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P a r t  1 Floa ts  a n d  moored  
i n s t r u m e n t s  
P a r t  2 - Hydrog raphy  

T.S. Hopkins and P. Zanasca 

Abs t r ac t :  A SACLANTCEN observational programme in the Southern 
Tyrrhelrian Sea comprised a sequence of three cruises during the period 
August to November 1984. The primary purpose was to investigate the 
late summer water-mass variability and the interior flow structure of the 
Sardinia-Sicily opening. During the observational period four moorings 
were deployed, each instrumented with current meters and a listening sta- 
tion to permit acoustic tracking of five subsurface floats. Data recovery 
was very good and the instruments themselves were all recovered in good 
condition. The period during which the instrume~lts were operational was 
approximately 70 days. During the cruises hydro-casts were made utilizing 
C!TD, XBT, and water bottles in a station grid that covered the entire 
Southern Tyrrhenian and the Sardinia Channel. Water samples were taken 
for the control of salinity and for the analysis of oxygen, silicate and phos- 
phate. Some benthic heat flux observations were conducted in the vicinity 
of the Eolian Islands. 

Keywords:  benthic heat flux o CTD o current measurement o 
Eolian islands o geothermal heating o interior flow o Levantine 
intermediate water o oxygen o phosphate o remote sensing o salinity 
o Sardinia channel o Sardinia-Sicily opening o silicate o subsurface 

floats o summer o thermohaline circulation o Tyrrhenian Sea o XBT 
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Preface 

During August 1984 the Applied Oceanography Group in conjunc- 
tion with the Ocean Engineering Department of SACLANT ASW 
Research Centre deployed four moorings in the southwestern Tyrrhe- 
nian Sea (Fig. 1).  Mounted on each mooring was an acoustic listening 
station for tracking 5 subsurface floats deployed in the vicinity and 
either 1 or 2 current meters for observing the Eulerean flow. The 
inoorings were recovered in late October after an average deployment 
time of approximately 70 days. In the same period that the moorings 
were deployed, three associated hydrographic cruises took place. 

(1)  'Tyrrhenian I'  on R/V Maria Paolina from 19 to 31 Au- 
gust, 1984. 

(2 )  'Magnaghi' on R/V Magnaghi from 2 to 25 October, 1984. 

(3 )  'Tyrrhenian 11' on R/V Maria Paolina from 22 October 
to 4 November, 1984. 

The overall objective of the entire programme was to provide detailed 
observations of the water structure variability and circulation in the 
late summer in the southern Tyrrhenian Sea. Of particular interest 
was the Levantine Intermediate Water circulation in the vicinity of 
the Sardinia-Sicily opening. This very important water mass controls 
the T-S structure, and hence the density structure in the 100- to 700- 
m depth range. It was intended to observe the transition within this 
layer from the rather active cyclonic circulation about the perimeter 
of the Tyrrhenian to the very inactive center region, described in a 
previous SACLANTCEN Report (Molcard, 1980). 

In addition to this emphasis on the Interniediate Water there were 
several other important and related objectives: 

Deep casts were made across and through the Sardinian 
sill to obtain information on the exchange of deep water, 
and thereby augment our understanding of the Tyrrhenian 
t hermohaline circulation. 
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Chemical samples and analyses were conducted as a collab- 
orative effort between the Centre and scientists of the Uni- 
versity of Genoa. The same collaborating group made a 
series of benthic thermal flux measurements in the vicinity 
of the Eolian Islands; the purpose of these measurements 
was to provide information on the role of geothermal heat- 
ing in the Tyrrhenian Sea. 
At the request of NASA, SACLANTCEN provided ground 
truth on both the infrared and the visual part of the spec- 
trum for the Space Shuttle 'Challenger' Flight 41-C, which 
crossed the southern Tyrrhenian in October. 
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Part 1 - Floats and moored instrumentation 

1. Description of instrumentation 

1.1. SUBSURFACE FLOATS 

1.1.1. Float characteristics. In 1981 SACLANTCEN Oceanographic Engineer- 
ing Department (OED) developed an acoustically tracked subsurface float sys- 
tem which was a modification of the Swallow-type SOFAR floats described by 
Tillier (1980). The floats are equipped with acoustic pingers housed in 50-cm 
glass spheres. The spheres also contain a transducer which monitors pressure and 
an acoustic release (designed and built by OED) for recovery. A flashing light and 
a radio transmitter mounted on the float assist in location after release (Fig. 2). 
A Inore complete description of the SACLANTCEN design can be found in Pis- 
tek (1985); Pistek, de Strobe1 and Montanari (1984). 

The floats are intended to remain at constant pressure, but due to a indeterminancy 
in the compressibility of the rubber and plastic components of the spheres, some 
variation in depth usually occurs within 2 to 6 h of deployment. By remaining 
at approximately the same pressure, the motion of the floats gives Lagrangian 
information on the flow at that pressure level. This is particularly useful in regions 
of high spatial velocity gradients, such as in the vicinity of boundaries or basin 
openings. The schematic diagram of the deployment of the floats is given in Fig. 3. 

1.1.2. Float pressure calibration. For deep-water deployments in the Mediter- 
ranean, where the density stratification is very slight, precise measurements of the 
density of the floats is required in order to ensure stabilization at the desired depths 
(Figs. 4a,b, 5a,b, 6a,b, 7). A method of calibration has been developed by OED in 
which an empirical curve of the float density versus depth is constructed. Table 1 
provides the float-pressure calibration information; the first colunln gives the pres- 
sure, the second gives the corresponding pressure in decibars, and the remaining 
columns indicate the delay times in seconds. 

1 . l  .3. Float density calibration. In order to be within f 20 m of the required 
deployment depth, the precision in the densit,y of the surface float must. be of the 
order of 2 X 1 0 - ~ ~ / c n l ~ .  This was obtained by: 

(1) Weighing the float in air with an accuracy of f 20 g (float weight = 50 kg, 
with an electronic balance; Sauter Mod. K120, West Germany); 
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TABLE 1 
I~ifor~natio~l on float-pressure calibration for floats 7, 8, 9, 001 and 
004 

Pressure Delay (S)  at float number 

kg/cm2 dbar 7 8 9 001 004 

(2) Weighing the float totally submerged (in a specially designed tank filled with 
sea water) to an accuracy of better than f 0.2 g (weight 100 g, with an 
electronic balance; Sauter Mod. K120, West Germany); 

(3 )  Accurately measuring the sea water density in the special bath with an 
accuracy of 0.8 X 1 0 - ~ ~ / c m ~  with a temperature/conductivity standard (Neil 
Brown Instrument Systems). 

