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ABSTRACT

During a cruise in the Georgia Bight in April 1979, an onshore-
offshore hydrographic section of thirteen stations was repeated thirteen
times. Four additional onshore-offshore hydrographic sections were
completed north and south of the main section. Temperature, salinity,
dissolved oxygen, and nutrient (NO3, PO, and 5i0,) data were collected.

Two spin-off eddies were observed at the Gulf Stream front at the
shelfbreak. These eddies resulted in the upwelling of nutrient-enriched
North Atlantic Central water. A period of downwelling was observed
between the two upwelling events. The cycling between upwelling and
downwelling was relatively rapid. The immediate effects of the upwelling

and downwelling events were confined to the narrow area of the shelfbreak.



INTRODUCTION

This report contains chemical and physical data obtained during the
Georgia Bight Cruise GI-02-79 (20-30 April, 1979) aboard the R/V
Gilliss. The investigation was part of a larger multi-institutional
Department of Energy (DOE) program to understand event scale, physical,
chemical and biological processes of the South Atlantic Bight, the
continental shelf region from Cape Hatteras to Cape Canaveral. The
study reported here was concentrated at the continental shelf break
off Jacksonville, Florida. Specifically, the objectives were to
collect physical and chemical data so as to locate and track Gulf
Stream upwelling events and determine their effect on the shelf waters.
In addition, the hydrographic data were used to compare with those of
moored instruments deployed by the University of Miami and to provide
background hydrographic data for the study of biological processes

related to Shelf-Gulf Stream water interactions.
METHODS

Seventeen onshore-offshore hydrographic sections (Figure 1) were
completed as part of the April 79 sampling grid. Five XBT stations
were completed off St. Augustine on 20 April (Table 1) and eight
stations (4CTD/4XBT) were occupied off Jacksonville from 20-21 April.
Ten stations (5CTD/5XBT) were completed off Amelia Island on 21 April
and an XBT section, consisting of nine stations was completed off
St. Simons Island on 22 April. The remaining thirteen onshore-offshore
sections were completed on an established time series grid (Figure 2)

from 21-30 April. The thirteen stations making up the time series section



82

81 8e 79 78
33 — _‘r‘F— -“‘-,f" 33
! o
'!" ’:”" I":
l' ’ ’,"
32 s ;':/’ -1 32
/?’ STATION GRID
7 APRIL 1979
31k

31
\ TIME SERIES SECTION
I™\\AMELIA ISLAND SECT.
I\ JACKSONVILLE SECTION
TR \\\j\ ST. AUGUSTINE SECTION |77
i

‘l
R
29 L 129
\l \l‘
i‘ ! "‘
1R
SRR
! : ', !
N
” ‘l : \
1 1 !
~ \ | \ ;
28 3 el 28
82 81 8d 79
Figure 1.

78
Station Grid, April 1979

4



TabTe 1. Summary Station Listing - April 1979

Stn, MNos.

Section

Date

1-40

A1%-45%

4649

50x

BIC, 52X, §3C
54Kk, 550, 564
57C., SBX
59-63

64C, 65k, BEC
67x, 630, 69X
00, 1%, 72
Tax

74-17

18C-87%
B8-92
9ix-101x
102=110

1110-1190
1zoc, 121

1221-134x
135C, 135 YOO
136C

137C-147C
lag~
14951532
1532, 153 Y
1547

1551-1602

Horizontal Mapping

SL. Augusting Section
Horizontal Mapping

Jax. Beach Section

Hurizonta] Mapping

Arelia Island Section

Horizonta) Mapping

Time Series #)
Horizontal Mapping
5t. Simon Section
Horizontal Mapping

Time Series #2

Productivity Lta, 9

Timg Series #3

Productivity 5tn. 9

Time Serips #4

Tire Series o3

Productivity 5tn. §

Tire Series <&

20 hpril, 79
20 April, 79

20-21 April,

21 Bpril, 79
21 April, 79

21 April, 79
21 Apral, 79
21=22 April,
22 April. 79
22 April, 79
22 April, 79

25 April, 29

21 ppril, 29

24 hpri), 19

28 Lpryl, 7%

(hote: Stur Starts)

Stn. hos

Section

Date

161-165
166X-169%

170C, 170 Y00
171173

174x, 175, 176(-
180C, 180 Yo
181=, 182

143C

164X, 145%, [ebi-
188C, 189*-141*
192¢, 192 YoU

193x-197C
198C, 199C

200-208
209L

210-216x
217¢C

21Ex-274x
2250, 2vel
221C
228-236, 23N
238C

2398-254r
2450

Horizontal llapping
Alongshore Section
Productivity Stn. 9

Horizontal Mapping (Alongshore)

Time Series «7

Productivity Stn, 9

Special Cast west of Proa. ¢

Time Series *&

Productivity Stn. §

Time Series *9

Productivity Stn. 9

Horizontal Mapping [far U-2)

Special U-2 Stm.
Time Series ¢10

Productivity Stn. 9

Time Serfes »ll

Productivity 5tn. 9

Time Series ri7

Worizontal Mapping

Froductivity Stn, &

Tire Serfes #13

Productivity Stn. 2

*Avvigred staltyr n.obers with no data collected,

JUMVARY

ha. of CT0 Statises.

ho. of JET Stativrs

N, of For. Mar, Liations

Tetal Wi ef Staticrs:

26 April, 719
26 April, 79
26 April, 79
26 April, 79

26-27 April, 79

27 April, 79

27 kpril, 79

28 April, 79

28 April, 79
28 April, 75
28 ALpril, 79

29 April, 18

29 April, 79

30 faril, 79

S1e110n hos. eitr no cata:

9 121,142,

175, 181, 182, 1e5. 1&5, 1593, 191)
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(Table 2) were sampled repeatedly over the nine day period. Grid station

9 and later station 8, were subject to intensive hydrographic and

biological sampling. Additional surface mapping of temperature and salinity
(Tom Lee, Univ. of Miami) and fluorescence (Jim Yoder, Skidaway Institute
of Oceanography) was completed between the hydrographic sections. Two
additional stations (183C, 209C) were sampled to complement airborne remote

sensing flyovers,

CTD Data Acquisition and Processing

The CTD Data Acquisitions System (Figure 3) consists of a Plessey
Model 9400 CTD sensor system, a Mode] 8400 Digital Logger, and a Hewlett-
Packard 9825A Calculator. Data were stored on flexible disks and redundant
plots were produced for each cast on a Hewlett-Packard XYY Plotter and
Model 9862A Plotter.

