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of the. Gulf of St. Lawrence are: mmllarly mamtamed by: an- mﬂowmg bottom.
current. of the same slope origin. .= :

The motive power that brings water of thls character to the. Gulf of ‘«Iame as’
& bottom current through the:Eastern Channel (intermittently, it is true, buttegu-
larly  enough to maintain the comparatively constant salinity and temperature:
actually recorded) is to be sought in the distribution.of density along: the edge of
the continent.” A considerable body of evidence has now been accumulated to the
effect that the zone of contact along which coast and ocean waters mix, and where
the slope water is manufactured, averages somewhat more dense (heavier) than the
water in on the edge of the continent, except right at the surface. All ‘the" profiles
that have been run out across the continental edge off Nova Scotia in ‘summer,
both those by the Canadian Fisheries Expedition (Sandstrom, 1919, pl. 9, sectlons 13,
14, 15, 16, and 17) and by the United States Bureau of Fisheries, have shown
somethmo of this sort. Thus, on July 25 to 28, 1914, on the first Grampus profile
out from Shelburne (stations 10231, 10232, and 10233), the stratum between the
20-meter and 150-meter levels was more dense just outside the edge of the shelf
than in over the latter, though the surface was less so.

The Gmmpus again found the water heavier over the contmental slope (station
10295) than in over the shelf (fig. 168) along this same profile on June 23 and 24,
1915, with a decidedly steep density gradient at the 50 to 100 meter level..: Con-
sequently, the whole mass of water on the shelf above 100 meters must have had
a hydrostatic tendency to drift seaward, except immediately at the surface.

A March profile along this same general line (stations 20073 to 20077) again
shows higher densities at the outermost station, at 100 to 220 meters, than along
the edge of the continent (fig. 169)—evidence of this same dynamic tendency for the
water of low salinity and temperature to move out across the slope, though at the
inshore end of the proﬁle the dynamic tendency in the superficial stratum was the
reverse.

The water at 20 to 120 meters’ depth was likewise somewhat more dense over
the southeastern slope of Georges Bank -(station 10220) than in on the neighboring
edge of the latter (stations 10221 and 10225) in July, 1914; again in April, 1920
(stations 20109 to 20111), though our corresponding profile ‘for March, 1920,
crossed a more complex alternative of heavier and lighter bands there (stations
20065 to 20069).

The cross section of the western end of Georges Bank for July 20 and 21, 1914
(fig. 170), is especially instructive in this connection, being the only one of our
profiles that has reached water of oceanic salinity (36 per mille). Here, again, the
upper 50 meters of water proved slightly more dense ‘at the outer end (station
10218) than over the neighboring edge of the bank (station 10216), resulting in a
comparatively steep south-north gradient of density, though the relationship was:
just the reverse. at' a depth of 70 to 140 meters. A slight differential of this:
same order (density higher &t the outermost stations than:in on the bank)‘also:
prevailed in this same general region in February and ' again in:May of 1920
(stations 20045 and 20046 for February; 20128 and 20129 for May); but
in- the :cold: July of 1916 this seemsito have applied only at depths greater than
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40 ‘meters, with the surface water more dense over the. bank (station 10348) than:
over its seaward slope (stations 10349 and 10352), though some doubt -exists as to-
the salinity (hence as to the density) at the critical station (10349, p. 992).

- Thus, densities rule lower along the outer edge of the offshore banks, abreast of:
the Gulf of Maine and off Nova Scotia to the eastward, than along the. continental:
slope that bounds the banks on the offshore side. . The relationship at any given
date may be of the reverse order, either close to the surface asin July, 1916, or.
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Fm 168. —Density profile crossing the continiental shelf in the ofﬂng of Shelburne, Nova Scotla, June Z'i to 24, 1915 .
. R Corrected for compression

a,long the 100-meter contour, as in Julyf,‘ 1914.’ However, ‘'we have never failed to
find -the surfaces of equal density rising:comparatively steeply from the outer part of'
the shelf .through the greater part of the depth zone there included, out across the.
edge of : the contment between. the longltudes of Shelburne, Nova Scotm, and of
Cape Cod. -

