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s?;Péch, and these sediments are also rich in carbonate. Fillon -

(1976) :and Fillon and Duplessy (1279) did not report the lithology ) A

and relative abundance of i1ce rafted sediments in their cores from the

4 ¢ -~ ‘

Labrador Sea. ough (1978) reported high carbonate in the early

f

Holocene sectionm® from the NAMOC (Northwest Atlantic MidrOcean Channel,
: ‘ Aoy
which probably can be correlated with high ice rafted carbonate 1in

adﬁacent areas. Stow (1977) did not explicatly separate ice rafted,

pebbles from resedimented pebbles but 1t appears that there are common

:

o

carbonate pebbles in the lower Holocene sections on the/Laurentian

~

Fan and Scotian slope. This is probably because of rapid melting of

°

the Wisconsinan ice sheet. Therefore, it is very likely that the
. ' \
higher pebble concentration near the base of Unit A \represents the

' J

first phase of the Holocene warming up.

«

~

At thig time, there may have been rapid break up of extensive ice -

shelf areas (as has beén‘demonstraged in the Bay of Fundy (Grant,.’
. . At e
1970; amos, 1977). Once these were .destroyed, iceberg calwving would

@ °

be largely restricted to a few valley glaciers entering deep fiords

+

around Greenland and the eastern Arctlé Islands aﬁa,"as a result,

. °

both the numbers of icebergs and the abundance of IRD would decrease

n * == i

to the present day levels. ' )
Ey ]

’ & , .

] ! o s
Distinct sand beds are very rare in the Holocene section on the

3] v

e

i

Grand Bank 2lope and rise and are opvious onfy on the western slope'

in cores 16 and 24. Sbme of these beds are graded and show Bouma's (1962)

\

sequences éng are therefore interpreted as turbidites. The ﬁlgher

o »
- » J
-
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1 5.‘
rates of §edlmoytation on the western slope may have ¢ausé&/;n—

stability of sediments and subsequent slﬁmplng, which initiated the

turbidity currents. . e

o a
¢ - /

.Medium to fine-grained well rounded sand also occurs dispersed
“e\ /

!

-

\ /
- 1n the muds and ocoze of. Unit A\ The amount decreases as one moves

from the upper slope towards the Fogo Seamounts. On th? slope these

’

o\
sands make up about 5% of the total sedlments whereas oh the Fogo

1

Seamounts they make up only about 0,5%. -Their texture and mineralegy

are \similar tb those of the :sand on the Grand Banks. The presence

A N <

| 2 \ °
SEDIMENTATION OF UNIT B (WISCONS&NAN SEDIMENTATION)

¢ a

We can expect sediméntation in the Wisconsinan to have been quite
1 /‘-&? "ﬂ ‘ '
", different from that of the Holocene. With the cooling of the climate,

&

there was a mass transfer of water from the ocean to the polar regions

5
building up the continental ice sheets which, in higher latitudes,

Y
]

covzfed most of the contlnént and their shelves. Loweraing of the

sea“tevel at the maximum of the Wisconsinan, glaciation has been

’ estimated on a world wide basis at about 130 m (Emery, 1969; Shepard

aﬁd Curry, 1967). However, because of the loading offects of the ice

°
L]

'sheet, the eustatic sea-level change is a poor indicator of relative

@
LY ¢

sex level in the.glacidted areas (Beaumont, 1977). A reasonable

o P [

a 3 N N
o A
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estimate for the Wisconsinan sea level around the edge of the Grand

u -

Banks is at least about 130 mibelow the present sea level. Aksu
(1977) believes that sea level in Baffin Bay may have been 200 m below

the present level during the Wisconsinan stades. A lowering of the

v
]

sea level by 100 m will expose most of the Grand Banks to the atmo-
sphere. An immediate effect of this lower sea level will be apparent

in the .sediments at.,the shelf break ;nd upper slope.

L3

The type of slope with which we are dealing will determine the

“

processes of sedimentation on the slope as well as on the surrounding

o
+ areas. There are numerous classifications of coastlines and associ-

-

ated continental terraces (Bloom, 1965; McGill, 1958; Shepard, 1952).
Kelling and Stanley (1976) proposed a rather simplistic tectonic

subdivision of the slope by modifying the coastline cla§§1flcatlon of

Inman and'Nordstram {1961). The subdivisions are: (a) Tectonically

actave margin, "(b) Tectonically passive ‘margin, (c) Tectonically

In these terms, the Grand Banks slope 1s a §a551ve

buttressed margins.
type slope. In terms of /$edimentation process, the ﬁassmve slope
perhaps can be divided ihto three different categories (I) erosional

,slope, (2) slowly prograding slope, (3) rapidly prograding slope.

. -
t

During the Holocene the Grand Banks was a slowly prograding slope.

s

- However, the slope could have been different during the glacial

’

o

‘stages 1f an jce sheet covered the shelves and fluvio-glacial streams

discharged large amounts of sedime&t directly onto the slope.

]

]
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The slope 1s the critical area for supply of sediments to thé
> .

outer continental margin. Some sediment bypasses the slope and some
Ty —

o

QV
1s permanently deposited there. The processes that dominate the slope

perhaps also indlféct;z/dbmlnate the continental rise.

There are at least six factors that control the sediment input

on the sigﬁé as' well as on the areas surrounding the slope. They are:

-

{a) The sea-lavel changes, ﬁhich,als% shift coast line and con-

[

sequently, the input areas of clastic sediments on 'the duter continehtal

margin. A change of sea-level alsg changes the effects of waves on

‘
°

the sediments. Waves generally put fine-grained sediments into sus-

¢

pension and also'make the sediments on the slopé unstable.

(b) Morphology of the slope determines the stability of 'the

@

. N 'r
sediments. Where a slope is cut by numerous submarine cariyon, sediments

t 4 )‘
are much less stable than those on a smooth slope of comparable over-

¢ 3

all gradient. Canyons and channels on the slope may also determine
. o A4

1

°

the size of the turbidity currents and the sediments deposited by

them (Kelling and Stanley, 1976). . i \ '

=
a

(c) The amouﬂt ;nd type of| sediment input on the shelf influ-
ences the rate and processes of sedimentation on the siope\and rise,
Alternating%mud and sand on the slope is much more unstable than only
mud or sand.” A relativeiy higher ainput Bf mud on the shelf will lead
to a hemipelagic type of s;dlmentatioﬁ on the slope whereas a higher
sand input will possibly lead to a sand spillove; typg of sedimentation.
The rate of sedimentatidn also affects the dominant sedimentation

kY

processes. A higher raye of sedimentation makes the sediments more
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unstable, as the ﬁore fluad has very\i:ttle time to escape,and to

.

o ~ < ' 3
allow the sediments to be compacted.
z 2 8 . ; ’

slide down thevslobe, generating large scg}e~tq;bid1ty currents.

.

such a case sediment may

4 a

" o

. B * o
(d), Biggent of ice cover on the shelf plays a-craitical role In’

~ asedimentation on the higher 1atitude(pontinental margin. An-1Ce sheet
i s
on the shelf works like a bpliéozer - 1t pushes the sediments élose

,to the shelf break, from where thé’sedlments can slide down the slope

f / t

(Stanley et al., 1972). Advance and retre of ice sheet on the
. -JQ*N .
v shelf leaves large amounts of sediment in disequilibrium condition .

t -

3
-with the envitonment. The presencde of an 1ce sheet on the shelf may
A » ’ .

a *
also_increase the amount of ice-rafted debris on the slope and rase.-
! - ?
, (e} Oceanic and atmospheric circulation 1s also critical for the”/
' - / 4 !

slope sedlmentah%on. Sqepended sediments on the shelf are tranéported

-

»

by streams f£from the continent, or-they are shelﬁ’sedlments resuspended
/
by waves, although some may be windblown from the continent. The tl_’
D ' * 7
atmdspheric circulation of the area determines the frequency and in-

°
v
4

" tensity of the stogmsi Strong storms bug large amounts of fine-*

grained sediment in suspension, and can also make the sediments at

4
LA .

o o . E

the shelf breaﬁ unstable and traigger:turbidity currents. The sus-—
W “
prended sediments on the shelf and at the shelf break are easily af-

fected by the circulation of thé area and transpdrted a long distance

» e B q T.:’

along its path. !
s

' M
' ' §

>

e(f) Finally, the biogenic productivity on”the‘slopeﬂwater controls
. : )
the input of calcium carbonate, organic silica and other hiogénic

‘

L]

, e G.w[
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materials on the slope. Biologic activity on the slope sediments

can start)small-scale erogloﬁ of the. fine-grained sediments by cur-

’

J —
rents (Young and Southard, 1?78). Organic material prevents clay

L X L - . .
sized material from settling quickly and hence allows its transport
. ‘ o
b A
for considerable‘distances (Pierce,,K 1976). . ‘w ’
o, n o . Fl

o ®

Ngw"considéfing the fact that the above six factors change witi/
4 o
change in climate, let us seé how the sedlgfyfgkion may hdve changed
L4

®
-

-

different stages in the Wisconsinan. - :
3 > -

-3
. a

¢

SEDIMENTATION'OEAUNITjBl (LATE WISCQN%;NAN SEDIMENTATION, Fq;ém

Stage 2) » . ;e

,
L] < - °
i

b
R n . .
The unit Bl- represents the late Waisconsinan sequence 1n the cores..

o, 5

It 1s sometimes aifflcult to draw a sharp, boundary beﬁween the

- "“ .
Holacene sequence and the Late Wiscdnsinan sequence, especially in

'
[ : 0 ®

the Flémlsh Pass cores and some of théuslope,core§. The planktonic

< L ° [}

foraminifera in Unit Bl suggegﬁ cold surface water conditions. Low

a
-

foram numbers and low congentratloﬁs of coccoliths and diatoms indi-

- £
'

cate that biogenic productivléy was low.

o
-

w7 ( L '
The sediments deposited during this stage ate mostly silty mud

(Facieg 7) on the slope -and gray mud (Facies 2) and muddy foram—néhno,

» ° c )
ocoze (Faciés 4) on the sseamourits. - Sands occur dispersed in muds on

a <

both seamounts and slope and are also concentrated:in discrete beds

g u i

on the slope. . The dispersed sands are véry similar to those of Unit
¢ o ! » , .

LR

A; most ofmthese sands are rounded with mature surface texture ang
A \‘ A v1 . £

>
) -l N )

o

o -
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have a mineralogy suggesting derivation from the Grand Banks. As in
¢ Al ! »

Unit A, they can be ;nterpreted as resuspended. by storm:'waves. The.

°

P
o

presence of this mature sand rich in garnet and resistant. heavy mingxals
’ .
suggests that frésh detratal sands were nd%’gupplied to the Grand . ‘

o

Banks during the late Wisconsidan. This is coffsistent with the views .

°
s, »

of Mullef-and Milliman (1973) and Slatt (1977) bégéd on their work°on
e - " < -

¢
R=]

the Grand -Banks sediments. It”amplies that the Wipcon§§nanfice sheet”

% o
did not cross the Avalon Channgl. Almost allwestimates of late
b . Qo
Wisconsinan sea level lowering would leave at least part of the G{énd il
7 I} ﬂ
Banks emergent,. so that an alternative interpretation of som? or all, e
,x:.\ \r}”
of the rounded dispersed sand grains is that they were blown ﬁrqm.the

2
4 ~

Grand Banks. L ot -

. ?‘r , ’

Sané beds are comm5n only on ‘the Western Grand Banks slope. Many

< . 3

- 3 - h Vs 5
of these beds are graded with Bouma sequences of, sediméntary structures,
i

2 o .
» ~

and are interpreted as turbidites. Why turbidites are more common
¥ - @ o

here’ than on the eastern slope‘in unclear. This could be because of .,

3 =

high draift gﬁ $ediments (and dlso high sedimgntation rate) on the

western slope made them relatively unstable, resulting in ﬁhe'iniﬂit’

v

ation of turbidity currents. Sediments thus‘lost from' the upper slope

. -

were reélaced by’ sands, and muds from the shelf*break and could account
L ) « + “ v
for the presence of sandy turbidite beds. The general scarcity of

4
© °

9
turbidites in the Grand Banks slope compared with, say the Scotian
' {' [4 - +
Slope%(SEow, 1977) may be due to the lack of .fresh sediment supply. v

a

L]
~

Y



=]

a ! » ¢ - ? 170

o . ' ]

/ . Pebbleg and . coarse sé%ﬁs Qispegged through the muds are prob-

:!#- B . 1; . . N . °

ably ice rafted rather than resedimented. They are much less abun-

dant than in Unit A, and are dominated by metasedimentary and high
¢ ’ N N .

&

~ grade metamorphic rocks, indicating a possible Newfoﬁﬁéland and
¢ o PR W - Yo ° 'n
?abrador source for most of these“pebblesf The similaraty in com~

o
-

o position of the i1ce rafted debris on either side of ‘the Grahd Banks
[ N i ) °
" suggests a common source), Presumably Labrgdor and Newfoundland, bug -

.. some of these ice berg§ could come from further north. Lowerdd sea

e v
3

level places considerable constraintsuon ice, berg movement from the
P ”

north and east, réquiring that they travel eliher f£hrough the Avalon

Pack ice could have trans-

s .

. Channel or around tﬁe Ta1l of the Banks.

>

- - v

. 3 ported some Qf the pebbleé from the Newfoundland coast; however, tﬁe

role dfvpéck,lcé in sediment transport is examined separately. -

Fs

&
-

< - 4 a
The clay mineral assemblage in Unit Bl is richer in 1llite than,-

A Y

v in Unit A. On the eastern slope and Flemish Pass, kaolinite is also

3

ot
s more abundant. Montmorillonite and mixed layer clays still make up
v [
v 9

25740% of the clay mineral assemblage. There are no obvious syste-

¢

5 . P ¢
- matic changes with géographlg locations. Mudie (pers. comm.) found
common Tertiary gnd Cfetaceops palynomorphs in the grey clay «of Uplé B,
IS 0 - o [
on the Fogo Seamoﬁnts. Local derivation of clays, ﬁt least in part by

4]

r

4] .
erosion of Tertiary and Cretaceous Strata may be one of the sourcygs,

although long dlstance tﬁansgprt of clays cannot be completely ruled

out. This erosion may take placgdr near the she€lf break or on shallow

a
0 » ° . a
o " °



3
LEN

: o
o i ©
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submerged areas of the Grand Banks by waves, or by glacial advance . i
k ¢ Y over Cretacecus and Tertiary strata on the shelf. Cuﬁg%nt views -
- 3
on the extent of Late Wisconsinan ice on Newfoundland put the maximum

@ >

°
1ce extent not far seaward of the present coastline. Thas makes

»

'

by e

. p ’ & !
direct supply quhhese clay from Late Wlsconiinan glaciral meltwater

LT3 o a

- less probablewgfﬂowéVez, sediments left'?rQM’some pré%fous (Illincian?)
. 0 .

“ glacial advance from Newfpﬁndlénd on the 6rand Banks could be easily

. ' -~ .
° - reworked and the fine-grained sediments transporgsd seayard by

@

- mechanisms discussed in Chapter 1l. Glacial meltwater could. supply
o 4 ¢ O >

N §
»
large amounts ‘of igﬁgrlte and illite (c.f. Piper and,Slatt, 1977) { .

i
r

°

eroded from the island of Newfoundland, and’ some ©of these clays

¢

v , could be transporqed to the Grand Banks slope by'the Labrador current.

<
» ! .

L4

! d m’) ) . )
The exact mode of transport of clays from the shelf break to“t@s

- 8 « t

. Fogo Seamounts 1s not known but as shelf—derf;ed sands apparently feach

i ° Qr"\ * -

the seamounts in suspensionf/it should be much easier to transport h
B

(=]

- o
clays, since their settling. is retarded’ét‘den51ty 1nterﬁgces¢w1th1n

4 the ocean. - \ ! -
he o g > - P “+ -
Sedimentation on the’seamounts farther away from the shelf '

? “ Y

*  break (coré 6) was not much different from that in the'Holocene, with =~

“a
L4 a .