Digitized data were collected as the CTD sensor unit was lowered at
15 m/min. on a four conductor cable. A1l three parameters (C,T, and D)
were sampled once each 405 milliseconds or every 10 cm at the 15 m/min.
lowering rate. For primary calibration of temperature and salinity, a
Niskin Bottle equipped with paired protected deep-sea reversing thermo-
meters was tripped after a four-minute equilibration period at the
maximum sample depth in mixed layers. Other water samples were collected
during ascent at depths selected after examination of the downcast
temperature structure,

A1l data recorded on HP flexible disks were processed according to
the methods described by Chandler, et al. (1978) in the sequence shown in

Table 3. Salinity was calculated from conductivity according to the



Table 2. Summary Listong of Time Series Stations

Time Series Na.
1 z 3 4 5 6 7 B 9 10 1 12 13
Grid. Stn. # 21/8 224 23/4 23/4 24/4 244 26/4 27/4 28/4 28/4 29/4 29/4 30/4
1 - - 1222 137X - - - - = =% = = i
2 - - 123% 138x - - - - - - - 21 -
3 - - 124% 139C 1492 15510 174x 184X 193x - - Hor. Map. -
4 78C - 125K 140x - s > : 5 - 2 . 3
5 79x 111C 126x 141x 150C 156C  176C 1B6C 194C 216X 218x » -
[ BOC 112x 127% 142x - - - - - 215x 2191 o 2191
7 Bix 113C 1282 143C 151C 157¢ 177C 187C 1595¢C 214x 2z0x al 2401
B B2C 11ax 129 144x - - - - - 213x 2212 - 241X
S BIX 115C 130x 147C 153C* 160x  1BOC* 152c 1968 212X 2221 1 242x
10 BAC 1161 1k 1a5% - - - - - 211% 221x - 243x
i1 B5% 117C 1322 1a6x 152C 158C  178C 1880 197¢C 210x 2241 237C 244
12 B6X 118X 1331 - - - - - - - - - -
12 B7X 119C 1348 - - - 1732 - - - % > -
Productivity - 120C(9) 135C(9) 1a7c(9) 153c(9) - 180C(9) 192¢(9) !m{,i 2170(9) ZZStE!i 218C(8) 245C(8)
S5tations :;2{?%9} :SE{D(!} 180Y00D(9) 192700(9) 199C(9 226C(9

*!i{me Series Grid Stations done out of order.
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Table 3. CTD/Data Flow.

Shipboard

Acquisition to NODC Submission.

Data Source/Disposition

Program Data File

HP Disk

Bridge Log

Calibration from bottle
cast data

Nutrient analysis

Submit to NODC

MASTER (CTD and XBT controller and data
acquisition)

001, 002, ETC.
(Consecutive Station #)

STALOG (Enter bridge log data)
LOG

CREATE (Convert bridge Tog data to NODC
headers)

HEAD

REDUCE (Combine headers with data in NODC
format, depth latch and average
CTDs, interpolate depth for .5°C
on XBTs, add salinity and tempera-
ture offsets)

001, 002, ETC.

TEK-ED (Add nutrient data and edit all
station data)

001, 002, ETC.
CEMLST (Calculates sigma-t, specific volume
anomally, oxygen utilization and
prints technical report pages)

STALST (Prints station list for technical
report)

HPCYB (Data transfer to Cyber to create a
tape to send to NODC)

GIL002
TECHNICAL REPORT
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equations of Broenkow, et al. (1977). Broenkow's equation and a flow
diagram showing its use is presented in Figure 4.
The CTD system was calibrated only against bottle samples in mixed
layers to insure that the sensors and the bottles were sampling in the
same water. However, since a mixed layer was not always observed, comparisons
could not be made at every station. Salinity and temperature calibration

data are included in Appendix I.

XBT Data Acquisition and Processing

A Sippican Model LM3A handheld launcher and a MKZA-1 recorder were

used for XBT casts. The temperature/depth plots were manually digitized,

and these data were placed in NODC format and merged with processed

CTD data. Depths at which temperature is a whole or half degree are

reported as are depths at which a significant mixed layer begins and ends.
During this cruise, the XBT system was not calibrated against CTD

casts. Previous comparisons yielded a 0.19C difference which is in the range

of accuracy of the system.

Physical and Chemical Procedures

Salinity samples collected for calibrating the CTD system were
analyzed ashore using a Plessey Model 6230N induction salinometer.

Dissolved oxygen samples were analyzed during the cruise by the
modified Winkler method outlined by Strickland and Parsons (197Z).

The nutrient analysis was performed using Technicon Autoanalyzer
procedures as outlined by Glibert and Loder (1977). The procedures
are based on the manual method of Murphy and Riley (1962) for reactive
phosphate and Armstrong, Stearns and Strickland (1967) for dissolved

silicate and nitrate.

