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CHAPTER T

INTRODUCTTON

General Statement

Apart from a chiefly desecriptive study of twelve core
samples of bottom sediments in the innermost part of 3t.
Georges Bay made by Dorothy Carroll (1903) and data on
hydrographic charts little was known about the nature of
the recent marine deposits in the nearshore areas around
west Newfoundland when the author began his work in the
Port au Port Bay area (Figure 1) in the summer of 1G66.

He set out to make a comprehensive collection of the
recent sediments from the bottom of the bay, the beaches,
the raised post-glacial outwash deposits and from the
bedrock outcrops along the shores. As well, bottom water
samples from the bay were collected.

Subsequent analysis of this materiel in the lsboratory
was expected to permit the auvthor, not only to compile a
detailed facies distribution map, but also to understand
the modes of transport of the bottom sediments and to
elucidate the post-glacial geological history of the area.
This necessitated, primarily, the detailed grain size
analysis of all the sediment samples collected in the study
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area. A limiting factor of the correlation of the size
distribution data with the transporting energies is the
scarcity of measured bottom and surface tidal current
velocities within the bay. Nevertheless, because of the
fjord nature of the bay, a number of basins with their
bottoms isclated from active tidal currents seem to exist.
This isclation of an environment in which only one mode
of transport {(suspension) is thought to persist enabled a
nw.mber of deductions to be made. Physical oceanographic
data was essential, here, in order to establish the
exchange phenomena in the basins.

An obvious offshoot of a size analysis study of this
sort is the mineralogical and lithological analysis of the
samples. The mineralogical composition of the marine
sediments and raised outwash deposits in the bay is in-
structive in two principal ways: 1) it may elucidate the
source of the sediments, which are in large part from
glacial deposits, and may thus give some indication as to
the last direction of ice movement and 2) the stapility of
the mineral suite present will indicate to some exXxtent the
amount of reworking undergone whichk is undoubtedly
assoclated (to an unknown degree) with the post-glacial sea
level fluctuation.

Cursory examination indicated that one would have
needed much better control (higher sampling density) of the

drift deposits within the whole Port au Port Bay drainage



basin in order to carry out 1} as mentioned above. Because
of the time factor involved complete mineraloglcal identi-
fications (as per 2)) of the grains compriaing the various
size fractions in the bottom sediment samples were not made.
kven so, an attempt was maace to summarize the general
character of the mineralogy of the bottom samples.

Complications arising from the existence of residual
deposits in the bay necessitated a more detailed study of
the Quaternary geology and post-glacial histcry than was

originally anticipated.
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CHAPTER I1
PHYSICAL OCEANOGRAPHY

The investigations dealt with in this sectlon are
confined to four properties of the bottom waters of Port
au Port Bay: salinity, temperature, density and dissolved-
oxygen content.

The survey carried out was of a reconnaissance nature;
it included samples from about 60 stations (PFigure 2),
which were collected between late June and late July, 1366.
The samples were taken from the lowermost 5 feet of water
at each lccality using a Nansen reversing water bottle
(Sverdrup, Johnscon and Fleming, 1942). The salinities were
measured, at the Bedford Institute of Ocesasnography, after
the completion of the cruise, by the electrical conductivity
method {Brown and Hamon, 1961). The temperatures were
recorded with a protected reversing thermometer (Sverdrup,
Johnson and Fleming, 1342). Due to the rough nature of the
survey, the standard corrections to be made (LaFona, 13%1),
based on the auxiliary temperature readings (maximum A T
was 5°C), were thought to be insignificant. The densities
( 6+ ) were calculated from the salinity and temperature
observations using the Nomogram for "Sigma-T" (LaFond,
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1951). The remalining property, dissolveqd oOXyxen, was
determlned on board ship, as the water samples were re-
trieved, uaing the standard titration method (Stricxland
and Parsons, 1960).

