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On the Mediterranean outflow west of Gibraltar*

WALTER ZENK, Institut fiir Meereskunde, Kiel

With 9 figures and 1 table

Zur Ausbreitung des Mittelmeerwassers westlich
von Gibraltar

Zusanmenfassing

Ausfiihrliche Untersuchungen zum Problem der
Wasserverteilung und -vermischung des mediter-
ranen Ausstromes im Golf von Cddiz wurden im
Frihjahr 1971 wihrend der ,,Meteor“-Fahrt23
durchgefithrt. Die Beobachtungsergebnisse stiitzen
sich hauptsichlich auf Hydrosondenstationen, auf
Strom- und Temperaturmessungen von verankerten
Geriten und auf geologische Untersuchungen
von KenyoNn & BeLperson (1973). Der Leit-
charakter der Bodenmorphologie, der zur Aufspal-
tung des Ausstromes fiihrt (MapeELaIN 1970), wurde
prinzipiell bestitigt. Wenigstens vier IKKanile konnten
durch Beobachtungen belegt werden. Fiir drei von
diesen wird ein Schitzwert fiir die mittlere Aus-
sttommenge angegeben. Danach werden durch
den noérdlichen schelfnahen Ausstromkanal 0,40 -
106 m3 sec™! transportiert. Der Hauptausstrom ver-
148t den Golf von Céddiz in stidwestlicher Richtung.
Die Transportmenge betrigt hier 1,39 - 106 m3 sec—1.
Eine weitere Menge in Hohe von 0,24 - 106 m3 sec—!
erreicht den tiefen Atlantik durch ein Tal zwischen
den zuvor genannten Ausstromkandlen. In einem
stationdren Vermischungsmodell wird gezeigt, daf3
0,95 - 106 m3 sec—! reines Mittelmeerwasser verdiinnt
mit 1,97 - 106 m3 sec—! Atlantikwasser den Golf von
Cadiz verlassen.

Sunmary

During “Meteor” cruise 23 in spring 1971 intensive
investigations of the Mediterranean outflow in the
Gulf of Cddiz were carried out. In order to give
a budget of the inflow and outflow numerous

CTD-stations were taken. The observations also
included six moored current meter arrays deployed
in the known outflow channels. The considerations
given here are based mainly on three hydro-
graphic sections, current meter records averaged
over one month, and geological observations from
the bed forms beneath the Mediterranean under-
current. The results show that the outflow essen-
tially is determined by the bathymetry of the area.
At least four separate outflow channels could be
confirmed. The volumentric transport rates of three
of them were calculated. These channels are the
northerly near shelf branch (0.40 - 106 m3 sec-1),
the main branch (1.39 - 106 m3 sec-1) in southwesterly
direction, and an intermediate branch (0.24.
106 m3 sec~1) found between both. In a static box
model the progressive mixing of 0.95 - 106 m3 sec-1
pure Mediterranean Water with 1.97 - 106 m3 sec-!
North Atlantic Central Water is demonstrated.

Introduction

The constant exchange of Atlantic and Mediterranean
Water masses in the Strait of Gibraltar has been a
subject of scientific research since at least 1661 when
the Royal Society of London approved an expedition
for the investigation of the current system in the
Strait (see DEacoN 1971).

During the 19th century it became well accepted
that the steady inflow of Atlantic Water through
the Strait of Gibraltar is balanced by evaporation
in the Mediterranean Sea and by an outflow beneath
the surface inflow. The warm and highly saline
undercurrent sinks due to its high density until it
reaches a level of equilibrium in the Atlantic water.

* Contribution number 3497 from the Woods Hole
Oceanographic Institution
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At this point it begins to spread horizontally and
forms the upper deep water of the Atlantic Ocean
with its typical intermediate maxima in temperature
and salinity.

An overall view of the hydrography east and
west of the Strait of Gibraltar was shown by
Scuorr (1915, 1928) and has been recently repeated
with new data by StommeL et al. (1973). Both
longitudinal sections through the Strait depict the
warm and highly saline outflow west of the sill as a
relatively thin bottom layer which begins to spread
horizontally at approximately 1000 m depth.