" To the east and north of our hmlts, and especmlly oﬁ the Newfoundland Banks,
thls zone of mixture is not only heavier than the coast water on its inner side (or
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Arctic water, according to locality), but often, if not always, heavier:than the tropic -
water on the outer side as well (Witte, 1910; E. H. Smith, 1924, p. 140, 1925, figs. 10,
12, and 19), causing the dynamic tendency for surface water to'move in from both
sides toward this heavy zone {(or ‘“‘cabelling’’), which seems first to have been empha-
sized by Witte (1910}, ‘Huntsman, too (1924, p.-278), definitely accepts “cabelling” as
a governing event in the formation of the slope water; and although more recent
hydrodynamic studies (see especially E. H. Smith, 1926) have made it clear that actual
sinking is usually prevented there by the effect of the earth’s rotation, a potential

m T+ . 9 N
'é B 34 - o Q
R he) Q Q Q
Meter O — N N = ~ N
.20 \\\
© \
. 60 ¥ % ~ -
m%\.. 265 —
7 -

> 4{% V., //
120 ; 27 2, e—
140 . // e ‘ ‘275

160 0

180

200

220 %,
240 ‘

260 - %

280 '
. W

300

F1a. 169.—Density profile crossing the continental shelf in the offing of Shelburne, Nova. Scotla,
March 17 to 20, 1920. Corrected for compression

sinking zone of this:sort does nevertheless tend to draw in surface water from both
sides toward the zone where the surfaces of equal density depart most from the
horizontal, and so to set up a horizontal circulation. :
A potential sinking zone of this same sort was revealed by one profile run off La
Have Bank by the Canadian Fisheries Expedition in July, 1915, when the upper 100
meters proved more dense ]ust outside the edge of the continent (Bjerkan, 1919,
Acadm statlons 41 to. 43) than in on the edge of the. shelf on the one hand (Acadm
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stations 39 and 40), or at.the outermost station, on the other (Acadia station 44).%.
It is deubtful how: regularly profiles: abreast; of the gulf or off southern. New: England
would show this decrease in density seaward from, the continental slope. SN
In the preceding discussion I have taken ‘pains to speak always of a “dynammx
tendency ” toward movements of the water, never of such movements as taking place; .
because in our:-latitudes the currents:that actually follow -inequalities of  density
of this sort:are given quite different characters by the deflection resulting from the
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F1a. 170.~Density ‘along a cross profile of the western part of Georges Bank, July 20 and 21, 1914 (stations
10215 to 10218). Corrected for compression -

rotation-of the earth, by which the apparent track of any current ‘(or other body

ght 40

moving -freely over the -earth) m the Northern Hemlsphere 1is: deﬂected to the

,‘(

The rble that this quasi-force playsin dlrect.mg the ocean currents, howaver set

in motion, is now so generally apprecmted that no discussion of it is called- for here.:

w N one of qur Grampm or Albatnm pxoﬁles have, run out fa; enough to show this relationshlp, lf lt exlsted

4 Kritmrhel (1911, p. 449) and- Saudstrom’ (1919) have given 'perha,ps the simiplést statemeénts’ of this sabjeot; 1o its omno-

graphic bearing, and discussions of the effects of the centrifugal force resulting from the earth’s rotation in relation to the ellipsoid
form of the earth. See also Ferrell (1911), Davis (1885 and 1904), and Bjerknes (1910 and 1911)
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Baldly stated, its practical effect on the slope water which dynamic forces tend ‘to
drive out to sea from the continental slope, as described above (p. 843), is to swing
this drift to the right (i. e., to the west), thus altering into a longshore current what
otherwise would be (and potentially is) an offshore set.*' .

In this way a dominant drift from east to west tends to develop along the
upper part of the continental slope of La Have and Browns Banks so long as the
distribution of density is of the type aetually recorded on the .Acadia, Albatross, and
Grampus cross profiles of this part of the continental shelf for March, 1920, June .
and July, 1915, and July, 1914. Onieach of these occasions the dynamic tendency, .
acting as the propulsion for such a drift, involved the whole mass of bottom water
from the crest of La Have Bank down the slope to a depth of at least 200, if not:
250; meters. 'An east—west drift of the bottom water seems, ‘then, comparatively
constant on just this part of the slope.