11



4 < 14 .00((1.551 - 04537 + 59 x 10-572)
+ h{35-5)(.4 - 00177 « 23 x 10-612))[1.037 & 10°32

32 » 10°%22]
A « (676547 + 20131.57 + 95,8917 - 194317 . o0e7279) 10-8
& s UsLn
2 Apde 856
&g © Rp(Rp<1)(T1-15) [96.7 - 228, + 37.38,2
= (.63 + 21R2) (T - 15)710-5
Fig * W
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+ 5.9862eR,54 - 1 3231185
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2= depth (peters)
T+ tergerature (OC)
€ = measured conductivity lreion/es)

S5 salinity (%o}

1.0 n
l R -
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L-R(——‘ b
T R
3 8
¥ ——
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5 10 Ap = temperature effect
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1[} 8yg" Yy Correction tl:;g::fti::-z; OLegnuyragmic
l Ryg* RUS, 15°%,0)
5%/00 our

Figure 4. Broenkow's salinity equation and flow diagram
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RESULTS AND DISCUSSION

Upwelling at the shelfbreak has been related to easterly movements
of the Gulf Stream front (Atkinson, 1977). Thus, any observed offshore
meander should coincide with the lowering of temperature at the shelfbreak.
Conversely, the onshore movement of the Gulf Stream would result in
downwelling and a rise in temperature at the shelfbreak.

During the April 1979 cruise, the meandering of the Gulf Stream
resulted in two spin-off eddies (Lee and Mayer, 1977) along the Gulf
Stream front at the shelfbreak. The first eddy was observed on 22
April. Observations through the eddy core indicated considerable upwelling,
reaching inshore as far as time series station 7 (40 m isobath) (Figures
19-31). A second eddy was observed between 27-30 April. Upwelling was
observed, but was less intense than the first upwelling event. The
upwelled water did not reach inshore as far as station 7 (Figures 52-

72).

The four day period between the occurrence of the spin-off eddies was
dominated by downwelling conditions shown by the downward movement of the
sigma-t gradients (Figures 32-51).

Upwelling and downwelling events were confined to a relatively narrow
zone at the shelfbreak. Observations at shelf stations 3 and 5 showed
no evidence of the shelfbreak upwelling events (Figures 73-79). Upwelling
was observed at station 7 (40 m isobath) during the first eddy (upwelling)
event but not during the later period (27-30 April) (Figures 80-85). Shelf-
break stations 9 and 11 clearly show both of the upwelling events as well

as the intervening downwelling period (Figures 86-97).

13
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SALINITY CALIBRATION DATA:

Bottle CTD
Station Depth Salinity Salinity Difference
51C 32 36.276 36.138 + .138
53C 41 36.087 35.933 + ..154
64C 35 36.261 36.129 + ,132
66C 39 36.155 36.041 + .114
68C 43 36.092 35.963 + .129
70C 2 36.204 36.050 + 154
72C 3 36.236 36.119 + 117
78C 41 36.196 36.070 + .126
82C 45 36.091 35.975 + .116
111C 40 36.182 36.056 + .126
113C 41 35.996 35.839 + o157
115C 3 36.204 36.084 it + 120
113C z 36.198 36.038 + .160
117C 218 34.967 34.859 + .108
120C 61 35.996 35.902 + .094
135C 72 36.025 35.900 + .125
137C 32 36.266 36.134 + .132
139C 40 36.221 36.096 + .125
143C 38 36.012 35.862 + .150
147C 3 36.198 36.070 + .128
151C 40 36.005 35.881 + .124
152C 135 36.113 35.983 + .130
153C 9 36.161 36.039 4 122
156C 40 36.135 36.018 + w117
157C 40 36.017 35.923 + .094
170C 60 35.993 35.883 + .110
176C 3 36.198 36.093 + .105
177C 40 36.084 35,973 + .111
178C 151 36.051 35.945 + .106
180C 64 36.009 35.897 Y12
187C 41 36.075 35.960 + ,115
188C 217 35.896 35.801 + .095
188C 4 36.186 36.073 + 113
195C 38 36.138 36.013 + .128
197C 170 36.118 36.008 + 110
217C 66 35.908 35.800 + . 108
225C 3 36.038 35.809 + .129
237C 3 36.170 36.035 + ,135
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TEMPERATURE CALIBRATION DATA:

Reversing Thermometer

Temperature
CTD

Station Depth 1 2 Ave Temperature Difference

51C 32 20.83 20.81 20.820 20.79 + .030

64C 35 20.81 20.82 20.815 20.79 ¥ 25

66C 39 19.62 19.60 19.610 19.56 + .050
111C 40 23.32 23.320 20.30 + .020
137C 32 21.40 21.39 21.395 21.38 + .015
157C 40 18.13 18.15 18.140 18.11 + .030
170C 60 16.93 16.94 16.935 16.90 + .035
187C 41 19.20 19,16 19.180 19.14 + .040
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APPENDIX 11
Hydrographic Data
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HYDROGRAPHIC DATA

Vertical profiles of salinity, temperature, sigma-t, DO, and nutrients

The symbols used in the following listings are defined as follows:

Header Data: Times are GMT (EST + 5 or EDT + 4)
Latitude and Longitude are from Loran C

Weather Data: These data are taken from the ship's log.

