.19 0.18 0.18 0.20 0.22 0.17 0 .. 23 0.20 0.17 0.15 0.22 . 0.'9 0.19 

co;- 10.00 21.00 4.00 12.00 10.00 12.00 9.00 9.50 2.00 9.00 3.00 7.00 8.50 

Org. C -~ .. t40 -- " 1.33 1.28 2.64 
,.t. 

Org. N ().OO _.:c: 0.03 --. 0.02 0.03 
v 

1 -co -
• 

~ 

,., ) ~ 
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. ----- TABLE B.5 
"-

r 

To~al trace element center of the Gulf sediments (in ppm). 

$ample G A-71 A-74 R-6 R-4 R-2 R-5 A-13 A-85b A-54 A-74<J A-78a A-55 A-83 ·c .Y Element 
"\ Id 

~o 43 43 48 46 48 40 34 59 50 40 53 52 33 49, 

Cr 64 26 23 63 . 73 n 47 55 36 . 4t) 19 42 27 61 . 
Cu 169 ~ 17 28 80 109 ' 116~ 73 73 25 44 15 34 29 35 

Mn n6 525 415 530 1065 710 ,648 805 600 605 720 630 605 n5 

Mo 30 33 7.1 59 27 24 6 62 15 18 19 47 ~d. 

tiJj 55 44 42 48 70 65 50 55 44 45 .J''-:' 45 43 45 . 61 
~ 

'-----Pb ~17 40 40 70 no 103 85 150 30 30 50 46 "-- 35 150 
'1,. ......., 

Se 61 6 91 130 120 116 167 116 40 28 79 44 71 120 

Sr 225 1997 1582 80 135 115 150 460 . 249 335 390 446 . 448 '392 

Zn 153 48 59 127 ~131--- 130 114 109 ' 101 92 117. 95 72 122 
" 

"1 
/' 

n.d. = not detected. 

= not determined • 

t 
.., 

CD 
"-3 

; .... 
1:,. ~ "'~ 

1;. 

,~ r' 

".{~ ~ , -
\.-~ ~ -; . 

~ 
\) 
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TABLE B.5 (cont'd) 

:3. 
Sampi. -A';720 
Element A-72 A-6 A-58 A-82 A-l0 .. 1-6 A-16 

Co \ 39 36 23 25, p9 47 43 55 
> 

Cr 23 20 93 92 54 86 64 65 

Cu 25 21 72 19 33 70 45 '76 

Mn 660 555 670 530 865 773 630 915 
t 

Mo 24 8 25 70 29 46 12 22 

/' Ni 38 43 69 63 56 72 70 82 

~Pb\ 25 ..- 45 82 25 40 107 35 .250 ... 
Se \ 52 61 60 .n.d. 82 84 n.d. 61 

Sr 483 606 235 287 365 305 281 320 
. 

Zn -79 52 98 56 116 153 108 152 
", 

~ 

n.d. = not deteded. 

= not determined . 

.s 

( 

~ 

, 
. 'r 

,. 
G-25 A-820 A-78b 

40 50 48 .,. 
55 29 35 

. 
48 28 25 

663 635 720 

35 ., 49 18 

49 3S 45 
-

92 35 50 

20 10 79 

475 411· 390 

90 85 117 

...... 

\ 
\ 

l 
~ . 

A-85a A-830 

·62 50 

52 52, 

40 3~ 

820 - 715 

28 21· 

62 , 49 

35 40 

65 75 -

311 358 

155 112 

(; 

-

l' 

A-67a 

44 

44 

37 

585 

19 

49 

45 

62 

353 

103 

. -co 
w 

, y' 

Û· 
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TABLE 8.5 (cont'd) 

'1 
'\, 

w 

Sample 1-7 , 
0\-A-67b A-53 A-84 G ... 21 A-2. A-7 G-23 S-19 A':630 A-6 ri ,A-51 A-25 A-l8 Element , , 

1 -

, Co 51 54 28 57 52 44 ~I 49 38 63 41 46 52 45 
Cr 89 52 97 35 70 52 89 98 43 59 4~ 60 62 33 
Cu 100 50 28 - 39 72 86 100 81 32 55 43 ~5 97 50 
Mn 790 830 565 640 700 600 790 688 484 ' 660 655 660 668 430 
Mo 27 68 27 17 24 7 27- 24 9 17 58 43 3 .P ,9 • Ni 81 67 77 79 54 36 81 90 49 67 61 69 71 55 Pb 190 40 30 40 .. 92 70 190 70 28 50 65 35 125 90 