N planktonic sedimentation of foram-nammo ocozé sti%% dominatings The"
® \ i

3

» v vem s C . H
. area was under the influence of the Gulf Stream and the b}qgenlq !

[) © B

productivity was high. Hdwever, the micr%foss%ls déeposited represent

) a rather cold-water assemblage. Traces of red clay in core 6 and 113G no
! o ' N ‘ ¢ ' )
4 -
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. ¢ ‘ 4 .
(gravaty core) may be similar to the red mud on the Laurentﬁgn Fan,

w
The presence of red sdndstone pebbles in the Late WlSCgﬁSlnaniéediments

)

Y
“ (3

@ 4 - N

on the séamourt suggests that at least a part of these sediments was

/ ° n‘ [ '
transported by the Laurentian Channel type of icebergs.

- D r x Al
- . ¥
. eSediggptation in the Newfoundland basin (core 112) was also very

. v

similaxr'to that of the Hologene. (?edxmentatlon was dominated by

o

planktonic microfossils and there is no evidence of detrital sediment

Q¢

input during this stage. iceérafted debris in this unat is dominated

by meﬁésedimentary and metamorphic rocks.

Py

s TR . 7 a .
Sedimentation on the Western Newfoundland rise was quite different.

o - e !
.

Here core 05 shows a thick sequ;nce of very fine red sediments, some-

= [

times alternating with salty mud (Facies 7). The olive-gray silty

-
L o n -

mud beds, are generally g'to 10 cm thick and have °sharp bases and
& © -

&
o

' gradational tops. It ‘dpPears that the sediments éam; from two dif-

@

ferent areas. The red mud 1s rich in illite, kaolite and moatmorillonite

[} 4 » =

and mixed layered ,clays.. This mud 2s°similar to that found ord the
b . ®
Laurentian Fan, suggestiﬁé & Laurentian Channel source. The alter-

-

‘nating olive gray silty mudohas a mineralogical composition very

similar, to the mud of facies 7 and 8 on the upper slope in cores 16

. .
i

and 24, suggesting that they have a Similar origin from the Grand

a ) - oy
Banks margan. . ‘
[ i . ' *

" - * . [

A4 4

The bathymetric setting of core 05 on the Grand Banks rise
] . . , )
mdkes 1t improbable that thé red muds wefe transported across the
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Lauremtian Fan by turbidites, altdMough the red-mﬁéé have a similar ’

< 4 r o

size distribution to the red muds on the Laurentian Fan {(Stow, 1977
4
and ﬂigure gnd ~ of thas thesis). The red mud could be deposited

» from a nepheloid layer formed on the slope below the Laurentian

ghannéi. Evidence for such red mud deposition is found only in

o

.glacial stages. The coarse graded olive gray sxlty muds are of con-

o 3

° ’ 1
trastingly different character; the graded bedding suggests that they

\Z§E\€oss1bly turbidites. They might be the distal equlva%pnts of

i -
° a

the sanay turbidites in cores 16 and 24. T

9
-

-~
Sedimentation of red mud transported as a nepheloid layer 1s
- known from the Bahama rise (Heezen and Hollister, 1971). !Such

%
nepheloid layer tran bort may account for the red mud in cores 06
7 :

]

/ "

/
and 113; the absengé of red mud froms cores -28;, 29G, 117 and 114 might

a -

the nepheloid layer by the western boundary undercurrent. Cores 06

il

and 113 also die along the 'path projected by Ruddiman (1277) for

edrly Wisconsinan Laurentian Chanpel ice bergs, so the red mud might

4
be 1ce rafted. It 1is also possible that sediments suspended by near

surfa¢e water on the Laurentian Fan were caught by the Gulf Stream

B

and transported along its path.\ 'The other possibility is that some

a
of ,thHe sedaments from the nepheloid layer were caught ‘by the Séep

[

circulation of the Gulf Stream (Worthington, 1976) and tragsported

e/

along waith it. / N )

-

/ o
be due either to the greater height of the seamounts or to diversion’of .

~



s

v
' - ¢ - - s . R r b 1'74 ol
o

SEDIMENTATION OF UNIT B2 (PLUM POINT INTERSTADIAL SEDIMENTATION

n [y ~

- . %

22}600 B.P.; Foram,Stagé 2) \
o L ° 5 v,

a e *

-

b e .~ N
Surface water was warmer ‘during the Plum Point interstadial

) ¢ .

than lhlthe Late Wisconsinan. The sea level was- higher than in the

\ .

Late Wisconsinan but 1ldwer than in the Holocene. ¢ As Nova Scotia

B ? . A - °

was still completely ice, covered abbut 50 to 100 m below the present

s

v
sea level would be a reasonable estimate.
S “~ 1

o

Sediments deposited during this stage are rich in calcium

o
- -

carbonate. Although qumig obvious in thé‘S?amdunt\cores, in glope . ®

. : & Ve s
cores this- high carbonate 1is sometimes dgiﬁted by the detrital sedi-
‘ L[

- - W0 e
o

ments. Most of this c§rbonate 1s biogenic Sgénerally foraminifera),

o . . .
suggesting higher biogenlé/productlv1ty. However, the lithology of

a

oo~ Q-

1ce rafted pebbles“suggests that the amount of ice rafted detrital

Y

carbonates 1is not néaligiblé. Both the lithology of ice rafted

o

L .

"pebbles and the clay mineralogy are similar to those bfaUnlt A; -

.

suggesting a similar source for these sediments. The .mineralogy of

-

the dispersed ane-gralned sand &uggeggg%g Grand Banks sowurce. v

-

-

I o -t 1

’ 4
The carbonate-rich horizons of Unit B2 can Be identified

- o b o
relatawely g‘llly on the eastern slope and Flemish-Pass where tgey.

@

a&re thicker than comparable Holocene horizons. , Concentration of .
iy

'
- - [

microfossils in the sediments and the thicknesses of these horiZons

-

. »~
probably suggests thaf the biogenic productiviﬁj“on the eastern's;ope

v
L) > . [
¢ ‘

J 3 -

<

LR

"
> .
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+'and in Flemish Pass was higher during this Plum Point Interstadial o

12
n

o hl o s -

2

3. 0{) - 4 .
than in the Héipcene. On thg“western slopeﬁtphis carbonate fich

2

¥ ° S
horizon g difficult to define shax:ply.'"’J Rates of sedimentation can
1 4 © ip 0“ ’ \9’ -~

only be very crudely estimated,‘because of the lack 6f dates. If i

? N -\,i" P b kS R
\ P ¢

the boundaries of Unit B2 are not diachronous, the western slope )

has a rate of sedimentation 3’ to 4 times greater than on-the ¢ ‘&ﬁ

2 - ) ? .
eastern Slope. ” P S
o of - v M . -
. i °l - a N - Fa
» v : - [
This higH carbonate and lower rate of sedimentation on the' ‘= e oy

eeastern slope and low carbagate and higher rate of sedimentation on

the westerh slope cannot be ‘sufficiently explained by the distaébe e
A o L } v

. \e . -
of the cores ?roq thé shelf break, for on the western slope the dis- e

<

[ v °,
tance 1s larger, and t&e morphology: of the slope 1s also similar on
both sides. “Although biological Rroduc€1v1ty‘may have been higher on

. . [

the easfé&n slope than on the &egtern because oﬁ»higher nutrient
[ gl €
a . * 9
supply by the Labrador Current’ this fails to expYain thé& higher overall . :,
4 s -~ ° 5] o

o
* R}

rate of sediméntation on the western slope. Diatom abundarce in

“

T % o " . - ' [4 A
> Unat Blpgnqrthe lower part of Unit A 1s very-similax on the western oo

slope, but much less in. Unit, Bl than A in the éastern slope. “@his 1is
é, L

~
0 w v i

pos§1bly because of the influence of the warm component of the Eabfadgr, P
’ ¢ : - ' ' *
2" Current on the western slope as dlscussedaln Chapter 10. PR v
’ - [} : ~Nr r

‘:a ;:i O .“ .F&‘
The carbonaﬁ? contrast i1s best explained by a dlffergntlal rate

] . d

» ~

of sedimentation of térrigenous detritus. Slope sedimentation in

“ rd
' , . )
.

Unit B2 1s siymrlar to that in Unit*“A. However, if sea level was - e

&

lower " than in the Holocene, sediments on the shelf would be more | -
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easiiy reworked by waves and storms. These wave and storm suspended

-

]

, ¢ - e, I N
fine~-grained sediments were\possibly drifted towards the south by the’
4 w t

Labfé?of Current, resulting in a higher inpug of fine-grained qédi—
Qénts-on the western slope to diiute the Eidgenlc ;grbonaée; The
frequéhcy of ;ufbidity ;urrents was rélaéiv;ly low durlgg tﬂis sgage,
but was higher than an éhe Holocene,tLecause of the higher rate of

v e

1

sedlgentatlbn onh the upper slope and at the shelfibreak.

. .
On,the Fogd Seamounts there was a considerable.amount (more

o ¢ = .

than in Unit A) of fine-grained sedimerit ‘input from the Grand Banks.

Very frequent pebbles,® principally carbonate, suggeét that ice

- o

rafting was also important. Higher amounts,of ' foram and coctbliths

]

in these sediments indicate that the Pelagic sedimentation during this
q s " *

o

stage was more important than in the Late Wisconsinan.
-

~

.
> 2
. -

Sedimentation on the Newfoundland Basin (core 112) does not show

much difference from that in the Holocene, except that both in Units

4
3

Bl éﬁd'az carbonate dlssolutioncwgs much ‘higher than in Unait A. The

- - 3 “ Iy

- 9
amount of 1te-rafted sediment deposited duraing this stage is higher -

) -
3

than in the Late Wisconsinan.

'Jg’ >
o

'

Sedimentation on the western Grand Banks rise was intermediate ’

C »
S
o

between cdndﬂﬁions prevailing in the Holocene and in the Late
Wlsconslnéh with alternating muddy foram-nanno ooze and red mud

(Facies 1). This suggests that a conswderable amount of red mud was

)

still chlhg eplsodléaxﬁy through ‘the Laurentian Channel, but at the

‘same, time, biogenic productivity of‘%he surface water was high.
-~

3
P | . h
,

o~

3
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SEDIMENTATI%N OF UNIT B3 (MID WISCONSINAN SEDIMENTATIONb

A

35,000 B.P.; Foram Stage 2) ~ '
. ® - s N <7
’ . .7' o e ° 8 ‘. o

o2 Micropaled;tolegical evidenée from all the cores suggests that
Z:/ o éurface wateé condlélons duringaUnit B3,(Mié Wisconsinan glacial
"¥\q stad) wéfe cold a?é Fhat blological proddctivity was ‘low. Seé&fents
. ’ dgpos;ted during thétﬁﬁd-wlscensinan show low carﬁ?nate content.

° t

]

~

Sea level during,this%stage was prbbably lltﬁle higher than the Late
. I3 . . o - A

" Wisconsinan sea’ level (Shackleton and OpdyRe, 1973). vos .

& -
-

- =

i)

2 sedimentation duraing this stadial was similar tO'%he'Late v
a ( {) : - ‘ ¢ A
Wisconsinan, except that the frequency of-turbidity currents on ‘the

° hd a

siope was much higher. Why turbidites should be much%mbre abundant

, &

N o “ o
than in Bl 1s not clear. The sand texture does not indicate, any

. darect glacial input of coarse,sediment§. However, Sediments left

N > .

[} 7 o R
on the Grand Banks frdm earlier glaciations (Pre-Waisconsinan) couléf
\ - o

be still in a state of qisequllibrlum, causing aAhlgh overall rate,

v A ] =

of sediméntaticn on the uppequlope and shelf brgak. This.could lead
). . .

- P

to instability of the sediments on th& upper’'slope and subsequgntly<{

I
L] 'y A o [N

- generated turbidity currents, but there 1s no direct evidence for

o

.

N ~tbls. ‘The abundant thrbldity currents provided yet another mechanism

» K .

a

' for resuspension of fine-grained sediments, leadaing ultima%ely to
H ,

l N g

", sedimentation on the Fogo’Seamounts. ‘
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SEDIMENTATION OF UNIT B4 (SEDIMENTATION DURING THE PORT TALBOT

N t
' “ Q

' [¢] @ !
INTERSTADIAL 453,000 B.P.; Foramnst@i\‘ L
° Yy N “ \

o h

Sedimentataon during this intérstadial was similar to that 3n the

v
Y

Plum Point Interstadial. Micropgleontological evidence suggests that
.o ) “ .
the ~surface water temperature on the slcpe was warmer than at any

[}
Y

. y -
subsequent'‘stage. The calcareous muds deposited during this stage

are’relatively thin. On -the western slope this segquence is much

a
-
1 [4

thicker than on the eastern slope and Flemish Pass. On the eastern

o
N 1

slope, the turbidite beds immediately above this unit (in Unit B3)
=N ’ °
show very sharp erosional bases. These erosional bases probably

a
-

indicates that at least a part of the calcareous muds of Unit B4 were
L] '

eroded by these turbidity currents. However, it 1s also possible to

)

exglaln the calcareous mud_én the eastern slépe by other mechanisms.
«

- ¥

¢

¢
rd

SEDIMENTATION OF UNIT'B5 (EARLY WISCONSINAN (1) SEDIMENTATION, \>

o ‘ ° ~
. 55,000 B.P.; Foram Stage 2).

t -

°
s 3

- L4}
The Early Wisconsinan sedimentation on the slope and on the tops
. S ' ,
of these seamounts was similar to the mid-Wisconsinan sedimentatioch

° -
[y

(Unit B3). However, the amount of sand deposited on the slope 1s much

23

higher than in any other stages. Most of the sand$ were deposited by

el

urbidity currents, bpt some result from a spilloVer mechanism

(Starrley et al., 1972). Large scale sand spillover on the lowef

J/ K

a
3
<

N

.
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iGrand‘Eanks“slope is documented only in this stggez Mlcroscoplc° T,
S

-

: v
s @ 2

Q &

examlnatlon of these Sands suggests that’ they have, ndtnbeen ﬁreshiy S e
. s e ?-‘ < b2

!
transported by glacmers”but rathe; that they have beenﬁreworked on . .
° B a &

L) 14 A
the shelf. -It appears that, @lthough in the Early,Wlsconsinan {I) p '~
4 &

there was no fresh supply of sand on the s%flﬁ, the amougts of T . .

- E R
aa @

/{;ft from thewpreV1ous glaciatlon were largé—enough“to cause hlgher

o < L N o -

> -
8 LAES

sand input on the slope than in earlier ‘stadials. , g " - . .
» * 2 o =% o - : s

IS ) SN } ~"¢ . LN ?n

The seamount cores‘show a high input of/gray mud (Facies 2), . .

possibly because of a 1arge numbexr of turbldlty currents and much k& ¥
b [
wave suspended sedlments on_+the Grand Banks slope. *Thene is, eV1dence

o [N P’ ..

of slaghtly hlgh input of flne-gralned detr;tal sedfments in the’ T“<~\\\N . Y
Y4 - o

@ u =Y ® °
- 0
1Y ° L3 i

. - PO . - .
ra , - - - s W < . 1
SEDIMENTATION OF UNIT B6 (ST. PIERRE INTERSTADIAL SEDIMENTATION - ) .
SR T < g PN
’ . D“ ' » o ° ¢ 'Q O /
65,000 B.P.; Foram Stage 3) . - x ' -

A P - [ Sl . 4 4 3

. . N
' ® * ' o - A 3 X
) - N r

dhly the PFogo Seamounts and Newfoundland Bagan coresppenetrate - -

" Newfoundland ‘Basin (core 112).%

Ay ( - b / (9]
this unit. Sedlmentatlon was almost the same as in the Hologene - . e
E‘ B ! ’v a
except that both in the beginning and at the end of thlS stage’ there g L g W

i} "

' wa® considerable input of mud. The amount of IRD ﬁrom éheonortlg, ’ L

4 -

» v o a T \
characterized by hlih carbonate pebbles, seems to be largeér than,lg

\ < e LT s . : .-
the Holocene. ’ " o ) o T F .

