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water, however, which:evapora.tes somewhat more rapidly than salt water under
equaleonditions oftemperature, humidity, etc. According to Mazelle (1898), the
evaporation of 'salt 'water 8veragesabout 81 per cent that ofJresh at Trieste, while
Okada (1903)foundit averaging about 95.per cent' that of fresh ,over a 7-year period
iJ,lJapan.u\s Okada.!s measurements:w.ere ta;ken open to the sky,'Mazelle's unders
roof, the former simulate more the conditions at sea.ss

.As a rough approximation, the evaporation of saltwater from the surface of the
Gulf of. Maine may, then, be set at about 27 to 28 inches, or about 71 centimeters,
annually.

DEEP STRATUM

SLOPE WATER

The scources so far mentioned contribute chiefly to the superficial stratum of
the Gulf of Maine. We must next consider the comparatively Warm and highly
saline water that drifts intermittently inward along the trough of the Eastern Channel
to form the bottom water of the gulf. The high salinity of this makes its offshore
origin clear enough. As certainly, however, it is not a direct and unmixed indraft from
the mid depths of the Atlantic Basin. Two reasons warrant this confident assertion;
In the first place, neither the temperature nor the salinity of the bottom water of
the. Eastern Channel, or of the gulf basin within, is high enough to aecord with such
an origin.. In the second place, profiles enough have now been run by various
expeditions to, make it certain that a broadband, intermediate in' temperature and in
salinity between the coastal water, on the one hand, and the tropic Atlantic water,
on the other, always separates the latter from the edge of the continent from Georges
Bank to the Grand Banks.

The It cold wall" of the earlier oceanographers-the source of this hand-has been
the subject of much discussion, with upwelling from the ocean abyss and currents
from the north most freqentlyinvoked to explain its low temperature as contrasted
with the" Gulf Stream" on its seaward side. Recent :explorations, however, have
made it clear that this "cold wall" is simply the product of the mixture that is.
constantly taking place between the tropic water, on the one hand, and the coastal
water, on the other (or Arctic waterin the Grand Banks region), at their zone of
contact along the slope of the continent. It Slope water," as defined by Huntsman
(1924), is therefore a better name for it than "cold wall," and as such it is referred
to repeatedly in the preceding pages.

It is the presenceof a continuous zone of this slope water right across the mouth
of the gulf at all times of year which effectively bars unadulterated oceanic or tropic
water from entering the Eastern Channel. It is because the most saline bottom
water of the gulf draws from this source that members of the bathypelagic plankton
of the Atlantic Basin occur only as the. rarest of stragglers within the gulf (Bige-
low, 1926, p. 67). . . . ' , . . . ,

Explorations by the Canadian FisheriesExpeuition (Bjerkan, 1919; Sandstrom,
1919; and Huntsman, have similarly proven that the high salinity (34.5 to
34.7 per mille) and comparatively high temperature (4° to 5°) of the deepest stratum

as For further discussion of evaporation' see Krilmmel, 1907, p. 244.
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ofthe· Gulf of St. Lawrence' are 'similarly maintained by aninflowing bottom,
current of the same slope origin.

The motive power thatbrihgswater of this character to the, Gulf of Maine as
a bottom current through the:Eastern Channel (intermittentlYrit is true, butdl~gu­

larly enough to maintain the comparatively COJlstant salinity and ,temperature;
actually recorded) is to be sought inthedistribntion of density 'alongthe ,edge ;ol
the contineJ;it.' A considerableb'ody of evidence has now beenaccuIIlUlated,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 d\3nse (heavier) than the
water in on the edge of the continent, except right at the suria,ce. All,th\3profiles
that have been run out across the cOiltinentaL~ageoff Nova Scotia in summer,
both thos~ by the Canadian Fisheries Expedition (Sandstrom, 1919, pI. 9, sections 13,
14, 15, 16, and 17) lmd by the United States Bureall of Fisheries, have shown
something of this sort. Thus, on July 25 to 28, 1914, on the first Gramp'U8 profile
out from Shelburne (stations 10231, 10232, and 10233), the stratum between the
20-meter and 150-meter levels was more dense just outsid.e the edge of the shelf
than in over the latter, though the surface was less so. .