.t 

S. 4.7 17 n.d. 78 27 67 4f 57 36 . 32 50 4S 40 ., 
Sr 280 309 491 286 260 \90 280 310 . 533 278 295 -185 375 785 • 

-Zn 157 " 163 77 93 190 163 157 133 61 150 123 1'03 207 85 1 
n . d . = not deteded. 

= not determined. p 
<t-" 

... 
#' 

-'i 
CD 
~ .. 

"'1'-
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TABLE B.5 (cont'd) 
:e , 

.. .. 1 -~ 

Sample A-14' 
Element A-2O A-'85 G-30 A-15 G-11 ----.. 5-21 G-1~ A-17 5-3 G-9 5-17 A-4 A-50 

..... 

Co 43 54 57 47 46 39 49 57 48 37 31 50 35 50 

Cr -' 46 _ 62 .54 93 62 61 78 ~ 68 72 95 ~ 105 66 55 . 
Cu 75 115 37 68 45 84 42 89 76 29 154 41 57 58 

Mn 642 -820 1065 783 865 80S 484 1597 755 641 663 772 750 7~5 

$141 
c 

Mo 17 n.d. 27 43 10 19 16 14 12 56 n.d. 3 6-

Ni 50 76 66 ,. 70 58 67 34 70 74 50 47 71 42 69 
, 

Pb 120 220 . 80 ·92 280 92 36 82 170 48 95 44 65 35 

s. n.d. 114 n.d. 67 V n.d. 022 41 89 20 54 47. 
) 

Sr 1135 390 378 305 380 365 147 325 400 211 220 ·223 350 278 

1~ 
, 

--.--J Zn 189 145 132 122 ~ 196 109 146 145 152 123 133 , 13q 

.- ~ ~\ .. 
n . d. = not detec'led. '- ". . , 

" 

= 'not determined. ...... 

-~Q) 
VI 

~ 

t" \ " / , 
r.;.",. 
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TABLE f>.6 

.. Trace element content in the non-detritol fraction of 

the sediments (in ppm). .' 
\ 

~mple A-71 A-74 R-6 R-4 R-2 R-5 A-13 A-85b A-54 A-740 A-7ao A-55 EI~nt G-c '> 

-Co 26 12 '10 19 20 19 - 17 2~ 15 6 21 16 7 
, 

Cr 24 8 4 8 15 26 . 3 n.d. 6 n.d.- 3 4 6 

Cu 146 8- 19 60 54 74 < 40 21 16 28 n.d. 14 19 
....... -

Mn 511 171 30 354 769 44 448 339 207 238 137 202 196 

~ 19 21 32 n~d. 47 16 ~ f4 n.d. 12 6 . 31 2 21 

Ni \ 38 26 22 -- 15 47 42 21 2~ 15 11 17 21 t{ 10 

,Pb - 67 13 13 \ 41 66 61 49 84· >, 
- n.d. l 6 l l 13 

- Sr- 214 1690 1195 67 122 "- 100 135 189 25 118 339 190 232 . 
Zn 106 

... 
9 18 46 70 S9 43 38 32 38 27 36 24 

- _._-- ---

n.d. = net detected. 

'" = net determined. 
", 

-
;.r .~ 

o 
" -- --, 
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'" TABLE 8.6 (cont'd) 

,\ 

(0'" -

$ample A-83 A-7'la 
Element , 

A-72 .' A-6 A-58 A-82 A-1O 1-6 A-16 G-25 A-67a .l(-7 A-67b 
: . - , -' 

Co 7 - la 7 8 3 '1 13 16 16 6 0.0 20 0.0 

Cr 6 . 7 6 22 19 12 21 0.0 6 0.0 9 n.d. 
1 . 

Cu .23 , 17 .39 13 ; 8 n.d . 29 24 32 26 17 56 ~7 

Mn 401 38 141 206 127 522 352 168 425 226-- 213 283 213 
.) 