The density was then calculated from the formula 

where m is the weight in sea water, M is the weight in air, pflOat is the density, and 
p,,,,, is the density of sea water computed from S, T for P = 0. More details and 
a discussion on error are given in Pistek, de Strobe1 and Montanari (1984). 

1.1.4. Float deploynlent notes. Specific information regarding the deploynient 
and recovery of the floats is given in Table 2. 

1.2. LISTENING STATIONS 

1.2.1. Characteristics of the listening stations. The floats are tracked by lis- 
tening stations attached to taut-wire moorings. A listening station consists of a 
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TABLE 2 
Information on float deployment 

Float number 

001" 004" 7 8 9 

Start position 

End position 

Start depth (m)' 
End depth (m) 
Sound velocity (m/s) 
Clock shift (S) 

243 
7 (+4) 

10 
302 

5 
30 

39" 14'32"N 
10°04'12"E 
38°44'301'N 
09°51'71"E 

600 
- 

1517 
malfunc tioil 

" Not recovered. 
The time indicates when the float stabilized; the hour of the deployment time is included in parentheses. 

' Expected. 

4-hydrophone array, an amplifier, a microprocessor with a correlator and a tape 
recorder. The amplifier has automatic gain control and amplifies the received sig- 
nal to a level equal to the reference level. It continuously receives acoustic signals 
and continuously makes correlations with a dummy reference signal that matches 
that of the floats. During this process, a heterodyne mixer converts the transmission 
frequency range of 1562.5 to 1572.5 Hz to a 1 to 10 Hz range. The microprocessor 
orders the correlations on the criterion of best correlation and earliest time delay 
between the two signals. Every 4 min the four highest correlated signals are stored 
in a data block along with housekeeping information. The listening stations also 
have an acoustic transmitter and this transmits the correlation information from 
the Ineniory register of the microprocessor every 4 min; the transmitter information 
can be received by a normal echo.-sounding receiver tuned to 12 kHz. 

1.2.2. Listening station deployment notes. Specific information regarding the 
deployment and recovery of the float listening station is given in Table 3. 
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TABLE 3 
Deploymeilt information on float listeilii~g statioils 

Station number 

1 2 3 4 

234 235 236 237 
Start time" hour { :Iute 13 

10 10 12 
30 3 0 3 0 40 

306 306 305 305 
End time" hour { :ute 12 

6 14 8 
- - 4 5 - 

Positioil 3g007'30"N 38°28'711'N 38°48'09"N 38°51'411'N 
10°15'50"E 09°40'20'1E 11°02'10"E 11°58'99"E 

Depth (in) 390 403 413 433 
Clock shift (S)  6.55 7.20 - 
Mag, tape ID T6767 T6765 T6768 T1192 

" The tiine indicates when the float stabilized; the hour of the deploynlent time is included in 
parentheses. 

1.3. USE OF THE SHIPBOARD ACOUSTIC RECEIVER 

A shipboard receiver, which is similar in electronic design to the moored listening 
stations but is connected and lowered via the ship's CTD cable, was employed to 
riionitor the transmitted float information. The correlations and their arrival times 
are printed out and plotted on board. This receiver was used just after deployment 
of a float to monitor its depth, and was used during float recovery to provide range 
and bearing and monitor arrival at the surface. 

1.4. CURRENT METERS 

1.4.1. Characteristics of the current meters. A total of six current meters were 
deployed on the four moorings in the configuration shown in Fig. 8. Three different 
types of current meter were used: 

(1) Davis Weller, Vector Measuring Current Meter (VMCAf) Model 630. This 
uses a pair of orthogonal propellers for the speed sensor and a flux gate 
compass for direction. A niicroprocessor calculates the north and south 
components for recording on a cassebte. 

(2)  Neil Brown Instrument Syste~ns (NBIS), Vector Averaging Acoustic Current' 
Meters: Model ACM-2 (two-axis) and Model ACM-3 (three-axis). Each 
of these meters measures the doppler phase difference in the water flow 
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between a pair of high-frequency (1.6 MHz) sound transducers. The phase 
difference is converted to a frequency, which is counted and stored for each 
orthogonal component. Absolute orientation is achieved by a flux gate-type 
of compass. The average vales of the orthogonal components are recorded 
on a data cassette along with the corresponding instrument temperature at 
the recorded time interval. 

(3) EG&G Vector Averaging Current Meter (VACM) Model 61 0B. This meter 
utilizes a Savonius-type rotor to determine speed and a vane in conjunction 
with a flux-gate type compass to determine direction. The number of rotor 
counts and the direction values (taken 8 times per rotor revolution) are used 
to calculate vector components for subsequent storage on a cassette. 

1.4.2. Current nieter deployment notes. The deployment and recovery of the 
various meters is given in Table 4. 

TABLE 4 
Current meter deployment 

Buoy 

1 2 2 3 4 4 

Current meter WELLER NBIS NBIS VACM NBIS NBIS 
3405 3301 045 V0355 3118 3371 

Depth (m) 335 348 1763 358 378 2 146 
237 235 235 236 237 237 

Start timea {;:ir 11 8 9 8 11 12 
minute - - 30 30 - 30 

306 306 306 305 305 305 
End timea hour { zute 13 

6 7 15 9 10 
- - - - - - 

Sampling interval 2 S cont. cont. 15 min cont. cont. 
Record A t  (min) 4 4 4 15 4 4 

a The time indicates when the float stabilized; the hour of the deployment time is included in parentheses. 

1.5. CHARACTERISTICS OF  THE MOORINGS 

All four moorings (Fig. 8) were single point, taut-wire, sub-surface lnoorings and 
were deployed by free-fall and recovered by release. All moorings had their up- 
permost buoyancy package at a depth of approximately 300 m. Smaller buoyancy 
(t 25 kg) packages (strings of three or four Benthos 43-cm spheres) were distributed 
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on the moorings. The mooring line was either 318 in Kevlar (5500 kg) or 6-nml steel 
rope (3000 kg), 11-mm Parafil Polyethylene rope (2000 kg), or 112 in (two-in-one) 
braided nylon Samson rope (3700 kg). The mooring line tension varied fro111 170 kg 
to 220 kg on buoy. Buoys 1 through 3 utilized a double release package (EG&G 
Type 723A and Type 747002) for recovery, whereas Buoy 4 utilized a single re- 
lease (EG&G Type 747003) in a pop-up device (four Benthos spheres) as the upper 
buoyancy package, and a transponder/releaser EG&G Mod. 723 in the lower depth. 
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2. D a t a  reduct ion 

2.1. FLOAT DATA 

The subsurface floats provide Lagrangian information on the water movement. This 
information is derived from a sequence of independent fixes on the location of the 
float as determined by its range recorded at  each of the listening stations. With 
this method an error introduced at one of the navigational fixes is not accumulated 
with subsequent fixes. As a result the accuracy of the mean (on total) flow relnains 
constant. Note that this is not the case with standard current meters, with which 
an error would accumulate with time. There is an indeterminacy with regard to 
how exactly a float follows the water movement, a problem which is considered to 
be significant at frequencies higher than the sampling frequency of (2 h)-'. 