The present paper deals with the distribution
of the Mediterranean outflow in the Gulf of Cidiz.
The work is based mainly on observational results
that were obtained during the Northeast Atlantic
Expedition of R/V “Meteor” in the spring of 1971.
The complete logistics of the cruise have been
reported by SiEprer (1972) including station and
mooring positions and durations of the records.
The CTD instrument used is of the Multisonde type
and has been described by KroeseL (1973).
A complete set of thc current meter logs with time
series and amplitude spectra has been released in a
separate paper (ZENK 1974).

The distribution of the undercurrent in the
Gulf of Cadiz

The influence of the bathymetry of the Gulf of
Cédiz on the Mediterranean undercurrent is at least
as important for the formation of the Upper Deep
Atlantic Water as the topography of the Strait of
Gibraltar itself. The reason for this is the combined
effect of the following factors. The undcrcurrent is
marked by high velocity which is strongly orientated
by direct contact with the sea floor. The topo-
graphy of the Gulf of Cidiz can be described as a
system of ridges, canyons, and broad terraces in
the continental slope. As a consequence of the
high current spced the undercurrent is strongly
influenced by Coriolisforce and entrainment pro-
cesses. The sloping topography accelerates the out-
flow with its higher density relative to the sur-
rounding North Atlantic Central Water.

Intensive theoretical studies on steady overflows
with the Mediterranean as an example were
published by Smrra (1973). In this work the obset-
vations of MaptELaiN (1970) on the topographic
influence on the outflow were used for an intet-
comparison between model computations, labora-
tory experiments and the physical example of the
Mediterranean outflow. The computations show the
combined influence of entrainment and ambient
stratification limiting the descent of the outflow to
a depth of approximately 1200 m.

The same subject was investigated by HEEZEN &
Jonnson (1969) with special emphasis on the inter-
action between the undercurrent and the bottom
microphysiography. Our knowledge of this inter-
action recently was improved by KENYON & BELDER-
soN (1973) who showed by means of side-scan sonar
technique the tracing of the undercurrent on the
sea flootr. From these and various additional sources
(GieseL & SemoLDp 1968; SwarrLow 1969; ZENk
1971; TnorrE 1972, 1973; FuGLISTER, unpublished
IGY-data) a rather complete picture of the distri-
bution of the undercurrent in the Gulf of Ciddiz can
be obtained (Fig.1). After leaving its sourcc the
outflow turns northwestward at about 35° 50" W
06°40’'N and is focused in a narrow stream.
Further north the outflow splits into several channels.
One of these follows the outlines of the Iberian
continental shelf while the rest flows into several
southwesterly and northwesterly canyons.

Less, however, is known about the quantitative
distribution of the total outflow in these various
channels. The following observations can supply
a more detailed understanding of the situation lead-
ing to the outflow cascade with some quantitative
values.

The entrance to the Gulf of Cadiz (Sect'on A)

In order to study the outflow at its entrance into the
Gulf of Cidiz a hydrographic cross section (A) was
carried out at a region where the undercurrent
could be expected to be undivided (Fig.2). The
observations obtained included, beside the stations
of Section A, a mooring array (equipped with two
thermistor chains and four current mcters) and repea-
ted CTD casts during 25 hours. An overall summary
of the current meter data of all moorings discussed
here is given in Table 1.

Taking the 36.0%, isohaline and its straight
extension between station 94 and the continental
matgin as the boundary between the highly saline
undercurrent and the much less saline North
Atlantic Central Water, the outflow occupies an
estimated cross area of 5-108 m2. As one can see
from Fig. 2, this area is marked by strong vertical
gradients in salinity and one might expect that the
outflow causes a large shear zone at the boundaries.
Unfortunately two of four current meters that
covered the profile within current meter array
19 failed. However, with the remaining information
of the mean speed from meters 19 105 and 19 102
together with thermistor chain record 19 101 and
the assumption of a motionless layer at the 500-m-
level in the area of the mooring, one can estimate
an integrated mean speed value of 35cm secl.
This estimate corresponds to an average flux through



On the Mediterranean outflow west of Gibraltar 25
9o go 70 6° W
T
|
|
PORTUGAL \‘ SPAIN
\
N \ N
o
370 Cape St. Vicente 7?Cape,S. Maria 37
\ : . T Ll
ry ( T 200m '\.\ 7 z
'\\_._//’"’"\\\“h; iiiiii 74
"\\.i“ 500m """ ./‘_——: /
= 1000™
C7 ) Cadiz
24
.\:ibraltar
360 _ 360
% T
3 1ooom/\ e
{ Ll 1
0 50 400 Ccmisec]
\ N
9° 8o 70

Fig. 1. Distribution of the Mediterranean undercurrent
in the Gulf of Cadiz. Dots and squares show the
position of mooring sites and CTD stations, respectively.