[~ ! ) o ' . ! ’

SEDIMENTATION OF UNIT B7 (EARLY WISCONSINAN (IT) SEDIMENTATION .« .

. Ay . @ )" M

. 75,000 B.?., Foram Stage 4) , Lot

s - . o ™ , )
This unit has almost the same sedimentation as in the Eérly C . .

“ N a
»
o - o
N
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Wisconsinan (I), but the mud input.on the seamount was high: Thas

lsup0551hly because in the Early Wléccns;nan (II) there was still a

o

-

_. large amount of freshly transpéited sediment left an the shelf by the

¢ 13

v

\érev1ous glacratzons.' Presumably the amount of wave suspended and

N turbidity current suspended sediment on the slope was much larger, than.

- o -

¢ in any other‘hifconSLnan stage.
r ’ - r ‘
MODEL FOR SH’PE SEDIMENTATION \‘5 . ,
» 7 v ® ‘ ° 4
¢ ¢ . - [+ -
M A generalized model for slope sedimentation during different
@ a3
. @ .
' 4 interglacial, interstadial:and glacial stages is shown in Figure 4 .
- ! -

Interglac¢ial sedaimentation 1s deominated by wave suspended fine-grained

-
-~

.

sediments, planktonic microfosszls and ice-rafted~sediments. A large
{ ; " e ¢ v

amount of these ffneigrained.sedlments is drifted towaFds the south

<&

v el
by the Labrador Current, resultihg in a higher rate of sédimentation

on the western Grand Banks, slope than on the eastern slope. During

v

& [
the glacial stages large amounts of sand were deposited on the outer
b s y

! Grand.Banks margin,.by, turbxdity currents and by sandsspillover from

a .
, ‘ the&er Grahd Banks shelf. " Sedimentation during the interstadial

1 -

°y =1

stages was;1ntermédléte’betweenrglacial and interglacial conditjions,
. toe e

1

with a Iéﬁkly large amount of sand silt and clay input on the’ outer

continental margin. The detailed patte%ns"of sedaimentation have
. .

q

* already been digcussed. -

e Vi . o
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£ £« =" Drift of suspended sediment
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Currents o .
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. - Suspended surface sediments Splllov:r sand
A
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;s /froqmnt turbidites

. interface
N sediment )

!

Schematic sedimentation model for the Grand Bank slope..
A: interglacial; B: anterstadial; C: gla0191 stages.
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Figure 12.5.
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e ' - .
[~ 4 . a~ :g‘?;\ . N . 3 ‘\, .
s 4 1 ~ N ® / -
U SEAMOUNT SEDIMENTATION o - .y . b
4 R ' v ~ a . - . °
o ‘Sedimentation on the top of the Eogg Seamounts was different .,
% -
* & i ~ ¢

vt than the slopg sedimentation. Moreover, Pre-Wisconsinan sections
a Ay [N ‘ s °

“ 11l .
I =
LEEe f"“\\; ) are present only in the seamgunt and Newfoundland Basin cores. . .
s ‘J' . r; D, 1 “,
Therefore, we need to consider tire—seamount sedimentation separately .
& - -
s o . 1 o \J @
from the slope sedimentation. . o

°

- 1

-t
©

4 qd .

As these seamountg are more than 1 km above the sea floor . o
. ) P ,
it 1s reasonable to consider that they are out.of reach of turbidity,

" «

& * currents. The most likely ways to deposit gediments on these seamounts

¥

'] o ",
. could be by means of a sediment plume, nephe{g}d layers, pelagic and’
. A

a w

. * - 1ce-rafted sediments. It would be naive to think that only oneljypé

(3

@ N 4 ¥ o v * ]
;r « of sedimentation process was operating on tﬁese seamounts at an¥
:‘ P » - £
! N*J,f/’ particular geological time. Obviously the’ degree and order of the
« ' processes were different at different geologircal stages.
ha

- A

? "
p

- ' "We will. look very briefly at each of these processes and see

[~

o J
- ’ . how. they have affected sedimentation on the Fogoiéeamounts and in the g
Newfoundland Basin. ° ¢ , v
a v : ! D ¥ b
” . ( . )
- PLUME SEDIMENTATION ) -
i ’ 5
- . ‘The size and shape of any sediment plume around the Grand Banks

o .
i [N L

wi1ll depend on the size of the body supplying sedlmgnts and on the
ry %
ocean circulation of the area, The Labrédor Current and,the'Gulf

N 4
Stream are the most important components .0f the

. ) M

- L} ! </ B



o

"

ooty

&

’

’ -l 2 Ll 3
circulation system around the Grand Banks. The Labrador Current w1ll

v a

affect the sedlment plume more than, the Gulf Stream, because it 1s

o a

on the landward side of the ouean‘
° 4

"
r ® ®
o

F@r most of the Wisconsinan (Unit B, foram stages 2 and 4)

fine~grdined gray mud from the Grand Banks was a major source of
- s I

’
<
\ e

Ve D;&% sediment supply to the Fogo Seamounts. This mud came both from the

surface plume and as Iutite flows along the density interface of the
?eean. The Granq\ganks source of these sediments 1s supported by the

clay mlneralogy, which shows high illaite and chiorite. The pollen
3

component of these clays shows high Tertiary and Cretaceous pollen,
with some Paleazoic pollen, consistent with a Newfoundland and Grand

3

Banks source. The sand and ice-rafted pebble mineralogy also indicate

a similar source. Fine-grained gray mud (Facies 2) in the lower part .

Fe

of ,the "cores (mostly Units D3 and F, foram stages 8 ap& 11), again
. Ve : . .
shows similar mineralogical characteristics.

N 4
a

h - .

}
Sediments of Unit D1, (foram stage 6) in moit of the cores

(except 114); consists of red mud (Facies 1l). This red mud appears

v

-1n a few more horizons in core 113, 112, 06 and 114. The clay a

mineralogy of the red mud shbws high illite and kaolinite. Both the

clay mineralogy and the accompanying sand and pebbig\mlneralogy sug~

gest a Laurentian Channel origin for this red clay. Pollen étudy of
the red mud (Facies 1) suggests a Permo-Carboniferous source rock of

@

Nova Scotia and the Gulf of St. Lawrence.

% '
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o

Alam and Piper (1977) suggested that the foram-nanno ocoze .

a y

(Facies 3) alternating with red mud (Facies 1) and gray mud (Facies

+

2) on the tops of the Fogo Seamounts, can be explalnéd by the extent

A S +

of 1ce cover over the continental shelf and by the Labrador Currents.

r

During sedimentation of Unit Bl (foram stage 2, Late Wisconsinan)

sea level was lowered b§ 135 m (Figure 12.6) thus ex9051ng°mhch'of

1

the Grand Banks. The extent of ice in the Laurehtian Channel is dis-

~puted, but Grant (1976) believes that it was not extensive. King

3

. w N
(1975) and Stow (1975) describe evidence of ice berg tygnsport of '

“*”’Eééiﬁent in the Laurentian Channel. The extent of Newfoundland ice

° S
1s also uncertain, Grant (1976) believing that 1t reached: little

further than the present cdastline, while Slatt (in Piper and Slatt,
! v t

1977) believes that 1t filled the Avalon Channel.

On, the seamounts there 1s a small amount of redalsb muddy foram~
A 1]

nanno ocoze. There appears to have been substantial sediment supply

froq/lhe Laurentian Channel (Stow, 1977). If the Avalon Channel was

1

not actually ﬁlocked by ice, the sea level lowering had partially

-

”

blocked the Labrador Current. Resedamented sand grains appears

reworked, suggesting that there was no direct supply of outwash sand

I
to the Grand Banks.

During sedimentation of Units B3, B5 and B7 (foram stages 2

o
-

and 4, Mid and Early Wisconsinan), prior to 22,000 B.P. the available

evidence (Bloom et al., 1974, Fairbradge, 1966) suggests that eustatic

a
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'

L 1

sea level was not lowered as much as.during the Iate Wisconsinan
° ¥

LN

4

glac1atlon./ This would have resulted in less of the Grand Banks

/ -
being emergent. The continental ice sheet was also less extensive.
A €

4 B b N \
In consequence, -the Labrador Current would play a greater role in , -

] 1
- °

sedimentation. Storm and wave susgenﬂed‘material from the Grand
Banks shelf break were the chief source of sediments on-the tops of
a - IS

these seamounts.- As the Avalon Channel was open, a relatively strong
; -

ﬁébrador Current possibly diverted the Laurehtian Channel plume of 3

red sediments toward the south. The result wéé sedimentétlon mostly

L

5,
of gray mud on top of the seamounts. Sedimentation of Unit C was

similar to Unit A. ’

(<3

]

‘ . ‘

During sedimentation of Unat D1 (foram stage 6, late Illinoian?),

- Y
mostly Laurentian Channelﬁtype of red mud (Facies 1) was deposited

° o . v

on top of the Fogo Seamounts. -The clay mineralogy and, pebble petrology

]
. °

suggest that sedimentation at this time was dominated by discharge of
5 v

L]
Pl

sediments from the Laurentian Channel. Glacial melt water, rich’1in

.
<

suspended sediments and sometaimes with ice bergs, covered a large part

of the continentail mérgin off- Atlantic Canada, 1t also fed an extensive

ngpheloid layer system. The Avalon Channel was 96351b1y closed, -

because otherwise this "red plume" would have been diverted towards

the southwest by the Labrador Current (Figure 12.6);, Newfoundland

L
[

ice probably extended across the Channei, as the dlay mineralogy ,

suggests some supply from Newfoundland, and the silt and sand

fraction appear fresh.

o
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b 3 ¢
During sedimentation of-the lower gray mud (Unmit D3 dnd F, foram

— 0 P . 3 . -
stages 8 and 11) , the surface water was vexry cold. Clay, silt apd .
° - o
gand\minerﬁlggy indicate tﬁatQSgdimentapion on the seamounts was con~

trolled by the advance-of an icé sheet™from Newfoundland. Surface

°

t§xtures of the quattz ‘'grains, as well as the feldspar/quartz 'ratio

and.the fatio of angular/rounded quartz grain suggest that thie source

of the sediments was very close and the sediments had undergone very
- 0 ) -~

little reworking before final deposition. Thi$ suggests that the ice

sheet "covered a substantial part of the Grand Banks and that the

- ¢

Avalon Channel was possibly completely closed.

[ LY
.
o
L]

One major limitation of the above model is that it tannot explain

4 1
0

the presence of red mud “1n core 114, 113, and 06, which lie on the °

<

14

seaward side of the Labrador Current flowing around the Grand Banks

<
(Figuxe 2.,1)% ‘' The hypothesized réd'plume, as proposed here, would

a -

be diverted towards th; soutﬁ by this southward flowing Labrador
Current. The plume model also fails to explaln‘the ﬁresegpe of the
Féa clay associated with muddy forém;nanno ooze in core 112. The red
ciay of the Newfouﬁdland basin 1s raich in 1llite gﬁd kaollnftééfﬁlas

mineralogically similar to that of the Laurentian Channel. The

available evidence indicates that the Laurentian Channel is perhaps

N |

the major source of red clay in the North Atlangig (Heezen and Hollister,

1972; Piper and Slatt, 1977; Stow, 1977). Some other sediment trans-

port proceaé must be operating at the same time, along with the

surface plume, and must be respongible for deposition of the Laurentian

[}
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S - th = ) @ )
Channel type %f red mud on the tops of-the farther seamounts and in
a

~ s

N

C e, the-Newfoundland Basin.

1 ° N o !

NEPHELOID' SEDIMENTATION .

]

¥ . [
o

Lower sea level and large amounts of sediment discharge through

“ -

w

R - tie Laurengian Channel, probably led to increased ged ent concentration

9 v

° near the shelf break./ This near bed suspended sediments found its

[ Lo °

way to the continental rise by means of canyon currents and storm

generated currents (Inman et al., 1976) to create a large mepheloid

"
o 9
At . 3

5 A
laxgr. Different oceanographic conditions and lack of studies on

» o a

suspended sediments in the ocean, makes it almost impossible to find
a present day analog of this Plélstocené°nephe101d layér on the con-

tinental rise off Nova Scotia.+ Perhaps somewhat similar (but much
smaller in size) would be the Nitinat Fan and Cascadia Channel (Stokee

‘ et al., 1977). : - «

» . a
'
i °

s The red nepheloid layer 'off the Laurentian Chanpél played a very
important role in sedimentation on the Scotian and Grand Bank raise.

Similar but much smaller gray nepheloid layers probébly existed all

A

\N"’//////,_»a;gpg the Grand Banks rise. These nepheloid layers and turbidity
4

0 currents were major processes of Pleistocene sediment transport on

-
> b

W

the Grand Banks rise. Since we have core coverage only for the socuth-
. ‘west part of the outer Grand Banks margin, we will limait our-discﬁssign

mostly on this area.

‘
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Figure 12.6.
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Speculative Late Quaternary plume, sedlmentatlon

around the Grand Banks. a - Late Wisconsinan glacial, -
sedimentation of Unit Bl; b - Barly and Mid

Wisconsinan sedimentafion of Unit By to By: ¢ - Late
Illinocian (?) foram stage 6 and’ sedimentatfon of Unit

D;; d - .sedimentation of Unit D3. Please. note the -,
position of the Labrador Currenﬁ in this model whichs 140
controls §outheast limit of ;he surface gediment p}ume.
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The effect of the western boundary Undercurrent on the present

day nepheloid layer in the North Atlantic has been" discussed by
Heezen and Hollister (1972), Biscay and Elﬁpreim (1976) . The ability

of the Western Boundary Current to ercde and deposit fine-grained

» sediments, is well known (Emery and Uchupi, 1972). Heezen and

Hollaster (1972) suggested that the Western Boundary Undercurrent was

7/responsible for transporting the Laurentian Channel type of sediments
+ - ® < -

- to the Bermuda rise.

o

-

4 "

- /
The sediment transport—ability-of Gulf Stream, both in the

. b
surface component and in the deep circulation have been documented

by Be and Parker (1971), Fuglister (1963), Maul (1977), Schmitz

(1976, 1977) and Worthlngtén (1976). Laine (l§78) suggested that the

flne-grained sediments from Hudson River are injected into the North'

*
*

atlantic¢ basin through the Hudson Canyon System. The interaction of

these fine-grained sediments with the southward flowing Western
Bounﬁary Undercurrent and the northward flowing deep flow of thé Gulf -
stre;m system led tq férmaéiog of a pair of outer ridge deposits, ’
respectively the’Hudson and Gulf Stream Outer Ridges. .In any model

of flne-graipe; sedimentation, the effects of the dfep ?i;culatlons

3
s

should: be kaken into account.
<

4 [
# — " o

. . . By -
It appears from the sediments around the Grand Banks, that the

o

fine-grained sediments injected’over the continental rise off .

¢ o

Newfoundland and Nova Scotia interacted in a complex way with the '

Western Boundary Undercurrent and the deep flow of the Gulf Stream.
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The southerly flowing Western Boundar& Undercurrent carried some of -

these sediments up to the Bermuda rise (Heezen and Hollister, 1972).
.Y b

Part of the red nepheloid layer was probably caught by thecdeep flow

of the Gulf Stream, and t@ansported to the Newfoundland Basinf The

abyafal plain hill, from which the cor%éll2 was collected, shows

~ o
5 L

1+
alternating laminated mud and Gulf Stream 'transported warm V;ter micro-

3

fossils. The presence 6f red mud with Gulf Stredm type of .foraminifera

indicates that both of them have probably been traqﬁported by the

same process.

