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INTRODUCTION

This data report is the third in a series on work in Onslow Bay,

North Carolina  Atkinson et al., 1976a, b!  Figure 1!. It, l.tke the

earlier reports, is intended to document the chemical and physical data

obtained. The report covers cruises OB5-OB9 of the Onslow Bay project.

These cruises comprise Onslow Bay Intrusion Study No. 5  OBIS V! and were

made aboard the R/V BLUE FIN during the summer of 1976  Table 1!. The

hydrographic data sets are available from the National Oceanographic Data

Center  NODC!.

Table 1. OBIS V  Summer 1976!

I

Cruise Y."..berProject Leg Date

OB5HYDRO/BIO I

HYDRO/BIO II

14-18 July

21-23 July

28 July-2 August

OB6

OB7HYDRO III  aborted
three times!

OB7XBT/BIO III

HYDRO/BIO IV

HYDRO V  aborted!

4-6 August

14-16 August

18 August

OB8

089

OBIS V

The objecti ve of OBIS V like that of OBIS II was to collect temperature,

chemical and biological data which could later be correlated with data

recorded by twelve current meters and two thermographs  deployed by North

Carolina State University! which were concurrently operative at seven loca-

tions i n the study area  Fig. 2!. No attempt will be made at this time,

however, to correlate our data to these related records nor wi'll any of the
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Figure 2. Approximate current meter mooring locations during OBIS V.



biological data be presented in this text. The current meteW and biological

data will appear in separate reports edited by Or. L. Pietrafesa  N. C,

State University! and Drs. W. Dunstan and G.-A. Paffenhofer  Skidaway

Institute of Oceanography! respectively.

METHODS

The study area was assigned a standard base grid made up of eight

onshore-offshore transects  Fig. 3!. This was identical to the grid

reported in earlier Onslow Bay work  Atkinson et al., 1976a, b! except

that one additional offshore stati on was on occasi on added tp the transects .

The same permanent stati on numbers are used. Each alternating sampling

grid  hydro or bio! was made up of some combination of the base grid's

onshore/offshore transects, depending on the previously observed tempera-

ture structure, and/or the time lapse between cruises through the grid

area.

The selected hydrogrid always represents a trade-off betw::en fineness

of scale and the achievement of synoptici ty. With this in mind alternate

onshore/offshore transects were omitted, thereby decreasing the along-

shore scale from that of our earlier work. However, it was f'elt that

this would not significantly alter our view of the larger scale intrusion

phenomenon we were investigating and that the reduced sampli6g time for a

circuit of the Bay would generate, in number, more surveys. This in turn

would permit us to better track a single intrusion from begi6ning to end

 this advantage, however, was lost by such unscheduled factors as bad

weather, equipment malfunction, and ship breakdown!.

~Bio rids

As originally conceived, a biological grid would detect changes in

various parameters induced by the movement of intruding fronts and the

variance of light conditions with time. It was composed of five stations
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Figure 3. Standard base grid for Onslow Bay, North Carolina.



along one onshore/offshore transect which were selected for intensive

sampl1ng because of their proximity to an apparent intrusion core.

Samples would be taken offshore and inshore of the intrusion core and in

the core itself. The cruise track would go back and forth from end

station, to center station, to opposite end station, generally sampling

at three hour intervals over a 24 hour span. This would result in four

complete transects of the grid wi th the center station being s:~mpled four

times. The two immediately adjacent stations would be less intensively

sampled without regard to a specific time interval as the ship cruised to

a center or end station. However, for the present work, though we started

with the above format in mind, the biogrids ultimately varieg from one

another in the time between stations, the total time alloted, the number

of stations sampled, and the number of repetitions of the selected

cruise tracks. The variations were inf1uenced by such factors as weather

conditions and ship performance, etc.

Typically, at a b1o station a CTD-Rosette cast and a zooplankton net

tow were made. The sampling depths were determined by analysis of the

temperature profile. If a thermaciine was present, samples were taken at

the surface, just above or below the thermocline, at the bottom and

occasionally at other random depths. If no thermocline was present just

surface and bottom samples were taken. Water samples were taken f' or the

analysis of sal1nity, n1trate, phosphate, silicate, oxygen, in vivo

chlorophyll, particle size, phytoplankton cells, zooplankton, and particu-

late carbon.

H dro rids

A hydrographic grid was designed to sample the entire Ray to obtain

an updated look at the distr1bution of properties both prece<ling and

following the b1ological sampling period. Such grids were generally on



the order of 24 to 42 hours in duration. Along a hydrographic grid

track, either CTD-Rosette casts or XBT firings and Niskin bottle casts

were made at all stations. Niskin samp1ing depths were detej"mined after

the temperature structure was obtained either from the CTD or XBT, and

samples were taken near the surface, just above or be'low the the~ mocline,

at the bottom and occasionally at other random depths. Samples were

taken for analysis of salinity, nitrate, phosphate, silicate, oxygen and

in vivo chlorophy11 and occasionally for extracted chlorophyll, particle

s i ze and phytoplank ton cel 1 ana lysi s.

Chemical and Ph sical Procedures

Salinity samples were analyzed conductometrical1y using a Plessey

portable laboratory salinometer. The va1ues so obtained werg used to

calibrate the Plessey model 9400 CTD system. Because of laboratory space

problems aboard the research vessel, oxygen analysis was delayed unti1 we

returned to port after each cruise. The Winkler method was used. However,

post project experiments have indicated that the samples were highly

susceptible to thermal effects. Consequently, no oxygen valises are

presented. Temperature was determined by deep sea reversing ther-,-meters,

XBT's and the CTD system.