In July, 1915, this drift involved the whole column of water, surface to bottom,
again, in July, 1922, when bottles set out near the edge of the shelf in the offing of:
Cape Sable drifted into the Gulf of Maine (p.908). Sand’stré')m’s (1919) calculation
of a surface current of about 5 miles per day * toward the southwest, along the outer
part of the shelf, on this line (between Acadia stations 39 and 41), shows that the
surface water may travel with considerable velocity at times when the whole column
is involved in this westerly set along the edge of the continent. This is confirmed
by the drifts of four bottles set out 48 to 60 'miles off Cape Sable in July, 1922, three
of which went to the Bay of Fundy at minimum rates of 3 to 4 miles per day, and
one to Winter Harbor, near Mount Desert, at a daily rate of at least 2 miles, and
probably considerably faster than that (p.908). However, the obliquity of the sur-
faces of equal density, which originates this drift, decreased with increasing’ depth
on the Acadia section, so that Sandstrom’s (1919, p. 332) table indicates a mean
velocity of only about 1 mile per day for the whole column of water, surface to bot-
tom, between the critical stations (from No. 40 out to the 200-meter contour), with
the bottom water creeping ‘Westward not faster than about one-half mile per day
at a depth of 100 to 200 meters.

The outermost bottle (which is known to have gone to the Gulf of Maine: from
the line put out off Cape Sable by the Biological Board of Canada in 1922) was set
adrift over the 200-meter contour* 59 miles out from the land, the only returns.from
bottles set adrift farther out coming from Europe. This limitation of the westerly
drift to a narrow belt correborates the Acadia profile.of July, 1915, on which it was
only about 20 miles wide (and similarly' located), giving place farther out to a suc-
cession of lighter and heavier bands, indicating a stronger but even narrower counter-:
current to the eastward; then, outside of that, a second line of 'drift to the westward.*

Evidently an active mixing of cold and warm waters was taking place at the
outer end of this ‘profile at the time, with bands of hlgher and lower temperature

i See Smith’s (1926) exposltion of this important concept.

@ The velocity arrived st by’ Sandstrém (1918) {rom hydrodynamic’ daleulation are only relative to the most nearly station-
ary stratum of water, not absolute. - This does not lessen their significance in the present case, for with the whole column mov-
ing in the same direction the actual velocities would be somewhat greater than the calculated.

. #About 1.4 centimeters per second or 0.025 knot per hour.

s Information contributed by Doctor Huntsman. '
15 See Sandstrom (1919, pl. 15) for the caleulated velocities of these two lines of drift.
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eddying in the extremely complex fashion that may be expected to characterize the’
zone of contact between waters that differ Wldely in their physrcal character and in
their direction of flow. ;

Similar alternations between colder (and 1ess sa.lme) and warmer (and more
saline) bands have been reported on several occasions and at localities widely sepa-
rated off the eastern seaboard of North America; but in most cases, at any rate,
these.are transitory and rapidly changing phenomena. - ‘The westward drift of water
close in to the upper- part of the slope, just described, has, on the contrary, proved
characteristic of the La Have Bank region; and so long as the dynamic motive for
this drift persists, the neighboring oceaniec triangle off the mouth of the Eastern
Channel is supplied with slope water from the eastward. By this reasoning, the
current that flows into the bottom of the gulf via the Eastern- Channel draws from
the slope water manufactured at about an equal depth on the Nova Scotian slope-—
chiefly between Browns and La Have Banks—not from shoaler or deeper strata

there. -
This conclusmn is confirmed by the fact that temperature and. salinity proved

very nearly the same on bottom in the channel (34.7 to 35 per mille and 6° to 7° at
200 to 250 meters) as at equal depths on the slope between these two banks (34.6 to
34.9 per mille and about 7° to 8°) in July, 1914, in June, 1915, and again in the spring
of 1920.%

Further evidence that the indraft mto the channel is supphed from the east-
ward, not from the westward, is afforded by the fact that considerably lower tem-
peratures and- salinities have been recorded around the eastern and southeastern
slopes of Georges Bank (p. 714).. In fact, there is reason to believe that the western.
gide of the channel is the site of a dominant drift outward from the gulf (p. 974).

. The cold band encountered off the southwest slope of Georges Bank by the
Grampus in July, 1916, and reported there in other summers (pp. 608, 919) may also be
credited with an eastern source, because its temperature and its salinity both agree
closely with that of the slope water that is manufactured in the offing of Cape Sable
in early summer, as exemplified by the observations taken there in June, 1915, and
July, 1914 (p. 629; Bigelow, 1922, p. 166). Thus it owes its low temperature indi-
rectly to the Nova Scotian current (and so to ice melting far to the eastward).