Wind speed (knots)

Wind direction (degrees)
Air temperature (°C)
Weather (WMO code 4501)
Barometric pressure (mb)
Sea State (WMO 3700)

Wave direction (degrees)
Cloud type (not given)
Cloud amount (not given)
Visibility code (not given)

Observations: Z = Depth in meters

T = Temperature in °C
S = Salinity in o/oo
D = Density in sigma-t units
SVA = Specific volume anomaly X 109
0z = Dissolved oxygen in ml/Titer
02 = Oxygen saturation in ml/liter
AOU = Apparent oxygen utilization in ml/Tliter
PO4 = Phosphate concentration in umole/liter
NO3 = Nitrate concentration in umole/liter
Si = Silicate concentration in umole/liter
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CILLISS CRUISE  STA DA 29704779 0.5 GAT CONSEC STA 4y
LAT 27 5354 LOWC B0 38.59 BEPTM = 44 BIST LAST STA » .40
wEAIME BATa

WIND SPEED = sqx1S

Ull.l PIRECTION = 1hN

i TERp =2,
mnﬂ (213

el CLOUD A
BARDAETRIC PRES= 1M9.] UESI!ILWM:

DESERVATI(NS
b5 @ 02 AU M w3 8l

[ i
EESEILEENENNY
e L ) Y e

e T p—

CILLISS CRUISE  STA BAE 20/04/77 00 B ONT CONSEC STA 42
LAT 29 53,08 LOWC B0 44,30 DEPTH = 778 BIST LAST §TA = 4.0KA
WEATHEN DATA

VN SHERY 1Rt

winy Mlltl!il =i UM

ME fl!' = .70

STATMER ‘

M?H"Il ’ltS' (LU ] VISIHI l'F? IDDE'

QISEIVMIN
!ZIh § L] b2 ﬂ?‘ MU Fo4 w03 1

SRS E SFER TS e,
o

J3TH
A

SEA STATE =1
WAVE DIRECTION = L0
CLouD TYPE .
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STATION 41X

SIGM 25 24 28 28 30 )
SAL 28 ag 32 34 38 ;
TEMP 18 15 2a 25 30

2s

s@

TEMP
STATION 42X

SIGM 22 24 26 28 3@
SAL 28 3@ 32 34 as
TEMP 12 15 20 2s 3@

25 {

T

o TEMP



CILLISS CRUISE  §T4 B43E 2000779 Di.L O COWSEC §TA @) STATION 43X
LAT 29 S1.9% LOMG B0 12.1% BEPTH = 2S5 DIST LAST STA = 4. 6IR
26 28

VEATHEY DATA s1 GH; 22 24

S S o2 T & e o
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VEATAE COOE e X1 cLom "I“r“::n . ’
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SVA 02 02" AU P04 MWD I

~
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Al S P P Pl P P P P

veuEmsseE = —RLCLE AR rr Sl nEE e S SR ERRINRAS
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CILLYSS DOUISE  STA WAST 21/04/79 00 6 GNT COWSEC Sta 45 STATION 45X

LAT 29 52,80 LONC B 9569 DEPTH = 425K DIST LAST STA «  S.7UN
SIGM_ 22 24 26 28

WEATHER DATA

WiV SPEER RS
WIND DIRECTION =
AlR =

SEA STAIE o |
4R DIEECTION = 1) SAL 28 32 32 34

o |w
‘o T
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CILLISS CRUISE  STA MSOR 20/B4/79 3.9 AT COMSEC Sta S0 STATION SBXx

LAT 30 (05N LONC 80 26.7% DEPTH = 390 DIST LAST STA = 4711
VEATHR DATA SIGM 22 24 28 28

-

i drktcrion = 4N ° B Bthiction * 11 ;
1R TERP . 0L coe e SAL 28 38 32 34

b— - - +

WEATHER (ﬂl. 0 CLDUD AADLWT = ¥
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CILLISS CRUISE  STA 1SIC 21/94/79 W46 GNT CONSIC STA
LAT 30 12,00 LUMC B0 J4 WV DEPTH = 158 BIST LAST STk = (3
WEATHER Dala

vinD SPEER o b L]
WIND BIRECTION = i3
A0 TEP = 2L1C
WiATHOD (ODE = TN

WAKDAE 1RTE PREST (01%.8

SEA STAIE =
MAVE DIRECTION =
CLTID TIPE =
CLOUD ARDINT =
VISTRILITY COM=

1 ! 5 ? 'SUinmﬂf‘wug
. Pos W03
100 R S AW X -
L2401 3627 53 W7 . (NN
F0 21008 .2 5.1 DA ’ .
02060 J6.25 2500 78
z 3000 3,20 3525 M)
89133 145 2537 2R
TN NX N5y a2
g,l dhodl 6.5 25.37
A3 35250537 282
1.0 21,30 3625 257 282
AN 203 36025 5. 82
RANT BB W
B 2T 32 5. 28
100 2028 BRP5 5. 18 26\ .
IS0 2902 06,07 25 an 254 .
16,0 70 %6 3027 25 4B 2452 [BIN}
170 20,93 36,25 2948 083 p i
160 20,92 3627 25 4y 251
NS S B M
200 2000 Je e 25,04 293
L0 2085 3527 25 51 240
TN 206 3828 K55 240
RN INE2 16,25 2550 X0
J40 2062 38,25 25.50 751
X0 .0 380 5.8 20
b0 20.8) 36.0) K82 B
27.0 2083 Jh 2k 25,51 M9
B HB S 20
b R R T T W
02080 0625 255 ISH
30 20E2 3.2 5.5 N9
J2.0 20 BT 3626 25,51 ¥ raxr s

CILLISS CHUISE 518 0528 20204079 Wb & CAT CONSET 31A

51
e

1
e

st

i

s

4

AT 30 0130 L0NG B0 20 AW DEPTH « 428 DIST LAST ST = 18 ¥en

W = jang Sta SIaTE =
NIND DIRECTION » §i0 WAV DIRECTION = %?9
£10 liwp e 300 LD TTPE »
WATHER [O = W) AADIN] e
B0 TR PRES 1010 VISIRILITY CODE=
QFsEkvaTIONG
Pt 8§ swn D2 02 abu 04 M3 ST
142 N . !
na.
2L
5.0 2.
2, '
a2
100
T ELR
18018
THN
174 18
17,7 18,
AR E
2008

