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Introduction

Until the past two decades very
little emphasis had been placed on under-
granding the chemistry and physics of
continental shelf waters off the south-
eastern coast of the United States. Much
of what was done was elither large scale,
covering most of the sast coast (Bumpus,
1973, Richardson et al., 1973), or small
scale, covering an area off on¢ state
(Bumpus, 1955, Wells and Gray, 1960, Gray
and Cerame=Vivas, 1963, Blanton, 1971,
Stefansson et al., 1971, and Schumacher
and Korgen, 1976). Data were frequently
o gketchy in the larger studies that only
the most general circulation features
could be detected. The small scale studies
were ofcen exceprionally decailed, but too
narrow in areal extent to delineate large
geale features. As a result, circulation
on the southeastern continental shelf has
been only partially elucidaced.

Partly in response te this need, the
Marine Resources Hesearch Institute (MRRI)
of the Bouth Carolina Wildlife and Marime
Resources Deparcment has Inltlated a series
of seasonal crulses along the southeastern
coast of the Uniced Scates as apart of the
Natfonel Marine Fisheries Service Marine
fesources Monitoring, Asscssment, and Pre-
diction (MARMAP) Program. MARMAP was begun
in 1972 with the misslon of obtaining,
processing, analyzing, and distributing
data pertinent to living marine resources
of waters contiguous to the United States.
The ares coverad by the MRRI-MARMAP cruises
includes continental shelf and slope waters
from Cape Fear, Rorcth Carclina, to Cape
Canaveral, Florida.

This report is presented as a partial
fulfillment of the MARMAP mission and as a
means of illustrating some of the major
circulacion feacures of continental shelf
waters off the southeastern Unlted States
during 1973. The results presented herein
include seasonal meteorological and hydro-
graphic data with a general interpretacion
aof their significance. As che data from
later cruises are processed and analvzed,
additional reports and publications will
be released.

Methods

All hydrographic data, except temper-
ature, were derived {rom water samples
collected abodrd the RSV Dolphin during
1973, Temperature was determined using
reversing thermometers (placed on Niskin
bottles) and bathythermographs, both
mechanical and expendable. Unprotected
thermometers were used at deep stations
to determine the depthe of reversal.

Dissolved oxygen was measured at sea
with s Yellow Springs Instrusment Company
oxygen meter and probe lomediastely after
collection, Salinity and outrient samples
were stored in polyethylene bottles and
analyzed ashore. HNucrrient samples were
frozen {mmediately and not thawed wuntil
analysis, which was performed colorimetri-
cally (Strickland and Parsoms, 1972).
Salinities were determined conduccomerri-
cally with an induction salinometar.
Analyses were begun immediately upon

receipt at MRRI, but analysia of all the
samples usually required 4-8 weeks.

All samples were collected during four
cruises im 1973; D2-73, February 13 to
March 23; D3-73, May 15-27; D&4=73, July
8=10; and D5-73, October 23 ro Noveshaer 16.
D2-73 and D3-73 had regularly spaced sta-
tions arranged aboutr every 30" of latitude
and lonpgitude along the continental shelf
and mlepe (Figures | and 2), while the other
cruises hed irregularly spaced atations
(Figures 3 and &4).

Cruise D4-73 wam primarily a4 neuston
gear test cruise with limited hydrographic
sampling {(see Eldridge et al., 1977}, D&-73
stations were selected at sea after the
sorting and examination of neuston samples
taken during neuston gear tests. Hydro-
graphic samples were collected in areas
having a ralatively suitable and stable
concentration of desired types of neuston
fish ond Invertebrates (deemed appropriate
for gear testing).

Cruise D3-73 had irregularly spaced,
random stations, the selection of vhich wan
based on a stracified, random design to
reduce hias in sampling groundfish. A set
nusber of station positions were preselected
within each of six depth strata {10-18 m,
19-27 m, 28-55 m, 56-110 m, 111-183 m, and
184-366 m).

The resulrs are displayed in & series
of horizonral and vercical graphs in Flgures
5=92 and in Table 1. Wind and weather data
are presented in Tebles Z-7. With few
exceptions the same varisbles are plotted
for each cruise to aid in making compari-
gons with respect to season, depch, and
location. In some inmstances, in particular
Figure 59, graphs may appear to be Lncom-
plece, i.e. broken lines (indicating
insufficient data} are drawn where mamples
were collected. The daca are missing
because the Harional Oceancgraphic Data
Center judged the data to be beyond accepted
ranges or simply because no data were ob-
tained from the particular samples (maimly
for nutrient samples).