Why this southwesterly cold current was so much more in evidence along the
bank in 1916 than in 1889, 1913, or 1914 remains an open question, but it seems
probable that some westerly movement of slope water takes place along Georges
Bank to a greater or less extent every spring as the Nova Scotian current floods. to
its maximum velocity and volume. In some years (1889, for instance, and 1916)
this drift persists into the summer, as seems to.have been the state in 1922, also,
when so many of the bottles set out at the edge of the continental shelf in July
made long drifts to the westward (p. 882). In other years (exemplified by 1914)
it seems to be obliterated west of longitude about 68° by July, as the tropic water
advances toward the edge of the continent. But although so variable, the existence
of this cool band ‘in some summers is extremely instructive as one of the several

#The slope water was somewhat more saline at this locality at the end of July, 1915 (Bjerkan, 1019, Acadia station 41), but
no observations were taken in the channel at the time.
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evidences of the general tendency of the slope water to move westward from the
.Nova Scotian slope.

The slope water, moving westward, is forced agamst Browns Bank by the earth’
rotation. Consequently, with the Eastern Channel offering an open route for it to
the right, it is reasonable to think of a screwing motion as taking place into the
latter around the southerly and southwesterly slopes of Browns Bank so long as the
propulsive dynamic force resulting from regional inequalities of density persists over
the Nova Scotian slope to the eastward.

~Additional evidence that the bottom water does actually move inward through
the Eastern Channel is afforded by the inequalities of density within the basin of the
gulf, where the surfaces of equal density (approximately horizontal in the upper
50 to 60 meters) show a considerable slope from the channel inward at depths greater
than 80 to 100 meters.

This density gradient in the deep water may be illustrated most graphically by
charting the depth to which it is necessary to sink in order to reach water of a
given value, choosing 1.027 as the most illustrative (figs. 171 and 172). The pre-
cise upper contour of this mass of heavy bottom water has varied from month to
month, as might be expected. Thus, in June, 1915, the slope was steepest near the
entrance to the channel, with the surfaces of equal density lying nearly horizontal
thence inward along the western arm of the basin. In July and August of 1914 the
the most abrupt slope, involving the whole column of water deeper than 50 meters
(fig. 171), was situated farther within the basin. A density gradient of the same
sort was again recorded in the eastern part of the basin in March, 1920, and a
weaker contrast (but one of the same order) between the channel, on the one hand,
and the inner parts of the basin, on the other, in April of that year, sufficient to
show it a permanent characteristic of the gulf.

The implication of a density gradient of this sort is obvious. Omnly by the
introduction of heavy water into the gulf via the channel could it be maintained
against the action of the hydrostatic forces that are constantly tending to make hor-
izontal the surfaces of equal density.

The inflowing bottom current, which maintains the high salinity (34.5 to 35
per mille) of the deeps of the gulf, thus corresponds, both in cause and in effect, to
the indraft of offshore water that has been recorded in many an estuary. The
gulf, in fact, is nearly as estuarine in this respect as it would be if the offshore banks
{Georges and Browns) were above water, and so actually inclosed it except for the
deep channels between.

In the preceeding discussion I have spoken as though this inflowing current and
the gradients of density that give rise to it were comparatively constant. Actually,
however, our observations on temperatures and salinity have revealed considerable
fluctuations in the volume of water that enters the gulf via this route at various
seasons and in various years.

It goes almost without saymg that no sharp distinction can be drawn in salinity
between waters of different origins, especially where the water is “stirred as actlvely
as it is in the Gulf of Maine; but the isohaline for 34 per mille may be taken as
roughly outlining the slope water” that has recently entered the gulf or that has
continued little altered during its sojourn there, if the product of an earlier invasion.
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thin the gulf in April (p. 737). The indraft through the channel, however,

So far as our records go, slope water of this high salinity reaches i
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Fia. 171.—Depth of the density surface (isopycnobath) for 1.027; July and August, 1914,
much thinner in May ¥ of 1915 than in March or April of 1920 (p.754), and the area

occupied by it was much less extensive.

»

In that year (probably a representative

one) but little water can have moved inward throu

ing

annel dur

gh the Eastern Ch

arm of the basin was more saline than 34

-per-mille; that of the eastern less so

47 In May, 1015, the bottom water of the western