STATION 51C

SIGM 22 24 28 28 38 )
SAL 28 3p 32 34 36 .
TEMP 19 15 22 25 38

12

28

3p

SIGM TEMP SAL

48

sa

Ba

STATION S2X

SIGM 22 24 28 28 30 .
SAL 28 38 a3z 34 38 -
TEMP 19 1S 20 25 EL,

18 1

1]

30

48 1

TEMP
s2
8@
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CILLISS CRUISE  51A 530 21/04/7% 7.1 CAT COMSEC STa S3
LAT 30 00, 9% LONG B 20.54 BEPIN «  &4N DIST LAST STA = 4.28M

WIATHR DBATA

WIND SPIED € LTS SEA STNTE 2]
VIND DISECTION = |40 WAVE DIRFCTION = 128
AR TERe = 2.9 cuous 1f .
wialge COte = 1l ARDINT =
BAROAETRIC PEES= 10104 VISIMILITY COBE=

QESERVAT] NS
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2004920 35,00 25 M
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ALED Jb. 0T 26 02 200

;;‘ 10,30 3685 2610 2
JULEDE Jbde 2002 M

25,0 18,79 3603 2600 213 .

2001829 3.0 2 22
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200 1827 1.0 2612 M "

01829 Je0b 2602 M|

3.0 18,29 247 20.0) 2N

300809 605 A0 2N

ABIR AR D

G0 V809 3607 2603 20

T50 18,29 3605 .l 2R

36,0080 J6.0 2em0 202

00827 .05 26 R

300 0029 3607 26t 200

0.0 18.29 .07 2603 20, . r . . )

IR B T T A 3 F y

A0 IB.7F 3609 2604 1M . PO TR %% N Y

CILLISS CRULSE  STA 0541 20084779 A7.¥ CAT CONSET STa SA
LAT 30 0000 LOKC BO 42,29 DEPTH & Som BIST LAST STA = 5.51M
e

= e ) *

WIND DIRECT (oW = 140 a‘l‘l’;ﬂ}l"ﬂ s i“

All TEw =" oo et *
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%] . . . i . .

&
=

1115,
SIS
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STATION S3C
SIGM 22 24 28 28 s
SAL 28 38 32 34 as -
TEMP 1 1S =28 =25 38
18
28
32
48 Temp! ! S1GM SAL
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e2

STATION S4X
SIGM 22 24 28 28 ag &
SAL 28 38 32 34 =) ,
TEMP 19 1S 28 25 3p
18
28
=T
48
se TEMP




STATION S5C
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STATION SBX

STA ASAX 20704779 101 CNT CONSEC STA S

EILLISS CoUISE

LAT 30 09 00 LONC BI (L W9 BEPTH « 2434 BIST LAST STA =

VEATHER DATA

38

22

SIGM

5.5k

8
12

TEMP

SAL
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-
L]
-~
- e
X _x
| 1=
=
SEEs
1=
Hlm”"
.m
®=ods

= IBLTS

VIND DIRECTION = 110
im( =1
C PRES: 11V.0

VIND SPEED

CISERVATIONS

Se
198 1

-

-
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222 1
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~r - -
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et v il - I..-
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B i ) IR S B
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STATION S7C

s
b6

2LAM/TF 094 TAT COWSEC ST

T4 ISTC
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FILLISS [UIsE
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22

SIGM
SAL

|
~
e
-n e
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- —
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©
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Exg
-\—"h
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= B 3
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B2,

EREe

-
=
- e

3223

12.78 J5.60 28,72 105 .

12.59 35,461 2894 112 . H

12,56 35,00 2o.96 112 . i

12,44 3560 25,98 110 " ' . .
12.38 3500 26.9% 09 A ’

12,37 15.60 26,99 0%, . - A .
12.35 35.00 27.00 09 . .
12,31 15,59 2.9 10% . i
12,32 3500 27.00 108, .
123N 22.0 Wy ‘ .

12,00 35.59 27.80 109

12.2¢ 5.5 26,9 11, ‘ u A

12,28 3. 2.2\, '

12,78 35.59 7.1 k@ § " . a '
12,20 15.58 22.00 NS ' "
123Ny 22 1, ' ' _
12,19 3500 2700 106 ' . 5
1217 35,57 27,2 1Mk . :

12As s 3 :

12,07 18.% 7.2 107 | " .

11.94 35,55 3704 1S . ’ '
11,91 35,85 27.4 414 . . 8
1M 20N 1S . i z . .
.75 5.9 22.6 IM . ‘ :
1. IS5 2. 1S .

MIS A N8, . :

11,70 39 .63 27,06 103 3 H
11,70 3558 27,05 M 4
1.4 35,51 77.46 103 i 3 ;
(.00 35,51 27,05 185 y ‘ . 3
11703553 27,06 103, i i f

74 35.51 2.5 15 ' « LM 1LY
11,70 3550 2705 1M, ' . . F .
.S 2.7 1R, . . b '

11 45 15.46 2706 14 '

1A 5.0 12 . \ .
oA 35466 22,0 103, "

CILLISS COUNSE  STM 0S80 20700779 10.7 GAT CONSEC STa 58
LAT 30 0B 20 LOMC BB 05 06 DEPTH = J05A DIST LAST §Ta = J.BOM

VEATIER DATA
VIND SPECD = WBLTS SEASAIE 1}
V0 DIRECTION = 1 WAVE DIRECTION » 120
AR TEN = 2070 T
WEATHER COBE = 1) B8 howr +
BARDAETRIC FRESe 10190 VISIRILITY [DBE=

~
o
-

-

~
ARG r Sl ms s NNEERRTT

e e, e e e i

P

- -

ORSERVAT
5 1] S'Jn'é? ls;s'ﬂ.l rod wO1 S1

. : A
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SIGM 22

STATION S8X

[

26 2?