-

The Southeast Newfoundland Ridge and the Spur Ridge meet_near '

the Tail of the Bank and form a fish-tail-like feature (Figure 12.7).

We will refer to these ridges as“theckewfoundland Ridge. The
Newfoundland Ridge 1s a sedimentary ridge and consists of sediment aé
least 4 km thack underlain by oceani¢ crust (Renwick, 1973;.Sullivan, -

1978; Watson and Johnson, 1970). However, Gladstine, et al., (1977)

and A. C. Grant (1977) believe that the continental crust continues .

beneath the Newfoundlahd Ridge. On the basis of geoﬁhy51cal evidence

[N

and DSDP site 384 on the Spur Ridge, Gladstine et al. (1977) suggested -
that the age of the Newfoundland Ridge sediments ranges in ége from
Cretaceous to Recent. Seismic reflection profiles from the Newfoundlagnd

Rise (Renwick, 1973; Sullivan, }978) show that a large part of these

o

se@iments is of a "wavy laminated" type. The "wavy laminated"

sediments are considered to be characteristic of material deposited by

*
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Fagure 12.7. Speculative nepheloid sedimentatitn model for the Grand
Banks margin’. Major nepheloird Jlayer shown in this model
is the one off the Laurentian Channel. This red nepheload
layer is daiverted toWwards the southwest by the Western o
.Boundary Undercurrent and towards the east by the deep
. circulataon of ‘the Gulf Stream. Solid arrows, Western
Boundary Undercurrent; open arrows, deep circulation of
the Gulf Stream; dark areas, nepheloid layer.- . ,
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bottom currents (Flood and Hollister, 1974; Heezen et al., 1966;

a °
. Johnson et al., 1971 and Kolla, et al., 1976). On the basis of the

- seismic proflies, Sullivan (1978) suggested that there is a ‘consider-<

LI
i
4 L]

7 , .
able amount of botiom current activity in this area. Piper (1975b)

o v

xécorded erosion between the Pliocene and Pleistocene on top of a

[
’ o £

seamount close to the S@¥#r Ridge and suggested that this erosion 1is

due to bottom surrent activaties. 0
0 ~
1

. A It appears that the shape of the Newfoundland Ridge 1s at least
. B #

Bartly,mod%gigd by the Gulf Stream and by the Western Boundary

2 s

* Undercurrent. The Western Boundary Undercurrent is possibly reéspon-

-
1 ’

- siblevfor the gap in the ridge near the tail of the Bank and for the

o

* shape of Spur Ridge.” The long tail (Figure 12.7) of the Newfoundland

a

Ridge 1s possiably the result of sediments reworked by the Gulf Stream.

’ % . °

. , Tt should be pointed that both the above models have limitations.

+
3

It was assuﬁed'that the Laurentian Channel is the major source for

o P

v Y

injec¢ting red sédiments on the outer continental margin-of eas®ern
+ 3‘ "

Canada. If there is another major source of red mud on the Grand

v . s
] - 3

-~

~

e « Banks slope, o¥ in the Flemish Pasgs, these models will look less

u

attractive. Because of limited core coverage it was not possible to

o b

~ trace the sediment from its source area to the site of deposition.

- Y .
. These models are therefore only tentative. TFurther {esearch is

o
)

.suggested in thas lzne.
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CONCLUSIONS

a Y . '

Thé objéctlyes.of this study, were to 1hvestigate the Quatermary
I 1 ‘
Stratigraphy around the Grand Banks and to examine the sediment climate

ainteraction in this area. As with most such uhdertaylngs this study

has fulfilled some of its objectives and also brought to light’ problems

4

requiring further research.

f 3 o
: ¥
ST%ATIGRAPHY AND PALEOQLEMATOLOGY
Qﬁgr -

® < R Y

Thi$ study involves a complex sedimentological and-oceanographic

-t o

area. .We have applied a relatively new technique for long distance ,
- \:.:‘. < N . v

correlation of Quaternary slope cores. The technique involves dis-
trabution of time dependent wvariables -and their sequentiél appéarance

2n the cores. | The sdme technique perhaps can be applied in other com-

3

a

plex slope enJlronment. w . - .

In this study warm and cold surface water conditions were deter-

mined by faunal analyses. These cycles coincide with variation of
. , N
l Al
80 in the foraminiferal tests, indicating that these warm cold
b

v

cyclicities, especially from the Fogo Seamounts are probably related to

the waxing and waning of the continental 1ce sheets. .The term
"climatic changes" has been used sometimes in this study tovlndicate

these warm cold changes of the surface water and lﬁblles the same

[

meaning as that of the CLIMAP group. The terms "glacial", "inter-

a
t

' ' ~
o s I

o
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glacial® and "interstadial" used in this study mean faunally glacial,

a

e v
interglacial, etc. | : .

° . ° @ o
) A chromology of warm/cold events for the last 500,000 years in the

&

area around the Grand Ranks has been proposed. Major warm events,

A -
= Liad P
?

. 3 et . .
which may.be related with deglac1atlon§, took place about 11,000 B.P.,
l i

111,000 B.P., 220,000 B.P., 330,000 B.P. and 440,000 B.P. During
i

these periods the area around the Grand Banks:was at least as warm as
the present and o¢eanographic conditions were,gimilar to those of the
present d%y. . '

e )

I3

Faunal evidence from the Wisconsinan gediments 1nd;ca%és that the

=2

surf?ééﬁwater was slightly warm (possibly indicating interstadial

o« W
\ o

¥ . . .
conditions) three times at around 22,000 B.P., 45,000 B.P. and 65,000

a °

9 [
B.P. The most importhknt of‘tyese minor wdrm events of the Wisconsinan

v

‘took ptace at around 65,000 B;;\\and is equlva;entlto oxygen isotope

o " }
» b}

stage 3. | .

- ¥, I
°

' -

The last major warm.eventrat 111,000 B.P. (possibly the Sangomon

<
. -
v \ v

°
Interglacial) shows three minor coolings which probably can be cor-

related with three low stands of sé&a level_ a1n Barbados.
’ 19
» e - ¢
Late Holocepe surface water temperatures on the two sides of the

s

Grank-Banks appear to be different. On the western Grand Banks slope

r

planktonic foraminiferal evidence indicates progressive warming up
[
A

whereas on the eastern slope, 1t shows progressive cooling. Thas

T
EN

2
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. sediments of the eastern slope. .-

192

record 1s 6bvious in box and gravity cores fraom the area, 8

1

The Labrador Current has two main comgonen;s: cold water f£rom

» b

Hudson and Baffin Bays and warmer water from the West Greenland

Current. The relative importance of these two components plays an

3
%

important role in sedimentatiornt and in bicgenic actaivity on the Grand

sl -

Banks. slope. During interstadials and the early part of an interélaclal

the Labrador Current seems to be fed mostly by the West Greenland

~
3

Current. This warmer surface water condition 1s reflected in the

'

sedlmehtsron the eastern slope whereas during the late stage of an

i

1ntergla01ation, the cold component of the Labrador Current is well

@ ¥

developed and is reflected in cold surface water conditrons in the

- {

o

. ’ N - \ o
‘It appears that the Gulf Stream moved away from the Grand Banks
. 1 ° c : <)
¢ "
during glacial stages but moved closer to the Grand Banks during

-

interglacial and interstadial stages. The Gulf Stream séems to 7o

1 - Ly
N ¢ ’ Y. *

influénce the'pa179yt§mperatu£e curve on,phé Western Grand:Banks slope, ,

& ¥ !
whereas the Labrador Current influenceals more pbvious on the

o .7 o
eastern slope. . . .

2

L4 ' ’
-
' 9

The major faunal climatic oscillations recorded in the sediments

v
-

around the Grand Banks’ can be correldted with other records of the

’
4 L
@

Noréh Atlantac. ' 9

¥
S . !



SEDIMENTOLOEY | . . .

v

It has beer shown that the sedimentation on the Grand Banks

'} ©

margin during lntﬁ?glac1al and interstadials ist dominated by ﬁelaqlc
- Al =2

-
! .

and hemipelagic. deposition. Dufiﬁg the glacial stages, tﬁkbldites,

nephelites and plume sedimentation predominate. Input of detrltal\h

sedaments on the outer continental margin increased very sharply
\ -
during the glacial stages. Lafge amounts of sand were depésited on

o

& - o
the Grand.Banks slope by turbidity currents during- these cold stages.

The’ Fogo Seamounts and the Newfoundland Basin Cores show sharp in~
a F . -

t

creases in mud 1input during cold periods.

. . -
Ly “
.

~
[y

Under the present cl}matlc and oceanographic conditions, very

» &

¥

@
little .sediment is transported from the Grand Banks to the oyter

! s

margin. Most of the sediments that escape from the Grand Banks durlﬁg

interglacial and interstadial stages appears to be wave suspended and

N 1

1s draifted towards the southwest by the ;abfadbr Current, r%sultlng an .

'

a ‘higher rate of sedimentation on the western slope.

i ©
L3

Three petrologically distinct types of ice rafted debris were

-
o

w

detected i1n the sediments. They are carbonate dominated IRD pre-

sumably coming from the north, metasediment dominated IRD that could
be coming from Labrador andaNéwfoundland, and red sandstone dominated
IRD possibly coming from the Laurentian Channel. Early stages of

19 ’

interglacials and interstadials are generally marked by a high con-

tent of i1ce rafted carbonate pebbles in the sediments. The Labrador

o
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; current seems to have played a very cFitical role 1in ice rafted

sddimentation. v ib o

5
1 T

. The Grand Banks, and probably the Laurentian Channel, are major
e

'sources of s§$;ji9t supply for the outer Grand Banks margain. Inter-

v

glacial and in erstadial sediments show high montmorlllohiteqand

<
3

mlxe%;layér clay. Montmorillonite is not a good indicator of source

°

arga on:the Grand Banks margin, as it reflects a slow rate of seda-

e

mentation as well as a weathering effect and degradation of other

clay minerals.

»
1

L - ! w
Co Sediments deposited during glacial stages are high an lillten
4

1

chlorite and kaolinites, possibly Lndlcatfng fairly rapid transport ,

of sediments from the land to Fhe outer continental margin. In

1

general the heavy mineXal fractions ofnsand deposited during glacial

!
<

stages are very similar to those of the Grand Banks and indicate that

. < +

the ‘Grand Banks was the major source of these sediments. However, the

So

sand fraction from the interglacial and interstadial stages suggests .

ra v

" s that an 1ce rafted component 1s also important.

&
o

. +

4 Red fine-grained sediments from the Laurentian Channel were .

transported to the Western Grand Banks Rise byogurb;dity curgents,_iﬁ;,

nepheloid layers, sediment plumes and i1ce bergs.

{
‘

/ The red sediments injected into the Nd%th Atlantic through the

° [

Laurentian Channel were caught by th tern Boundary Undercurrent

(“n
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and by the deep circulation of the Gulf Stream. The Western

Boundary Undercurrent transpdrted these sediments up to the Bermuda

° ,

Jr1se whereas the Gulf Stream's deep circulation transported them up

o

to Newfoundland Basin. It appears that the bottom currents were

8
Caaand )

more active during the glacial stages.

*

ot B

-. ’ a I
Ithas been proposed that the effect of the Western Boundary

Undercurrent and the deep circulation of the Gulf Stream is reflected ™ :

in the shape ofsthe Newfoundland Ridge. . 3 0

i

SUGGESTIONS FOR FURTHER RESEARCH ‘

(&

Detailed oxygen isotope and foraminiferal analyses of cores from

' a

.the area around the Grand Banks will help to firm up the Quaternary °

stratigraphy of this area. Cores from the Grand Banks slope and the

.
o

*
Laurentian Fan will provide detairled information on ﬁgﬁpcene and

: -

Wisqonsmnan paleoclimatology. At least a few existing cores should be '

/
.

examined in)de;all to Wbrk out regional variability.

S

- N
o a o

New cores should be collected from the Fogo Seamounts, Newfoundland

Ridge and Newfoundland Seamounts. Water mass movement withan this

&
. <P

“trlangle will provide a better understanding @f the major climatic

oscillation affecting- the North Atlantic. Core callected from ‘the

.

southwestern side of the Newfoundland Ridge may provide a detailed

'
4

record of the last 7 million years. ° . . W
a 3 !
L 1 -~
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There is immediate need for a core top data bank in order to

analyze further data from the higher North Atlantic. More work 1is

needed on foraminaferal, coccolith, "diatoms and radiolarian bio-

LR}

stratigraphy on cores from thlé area. Cores should be examined more
critically for ash layers, with particular emphasis on cores from the

Newfoundland Basan. 3

Systematic studies on the Grand Banks slope sedimentation will

L]

-£

help the understanding: of slope sedimentation in general and of the

& ‘ -
effects of“climatic changes on these sediments. Cores should be col-
[

%

lqgted from a small area perpendicular to the shelf break and parélle}
[l °

to the shelf break. Seismic and echo soundings will provige more in-

'

forﬁatlonloh the effects of slope morphology on sedihentatzron, .

: \
° »

- ‘r,p /
Further study on the depositional mechanisms of ff%figéained >
. LS P 2 1

sediments on a glaciated ‘continental margin is requared. The

> 3

Newfoundland and Nova Scotian margin may be very suitable for study of

4

Pleistocene nephelites and plume sediments.

.
Y
)

The long distance transport ability of the Gulf Stream needs

further study. Cores- should be col}ected along the path of the Gulf
[ )

Stream to see if fine-grained red sediments injected through the

‘

Laurentian Channel were really transpérted into®. the Newfougdland Basin
® g

by the deep circulation of the Gulf Stream.
/1

A}
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’ INTRODUCTION TO' DATA

A o
¢ b g
N . .
@ LY

&

Detarled core logs, x-radiographs and smear glide descriptions .

I Y
- [

are kept in the-Mariné Sedlment\Lab, Dalhousie University. The

« t

cores are stored at 4°¢ in’the core room at Dalhousie or in the
o o [ W

- A . . .

Bedbord Institute of Oceanography, ,depending upon availability of,
LY 7 ¢ R
. . - W

space at the Dalhogsze core room. . s

v »

- v
i ~ Y » - )

- 3

.
hd b}

The cores weré divided into 10 different facies on the basis of
, :

comblnatlons,of the most obvious physical properties, like colour,

lithology, structure. Samples were taken from each of these facies

a )

for routine study of the mineralogy’, grgin size and chemical analysais.
J;or the 'mineralogical study, the arithematic means of typical analyses

"of a number of samples from each of the facies in different cores were

o
a

taken. Owing to the fact that time planes cannot be defined within

narrow limits, these data cannot be compared successfully without risk

of confusion of time dependent variables. The exceptloh 1s the surface
sediment and 1t can be compared areally. In order to minimise the

1 - N

effects of time 1t seemed® best to group the facies that have been: «
11
ndepOSlted under similar types of environments and to plot these data

on an areal basis. The micropaleontological evidence and previous

3

studies in this area showed that foram-nanno ooze (F~3), muddy foram-—

~ [
L]

nanno coze (F~4) and calcareous mud (F-6) were deposited more or less

under similar types of environment. Accordingly, they have heen

¥

gyouped for ihter-comparison. Silty mud kF—?), mud with frequent

and bheds (F-8) d gray mud (F—é) were again deposited under similar

‘3‘*@ ¢ N
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environmental conditions and have been grouped. Accordiﬁgly, the

-

arithematic means of typical analysis from these facies were com-
pared in order to see the changes in the dispersal pattern with

change in the environment and, whenever possible, with change in

’
p

time.

-

: .

Grain size analyses were performed on approximately 250 samples. Down

core grain size variation of a few selected cores, typical analyses

Fd

for different facies and types of beds are presented in the text.