After collection, the nutrient samp'les were immediately frozen in

polyethylene bottles and stored in the dark until thawed and ana1yzed

ashore. Colorimetric determinations of nutrient concentrations were made

with a Bausch and Lomb Spectronic 88 Spectrophotometer with a sample

sipper. Silicate concentration was determined by the method of Mu11in

and Riley �955! as modified by Strickland and Parsons �965!, and phos-

phate concentrations were determined by the method of Murphy and Riley

�962!. Nitrate was determined by the cadmium column reduction technique

as modified by Gardner et al.   1976!.



~CTD Condu~cti ui t Tempera tur~eDepthi Data Aequi si ti on

The CTD unit consisted of a Plessey model 9400 CTD sensor sy,tern

with a model 8400 Digital Data Logger and Kennedy model 1600 incr-mental

magnetic tape recorder for data acquisition and storage. A redundant

XYY' plot was made of all casts using a kewlett-Packard model 7046A K-Y

Recorder which was calibrated with a precision lOVDC source. The CTD

sensor-unit was mated to a General Oceanics model 1015 Mark 5 Rosette

multi -bottle array for water sampling. The Rosette was equip!ed with 1.7

and 5. 0 1 i ter Ni s ki n bo tt 1 es.

Digitized data was co'Ilected only during descent through the water

column  generally less than 50 m deep! as the CTD was lowered at 15 m/min

on single conductor cab1e. All three parameters  C, T and D! were sampled

once each 229 mil1iseconds: every 6 cm at the l5 m/min lowering rate,

For primary calibration of temperature and salinity a Niskin bott1e

equipped with a protected deep sea reversing thermometer was tripped

after a three minute equilibration period at the maximum sample depth.

Other water samples were collected during ascent following examination of

the downcast temperature profile. Typical station time was Wess than 15

minutes.

The acquisition of CTD data during the downcast and water samples

during the upcast creates some problems that are difficult ttIi solve. The

factors that come into play are:

1! The sensors are located at the bottom of the sub-surface uni t

to maximize response during the downward motion.  uring upward

motion the CTD sensors lie in the wake of the Rosette. Thus

CTD data is of higher quality during the downcast.

2! It is generally felt that water samples must be taken during

the upcast. If they are taken during the downcast the surface

samples may be subjected to dilution by deeper waters.

8



3! Differential horizontal advection may alter the coherence of

downcast CTD data vs. upcast water sample data. However, since

gradients in nutrients are typically quite low the minor advective

motions during the time of a station cause neglig1ble mismatch

of nutrient data.

CTD Data P~rocessfn

The CTD plots were logged and stored with their respective station

sheets. Data had to be manually digitized from some of these',HYDRO/BIO I

and II! because of magnetic tape recording problems. The remair3er of the

data were recorded on tape and extracted and processed according to the

flow scheme shown i n Table 2. The flow scheme is essentially that Bescribed

by Scarlet �975!. Computations and data manipulations were perfo � �,ed on a

CDC CYBER 70.

MAGREAD converts binary coded data to decimal and CTDUNIT converts

decimal units to engineering uni ts . LAGFILT treats the data for the tempera-

ture lag of the temperature sensor and coarse filters the data for noise.

Then, SIGSALP calculates uncorrected sigma-t and salinity values, At this

stage, salinity and temperature offset corrections are made from the primary

calibration data. Then flow is resumed by repeati ng SIGSALP with the added

correction factors. DLATCH deletes lines with decreasing or repeated depths

due to ship roll and CTDAVE presents the data 1n average one meter incre-

ments. NODCFO converts the data to NODC format and NODMER merges additional

data  i.e., nutrients, weather, latitude, longitude, etc.! for submission to

NODC. CELLIST calculates specific volume anomally, oxygen saturat1on and

apparent oxygen utilization  from the International Oceanographic ables,

1973!, the distance between successive stations, and reads all other data and

formats all data for presentation 1n a technical report. This final product



Data Source/Disposition Program Data 'File

MAGREAD  Converts binary coded data to
decima1!

Tape from Data Logger

BI RANG

CTDUNIT  Converts decimal units to engi-
neering units!

LAG

LAGFILT  Course filter and temperature lag!

CAL

SIGSALP  Calculates sigma-t and alinity!Primary ca1ibrati on
fram bottle casts

LATCH

DLATCH  Removes decreasing and repeated depths!

CTDATA

CTDAVE  One meter averaged data!

AVE

NODCFO  Converts to NODC format!

NODC + HEAD

NODMER  Merges NODC data wi th Headers and
chemical data!

NODCFNLSubmission to NODC

CEMLIST  Calculates specific vo1ine anomally,
oxygen uti li zati on, etc. !

TECHNICAL REPORT

10

Table 2. CTD/Data fl ow: Shi pboard Acquisition to NODC submi s si on.



is stored on magnetic tape in our computer system and all data  i.e., CTD,

XBT, chemical etc.! are available through NODC.

CTD Calibration

ture sensor agreed with the protected reversing thermometers within the range

of accuracy of the two  + .02 C!. Likewise, no depth offset was necessary.

The XBT system was found to agree with reversing thermometerS to within +

.05 C when compared during Hydro I.

Table 3. Salinity offset for OBIS U.

o/oo Offset Data SourceStand. Dev.Project Leg

XYY' PlotterHYDRO I  c.s. 1-26!
 c.s. 32-36!

BIO I

HYDRO/BIO I I
ABORTED HYDRO III
BIO IXI

HYDRO/BIO IV
 c.s. 1-31!
 c.s. 32-42!

ABORTED HYDRO V

+ .138
+ .333*

.099
+ .090
+ .101
+ .073

+ .030
+ .023
+ .008

+ .017
+ .022
+ .026

Hagnetic Tape

+ ,021
+ .008

+ .009

+ .064
+ .019
+ .068

*The sharp increase in offset during HYDRO I came after fielg repairs of
the CTD system.

c.s. = consecutive station.
11

The data derived from the CTD sensor system is critical to the correct

interpretation of the oceanographic processes. To insure th0 highest quality

data an extensive calibration scheme was performed.