2.1 . l .  Raw float data and treatment. After recovery, the listening station data 
is transferred from the original cassette tapes to a UNIVAC. This raw data infor- 
mation contains the four highest-valued correlations and is formatted into a data 
clock containing twenty number-coded fields covering the station number, experi- 
ment number, day, hour, and the time for each of the four correlations in minutes, 
seconds, and milliseconds. 

The floats transmitted for 20 s every 2 h. The times of trasmission for the 5 floats 
were separated by 10 min. In order to identify the data of individual floats a pro- 
gram created separate data files for each float according to whether the correlation 
times were within -1 to +5 min of the individual float transmission times. For 
each float, the highest correlation time was chosen on the condition that it fell 
within a reasonable range of time delays, in order to exclude spuriously high corre- 
lations. The selected time delays for each float were then used to create another file 
which constitued a time series for each float of the distance to each of the listening 
stations. 

2.1.2. Float fix computation. To compute the sequence of fixes for a given 
float, an interactive program is used. The previous positions of each float and the 
distance arcs from the individual listening stations are displayed on a 12 X 12 n.mi 
Mercator grid. If there are more than 3 arcs, an area is defined in which the 
operator must fix a point with a cursor. A new file is then created with a tinie 
series of latitudes and longitudes. The operator chooses the median position unless 
one arc is unreasonably located relative to the previous fix. If there are only 2 arcs 
the point is again taken within reasonable limits. In cases where there is only one 
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arc, the fix is placed on the intersection of an extension of the float track and the 
arc. 

2.1.3. Editing. 

Clearly, lllore reliable fixes are obtained under the condition of three or Inore arcs 
to a listening station. The values listed in Table 5 indicate the number of arc fixes 
for each float in the experiments described here. 

TABLE 5 
Distribution of fixes for nu~riber of arcs 

- 

Float Nuniber of arcs per fix Tot a1 
no. 

0 1 2 3 4 

" No data were available for float no. 9. 

The distribution was not random: it tended to degenerate as the distance from the 
listening station increased. For example Figs. 9a,b,c, and d show the incremental 
distances for each fix between the h a 1  three-arc fix point and the arc from the 
indicated listening station. This exercise indicated a number of points which were 
potentially in-error. To edit these points, we took the mean and standard devia- 
tion of the incremental changes in latitude and longitude between sequential fixes 
(Table 6). Points changing more than 3 standard deviations were replaced by an 
increment in latitude or longitude equal to 3 standard deviations. Figures lOa,b,c,d, 
lla,b,c,d, 12a,h,c,d, and 13a,b,c,d show the before and after results of this editing 
process in the form of distance versus time for each float. 

2.1.4. Discrlssion of error. There are several error sources in the float fixes. 
Obviously, the listening stations thenlselves must be well positioned. Their lo- 
cations were established by radar and satellite navigation to within an estinlated 
1 km. This uncertainty only affects the absolut,e error, i.e. t.hat, relative t.o the sea 
bathyrnetry. The relative error is affected by t,he precision of t,he synchronization, 
the drift of the clocks, multipath propagation of the sound, and the sharpness of, 
the cross-correlation. Before deployment the clocks were synchronized (to within 
25 ms) to 5-MHz radio signals transmitted by the Istituto Elettrotecnico Nazionale 
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TABLE 6 
Mean and standard deviation of incremental changes in latitude and longitude between 
sequential fixes and the llun~ber of points outside the limit of three standard deviatiol~s 

Float Lat . Point S Long. Points No. 
110. change outside change outside of 

limit limit points 

mean st. dev. no. % mean st. dev. no. % 
(deg.) (deg.) (deg.) (deg.1 

Galileo Ferraris, Torino. The drift of the oscillators was measured and found to 
be less than that specified by the manufacturer ( 5  5 X 10-' MHz/yr). The fre- 
quency bandwidth allowed the arrival time to be established to an accuracy of a 
few milliseconds. Influences of the multipath propagation and reflection tended to 
broaden the cross-correlation. These are difficult to evaluate, and may have been 
the cause of data loss due to low correlations. Some error is introduced because 
the sound velocity was fixed beforehand (as in Sect. 1.1.4) on the basis of best 
estimates from historical data and CTD casts prior to deployment. However, the 
error associated with the assuinption of a constant sound velocity value increases 
with time (from the initial estimate) and with distance between the float and the 
listening station. For example, we estimated the sound velocity for float 8 to have 
changed by 0.63 m/s  from its preset value, causing a distance error of 53.4 m near 
the end of the trajectory. Finally, some error is introduced in the computation 
of the fixes, as described above. The more serious cases are edited out, and the 
residual error shows up in the data as noise at the frequency of l / A t ,  as seen in 
the spectra of Figs. 14a,b, 15a,b, 16a,b, and 17a,b. Figures 18a,b,c, and d show 
the float trajectories plotted from the raw, corrected data. Figures 19a,b to 22a,b 
show this data in component form, North-South and East-West. Figure 23 shows 
the filtered trajectories, and Fig. 24 shows the stick diagrams from the filtered data 
for all four floats. The data were filtered as described in Moen (1984) and using a 
tidal filter [Groves (1955)] with a half-energy point at 40 h. 

2.2. CURRENT METER DATA 

2.2.1. Raw data treatment. The raw current-meter data format was deter- 
mined by the current meter type. All four types render more or less the same 
information, as Table 7 shows. 
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TABLE 7 
Types of current meter data 

C!urrent Channel and measured parameter 
meter 

1 2 3 4 5 6 

VACM time temperature rotor countsa direction E-W N-S 
WELLER time directionb rotor 2 countsa rotor l countsa E-W N-S 
NBIS time temperature directionb verticala E-W N-S 

a Speed. b~egrees.  

The raw-data cassettes were transferred to a 16-track magnetic tape and read into 
the UNIVAC to create a raw-data file. The file was searched for gaps, missing 
sa~npling points, spikes, and sampling points with excessive values. The gaps were 
generally only one or two sa~nplings wide ( W  2AT) and were replaced by linear 
interpolations. The gaps have been generated during data transfer and were not 
caused by a inalfunctioning of the sensor. The spikes were removed and replaced 
by interpolated values. 