Abb. 1. Verteilung des Mediterranen Unterstromes im
Golf von Cadiz. Punkte kennzeichnen die Lage der
Strommesser-Verankerungen, Quadrate die der CTD-
Stationen.

Table 1 Mean current and temperature data from the Tabelle 1 Mittlere Stromungen und Temperaturen aus
Golf of Cadiz as obtained during “Meteor” dem Golf von Cadiz nach Messungen wihrend
cruise 23. For detailed data information, see der ,,Meteot-Fahrt Nr. 23. Ausfiihrliche Infor-
Zenk (1974). mationen enthilt eine Datenzusammenstellung

von ZeNkK (1974).
Ref. Location Date Depth  Clea-  Speed St. Dev. Direc- Temp. St.Dev.
rance Speed tion Temp.
No. ) A Bottom
(N) (W) 1971 m m cm/sec °T °C
19102 36° 05.4 06° 48.9 27.4.—19. 5. 552 112 13 10 351 12.2 0.19
5 —27.5. 649 15 68 7 324 131 0.15
21101 36° 18.1" 07°18.1 27.4.-217.5. 557 313 5 7 — 11.6 0.48
2 649 221 23 12 281 12.6 0.33
3 752 118 29 11 266 13.0 0.15
4 855 15 50 8 243 13.1 0.08
25101 36° 48.7 07°55.6 29.4.—-26. 5. 456 218 40 7 252 13.5 0.49
2 547 127 39 12 259 13.8 0.15
4 616 58 25 10 259 13.6 0.13
5 659 15 20 9 264 13.5 0.17
20101 36°10.5" 07°27.1" 28.4.—27. 5. 697 320 10 6 231 10.7 0.35
3 796 221 12 7 231 11.2 0.35
4 901 116 30 15 229 11.6 0.27
5 1002 15 44 13 236 12.6 0.16
22101 36°19.0 07° 46.2" 29. 4.—26. 5. 635 465 13 7 270 12.0 0.49
3 884 216 39 11 272 13.0 0.13
4 984 116 22 12 274 12.8 0.13
5 1085 15 9 9 272 12.6 0.09
23101 36° 28.0 07° 31.0 28.4.—26. 5. 448 212 2 3 - 11.9 0.24
2 539 121 5 4 325 11.6 0.40
3 592 68 22 7 334 12.5 0.36
4 645 15 36 6 319 13.2 0.19

4 Meteor A, 16
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Fig. 2. Hydrographic section A through the Meditetta-
nean outflow at its entrance into the Gulf of Cadiz.
The triangles (¥) denote the lowering depth of the CTD
instrtument. Mooring no. 19 delivered two current metet

—

(V,T) and two thermistor chain (11 X T) recotds.
The moored temperature values averaged over the record
length (see Table1) are shown in the dashed boxes.
Linear interpolation between stations was done automa-
tically by computer.

Section A into the Gulf of Cidiz of approximately
T19 = 1.75 - 106 m3 sec1.

Taking the same mixing model between pure
Mediterranean Water (MW) at the sill (Sy =
38.4%,) and North Atlantic Central Water (NACW,
Sa = 35.6%,) as was used in an earlier study (ZENk
1970) one finds that the undercurrent with an ave-
rage salinity of S;g = 37.1%, at cross section A
contains roughly 549, pure MW and 469, NACW.

Abb. 2. Hydrographischer Schnitt A durch das aus-
sttomende Mittelmeerwasser am Eingang zum Golf von
Cadiz. Dreiecke (¥) kennzeichnen die maximale Einsatz-
tiefe der Hydrosonde. Mittels Verankerung Nr. 19 konn-

ten Registrierungen von zwei Strommessern (V T)
und zwei Thermistorketten (11 X T) gewonnen wetden.
Die tiber die gesamte Registrierdauer (siehe Tabelle 1)
gemittelten Temperaturwerte sind in den Késtchen ange-
geben. Zwischen den Stationen wurde mit Hilfe eines
Rechners linear interpoliert.