Results and Discussion

Horizental Discriburion of Parameters

Denaicy {ur}. Less dense water Is
obvious near shore, particularly im the wi-
cinity of river mouths (Figures 5-8). This
is aspecially evident during the winter off
Savannah near the mouth of the Savannah
River, where ay values increase from<19.0
ta > 25.0 aver the discance of 15-20 nau-
tical miles (Figure 5). Low values are
atill to be found during spring (Figure 6),
but there is no longer as greata change in
density with distance offsghore. The winter
and fall data indicate relatively denser
water near shore (north of lacdcude 33 00'N)
as opposed to offshore. In addicion, the
aurface o, disrributions exhibit distinct
meanders in the Gulf Stream and in coastal
currents. Winter and spring {sopycnals
show a sharp meander and a large eddy
rrnpet:lvnlr dus eaac of Charleston at
32"30'8, 78700'W. This ares represints
probable deflection of the Gulf Stream and
will be discussed further inother sections.



Fifry mecer o, contours show rones of
higher dengicy water aimilar rco thosa at
the surface (Figures 9-11). Once asgain the
area east of Charleston exhibits relatively
high densities. The overall trends
spproximate those at the surface,

One hundred meter op values continua
the patterns found in shallower water with
higher densicy water located east of
Charleston (Figures 12-14), In winter and
spring there vas a large zone of high den—
gity water located in the area sast of
Savannah to north of latitude 33 00'N.

Bottom velues of o seem to be rather
smooth with only a few pockets of constant
denaity apparent [Figures 15-17). HRottom
igopycnals noar the shelf edge follow shalf
contours reasonably closely, especially
for D3-73 iscpycnals. Bottom and surface
O valuea nearshore are essontially Che
same due to cthe shallow depthe separacing
cham.

Temperature. Surface water tempera-
tures ranged from a4 low of less than 10°C

in February co a high of 30°C in July.
Greacest seagonal variacion occcurred in-
shore whare che tomperatureé Fange WAs
approximately 10°-29"C (Figures 18-21).
Surface waters near the Gulf Stream showed
far less variation ucasunally with a range
of about 5 "¢, f.e. 257C in February to
about 30°C inm July. This is quite similar
to conditions off North Carolina as
reported by Stefansson and Atkinson (1967).
Nearshore waters generally followed air
temperatures In additliom to being influ-
enced by runoff. Waters along the coast
illysrraced che marked warming influsnce
of the Gulf Stream, where surface tempara-
ture changed from < 10°C to 20°C over the
distance of about 30 navtical miles under
winter conditions (Figure 18).

Both spring and summer dacs showed
relatively lictle difference between
nearshore and offehore surface water tem-
peracures, alcthough sowme zones of cool
water were grill co be found near river
mouths (Figure 19). Apparently insclation
had not completely warmed all shelf surface
warers evenly by May, but these same waters
had nonetheless increased in Cemperature
by 5°-10"C.

Fifcy mecer water was comparatively
constant in temperature near the shelf

» Where temperatures varled from about
19 =27 C over the entire year (Figures 22-
24). Sevaral zonés had apntial nnd temporal
variations on the arder of 2°-1°C, such as
areas off Cape Canaveral and southern
Georgia. An arca of greater contrasc is
due east of Charleston (32 30'N, 78 00'W),
vhers the temperature is noticeably lower
than surrounding waters during winter and
gpring (Figurea 22-23). These lower cem—
peratures are apparently the resulc of
upwelling of decper water due to an
eagtward turn of the GCulf Stream.

Ong hundred meter isotherms resemble
50 m contours in shape, but are somewhat
lover overall in temperature (Figures 25-
27). Minima of < 13 ¢ east of Charleston
and Savannah and a maximim of 26 C north
of Cape Canaveral were recorded in spring

and fall respecrively (Figures 26-27}).
While the meximum 100 m temperature was
only 1°C lower than the 50 m maximum, the
100 m minima were 3"-5"C lower than corre-
sponding 50 m minima (Filgures 22-17).

Bottom température contours, Iin con-
trast to ghallower igotherme, do not
exhibic discince sones of cold water,
although water < 10 C is evident beyond the
shalf edge for cach season (Figures 28-30).
Warm water zones are present in many arcas,
both nearshore and at the shelf edge.
Winter isotherma show the warmest wateéer at
or near the shelf sdge, bounded on both
sides by colder water (Figure 28).