SAL 28

32

32 34

TEMP 1p

15

i@

15021

=140




GILLISS CRUISE  GTA 0840 20/04779 (4.0 GAT COMSEC S1& B4 STATION 84C
LAL 30 3(.0W LONG B9 29 B DEPTH = AR DISY LASY Sth = SE.qIn

SIGM 22 24 28 28 32
mm;asm: 14RTY SEA SIALE 1 : : y y . *
Miw = e
VIND BIRECTION = 138 VAVE DIRFCTION = 110 SAL 28 39 32 34 36
Vaner oo s 1000 v - ' * > ; . e
. =
FARORETRIC PRES 10203 VISIRILITY CODE TEMP 18 15 28 25 32 P
BSEEVATIONS v - T v T
1 7§ b Svh 02 D2 ADY POR w3 Sl
GRS Al ¢ 5 i e
AN BBAXB 2 . . . kM K LB
s REsA M . o T
R8s d R I . o E
SH20.0 WIBEM M, . g - 12
b.0 21 Bb 35,29 25.2% I . ol %
7.0 2088 3h.28 5.2 N ¥
B9 21.687 3o 28 25.21 278
9.0 2087 .05 25,21 205
100 20,86 35,29 25.35 N
10,0 24,86 34.27 25,21 25
124200 3609 2525 214,
2R W% m : 20
2.2 328 B2 . .
ST AR D A T
T, 0 2050 36,30 25,34 A5 X
170 2,00 0800 %19 21 (T P
19.0 71,30 3628 25,09 281 i R
IRl
. . Ak 3 3 . i . '
202089 1,29 2558 2 ‘ 1T . 3a
22.020.85 14,78 25,52 24 "
HEE R
K4 006 Yo RS e : : SIGM TEMP SAL
260 2082 3026 5.5 209 ; ’
AMEBSS S . . ;
28,0 20,82 16,25 25.58 0 ’ b : 42
290 2082 36,00 W51 2§ i
300 20 82 36,26 2550 X4
302082 16,26 5.5 M8
2.0 20,82 3626 25,51 P9
120082 W2 A MY . i
Ia00 20,82 128 2551 19 vl S, T
5.0 20082 3.2 2551 249 S T T |
52
68 *
CIILYSS CRUISE  S1R MST 20/04/7% 14.7 CAT CONSEC STA &S _ STATION BSX
LAT 30 30,6k LONC BN 25.5¢ DEPTH < K DIST LAST ST = §.3im SEEM
VAR BT ‘ 22 24 28 28 32
H"; ﬁfsgnm . H:ts s&s;?gmm =+ [} SAL 2 g . :
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VIND SPEED = 15X1S SEA STATE e 3
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CILLISS CRUISE
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CILLISS CRUISE  STA 11AX 22/00/7V Z2.4 GNT CONSEC STA 117
LAT 30 42,4% LOWG B9 82.54 DEPTH « 194N DIST LAST §TA = 4,100
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EILLISS CRUISE  STA 1231 23/04/79 08.% CHT CONSEC STA 12§
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WINb SPEED .18
VING DIRECTION = {10
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VEATHED CODC = )
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SAL 28 3 32 34 3s -
TEMWP 1@ 15 28 25 32 .
12
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42

TEMP
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GILLISS COUISE  STA §270 23704777 10.) GAT COWSEC §TA A2 STATION 127X

LAT 30 446N LOVC BN 13,9 BEPTH = 450 BIST LAST STA = 4.70M
SIGM 22 24 28 28
VEATHER BATA L + + -+ +
Viee DieEerion » {1 g:ts;?ﬁcnu “in SAL 28 3a 32 34
AT o S qos 1o . — - + B
» m [
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LAT 30 43,60 LOKC B8 1050 06PTH = 41K DIST LAS STA = .71
VEATHER MTA SICGM 22 24 28 28
VIxD BIvcErion = g ShvE DIRECTIOn = | ' " : ¥ s
AR TEN s 2070 oy 1 e SAL 28 32 32 34 ~
VAR CODE = 12 L : Y Q 3 > ; .
MECREIRIC PRES: 1020, ) VISINLIIT CoRe TEMP 18 15 2a 25
I ' . s
123 - - ol
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L1230
7
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12,0 18,1
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TREM 20 1
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CILLISS CRUISE  6TA 1298 23/04/79 |0, GAT CONSEC §Ta 131 STATIDN 128X
LAT 30 47,08 LOWC B0 #G.0W DEPTH » 44 DIST LAST STA =  4.1KK

VEATHER DATA s1 GH: £ s 2:B 2:a 3?
#fﬂ DIEE tu:m“ vﬂnfts;?:fcnu::u 3 38
AlR TER « 2.7 CLOUD TYPE « SAL ' 29 3;“ 3? ‘ -
VEATHER COBE  » X2 o) ADNT =
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1§ 1 Sw 02 02 M MM M3 B
15.0 203 =
i
160 240
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CILLISS CRUISE  STA 1341 21/M4/77 11,0 CAT COWSEC STA 133
LAT 30 42,00 LOMC BN 02 4N BEFTH = (94N BIST LAST STA = 5,008
VEATHER MATA

WIND SPEED * IS SEA STATE ]

WIND BIRECTION = 110 WAVE DIRECTION = 110

AR TEN 2.7 cLoud TR .
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LAT 30 41.5H LONC 79 SP.5W DEPTH = 235K BIST LAST STA = 4.71M
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VIND SPEED = |SITS
VIND RIRECTION = 110
AlR TENP =T
VEATHER COZE = 12
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STATION 131X

