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ABSTRACT

The first cruise to study chemical (and
biological) dynamicCs in ocean frontal regions was
conducted in the spring of 1985 off the east coast
of the United States. The NORDA Velocity,
Conductivity, Temperature  and Depth profiler
(VvCTD) was employed to collect basic physical
oceanographic measurements in the upper ocean.
This report presents the data obtained by the VCID
during this cruise.
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OVERVIEW

The Velocity, Conductivity, Temperature, Depth (VCID)
profiler is an instrument which was developed primarily to
study finescale variations of temperature, salinity and
velocity in the upper ocean. It was employed in the first
cruise of the Dynamics of Chemical Fronts project to provide
the physical oceanographic background data in a strong ocean
frontal region that will aid in interpreting the chemical
and biological measurements.

Before the main work of the cruise was to have begun, the
VCTD, along with other equipment, was to have been tested
during a test station (Station O). There had been some
problems prior to this cruise with the conductivity section
of the deep profiler, and this was tested first, as the
second profiler was to have been used for the relatively
shallow work envisioned. Along with the testing of the
shallow profiler, the control system for the motion
compensating winch was to have been tested. The first test
was completed successfully, but the second profiler and the
winch could not be tested due to the rapidly increasing wind
and seas.

Before the first station could be taken with the VCTD, the
power amplifier circuit for the winch control failed and the
winch had to be run without motion compensation. The
observed instrument velocities were therefore the sum of the
true oceanic velocities, the ship drift and the wave-induced
instrument velocity. The plotted velocities have been
corrected for ship drift and are therefore  absolute
velocities of the water. The ship drift was nearly constant
over the period of a single cast and caused no problems in
the subsequent analysis. The wave-induced motion, however,
could only be partially removed by filtering the signal with
a low-pass filter whose cutoff frequency 1s below the
primary wave/heave frequency . The filtering operation
reduced the effective resolution of the VCTD to about a 10 m
scale; finer scale features were lost.

The VTCD was deployed on stations 1-6, 9 and 11. Station 9
was prematurely terminated when the wire jumped the block.
The winch failed during station 11 due to a shorted control
valve coil and could not be repaired at sea. Good velocity
data were obtained for stations 1-4 and 6 (after filtering).
Good CTD data were obtained for stations 1-6. The
observations for each station are summarized below.

STATION 1.

The first (non-test) station was located seaward of the
frontal zone. The water mass was characterized by warn,
saline water overlying somewhat fresher, cooler water. There
was an approximately isothermal layer down to about 40 m and
an almost isohaline layer, slightly increasing in salinity,
between the surface and about 110 m. Just below the
isothermal layer, there was a small, but very clear "s”



shaped salinity minimum overlying a salinity maximumnm,
indicating a possible weak intrusion. Above the thermocline,
the water column was sStable to both direct and double
diffusive effects as indicated by the a Turner angle between
-pi/2 and O. Below the thermocline, the Turner angle varied
between about -3/8 pi and - 3/4 pi. There were about 8
layers where the angle was less than about -5/8 pi,
indicating the pcssibility of salt-fingering regimes.

The current (with respect to the ship) decreased from about
0.8 m/s near the surface to about 0.5 m/s near 70 m,
increasing again to about 0.7 m/s near 100 m and decreasing
again to about 0.4 m/s near 130 m and below. The direction
of the current remained approximately constant with depth.

STATION 2.

Station 2 was taken north and slightly west of the first
station. The water mass in the upper 200 m had changed very
significantly over a distance of about 20 nautical miles. In
general, the water was considerably colder (about 6 deg. C
at 100 m) and fresher (about 0.9 psu at 100 m). The near
surface waters were about 0.6 kg/m**3 denser at station 2
than at station 1.

There appears to be an intrusion of warm, saline water near
the surface, down to about 40 m and a second, weaker
intrusion of warm, saline water between about 55 and 95 m
(based on a comparison with station 3). Between about 15 and
30 m there appears to be a strong salt-fingering regime.
Directly below this area, the water column appears to be
stable down to about 70 m. Between 70 and 100 m, the
stability changes from a convective regime to an unstable
direct regime to salt-fingering to stable. Below about 100
m, the water column is alternately  stable and
salt-fingering.