A critical study of the data obtainead revealed that
the bottom configuration of the bay (see Figure 12), as
well as the duration of the cruise, were of marked influence.
As the basins of the study area are separated by sills that
larygely control the water circulation, an evaluation of all
data from the bay together would result in misleading
conclusiona; the individual basins had, therefore, to be
considered separately. During the period when the samplss
were taken, the water properties changed fairly rapidly so
that the interpretation of data that were obtained in time
intervals longer than about one week suffered [from the un-
certainty of whether differences recorded at dirferent
depths were actually related to aepth or were the results
of changes with time. Only once were all depths sampled
adegquately within a short time period (July 2L-28).

On the following pages, the distribution of the four
properties determined will be discussed cne by one, and in
€acn case separately for the East Baszin, West Basin and
the combined Fox and Serpentine Basins (Figure 172). The
data on which the following discussion is based are shown

in Appendix Aa.
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In Figure 3 the salinity values found in the bottom
samples of the three basin arcvas on different days are
plottea agalnst depth.

Tn the upper layer of water {V-bu feet) in the Fox-
Serpentine Basins the salinity gecreased markealy as the
summer progreased, and minimum values of 31.2-31.3 /00
were recorded in late July. In the other two basaina a
similar but slight, though probably significant, decrease
was noted with time, leading to minimum values of about
31.6 ®°/oo.

The general decrease of salinity in the upper layer
through the summer 1s probably due to the influx trom the
land of fresh water suppliea by precipitation and run-ofl,
as this should be felt during the warmer season of the
year in contrast to the colaer season when the precipitation
remains locked up on land as snow and ice. From the
beginning of melting in the spring time, the surtf'ace waters
would be diluted progressively, &nd summer precipitation
would keep this process going.

The markedly lower salinity in the Fox-Serpentine
Basina might be relatea to the fresh water emptied into the
sea by the Serpentine River, although this is not believed
to be the chief cause of the discrepancy. Tt should be

mentloned that a number of the shallower samples included






12

jin this discussion under the Fox and Serpentine Basins
heading, are in fact located in the Bar Flats physiographic
region (Figure 1-7). This being the case, one might then
expect these upper waters of the Fox and Serpentine Basins
to be similar to the adjacent part of the Tult, as much
tidal interchange takes place between these waters. Figure
L {FP.A.B. QOceanographic Atlas, 1961) shows the surface
aalinity distribution for the eastern Gulf in July, 1961.

A low salinity band located juat of!l’ the west coast of
Newfoundland seems to be the dominant feature, If this
band of low salinity is truly characteristic for the mid-
summer months, and in fact considerable exchange and
mixing of this Gulf water with the Bar Flats area and the
Fox-Serpentine Basins occurs, then the salinity in the
latter region would be considerably less than in adjacent
areas {East ana West Basins) which had much less contact

with this Gulf water.

In the East and the Fox-Serpentine Basina a well
defined halocline exists, below which salinities rise to
values of 32.,0-32.0 9/00 in the deepest parts of the
basins, The bottom waters at these depths seem to undergo
little salinity change during the summer, with the summer
salinities presumably little changed from those of the
winter. The depth of the halocline coincides with the

depth of the deepest sill in both cases, which may inaicate
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that the sills are a significant feature in the aevelopment
of the haloclines, In West Basin, however, the dsepest
sill seems to have no effect on the vertical salinity

distribution. This problem will pe discussed more fully

below.

Temperature

Figure 5 shows the temperature distribution in depth
and time for the three basins studied. The change with
time is very obvious in the upper layer of all three bazins,
Q1iphtly higher maximum temperatures were found in the Fox-
Jerpentine Basins, but this difference can probably be
attributed to the later date of their observation (July 23-2b
compared to July <£1 for the other two baaina). The warming
up recorded, no doubt, ret'lects the influence of the warm
air and increased heat rsdiation from the sun during the
summer season.

In the Esst and Fox-Serpentine Basins, thermoclines
were recorded whicn, like the haloclines mentionea above,
coincide with the deepest sills of these basins, Tn West

Basin no thermocline was noted.