The files were then transferred to a UNIVAC Minifile System, where the re~naincler 
of the date reduction was performed. Raw-dat a time- series plot S were used, together 
with the deployineilt information, to deter~nine the start and end ti~nes of the 'good 
data'. A clean time-series was then created for each ineter record in a Julian-day 
timeframe that included the original raw parameters, and additional calculated 
or derived variables such as the filtered velocity coinponents, (Figs. 25a,b, 26a,b, 
27a,b, 28a,b and 29a,b). 

For the presentations of the progressive vector diagrams (Figs. 30, 31, 32 and 33) 
and the stick diagrams (Fig. 34) the data were filtered using a Groves (1955) 
tidal filter with a half-energy point at 40 h. The spectra of 1 Hz- filtered data 
(Figs. 35a,b, 36a,b, 37a,b and 38a,b) were co~nputed as described in Moen (1984). 
Figure 39 provides a co~nparison between the trajectories of the floats and the 
progressive vector diagrams of the current meters. 

2.2.2. Calibration and checking procedures. The calibration and adjustinent 
of the different types of current meter sensors used in the experiment: acoustic, 
rotor vector averaging, dual orthogonal propeller, was a rather complex. A brief 
description of the procedure for each type of sensor is outlined here. 

Type 1: Neil Brown acoustic: two- and three-axis. The major advantage of 
this type of current meter, relative to the others, is that the use of a tow-tank 
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or calibration standard is not necessary. This is because the output is depen- 
dent only on the acoustic frequency (1.605 MHz), the transducer integrity, and 
the spacing (or distance) between transducers. An accurate electronic check and 
adjustment is available to guarantee the proper functioning of the current me- 
ter within the operating range. The fixed parameters were: calibration factor 
IC = 0.94, (depending on the electrical and mechanical transducer characteris- 
tics); the two-axis spacing D = 11.4 cm and the acoustic excitation frequency, 
f = 1.605 MHz. Prior to each cruise, the following adjustments were made: full 
scale range: f 2.5 m/s  = f 2000 mV output with half scale; zero off-set stability 
< f 2 111V. The zero stability on the velocity output was observed during 24 h or 
more and continuously adjusted as necessary. The instrument sensors were sub- 
merged, for this test, in one cubic meter of still, bubble-free fresh water. Co~llpass 
output, clock and timing, and temperature conversion, were also accurately veri- 
fied according to the operating and instruction manual. All the above inforniation 
was easily displayed and converted through the use of the Test-Set Data Read- 
out feature. The data were also recorded on cassette tape and translated to a 
Hewlett-Packard computer (HP-21MX) via the Memodyne cassette reader for final 
verification. 

T-ypes 2 and 3: VACM-Vector Averaging Rotor, Savonious Type, and VMGM- 
Dual orthogonal propeller Davis- Weller type. To assure the minimum friction and 
'free rotation', all the bearings were replaced and lubricated before each deploy~lient. 
Having done this, it was assumed that the factory standard calibration factors 
applied. 

VACM (Savonius). Rotor constant K = 34.6 cm (the water flow needed for 
one complete rotor revolution; valid for water currents with flows between 
2.8 and 32.1 cm/s). The rotor threshold is about 2.6 cm/s. 

VACM (Davis Weller). Rotor constant K = 9.363 cm (the water flow per 
instrument count). The threshold speed was 0.9 cm/s. 

Particular care was made in the verification of the propeller RI and R2 counts by 
using the Test-set Binary Unit for the Savonius-type rotor and the diagnostic 20 mA 
loop interface and HP-85 computer for the Weller type. In parallel with this 'in-line 
checking procedure', all the data were recorded on cassette tape and translated to 
the Hewlett-Packard coniputer (HP-21MX) via the SEA DATA Model 12 Reader 
for the final verification. 

A post-cruise inspection of all the current meters was conducted to verify the con- 
ditions of the mechanics, the crystals, the rotors and the propeller move~rrents. An 
electronic check of all the sensors was conducted to verify that they still functioned 
according to specification. 

The compass of the NBIS-3118 meter was broken, possibly during deployment, 
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which means that the corresponding data had no directional values, i.e. only mag- 
nitude. Consequently the NBIS-3118 data has not been presented. 

The VACM 0355 illeter had a threshold speed of approxir~lately 3 cm/s. Con- 
sequently riluch of the data recorded by this sensor was lost. Consequently on 
Figs. 29a,h the below-threshold values appear as zero. 
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P a r t  2 - Hydrography 

1. Sampling 

Hydrographic sampling was conducted during all three cruises. However, each 
cruise had its own station numbering sequence, as shown in Figs. 40, 41 and 42. 

1 .l. INSTRUMENTATION 

Two types of profiling systems were used: a Neil Brown Instrument System, Inc. 
MARK I11 CTD, and a Plessey 9040 TDS. The CTD was the primary system and 
was used for all stations of 'Tyrrhenian I,, for all stations of 'Magnaghi' from 2 to 
13 October 1984, and for all stations of 'Tyrrhenian 11'. The TDS was used together 
with the 'Rosette' Syste~n on the Magnaghi from 15 to 25 October 1984 (Figs. 40, 
41 and 42). 

The CTD measures pressure with a strain-gauge bridge transducer, and measures 
temperature in two ways: (a) with a platinum thermometer which has stable cal- 
ibration characteristics but a slow response time (250 ms) and (h) with a fast 
response (25 ms) thermistor probe. It also measures conductivity with a four elec- 
trode flow-through cell. The sensor characteristics are as follows: 

TABLE 8 
Sensor characteristics of CTD 

Probe Range Accuracy" Time const. 

Temperature 0 to f 32 'C f 0.005 'C 0.03 S 

Conductivity 0 to 65 mmho/cm f 0.005 mmho/cm 0.03 S 

Pressure 0 to 3000 m f 0.1% of F.S. 0.03 s 

" Figures have a 3-months stability. 

The data sampling rate is approximately 30 Hz. The ClTD underwater unit was 
lowered at a rate of approximately 1 ~ n / s ;  the speeds in the upper 100 m were 
slower. The CTD deck unit was interfaced to a Hewlett Packard 21MX computer 
and recorded on magnetic tape. 
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The TDS system profiles temperature with a platinum thermometer, and salinity 
with an inductively-coupled toroidal cell which registers conductivity, two platinu~n 
ther~lio~lleters are used for temperature compensation; a strain gauge bridge is used 
for pressure compensation; sound velocity is measured with a sing-around path 
transducer, and pressure is measured with a strain gauge bridge transducer. The 
varial~les are converted to a FM data signal. The sensor characteristics of the TDS 
are as follows: 

TABLE 9 
Sensor characteristics of TDS 

Probe Range Accuracy Tinte const. 