The Grampus again found the W'll.ter heavier over the continental-slope,(station
10295) than in over the shelf (fig. 168) along this same profile on June 2~ and 24,
1915, with a decidedly steep density gradient at the 50 to 100 meter leve!., Con­
sequently, the whole mass of water on the shelf above 100 meters must ~ave 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 a,tthe outermost station. at 100 to 220 meters, than along
the edge of the continent (fig. 169)-evidence of this same dynamic tendencyfor 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 'fo-r 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, atl a depth, of 70 to 140 meters. A slight differential of this;
same order (density higher at the outermost stations thanm ,on the bank)·ll.1so i

prevailed in this same, general region in February and, again in May. of 192()
(stations 20045 and 20046 for February; 20128 and 20129 for May); but
in the ',c61dJuly of 1916, this',eeems!to have applied only-at depths greater than

"t
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40 meters, with the surface water more dense over the hank (station 10348)thaJi,)
over its seaward slope (stations 10349 and 10352), though some douht exililtsasto>
the salinity (hence as to the density) at theeritical station (10349,p. 992).

Thus, densities rule lower along the outer edge of the offshore hanks, ahreast6f.
the Gulf of Maine and off Nova Scotia to the eastward, than along the. continentaL
slope thathtmnds· the hanks on the offshore side. The relationship at any given
date may he of the reverse order, either close to the surface as in July, 1916, or
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,FIG. 168.-Penslty proflle crossing the continental sheJr In the oftlng O(Elhelbume, .Nova Scotia, June 2300 24, 1915.
. '., . Oorrected for compression' '

along ,the 100..-metercontour, as ,in July, 1914.' However, ,we have never failed to
find the surfaces of equal densityrising'comparatively steeply from the outer pa.rt of'
the'sheltthrough,the,grea.ter part of the depth zone therein.eluded, Oint across the
edge' of "the .continent.·hetween. the .longitudes'of Shelburne, Nova Scotia, and of
Cape Cod.

To the east and north of our limits, ,and especially.off the Newfollndland Banks,
this 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 thetro,pic
water ontheouter side as well;(Witte; 1910jE.' H. Smith,f924, 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 (orUcabelling'~), w'hich seems first to havebeen'empha­
sized by Witte (1910). 'Huntsman,too (1924,p.·278), definitely accepts ','cabelling'!;.as
a governing event in the' formation of the slope waterj and although morereeent
hydrodynamic studies (see especiallyK H. Smith, 1(26) have madeit clear that aCtual
sinking is usually prevented there by the effect of the earth's rotation, a potential
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FIG. 169.-Density profile crossing the continental shelf In the offing of Shelburne. Nova Scotia,

March. 17 to 20. 1920. Corrected Cor compression

sinking zone of this· sort does nevertheless tend to draw in ~urface 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 fun off La
Have Bank by the Canadian Fisheries Expedition in July, 1915,when theupper 100
meters proved more dense just outside the edge of the,continent (Bjerkan, 1919,
Acadia stations 4100,43) than in on the edge ot theshe1f/ on the one hand (Acadia
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statjons 39 and 40), or ~t.theouterm()st:sta..tion,on the o.ther (A!'adiastatio~ 44) .. '~
It is doubtful how r.egularly. profiles abreast. of the.gl,t1{ Qr off ,southerl} New:England
would show this decrease.in density $eaward from. tbeoontinental slQpe. . ,':

.Inthe preceding discussion I have takel} "pains to speak always ofa "dynamic~

tendency" toward. movements of .th~ .w.aier,:never ofsuch movements &staking .place;
because in our latitudes .the curren.ts', that B.etually follow ·inequalitiesof, density
of this sort:llill6 given quite differentcharacters>by the deflection ~ultingfrom the'
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FIG. 170.-Densityalong a CTOSS 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 whichthe apparent track of any.' current '(or 'Other body
movingfreelyo"ter the earth) in the Northern Hemisphere is defieeted to the
right.'0;

Ther6le'that: this quasi.+force playsin directing the ocean currents, how~ver set
in motion,' is. Iiowso generally appreciated that no discussion ofit iscaHed' for here•.