- *, <

Part of the data is in the appendix of this thesis and the remalﬁﬁer

. -

is available in Alam (1976) "and in the Marine %edlment Lab, Dalhousie.

A part of the paleomagnetic data is presented in the appendix; detailed

4 *

results are available in the core log file. v
‘e N 1 '

- A\ "7-
)

The major emphasis in this thesis 1s on paleoclimatology usxng” .

. foraminifera for interpretation. Foraminiferal sampling was controlled

. by the time interwval between two samples. The general approach was to
i? <

sahple at‘intervals estimated to be about 5,000 yrs., but.in several

cases 1t was essential to take closer samples. In other cases samples

Y i

had to be taken over larger zones, because of low concentrations of

foraminifera. The reproducibility of samples was checked and was

found to be fairly good. Percentages of individual species, benthénics

and broken foram tests are presented in th% appendix. Samples used for

* »

foraminiferal count are stored in the Marine Sediment Lab. A CLIMAP
° r:} . - < I

type of approach for reducing these data was not possible because‘of, -

v
-

lack of-a sound core top data bank for the higher latitudes. Another

R
/ ‘ .

-
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N < 3 a
A .
provlem was tlve small size range of higher latitude foraminifera.
+ Al L4

Data.- ard § lotted an accordance to standard micropaleontological s

methods. Different types of water masses were°charapterlzed‘by the
4 N

faunal assemblages for instan-e an arctic water mass’is characterized

. by more than 90% left coiling G. pachyderma.

w
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Petrology of Ice Rafted Debrais
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> g 0]
3 g
° .gd) n a 'g" Le]
3 3 G A 8 g
& £ o 0 g w 5
Q & Q n @ o
Q = g ] 9 5
Core No. b g N~ o 2 50 9
- ] 3] ] £ o
Depth 1in cm 9 7] H 0 N 0 2 -
2 m g -, o Qg ~ o
S o 0 5 g o it
[+ O ~ 1] n 0
o = S} M o w o
74-021-16 26* 26 2 11 29 6 65
205 ’
74-021-16 24 "f4o 3 21 13 = 96
700
74-021-16 33 19 3 26 14 5 -58
800 X
74-021-24 74. 6 2 6 10 2 50
33 )
74-021-24 30 28 7 15 11 9 81
116 J
74-021~24 39 30 4 9 14 ;/ 4 80
700
74-021-28 16 21 21 4 8 31 48
328 ,
74-021-29 56 14 9 5 11 5 91
35G - -
74-021-29 43 11 14 9 17 6 35
14
74-021-29 57 11 6 11 10 4 70
262

b ad

* expregssed in percentage of the
total count.
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2
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S
Y
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74-021-22

-

20

95

15
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53

74-021-32

860

85

28

32 16
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45

23

13

47
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356
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13
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20

24
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A
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106
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53
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65

48 11

27

4-2

740

103

14

22

47
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Depth 1n am

P

75-009-117
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350

75-009-117
900

75-009~-113
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75-009-113
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Carbonate Rocks
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Statistical data for ice rafted pebbles litholegy = ° -
—— 3 ~ N, -~
/l
. F o 2
. g
e -: N
) 4 ] R
3 a 2 pe o .
- g B o 2 o g g
a + 0 = .
P 2] 0 g g 9 g -1 ]
e 9 g ' e o Q99
N o . o -t Q El g =3
[} Lol - - o Q
- | = LY Lo +H
: 2 2 H] g - 3 5 3
S i % g § : 0§ &3
= o . 2 IT] Im o «na
- N
Facies .and Core ! . ) i -
silty mud % 27.7*  28.3 2.7+ 19.3 18.6 3.7, i
(F-7) 3 6 4.72 10.69 5.77 7.63 8.96 3,21
Core 16 ™ R 24-33  19-40 243 -11-26 13-29 0-6 .
S1lty mud . ¥ 345 290 > 55 ° 12 12.5 / 6.5
(F=7) W 2 § 6,36 1.41 2.12 4.24 2.12 3.53 -
Core 24 R 230-39  28-30 4-7 9-15 11-14 - 4-9
v 5 &
Calcareons Mud % 74 6 2 "6 10 °? 2.
(F"G) 1 6 v - Ay e
Coxe 24 - R
\
Calcareous Mud % 52 12 9.7 8.3 12.7 5 -
(F~86) 3 & 781 1.73  , 4.04 3.08 3.78 1.0 P
Core 29 R 43-57 ~-l1-14 6-14 5-11 10-17 -4-6
Gray mud Z2 18 21 21 4 8 31
(F-2) 1)8 -
Core 28 4 .
Calcareous Mud x 54 13 2 12 17 2 .
(F~6) 1 6 ° \
Core 22 ‘R
/ 7 x
silty Mud % -5 s3 ' 3 17 15 7 ) ‘
tz-7 SO )
Core 22 * R \ )
4 .o 2 <
S1lty Mud % 14.5 39.5 3 14.5  25.5 3 a
(F-7) 2 &7 4.94 - 10.60 1.41 2.12 3.53 B 77§ R ek
Core 102 R 1l1l-18 32-47 2~4 13-16 23-28 2-4
Silty Mud % 14.5 44 8.25 15.28 12.25 4.7°
(F-7) 4 § 10.47 3.65 2.5 8.18%  5.31 +5.68
Core 4-2 . R 27-4 . & 48-40 5-11 5-24 9-20 , 0-13 .
. . : AN
Calcareous Mud x 50 20 6 6 13.5 4.5 e
(F-6) i 2 8§ 4.24 2.83 0 1.41 7.07 7.07
Core 4-2 R 47-53 22418 6-6 5-7 13-14 4-9
Silty Mud £ 9 50 5 17 15 4
(F-7) 1 8§ © ’
Gore 112 R ‘
Foram-nanno ocoze x 52 20 8, 8 10 2 ¢
(F-3) 1 6
Core 117 R =

* Expressed 1n percentage of total pebble count.
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Facies and Core

Red Mud -

(¥-1)
Core 117

Gray Mud
= (F-2)
" Core 117

Gray Mud
L(FP=2)
‘' Core 113

N Red Mud'
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Core 113 v
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X 17
2 1.41
R © lé-18
x 13
d 1
R
R 12.7
) 3 2.52
R’ 10-15
x 18
§ 1
R

Metasodiments

17. 22 |
3.53 0
15-20  22-20
44 4
£33
43 8.3
2.08 1.53
41-45

15

Basic Igneous Rocks

14.6

2.08
13-17

4

3]
:&‘
&
Q
g
4+
a
=
4
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a
o

2.0

14-18

13

e

Sandstones and
siltstones

1.0
4-6

27
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APPENDIX B
- Mineralogy of Sand .
—S
‘COIENO-& Em zo fo Eo :{'::o :-';o Eo fo s
Depth in. - S~ 953 35 Z& g8 S 88 88
o - I S S A S

Pyroxene . 9.02 9.94 10.9  7.88°19.42 21.38 29.95 24.54
Opaque _ 16.04 24.85 28.65 26.76 13.38 13.61 12.03 18.18
Tourmaline 7.01 7.30 5:18 5.35 - 9.19 .55 3.74 5.45
Zarcon _ 1.00 ,2.92 .91 .56 52

Garnet 7.51 5.55 3.35 5.07 6.04 11.11 10.16 6.36
Titanite 1.00 .87 .56 01.04 2.50 1.34

Apatite - - .91 - ~- .83

Staurolite - - o 30 - - .27
Andalusite - - - - .26 ,
Epidote 4.76 5.26 4.57 5.35 5.51 5.27 °3.48 4.54
Amégiggie 15.53 10.52 6.40 7.04 14.44 23.05 20.05 19.09 °
Biotite 3.5 2.3 .61 1.69 6.56 2.22 2141 10.90
Olivine .50 1.17 .61 1.40 .79 '

Rock Fragments 1.25 4.97 5.18 4.22 6,07 1l.dl 5,35 2,73
Altered 29.32 17.25 28.35 27.89 15.48 17.22 11.49 8.18
Muscov:.te‘ - - .30 - - a

Quartz - - - - - .
Feldspar .25 .88  1.22 2.53 .79

Rutite .50 = - - - .27

Gluconite 2.15 6.14 2.44 4.22 1.0 .27

Others - - .60 .30 .27 .27 .82

Total Gr;ins 399 342 328 355 381 360 374 110
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‘ @
. . Core No. and
- o [ =] DO [~ ¢ o O [ =] [ 3 Te O
2% 8% 8% 83 8% 81 8% g8
= ~ ~ R = = = =
Pyroxene /23.9é 28. 8/ " 27.55 23.55 23.69 16.06 22.oi 25.16
Opaque /12.08 8.87 16.07 14.77 17.99 22.62 17.51 14.92
Tourmaline / 10.0 9.11 5.8 7.71 6.15 6.08 3.55 7.57
\ Zircon / .21 - .83 .64 1.59 - - -
‘ Garnet / . 16.87 5.66g11.06 11.35 13.89 9.97 2.79 12. 47
“ Titanite / 1.66 .98 1.04 .43 2.28 .97 1.77 2.23
Apatite/ .21, - - -
) Staurdlite .21 .25 .21 - .24 -
' Ayélusite .21 .25 .21 - .45 .25 -
Epidote 9.16 5.91 6.68 6.42 5.69 S5.11 3.81 7.57
) amphibole 10.41 19.46 13.56 11.35 10.25 .11.19 12.43 13.81
Biotite “ 1.87 2.46 1.25 2.78 .46 .73 127 1.34
// Olivine .62 .99 .42 1,07 - «73 - -
, / Rock: Fragments 2.20 1.97 2.71 4.28 1.13 5.11 7.1 1.78
Altered 10.41 15.27 12.11 15.63 16.40 21.16 27.15 12.25
Muscovite . - - - - - - s - -
; Quartz i - - - - - - - -
Feldspar - - - o= - - - -
Rutite - .21 - - - - -
Gluconite
Others - .25 .42 - .46 - -
~
Total Grains 480 406+ 479 467 439 411 394 ¢ 449
.o Gy .
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1] v' . L 4 . ! (
s < A 4 <3 < ¢ g 8 8
v . . 7N N o ™ N — — ~
. Core No. & A Mo aa dew Lot do do @O
"' pepth in a4 88 883 8RR 88 8 8w 88§
. Ly [ 1 1 T 1 1 1 i
o - < < < - t 0 w0
- . N ~ ~ ~ ~ ~ ~ ~ ~
* pyroxene _ 32.19 17.27 15.34 34.55 21.04 23.18 22.53 22,29
* . Opaque .~ 14.87 19.22 22.16 10.61 13.26 14.28 22.53 14.22 .
_ Pourmaling,® 4.15 6.41 3.54 2.31 ' 7.66 4.05 6.16
Zircon ' +.97 .84 .25 ‘ .41  3.80 .21-
Garnet .- “ '% §.83 10.31 © 7.95 11.36 10.95 18.01 3.79 14.22
* Titanite .13 .84 .57 .28, .76 .63 .
£y t* . . : -
Apatite | ' .28 .20
' staurolate ; U, . .56 . - ' .s8 .42
Andalusite N ' . . .85
1 1
‘.- Epidote 5.61 4.46 2.85 .3.79. 2.59¢ 9.52 6.07 6.79
Amphibole 15.85 .13.92 '19.esj;69‘ 18.73, 12.21 7.84 16.13
et "
piotite ,, °, 1.71 3.06 3.7 4.04 4.61 .41 .76 1.27
‘' olivzne . . . .28 .62 .25 .64
R €
Rock Fragments 2.68 4.46 3.40 3.53 _6.05 2.07 4.05 2.54,
Altered 13.90 '17.83 23.86 9.34 18.15 11.38 36.32 13.37
Muscovite . i o, 50 -
Quartz ( 1‘ ) - = S;:
Feldspar I T -
Rutite .24 .28 .25
* Gluconite .24 .84 .2 .50 V.84
Others T .25 .56 .2, .50  .g4
- . [
Total Grains 410 ° 349 176 396 347 . 483 395 471 3
o | _ . %\ R .
b . N ,\ s
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Core Depth & 'Tl ‘ T N
Depth in 83 &R 88 T8 T8 T8 98 T3 =
om - Ql Qo - , ? \te] ? ™~ < << N N < o~ < m < <p

I :
Pyroxene 28.9 29.68 24.41 22.56 19.08 21.6 22.93 6.78 °
Opaque - 18.98 18.15 22.85 21.41 29.04 20.86 24.54 26.9
Tourmaline 6.62 4.32 6.52 7.78 4.3¢ 8.83 43.21 4.37 .
Zarcon .22 .29 .54 .77 .94 - 1.50 1.00  2.18
Garnet : 11.92 11.81 14.54 7.58 7.26 6.76 7.64 8.09
Tatanite 3.09  2.02 2.07 .77  1.45 .50 1.20 2.41 . .
Apatite .19 .
Staurolite .44 ‘ ' .19 .21 i ‘ )
Andalusite <
Epidote" 3.53 - 5,29 3.89 4.28 2.90 "~ 3.75 4.42 1.75
amphaibole 18.32 1787 16.88 12.64 11.41 9.02 10.06 20.35
Biotite " .66 .57 .26, 5.83 3.52 4.13 1.41 5.47
Olavine .86 o 1.36 1.86 1.88 .60 1.09
Rock Fragments 1.10 2.02 3.11 3.89 6.63 5.64 7.44 8.10
Altered 5.29 8.93 4.15 9.92 9.34 11.65 14.49 7.87
Muscovite ) -38  1.03 .56 .40 .1.09
Quartz , . ’ .58 - - - -
Feldspar .58 .62 = .40 1.31
Rutaite .22 .29 . .
Cassaterite . .66 .29 .77 .
Other .29 .77 .19 .60 .56 1.20 1.96
Total Grains . . 453 347 385 514 482 532 497 457

v
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. {
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: . A r\ ‘L
Core No., & N = N8 e ) . - ’
Depth in < < <~ N < n
cm - \ . . '
! »
N - 1 ) " )
Pyroxene 15.59 16.8 30 . \
L
Opaque ’ "34.16 16. 5 14.41 o
Tourmaline 4.95 6.02 5.88 ‘
Zircon .74 .39 o
Garnet ° 5169 13.78 10.29 - 5 '
Titanite 2.47 .97, l.477 °© - a
Y ?J o
Apatate .39 o, 3
Staurolite N ) . o :
£
Andalusite % °
Epidote -~ . .99 4.68 ‘2“.65ﬁ 8
Zmphiboie 10.89 15.15 16.7§
Biotite 1.73 9.51 5.29 .
Tolivine - . 1,98 2.13 -8 ' .
Rock Fragments 7627 5.82  4.12 )
Altered 10.39 7.187-7.06 K
BT e e
Muscovite S 1.48 -
7 \‘
Quartz - € =, *
Feldspar ' .25 .58 . '
Rutite .25 - ST "
Qther 1.00 .70 1.18 .
Total Grains %, 404 515 340 )
\ 1
. a . A% * »
\ .

®
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* Analysed by a student,-and may have prowlem with
flocculation.