The surface instrusion may be related to a very strong shear
zone between 10 and 40 m. The speed in this layer changed
from 0.8 m/s to about 0.35 m/s. The direction remained about
the same over this layer. Below 40, the speed of the current
decreased slowly to about 0.3 m/s, with small changes in the
direction of the flow.

STATION 3.

Station 3 was taken about 3.8 Nmi WNW from station 2 about 2
hours later. The warm, saline intrusion had disappeared from
the record: the near surface water was about 6 deg C cooler
and the salinity was about 1.3 psu lower than it had been at
station 2. Below about 100 m, the profiles of temperature
and salinity agreed quite well for both statiomns. There are
temperature and salinity inversions near 60 and 80 m,
indicating possible salt-fingering and convective regions in
proximity. Between 80 and 120 m, the water column is stable
and below that region, a mixed regime of stable and
salt-fingering is observed.



The velocity structure was very different between these
stations. At station 3, the strong shear layer had almost
completely disappeared. Instead there was a weak shear of
decreasing from about 0.5 m/s near 10 m depth to about 0.4
m/s at 100 m, and to about 0.32 m/s near 200 m. As before,
the direction of the current remained nearly constant with
depth.

STATION 4.

Station 4 was taken about 4 1/2 hours after station 3 and
about 26 Nmi NNW from station 3. Below about 100 m, the
temperature and salinity profiles agreed well with those of
the previous two stations, while above 100 m, the station 4
water was warmer and more saline, though not warm as the
water at station 2.

The Turner angle plots for station 4 show evidence of
salt-fingering possibilities over most of the water column
with the exception of six to seven stable layers centered
near 35, 70, 90, 140, 190, 270 and 300 m.

The velocity profiles at station 4 indicated stronger shears
than were seen at station 3, which may account for the weak
intrusion near the surface of warm, saline water.

STATION 5.

The fifth station was taken almost due east from station 4
and exhibits almost the same temperature and salinity
structure.

The velocity data were badly contaminated with ship motion
during this station and it is not yet clear if they can be
recovered from the noise.

STATION 6.

The last usable VTCD station was taken SE from station 5 and
ENE of stations 2 and 3 on the same day as those stations.
There was an Intrusive region of warm, saline water
extending down to about 75 m and a much weaker intrusion
petween about 80 and 130 m (the intrusions are referenced to
station 3). Below about 70 m, the Turner angle plots
indicate regions of both salt-fingering and absolute
stability. Above this region, there is a region of possible
salt-fingering activity between about 35 and 55 m and also
near about 15 m.

The intrusive features were separated by a strong salinity
and temperature minimum located at about 80 m. The profiles
were rather smooth during the first cast, but several strong
steps in the temperature and salinity profiles were apparent
below and one step above the temperature-salinity minimum
were seen during the second cast. The third cast saw the
development of more steps below the minimum. The single step
above the minimum has turned into two steps and a third step
had formed above those two.



The velocity profiles indicated a moderately strong shear
between the surface and 100 m, the speeds ranging from about
0.75 m/s near 10 m to 0.45 m/s near 100 m. As in the
previous stations, the direction remained essentially
constant with depth.



STATION POSITIONS AND TIMES

STATION CAST GROUP DATE LAT. LONG.
NUMBER ID NO.(*) (JD)

1 4 4 120.801 37.800 -72.752

5 5 120.804 37.502 -72.753

2 2 6 120.996 37.845 -72.873

3 7 121.006 37.845 -72.873

4 8 121.016 37.845 -72.873

3 2 9 121.202 37.880 -72.940

3 10 121.211 37.880 -72.942

4 11 121.221 37.878 -72.942

4 2 12 121.414 38.283 -73.150

3 13 121.424 38.282 -73.153

4 14 121.433 38.280 -73.158

5 2 15 122.685 38.355 -72.690

3 16 122.694 : 38.343 -72.703

4 17 122.703 38.342 -72.707

6 3 18 122.959 38.100 -72.510

4 18 122.967 38.107 -72.497

5 20 122.97%8 38.105 -72.493

(*) Note: The velocity profiles were recomputed and have a
group number 3 less than that noted here (e.g., Station 1,
cast 1 has a group number of 4, except for the velocity
plots,; which both have a group number of 1.



NOTES ON THE STATION PLOTS

Ship velocity corrections have been applied to all
station velocity data except for station 6 (no
position data were available.)

The Julian Date on the plots for the last 2 groups
of station 6, groups 19 and 20, should read 122,
not 125.
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