Temperature -2 to 36 "C f 0.02 " C  0.35 S 

Salinity 30 to 40 ppt f 0.02 ppt 0.35 S 

Sound velocity 1400 to 1600 ppt f 0.3 ni/s 0.1 S 

Pressure 0 to 3000 m f 0.25% of F.S. 0.1 S 

The TDS deck unit was also interfaced with the Hewlett Packard 21MX computer 
through the SACLANTCEN TDS-interface, and the outputs were recorded on mag- 
netic tape. The TDS unit was also lowered at about 1 m/s but through the ther- 
mocline. Due to electrical problems in the cable, the TDS data were intermittent 
and have not been included in this report. 

On all three cruises, salinity samples (23 for CTD and 6 for TDS) were taken for 
calibration purposes. The average salinity error of the CTD during 'Tyrrhenian I' 
was less than 0.002ppt, while that for the CTD data of the 'Magnaghi' and 'Tyrrhe- 
nian 11' cruise was 0.016 ppt . An error for the TDS was not determined due to noisy 
data. Note that these salinity errors were not added to the data presented in this 
report. Salinity checks were run at SACLANTCEN using a Guildline (Autosal) 
salinoxneter, with standard water (Cl: 19.375ppt) as the reference. 

1.2. CALIBRATION 

The CTD and TDS systems were both calibrated at SACLANTCEN using OED 
facilities (de Strobel, Montanari, 1984). This involves inlnlersion in a series of con- 
trolled baths. The bath temperature control has a range of -2 to 40 'C with a sta- 
bility of better than 0.003 'C. The salinity is controlled by using a mixture of pure 
and very saline waters (approx. 130 ppt,) to obtain the expect,ed operating range 
(35 to 39ppt). The calibration standard was a Neil Brown Instrulllent Syste~n, '  
Inc. ' Conductivity-Temperature Transfer Standard' with the following characteris- 
tics: 
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TABLE 10 
Calibration characteristics of CTD 

Probe Resolution Linearity Stability (3 ~nonths) 

Temperature 0.0001 "C f 0.003 "C f 0.001 "C 
Conductivity 0.0001 mmho/cm f 0.0005 mmho/cm f 0.001 mmho/cm 

The temperature standard had a difference of 0.0095 'C with respect to a Muller 
Bridge Standard (6 March 1984). 

The pressure was calibrated with a deadweight tester (Budenberg-gauge) with two 
scales: 1 to 55 kg/cm2 and to 550 kg/cm2 with an accuracy of 0.03%. For calibration 
purposes the salinity was calculated with UNESCO tables (Gascard, 1970) formula, 
and the sound velocity with the D. Ross formula (Ross, 1978). 

Tables 11, 12 (CTD) and 13 (TDS) give the calibration data for the cruise. Table 13 
is included for reference, in case the TDS data should be consulted in the future. 

1.3. CHEMICAL ANALYSIS 

Water sarnple casts were made for selected stations (Fig. 43) using a rosette. Apart 
frorn control values for salinity, samples were drawn for dissolved oxygen, silicate, 
phosphate and heavy metals. Oxygen samples were drawn in 240-1111 calibrated 
glass bottles and were analysed by the Winkler method (Strickland and Parsons, 
1965), using standard procedures as outlined by Anderson (1971). Silicate samples 
were analysed by using a Hach DR-2 spectrophotometer according to the Herepoly 
Blue method (low range 0 to 2pg-at/l). Genova University analysed samples for 
phosphate (after Murphy and Riley, 1962) and for heavy metals (not reported). 
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TABLE 11 
CTD pre-calibratio11 at 30 April 1984 

(a) Pressurea 

kg/cm2 Pres. Ref. Pres. Meas. Error 
(dbar) (dbar) (dbar) 

" The calibration curve was shifted, correcting the last value to 
2941.28dbar (+0.11 dbar). 

(b )  Conductivity 

Cond. Bath Co~ld. Meas. Error 
(mmho/cm) (mmho/c~n) (mmho/cm) 

(c) Temperature 

Temp. Bath Temp. Meas. Error 
( "C) ( "C) ( "C) 
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TABLE 12 
CTD post-calibration at 14 November 1984 

(a) Conductivity 

Cond. Bath Cond. Meas. Error 
(mmho/cm) (mmho/cm) (mmho/cm) 

( b )  Temperature 

Temp. Bath Temp. Meas. Error 
( "C) ( "C) ( "C) 

2. D a t a  reduct ion 

2.1. RAW DATA TREATMENT 

The CTD data were stored on the on-board computer (Hewlett-Packard 21MX), 
and were subsequently transferred (at the Centre) to the UNIVAC cornputer using 
the AST*TAPE. TRANSLATE program in the MFS (Mini Filing System) mode. In this 
mode each file defines a CTD-TDS station, and the file elel~~ents contain the primary 
parameters (temperature, conductivity, salinity, sound velocity, and pressure). 

The data were first checked and ordered for pressure, by rejecting values associated 
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TABLE 13 
TDS pre-calibration at 10 April 1984 

(a) Pressure" 

Pressure Ideal Freq. Meas. Freq. Error 
(kg/c1n2) (Ha) (Ha) (Ha) 

0 9712. 9712.6 +0.6 
100 10223.3 10224.9 +1.6 
200 10734.6 10735.1 +0.5 
300 11245.8 11245.2 -0.6 

" We consider a mediun~ water density of 1.0275 for a depth 
range of 0 m to 3000 m to be equivalent to a range in pressure 
of 0 to 308.23kg/cm2 and to a range in frequency of 9712 to 
11288 Ha. 

(b) Salinity 

Sal. Cal. Sal. Meas. Error 
(PPt C) (PPt) (PPt C) 

(c) Teniperat ure 

Temp. Bath Temp. Meas. Error 
( "C) ( "C) ( "C) 

(d) Sound Velocitya 

Temp. Bath S.V. Calc. S.V. Meas. Error 
( "C) (1n/s) (m/s) (111/~) 

a With salinity of 36.790 ppt. 
- 1 8 -  
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with decreasing pressure. The salinity data were checked for spikes caused by the 
differences in the time-constants of the sensors. 

The variations between sample values for all stations were used to determine a 
criterion for eliminating salinity spikes. This analysis gave a value of 0.005 ppt for 
the mean, plus two standard deviations which were used to identify spikes and to 
provide a substitute value for the peak value of the spike. The potential tempera- 
ture was computed by using the siinplified FOFONOFF formula (Williams, R.B., 
personal coinmunication)t The density and the potential density were calculated 
with the Fisher-Williains (1975) equation. Other parameters were calculated with 
the aid of AOG*PROGRAM programs. 