SIGM 22 24 28 28 3g )
SAL 28 38 32 34 38 .
TEMP 19 1s 28 2s 3@
=2 1
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= TEMP
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STATION 132X
SIGM 22 24 28 28 ap \
SAL 28 3@ 32 34 38 )
TEMP, 18 15 28 25 ag
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CILLISS COUISE  §7A 1311 23/040/77 114 N1 CONSEC STA 13§
LAT 30 A0 60 LONC 79 54,59 DEFTH = JUAN DIST LAST STA »  S.1EM
VEATIER BATA

Vi IPIE = {SLT§ SEA STATE =]
WIND DINECTION = 110
AR s N.K
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STATION 13SC

STA 1350 23/04/79 13.4 CAT COWSEC §TA 1T7

CILLISS CRUISE
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STATION 138C

STA 1360 23/04779 14,0 AT CONSED STA 139

CILLISS CRUISE
LAT 30 426N LONC B9 15,5V DEPTH =
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BILLISS CHUISE  STA L40T 21/04/7% 21,7 CAT CONSEC STA 143

STATION 148X

LAT 30 A6, 0% LONC 00 19 99 DEFIH = 42% BIST LAST STh = 5.BIR SIGM 22 24 =28 28 32
ity :E:“n 1RLTS SEa STATE =\ : = é : :
It:'i :nmlu = i VAVE DIRFCTION = 120 SAL 28 38 32 34 a8
VEATIER (ot - X1 ELoh Avon % : : » - '
BAADRTRIC PRES: 11194 VISIBILTTY CO0Es TEMP 1@ 15 28 25 3@
CISERVATI NG & 3 )
P! s b s 02 G AN M4 WY SI
EhEY v Vs e 3 @ e W
1.0 2.6 g
12,0 22.5 .
HE
12002208 g i@ ¢
124218 a
18021, > "
A0 n.; : :
A '
28 t
382
48 1
TEMP
B T
=1%]
CILLISS CRUISE ST IALX 23/04/7% 22.1 CNT CONSEC STA 1M STATION 141X
LAT 39 45,30 LOKC B9 17,0V DERTH = 420 DIST LAST STA = 4 N
AEN AT SIGH; 2?! 24 2B 2;8 3:5
Vid BrotCrIon < db1 Vet DURFCTION < 120
Wik =z =
ALE TEwP = X CLoud TIRL . ¢ SAL - 2.8 3.“ 3¢2 3&‘ E_I_B_
VEATHER [OE = 1) L ASOINT @
BARORETRIC FRES= (4194 VISTRILITY COM = TEMP 1@ 15 28 25 38
OFSERVATIONS ) 2 - 3
T .1 5 b G 02 O0F ADU PON w03 S)
2y ;
.27
12,4 22.5
1z
T EE] 12
1.0 208
HEEIR
Qeann
28
38
48
TEMP
58
(=1}
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CILATSS CouLsT STh 142 EMRASTY E2.0 CAT COMSEC STA 145
LAT 10 44,60 L ONC BN 13 9% DUFIM « dAK DIST LAST STa « 5. 1N

WEATHER BA1A
WIND SPEED = MLt SEA STATE =4
VIND DIRECTION = 120 WAVE DIRECTION = 124
AR TEN =X

CLoup 1Ype =
VEATIER COPE = T} L0Ud &
PARDRETRIC PRES= |RIV.6 VISIEILITY CObE=

UBSERVATIDNG
s POSW 02 02 AU FOA WD) S

- 1A Al e o .
p_r’b!m-x-..-_‘.-
-
b Pl P i
T e o rard e
- i

CILLISS CRUTSE ST 430U 23/04/79% 22.7 W1 CONSEC STA §4)
LAL 30 05,70 LONC BY 10 B4 DEPTH = @A DIST (ST 8TA = S .20

WEATHER DAla
wind SPIED * {RITS
WIND DIRECTION = (14

SEA STATE .
VAVE DIRECTION = §10
ALRTEN e 2.6 CLOUD TypE

WIATNER CODE = X CLOUY MATAWT =
FARDAETRIC PRES= 10194 VISIBILITY CobEs
DESERVAT10wS
T | 5 » 02 02" AL M4 MDD S
102319 3,22 24 61 . z : : .
;. M2 8 NS . . "
! AP 3s 22 4.8 1S, SRR Y LI Y
GERIAY 3622 2080 1S ' [
S 2109 36,21 .00 M
b4 23.LW 3520 2080 NNg
LI 2 20 m NS
B AV 322 24B 315 ! )
LA AV 2L M e . "
I 2308 3620 .0 1% S 1) O PUIN S |
I 23,17 3621 24.81 NS i )
12,021,144 3620 20,81 25
(02277 AR 240 30
10 22,64 3606 24,98 299
1S 0 (9,95 36,00 25.55 1S
160071 3N 2582 Y
1.0 £9.52 15.98 5. M 2M
(B0 7.4 I5.97 2545 218
19,0 19,42 35.98 25.47 234 "
TN AT A 3557 250 § (L O F
210 19.36 15.97°25.48 23
22 h1v.u 15,97 2.?? 21
230 18,59 35,98 25,88 ¢i4
201002 15,97 5.0 2
oS0 1B07 J5.5% 2602 200
TE0 17,65 0596 26,02 1H
2T 17.27 35,97 2620 184 "
201728 3597 2620 10 L2 oS 22
200 12.27 %0 2623 180
M 2 0
M. 52,27 2599 2b.22 \E2
RzappamsMan m
330 17,28 36,00 26,23 181
3O 17,7 26,00 2023 ABL
B 17,25 N2 26,20 100
172 360 2020 N
Ta17.2515.78 24.21 1@ . ’
WA 3N a2 0 . LSy