Balinity. Surface salinity values
varied in a predictable fashion with lowaer
values nearshore (< 27.0 ©foo) and higher
values in cthe vicinity of the Gulf Stream
{up to 37.0 “/oo) as seen in Flgures 31-34.
During fall and wincer the Stream appears
to come cloge Eo shore in several areas as
ahown by high surface salinities. Due to
mixing of shelf and Gulf Stream waters,
surface salinities alone are not conclusive
proof of Gulf Streas Iatrusions. They do
suggest, however, that Gulf Stream water
doeg approach within 15 miles of shore.

Fifty meter salinity contours (Flgures
35-37) suggest that deeper water has risen
gs indicated by areas of lower salinicy
cast of Charleston. Meanders or deflection
of the Gulf Stream would enable dengar,
lema maline waters to rise.

One hundred meter ischalines are also
quite complex with many similarities to 50
m contours (Figures 18=40). TIn the area
dua east of Charleston salinity values are
lower than corresponding 50 m values in
keeping with the premise that slope water
im present.

Bottom {sohalinea extend along the
coast and shelf edge smoothly, especlally
in winter and spring (Figures 41-43). Off-
shore the lowest salinicles are found along
the bottom, in keeping with the ctrend of
decreaging salinity with depth. Along the
ghelf, salinity increases on the bottos ocut
to the shelf edge (Figures &1-83). Near-
shore bottom salinitics are essentially the
same as the respective surface salinity
valueg, since depthz are less than 20 m in
mAnY Areas.

Dissolved Oxygen. Dissolved oxygen is
the most difficult of the parameters to
interpret. Trends, when evident, cannot be
readily correlated with such physical pro—
cesses as runoff or Gulf Stream meanders.
This ia noc surprising when considering
that oxygen 15 a dissolved gas subject to
biological processes such as respliration
and photosynthesis and to physlcal processés
such as turbulent mixing, diffusion, and
advection.

Zurface oxygen patterns appear to fol-
low tesperature patterns toa great extent,
i1.e¢. low temperatures and high docygen
concencraciona (Figurea 18, 19, 21, and &44-
486). However, since temperature snd oxygen
concentrations do mot corrclate in every
case, some factor other than temperature
must be affecting oxygen concentrations.



Both 50 and 100 mplots indicate zones
of low oxygen comcentrations east of
Charleston (Figures 47-52). Two zomes are
visible inthewinter cruise, wvhilea rather
broad area of low oxygen is the case fox
gpring and fall. Ar these depths low tem-
perature and low oxygen concentrations
corralate as & result of the uplift of
relatively cold, oxygen-poor slope water
{Figures 22=27, 47=52).

Bortom dissolved oxygen concentrations
follow trends similar to those of other
parameters, i.e. contours follow the shelf
edge rather clesely (Figures 53-55). As in
the case of 50 and 100 m oxygen concentra—
tions, bottom oxygen patterns reflect the
influsnce of alops watar on oxygen concen=-
trations. Water at or bevond the shelf
edge is colder and lower in oxyvgen than
shallower water near shore (Figures 28=31
and 53-55) .

Orthophosphate. As a tesult of the
inheareant problems in sample preservation
of frozen micronutrients, only erthophos=
phate data from the D3-73 cruise will be
digcusged. The surface discribucion of
orthophosphate, chough somewhar complex,
is predictable with wvery low values off-
shore and high wvalues near river souths
{(Figure 56}, Concentrations ranged from
0=0.16 ug=-ac/l1.

Borh 50 and 100 m discributions indi-
cate zones of relacively high orthophosphate
concentrations due east of Charleston
(Figures 57 and 58). Concentrations ac 50
m are 8 times higher than at the surface,
while 100 = values are 9-10 times higher
than surface concentrationa.

Bottom orthophesphate concentrations
are higher than corresponding 100 m values
east of Charleston (Figure 53). These high
values, however, are distributed over a
larger area along the shalf edge cham both
50 and 100 m concentrations, somewhat like
the bottomdistributions of other paraseters
previously discussed.

Vercical MMacriburion of Properties

Vertical disctributions of the vari-
ables were plotted In cast-west transects of
tha continental shelf. Wharever possible,
transects at similar locations were chosen
for a seasonal comparison. This was not
feasible in each case due ro the fact that
cruise D3=73 did not extend south of 31700'R
and cruise D5-73 had randomly distributed
stations. The isopleths were drawn using
8 bottom contour representing the actual
station depths for a particular transect.
It should be noted, however, thar during
the spring cruiee at 31730'N the bottom
dropped off during a station, as a result
of drifting inthe main currenc of the Gulf
Stream (Figures 63, 69, 76 and 82). The
bottom contour shown represents the recorded
depth at that station.