L , ~ n.d. 6 4,--~-~-Jl -
""" '"\ ...... .' 6 27 4 la . 15 5 14 - 5 

Ni 17 17 23 - 31 24 13· ,- 39 21 40 24 17 39 ' 17 
, 

Pb 86 1 16 22 58 11 135 11 « 7 76 n.~. -
"'"' . 

Sr 123 223 327 153 153 n.d. 181 193 195 209 69 ·178 69 
t1" 

Zn . 37 7!f 18 35 22 78 61 40 49 23 33 58 28 

" 
n:d. = not detected. c-

= not determined . 

. -
r 

-CCI 

'" 
} 

, . 

..... 
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T ABLE B.6 (conttd) 

. 
1: 

1 . 
$ample A-53 A-84 G-21 A-2 A-7 G-23 $-19 A-63 A-61 A-51 A-25 . A-18 A-14 

Element . 

Co 9 26 24 18 20 "- 16 11 13 9 26 24 n 
, 

Cr 9 2 12 20 9 29 8 6 8 1 3 -Cu _ 16 26 49 65 56 # 46 21 - 28 26 20 71 31 39 Mn 241 206 356 391 283 296 218 303 255 178 379 173 282 Mo 19 n.d. 7 n.d. 14 8 4 3 36 18 7 2 8 Ni .41 50 14 39 51 24 34 24 35 40 38 '7 Pb 12 23' .60' 53 135 3S r i5 18 2B 12 72 il 9 75 Sr 190 7~ 1« 121 178 179· 362 178 192 126 247 546 541 Zn 9 304 l.O6 . 129 66 76 ' 22 55 34 52 T32- 18 1\5. e. 

J.-

n.d. :: not detected. 
:J '-- ::: net determined. 

+ 

-co co 

( , , 
lm ~-', ~ 
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" . 

• 
. ,~ 

Sompl. A-20 
Elem.nt 

\ ' 

Co 30 

. Cr 18~ , 

Cu 88 

, Mn 330 
Mo n.d. 

Ni 39 ' 

"Pb 100 

Sr 256 

Zn 49 
~ -

-

. 

• 

, 

é; 

... 

---... .. 

TABLE 8.6 (cont'd) 
, . 

".,..J __ "- '~ 
J A-85 G-30 A-15 G-ll $-21 G-12 A-17 S-3 G-4 

' ... 19 7 12 l.4 14 14 19 33 
2 ~1 19 11 14 11 18 0.0 20 19 25' "33 22 1$2 45 127 " 597· 397 442 ~21 242 ' 9ST 348 Q98 12 18 3 12 n.d. 6 2S -,. 25 37 37 27 40, '7 35 45 • 28 , 

" "-45 46 n.d. 64 20 48 52 68 S9 175 250 198 73 . 202 210· 81 
42 22 "" 112 34 112 

' . 45 
,50 '. 46 , 

/ 

n.d. = not detected • 

.. :: not d.t.rmined. 

\ ~G .. 
-~ 

. 
, b t 

• 

S~14 A-4 A-50 

16 18 4 

17 20 2 
2S 42 'Z 34, 

400 508 434 
n.d. n.d. 0.0 
33 10 '- 49 
25 48- 16 

141 229 196 

55 123 .. 40 

Qi 
-0 
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APPENOIX C 

ANAlYTICAt RESUlTS FOR THE.CORE 

SAMPlES ANAL VZEO .. 
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• TABLE C.l 
(l'. 

1 Partide lize distribùtion of selected 

Sample No. , 
, Gray olive-green / 16-63 ~ 4-16 P < 4 ~ ...., sediment 

, . 
; S-3.1 32 27, 41 

, 
S-3.2 '3 27 . .Je 32 . 
S-3.3 7 20 29 44 

S-17.t 1 
i' 

18 37 44 . 

S-17.~ " 5 18 32 45 

$-17.3 5 19 30 46 

BIO 115.1 2 15 39 44 .. '\ '''''" -BIO 115.2 1 22 as 42 'i' 
"- -' 

BIO 115.6 ' 0 10 31 59 ." 

BIO 115.13 5- 12 .28 ; 55 

BIO 1~5. 16 14 36 50 

..... BIO,115.17 -~ 18 39 43 . -
'" BIO 36 .. 1 58 5 17 . 20 . 

