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to state whether this creep involved the whole breadth at this depth or (which seems
more likely) hugged its Browns Bank slope, as in the shoaler strata. ’

In interpreting the dynamic contours in terms of potential drift at a depth at
which the basin of- the gulf is entirely inclosed except for one narrow channel, it is
obvious that prime consideration must be given to the contour of the bottom, as this =
controls the possible movement of the water. When this is taken into account, the
March chart (fig. 190) affords the best clue yet available to the movement of the
slope water over the floor of the gulf at a season when this is entering in large volume
via the trough of the Eastern Channel (p. 850). Dynamic contours for the 150-decibar
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F1a. 190,—Dynamic gradient, bottom to 150 decibars, referred to the southeastern side of the gulf as base station, for

February and Mazch, 1920. Contour lines for every dynamic centimeter
level, like the distribution of temperature and of salinity, show this indraft following
the eastern side of the basin inward, to eddy westward and so southward ; but instead
of completing a circuit around the cyclonic center (“low’’ on the chart—fig. 190),
the drift” will obviously be deflected by the slope of Georges Bank. The angle at
which the contour (or stream) lines strike the latter suggests an overflow into the
dead western side of the basin. It is here, then, as well as along the northern
slopes of the gulf, that the consumption of this slope water chiefly takes place dur-
ing the early spring, as tides and wind currents constantly mix it with the less saline
but colder stratum above.
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The implication of a dynamic contour of this sort in. the deeps of the gulf, com-

bined with the effect of the confining slopes and with this consumption in the inner.

_ part, is obvious; it provides a propulsive force to pump into the gulf the slope water

with which the offing.of the Eastern Channel is kept supplied—also dyn&nucally———
from the source of manufacture to the eastward (p. 847).
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F1g, 191.—Distribution of density at the surface of the guif, April 6 to 20, 1920
APRIL

The progressive freshening of the surface, which takes place along the northern
and western shores of the gulf with the advance of spring, results in the development
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of a corresponding coastwise belt of low-surface density by April, grading abruptly
to considerably higher values a few miles out in the basin (fig. 191). This develop-
ment adds both velocity and volume to the longshore dnft West and south, which
was foreshadowed on the March chart (fig. 188). ‘

In 1920, according to the dynamic contours at the surface (ﬁg 192) this spring
current had come to dominate the entire coastal belt of the gulf from the neighbor-
hood of Mount Desert Island (probably from the Grand Manan Channel) to Cape
Cod by the middle of April, and probably it does so every year by this date—-earlier
in years when vernal progression in the sea is more forward. During the period
covered by this April cruise the average calculated rate of this current, referred to
the “low” in the offing of the Bay of Fundy (assumed stationary), was about 0.3
knot abreast of Mount Desert, about 0.18 knot abreast of Cape Cod, or an average
drift of about 53{ miles per 24 hours along this coast sector as a whole. In spite of
the sources of unavoidable error this calculation falls at least within the order of
magnitudes suggested by other lines of evidence.

In Massachusetts Bay, also, a continuation of this longshore drift is indicated
by the dynamic contours from the north shore around toward Cape Cod. This,
again, agrees with the drifts of bottles that were set out a few miles north of Cape
Ann in April, 1925 (p. 890; fig. 177); and evidently this is the characteristic state
during that month, for salinities and temperatures taken in the bay by the Fish
Hawk on April 21 to 23, 1925, show a drift of low density (fig. 193) southward past
Cape Ann and across the mouth of the bay to Cape Cod as the water from the
Merrimac and other rivers to the north floods southward.

Surface projection (fig. 191) and dynamic contours (fig. 192) for April unite in
locating the low in the offing of the Bay of Fundy some 60 miles off Mount Desert
Island for that month, the whole east-central part of the basin out through the
Eastern Channel being virtually dead dynamically, contrasting with a weak
northerly set along the western shores of Nova Scotia. In the southern side of the
ares the dynamic contours point to a persistence of the drift out of the gulf to the
south around the eastern end of Georges Bank, just described for March (p. 938; fig.
188), though at a lower velocity; but as a result of the equalization of temperature
and salinity from the Eastern Channel in across Browns Bank (p. 553) only a very
slow movement into the gulf along this side of the channel is suggested by the April
chart (fig. 192).