Deusitz
Figure 6 shows the distribution of the densities ( 6}

values) in depth and time In the three bsasins sampled. The

densities were fairly similar down to depths of 390 to 110
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CHAFPTER TV
SEOMURPHOL.OGY AND QUATERNARY GECLOGY

This chapter is composed of two main sections: the
physiography and relief features of the Port au Port Bay
region and the WQuaternary (mainly post-glacial)} geology
off the coastal areas surrounding Port au Port Bay.

I. rhysio__aphy ana Relief leatures
of the Port au Port Bay Region

The land bordering Port au Fort HBay to the west and
south (Lhe Long Point and the Port au Port Peninsula
proper) has a low to moaerate relief. 7The slopes of the
Port au Fort Peninsula rise gently southwestwards and
southwards to elevations of between 600 and B0V feet,
with summits at (bé, 1060 and 116C feet (Map No. 2). The
larnd to the east of the bay has a more impressive relief,
as Table Mountain east of Pcrt au Port Bay has a crest
elevation of about 1<0U0 feet, and the Lewis Hills north
of the Fox Tsland River reach heights from 10600 to over
26VUu feet (including the highest point of Newfoundland
with #67< r'eet}. The rort au Port Feninsula and Table
Mountain are dissected only moderately where in the Lewis
Hills there are vaileys of considerable depth and steep-

ness (Map No. 2).
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The higher areas to the south and southeast of the bay also
consist of resistant carbonate rocks, which aip generally
towards the bay (St. George and Table Head Groups). The
Lewis Hills to the northeast are composed mainly of very
resistant volcanic and intrusive roc«s (upper part of the
Humber Arm Terrane). The low areas close to the shoreline,
however, from Rocky Point to South Head (West Bay), around
Shoal Peint, and from Broad Cove to Black Point (East Bay),
are underlain by shale-rich segquences which offer little
resistance to erosion (mainly sedimentary formations of the
Humber Arm Terrane). It seems justified to assume that
most of Port au Fort tay and in particular the basin areas
are composed of the same weakly resistant formations.
Erosional relief modifications dating from post-
glacial times have generally been small in Newfoundland
(Brlickner, 1969). In contrast to this, the ernsive effects
of the Pleistocene ice sheets have been much greater;
glacially rounded land forms are present at many places in
the surroundings of Port su Port ray, U-shapea valleys can
be noted (Flate 1), and the irregular reliel of the bay
flocor with its basins and sills is typical of glacial
excavation (Figure lz). As the Pleistocene ice sheets of
fastern North America are known to have covered the
continental shelves off Newfoundland and Nova Scotia, it

1s logical to assume that the flcor of the Gulf of St.
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localised in extent than the universal retreat, might cause
g raplid reduction in the isocatatic rebound rate. With the
suhbseaquent retreat of this local ice maas isuvatatic rates
would again exceed greatly the eustatie rates and the sea
level would reaume its rapid drop. ARfcting simultaneously
with this isostatic phenomenon would be the relatively
synchronous worldwide eustatic fluctuations as a result of
even s3mall changes in placier regimes. Depending upon the
time involved for the crust to react to glacial loading,
crustal rebound rates may decrease in response to a re-
aavance by the time the advance has in fact stopped and
;rlacier retreat has begun. In this way a Jdecrease in the
rebound rates coupled with a surge in the eustatic component
may enable a stability of adjacent land and sea bodies to
persist long ennugh for terrace asvelopment.

Neverthelesas, 1t has become increasingly apparent that,
in fact, the formation of terraces may not be at a time of
sea level stability. These outwash terraces can form in an
exceedingly short time if the sediment is available and the
transporting capacity of the streama is adequate. Andrews
(1422 ), among others, proposes that a climatic change,
presumably to a more humia one causing increased stream
discharge, is one ol the paramount reasons for the
aevelopment ot an outwash terrace at a given time.