BIO 36.3 D 29- 40 
1 

.31 

Blà 36.4 8 18 21 53 

BIO 36.7 8 12 27 53 

Reddish-brown- sediment 

S-21.1 22 _ 22 ,36 

( S-21.2 ·26 17 ' 19 - ! 41 

1 BIO 115.22 29 20 17 34 
, r 810 115.23 30 21 15 ' 34 

, BIOJ15.~ 40 27 " 12 21 
(' • BIO 115.32 . 28 18 '4 40 

BIO 115.38 26 24 '4 36 .. 
BIO 115 • ..0 25 22 . 18 35 I!( 

cr 

. ~ 
' .. 



", 

... 

4 . 

L. li... •. ""-

-•. 
..., 

" 

~ 

ç 

Component 
Sample No. 

S-17 .. 1 ~( 

S-17,3 

S-3,1 .. . 
S-3.5 

"810-36.1 . 
Big 36 (150) 

110 115.2 

alo fl5 (150) 
1 

810 i 151250) 

810 115 (4S,P) 

810 115 '(685) 

BIO 115 (720) 

. 810 U5 (780) 

BIO" l1S (823) 

1 

.... 1) 

:< 

. TABLE C. 2 

~ 
Mineraiogy of the coorse f.raction' in selected 

oore samples. (% nu~er of grains c6untJ!d)', ( . ~----

Ouartz 

~2 

. \ '72 

35 

,. 56 
47 . 
43 

68 

57 

~ 

30 
;' 

460 

50 

28 

46 . 

/ 

. P logfoc lose 
feldspar 

8 

4 
~ 

15 

4 

8 , 
7, -

5 

2· ' 

4 
- .-- -

7 

3 

3 

2 

3 

~._--~-

\ 
>-

Poto.sh 
fe!ldspar 

16 , 

9 

5 

8 

7 

. 10 

' 1 

8 

5 

7 

8 

4 

6 . 

4 

\ 
). 

-! 

Granitic A",p,ibole Opaque rock 
pyroxene mineraIs fragments 
gamet J 

3 7 

2 

4 4 4 

4' -C:- 7 

4 2 '9 

4 2 15 

1 .. 6 

~ 2 

3 4 2 

2 2 12 

.. - 6 1 

8 

3 4.5 

5 ~ 

. ' . \' .-

.' 

Sedimentory 
rock 

fragments 

13 

1L .. .--------

33 

20 

23 

19 

18 
, 22 

18 

40 

36~ 

34 

56.5 

~. 

-/ 

-;s 



, 

, 

.' 

" ' 

h' , ) 

• 

r Component 
Sampi,' No. 

., 

• 

BIO 115 (85S) 

810 115 (880) 

IUO' 115 (900) 
J 

• 810 115 (988) 

S-r. 1 

(.21,'3 

(' 

• 

'\. 

t 

... 

\ 

. ~ 

"-

Qvart~ 

65 

75 
60 

63 

70 
70 

,il 

Plagioclase 
f.ldlpar 

, 5 

~ 2 
.. 
2 

3 
6-

~ 

ç 

• 

• "f~ \, 

TABLE C. 2 (cont'd) 

4 

. 
Potash Amphi~l. 

Opaque Granitic Sedimentary' 
rock ' rock ~ .~ 1 feldlpar pyroxen, 

minerall -garnet fragmenta fragmenta 

, ' 

6 .. ' 20 . 
4 \' 3 16 
5 ' .. • 27 
6 .. "'1\,- 25 

J .. 9 14 
S ... 5 14 

4t 

" 

Y? .J 

'\ 
• .... 

r -(!i 
,. 

\ 

" 



_- .J,J~\; =. 
" L) 

\ ' .... 