236 .
-
=° ‘ o "\
CLAY MINERAL PERCENTAGES (BASED ON CLAYS AS 100%
OF <2 | FRACTION) ALL GLYCOLATED )
E [ \
A5
Core No. Depth in Description Montmoraillohite Illite Chlorite Kaolinite N
<m
N
75-009-117 30 Muddy red 16 55 . 14 15
foram-nanno .
Q& 9 ocoze .
75-009%117 100 Gray mud . s 63 30 . -
A o
75-009-117 205 Gray mud 73 16 \ 6
) .
75-009-1 239 Gray mud 12 66 16 0 6
74-021-28" Tog Gray mud 8 64 19 9
74-021-28 290 Gray mud - 73. 21 - T
74-021-29 3 Light gray 16 42 20 22
foram-nanno °
\ ' °  ooze .
74-021-29 6 Light gray 13 47 24 16
° N fpram-nanno ~
. o0ze a
74-021-29 ' ' 10 "Laght gray 20 47 21 12
. foram-fianno -
o 00Ze . ¢ *
74-921-29 37 Red mud 9 . 60 14 . 17
4-021-2 <44, Ka mud ﬁé T . 87 20 12
74-021= v 50 d mud 11 58 22 . 10°
~74-021-29 80 Red mud e 18, - 54 15 4 -

\ &> ' . a
74-021~20 X 129 Red mud ) ) 57 26 ° 9 i\
74-021729 189 Red"mud . 5 64 20 . | -
74-021~29 ' 236  Red mud . 1 10 . 54 23 . 14
74-021-29 . 248 Red mud .« . 12 - 7 os2 24 12
74-021-29 262 Light gray, | . 20 . 4 22 17

! foram-nanngy * : o .

ooze o . °
74-021~29 489 Gray mud § = 7n A~ 8
74~021-29 500 =~ Gray mud . 17 56 20 9
74-021-29 589 Gray mu'gi"n 5 * g5 24 4
74-021-29 617 Gray mud, * °° 74 137 = 9
74-021-39 669  Gray mud - . n 26 W . o=
-~ N
74-021~29 678 Gray mud 71 13 7
74-021-29 791 °  Light gray ~ 29 142 14 - 16
B fgram—nann‘bﬂ ° N '
. . ooze ¢ Y w~
75-009-112 418 Foram-nanno 56 °© . 20 13 L1
X ooze N
o
75-009-112 420 Foram-nanno 56 20 15 .9, -
ooze “ IS
75-009-112 544  Gray mud*  ° 56 24 7 . 2
75-009~112 546  Gray mud* . 83 .- 1 12, = 18" -
K A\
75-009=112 550 Gray mud* s4 _° 25 10 11 >
o * - ,

75-009-112 722 Calcareous mud 66 13> 12 s 8

an

e

gc
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g
Statistical data for clay minerals of different facies
from the Fogo Seamount and Newfoundland basin cores
(mixed layer clay not treated separately)

A\

v } 3
4 »
o i
«‘ '2 ° i
2 ]
2 2 g
0 [=] L
“ 3 = e LAY
Q ord o Q 4)\(
+ ] LY ord
N /7] o] [ 1] vl =
Q orf E < N -
g H & pa v 9 ]
+ (=} ~ £3
-1 w -4 ] 3] ;'2
t
Facies and Core R
Red Mud x 11 57 20 12,
(F-1) § 3.66 3.82 4,20 2.5
Core 29 R 5-18 54-60 14-24 9-~17
-»
Gray Mud 6 68 6
(F-2) "6 5.98 6.57 5.48 3.31
Core 29 - 56=71 13-24 0~9
Foram~-nanno ooze 45 22 16
(F-3) 3 - 10-96 2.08 5.03
Core 29 b 42-47 20-24 12~22
Gray Mud x 8 7 21 4
(F-2) 3 8 3.24 5.13 8.08 3.46
Core 117 R o-12 1 63-79 16-30 ¥0-2
Gray Mud ¢ x> 4 71 20 5
(F-2) V2 § 5.65 10.6 1.41 6.36
Core 28 . R 0-8 64-79 19-21 .« 0-9
Foram-nanno: coze % 56 20 14 10
(F-3) v 2 § o o0 * l.41 2.83,
Core 112 7 R 56-56 20-20 13-15 9-12
"‘ s
4
Gray “Mud % 54 22 ¢ 13 10 <3
(F-2) Ve o3 § 1.52 4.35 * 3.6 8.02
Core 112 . R ° 53-56 , 17-25 - 30-17 . 2-18
° a )dx
Foram-nanno coze ° % 25 41 18 16
(r-3) 2 § 6.36 oa »T1 5.65 v W71
Core 29 ° R 20-29 41=42 14-22 . 16.17

e

a 5, i
S\i = Arithematic mean; § = Standard devaiation; R = Fhnge

a

-



i

a

-

|

°

Clay mineral percentages (based on cléys as 100%) of
<2u fraction) all glycolated.

APPENDIX C

(continued)

o

Mixed layer -

clays grouped with montmorillonite

~

¢

-

238

1

Depth in

Illite Chlorite Kaolinite

Core No. Monéhonillonite &
cm Mixed Layer Clay - .
73-011-55 ‘ 2.5 . 58 18 12 12 F-6*
73-011-05 100 , 51 20 , 10 19 F-5
73-011-05 150 14 40 %3 21 F-1
73-011-05 160 20 33 25 22 P-1
73-011-05 250 25 39 20 16 F-1 & 7
74-021-16 | 800 34 36 22 g8 F-5
974-021-24\ 0 i 40 39 9 12 F-78
. 74~021-24 1 40 39 9 12 7-7B
74-021-24 215 31 33 25 11 F-7a
. 75-009-113 0" 34 48 11 7 F-3
75-009-113 200 18 38 . - 24 20 F-1
n75-bo9—113. 440 33 37 19 12 F-2
75-509—113Q 460 35 35 26 473
75-009-113 480 37 a2 12 9 F=3 .
75-009-113 540 58 24 10 8 F-3
75-009-113 560 37 27 20 16 F-3
75-009-112 290 51 29 15 10 F-4
75-009-112 410 ) 25 49 12 14 FP-2
75-009-112 540 58 24 10 8 P-4
15-009-112 5547 35 29 16 20 F-2
95—009-112 o’ 41 ' 39 . 11 9 F-3

LY
* Pacies number.
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e | °

* Core No. Depth in Montmorillonite & Illite Chloraite Kaolinate
, cm °  Mixed Layer Clay .
75=~009-112 560 37 27 20 16 F-4
75-009-112 690 . 41- a4 7 8 F-4
75-009-112 73c;f 41 28 17 12 P-4
75-009-112 770 19 44, 20 7 F-2
75-009-112 870 44 29 13 s(;4 F-4
75-009-112 1060 49 23 17 11 F-4
74-021-22 - 0 47 28 15 10 F-7B
D e .
74-021-22 > 20 28 . 30 21 22 F-6
74-021-22 75 45 27 20 8 F-5
74-021-22 150 28 39 22 13 F-6
74-021~22 270 17 45 27 11 F-5
74-021-22 365 42 35 19 4 F-6
74-021—22 379 ' 28 . 37 19 16 F-6
74-021-22 " 375 38 . 34 17 11 F-6
, 74-021-22 410 . 25 48 15 12 F-6
74-021-22 460 23 41 23 13 F-6
74-021-32 . 510 " 15 43 23 19 F-6
74-021-22 ) ei . 50 20 17 13 F-9
"74-021-22 685 46 ° 28 16 10 F-9
74-021-22 200 13 54 19 14 F-7
155 s . e .

yan
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. APPENDIX C (continucd)
N .
Cure No. Depth in Montmurillonste & @ Illite Chlorite Kaolinite
CLi Mixcd Layer Clay \
\

75-009-1. * . 0, 26 36 19 19 F-6
75-009-102 15 \ 32 33' 20 . 18 F-6
75-009~102 240 . 27 a4 21 8 F-7
75-009~102 270 37 . 31~ 21 11 F-8
75~009-102 360 38 Y 15 10 F-6
75-009-102 365 : 41 ] 33 16 10 F-6
75—00\9—102 385 34 38 17 11 F-6
75-009-101 165 14 30 36 20 F-8
75-009-101 205 35 29 19 17 F-6
75-009~- 101 290 .12 43 25 .20 F-8
75-009-101 321 30 .46 15 9 F-6
75-009-101 421 32 - 44 14 9 F-7
75-009~101 750 29 a1 25 5 F-9
7%-009~101 825 34 =, 41 14 11 p-5
75-009-101 895 30 7 39 16 15 F-5
.y o? B 32 25 5 P-5
4-2 220 T 20 39 23 18 F-7
a-x 310 11 ° 19 a3 27 -7
- 510 11 47 31 11 F-7




AVPPENDIX C (continued)

Core No. septh in Montmorillonite & Illite Chlorite Kaolinate
cm Mixed Layer Clay
4-2 ~__ 600" 20 . 51 13 16 F-8
4-2 740 22 47 17 14 ¥-5
3-1 150 25 42 17 i FP-7
3-1 300 47 31 14 8 F-6
N P

w

!

rmr—

v
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Statistics of clay minerals (<iu) montmorillonite
and mixed layer clays group together

Facies and Core

Red Mud
(F-1)
Core 05

Diatomaceocus Mud
{F-7B)
Core 24

Foram—-nanno oozel
(F~3)
Core 113

Muddy Toram ooze
(F-4)
Coxre 112

Gray Mud
(F-2)
Core 112

Calcareous Mud
(F-6)
Core 22

Calcareous Mud
(Fr-6)
Core 102

Mud with sand beds
(F-8)
Core 101

ns;lty Mud
(F-7)
Core 4-2

Gray Silt
(F-~5)
Core 101

e

Number of samples

Statistics

W o W A-Q o Wl

oIkl WOkl WX WM W oK W oK WO

W O M

Montmorillonite and
mixed layer clay

4.24
14«20

40
10.03
34~-58

40
7.22
37-58

26
8.08
19-35

30
6.99
28-38

34
8.76
26-38

13
1- 41
12-14

1e
6.36
11-20

32 ¢
2-82
30-34

Illite

35
10.7
2448

\

6.96
24-44

41
10.04
29-49

38
5.76
30-48

35
2.30
31-38

36
.  9.19
30-43

29
14.14
23-43

40
1.41
39-41

Chlorite

25
o]
25-25

1s
6.94
10-26

14
4.48
7-20

16
12-20

19
2.82
15-23

7
2.07
15-20

31
7.78
25-36

33
14.14
23-43

15
1.41
1l4-16

Kaolinite

22
.71
21-22

13
2.83
11-15
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Number of pebbles per Unit Area™

CORE NO.

APPENDIX E

74-021-22

3

246

Total

0- 5
5-1%
10-15
15-20
20-25
25-30
.30~35
35-40
40-45
45-50
50-55
55-60
60~65
65-70
70-75
75-80
80-85
85-90
90-95
95-100
100-105
105-110
110-115
115-120
120-125
125-130
130~135
135-140
140-145
145-150
150-155
155-160
160-165
165-170
170-175

TR VIR FRNT S )

W N RN N W N W R DD W N R O

«
L A )

-

-

r

¢

O A W W a1 40 & N & N WL bW

[
Hn

"
b

*

N A WWNNW!M NN N LN B D



\ . APPENDIX E “ 247
o 4

Core No. 74-021-22 (continued) . .
Depth in 4-8 8-16 16-32 *>32 Other Total

o om mm ). 1 . mm £ “ L
175-180 Q‘a - - : o= '3, )
180-185 4 2 c - - ) 6 .
185-190 3 1 - ’ - | 4 )
190-195 1 - - - ‘ | 1
195-200 2 - - . - : 2 -
200-205 5 - - - s T 5 . \
205-210 * 5 - - - - 5
210-215 6 - - - ' 6 .
215-220 5 2 fa o7 - ; 7 «
220-225 3 - " .- - 3
225-230 5 - N - : 5
230-235 1 - - - - 1,
235-240 1 1 - - ‘2 )
240-245 - - - - 0
245-250 2 - - - 2 .
250-255 2 .- e - . © 2
255-260 1 - - - 1
260-265 - oo - - "0 ' i
265-270 - 1 - - 1
270-275 - - - -, ‘o
275-280" - - - - “ e
280-285 5 - - = 5 )
285-290 2 3 '’ - - ’ 5
290-295 1 2 - - T 3
295-300 3 1 - - 7 4 ;
300-305 3 2. - - s Be o x
305-310 3 - - - T3
310-315 3 - - - 5 -
315-320 . 4 1 - - ) = ;
320-325 / - . - - 4 . )
325-330 2 .- - - 2 .
330-335 3 1 - - i 4 s °
335-340 2 . 2 - - b 4
340-345 2 2 - - . 4
345-350 4 3 1 - ’ 8
350-355 5 3 - - » 8 h
355-360 - 7 - - -7 7
%60-365 R ol 6 ‘
365-370 3 ' e - 4
370-375 2 1- - SL.a 3,

¢4 Lo 7 a L]
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. ‘ APPENDIX E

e ° e
N o '\\ v
Cora No. 74-021-22 (continued)
Q
. . '
Depth in 4-8 8-16 16~32 >32 Other Total
cm mm ™ .. mm '
375-380° ° 2 > - - - 0 2,
380-385 2 L . - - 2
385-3%0 5 ) 1° - - 6
390-395 4 - - - 4
. . \
395-400 , 3 . N . 3
400-405 L2 - PR - o 2
405-410 -1 . - f . - : 1
410-415 "5 L= e - - 5
4158-420 o1 T e - - - S
420-425 < 3 R v - - - 3
425-430 4 ot - .- ‘- 4
430-435 - 3 - - - 3
4353440 .4 - - - . 4
440-%45 . 3~ - - - . 3
445-450 2 2 . - fe - o R 4
450-45§ ° - S - - 1
° -~
‘55-460 - > © bd = - o
&
460-465 2 - - V- 2
470-475, 3 ° - - . 3
475-480 co2 T - - \ 2
480-485 2 - - - 2
485-490 L, 4 - -, - . 4
PN a LI a2 ° %
490-495 ) 1 - 2, - . 1
. 495-500 I T - - - R 1
500-505 o 3 - . - 1
505-510 o 2 - . - - 2
510-515 « 1 - Ty - - Y el
515-520 S ZE A TR < 9
$20-525 2 1 .- - - 3
¢ 7 « . o
525-530, . 3 - - - . 3
o o [
530-536 ' - 3 - - - . .6,
535-540 - 7 - - - .o
- f < - 3 5,
540-547 - - ° - - LN
% > o ° . T
547—550 " 3 .’ * :' s - N - g 3
- ™ A 3 - =l S ¢ & o~ vy - aa
- @ — - T —
550-555 7 o I Y R
555-560 1. e - - s oL R o
2 ¢~ - " Q
560565 1 1 - - . “g2
“\‘:VT‘ 4 u o ‘ ” W g o M ‘ % Dﬂ
565-570 - Pad " N ‘» v - Zﬁch o n&:‘ = o B I o
570-575 1o g o5a = T e, R . L1
° o Y oeac o * 7.7 * * [ n *;,
- @oaa T !3\*;’? g 13 o of o .
20 ,q} R R NG . . - . P s
g: g - :.,ﬂ .: . ‘Dq", l. - S L . "u“ e
a Cene v ° . 77 . a9
[, by 2 ‘?: ?a e W . . - .
" v ® fc . e T > q . S B '.