It is necessary, here, to point out that very often
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the other is called the "knick-point" then the line

joining all the knick-points of samples from one basin of
deposition can be called the "knic«-point" line (Figure 19,
20, and 21). It is somewhat arbitrary as to where the
maximum change in slope or knick-point occurs but it can,
nevertheless, be located quite easlly. in the coarser
samples the {finc sand population is the aominant component
0f the sediment and in the l'iner samples the clay popu-
lation is the dominant component.

It is noteworthy that the «nick-point lines from
aifterent depousitional basins ao not coincide (Figure 22).
The meaning of this fact is that, even though two identical
fine sand components exist, they are found with different
percentages of the clay population. If, because the
coarser fractions of the samples are identical {(the fine
sand populations), it can be assumed that very similar
ennergy conditions at aeposition existed, then the relative
concentration o1t the clay population, with respect to the
'ine sand population, must vary from one basin to the next.
This is exemplified in Fipgure 22 where two samples (S-112
from Fox Basin and S5-dl1 from West Basin) have identical
I'ine sand components but with S-112 having lu% less clay
than S-0l1. This implies that the relative concentration
ol' the clay population in the West pBas=sin area is higher

than 1in the Fox Basin area, This seems reascnable as many
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cliff sections of raised marine clays and clay-rich tills
exist along the eastern side of West Bay in contrast to the
Fox Basin shoreline where little clay-rich material 1is
present. At the same time there is an ample supply of sand
size material in both areas,

The reason for a particular slope lor any one given
£nick-point line is found in the interaction Jf four factors;
i.e., the size distribution and relative concentration of the
two contributing 'ine sand and clay populations. As
mentioned above, the grain size distribution of the fine
sand population 1s thought to be sensitive to energy con-
ditions and would thus become finer with a decrease 1in
average transport velocity. Contrary to the behaviour of
the fine sand population, Lhe size distribution of the clay
population is relatively constant (Figure 18). With this
given decrease in energy conditions, the relative amount of
the fine sand material transportea will arop. Because of
the complementary relationship of the relative abundances
off the two contributing populations, whe:n, aue to a
decreasing energy regime, the contribution ol the fine
sand component aecreases, the percentage contribution of
the clay population r st necessarlily increase. Apparently,
in this case, the lateral shift of the Iine sand population
to the fine sizes is proportionally greater than the down-

ward shift (increasing percentage contribution) of the clay
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Modifications to the above discussion can arise when
one considers the peak tidal velocities and their relation-
ship to the threshold erosicn velocity. The threshold
erosion velocity will effectively limit the size available
for transport, but, if the source for these deposits is
indeed the shoureline, then wave action with the accompanying
high velocities can be assumed to mobilize, in the first
instance, most of the particles in the sand to clay size
range .

2) Another cause to which this bimodality may possibly
be related has been mentioned by Krumbein (133b) where he
attributes the change in his method of size analysis, sieve
to pipette, as the cause of a slight but distinect break in
the slope of the cumulative curves at around J.063 mm. 1In
the study area a number of samples, 3-39, S-69, S-b9, S-132,
and S-115 show prominent bresks at J.045 mm. which is, in
ffact, the s5i1ze where sieving was stopped and the hydrometer
analysis begun. Nevertheless, many other samples lhave knick-
points at other sizes with no change in the analytical
sethods having peen made.

Belderson (1964)in his size analysis of some samples
collected in the Irish Sea has sieved to the 18 micron
(V.08 mm.) size. Figure 29, after Belderson, shows well
def'ined breaks in the cumulative curves which for obvious
reasons are not due to the change in method of analysis.