Typical estimates for the net outflow of pure MW
in the Strait lie in the order of Tt = 1 - 106 m3 sec—1
(e.g. SToMMEL et al. 1973). This number corresponds
to Tyg' =1 - 106 m3sec~1,100/54 = 1.85 - 106 m3sec-1
for the location of Section A. The difference
between Tigand Ty’ is not surprising since the
outflow in the Strait shows a wide range of
variation. A measured value is not available for the
time of observation at Section A.
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Section A is situated in an area where side-scan
sonar studies of KEeNyoN & BELDERSON have
shown the transition between sand ribbons and
sand waves indicating the very high speed of the
undetrcurrent. The maximum instantaneous speed
measured by mooring 19 at 15 m above the bottom
was 84 cm sec~! which is lower than expected. The
explanation for this relatively low maximum which
occurred only once during one month of recording
can be given by the strong shear associated with
the high salinity gradient. The data show that the
instrument level was above the thin core layer.
Much higher speeds immediately near the bottom
were observed earlier in the sill region of the Strait
(LacoMBE et al. 1968) as well as in the outflow
valleys leading out of the Gulf of Cidiz (THORPE
1972). In both cases the maximum speed exceeded
100 cm sec1.

Two other features of the pattern of sedimenta-
tion are reflected in Section A. The southwestern
side of the undercurrent coincides with one of the

s

Tk TLoCT

depositional ridges pointed out by Kenvon &
BeLDERSON. The northeastern counterpart could
not be found in Section A. The remarkable dilution
of the core layer of the outflow between stations 95
and 96 may be explained in terms of mixing between
the southward Atlantic countercurrent on the surface
and the outflow. Although no direct current
measurements of this continental shelf current are
known, the bottom physiography showing long
straight crested sand waves indicates its existence.

The shelf branch (Section B)

Soon after passing Section A the undercurrent starts
to split into several branches each guided by local
topographic features (MADELAIN 1970). The most
northern branch which originates from the north-
eastern side of Section A follows the upper conti-
nental slope in a depth range of approximately
400—600 m. At about 7° 30’ W the outflow enters
a channel which opens widely onto a terrace south
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of the shelf slope of Cape Santa Maria. Perpendicular
to this outrunning channel lies Section B (Fig. 3).
At station 47 the bottom rise indicates the western
end of the depositional ridge which limits the
shelf branch of Mediterranean water (GIESEL &
SersoLD 1968).

The outflow mainly is concentrated on two
regions, one on the southern and one on the northern
side of the section. The southern core between
stations 49 and 51 belongs to the intermediate branch
discussed later while the northern part describes the
hydrography of the shelf branch (between stations 44
and 47). The division of SectionB also is evident
from the weak geostrophic currents which become
<2 cm sec~! below 300 m between CTD stations 47
and 48. The different travel history of both
branches was demonstrated by KroeseL (1973) by
means of differences in light attenuation factors
which were measured simultaneously with the
TS profiles.

The shelf branch shows a dual structure that
splits it in an upper and in a lower part. The
calculation of the effective cross section yields

0.18 - 108 m2 for the upper and 1.65 - 106 m? for the
lower core. In otder to calculate the volumetric
transport for the upper vein the mean geostropic
velocity (13 cmsec!) had to be used while the
integrated speed for the lower cote was obtained
from current meters 25 104 and 25 105 (23 cm sec™1).
The numberts yield the flux of Tgs = 0.40 - 106 m3
sec™1,

The mean current records as given in Table 1
show a direction parallel to the shelf in all cases
reflecting the constraint by the southward projec-
tion of the shelf near Cape Santa Matia as mentioned
by KEnvyoN & BELDERsON. The maximum value
in the mean vertical current profile appears between
450 and 550 m depth although Section B shows no
evidence of high currents in this depth range.
An explanation for this disagreement might be found
in the method of comparing a quasi-synoptic section
with a monthly mean current profile. At least the
temperature record of 25101 shows the highest
vatiance of all records which highlights the problem.
The maximum observed speed appeared in 25 102
with 69 cm sec1.
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The intermediate branch (Section B)