~ l,'I 

p' 

~ 
'li 

.~ 

TAUf C.3 

• 
Elernentol1tnOl)IIi. of the core IO~I •• -

) 

C.p~n 115 115 ilS 115 115 115 115 11's 115 , 15 
If' 

~ Co,e 2 3 5 6 7 8 9 10 

fi • .,..", 0 50 100 150 175 200 230 28S 290 ~ , 350 
" 

( ,1<: 2(,23 '1 50 2 67 2.62 2.61 253 2.55 2.53 2.60 2.68 

~ No 1 73 1.68 ' 2.11 16.8 1.83 2.06 2.27 1.88 1.92 1.83 

':c * 193 ln 1 .,j()' 1~3« • 1.66 1.28 L23 - 1.21 1.17 1.07 
, .. - 1 6' 1 2~ 2 05 1 e6 1.85 1.s.4 1.82 1.79 ( ,. 87 '- 1. 83 

J' :, '9 6. ï; 7.29 ' 7.15 7.17 7.01 6.99 ~.88 ! ~ 6.93 7.02 

Fe A 53 0466 04.86 ~ ".83 ' ".76 ".97 ".78 ".76 ".804 ".89 
t 

. 066 Tt 0.67 o.n 0.61 0.75 0.804 0.77 0.69 O~ 0.77 

;J.;/ïJ9'fI 682 79S 657 618 701 692 730 737 747 771 
~. • 4 , ... , .. . " 

/ • 

.~ 

" <, 

" /' .. ' 

/ . 
? 

f 
• 1 

115 115 

11 12 

400 420 

2.67 2.71 

1.79 1.73 

.. . ./1 ".78 
1.76 ':. 1.74 

7.35 7.50 

4.82 4.98 

0.83 0.82 

822 764 

• 

'\ 

115 

13 

-450 

2.75 

1.91 

0.61 

1.71 

1."3 
5'.06 

0.86 

754 

• , 

115 

14~ 

455 

2.67 

1.67 

0.65 

Ln 
7. II 

5.12 

0.93 

638 

• 
.... 

115 115 ' 115 

15 16 17 

470 510 550 

2.7 .. 2.70 2.79 

1.62 1.60 ~lO 
0.82 0.72 0.81 

1.80 1.81 1.~ 

7.68 7.00 1'.16 
~ 

4.78 4.99 4.88 

' 0.95 0.62 < 0.7" 
'IL 

681 . 611 135 

", 

f 
, . 

--: 
. . 



" 1." t ,01 ~ 

; 

• ~ ~ ,r " • 

Otp+h 
'" Cor., 

115 115 115 
• 

22 
)l~ 
24 

, . \ 
-115 

29 

" 

~ .. \ 

. ..,.. 
1,15 -115 115 115 
30 .... 31 ~~ 32 .. 33 , 

Eltment 
1 

- 1 15 

.18 

600 

19 

650 

115 

20 
680 . 

_ 21", 

686 700 

115 

23 

703 720 

115 

26 

750 

-liS 

17 

8C» 

115 

28 

8 835 " 843 850- _ ~8s3-74 ~74 

115 

34 

? . 
~'I 2::- 2 7~ 2.52 1.95 J 1.94 2.10 ;~06 2.56 02.61 2.21 2.13 

Ni l "ç .. 1 é4 1. .cO 1. 09 1. 07 0.99 1. 20 . 1. 38 1. 37 1. SC 1. 30 

Cc! • Ij 51 0 0 59 0.78 Q.,~ 0.92;J 0.58 l78 0.65 0.5.c- 1.02 0.57 

2.47 2.50 

1~'6 1.07 

0.86 3.87 

2. za 2.14 ... 

1.17 1.07 ~ 

3.32 4.66 

dt . loi, 1.47 " ~34 J .40 1.'25 1.37 1.5.c 0.52 l-.56 1.81 1.35 1.87 1.68 , ."5 
l,; 1 • ~ 9 7.48 6.47 7.64 7.33, 6.72 7.33 ,-- 7.36 6.71 7.13 7.21 6,79<\\ 6. ',4 - 6.09 

2.25 

0.95 

4.73 

1.38 

6. f7 
i .. ....; ~ t .-

F. ";"8 4 e3 . 4.83 4.29 4 . .c2 4.83 4.47 4.85 4.9\ 4f52 5.04 ".59 4."S ".13 -.4.OS 4.21 

TI 0 il 0.67 0.77 0.74 D.'64 -o.ê3 0.97 ·o.n 0.71 ~.70 o.n '0.73 0.59 0',60 0.60 0.61 

M~/~plT" ~!~ ·~37, 595 550' 565 S38' 60,9 583 5~ 543 600 575 S88 557 6U n6 
... /________________ 1 " 

\ 

~ Q 

'.' 
!' " 

'l 

~ 
-. 