The general result of the lightening of the northern and western margins of the
gulf, combined with the shift of the cyclonal low northward across the basin,
which follows a slackening in the indraft of slope water, is to give the anticlockwise
circulation more definitely the character of a great eddy in April than in March,
centering off the Bay of Fundy and with its western side traveling southward with
greater velocity than its eastern side drifts north.

- It is probable that in April the gradient currents are given an easterly direction
along the northern slopes of Georges Bank, just as in March (p. 938), by the contour
of the bottom, with a separation off Cape Cod betwéen this easterly drift and a
southerly drift past the cape and past Nantucket Shoals. This suggestion is cor-
roborated by the fact that bottles followed both these routes from Massachusetts
and Ipswich Bays in April, 1925.
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MAY

Progressive incorporation of river water into the northern and western sides of
the gulf, coupled with vernal warming, constantly favors the anticlockwise move-
ment of the so-called ““spring current” (fig. 194); and with the resultant changes
in salinity and temperature affecting chiefly the surface,. the site of the chief dynamie.
impulse toward circulation shifts from the deep strata to the superficial. In May,
1915, for example, a difference of about 1.5 units of density was recorded at the.
surface between the vicinity of the mouth of Massachusetts Bay and the basin in
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Fia. 192—Dynamic gradient at the surface of the gulf, April 6 to 20, 1920, referred to the oﬂ.’tng of the Bay of Fundy
as base station. Contours for every dynamic wntimeter

its offing (fig. 194) in a distance of 30-odd ‘miles, but only about one-seventh as wide
a difference at the 50 or 100 meter levels (stations 10266 and 10267). o

As a result, the dynamic chart for May (fig. 195) corresponds closely to the dis-
tribution of density at.the surface, except for the relationship betwéen the shallows
of German Bank and the deep water immediately to the west of the latter. In this
region the surface projection, taken by itself, would give a false picture, being con-
fused by the strong tides that keep the water thoroughly stirred over the bank, thus
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F1a. 193.—Dynamic gradient at the surface 6f Massachusetts Bay, April 21 to 23, 1925. Contours are for every one-half
) dynamic centimeter. Based on hydrometer readings
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locally increasing the density at the surface but correspondingly decreasing- that of
the underlying strata.

At some time between the last of March and the first of May—the exact date
varying from year to year (p. 832)—the Nova Scotian current, flooding westward
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Fig. 184.~Distribution of density at the surface of thé -gulff or- May,-1916-(underlined), and May, 1920, combined
past Cape Sable into the gulf, is reflected by the development of a corresponding
tongue of low surface density extending westward from the offing of the cape.
Thus, in 1919 the eastern half of the Cape Sable-Cape Cod profile proved less dense
than the western in the upper 50 meters at the end of March and again at the end



PHYSICAL OCEANOGRAPHY OF THE GULF OF MAINE 947

Fr 70" T -

NOVA'

SCOTIA.
M4

o ST ONSESTY
;”';'"4 pepbetiall i '

n 70" [} (13 67" 3

Fig, 195 —-Dynamlc gradient at the surface, for the northern part of the gulf, May 4 to 14, 1915, referred to the omng of
Cape Ann as base station. Contour lines are for every dynamic centimeber :
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F1a. 196 —Densicy on a profile crossing the gulf from Massachusetts Bay toward Cape Sable, May 4 to 14, 1915 cor
rected fot compression
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of April (Ice Patrol stations 2 to 3 and 21 to 23,p. 997). The regional distribution
was essentially the same on this profile for May 4 to 7, 1915 (fig. 196), and it is
because this Nova Scotian water is relatively so light that it so little affects the
temperature of the deep strata of the gulf.

This overflow of water of low salinity shifts the potential depression, or low
(representing the center of high density), from east to west across the gulf to the
offing of Massachusetts Bay (figs. 194 and 195)—i. e., to the situation where the
surface is high in summer (p. 956). So long as the regional distribution of density
is of this sort (from early May in some years; probably as early as April in others)
the anticlockwise vortex centers over the western arm of the basin 30 to 50 miles
out from the mouth of Massachusetts Bay.