Density {at]. The distribution of
densicy showse quite plainly the core of the
Gulf Stream during the winter cruise of
1973, e.g. the Gulf Stream iseasily located
by examining Figures 60 and 61, in which
the disopyenals slope dowmward steeply ncar

the shelf edge, indicating the left edge of
the Gulf Stream. The Stream appears to be
slightly beyond the shelf break in sach
cage, but & broadening of isopycnals over
the shelf indicates a shoreward movement.
Ar 32 30'N (Figure 6le) the Stream seems to
be deflected ecastward, allowing relacively
high density water, i.e. o, of 26.5, to be
uplifred near the edge of the continental
shelf.

The same general situation exists for
spring in that the core of the Gulf Stream
ig beyond the shelf edge, thoughnot so wall
defined (Figures 63 and 64). Once again
the main current Appears to have turned
eastward in the 32 30"X region (Figure 64a).
The si=milarity between winter and epring
vertical distributions, however, does not
include contisental shelf water, for there
{s no dense water on the shelf in the spring
even at 327 30'M.

The fall density distribution indicated
a return to winter conditlons with high
density water (op > 26.0) on the shelf once
again (Figure 63). Thishigh density water,
shown in Figures 8 and 65f, apparemtly ori-
ginated offshore, since the salinity range
in the same area (south of Cape Fear) wam
36,4-36.6 “foo (Figure 34). Alsc a sugges-
tion of wpwelling was evident in the
32°30'M and 33°00'N transects (Figures 65e
and £).

Temperature. As should be expected,
vertical temperature structure is virtually
{dentical te vertieal density structure.
D2=73 distribucions illustrare this well
by showing the Gulf Stream core with water
* 25 € juet beyond the sdge of the conti-
nental shelf (Figures 66 and 67),
Comparatively warm water, i.e. > 16 C, is
evident along the outer continental shelf
(Figures 66-68). Also ar 32730'K the tem-
perature structure shows plainly a doming
of igotherma, indicative of the zone of
upwelling (Figures 67c and 68a).

D3-73 temperaturs daea in like manmer
correspond to D3-73 density daca very
closely. Warm water can be seen along the
continental shelf with temperatures up to
24"Cc (Figures 69 and 70). As in winter the
zone of upwelling 18 clearly delineated at
32730'M, where the {sotherms are convex

upwards.

For D&=73 the only parameter with
sufficient dara for a graph of vertical
distribution is temperature JFiautn 71).
Temperatures in excess of 28 Ccan be found
in the shallow water near shore, while
water further offshore 1s only slightly
ceooler. This wvertical section in conjunc—
tion wich D&-73 surface plots (Figures 20
and 33) illustrates that comparacively
warm water of high salinity was preseat in
the area.

Fall temperatures are practically
identical in distribution to fall densitics
(Figure 72). WUarm water of 24-257C can be
found on the shelf at each transect. At
12"10'% the temparature data intimate an
area of uplift, but once again as for
density the isctherms do not exteond seaward
far énough to delineate the full extent of
the uplife (Figure 72&).



Salinity. Winter vertical salinity
patterns ghowed surface salinities < 36.2
2/on beyond the edge of the continental
ghelf in the region occupled by the Gulf
Stream (Figures 73-75). Each transect had
relatively high salinities (> 32.0 “foo)
on the shelf, except for two transccts in
the region south of Savannah (Figures 73c
and 74a). Upwelllng was indicated at
32730°H, 78700'W by domingof the ischalines
(Figures 74c and 75a).

Spring vertical salinity patterns
{Figures 76 and 77) are distinctly differvent
in shape from corresponding tesperature
and density profiles. As in the winter
example salinitles > 33.0 P/oo wers found
far onta the continencal shelf. Spring
gections have pockers of hipgher salinity
water (> 36.0 "/oo) bevond the shelf break
indieating the presence of Gulf Stream
water. Unlike the vincer data, however,
upwelling is indicared at 32°00'N (Figure
7hc) and 32°30'8 (Figure 77a) with convex
igchalines pointing upward and a zone of
high salinity water (>36.29%00) on either
side.

Fall vercical salinity profiles indi-
eate very high salinity water (>'35.0%00)
near shore (Figure 78) in keeping with
reduced runoff due vo very limiced rainfall
(Figure 92}. Some avidtn:l of upwelling
can he aeen ar 327 30'H, 7ET00'W (Figure
78e), where the isohalines slope upwird.