.---

~ -'" 

" r 

~ '" ; 
(? 

2.52 • 

1.53 

- à.86 

1.65 

6.76 

4.69 

0.64 

7.5.5 

/ 
.----/ 

~ 
\ 

; , 
\ 

--..' 

~, l, 
" 

-~ 
., 

... "/ 
/ 

, 

\ 
'1 

1 
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TAIIoE C.3 (cont'd) 

,,/ 
1 

"7~~ ot'" 81036 BI036 BI036 81036 S3 S3 S3 S3 S3 .., S3 S17 S17 
ft 

Core 9 10 11 12 13 ? ? 2 3 4 5 6 7 • 2 3 

EI~,,"ent 
-El> 

.. 
4 

K 21 69 2 62 2 . .67 2.50 2.3J 2.63 " 2.58 -2.26 2.72 2.30 2.38 2.2 2.63 2.27 2.22 2.74 2.30 

No 1.96 • 1.82 1.79 1.42 1 .. 31 1.18 1.97 1.27 J • .1 ~ 1.73 1.88 1.74 1.78 1.76 1.71 1.87. 2.06 .. 
0.79 Co "- 1 82 2.17 . 2.16 2.33 2.50 4.05 2.21 2.24 5.09 o.n 0.86 0.90 0.81 0.80 1.45 0.20 

Mg 2.02 L97 .~ 2.01 2.17 t.~ "2.01 2.03 2.32 1.83 1.88 1.86 1.83 1.84 1.60 2.10 1.55 

AI 5.76 • 5.9~ 6. 6.62 6.33 5.92 6.32 6.44 5.78 7.04 7.46 7.30 6.26 6.52 6.58 6.76- 6. '6 

Fe 4.67 4.60 ..... , 4.50 ".36 .. =20 ".'604 4.37. :4:m--'" -~J4 ".40 4.48 ".60 ".98 4.46 4.82 3.64 
) 

Ti . 0.59 O.6t" 0.73 0.64 0.65 0.54 0.65 0.68 0.57 0.88 0.96 0.86 0.91 0.85 0.88 0.88 0.66 ~ 0 

1547 -Mn/ppm • 583 ~ 542 517 53Çl 578 Il 5 .. 9 S26 422 399 4n 417 453 408 398 280 

~ 

'>. 

'\ -, ~ 
~ 

J 

.. ~ 
J 

--
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TABLE C.3 (cont'd) 

-Oepth 517 S17 S17 S17 S21 S21 S21 S21 
in 

Core 4 5 6 7 2 3 4 5 
~ 

Element 

K 2.63 2.74 2.56 2.48 1.60 1.. 81-- 2.58 . 2.19 

Na 1. 76 1.88 1.98 2.00 0.84 0.86 0.94 0.90 

Ca 2.28 1.24 1.84 2.01 1.60 2.47 1.79 1.54 

Mg ,2.22 2.22 2. 16 2.10 1.34 1.74 1.89 1.83 

AI 7.00 '7:52 7.48 7.60 ~.82 ".28 5.90 6.10 

~ Fe .4.76 4.70 4.34 , 4.82 3.16 3.36 3.08 3.40 
if 0/12 Ti 0.83 0.86 0.8-2 0.87 0.82 0.84 . 0.84 

Mn/ppm • 400 405 343 331 283 269 257 260 " 

1 

J 

• 

\ .. 
\ , 

~ . f .. ... 

• 
" 



1 

) 
" 

~ 

199 

• \ 

t 
TABLE C.4 

" 

rroce element content* in the core' 

SQmples. 

Element Co Cr Cu Mo Ni Sr Zn ~-

Sample No. 