STATION 142X

SIGM_ 22 24 28 28 32
SAL 28 39 32 34 as 4
TEMP 12 15 28 25 3@
12
22
3@
42
TEMP

sa

STATION 143CU
SI1GM 22 24 28 28 32 -
SAL 28 el az 34 as i
TEMP 1@ 15 20 25 3@ )
1a
22
38 |

TEMP SIGM SAL
49
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EILLTSS CRUISE  STA (44X 23/04/7% 2.6 CAT CONSEC STA 147 STATION 144X

LAT 30 4285 LONC 8 1834 DEFTH » A7A DIST (AST STA = 41N
VEATHER DATA SI GM_ ZE 24 28 28

VIAD BeRccrion = 1 A DTRECTION = 310 . :
z %
AL TERP s e = SAL 28 32 34

2. ELOUD TP 32
VIATHER (OB = X2 CLOIY ANONT = 3 ¢
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CILLISS CRUISE  STA MSE 24/04/7% 401 CHT COMSEC STA 148 STATION 145X

(AT 30 4248 LDNG 80 02.5¢ BEFTH « 195K BIST LAST STA = 9.31K
NEANER DaTA SIGM 22 =4 =8 28

VI3 DIRECTION + 118 UAdE DINECTION = 118 : : >
" r =
RIEIERE s 22.2C CLOUD THPE . = SAL | 28 32 32 34

- - +

VEATHER COBE  » 12 CLOUD AMDUNT = =
BAYORETRIC PRES: 1009.¢ VISIBILITY CObE= TEMP llu 15 28 2?
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GILISS RUISE

WEATHER DATA

STA 146X 24704777 00 4 CAT CONSEC STa (4%
LAT 30 44,40 LONC 79 9.9 DEFTH = 2330 BIST LAST 5TA = 13.9K

VIND SPEED = 24018
VIKD DIRECTION = i10
AR TEne = 21,70

VEATHER COOE = 12
BARDACTRIC PRES= IM5.Y

——

—-ra

[

% )

- L ki

§

OESERVATIONG
Wz o
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STATION 148X

SIGM. 22 24 =8 28 3
SAL 28 38 32 34 38
TEMP 12 1S 28 25 31
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CILLISS CRUISE  STA 1470 24/04/79 113 GAT CTWSEC STA 151
LAT 30 AZ.9% LOWG B0 §5.29 DEFTH « 754 DIST LAST STA = ¥.210
VEATHER DATA

viNd smg = 2A08 SEA STATE =4
WINE BIRECTION = |10 WAVE DIRECTION = 110
ALl TENP LT CLOUD TIPE. =
VEAIMER COOE = 12 CLOUY AMDUNT =
BARGAETRIC PRES= (N2MT VISTRILITY CObE=
DBSERVATIONS

1 § b SW G2 02" M PO4 N3 ST
2B Eg 9N . . 3 ’
2.0 2,20 W21 .00 20 . i » 4 f %
3.0 22.20 W21 5.0 B8 . LRl g
A0 2.0 .21 B e V ¥ i ' '
S0 2,09 M. 5.0 Y, )

6.0 2218 1621 .09 228 i

7.0 22,19 B2 K08 289 '

8.0 22,19 36,20 2508 289 | ! '
9.0 2216 36,20 3509 PB%
18 220 36,21 2549 268

1,0 22,08 3.22 2500 287
120 22,17 320 509 289

130 2217 36.20 5.7 289 . i .
100 22,17 3020 B5.09 289 ‘ ' '
1502208 2050 208 (N
36,0 22,15 .20 2500 288 P ; ‘
17,0 2204 321 3500 280
1.0 22.40 34,19 25 10 288

(9,0 22,01 .19 5,13 285
20,0 21,88 3607 .20 8 =
A020.8 L7820 N,
RDIA T RS D L oeE e
A2 BB %8
200 20,71 30h 95.02 A7
.0 2117 301 X0 28 :
26.0 20,05 36,15 5. 1 243 ‘
ZEN 200 M) X5 b LR R N
280 2046 16,10 25,57 4]
0.0 2000 3611 K.l MU
0.0 19,99 3500 25 62 239
300 1996 D60l 2563 238
120 19,9 36 11 25.6) 28
0.0 1063 W00 X701 21 ‘
34N LT 3610 25,78 2

L . T
Ih0 19,04 3608 25.04 210

37,0 18.99 3608 2588 21h
3.0 4894 3608 7587 215

39,0 10,93 3600 25 87 245
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A0 8B 307 W80 204 ! : :
42,0 18.B3 1601 25,80 206 . : . 7 2
450 1983 3603 25,86 b LY 18 1y

CILLISS CRUISE  STA {49 24/04/7% 47,1 CAT CONSEC STA 152
LAT 30 459N LDWC B0 23,5 DEPTH = dIN DIST LAST STA = 30.1IA

VEATHER DATA
ViND SFEED = 215 SEA STAIE LR
VIND DIRECTION = 124 WAVE DIRECTION = 110
AlR TEW = R.X oy 1re ’
VEATHER COME = TI »
BAROALTRIC PRES= 1ML VISIMLITY COBE=

DRSERVAT I DNS

7 .1 ] b Sw 02 02 An PO w3 S
20 . ! ] . [ ! ! !

120

200 219

a0

20215

004

e

STATION 147C

S1GM 22 24 26 28 38
SAL 28 38 32 34 36
TEMP 18 15 28 25 38
12 1
2@
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42
TEMP! | S1GM SAL
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STATION 148X
SIGM 22 =24 =28 28 382
SAL 28 3@ 32 34 36
TEMP 1@ 1S 28 25 3@
12
28 1
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4B TEMP
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{:iﬂp SAL

STATION 15@C
32

22
28

SIG

J
STATION 151C

26
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