2.2. Data  presentation 

2.2.1. Selected contours. A number of temperature and salinity cross-sections 
(Fig. 44) have been chosen to illustrate the vertical structure. These are presented 
in Figs. 45 to 48 for 'Tyrrhenian I', Figs. 48 to 51 for 'Magnaghi', and Figs. 52 to 
58 for 'Tyrrhenian 11'. 

Figures 59 to 63 show the contours in plan view of selected parameters to indi- 
cate horizontal distributions. The data for these distributions are a composite of 
'Tyrrhenian I' and 'Magnaghi' data. The potential temperature minimum (Fig. 59) 
corresponds to the core water remaining from winter convective processes, mostly 
from the previous winter. It is located above the Levantine Intermediate water at 
a depth of 100 to 200 m depth. The salinity minimum (Fig. 60) represents the 
core of entering Atlantic surface water, usually found within the upper 100 m. The 
potential temperature maximum (Fig. 61) is found at 250 m, and is consistently 
at shallower depths than the salinity maximum (Fig. 62), which is generally found 
around 450 m. These two features characterize the Levantine Intermediate water 
distribution. Finally, the steric height anomalies are shown in Figs. 63a,b1 and c for 
water colurnn integrations of respectively 100 m, 500 m, and 900 m to the surface. 
These anomalies were calculated relative to a reference density of 1.029 g e ~ m - ~ ,  
which is approxilnately the density of the most dense Tyrrhenian bottom water. 

2.2.2. CTD data. The CTD station data are presented in Fig. 64 (Stations 1 
to 17) for 'Tyrrhenian I,, Fig. 65 (Stations 1 to 27) for 'Magnaghi', and Fig. 66 
(Stations 1 to 44) for 'Tyrrhenian 11'. Each figure corresponds to a station and 
contains four panels: upper left gives the salinity and potential temperature to 
1000 m; upper right gives a list of parameters averaged between successive pressure 

t During publication of this report, it was discovered that Williams' formula in use at 
SACLANTCEN since 1977 is in error. It deviates ahnost linearly from the proposed 
UNESCO formula (1983)' from an error of 0.01 'C at 1000 m to 0.1 'C at 3000 m. 
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values; lower left gives the sound velocity and potential density; and lower right is 
a T-S diagram for selected depths. Any station for which the data was inco~nplete 
has been omitted from the set of figures. 

2.2.3. Chenlical data results. The results of the cheillical analysis are given in 
Table 14. 

Note: For oxygen sainples at the level of 4.35 nll/l the percentage average deviation 
was +0.15% and the standard deviation was 0.0152. For silicate samples at  the 
level of 9.44 pg-at/l the percentage average deviation was +6.36% and the standard 
deviation was 0.0116. 

TABLE 14 
Concentration of observed chemical substallces 

Station 2 
P 

Latitude Longitude Date Time 

39.04N 11.03E 25.10.84 11.28 GMT 
- P 

Pressure Oa SiOa PO4 
(dbar) (lnl/l) (pg-at Sill) (pg-at P/1) 

Station 3 

Latitude Longitude Date Time 

39.05N 11.03E 25.10.84 14.12 GMT 

Pressure 0 2  Si02 p 0 4  
(dbar) (lnl/l) (pg-at Sill) (pg-at P/1) 
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TABLE 14 
(Continued) 

Station 5 

Latitude Longitude Date Time 

38.52N 11.58E 26.10.84 08.28 GMT 
P P P 

Pressure O2 SiOz p04  
(dbar) (ml/l) (pg-at Sill) (pg-at P/1) 

Station 7 

Latitude Longitude Date Time 

38.48N 11.04E 26.10.84 15.20 GMT 

Pressure 0 2  Si02 p04 
(dbar) (ml/l) (pg-at Sill) (pg-at P/1) 

Station 9 

Latitude Longitude Date Time 

39.07N 10.15E 26.10.84 21.56 GMT 
P P 

Pressure O2 SiO2 p04  
(dbar) (ml/l). (pg-at Sill) (pg-at P/1) 
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TABLE 14 
(Continued) 

Station 10 

Latitude Longitude Date Time 
P P - p 

39.15N 09 .543  27.10.84 11.50 GMT 

Pressure 
(d bar) 

4.6 
24.9 
76.5 

252.0 
501.8 

1004.5 

0 2 Si02 
(nll/l) (pg-at Sil l)  

5.18 0 
5.18 2.0 
5.30 1.5 
4.33 5.2 
4.33 6.3 
4.35 8.0 

Station l 1  

Latitude Longitude Date Time 

38.50N 09 .573  27.10.84 15.15 GMT 

Pressure 0 2  Si02 p04 
(dbar) (ml/l) (pg-at Sill) (pg-at P/1) 

Station 12 

Latitude Longitude Date Time 

38.33N 09 .473  28.10.84 09.12 GMT 

Pressure 0 2  S i02  p04 
(dbar) ( nll/l) (pg-at Si/l) (pg-at P/1) 

2017.7 4.50 0 0.22 
0.37 
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TABLE 14 
(Continued) 

Station 13 

Latitude Longitude Dat.e Time 

38.23N 09.493 28.10.84 11.53 GMT 

Pressure 0 2  SiOz p04 

(dbar) ( 4 1 )  (pg-at Sill) (pg-at P/1) 

Station 14 

Latitude Longitude Date Time 

38.29N 09.41E 28.10.84 13.58 GMT 

Pressure O2 SiOz p04 

(dbar) (ml/l) (pg-at Sill) (pg-at P/1) 

1951.7 4.66 9.0 0.22 

Station 15 

Latitude Longitude Date Time 

38.33N 09.343 28.10.84 16.06 GMT 

Pressure 0 2  SiOz p01 
(dbar) (ml/l) (pg-at Sill) (pg-at P/]) 

Station 16 

Latitude Longitude Date Time 

38.17N 09.03E 28.10.84 20.25 GMT 

Pressure O2 SiOz p04 
(dbar) (nll/l). (pg-at Sill) (pg-at P/1) 
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TABLE 14 
(Continued) 

Station l 7  

Latitude Longitude Date Tiine 

38.02N 10.43E 29.10.84 06.14 GMT 

Pressure 0 2  Si02 p04 

(dbar) (nll/l) (pg-at Sill) (pg-at P/1) 

Station 19 

Latitude Longitude Date Time 

37.54N 11.47E 29.10.84 14.51 GMT 

Pressure 0 2  

(dbar) (ml/l) 
S i02  P o t  
(pg-at Sill) (pg-at P/1) 