The CTD system was calibrated against deep bottle casts in mixed layers:

this was the only way to be sure the sensors and the bottles were both sam-

pling the same water. However, since a mixed layer was not always observed,

a comparison could not be made at every station. Consequently, the resulting

mean offset for the mixed layer salinity data of each leg of the project was

used for each entire data set. This offset decreased through the five week

study period and is tabularized below  Table 3! and presented graphically in

Figures 4 through 7. No temperature offset was made since the CTD tempera-
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CTD Error Anal~sis

The Plessey model 9400 CTD system has the following rated accuracy,

resolution and time constants  Table 4!.

Table 4. Specifications for Plessey model 9400 CTD system.

+ 0.03 mmho/cm + 0.02 C + 1.5m

0.0001 mmho/cm 0.0001 C 0,0012 m

0.1 sec0.35 sec0.1 sec

Since salinity was not measured directly it had to be calculated from

the above parameters. For this work, salinity was determined by the equation

of Knowles �973! for shallow water  p p o! using the coefficients of a third

order polynominal he determined for Reeburgh Normal water  Cl = 19.369 /oo!

as a means of estimating C�5, t, o!:

C�5, t, o! = 29.03862 + 0.86024t + 0.46931 x 10 t - 0.27022 x

10 t and C s, t, p! ~ ~C s, t, o!

and R = C s, t, o!/C�5, t, o!.

Then, from the International Oceanographic Tables   1966!:

515 = R15 - Rt or R15 = 615 + Rt

where 615 = 10 Rt Rt-1!  t-15!  96.7 � 72.0Rt + 37.3Rt -�.63 > 0.21Rt !-5 2 2

 t-15! j and S /oo = -0.08996 + 28.29720 R + 12.80832 R15 - 10.67869
15

R] 5 + 5 98624 R] 5 1 3231 1 R153 4 5

The absolute accuracy of this method is not known. However. for the

temperature and salinity range observed during this study �6-29 C, 34.5-
0

36.5 /oo! this expression was found to result in calculated salinities

deviating -.010 + .002 /oo from a table of measured experimental values

reported by Jaeger �973!.

16
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Since this equation ignores the influence of pressure on the conductivity

sensor, a table of pressure effects on salinity has been compiled  Table 5!.

One hundred fifty-six of the 164 casts were made to depths less than or equal

to 40 meters for which it has been estimated that the pressure effect could

increase the ca'Iculated salinity by only +.014 /oo  Bradshaw and Schleicher,0

1965!. The effect on the deepest cast �5 meters! has been Calculated to be

+.020 /oo.

Table 5. Effects of depth on salinity for OBIS V data.

~/oo EffectTemp.  oC!* o/oo Depth  m!

«Averaged over data set or maximum temperature listed by Bradshaw and
Schl ei cher, 1965.

Other sources of error are attributable to the reported accuracy of the

conductivity and temperature sensors and are summarized below'  Table 6!,

Table 6. Sources of salinity error due to the reported accur'acy of the
sensors and the salinity equation.

Maximum ErrorParameter

+ .023 /oo
+ .016o/oo
+ .014 /oo  95% of casts!
+ .002o/oo

Conducti vi ty
Temperature
0epth
Equa ti on*

+ .055 to � .041 /ooTotal

*The negative component of the equation error is not included beca se it
is compensated for by an offset factor added to the data set,

17

25.00

25.00
23.50
22.00
19.50
19. 00

35. 50

36. 00
36.00
36.00
36.00
36.00

10
20
30
40
50

55

+.003
+.006
+.010
+.014
+.018
+.020



The total error reported above is applicab'le to all dath r:=--"ed on

magnetic tape and does not consider the digitizing errors wh/ch may have

occurred for HYDRO/BIO's I and II. We estimate that temperature was

digit1zed to an accuracy of + .005 C and conductivity to +.OI...uv~ho/cm. Such

accuracy could result in additional salinity errors of +.005 /oo and +.009 /oo,

respectively.

Actually, the largest standard deviation of all the m1xed 1ayer samples

taken for salinity calibration purposes implies an accuracy, ai ter offset, of

+.030 /oo. Th1s value is probably a more realistic measure of the quality of
0

the data set except in strong thermoclines  !I C change/mj than the ccmposite

maximum error reported above for the sensor package.
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HETEROLOG I CAL CONDITIONS

Wind data from Cape Hatteras, North Carolina1 are presented in

Figures 8 and 9. These data are derived from the monthly summaries for

July and August 1976  U. S. Department of Commerce, July and August 1976!

and are plotted in GNT at six hour intervals.

The data show that the winds were generally southwesterly during

July 1976 with three brief �-3 days or less! periods of northeasterly

winds. The average wind velocity for July was 4.4 meters/second. In

August, periods of both northeasterly and southwesterly winds were observed.

These were separated by a period of variable wi nds whi ch included the

highest observed vewoci ties   10. 7 meters/second!. This variable direc-

tion and highest velocity period coi nci ded wi th the passage of Hurricane

Belle 87 kilometers southeast of Cape Hatteras   141 kilometers east of

Cape Lookout! at 1300 GMT on 9 August. The closest approach of the eye

of the hurricane to the study area came at 1000 GHT on 9 August when it

was 91 km east of the shelf break �00 m isobath! in the northeastern

sector of the Bay along the 34 00.0" north lattitude line. The average

wind velocity for August was 3.9 meters/second.

The average high and low air temperatures for the entir'e study

period were 28.9 C and 21. 7 C respectively� . Meteorological data were

also collected by the ship's crew at each station. These additional data

are avai lable through NODC.