The evidence of this outflow channel was already
shown in cross section B together with the shelf
branch (Fig. 3). Unfortunately no individual hydro-
graphic section is available at the source of this
branch. According to Figs. 1 and 4 it starts between
two ridges both at depth of <600 m. The current
records obtained from mooring 23 show a perma-
nent northwesterly outflow in the depth range of
Mediterranean Water (Fig. 5). The thickness of the
outflow was observed to be approximately 150 m
(CTD station 161). According to vatious topogta-
phic charts found in literature (HEEZEN & JOHNSON
1969, Heezen & Hovrvrister 1971, MADELAIN 1970,
and KenNvoN & BerLpersoN 1973) and obtained
during the cruise (Fig. 4) one estimates 7.5 km, for
the width of the channel. The current data in
Table 1 give the mean outflow speed: 21 cm sec—1.
With these numbers the volumetric transport by the
intermediate branch is Tsez = 0.23 - 108 m3 sec—1,
The effect of the intermediate branch on the sea
bed has been shown in a photograph by MELIERES

Fig. 6. Representation of hydrography
(CTD station 6) and topography at moot-
ing site 21. The cote of the warm and highly
saline Mediterranean outflow is strongly
influenced by the local topography which
causes a leftward veering of the curtent
profile. The triangles (A )denote averaged
temperatures according to Table 1.

Abb. 6. Darstellung von Hydrographie
(Station 6) und Topogtaphie bei Veranke-
rung 21. Der Kern des warmen und salz-
reichen Mittelmeerausstromes steht unter
dem EinfluB der lokalen Topogtaphie.
Diese bewitkt ein linksdrehendes Strom-
profil. Die Dreiecke (A) kennzeichnen
die gemittelten Tempetraturen im Anschluf3
an Tabelle 1.

etal. (1970). During their observations a neat bottom
speed of 40 cm sec™! was found which is consistent

with record 23 104 (see Table 1).

The main branch (Section C)

This name was chosen because the area under
consideration transports the largest part of the
Mediterranean outflow. A representation of the
characteristic hydrography and topography at the
upper end of the main outflow branch is shown in
Fig. 6. This picture combines the mean three dimen-
sional current profile (mooring 21) with a single T
and S-profile (CTD station 6). As the mean tempe-
rature values observed by the cutrent meters indi-
cate, the T-profile displayed hetre is rather typical
for the location, Deviations between the continuous
profile and the mean temperature profile appeat
only at the depth of the uppermost current meter
(557 m) where the interface occasionally passed the
sensor causing the high temperature variance of
21101 (Table 1).
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Fig. 7. Hydrographic section C through the mzin-outflaw
branch of the Meditetranean outflow and positions of
mooring sites 20 and 22. A time shift of 2.25 days is
indicated by the gap between stations 62 and 82. Maxima
of the calculated geostrophic currents are shown by
(M). Vertically integrated speed values of the outflow
are given under the salinity profile.

Finally from Figs. 4 and 6 the strong influence
of the bottom topography on the outflow layer
can be derived. The ridges found in the NW-square
of Fig. 6 constrain the fast-flowing near-bottom
core (Fig. 5) to be deflected more southward than

——r T

30
T C°C1

Abb. 7. Hydrographischer Schnitt C dutch den Hau t-
ausstromarm des Mittelmeerwassers zusammen mit
Verankerungspositionen 20 und 22. Eine Zeitverschiebung
von 2,25 Tagen ist durch die Liicke zwischen den
Stationen 62 und 82 angedeutet. Zur Kennzeichnung der
Maxima der geostrophischen Strome wurde das Symbol
(M) verwendet. Vertikal integrierte Geschwindigkeits-
betrige des Ausstroms sind unterhalb des Salzgehalt-
schnittes eingetragen.

the intermediate and upper layer of the outflow
leading to the leftward veering of the current profile
as observed.

Section C in Fig. 7 presents the situation at the
lower branch of the main outflow together with
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Fig. 8. CTD stations 65 and 78 together with the
geostrophic current profile between station 64 and 65.
The shown averaged speed and temperature values
(/) (moorings 22 and 20) were obtained 12 houts priot to
the adjacent hydrographic stations. The graph illustrates
how the outflow core has already left the bottom at
station 65, while it still touches the bottom at
station 78 (compare with Fig. 7).