, ',.None dt'Qur Gr~mpm or' ..tlbdt~oa, PtOfll~ haveririiout/~enriug~to Showthlsrel~f;lb~shlp, ir1t8;dsted: .. ,.• ': '."" . ,
.. KrllimiJeI (1911, p. 449) and; 8andstrilm (1919) baveglTen 116rbap8 the slillplesi 'statenients' of tbls 8ubJeot;ln ItS 'oceano­

graphic bearing, and dlscns8lons of the effects or the oentrlfugal force resulting from the earth's rotation In relation to the ellipsoid
form of the earth. See also Ferrell (1911), Davis (1885 and 1004), 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 describedabove(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. ,41

In this way adominant 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 olthe type actually .recorded on the Acadia, Albatro88, and
Grampu8 cross profiles of this part of the continental shelf, for M8J.'ch, 1920, ;June
and July, 1915, and July, 1914. On;each oftheseoccasions the dynamic tendency,
acting as the propulsion for such a drift, involved the whole mass of bottomwatet
from the crest of La Have Bank down the slope toa depthof at least 200, if.not
250, meters. An east-,westdrift of the bottom water seems,then,comparatively
const,ant 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). Sandstrom's t1919) calculation
of a surface current of about 5 miles per day 42 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 60iniles off Cape Sable in July, 1922, three
of which went to the Bay of Fundy at minimum rates of3to 4 niiles per day, and
one to Winter Harbor, near Mount Desert,ata daily rate of atleast2 miles, and
proba,bly considerablyfaster 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 wholecolumri of water, surface to bot­
toni, between the critical stations (from No. 40 out to the 200-metercontour), with
the bottom water creeping westward not faster than about one-half mile per day 48

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 returnidrom
bottles set adrift farther out coming from Europe. This limitation, of the 'westerly
drift to a narrow belt corroborates 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 oflighter and heavier bands, indicating a stronger but evenuarrower counter­
current to the eastward; then, outsideof that, a second line of 'drift to the westward.46

Evidently an active mixing of cold and warm waters was taking place at the
outer end ofthispl'Ofile at the time"with bands of higher and lower temperature

,j

"See Smith's (1926) exposition oqhls Important concept. , , ' , ,,'
II The velocity arrived at 'bySandstrllm (11119) from hydrodynamic calculation are only reltJlln to the most neerly station­

ary stratum of water, not absolute. This does notlessen their slgnl1iQliPce in the present case, for witI/. the whole c,olumn mov·
ing In the same direction the actual velocities would be somewhat greeter than the calculated. < ,

.. About 1.4 centhneter~ per secol1d, orQ.025 )[not per hour.
"Information contributed by Doctor Huntsman.
.. See Sandstrllm (1919, pI. 15) for the calculated velocities of these two lines ot drift.
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eddying in the extremely complex fashion that maybe expected to ·characterizethe'
zone.of contact between waters that differ widely in their physical character and in
their direction of flow.

Similar alternations between colder (and less saline) 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
characteristie' of the La Have Bank region; 'and so long as the dynamic motive for
this drift persists, the neighboring oceanic 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 conclusion is confirmed by the fact that terp.perature 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 1920.46

Further evidence that the indraft into the channel is supplied 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 (po 714). In fact, there is reason to believe that the western
side of the channeUs 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 (1'889, 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 tb.e 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

liThe slope water was somewhat more saline at this locality at the end of July, 1916 (BJel'kan, 1919, Acadia station' 41), but
no observations were taken In the channel at the tlmll.
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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 against Browns Bank by the earth's
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
~o 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 surfac~s 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. Only 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 saying that no sharpdistinction can be drawn in salinity
between waters of different origins, especially where' the water i~'stirred as activelr
as it is in the Gulf of¥a.ine; })utthe isohaline for ,34 p~r 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 earlierin-vasion.
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So far as our records go, slope water of this high salinity reaches its widest
. expansion within the gulf in April (p. 737). The indraft through the channel, however,
seems to slacken during that month, for the bottom layer of 34 per mille water was

FIG. 17l.-Depth of the density surface (Isopycnobath) Cor 1.027; July and August, 1914. COlTected Cor compression

muel! thinIler in May 47 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 ,through the Eastern Chf!onnel during

:" In May, 1913, the bottom water of the w"tem ~p:l.oCtheba$iJ:I WB8more 8s11ne thail 34,permUls; t!lat oCthll._tern Jeea 80