Cape Hatteras lies 116 ki lometers northeast of Cape Lookout.
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Figure 8. Wind data  Cape Hatteras - July 1976!.
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Figure 9, Wind data  Cape Hatteras - August 1976!.
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RESULTS

Horizontal Distribution ~of 1em erature

The cruise tracks for Hydro Grids I, II and IV and XBT Grid III are

shown in Figure 10. All subsequent surface and bottom horizonta1 plots

are derived from data collected along these cruise tracks. Se;era]

cruises were aborted  Figure 11! and no horizonta1 plots are presented.

Figures 12 and 13 show the surface and bottom temperature distribution

throughout the Bay during each grid. These plots are deriveg iram both

CTD and XBT data sets. Surface temperatures are generally taken from

depths of 1 to 2 meters below the surface and bottom temperature ei ther

from depths 2 to 3 meters above the bottom as indicated by t$e shipboard

fathometer system for CTD data or at the bottom for XBT data.

Surface temperatures ranged from a low of 25.5oC to a high of 29.0oC

over the course of the study period. The lowest temperatures were observed

off Cape Fear and the highest temperatures were found offshor'e and parallel

to the shelf break. Some surface structure is apparent in the t=.� .perature

plots for regions off Cape Fear and in Figure 12 d! one can see the

thermal wall of the Gulf Stream.

Figure 13 shows the bottom temperature structure observed during the

study period. The movement of colder water onto the shelf and!or the

appearance of cold cores is evident in a11 plots. The early, stage of an

intrusion event is shown in Figure 13 a! with waters as low ah 21.5oC

having moved onto the shelf in the southernmost offshore corn'er. ".his is

the same region in which intrusions were observed to move onto the shelf'

in our earlier work  Atkinson et al., 1976!. In Figure 13 b! there is

evidence of an intrusion movi ng onto the shelf in this same region.

There is also evidence of another intrusion which has moved shoreward and
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has been isolated. It is defined by the 23.0 C isotherm. Conceivably,

this older and warmer core could be a stranded portion of the intrusion

first observed in Figure 13 a!  the time lapse between the two plots is

roughly seven days!, Current meter data collected by Dr. L, Pietrafesa

will help in ascertaining whether or not this is in fact thk c=se.

In Figure 13 c! another intrusion is stranded on the shelf. It is a

different intrusion than that shown stranded in Figure 13 b!, This

conclusion is based on the lower temperatures exhibited �1,5 vs. 23.0 C!.

Also, it is unlikely that this core is related to the one shown gust

moving onto the shelf in Figure 13 b! since still another intrusion was

observed moving onto the shelf during an aborted hydro grid made bet:.en

these two  Figure 32, page 52!,

In Figure 13 d! there is an old intrusion isolated on the shelf as

indicated by the 23.0 C core. This could be the same core aS depicted in

Figure 13 c! although it is unlikely. Actual confirmation should come

from the current meter data. Also in this figure, there is c]ear evidence

of the movement of deeper Gulf Stream waters onto the shelf,

Hori zontal Di s tributi on of Sa1 i ni tg

Horizontal salinity plots are given for Hydro Grids I, II and IV,

Since no hydrography was done during XBT Grid III no salinities are

available for that grid. Surface samples were taken within 1 to 2 meters

of the surface and bottom samples were taken generally within 2 to 3

meters of the bottom as indicated by the fathometer. The data presented

are a composite of that which was collected with the CTD system as cali-

brated against bottom mixed layer water samples, and near surface and

bottom bottle samples taken when the CTD system was inoperable,

The surface salinity in Onslow Bay ranged from a low of 34.40o/oo to

a high of 36.10o/oo. In Figure 14 a! and 14 b! low salinity waters
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appear to be moving into the Bay from the southwest  possibly e-anating

from the vicinity of Cape Fear and the mouth of the Cape Fear River!,

Both observations were in part during or following periods of south-

westerly winds  Figure 8!. Also, in Figure 14 a! other low salinity

waters appear to be advecting from the northeast  Cape Lookout! ~ These

combined observations suggest a complex surface circulation in the Bay.

In addition, there are various mixing processes apparent along the outer

third of the shelf. Figure 14  d! clearly depicts the edge of the Gulf

Stream with its associated high salfni ties.

The bottom horizontal salinity structure is by comparisj!n much

simpler. Salini ties here generally range from a low of 35.80 /oo near-

shore to a high of 36.40 /oo offshore. The higher sali ni ties   36, 30 to
0

36.40 /oo! are coincident with intruded Gulf Stream waters. In Figures

15 b! and 15 d! mid-bay salinity cores of >36.30 /oo and >36.20 /oo

respectively are representative of the two cores depicted in the tempera-

ture structure of Figures 13 b! and 13 d!. In addition, the Cape Lookout

area appears to be a source of low salinity waters  Figure 15[aj!. This

same trend was seen in surface waters for this region.

Hori zontal Di s tributi on of Nutrients

Oata sets for nutrients are available only for Hydro Grids I, II and

IV. In addition, silicate data is available only for Hydro 9rid IV.

Surface samples were taken within 1 to 2 meters of the surface and bottom

samples were taken generally within 2 to 3 meters of the bottom.

Surface nitrate concentrations were generally less than 0,5 >imole/liter

for the three hydro grids  Figure 16!, The only exception oCcurred in

Hydro Grid I  Figure 16[a]! where highs of 2.7 and 0.8 >mole/liter were

observed in the northern nearshore region of the Bay. An explanation is

not obvious and no corresponding highs in phosphate concentrations were

observed  Figure 17Laj!. Offshore of this same region there is an area
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of higher nitrate  >0.5 umole/liter! which corresponds to a region of

higher phosphate  >0.05 pmole/liter!  Figure 11[a]!. Figurds 12 a! and

14 a! also reveal this to be an isolated region of lower terIperature

 <26.0 C! and higher salinity  >35.50 /oo! than the surrounding waters,

Surface phosphate concentrations were low  generally <0.05 @mole/

liter! for Hydro Grid II  Figure 17[b]!, but during Hydro Grid !V  Figure

17m d]!, possible upwelling effects were exhibited near the shelf break

where deeper Gulf Stream waters had moved onto the shelf. Pho phate

concentrations as high as 0.10 umole/liter are noted. Likewise, the

movement of Gulf Stream waters onto the shelf can be seen in the surface

silicate p'tot of Figure 18 d! where silicate concentrations rarge fram

1.0 to 2. 0 pmole/liter along the outer third of the shel f,

Elevated bottom nutrient concentrations  Figures 19, 20 and 21!