Dissolved Oxygen. Highest winter
oxygen concentrations canbe seen along the
shelf in éach case, for oxygen is as high
a8 6.5 ml/]1 in shallow areas (Figures 79-
81). Values up to 5.0 or 5.5 ml/l can be
found fn surface waters out to and beyond
the whelf edge. The overall pletire is
one of decreasing oxvgen concentrations
with depth and discance from shore, with
concentracions being « 3.5 ml/l below

200-300 m.

Spring dissolved oxvgen data are
likevige complex with many pockete of both
high and low oxygen concentrations (Figures
82 and 83). While values do tend to be
higher in surface water along the conri-
nental shelf than in subsurface warer
beyond cthe shelf, the concentrations are
not as high as in winter, e.g. only > 5.5
mlfl in one small area and generally 5.0
ml/l or less. Values of 3.0-3.35 sl/1 can
now be found in wacters < 100 m deep as
compared to 200-300 m in wincer.

Fall oxygen data only indicate maxima
ond minima forall practical purposes since
the isopleths are wery short {(Figure 84).
As above, the highest oxygen concentratciona
are found along the shelf insurface waters.
Moet concentrations are botween 3.0 and 4.5
mlfl, thus being lower on the average than
during the spring cruise. Values of 3.5
mlfl are evident in a few fnstances in
water < 100 m, but such low concentracions
are not as common as during spring.

Other Vertical Distributions

Orchophosphate. Due to limited daca
only one spring vertical section for ortho-
phosphate was graphed (Figure B5). Since
this transect was taken through the zone of

upwelling cast of Charleston, ir is
interesting to note the relacively high
concentrations (> 0.1 ug-at/1), indicarive
of deep water, near the surface. This
agrees favorably with dota discussed above.

Compoaite. Figure 86 shows two compo-—
site vercical graphs of oxygen, temperature,
galinity, and orchophasphate for winter
and spring stations at 327 30'N, 78700'W,
Salinicy and orthophosphate show no dis-
tinct seasonal varlations. Salinity is
high at the surface, vhile decreasing
regularly wich depth to about 200 m. Ortho=
phosphate 1s low at the surface, wheresas
it increases sharply with depth to about
100 m and then more gradually to 300 m.

On the other hand, oxygen and temper-
ature have noticable acasonal differsnces.
Oxygen is about 0.5 ml/l higher at the
gurface in winter thanm in spring, presuma=
bly due to turbulent mixing and the
increased solubility of oxygen in winrer.
Temperature varies as expected with higher
temperatures at the surface, decreasing
regularly with depth. The seasonal differ-
ence is simply at the surface, where the
winter temperature bs approximately &4°C
legs than the corresponding spring
Lemperature.

Circulacion

Seamonal eirculation pacterns were
obtained from density discributions (Fig-
ures B7-89) and dyvnamic copegraphy Figures
90-91). Circulation on the shelf was
agsuméd to be more accurately represented
by density distributions, wvhereas in deepar
water beyond the shelf edge dynamic topo-
graphy should have bheen more accurate in
defining eirculacion patterns. All dynamic
topography caleulations were performed
according te the method of Helland-Hansen
(1934), relative to the 400 db surface.
While obvious differences in circulation
patterns can be seen batwean the two
methods, there {8 general agreement with
reapect to gross clreulation features.
There was no D5=73 plot of dynamic topo-—
graphy, since few atations were occupled
beyond the shelf edpe.

Winter circulation included several
areas with cyclonic eddies or large mean—
ders, most of which are located eart to
northeast of Charleston (Figures 87 and 90).
¥orth of Cape Fear the drift 1s north-
easterly in agreement with findings by
Bumpus (1955) and Stefansson and Ackinson
{1967). Along the Ceorgia coast thera im
predominantly a southwasterly drifc close
to shore in agresment with work by Bumpus
{1973), who described southerly flowing
currents as belng restricted to a narrow
zone near shore.