Core BIO 115 1 61 46 314 21 66 86 311 

2 68 n 244 14 72 73 309 

3 73 70 151 18 73 74 303 
1 

l' 4 74 86 189 22 65 64 
( 

310 

7~ 1 .. 5 73 127 "- 11 70, 69 309 
1 

1 ~6 73 82 107 13 62 63 310 

7 7~ 81 87 3 82 59 300 
" 

8 73 82 91' At 67 56 310 

9 78 73 130 '14 t· 66 53 305 ,. 
< 10 n 85 126 n.d. 59 47 311 

11 74 84 ·126 9 65 30. 312 

,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 71 103 , 9 62 44 308 

16 71 60 85 9 65 ' 41 310 

17 84 85 169 4 79 38 268 
/ 

18 84 82 112 1 n 27 309 

19 82 78 95 ·1 66 30 123 

20' 78 83 70 n.d. 68 37 287 

j 21 76 81 118 n.d. 61 29 294 

22 75 82 87 n.d • 67 31 306 

• 23 81 , 89 75 n.d. 75 20 102 1 
<., • 

2-4 82 70 58 1 66 20 268, . 
o CI 

IJ 
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TABLE C.4 (cont'd) 

Element Co Cr Cu f.kJ Ni' Sr Zn . 
$ample No. 

, 

Core BIO 36 5 78 68 /;.'67 39 66 182 122 

6 76 66 76 26 66 1 82 117 

7 70 60 71 25 63 81 111 

8 65 69 64 36 63 91 113 

9 67 72 91 27 68 89 "113 
. ' 

10 67 89 99 79 67 103 
~ 

" 

11 63 .' 127, 51 87 61 85 

12 58 ' 131 55 91 68 75 
" 

Core 5-3 1 
\ 

34 40 21 38 46 80 

2 37 40 19 32 45 69 

3 39 j ~ 

35 16 36 54 60 

4 32 40 18 ,35 52 65 

5 33 36 20 35 51 67 

6 37 39 18 41 49 . 66 

7 35 35\" 18 31 . 49 67 
-

Core S-17' l , 31 36 19 31 69 62 , , ' , 

2 35 41 30 '36 67 77 

3 33 35 15 29 65 47 

f 4 36 46 17 29 65 71 

5 39 50 21 37 63 11 

6 33 37 25 33 82 65 
, 

1 

7t.. 26 34 33 98 52 

Core 5-21 1· 27 34 14 . 27 40 28 • 2 27 33 16 34 30 42 

/ 

/ 
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.e C; 
\ 

\ / TABLE C.4 (cont'd) . 

" 

Element Co . \. Çr Cu Mo Ni Sr Zn Sa~ple No. " 

Core S-21 3 31 . ,47 16 36 39 45 

4 30 38 18 35 ·41 47 

5 28 39 16 40 . 36 47 
f 1. 

* concentrations are given ln ppm. 

n.d. ' not detected. 

nof determined. 

r 

; 
" 

1 

) 

r 

",J,r _ ,~ _L _ .,..L-,-...::l;_4~_ ' .. t1r ' •• t ,"'&, ,o}-,etfêSi' 



• 
... 

... ~~-

5o"'PI• 
No 

fl.1MtI1 

- A. 5(1) 

f • A.II S.(2) 

%·1 

1 

MI\ 2 

2-1 

1 

c 0 2 

~-l 

1 

N i 2 

2-1 

1 
-c , 2 

2·1 . 

1 

: .. 2 

\. 2·1 

JI') 
~ , .. 

2-1 

" 

lU lU 115 115 

1 2 • J 6 

o "" 50 ,m 00 cm 200 cm 

.01 a" 971 1122 

1UO lSB I41S 2190 

722 660 SOI 1061 

.19 193 113 .176 

226 21. 219 235 

41 13 46 S9 

'.0 , 0 7.7 7 S 

9 0 , 5 , 5 9 0 

l.0 0.5 -- l.S 

250 24.0 11.7 17 2 

30.0 31.0 22.S 2S.5 

5 0 7.0 ) 1 1 3 

10 4 4 2 10 10 4.6 

12 5 24.0 10.5 1.5 

1.1 19.' '.1 J.9 

122.0 1)4 2 94.6 13 2 

140.5 130 91.0 12.5 

11.5 . - . -
UI 12) 123 123 

nI, 26) 266 213 

146 140 143 UO 
--

1 Acelie QC.d ulfckl 

115 115 115 

9 Il 16 

290 CIII 400 cm 510 cm 

1069 1135 1126 

1670 2000 1910 
> 

601 665 104 

115 200 111 

267 312 24) 

82 112 65 

6.6 5.1 6.' 
1 5 6 0 6.S 

1 9 0.9 --
14 5 Il. 7 1l.0 

20.S 16.5 19.5 

6 0 4.8 '.S 

7.3 4.2 4.8 

7 5 20.5 80 

0.2 16 l 1) 2 

1160 lb~7 46 .• 
,o.5 - 51. S 

4.S ~ 10.9 

11. 125 123 

2Sl 217 214 

US LS2 Ut 

.... 