Station 20 

Latitude Longitude Date Time 

38.09N 11.54E 29.10.84 18.38 GMT 

Pressure 0 2  

(dbar) (lnl/l) 
SiO2 p04 

(pg-at Sill) (pg-at P/1) 

Station 21 

Latitude Longitude Date Time 
- 

38.07N 12.20E 29.10.84 21.47 GMT 

Pressure Oa SiOz PO4 
(dbar ) (ml/l) (pg-at Sill) (pg-at P/1) 

596.2 4.40 5.7 0.23 
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TABLE 14 
(Continued) 

Station 22 

Latitude Longitude Date Time 

38.14N 12.363 30.10.84 00.43 GMT 

Pressure 0 2  

(dbar) (ml/l) 
Si02 p 0 4  
(pg-at Sill) (pg-at P/1) 

Station 24 

Latitude Longitude Date Time 

38.19N 13.16E 30.10.84 06.00 GMT 

Pressure 0 2  

(dbar) (ml/l) 
Si02 PO4 
(pg-at Sill) (pg-at P/1) 

Station 25 

Latitude Longitude Date Time 

38.11N 13.33E 30.10.84 08.25 GMT 

Pressure 0 2  Si02 PO4 
(dbar ) (ml/l) (pg-at Sill) (pg-at P/l) 

601.0 4.40 6.2 0.17 
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TABLE 14 
(Continued) 

Station 28 

Latitude Longitude Date Time 

39.51N 15.04E 16.10.84 12.46 GMT 

Pressure 
(dbar) 

S i 0 2  PO4 
(pg-at Sil l)  (pg-at P/1) 

Station 29 

Latitude Longitude Date Time 

39.41N 14.523 16.10.84 15.08 GMT 

Pressure 0 2  Si02 p04 

(dbar) (ml/l) (pg-at Sill) (pg-at P/1) 
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TABLE 14 
(Continued) 

Station 30 

Latitude Longitude Date Time 

39.24N 14.333 16.10.84 20.12 GMT 

Pressure 0 2  SiOz p04  
(dbar) (ml/l) (pg-at Sill) (pg-at P/1) 

Station 32 

Latitude Longitude Date Time 

39.01N 14.19E 17.10.84 02.50 GMT 

Pressure 0 2  SiO2 p04  
(dbar) (ml/l) (pg-at Sill) (pg-at P/1) 

6 5.01 0 0.08 
52 6.18 0 0.11 

100 4.88 0 0.21 
404 4.37 0 0.07 
604 4.34 0 0.15 
90 1 4.35 0 0.23 

1511 4.37 0 .0.24 
2016 4.42 0 0.30 
2564 4.37 0 0.14 

Report no. changed (Mar 2006): SM-198-UU



TABLE 14 
(Continued) 

Station 33 

Latitude Longitude Date Tinle 

38.45N 14.17E 17.10.84 07.40 GMT 

Pressure O2 Si02 p04 

(dbar) (1111/1) (pg-at Sill) (pg-at P/1) 

Station 43 

Latitude Longitude Date Time 

38.51N 11.58E 18.10.84 16.30 GMT 

Pressure O2 Si02 p04 

(dbar) (m1111 (pg-at Sill) (pg-at P/1) 

8 5.05 1.2 0.14 
5 2 5.86 1.2 0.08 

104 5.18 1.8 0.07 
200 4.70 3.8 0.16 
405 4.37 5.3 0.12 
604 4.31 7.2 0.20 
905 4.37 8.0 0.18 

1210 4.35 8.8 0.15-0.25 
1515 4.37 9.3 0.15 
2014 4.45 9.3 0.31 
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TABLE 14 
(Continued) 

Station 48 

Latitude Longitude Date Time 

39.45N 11.41E 18.10.84 23.30 GMT 

Pressure o2 SiO2 p 0 4  
(dbar) (nll/l) (pg-at Si/l) (pg-at P/I) 

Station 50 

Latitude Longitude Date Time 

40.02N 11.52E 19.10.84 04.15 GMT 

Pressure O2 Si02 PO4 
(dbar) (ml/l) (pg-at Sill) (pg-at P/1) 
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Fig. 1 .  Tyrrhenian Sea-location o f  moorings and floats deployment are 
shown. 
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RADIO TRANSMITTER 
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ACOUSTIC TRANSDUCER 

Fig. 2. Schematic o f  float. 
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FLOA04 
AVERAGE 
FROM D A Y  240. TO 266- 

DAY 240 243 250 266 
HWR 13 15 11 23 

Fig. 7.  Time series o f  depth profile for all floats (float 04; days 240 t o  266). 

Report no. changed (Mar 2006): SM-198-UU



FLASH 

- 302m - 
- 335 - 
- 390 - 

- 4 7 0  - 

1550 

TRANSMITT. 
FLASH 

FLOAT 296 

W- c.n 348 

L I S T .  ST.*. 403 

TRANSMITT. 
FLASH 

l FLOAT 305, 

TRANSMITT. 
FLASH 

FLOAT 326-  

v-n '4-355378 

LIST. 5T.C 433 

TRANSMITT. 

Fig. 8.  Tyrrhenian Sea '84: general mooring configuration. 
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NM. 0.32 1 

W .  

UNIT VARIABLE 
T I RR8+ FLOA7 

Fig. 9a. Increment of distances between the final three-arc fix point and the 
arc fro111 the indicated listening station; float 7. 

Fig. 9b. Increment o f  distances between the final three-arc fix point and the 
arc from the indicated listening station; float 8 .  
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NM. 0.32% 

I . 
0. S97 

T I RRB* FLOAO l 

Fig. 9c. Increment o f  distances between the find three-arc fix point and the 
arc from the indicated listening station; float 01. 

NM. 0.324 

Fig. 9d. Increment o f  distances between the final three-arc fix point and the 
arc from the indicated listening station; Aoat 04. 
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ORIG. 

0 CORR. 

TIME 
T I R R 8 4  FLOA7 

Fig. 1Oa. Results of the editing process in the form of distance versus tiir~e 
for float 7; station l .  

Fig. 10b. Results of the editing process in the form of distance versus time 
for float 7; station 2. 
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Fig. 10c. Results of the editing process in the form of distance versus time 
for float 7; station 3. 

Fig. 10d. Results of the editing process in the form of distance versus time 
for float 7; station 4. 
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TIME - 
T I R R E 4  FLOAE 

Fig. l l a. Results of the editing process in the form of distance versus tirne 
for float 8; station 1 .  