Spring circulation (Figures 88 and 91)
was similar to winter circulation, eXcept
that the southerly flowing current mentioned
above was better developed, particularly im
the reglon near Charleston and southward
along the Georgia coast., A probable expla-
pation for this seasonal differance in
coascal currencs 1s based on tunoff during
wvinter and epring. Figure 92 shows the
1963-1972 and 1973 rainfall averages for
West Central South Carolina, an area



bordering the Savannah River duc west of
Colusbia (U. §. Department of Commerce,
1963-1973)., Salinities, taken daily in
Charleston Harbor at MRRI at ecach tide
change, 1llustrate quite distinctly the
variation in surface and botrom salinitcies
with rainfall (Figure 92). 1t iz evident
that rainfall in 1973 was abnormally high
during winter, spring, and early summaer.
Also a record snowfall occurred in February
with up to 24 in. being recorded in South
Carolina (U. 5. Department of Commcrce,
1973). Baged on rainfall, snowfall, and
galinity data, runoff was unusually high
for the firet half of 1973, and hence the
southwest coastal current was well
developad by Mav.

Fall circulation (Figure B9) exhibited
considerably different ctrends. There was
ne longer a distinet southerly current near
shore, except inm the area near Cape
Canaveral. From Cape Romain nmorthward the
predominant drifc was to the north without
any diasciner southerly currant components.
Based on rainfall and salinicy daca (Fig-
ute 92), the lack of a southercly flowing
current along the South Carolina-Ceorgin
coaat is direstly related te the raduced
rainfall and, hence, runoff during late
sunmer and fall.

While many of the civculacion features
cbserved in this report have been detected
previously as noced above, some of these
features were not clearly shown or wers
only suspected. The Gulf Stream apparencly
does move well onto the shelf in winter as
observed by Blanton (1971) and discussed by
Bumpus (1973). Table 1 demonstrates this
quite well by using a point at midshelf
goutheast of Charleston as a basis for
reference. The water at this point In
winter hes characceriatics of Gulf Scream
water, i.e, o, of 26.5, temperature > 16°C,
and salinity of 36.2 /oo (Figures élc,
67c, and T4c). Spring and summer data indi-
cate wacer more typical of the continental
shelf, 1i.s. cemperatures of 21.6°C in the
gpring to 28.6 C in cthe summar, galinicy of
about 34.5 %/op, and o of 24.0 in the
spring and 21.7 in the summer (Figures 63—
&4, 69-71, and 76-77). Fall data suggested
a return to winter conditions, since warer
having characteristics incermediace to
shelf and Stream waters was found at the
reference point (Figures 65, 72, and 78).

The zone of upwelling is anocher
example of a phenomenon detected or sus-
pected, but never shown especially clearly.
Many workers (Gray and Cerame-Viwvas, 19613,
Blanten, 1971, and Stefansson &t al., 1971)
have menciomed upwelling along the conti-
nencal shelf, particularly act che shelf
break, and theorized as to the possible
causes,. The general opinion is that the
Gulf Stresam is deflected eastward, thareby
allowing upwelling or an intrusion of slope
water at the shelf edge. The problem has
bean to explain the driving force for
Stream deflection. Westerly, southwesterly,
or even northwestoerly winds have been
suggeated as possible causes for offshore
movement of the Stream (Bumpus, 1955, Gray
and Cerame-Vivas, 1961}, but Webster {1961)
astimated that the kinecic enargy contri-
buted by winds is at least an order of
magnitude less then needed to sustain a

meander. If winds are not responsible for
the deflection of the Gulf Stream, then
bottom topography may be the determining
faceor (Pashinski and Maul, 1973 and Rao
et al., 1971). The main current appears to
strike the shelf edge and turn to the cast.
A mochanism of this cype is gaining accep-
tance at many Institutions, and due to the
semi-permanent nature of the deflecrion
(Pashinski and Maul, 1973) the term "perma-
nent wave" has been applied (L.F. Atkinson,
personal cosmunication).

Summary and Conclusions

Hesules of 1973 sessonal observations
of both physical and chemical parametors of
continental shelf and slope vaters of the
southeascern United States have been pre—
gented and discussed. Spatial and temporal
distcributions of theze parameters were
described and used, where applicable, to
obtain general circulation patterns along
the continental shelf.

In parclcular, a zone easc of
Charleston was Idemtified az an area of
upwelling throughout the year. Relatively
¢old, nutrient-rich water vas detected near
tha surface during winter, spring, and fall.
A discinct deflection of the Gulf Stream in
thiz area was identified as che probable
cauge for the upwellling, although the zeason
for the deflection was not ascertained.
While winds may appesr to correlate with a
deflection of the Gulf Stream, they proba-
bly do not possess the energy necessary o
produce tha obgarved defleccion (Webscer,
1961). The Stream may simply strike che
continental shelf and be deflected by the
bottom copography.

Other features noted include the evi-
dence for a well-established soucherly
current near shore. Our data indicaced a
southwesterly flowing eurrent during winter
and spring in keeping with unusueally high
runcff. By fall this current had vanished
due to greatly diminished runoff.