He has attributed this departure from log-normality as being
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aue to the disaggregation during analysis of co: :ulated
clay particles. As well, he has p oposed that the size at
which the break is observed (Z60,¢) is the upper limit of
the size of coagulated particles. Nevertheless, the
densities of coagulated particles are muchh less than solid
grains so that the energy needed to transport a coagulated
particle of 60 microns is much less than a solid particle
of 60 microns or even one of considerably greater diameter.
Therefore, if Belderson's cconclusion 1s correct a signifi-
cant hydrodynamic break must occur at 60 microns as well.
Simply invoking coagulated particles in the minus 60 micron
sizes to construct & log-ncrmal size distribution, supposedly
representative of one consistent energy regime, is incorrect.
3) Pettijohn (195¢7), Tanner { 2593), Spencer {1963),
ana Rogers et al. {(1963a, b) have all discussed the pheriome-
non of sizes comwmonly deficient in the geological record.
rettijohn {1957) has defined three fundamental methods of
producing sediment particles: (a) physical disintegration
processes forming gravel material, boulders and pebbles;
(o) granular aisintegration forming sand size particles,
many of which are mono-mineralic; and (c¢) chips from
priysical disintegration and clay particles from chemical
disintegration.
Rogers et al. (1963a, b) have proposea that the size

distribution ol each of these fundamental populations is
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transport. The deficient sizes mentioned above are
identical to those particle sizes located bctween the "sand"
and "elay" populations of Spencer (1963).

It 1s therel'ore proposed that the division between tne
suspenaed load and the trzction load sediments is not at
the knicxk-point areas of the cumulative curves, and that,
instead, they represent a mixture of two populatiovns, euch
o1’ which i3 a result of a different physical mechanism
acting in the natural environment. The conclusion reached
here is succinctly stated by Rogers and Schubert (1963a):

Transportational processes either move whole popu-

lations or truncate populations by moving their finer

portions, but transportation does not control the

nature of the characteristic size distribution of the

populations.
The depositional environment will nevertheless define the
upper and lower grain size limits in the sediment, even if
it is not directly concerned with the specific shape of
the cumulative curve, As observed at the beginning of this
discusslon of Type No. 2 cumulative curves, it is the
relative concentration of these two populations {(produced
by two different physical mechanisms) which is essentially
responsinle for the characteristic shape of the cumulative
curve.

An attempt at determining where the actual suspension-
traction boundary occurs will be made later when discussing

the distribution and interpretation of the sediments in Port

au Port Bay.
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of grains with diameters > 10 mm., with the sand size
fraction being composed of grains less than 1 mm. in size.

Generally, two main types of gravels have been docu-
mented in the geological record: the closely-packed gravel
in which adjacent pebbles are in contact and the well-
ulspersea gravel in which adjacent pebbles are not in ali
cases touching (Moss, 1963 and Pettijohn, 1957). Assuming
a bimodal distribution consisting of pebbles with diameters
only > 10 mm. and sand grains with diameters only < 1 mnm.,
then the sandy material will occupy the void spaces between
the pebble grains. Depending on the type of packing, the
sediment, if of the closely-packed variety, may have
between LB8% {(cubic packing) and 26% (rhombohedral packing)
void spaces. If, in ract, the vold spaces become greater
than LB% of the total space taxen up by the sediment, then
the gravel is aefined as a dispersed one.

In the non-dispersed or compact gravel, the enclosed
sandy material is likely unrelated to any prevaliling energy
conditions and exists in the given sediment only because it
became trapped in the interstices. In contrast to this, in
the dispersed gravels the pebbles would seem to be present
mainly as &a by-product of the transportation of the sand
size material by saltation. Moss (19©3) has discussed how
coarser material travelling by surface creep (rolling) may

move with sand which travels in saltation.
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The problem of correlating these two types of gravel
to depositional environment 1s complicated by the fact that
the sea level in post-glacial times was temporarily lower
than the prescent level (Chapter IV). Since the time of
maximum emergence (anywhere petween 6000 and 10000 yrs.
B.P.) slow submergence of the land areas has taken place
from this lowest stand of the sea (approximately minus 35
feet}). This lower sea level may have provided much higher
energies at locations where now much less wave and tidal
current energy exist,

It is necessary to distinguish between gravels forming
under the present-day environment and those which were
formed at a time of higher energy associated with a lower
sea level. The main forces generating the high energies
needed for formation of gravel deposits are storm waves and
tidal currents.

A number of criteria may be mentioned here which may
enable one to distinguish the present-day gravels from the
ossil ones.