appear to be associated with newly intruding waters. This, in fact, is

essentially the sole source of detected nitrate  Figure 19!, The phos-

phate plots, however, suggest nearshore influences which are probably

associated with runoff  Figure 20[a] and [bj!. In addition, plots 20 b!

and  d! show traces of older intrusion cores stranded on the shelf. This

latter observation suggests that nitrate is depleted more rapidly than

phosphate, that phosphate is in excess, or that phosphate is re-,=nerated.

Finally, the silicate plot  Figure 21[d]! along with depicting newly

intruded waters on the shelf, also suggests a source of high silicate

waters in the vicinity of Cape Lookout. From this observation it is

apparent that silicate is a good indicator of both intruding Gulf Stream

waters and some specific low salinity nearshore waters.
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Vertical Distribution of Ph~sical and Chemical Properties  hydro Gridsj

In the following figures the arrows indicate the cruisg direction,

The transects have been arranged to give the cusp shape nature of the Bay

and the proper relationship of stations along one onshore/o/fshore tran-

sect to those of the next. In this way a three dimension view of the Hay

is obtained. The bottom bathymetry is an averaged value from the various

cruises along the given transects. Temperature plots are derived from

CTD and XaT data; salinity plots from CTD and/or bottle samples; sigma-t

from available data as reported above; and nutrients  N03, PO< and Si03!

from water samples collected at selected depths as indicated on the

respective plots.

~H dro Grid I. The verti ca1 temperature structure during Hydro Grid

I   Figure 22! demonstrates the temperature gradient whi ch is characteristic

of intrusions and shows that intrusions are not restricted to the shelf

break. Note the apparent movement of colder waters far onto the . helf

along the bottom in transect  d! and the presence of a warme'r core �4.5 C!

isolated along transect  a!. The corresponding salinity and sigma-t

plots  Figures 23 and 24! also show strong vertical gradients with increas-

ing salinity and sigma-t values with depth. Such trends confirm the off

shelf origin of these waters.

The movement of colder bottom waters onto the shelf ser'ves as a

mechanism for the transport of nutrients onto the shelf. Nitrate concen-

trations as high as 2.0 pmole/liter are observed a1ong transect  d!

 Figure 25! which had the coldest �1.5 C! penetration of off shelf

waters  Figure 22Ldj!. Concentrations as high as 1.5 pmole/liter are

noted for station 27 where the coldest waters were only 24.5bC. Further-

more, at station 47 where 23.0 C water were observed, no significant

nitrate concentrations are detected. Further onshore along tra,.sect  c!
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there is a core of high nitrate water with values as high a0 2.8 pmole/liter

in slightly warmer water than that found closer to the she'lf break. A

satisfactory explanation for this last observation is not provid d beyond

the possibility of a bad sample. Phosphate concentrations  Figure 26!

directly attributable to an intrusion are shown only for transect  d!.

No silicate data are available.

In Figure 27 the vertical temperature structure in

the Bay during Hydro Grid II is presented. This figure is the vertical

counterpart of Figure 13 b!. Once again there is an intrusion apparently

moving onto the shelf along the two southern transects. Al<o, there is

evidence of another older intrusion core �3.0 - 24.0oC! centered at

stations 25, 43 and 62. salinity of 36.25 joo and sigma-t's of 24.5 and

25.0 correspond to both the older and new intrusions  Figurhs 28 and 29!.

Both the nitrate and phosphate plots  Figure 30 and 31! shoq high concen-

trations at station 66 coincident with the new intrusion and its coldest

tongue. However, only the phosphate plot shows any evidenck of the older

intrusion, but only along the transects which pass through the two coldest

cores. High phosphates reported at station 39 are probably due to runoff.

No silicate data are available.

Figure 32 shows the vertical temperature

structure along two northern transects made during the second aborted

attempt at Hydro Grid III. There is no corresponding horizontal plot,

and salinity, sigma-t, phosphate and silicate data are availab1e on'ty for

transect  a!. Figure 32 exhibits an isolated intrusion corp: nd a nc.ver

intrusion apparently moving onto the shelf. Both of these features are

outlined by the 24.0oC isotherms. In Figure 33, salinity and sigma-t

values of 36.25 joo and 24.5 respectively represent these intrusion cores

on the she1f and, in Figure 34, near bottom silicate values of 2.0 pmolej

liter roughly approximate these cores as well. The phosphate plot in
39



this latter figure is less conclusive though it does exhibit two regions

of higher concentrations. No nitrate- data are available.

XBT Grid III. Figure 35 shows the vertical temperature structure

during XBT Grid III, This figure corresponds to the horizontal plot of

Figure 13 c!. It clearly shows a cold core �1.5 C to 22.5 C! along the

length of the Bay and suggests the possibility of another core having

moved further nearshore in transect  a!  station 21!. Such an observa-

tion is not inconsistent wi th our findings in September 1975  Atkinson et

al., 1976!. No salinity, sigma-t or nutrient data are available fn

conjunction wi th this grid. However, a bio grid was run acro s stations

53-57 and will be presented later  page 63!.