The presence of water with Gulf Stream
charcteristics was alsc detected within
15-20 miles of Charleston during the winter
cruise. Spring and limited summer observa-
tions did not show water of the same type,
although fall data indicated water incer—
mediate to Culf Stream and shelf water.

In conclusion, the general results of
this study have polnced out significanc
physical and chemical characteristics
during 1973 in waters along the southeastecn
United States. These results have helped
to clarify some circulation features, but
quite obviously additional work 1s needed
to understand more fully cthe complex circu-
lacion patterns comsonly found along the
continental shelf. Due to the complicated
interactions of runoff, winds, coastal
currents, and the Gulf Stream, it may be
that the only way to get a detailed circu-
lation picture will be to obtain synoptic
data from a series of semi - permanent
stacions.
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SEASOMAL CONDITIONS AT A HEARSHORE STATION

Table 1

SURFACE BOTTOM
SEASON BOTTOM ) 0, _ ) 0,
CRUTSE STATION # LOCATION DATE DEPTH (M) te 5 %/oo o, ml/f1 t e 8 "foo 9, ml/l
WINTER 32%30'N
p2-73 8 T9TI0W 20:1T:73 18 16.7 36.22 26.54 5.42 16.6 36,18 26.54 5.17
SPRING 32°30"
ni=73 24 7930 19:¥:73 20 21.6 14.59 24.04 5.22 21,35 34.56 24,09 5.16
SUMMER [ 32:3u'n HO DATA
D4-73 (124) 79°30'W 9:VIL: 73 18 28.9 34 .46 21.71 = 22.0 -
FALL 32°29'R
D5-73 57 79°39'W 05:XT:73 0 20.7 15. 65 25.09 4.48 21.07 36,18 25,38 4,55




Table 2

WIND D2-73 (13.I1 - 23.III1.73)

Beaufort Scale 0 1 2 3 4 5 6 7 8 9 10
Speed in Knots <1 1-3 4-6 =10 11-16 17-21 22-27 28-33 34=40 41=-47 48-55 | Ef %
Calm
Direction
% S | S £ 2 S £z S - S - £ =X
N 1]11.5 213.1 1]11.5 1 |1.5 ] 7.6
i NE 1115 213.0 5 | 7.6 1 ]1.5 9] 13.6
E 213.0 | 213.0 3(4.6] 1 (1.5 8] 12.1
N SE I 1«2 | 1Y 2] 3.0 3 |4.6 10| 15.2
. 5 1]1.5 3 ]14.5 4 16.1 213.0 3 |4.6 13} 19.7
. SW 1]3:5 L 11:5 & | 6.1 4 16.1 2 13.0 12| 18.2
W 213.0 2 |31 1 ]1.5 5 7.6
NW 2 13.0] 2|23 3| 4.5
- CALM 1.5 1 1.5
Ef 7 13 22 12 11 - - - ~ 66
3 1.5 105 19.6 33.5 18.2 16.7 - = - = 100.0




Tahle 3

WEATHER D2-73 (13.II - 23.111.73)
Cloud Form Cci Cc Cs Ac As Hs Sc St Cu Ch Clear Total
Frequency 7 2 0 17 6 3 8 0 28 4 9 84
4 8.3 2.4 0.0 20.2 T 3.6 9.5 0.0 33.3 4.8 10.7 100%
Days With: Cloud Cover (%) Air Temperature (t°C)
Rain Thunderstorm Fog Max. Average Min. Max. Average Min.
3 1 (v} 100 50.6 1] Dry 10.6 20.7 5.0
Wet 25.0 <18.0 <5.0
Adr 4.0 6.0 B.0 10.0 12.0 14.0 16.0 18.0 20.0 22.0 24.0 26.0 28.0 30.0
Temperature to to to to to to to to to to to to to Lo
(:'C) 5.9 7.9 9.9 11.9 13.0 15.9 17.9 19.9 21.9 23.9 25.9 27.9 29.9 31.9 %
Dry Bulb (%) | 1.5 0.0 1.5 0.0 3 P 4.5 10.4 23.9 22.4 11.9 10,4 7.5 3.0 1.5 100%