©



"

I

~ A ,’ E-3 ,
- ¢ ’, !
\ . .
i R ol i —
. APPENDIX F o .
o o v ~ A N Y N -
¢ S 9 ° 3 b} ﬂ, > N
a R . 3 , \Q\ . .
N N Grain Size Analysis °
o % , ‘ ’ .
Core Depth in Weight of \>0¢ >1¢ >2¢ >3¢ >4¢ >5¢ >6¢ >7¢ >'8¢ . -
cm sediment . _— N .
. in gm. . R -
’ o '
3-2 220 20.8 96.9 95.4 92.4 85.9 74.7 62.5 49.8 40°3  30.4 ¢
4-2 310 28.0 93.7 98.8 86.6 * 80.5 73.1 615 50.7 43.5 36:0 .
4-2 510 12.8 98,6 986 '92.8 65.6 75.5. 62.3. 50.4 39,5 28.7
3-2 580 13.3 ° 90.1 86.4 80.5 68B.5 53,4 40.3 33.0 24.1 10.09
od=2 740 21.3 -;93.43 98.1 96.4 91.1 83,2 61.3 47.7 39.5 29.8
e R
= 101 610 28.7 99,6 97.7 81.6 12.3 5.6 4.6 3.9 3.4 2.8
101 670 26.7 99,7 98.1 85.6 13.1 6.9 . 5.7 5.4 4.2 3.9 :
Q . °
101 75Q 21.6 99,3 99.3 84,1 5.5 2.9 2.0 1.6 1.4 1.3 r
102 15 13.3 99.8 95.8 92.4 ©5.3 75,3 ~ 65.3 54.2 43.0 32.4 ’
102 o5 17.1 -~ 100 98.3 95.1 8l.2 67.2 53.3 44,1 35.4 28.8 .
n = L] 1 N
102 240 13.3 100 97.9 95.2 83.6 65.6 52.2 ' sa.3 , 28.8  30.7 R &
102 244 11.2 100 95.8 91.8 79.6 68.6 §9.5 46.6 38.4 32.8 .
270 - 12.1 100 99.6 98.9 ° 95.8' 87.9 75.1 64.4 52,7 ., 45.5 .
20 14.7. ° | 100 66.5. 92.9 83.6 69.6 S55.6 45.4 35,9, 27.7 "'
75 16.3 100 90.9 ,84.2 © 66.8 50,3, 4.1 33,2 26.9 22.2°
k3 ° <
150 16.0 100 §8.4 83.3 75.5 65.3 35,4 29.7 24.3 ,18.1
360 11.46 100 ' 99.5 98.4 J1.2 45.8 35.3 26.4 23,4 19.1 .
365 . 14.5 100 93.3 88.0 71.% S55.1 46.1 39.5 31.5 25.3 .
370 1l.6 100 _ 92.3 84.2 ,63.6 29.4 20.9 17.6 14.8 12,4 ) i
~ ® @ ﬁ
860 12.5 100 95.5 91.4 8322 75.5 64?8 55.8 45.9 38.4 .
870 o 15.7 ° 100 97.7 94.1 64.6 46.9 38.2 3L.5 27,0 22.6
. 4 0 - L -~
: Y v ' o
. (Rest of the data avairlable in Alam (1976) and Marine Sedimefit Lab.) o
* IS , o
¢ ® -
\ 'lb ) . ' % »
s 1 ; . -
a R - o [y e
1 3
. 'n . ® . . a ﬁ \
L - NN ; oo
. <, T . PN .
’ (- . :v N 1:'\!{, ! " .! ’ \ ) ¢ v
N ° ’ ’“:\ 2 - o
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i c o0 v .
. . RS ot \ L {
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APPENDIX , @
L) ° - 50 o
9 ' N ~ Al
sCore No, 74-021-22 (continued) ' .« ©
o L2y '
a o N 1 A N
-~ s ‘ ° : \ - 1
pepth in 4-8 - 8-16 16-32 >32 Other «  Total N\
. [« ] - § mm ° pEm ma \
™ ' v \
1 o N
§75-595 - - - - o °-
q f IS
, 595-605 - - - - ) 0 °°
. " 605-610 2 - - - 2 °
610-615 od - - - warm 1 .
3 tubes ° ®
615=620 - - - - warm' 0
. : tubes
N 620-625 iy - - - . 1 . X
.
625-635 - - - - warm 0
- g tubes’ 4
' 635-640 1 - - - warm 1 .
o - - tubes - 0
- . 640-645 - - - .- 0 .
645-650 1 - - - 1 B
650-655 2 - - - 2 .
655-665 - - - - .0 .
' 665-670 - R T - - . ‘1 . .
670-675 - - - - " o : o
: 675-680 - S - . - - g 0
]
680-685 2 - - - , 2 ,
685-690 © - - - - . 0
690-697 2 - - - ' 2
i -~ 697-715 - - - - 0 .
» 715-720 1 - - - 1 .
720-730 - - - - 0
) ) 730-740 - - - - 0
s - ., 740-745 °° 1 . - - - s 1
Yo w7 Yas-750 2 . - * - - 2
. H .y [}
. 750~770 - S - - ‘0
, ’ Il
w  770-775 1 - - . - . 1
775-780 o - . s - - - 0 . . E]
780-785 * 1 -, - - ) .
. 785-795 - . - - - 0
° 795+800 . 1 P 1 ! _” D' . ‘o
- o0 ‘s
L - - - -
7 »  B00~810 L , 5 0
‘s L 818-315 2 . - - - 2 ] \
4 [ . | f .
815-820 2 .. - - - 2 .
820-825 % 2 L - 4 . '
» 825:'830 y 2 - ) - g - . “w 2 s . 3 o
1 ‘ -~ , @
. ' . 830835 5 . 1 - - . 6
. 835-840 3 - - "7 - 3 . o
CERA 840-847 3 <o T - "o 3 \
0" - o .
v \ = ) ¢ o - o- - » i N
) 847~85 A ‘ . 1 S,
. 3 o ¢ , ot s s mf o ' oo
" " . N R + LY ‘
s . ° t Ts o ) ° M °
° * t Voo o 1 R el 0w ' !
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o Ay
Core No. 74-021-22 (continued) ) . , . .
2 - N .
Y = * hd Il
" Depth in 4-8 8-16 16-32 >32 Other ' Total
= ma - = P o } 4
N : ,
850-855 T2 - - - 2 .
855-860 4 - - - 4
860-865 * 1 - - - 1 ! '
B65-870 5 . - . - - 5 . ‘ .
- 870-875 - 4 - - - , 4 ‘
875-380 .5 - - - shell 5
880-885 2 - - . - . 2 .
885-890 5 - - - 5, .
890-895 1 - - - , 1 i .
895-900 2 - - * - z“ , “
300-905 3 ., P - - 3 d
: ®, 7 § ° A N
, ‘'sosfelo 5 - - - 5
' 910~915 } 4 - - - 4
915-920 1 - -, - 1 ‘ .
920~925 - < - - ) " .
925~930 3 .- - - shell 3 \ .
. frag. .
* ~930+945 - B - - ) - 7
945-955 - - - - )
955-960 1 - Too- L - ’ % 1 ' . a
960-970 ' - - - - 0 .
* 970-990 - - - .- o . . ' -
990-995 2 , - - - o2
e ) ) 4 [N o ¢ ;f
LY ’ kN 3
' .
R . . e g v . ~
e . ¢
S~ N I ‘“N'\ 2 {,/.
R ° a ’ i (3 .
) e r
< o . . [ . > ¢,
,, X e e , .- " .
© " . < o1 R
N o : ) /1 . - - L . . } . ’ :
- . , t a ’ . "
, ° 3 & . ' . P
& i
5 hd ¢
” N L3 p
. [y *
o . b
< ° , | . "' / X
°. . A » | ' ;
¢ o \ P4 , I8 . I A
, { : A\ s g, ‘ -
. : L - | e, & .. L
* . s o N . N * o - v
¢ o W 8 f s, |

NDIX E
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. APPENDIX E (continued) Y

« . [

CORE NO. 75-009-101

5 'Number of petbles per Upit Area”
: o
pepth in 'a-8 816" , 16-32 >32 Other Total
©oom o @' WM mm m -
\ 0-5 - . Shell 0
- ,0 . ) ° frag.l
5-10 - - - - - o
10-15 - L - - - 0
15-20 1 - - . - 1
20-25 2 . - Y- ' - 2
25-30 - ! T - 2
30-35 - 1. - - - 1
35-40 - - - - ‘0
40-45 . - - o= - . 0
4550 ', .- I - - 0
50-55 - e - - , 0
55-60 - - - s - . o
60-65 - - To- - 0
6570 -~ - - - Shell 0
! , frag.2 .
7075 1 - - . ' T2
75-80" ° I S oL - - T
"sq-es - 2 ‘- - ’ 2
85-90 - Y2 - - Shell 2
. P . frag.zg‘
90-95 , 1 - - - Shell 1
. frag.3
95-100 2 -7, - - 2
100-105 4 C - - - 4
108-110 4 -] . - - - 4
110-115 © ° 2 ’ - - - 2
115-120 ,3 - ¢ - - ‘ 3
120-12 - - -~ - o
125-130 a 2. ° - - ' f - - Shell 2
Vo . s frag. 1 .
135-140 - 8- - 1 Shell 1
N ’ frag. 1
140-145 2 - - - ’ 2
145-150 - ' - - - . *
150-155 ., . 2 - - - she11 . 2
B : frag. 1
. 155-160 e Y. .4 - 1 - . e
160-165 4 - - - e 4
(s T v
. * Counted ,per S5cm x Scm area on x~radiegraph °
, .
. ' 7 ‘ - o S
. ’ ;o . LR
[ ‘b v, | ) o’ g ’



APPENDIX E (continued)
- ) 253

Sy
Coxe No; 75~009-101 (continued) .

Depth in 4-8 8-16 l16-~32 >32 Other Total
cm. o mm oo Em .

165-170 .
170-17%
175-180
180-185,
A85~190
190-195 ¢
iss-200 : - - -
. 200~205
205-210 .
210-215
215-220
220-225 o
225-230
230~235
235-240
240-245
245-250
250-255
255-260
260-265
265-270
270-275
275-280
280-285
28%-290
290~295 : 1 - - .
295-300 ;-
300-305
305-310
310-315
.o 315-320
. 320-325 ’
325-330
330-335
335-340
340-345
345-1350
. 350-355  °
355-360
360-365
. 365-370 - - - - .

. 5

= O O W b
[
=
<t

LI
§ ol
3
= 1 1
]
BHmh

Ve

.
£}

=MD N N WEE RN W

]

)

]
OONN.I-'MwNG\NHUHPHO—'OOHNHHHNMH@&BA#NPM(»OH&

s

WMWK E W e e
1
'
'

1
N
[}
.

]
a

[T
[
'
)

.
]
)
]
1
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APPENDIX E (continued)
R
Core Neo. 95-009-101 {(continued)
" [
Depth in -8 8-16 16-32 >32 Other Total
<m mm mm 1 mmn mm
i
375-380 2 y - - - 2
380-385 1 - - © - 1
385-390 - - - - 0
390-395 - 2 - - 2
395-400 - - 1 - 1
400-405 - \ - - - © 0
405-410 - - - - o
410-415 - - - - 0
415-420 - - - - V]
420-425 - - - - 0
425-430 - . - - 0
430-435 - - - - 0
435-440 - - - - 0
460-465 - - 7 - - (]
465-470 - ' ‘- - - warm 0
tubes
470475 1 - #\- - .- 1
475-480 - 1 - - ‘ 1
480-485 - . | - - 1
485-490 . 1 - - - 1
490-495 - - - - )
495-500 2 - - - 2
500~505 2 ’ - T v - - 2
505-510 3 - e - 3
510-515 1 - To- - 1
515-520 - . - - - 0
520-525 - - - - .0
525-530 - - - . 0
530-535 - Co- - - ° 0
535-540 - - .- - 0
540-545 - - - - 0
545-550 1 - 4 - - \ 1
550-555 - - j - - 0
555-560 /" - - - - 0
560-565 .- - - - ]
565-570 2 - - - . 2
'570-575 - - - - 0
"575-580 - - - - ot\
580-585 - - - - .o
585-505" - - - \ - - 0
605-630 -~ - - Y _ o
3 4 3 4 o
. o . . .

254

s

e

=3

R}
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APPENDIX E (continued)

) ° 255
Core No. 75-005-101 ’(cogntmued) ’ . n
Depth in " 4-8 8-16 16-32 >32 Other Total
cm mn wh ° mm men
- )

L
630-655 - - . - so- 0
655-660 ° 1 - - - 1.
'660-680 - - - - 0
680-705 - . - - - o
705-715 - - - - . 0
715-720 1 -. - - 1 .
720-725 2 - - - ‘ 2
725-730 3 e L= - o ¢ Shell 3
730-740 - - a - - . ., o= 0 .
740~745 Co- 1 , - . 1 ’

‘ 245-750 -* - S - o
750-755 1 - - - 1
755-790 - - - - 0

. 790-815 - - - - .o
815-840 - ., - - - °
840-885 ° - - - - : o
865-830 - © - - T - To0
§90-915 B e - - - 0
915-928 * © - - . - " - 0
925-930 o - 1 - oo 1
930-945 - - - - 0
945-950 1 - - - 1
950955 g = 9 - - - - 0
955-980 - ¢ - - - o
980-990 o - - - - o
930-995 . -. 1 - - 1
995-1005 - - 3 - - ) o

1005-1020 - - - - ‘0 :

1020-1076 - z - . - Shell 2 )

1%25-1655 - - - - warm o

°

) tubes



Core No and
Depth in em

[+]
595

06
606

06
615

a6
€19

06
635

06
642 v

06
645

£

Demagnatization

25
50
78
100
150
200

28
50
75
100
150
200

- 25
250

75
100
150
200

25"

50
75
100
1s0
200
400

25
50
75
100
200
250
350

25
50
75
100
150
200

APPENDIX G

Paleomagnetic data

o

-

Declination

114.0
122.0
122.2
128 9
127.3
133.2
129.0

-12.3
-14.0
-14.6
-14.7
=-14.6
=16.5
<15.0

105.9
108.6
105.8
105.5
105.1
208.€
105.7

86.2
83.8
82.0
80.9
80 3
80.6
8l.4
79.9

-26.6
-26.1
-29.1
-33.3
-38.6
-38.6
-43.2
-41,1

265 5
261.4
257.7
255.7
254.0
250.9
248.6

=45 S
=-43.3
-38.5
-39 7
~-38 1
-37.9
-39 9
~45.0

Inclination

48,0
51.8
50.9
52.6
50.8
49.7
45.8

31.8
31.4
29.4
26.1
25.0
24.7
20.5

44.2

44.6 -

> 44.1
4.3
43.5

2.7
42.8

49.8
48.4
46.1
45.2
44.3
42.8
2.4
43.6

19.1
20.9
19.8
18.8
28.8
29.4
23.4
26.6

61.9
56.5
35.5
55 0
§2.7
53.4
$3.8

-22.1

-32.6

-37.7
»=41.8

-42.1 y

-45.8

-48.1

-48.2

©

]

Core No. and
Depth in om

06
653

06

. 662

06
718

a6
725

[+13
734

06
741

06
« 760

-) O
W

<D

Demagnetization

50
75
100
150
200
250

25
50
7%
100
150

a5
50
75
100
159

N 28

50
75
100

50

100
150
200

25
50
* 95
100
150

28
50
7%
100
150
200
250

50
100
150
200

Declination

223.1
224.0
224.2
228.8
225.0
224.9
227.7
22}.2

128.3
154.1
204.3
227.2
224.7
242.8

149.1
172.9
166.1
167.6
168.1
164.3

1s52.8
154.0
149.7
143.8
141.7

~56.6
-54.4
-54.1
-43.2
-45.3

~18.5
-21.9
-22.3
-21.5
-17.2
-18.8

=35.7
-38.0
=385
~-39.3
-40.3
=315
=40 5
-41.9

-40.4
-40.6

-42.1
~-41.5

t 1l

256

Inclination

It

30.8
30.7
26.6
24.8
26.1

» (2
(D.!zm
e« o a
oM W

[T
[N QP)N'DCD\!