~II dro Grid IV. In Figure 36, the vertical temperature structure

during Hydro Grid IV is shown. It reveals a stranded intrusion with a

core of 23.0 to 24.0 C along much of the 'tength of the Bay. It also

shows evidence of other waters moving onto the shelf behind it. This is

not surprising in view of the horizontal plot of Figure 13 d! which shows

a rather massive movement of bottom waters onto the shel f along its

entire length. In Figures 37 and 38 high salinity and sigma-t values

�6.25 joo and 24.5 respectively! correlate only to station 33, the

coldest region on the mid-shelf. Similarly high, and higher values are

noted for the outer edge of the shelf. It is also noted her'e that the

coldest penetration of this particular intrusion occurs along t' he

northern transects of the Bay. This is the first documentation we have

of intruding waters moving into the northern offshore section of the Bay

in advance of the southern sector. This observation and the overall

movement of Gulf Stream waters onto the shelf at this time may have b"en

influenced by the passage of Hurricane Belle on 9 August.



The nitrate, phosphate and silicate plots of Figures 3g-41 support

the obvious conclusion that the intrusion centered around station 33 is

the older of the two. That is, all three nutrient species are found to

be either negligible or very low, thereby suggesting that they have been

used up. Of course, there is the possibility that there we<'e no nutrients

to begin with. In contrast, looking at the waters moving onto the shelf

one can see considerable quantities of nutrients along three of the tran-

sects. Nitrate, phosphate and silicate concentrations as high as 8,4,

0.50 and 6.1 pmole/liter respectively are observed. No sigrl of these

high nutrient waters is seen along transect  c!. This is dge general'Iy

to a lack of onshore penetration of the colder waters exhibited along the

other three transects. High silicate values �.5 gmole/liter! at station

13 are unrelated to the intrusion phenomenon. They appear to be 9ue to

the movement of waters south from the Cape Lookout area  see Figure

»[d]!.
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The tracks for the four bio grids made during this study period are

shown in Figure 42. These correspond to regions of particular interest as

ascertained from the hydro grids discussed in the preceding section. Only

tracks  a! and  c!  Bio Grids I and III! were completed as originally

conceived: four complete transects of the selected set of stations in a

24 hour period. Bio Grid II consist dof one passage along the indicated

transect over a 12 hour span and Bio Grid IV consisted of two samp1ings of

the indicated stations over a 9 hour span. For repeated trans cts, data

collected at the end or turning station of one plot mre used for the same

station in the next plot. Sampling was identical to that reported earlier.

Bio Grid I. Bio Grid I suggests the recent separation qf a cold core

from an intruding tongue  Figure 43!. This is probably related tc the

intrusion first observed moving onto the shelf 2 1/2 days earlier during

Hydro Grid I  Figure 22!. At that time a bottom temperature of 21,5 C was

observed at station 65 and still colder waters appeared to b5 noving onto

the shelf. During the Bio Grid, temperatures at this same station were

observed to increase, In particular, note the change in the 22.G C isotherm

with time in Figure 43. It flattens and disappears. This change is possibly

due to horizontal and vertical diffusion or to advection laterally along

the shelf or to a combination of the two. Figures 44 and 45 characterize

this region of intruded waters with typically high salinity and sigma-t

values,

Figure 46 indicates that by the end of the second leg of the Bio Grid

detectable nitrate concentrations at station 65  the 22.0 C tore! had

fallen below 0.5 pmole/liter. During the earlier Hydro Grid  Figure ?5,

page 45! concentrations as high as 2.0 pmole/liter had been observed. This

suggests that even in a relatively young and cold intrusion core most of



the nitrate may be used up before the core has moved very far onto the

shelf. In contrast, phosphate exhibited its greatest concentrations in

the Bio Grid at station 65. This is shown in Figure 47 a! and  d!. The

lack of similar cores in plots  b! and  c! is thought to be due to the

sampling method. The core of high phosphate water was apparently quite

small vertically and was not sampled every time. No silicate data are

available.

Bio Grid II. Bio Grid II consists of one transect the width of the

shelf. The temperature, sigma-t and salinity plots  Figure 48! show an

intrusion along the outer shelf with temperatures as low as 20.5oC at

station 158. Also there is an older intrusion at mid-shelf wi th a core

of 23.0 C. Both of these features were observed during Hydro Grid II

along transects both north and south of this one, the most reCent of

which passed over the 23.0 C core 10 hours earlier  Figure 27, page 47!.

As was the case for the hydro grid, no trace of the older core is seen in

the nitrate data. In addition, what trace there was of the o!der core in

the phosphate record of Hydro Grid II is lost in Bio Grid II. The newer

i ntrusi on, however, is well defined by both nitrates and phosphates

  Figure 49!. No silicate data are available.

Bio Grid III. Bio Grid III is represented in the temperature,

salinity and sigma-t plots of Figures 50-52. Note the we' ll dgfIned

22.0 C core on the shelf with its characteristic salinity and si< ma-t

profiles. The position of the 22.5 C isotherm suggests negligible

onshore movement but perhaps some slight offshore movement over the 24

hour span of the bio grid. In addition, lateral movement along the shelf

may have occurred. The apparent fluctuation in the size of the 22.0 C

core is at least in part due to the scaling field for the parameter being

contoured. Nitrate, phosphate and silicate concentrations as high as



7.3, 0.18 and 3.5 wmole/liter respective1y were observed  Figu-es 53-55!

They also suggest an offshore movement.

It is interesting to note that this intrusion core is isolated on

the shelf with significant nitrate and phosphate concentrations whereas

ear'lier in Bio Grid I an intrusion with a similar 22.0 C core exhibited

negligible nitrate but simi 1ar phosphate concentrations. A possible

explanation may lie in the relative age of the two.

Bio Grid IV. Bio Grid IV consists of two passages along one transect.