T I R R E 4  FLOAE 

Fig. l l b. Results of the editing process in the form of distance versus time 
for float 8; station 2. 
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T I R R E I  F L O A E  

Fig. I l c .  Results o f  the editing process in the form of  distance versus time 
for Aoat 8; station 3 .  

Fig. l l d .  Results o f  the editing process in the form of  distance versus time 
for Aoat 8; statiol~ 4 .  

Report no. changed (Mar 2006): SM-198-UU



TIME - 
T IRRB4 FLOAOI 

Fig. 12a. Results of t l~e  editing process ia .the form of distance versus time 
for float 01; station I .  

Fig. 12b. Results of the editing process in the form of distance versus time 
for float 01; station 2. 
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Fig. 12c. Results of the editing process in the form of distance versus time 
for float 01; station 3. 

Fig. 12d. Results of the editing process in the form of distance versus time 
for float 01; station 4. 
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Fig. 13a. Results of the editing process in the form of distance versus time 
for float 04; station 1. 

Fig: 13b. Results of the editing process in the form of distance versus time 
for float 04; station 2. 
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Fig. 13c. Results o f  the editing process in the' form o f  distance versus time 
for float 04; station 3 .  

Fig. 13d. Results o f  the editing process in the form o f  distance versus time 
for float 04; station 4. 
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Fig. 18a. Raw data trajectory; Aoat 7. 

Fig. 18b. Raw data trajectory; Aoat 8. 
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Fig. lac .  Raw data trajectory; Aoat 01. 
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JULIAN DAYS 

Fig. 18d. Raw data trajectory; Aoat 04. 
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Fig. 19a. Corrected velocity component; float 7; east-west component. 
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Fig. 19b. Corrected velocity component; float 7; north-south component. 
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Fig. 20a. Corrected velocity component; float 8; east- west component. 
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Fig. 20b. Corrected velocity component; float 8; north-south component. 
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Fig. 21a. Corrected velocity component; float 01; east-west component. 
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Fig. 21b. Corrected velocity component; float 01; north-south component. 
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Fig. 22a. Corrected velocity component; float 04; east-west component. 
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Fig. 22b. Corrected velocity component; float 04; north-south component. 
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Fig. 23. Groves-filtered Aoat tracks. 
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Fig. 24. Stick diagrams for all Aoats; number signifies the Aoat number; 
da-ys are Julian days; number on the right sig~~ifies the average velocity ain- 
plitude in centimeters per second. 
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Fig. 25a. Edited raw data; C.M.  3405; east-west component. 
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Fig. 25b. Edited raw data; C . M .  3405; north-south component. 
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Fig. 26a. Edited raw data; C.  M .  3301; east-west conlponent. 
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Fig. 26b. Edited raw data; C.M. 3301; north-south component. 
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Fig. 27a. Edited raw data; C.M.  045; e+t-west component. 
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Fig. 27b. Edited raw data; C . M .  045; north-south component. 
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Fig. 28a. Edited raw data; C.  M.  3371; east-west component. 
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Fig. 286. Edited raw data; C .M.  3371; north-south component. 
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Fig. 29a. Edited raw data; C.M. 0355; east-west component. 
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Fig. 29b. Edited raw data; C.M. 0355; north-soutli conlponent. 
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Fig. 30. Progressive vector diagram; Groves-filtered; C.M. 3405. 

DAYS 

Fig. 31. Progressive vector diagram; Groves-filtered; C.M. 3301. 
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JULIAN DAYS 

Fig. 32. Progressive vector diagram; Groves-filtered; C . M .  045. 
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Fig. 33. Progressive vector diagram; Groves-filtered; C . M .  3371. 
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Fig. 39. Chart conipariso~l o f  float and current nieter trajectories. 
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Fig. 45. Stations 1-10 'Tyrrhenian 1'; potential temperature and salinity. 
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Fig. 46. Stations 10-13 'Tyrrhenian 1'; potential temperature and salinity. 
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Fig. 47. Stations 14-20 'Tyrrhenian 1'; potentid temperature and salinity. 
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Fig. 48. Stations 1-6, 'Magnaghi'; poten tial temperature and salinity. 
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Fig. 49. Stations 7-20, 'Magnaghi'; potential temperature and salinity. 

Report no. changed (Mar 2006): SM-198-UU



Fig. 50. Stations 10-14, 'Magnaghi'; potential temperature and salinity. 
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Fig. 51. Stations 20-26, 'Magnaghi'; potential telnperature and salinity. 
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Fig. 52. Stations 5-10, 'Tyrrhenian 11'; potential temperature and salinity. 
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Fig. 53. Stations 13-15, 'Tyrrhenian II'; potentid ten~perature and salinity. 
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Fig. 55a. Stations 16-19, 'Tyrrhenian II'; potential temperature. 
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Fig. 55b. Stations 16-19, 'Tyrrhenian II'; salinity. 
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Fig. 56a. Stations 20-32, 'Tyrrhenial~ II'; potential temperature. 

Fig. 56b. Statiol~s 20-32, 'Tyrrhenian 11'; salinit-y. 
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Fig. 57a. Stations 32-44, 'Tyrrhenian 11'; potential temperature. 

Fig. 57b.  Stations 32-44, 'T.yrrhenian 11'; s d i ~ l i t y .  
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Fig. 58a. Stations 34-39, ' T y r r h e ~ l i a ~ ~  11'; potential tenlperature. 

1200 - 
SALINITY 38 50. 

Fig. 586. Stations 34-39, 'Tyrrhenian 11'; salinity. 
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Abbreviations: PRESS: pressure; PTEH: potentid temperature; SALT: salinity; 
DEN: potential density (SICHA-T); SVELL: sound velocity; (N**2)10E3: Brunt- 
Vaisala frequencyx lo3; INTDEN: integral of SIGMA-T. 
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Fig. 64c. 'Tyrrhenian-I' CTD data; station C5. 
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Fig. 64d. 'Tyrrhenian-I' CTD data; station C6. 
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Fig. 64e. 'Tyrrheniali-I' CTD data; station CF. 

Abbreviations: PRESS: pressure; PTEM: potential temperature; SALT: salinity; 
DEN: potential density (SIGMA-T); SVELL: sound velocity; (N++2)IOE3: Brunt- 
Vaisala frequencyx 103; INTDEN: integral of SIGMA-T. 
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Fig. 64f 'Tyrrhenian-I' CTD data; station C8. 

Abbreviations: PRESS: pressure; PTEII: potential temperature; SALT: salinity; 
DEN: potential density (SIGHA-T); SVELL: sound velocity; (N**2)1OE3: Brunt- 
Vaisda frequencyx 103; INTDEN: integral of SIGHA-T. 
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