TAlLE C 5 

Ano1rwt or th. lIOn-ci."i'ol "0' •• 1.me ... 11 
1 

115 lU US lU • lU 

la Z3 27 .... '. ,3-

600cm 703 CI" 100 cm lI~cm .910 cm . 
1043 744 103-2 1210 1093 . . r 
174S 11020 1690 1935 1120 

102 6711 HII 115 62,1 

171 160 156 ua 163 

223 207 190 231 200 

52 107 34 U 37 

4." 2.9 5.5 S.? 4.11 

-fs:0 4.5 1 0 5 6 5 5 

l.' 1.6 I.~ --. J 0.7 

1. S. 5.l 1.4 Il. 7 { 10.3 

11.5 11.5 • 16.5 11.5 23 5 

10." 6.2 a.l 6.' 13. ~ 

5 9 2.0 3.1 4 b 4 0 

7.0. 6.0 7.0 7.5 7 0 

LI 4 0 J.~ 2.~ ) 0 

62.9 52.' 31.2 311.1 1 48.1 

'65.5 n.s 1 59.0 33.5 42.0 

2.' 6.4 2.3 1.4 i -'" 

. 

./' • o 

" 

,.. 

36 
. 

}4, ~ n l6 3. 1 l6 1 )6 
, 1 • 

o cm 50 cm 100 ,m ISO cm 200 Cltl 250 cm \290 cm HC cm_ 

1127 869 1014 1065 1124 1010 906 1131 

lS2S 1590 177S 1920 1925 17'S 1540 11S0 

691 721 161 IS5 1101 715 634, 1 ~17 

68 15 81 112 12. ~6 411;' 1
1

1.4 
ICl • 162 71 ?i 99 129 148 , 207 

3.0 3.0 1l.0 17.0 ~2.0 7. Ci 1 2'.0 4) 

3.5 4 0 • 5.1 5 , .. 9.f 6.' 7~.9 9.5 

6.5 6.Q 7.5 'i'O 9.0 , 5 , 7 ~ .. S " 
J. CI 2.Ci 2 4 .), 3 -- -- -- .. 

1 

• 10.6 12.1 h 2' 12.5 Il. 2 1 : .. ! :'; .. 13.2 i 
22 0 20.5 29.0 21.0 21.5 :2 p. 1 ~30 1 

:9.5 

..a' 1l.4 8.4 1).1 14.5 16.3 10.9 9 l 
Q 

4.6 1 j i 1 4 0
1 

5.3 4.6 5 1'- (, 2 , :.. '=' 
1 

) ~ 1 _"5 i 8 5,,,,./ 5 5 6 5 " ~ ~ ~ 
1 • 9 1 405! o 2 1.9 1 :.l ; . ~ 
1 

.. ~ 
'1 ----

29 J 1 JO.l 1 )7.0 ' 29 : 1 ,0 •• ) 1 5~.b , b; _ 2., ! 

H.51 
1 

n.o 1 
1 

-)1.0 37.0 36-.0 . 72. S 4 lO 0 
1 1.7 1.4j . 6.3 . - , 9.1 ; r,.i 

1"21 36.0 125 10 •• ! 118~ Sl.ÔI 37.0! ".0 1 39.0 1 59.cl 22.0 30.', .'," 

260 );7 0 

139 11.0 
~._ .. -~ - ------ - ---- --

240 . 160 l 264 r 4~. 0 1 37 . 0 , 2~ . 0 1 2~ , 3;; C! 24.0 20.:' j .0 'J 

m ~.O 146 ~ • J - - 1 . 1 2.0 - -
---- - - - ---- ---- --- ----- -- -- --_.~---- --_ .. - - ---

'" 
2 Ac."c oc,d-Hydro.ylGm.,\ hrdrochlo"dt Ift •• ''''. ,flocl. 

of <--
J 8 

.... ", 

'1 
1 