It was made nearly 24 hours later than the previous passage over this

same transect during Hydro Grid IV  Figure 36!. The 23.0 C core is still

well defined as are the high salinity and sigma-t features  Figures 56-

58!. No significant onshore/offshore movement is apparent with respect
to the ear1ier grid. Nitrate concentration is negligible but phosphate

dat'a still show some traces as defined by the 0.05 gmole/lite! contours

 Figures 59 and 60!. The silicate data  Figure 61! are difficult to

interpret.
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T-S Plot

A T-S plot of all temperature and salinity data is presen "d  Figure

62!. The she1f waters are characterized by the low salinity-h',gh t. � .� ,qerature

region of the plot. Gulf Stream waters are apparent in the h.i�"'iest tempera-

ture region and generally along the right hand edge of the plot. Slcpe

waters are less easily defined but they occur between the she'If and Gulf

Stream values  Stefansson, Atkinson and Bumpus, 1971!.

Nitrate vs. Phos hate

A plot of nitrate vs. phosphate is made of the entire clata set  Figure 63!.

It reveals that most of the data are characterized by low vali es of these

parameters. The lower values correspond to what are thought to be older

intrusions wi th regenerated or unused phosphate and the hiqher value with the

newer and cold i ntrusi on events. A line drawn through zero 'and the higher

nitrate concentrations would closely approximate the 16:1 ratio so charac-

teristic of deepi r off shelf waters.

Salinit vs. Silicate

This p1ot  Figure 64! is a composite of all silicate data collected

during the study. It shows the high salinity region of the surface Gulf

Stream waters with silicate in the 1.0 to 3.0 qmole/liter r=-iige. Also,

deeper Gulf Stream waters are represented by the higher silicate values

in this region. The shelf waters are represented by silicate values less

than 3.0 @mole/liter in waters less than 36.00 /oo. No signif i-=nt n:ar-

shore processes  runoff! appear to be evident from this p1ot,. H=wever, it

should be noted that silicate data are not available for the first. half

of the study period  Hydro Grids I and II! and this may account for such

an absence.
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Figure 63. Plot of nitrate Vs. phosphate.



Figure 64. Plot of salinity Vs. silicate.
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SUMMARY AND CONCLUSIONS

The data collected during OBIS V indicate the occurrence of at Irast

four different intrusion events over the course of the study period. It

seems probable that there were more than four such events and if so this

should show up in the current meter data. Three intrusion cgres were

observed isolated on the shelf and three cold tongues were observed

moving onto the shelf during the three hydro grids and the one XBT grid.

In addition, there may be some correlation between same of these intru-

sion tongues and the isolated cores.

The passing of Hurricane Belle on 9 August may be respo6sible for

the appearance of the cold water on the shelf an 14-16 August during

Hydro Grid IV. This may also explain an intrusion event corrr,.encing in

the northeastern offshore sector of Onslow Bay in advance of the southern

sector where all previous intrusions had been observed to begin, The

hurricane's c'losest passage of the Bay came in this same northeastern

sector.

Low temperature, high salinity and high sigma-t values correlate to

the i ntrusion phenomenon. In addition, relatively high ni trate and

phosphate concentrations correspond to what appear to be the 'youngest

intrusion events. In the older intrusi on cores often times s'ignifi cant

phosphate concentrations persist in spite of negligible nitrate concen-

trations. This is probably due to unused or regenerated phosphate.

Silicate appears to be a more conservative tracer. However, it has, the

added complication that higher values are characteristic of both high

salinity intrusion waters and lower salinity nearshore waters'. Analysis

of all of these data relative to the current meter data should provide a

rather complete description of the Onslow Bay system during the observa-

tional period.
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OBIS V
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SUMMARY OF EVENTS. ' OBIS V!

Cruise OB5 � OB9  in EDT!

Departed Skidaway Institute, Savannah, G4 ~',Atkinson

Baker!. Arrived at Duke University Mari6e Lab  DUML!,

the land base for OBIS V.

0923 � 8 July

to

1445 - 9 July

Tested CTD while enroute to DUML  System incperative-

repai rs made!,

0845 - 9 July

Departed DUML  Atkinson, Singer, Chandler', Hafmarin,

Kelly, Porter, White, Baker, PaffenhoferI Diebel, Sands,

1335 - 10 July

to

McIntyre, and Hosford!, The purpose of this day cruise1737 � 10 July

was to test the repaired CTD and to allo! all personnel

to become familiar with planned procedures. Carroll

Baker still had to work on the electronics. The Rosette

headers and blank data sets were recorded!, It took a

week to discover this because the tapes were sent to the

computer center at UGA, and then from our', terminal a

programming sequence was used to extract, the data from

the tapes. Fortunately we had backup XYY,'' trace for a11

data sets.

At the DUML dock Carroll Baker worked on the CTD. The

SCR in the Rosette was replaced, but still the bott1es

ll July

were not tripping. The problem was foun! to be cold

solders in the Rosette deck unit.
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bottles were not tripping. We also tater,' discovered that

the magnetic tape had not received the data signals  only



Departed DUML  Atkinson, Singer, Kelly, Porter,1500 - 12 July

White, Baker, Paffenhofer, Sands, NcInty're, and

Hosford! for HYDRO GRID I. We were dela'yed from an early

to

1820 � 12 July

CTO cast and it was handled well from the A-f -.we off the

stern.

HYDRO GRID I. Departed DUML with the sa'me scientific1915 - 13 July

crew as for 12 July. At 0200 on 14 July we startedto

firing XBTs and hanging bottles because of a short in the

CTD cable. Both the Sandpiper depth finder and the

1940 - 15 July

Raytheon fathometer were inoperable, so the last available

unit  Simrad! gave depths in fathoms with minimal

accuracy. At 1007, 14 July we resumed CTD cas ts after

replacing the CTD 9-pin conductor and fixing the short.