Under these conditions the surface water may be expected to drift with consid-
erably greater velocity from northeast to southwest around the western margin of
the gulf than from south to north along its eastern trough (fig. 195), though the
current may be equally strong next the west coast of Nova Scotia, where data for
May are lacking. To what extent this anticlockwise circulation involves the Bay of
Fundy in that month is yet to be learned, though the sudden freshening of the sur-
face there by the freshets from the St. John River (p. 808) suggests a considerable
differential in density between the two sides of the bay as characteristic of May,
pointing to an outflow in its northern half.

The data for 1915 fail to outline the longshore drift farther south than Cape
Ann, lacking observations close in to the cape or in Massachusetts Bay, but the very
low densities recorded at the mouth of the bay in May, 1920 (fig. 194), show it contin-
uing down past Cape Cod, consistent with the drifts of bottles set out in Massachu-
setts Bay in April, 1926 (p. 893). :

The dynamic gradient is so much steeper at the surface than in the deeps of the
gulf in May that calculations of the relative velocity would approximate: the truth
more closely then than earlier in the spring. In 1915 the calculated velocity relative
to the low off Cape Ann (assumed stationary, fig. 195) was about 0.23 knot per
hour near Cape Elizabeth, or about 514 nautical miles in 24 hours. Abreast of
Mount Desert, however, the calculated velocity was only about 0.14 knot toward
the west at the time. '

Unfortunately no dynamic data are available for the southeastern part of the
area for May, so that nothing can yet be said about the effect that the Nova Scotian
current may exert on the gradient currents of the Eastern Channel and vicinity.

JUNE

No one of our cruises affords a general dynamic picture of the gulf as a whole
in June, but the state of its eastern side shows that in 1915, at least (fig. 197), the
slackening of the Nova Scotian current from the east, coupled with the vernal
warming and progressive incorporation of land water in the west, caused the
low center of anticyclonic circulation to shift from the offing of Cape Ann to the
Eastérn Channel by the last week of June. This seasonal return to the location it
occupies in March (judging from 1920) probably represents the normal progression,
the physical changes on which it depends being yearly events.
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With this gradient a considerable indraft is indicated into the eastern side of
the gulf; not, however, from the coastal belt to the eastward of Cape Sable, but
from the region of Browns Bank and of its offing. Probably this indraft had as a
counter current an outdraft from the gulf around the eastern end of Georges Bank,
though, lacking a station on the bank, this can not be asserted definitely. It is
certain, also, that the dynamic impulse for a northeast-southwest current around
the northern and western margins of the gulf had slackened by the middle of that
June.

Unfortunately, no observations were taken in the western side of the gulf that
June, but a survey of Massachusetts Bay carried out by the Fish Hawk on June 16
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F16. 197.—~Dynamic gradient at the surface of the eastern side of the gulf, from June 10 to 26, 1915, referred to the Eastern
Channel as base station. Curves are for every dynamic centimeter
and 17, 1925 (cruise 14), has enabled Mr. Parmenter to calculate the relative
velocities and directions of the gradient current on various profiles by the method
elaborated by Sandstréom (1919), and his results are offered here to illustrate this
alternative procedure. .

These calculations (tabulated below) rest on two assumptions—first, that the
water was stationary at the greatest depth of the shoaler of each pair of stations,
and, second, that the profiles selected (typical examples are shown in fig. 198) are
at right angles to the existing current. In the present instance neither of these
requirements is exactly fulfilled, but the close agreement between the calculation



950 BULLETIN OF THE BUREAU OF FISHERIES

and the general distribution of density: in the upper 20 meters.(fig. 199) makes it
probable- that the calculated directions are a close’ apprommatmn to. the actual
dynamlc tendency toward clrculatlon at the time,
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- F10.198.—8pecifie volumes bn three profiles in Massachusetts Bay, June 16 and 17, 1025. Calculated by R. Parmenter