1) The orbital velocities at the break point for storm

waves in Port au Port Bay as calculated from the formula

v - 7 H
max  Tsinh 2 7 4
A

(Shepard, 1963) based on recorded H,*

wave height, T,* period and A *, wavelength, during one

2 meters
4 seconds
25-30 meters

33 T
T
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3) (b) Likewise, many of the sandy components of these
gravels were found to have coatings of calcareous cement
which would seem to preclude transportation at the present
time. The time needed for this post-depositiovnal process
to coccur 1s unknown. With respect to this coating on the
sand grains, it may, in fact, be due to post-depositional
processes operating on the grains while they were members
of the outwash sequence and have little reluation to their
subsequent transportation and deposition 1in the marine
environment.

As mentioned above, the correlation of the sandy
material to a given depositional enviromnment poses a
problem when dealing with gravel sediments. One approach
to this problem might be to compare the knick-points of
these various samples with those establ ished for Type No.

2 cumulative curve. Colncidence of the knick-points should
enable the picking out of those samples in which the sand
fraction is indeed representative. Correction of the
cumulative curves, omitting the gravel portion, is necessary
iff the knick-points from these samples are to be compared

ornn an equal basis with those o1l cumulative curve Type No.

2. Nevertheless, seeing that in most cases the gravel
samples have an excess of clay, a recalculation, omitting
the gravel fraction, would show even a greater disparity in

the knick-points (an even greater excess of clay).







































of peaxk tidal currents (areas (a) and (b)) or average wsve
action (ereas (¢} and (a),. They are unimodal and poasess
high sorting valueés with particle diameters one standard
deviation distant from the mean diameter being within 0.3
te 0.5 @ units. These aeposits are active at the present
time and are thought to represent faithfully the energies
in force at the site of deposition.

The oripgin and socurce for two of these Type No. 1
deposits (areas (a) and (b)) is not obvious, and warrants
some detalled discussion. Sandy beds of the Long Point
and Clam Bank Formations and scattered pockets of clastic
Carboniferous rocks which outcrop aloryg the western snhore-
line of the Port au Port Peninsula could proviae the sand
size clastic material of which the oft'shore bodies are
composed {(areas (a) ana (b)). Longshore transport along
the west side ana around the tip of Long Polnt is iIndicated
by the appresrance of shale pebbles at Beach Point from the
upper part of the Long Point Formation, which are not
present 1in the bedrock section on the east side of T ong
Point. This fact would seem to be a direct result of the
strcnger and/or more persistent flood tidal current stream
entering Port au Port Bay. Deposition at these locaticns
would presumably have been due to a decrease in the flood
tide velocity. Shoreline erosion and retreat asscciated

with the recent transgressive trend of sea level change
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size trangsported in susperision may be estimatea. Although
the coarser fractions of these samples are somewhat skewed
by mixing with ice-rafted sands (Figures 19-21) most of the
samples have less than 5% of their grailn diameters greater
than 0.125% mm. The size range 0U.12% mm. to O.l5J mm., 1is
apparently the critical size dividing those particles
transported by traction from those transported by suspension.

The critical depth in Fox Basin and East Bay coincides
with the deepest =sill while the critical depth in VWest Bay
is about 10 to 15 feet below the deepest sill. At this
point, a reexamination of the ebb and flood tidal current
patterns (Figures 9 and 10) is necessary. Theoretically,
an ebb or flood tidal current can set at any depth and will
de so according to the shoreline configuration and bottom
morphology.

Two dominant {'lood tide streams seem to exist in the
Port au Port Bay system: a) along the west side of Shoal
Point and b} between Long Point and The T.edges in the Bar
FFlats area. The depth to which traction transport is
feasible during flood tides 13 governed by the aepth of the
Rar Flats, {The current setting on the west side of Shoal
Point is at a shallower depth, ~ L0 feet.}

Three dominant ebb tidal streams exist in Port au Port
Bay. They are: a) alony the east siae of 3hoal Point, D)

along the northern stretch just east of IL.ong Point, ana c)
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