At 0300 15 July, the CTD shorted out again, It appeared

that the cable had been caught in the sheave of the

winch. We cut off 10 feet of sea cable, re-scotchcasted

it, and had the CTD operational at 0840, 15 July. In the

meantime, we fired XBTs and hung bottles. When CTD

operations resumed, the XYY' plotter could not be

calibrated with the 10V source so we had to use the

built-in settings of .25V/cm for depth and .5V/cm for
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departure by an out of town trip for spa're CTO electronics,

a trip to the hardware store by the creW, and having to

take the cook to the bus station after firing him, When

we did get off, six foot seas at the sea buoy and severe

storm warnings turned us back. However, we did make one



conductivity and temperature. Finally, as noted

earlier, data was not recorded on magnetic t-pe during

this cruise because of a problem with the Digital Data

Logger  DDL! so data analysis relied on the XYY' traces.

During the cruise we were unaware of this problem.

BIO GRID I. Departed DUML  Atkinson, Baker, C'handler,0947 � 17 July

Porter, Paffenhofer, Diebel, Sands, McIntyre, and

Hosford!. An intrusion seen in the south, end of Onslow

Bay during HYDRO GRID I brought us back there for a

biological and hydrographic transect. At 1846, 17 July

an XBT was fi red at Station 62. The results were

unexciting, so we started the transect at Station 63,

going offshore and including stations 64 thro gh 167.

We made four passes; the CTD operated perfectly.' In

heavy seas we used a lead weight to dampeh the swinging

Rosette. It was also necessary to dampen the slack in

the sea cable as the boat rolled during a cast. The

same lack of data transfer to the magnetic tape occurred

as in HYDRO GRID I.

to

0335 � 18 July

~HYDRO BIO II. Departed DllML  Singer, Cha'hdler, White,0825 - 21 July

to

We did a hydrogrid that covered the entire bay. It0145 - 24 July

directed us to stations 49 - 157 for the !ubsequent

biogrid along which a single transect was'rrsde. The CTD

wor ked wel l. Personnel were instr ucted tp zero and

calibrate  full scale! the XYY' plotter more frequently
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Kelly, Paffenhofer, Diebel, Sands, NcInty're, and Hosford!.



because data had not been going on the magnetic tapes.

The XYY' plotter's autogrip did not hold very well for

most of the cruise.

Departed DUML  Singer, Chandler, Hofmann, Porter,

Paffenhofer, Diebel, Sands, Dunstan, and Hosford! for

HYDRO/BIO III. After the first two hydrogrid stations,

we proceeded to a current meter mooring to attach a buoy

for NCSU. After completing the task, we returned to port

because of poor radio communications. Ca'rroll Baker had

repaired the DDL so that data was being r'ecor."ed; how-

ever, the headers did not have file gaps in front of

them, and the depth signal was now fo1ding at one quarter

of what shou1d have been full scale.

0810 � 28 July

to

1723 - 28 July

0800 � 30 July

to

pleted one track of HYDRO GRID III, but the seas became0730 - 31 July

too rough � to 6 feet! to safely use the CTD. Conse-

quently, XBTs were used for the next thr el' stations

before we retreated to port. Spiking occ'urred on the

XYY' traces, possibly due to a loose connector to the

CTD. We also had shi p problems. One of 'the two

generators broke down. When this happened, the po>;er

was cut off and then returned to the DDL. Subsequently,

a new tape had to be loaded. Also radio I:o'j unications

were poor. Data went on magneti c tapes in the same way

as the last cruise.

Departed DUML  Chandler, Hofmann, Porter, White, Paffenhofer,

Di ebe 1, Sands, Dunstan, and Hos ford! . Thi s time we com-



Departed DUML  Chandler, Hofmann, Porter, Whi te,

Paffenhofer, Diebe1, Sands, Hosford, Kelly and

Maslenchuk!. An XBT grid was planned instead of the

usual hydrogrid in order to make up for lost time, An

intrusion could be located by such a grid. After one

transect was completed, the sewage holding tanks backed

up and flooded the "stateroom", so we returned to port.

1114 - 2 August

to

2345 - 2 August

XBT/BIO III. Departed DUML  Atkinson, Singer, Hofmann,0811 - 4 August

Kelly, Paffenhofer, Diebel, Sands, Mclntyre, and Hosford!.

An ÃBT grid was run in place of a hydrogrid; then a

biogrid was run at stations 53 - 57. It was observed

that radio communication interferes with the XYY' p1otter.

Prior to the 1ast station the BLUE FIN's v- drive broke.

The Coast Guard Cutter POINT MARTIN and later a smaller

to

1750 � 6 August'

CG vessel, towed the BLUE FIN to Southport, North

Carolina. Data went on the magnetic tapes in the same

way as the last cruise.

A hurricane warni'ng and shaft repairs kept us in port.August 9

0800 � 1d August ~HYDRO 810 1V. Departed Southport  Atkins'on, Sfngerp,

Porter, hlhite, Paffenhofer, Diebel, Sands and HosFord!.to

so built-in calibrated spans  .25V/cm for depth and .5V

for conductivity and temperature! had to be used. The

biogrid following the hydrogrid consisted oF two transects

over an old intrusion  stations 32 � 35!. It was noted
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1815 - 16 August After completing five hydrogrid stations the ana'fog fold

on the depth scale was off. It cyc'led at 37.5 m instead

of 150 m. The 10V calibrating source bee~me inoperable,



that entering a manual file gap before a new header

permitted the recording of data and headers in separated

files as desired. Consequent]y the tape quality was

improved for the data set but still exhibited folding

in the depth record.

OBI6 - 18 August ~XYDRO DIO V, Departed DUML  Si gner, Chandler, White,

Kelly, Paffenhofer, Diebel, Sands, Hosford and Gonsoulin!.to
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0043 - 19 August IAje planned to use XBTs to locate a possible biogrid area,

but the ÃBT was inoperable from the start  bad tube! .

Consequently CTD casts were made until rough seas

terminated a11 work at 1646, 18 August, ending the '76

OBIS work. The magnetic tapes recorded data well, except

for the fo'Jds in depth which were later corrected with

software modifications.