Table 4

WIND DIRECTION D3-73 (15V-27.V.73)

eaufort Scale| 0 1 2 3 4 5 6 7 B 9 10
speed in Knots <1 1-3 b4—6 7-10 11-16 17-21 22-27 28-33 34-40 41-47 48-55 | £f %
Calm
Direction
£ % £ X £ X f % I £ X £ % f 2 £1) % £il X
N 1]2.3 1l 102.3 | 1] 243 o
NE 214.7. 1 1]2.8 1(2.3 4] 9.3
E 3| 7 1]z % |-¥12.3 5[11.6
SE - =
S 21 4.7 ]| 2]4&.7 1]2.3 ) 4]9.4 ] 12,3 [1]2.3 11 | 25.7
W 1]2.3 21 4.7 3]7.0 214.7 1] 2.3 91({21.0
W 1]2.3 1(2.3] 317.01 3] 7.0 8]18.6
MW 1]2.3 1]2:2 2| 4.6
CALM - -
Lf 6 10 7 13 b 1 43
A 14.0 23.3 16.2 30.3 13.9 2.3 100.0




Table 5

WEATHER D3-73 (15.V - 27.V.73)

Cloud Form ci Ce Cs Ac As Ns Se St Cu Ch Clear Total
Frequency 5 0 0 15 18 4 4 0 12 6 8 72
6.9 0 0 20.8 25.0 5.6 5.6 0 16.7 2.3 11.1 100
i:_ e Days With: Cloud Cover (%) Adlr Temperature (t°C)

Rair Thunders torm Fog Waterspout Max Average Min. Max. Average Min.
- 0 1 100 48.9 0 Dry 28.0 264.2 18.0
: Wet 25.0 21.1 13.0

air | 100 | 12.0 [ 14.0 | 16.0 | 18.0 | 20.0 [ 22.0 [ 24.0 [ 26.0 [ 28.0 | 30.0 | 32.0

lemperature Lo to to to to to ta to to to to to
(e 11.9 13.9 15.9 16,9 19.9 21.9 23.9 25.9 26.9 28.9 30.9 29| %
Dry Bulb (%) 0.0 0.0 0.0 0.0 4.6 14.0 16.3 39.5 23.3 2.3 0.0 0.0 |100%




Table 6

WIND D5-73 (23.X - 16.XI.73)

Beaufort Scale 0 1 2 3 i 5 4] 7 8 9 10
Speed in Knots <1 1-3 b= 7=10 11-16 17=21 22-27 28-33 34=-40 41-47 48-55 | Ef %
Calm
Direction
i 4 £ % £ X S 4 | | S 4 £ % f 2 £ 2
N 2] 2.2 111.1 3| 3.3
NE 1]1.1 b 14.5 ]1]1.1 6| 6.7
E 2] 2.3]1}1.1 1]1L.1 4] 4.5
SE
5 1] 1.1 | 6] 6.7 5|]5.6 | 1]1.1 1 ]1.1 14] 15.6
SW 21 2.3 ] 2] 2.3 5/5.6 | 6|6.7 | 2|2.3 17] 19.2
W 1{1.2 ) 2]2.3 |10]11.3 ) 5|56 | 3 (3.4 | 2]2.3 ] 1]1.1 24 27.1
W bl 4.5 | 7] 7.9 1.1 |X)1.1 ] 2]2.3 2|23 )] 1])1.1 18| 20.1
VARIABLE 21 2.2 ] 1] 1.1 3| 3.3
CALM
Ef 15 19 21 14 12 5 3 89
4 16.8 21.4 23.6 15.6 13.6 5.7 3.3 100.0




Table 7

WEATHER D5-73 (23.X - 16.XI1.73)

Cloud Form ci Ce Cs Ae As Ns Sc St Cu Ch Clear Total
Frequency 14 1 2 10 24 1 10 3 13 b 27 111
4 12.6 0.9 1.8 9.0 21.6 0.9 9.0 2.8 11.7 5.4 24.3 100.0
Days With: Cloud Cover (%) Air Temperature (t'C)
No Clouds or | Average Cloud
Average Cover Cover More
Less Than 10% Than 50% Rain | Fog | Thunderstorm | Max. | Average | Min. Max. | Average | Min.
6 6 2 0 0 100 33.0 0 Dry | 27.0 22.3 13.0
Wet | 24.0 19.4 12.0
Alr 10.0 12.0 14.0 16.0 18.0 20.0 22.0 24.0 26.0
Temperature to Lo to to to to to to to
(t"C) 11.9 13.9 15.9 17.9 19.9 21.9 23.9 25.9 27.9 z
Dry Bulb 3 1 1 5 13 8 22 34 4 B8
& 1.1 143 5.7 14.8 9.1 25.0 38.5 4.5 100
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