w e nww

39.0



112
1020

112
1100

102
100

102 ~
200

ke 102
250

102
0 310

102
- 325

o

Demagnetization

100
150
200

50
100
150
200
300

50
100
200
300

50
100
150
300

50
100
150
300

50
100
150
300

50
100
150
200

100
150
300

50
- 100
150

50
®100
150

%

APPENDIX G

L] L]
5 5 ‘
-4 -4
[} [+]
X 5
Core No. and
Depth in cm
-46.8  -1.7 102
-43,5 0.4 418
-42.1 1.6
~41.2 1.3
-40.6 » 1.8 102
-41.0 3.5 | 350
-39.7 4.9
176.9  76.6 102
168.2  75.7 430
165.4  74.6
164.7 ' 4.1 102
174.7  74.B 470
177.3  74.5
61.4  55.0¢ 102
85.7  S4.8 595
93,5  59.9
102.0  §3.4
106.3  51.5 102
520
-38.7  42.0 -
-38.9  43.2
~43.5  42.5 102
-38.4  44.§ ), 545
-47.0  49.6 R
-28.0  44.6 < 102
-30.0 47.8 565
-29.6  49.2
-26.5  52.0
-27.9  52.9 102
595
- 6.9 29,2
- 6.9  42.5
-~ 0.2 - 40.3 102,
- 1.5 39.3 625
1.0 42.4
22930 52.3 102
223.5  16.3 660 -
237.1  19.4 "
218.3 59
224.5 9.3 102
690
217.3 75 7
212.8  69.6
209.6 69 O
2130  67.8 102
204.4 68,4 265
~26.6  40.8 )
-30.5 399 102
280
-24.7  42.0
-26.9  40.1
-28.8  41.3

Demagnetization

0
100
150

50
1c0
150

50
100

100
150

50
100
150

50
100
150

50
100
150

50
100
150

S0
100
150

50
1lg0
300

50
100
150

100
150
300

50
100
150

50
100
150

Declination

21.9
24.1
13.9

-42.6
~40.5
=40.6

17.2
26.8

69.6
.7
76.8

-39.3
-41.1
-39.6

58.6
59.5
62 5

€0.0
58.6
62.5

79.9
83.0
82.5

-39.3
~41.1
-39.6

=19.9
-20.5
-22.9

-30.1
-30.6
-30 0

-30.8
~33.4
=-31.7
-27.5

204.6
178 2
176 8
179.6

198 7
196 7
199.1

257 :

e

nr

47.6 7] H

‘w2

.
e



Inclination

W

I v
1 ) ‘ » S . °
sy . N
5 i r ?
) T A1 A *
» . ] »
APPENDIX G 5 i
@ "
i L) . o ’
L
, ‘ﬁ - ¢ ‘
/ . 8 ' < . ‘ ¢ 8 ]
] . ", ° Q-
s 8 § 8 ¢ 2 5
o Ll et -l -y -t
» o ) - . 2] &
a L -] [ ] ”
. & 5 . 5 ) 5
Q . g ‘ 2 it v g o
. g 5 . - . 2 ’
. .
Core No. and’ ° Core No. and ’ o
“pth in em . F Depth in &m .
[N o )
102 50 199.1  54.8 05 50/ o 69.4
290 100  200.2  52.6, 380 100, 7.1
. 150 2005 524 150 70.0
w02 50", 2088 - 2.8 05 50 43.3¢
295 V100 186.4" -34.8 410 » 300 4.6
. 10  165.1 -37.9 J 150 4d.0
L) ’
05 0 =75.7 0.7 05 ‘.50 43.6
1s ! 100 250.6 77 3 , 35 ;s 100 44.7
¢ 150 248,5 67 5 , 156~ 45.6
» i
o5 _ 0 218.9  25.1 50, 59.5
80 100 213.4 231 460 100 59.5
3 150 214.9 201 - 150 62.0
0s 50 269 0  75.5 05 50 52.4"
105 100  258.5  75.2 515 100 51.21
1sh  o248.6  75.2 ’ ,
05 50 84.4
0s 5 5o .266.5 54.0 550 100 87.2
130 100  264.2  53.9 150 88 8
© 150 © 263.0 540 e N
, 05 s¢ 76.9
05, 50 266.1 42.6 Gl0 - 100 8 o
155 100 2638  56.4 150 82.3,
. 150, 260.3  56.9 -
‘ ,05 50 66.2
05 50  264.0  73.4 670 , 100 67.4
180 100 2504 718 o 150 67.3
150 256.9  7i.7 .
- 05 7 50 92.6
05 50  254.6 ° (24.7, 700 100 ¢« 97.3
200 ’ 100  252.2 4.6 . 150 99.8
150 251.7 40 6 ’
o T s 0s * 50 65.8
05 s0, 719 ,32.2 750 100 714
230 100 72.5 317 s , 150 72.7
150 74.0 311 \ .
- 05 50 81.2
05 - 50 63,1  42.4 810 100 84 3
255 100 65.2  44.5 - , 150 85 2
15¢  +67.9  44.1 .
: . 05 50 82.3
, 05 50 56.1  35.0 830 100 ° 847
280 100 59.2 ._ 35.9 = 150 85 3
¥ | 150 sso0 W1 ) .
. 05 5 97.3
05! 50 51.1 50 6 875 100 » 80 2
335 100 0 499 150 82.1
150 770 ° 517
. 05 50 64 1
05 - L, 50 51,1 S50% . 900 100 465 5
° 365 100 55,1 50 2 150 85 6
. 150 58.7  S51.4
) . - 05 50 97 2
1925 100 85.6
o o ' 150 86 6
S
i
v . /

s L u



o

Demagnetization

=50
100
150

50
100
150

50
100
150

50
100
150

TS0
100
150

50
100
150

50
100
150

50
100
150°
250

° )3

50
100
150

Lab )
a

» &
o 4
12
L}
o L8 -
/— A h a e 5 T
&
= v s APPENDIX G
»
o : . o
» , o
o . - i g lvd
" - v a
4 e
v ’ R85 0§
] -t -l ]
» o &
: - - S
¢ o o /(v! -
v A - L —l,ﬁ
v ) 141 5 (4} g
o 7, X =
) Core N6 " and » . Core No. and
' ‘Depth dn om e . Depth in om
- Ird ¢
. e ' 0s 50 10,5 68.8 \’ 22
, 950 100 109.4 68.7 1 t 580
» , ° 150  112.3  63.4 -
” -’ k]
" - ) 05 50 43.5  73.7 2 .
975 100 672  76.9 5 ™
s s " 150 65.8 78,6
N g N :
o N 22 °s0 - 4.7 4L.9 > 22
* AN 10 100 -80 443 680,
. , 5 <150 - 5.4 43.9 .
°
0 ‘ ° 22 50 -27,7 545 22
p - 50 100 -244 536 739
. . L1150 -21,9  60.Y} /J
AN
C , 22 5o " -30.3 54.3 22
’ 100 . 100 -34.3 , 579 790
¢ 150  -63.1°° 40.4
' 22 L1:} 17° 34.5 o . 22
, 140 100  -27.7  32.4, - 83 1
150  -30.4 29 1*
e 4
. 22" 50 -48.7  28.1 ' 22
’ 3° " 100 -55.3  24.4 §80
. n 150 =-62.2  28.9 -
, .
. - ° 22 100 -221 421’ 22
o . 240 200 -18.9 .48.8 | * ¢ roz0 °
h &
O o
22 50 ~22.6 11.4 -
R + 215 ¢ 100 -25.6  1l4.6 > -
; N - 150 -26.0 125 22
o 4 \* 980
22 50 -16.3 91
N " 290° 100 =-19.4 « 75
» .o ' o 150 ®.21.1 6.9
v & . 2. - 50 . -453 380
330° 100 -47.2° 43.9
o 150 =414 420
© 3
i w3y 22 50- 11.5  60.1 ¢
’ ° "7 380 * 100 24.9  63.0 - :\
5 150 33.0 68.4
€
LY
- 22 50 196.8 46 3 '
© , . 430 100 196.3 44,1
A »
y 2150 195 2 a4
- v C ¢ ,
. 22 * 50 153.8 685 v
° . 470 100 1529 727 v
. ¢ 150 165 2 70 2 »
[} ° X
Gy 22 , 50 17 3 68 2 N
/ 525 .+ 100 40.5 698
° by { 7 ‘ ' - o ! Y ?
v s ' {(Rest of the dagta \a!e available in Hut.ine Sediment
R , 5 .

259
AY
§ & -
% ®
5 5
el
$ 8
& &
o ]
~38.6  60.0
=68,9  .60.5
254.9  64.7
°-17.0 sg,df
~10.1 36 4
-10.2  41.8 ‘
n.s  44.4
18.1  45.7 .
29.6 49
- 5.9  40.5
- 5.3 43.1
.8 42.7
§0.1  53.5
46.3  56.3 -
47.4  51.6
145.3 25.3
14322 50.3 -
L 195.7  4d.7
15.3 45 9
. 266 4.5
42°1  43.3
e =3752  10.0
-68.5 181 "
-75 8 -10.1 ,
“51.2 = 6.2
* 315.2  63.5 °
78.7 638
109.5 48 1
o k2] .
.
e
v
Fl r”
arty
.
14 ?
‘- ,
Iy L & v !

Co W

'



& s
.
.
1
.
-~
.
7 /
4 14
A
. -
.
-
. .
.
,
%)
R
!
¢ -
.
.
.
Aol
A}
’ El
L
[s]
k4
!
,
. .

a

& ¢ ) 8 o
. .
B A.PPDENDI‘aH
i
e *
. 18 13 . s
Variation rof 0 and C in foraminiferal
"
L 3 ' )
' ° & o
| v . X
o 3 a
o o
s 2 £ 3
- g -4 .
g 3 H
Depth 3 ' N
in o 2 & ° Y
'~ 2 »
8%  s% &% ° ¥ % &%
¢ ) ' -
1 44,24 ~0.68 +3.35 -0.%4 +2.53 +o.9cz
5 o +2.64  +0.97
10 , . v e
20 ¢ 7 #4201 D73 +2.61  +1.13
25 +4.39 « -0 69 R
«
30 4444 -0.67 “ .
35+ . +4.64 -0.47 '
iy R
40 44,32 -0.44
s -9 .
45 +4.50  -0.62 -
50 +4.40 -0.44 ° oo
€0 +4.42  -0.49°
65 #4.20 -0.52 . !
70 +4.26 ~0.72
75 +4.30 -0.20
) s04 -1.07 .
30 *
k
95 +449 -124 %
120 +4.83" -1.1Q ’
A Y
1130 v+ +4.73  -1.26 -
140 +4.89 -1,02 -
150 +4.39  -0.62 ;
160 +3.99 -0'18 ,
170 +3 84 =-0.12 '
180 - o e
* -
190 .
9
200
20§ ~0.73 ,+1.62 , =0.73  +1.62
210 .
s
220 < e
325 . “$3.35 -0.61 .,
240
245 +2.29 40 60
250 . . +2.59  40.70
255 ., - +3 04 +0.41
P
260 1 - 4 )
265 N
270 8’ ,
~
275 el
289‘; +4.36 -0 Bl
285 * +4,48  ~0.93
290 +4.57 =0 95 -
300 , +4.94 ~1.06
310 +4 84 -0 Bl "
320 . ‘
430 +4 38 -1,02 2
4 N
440 +4,17 -0 63 .
- 2]
> v

s of Cdre ‘75-'009-114

260 ,

a

v ksl
F £ R
§ .3 5 -
[ < )
3 - A -
818 13 818 §l3% 628 7 §1%
P S ,
T 4358 40.79 ’
‘A 4 ] -
’ T - ™o
-0,47 +2.25 +1.37 +0.64 -1.02 .71
e ‘ I
“ < -
- . .
. , .
! ey “ "_ ° -
L ‘ > £
o - . -
o - p .
] a o
o % .
@ \\‘ G
[ ° Wi B
AY l - aQ
mlugy, B
- h" -
49 T
. °© @
. - .
° o
1 ' ’
=g
! g_ - . . v
a ° b [ SN
£ -
4
o 1)
A
+148  +0 74
+1.44 40 G6 °
- +1.47 +0 22 N
~ ’
~0.65 @92 +1 T4 +0 S5 Ta
1]
. “ T
M »
+1.40 +0 56 /
+1 97 40726 o
L 3
- -3
-0.35 +l.62 R .~ ‘
-6.90  +1.65 3 ’ .
~094 4186 " ‘ ¢
-0.84 41 57 . >
n
-0.82 +1 58 .
-101 +1.38 . -2.11  +1.60
4
+0%62  +1.45 N o .
- 086 +1,47
O ,
L3 o 3
-
+0.66 +1.73
-0.07 +1.,79 C,
-0.34  +1.78 o
.
hd » . '
& .
< g

“
8 \

-



2ed

fsg \ o

N
. 4 - } ' o
2 °
Y APPENDIX H , @
- e
. Q
qy B ['} b A 261
¥ ““0
v 11
. - ! »
. . S, K} , . .
Ay <
. < g Co8 ' g
H 2) © 3 © 3 C 3o y o
A d . o o 4 é
] -t 14 k) d 3, %
L4 £« x @ . o
58 . “E o °d S - @
Y. - <
5160 §13c * 88§13 a8, g1 §18,  Gl3. 418, (13, 18, 13
0" 5 o N N
+3.85  -0.50 , C (I & ’
¢
+3.68  ~0.45 . * o . ,
‘43,38  -0.04 - ‘ 4
. - N o
+3.63 -0 34 L °d N .
) 42,24 40.63 .
+3.56 -0.71 ! " . =1.09 +0.65
+5.13  =1.11 o R . : .
) ’ 1
+4.92 -0 97 .
» . ¢
+4.44  -0.38 oy
+3.95 -0.33 o .-
+4.058" '-0.19 . .
’ , v -
+3.99 ~0.63 , v
d Ll
+4.02  -~0.67 -
v P oy + >
+4.09 ~0.66 . /
. ) .
. ' ¢ ,
Ll ’ ~ !
. . & a/ N
‘ |
' [
P ) . . ° .
. .
L ] Yo N
2
v - -
L4 M \‘ N o
@ ! . =
Y
I3 N A
' A Y
- -
- [} (=]
% l ) N
»
*
- . v, Y e A)“Q
o . ..
! . R . .
‘ 3] “D hd v @
- " ¢ .
. o
A .
- B ' ~ 3
’ ’ s Ty . /
f
noe n R \ e e
irl o
’ 4\%
a v "W
{
a
' 4
. d: q i
o &% .
o ,

-



»

,

) )
- N -
262 : |
- t . * 1
. p ) . g |
" APPENDIX I ' < . .
v ' , - ’ Lol @ ”J
: ’ : P . ' o |
. ‘& Palynomorph Count i’—f . . |
1 ’ [ A 3 ¢
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Palynomorph abundance as % Total Holocene (A, A'), % Pre-Quaternary ° . . ® )
pollen-spores (B) and % Dinocysts (C), except % Pre-Quaternary = ., &, -

Pre-Quaternary x 100 ) . j ’ . . .
Holocene + Pre-¢. : . ! . & . - , , . ’

S , ) D _

. o 7 . ®
CORE 75-00'9-13?%”11 . - o .
o . *
. © 325 456 800 ° ) - , s ‘
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Picea ' 4 31 28 @) ° . .
Abies " - - o Quaternaly - : N )
Pinus - 61 * 44 49 . !
arboreal - -

Tsuga 4, - L2, ‘ ) . o
Betula “>21 ) 3 v . ° g

-n <21 ¥' 13 2 s /. . .
Carpinus-Ostrya._ ~ 3 . ° . .

Corylus 2 .
d ¥
_

ﬁ o . ¢ L) - 4
Dryas ° , 4 ? ° Pt k ve v
Ambrosia s , 3 - - v '

Cm:yc;}'h A 2 ’ 1 .- -
Fern ~ ) - - . - (a") : " ~
Moss ¢ - - ° & 9 Quaternary o ’ .
Sphagnum 2 - 3 4 herbaceous o )
UK 3 P 2 d ‘
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o ° M o q%, ¢ - .
Paleozoic 2 52 31 (B)
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Gleichenid: 2 [ rin noSpeTes
Trapoiopoll. _ . -, . i
grains/g, ' 4299 ‘1210 o 797 3 o
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- ) . : ’ N
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Elong. 9 - - ¥ cysts RN .
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Ling L L = - - N g ® Z. ., @ el
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