Abb. 8. Hydrosondenstationen 65 und 78 zusammen mit
dem geostrophischen Stromprofil zwischen den Stationen
64 und 65. Die dargestellten Geschwindigkeits- und
Temperaturwerte (A) aus den Verankerungen 22 und 20
wurden iiber 12 Stunden gemittelt. Sie stammen aus
dem Zeitintervall vor den Messungen auf den benach-
barten hydrographischen Stationen. Die Dartstellung
zeigt, wie det Kern des Ausstromes den Boden bet
Station 65 bereits verlassen hat, wihrend er bei
Station 78 noch auf dem Boden liegt (vergleiche Abb. 7).
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Fig. 9. The outflow cascade of the Mediterranean Water in the Gulf of Cadiz.
Abb. 9. Ausstromkaskade des Mittelmeerwassers im Golf von Cadiz.



On the Mediterranean outflow west of Gibraltar 33

moorings 20 and 22 and the relative maxima (M) of
the geostrophic current profiles. The fact that the
data from Section C were not obtained simulta-
neously is indicated graphically by the gap between
station 62 and 82. The cross section obtained shows
an uninterrupted band of outflow water which
does not fit the picture of two separated outflow
channels for that region as given by MADELAIN
(1970).

The evidence for an uninterrupted flow between
mooring arrays 22 and 20 is consistent with
KEnYoN & BELDERSON’s Fig. 19 that shows at
36°22' N, 07° 30" W an outflow filament in between
the channels displayed by MabperLain (1970). Re-
garding the field of motion a significant difference
between mooring sites 22 and 20 was observed.

While mooring 20 together with CTD station 78
(see Fig. 8) showed the same characteristics as
mooring 19, i.e. maximum speed near the bottom,
the outflow core has lost contact with the bottom
in the region of mooring 22. At mooring 20 the
highest average speed of 50 cm sec! was found at
1002 m near the bottom while the measured profile
at 22 which fits the geostrophic calculation
(Fig. 8) yields a maximum value of 39 cm sec™!
at approximately 800 m. As average intervalls the
12 hours prior to the affiliated CTD stations were
chosen. In comparing the geostrophic current pro-
file with the directly measured data a positive
vertical correction of 80 m was necessary due to the
more downstream position of mooring 22.

Similar to the previous calculation an estimate
of the volumetric transport through Section C was
carried out with the result of Tggpee = 1.39-
106 m3 sec~1. The calculation was done under the
assumption that all the outflow of Mediterranean
Water is perpendicular to the section. The obtained
values of the vertically integrated geostrophic speed
Va and the locations of their maxima values are
included in Fig. 7.

The region near mooring 22 has been investi-
gated earlier by TrorrE (1972) who showed pic-
tures of a sediment cloud below the Mediterranean
core. This observation under the jet-like outflow
(see Figs.5 and 8) is consistent with the low
speed and low temperature values that were obtained
from meter 22105 (9 cmsec™! and 12.6 °C). The
variance of speed and temperature are remarkably
low which favours the creation of the large mud
waves as reported by KENYON & BELDERSON.

The south canyon branch

Although this outflow branch was not investigated
during “Meteor” cruise 23, there are several indica-
tions for the permanent existence of a fourth fila-

5 Mecteor A, 16

ment which separates in a southward direction soon
after passing the gateway at Section A.

At approximately 36° 00’ N, 07° 08" W the bathy-
metric chart shows a sharp feature that is formed by
a very steep canyon. Sonographs by Kenvon &
BELDERSON indicate an abnormally high slope and
a canyon width of 1.5—2.0 km. Hydrographic
stations close beside the channel show at the bottom
nearly pure NACW (e.g. Discovery Station 3990,
FuGLisTER, unpublished) similar to uninfluenced
water of the Sargasso Sea in 500 m depth (e.g.
Crawford station 231, Fucrister 1960). At the
Discovery station (35° 58" N, 07° 02’ W), a salinity
of only 35.749, was observed 25m above the
bottom. This is a strong indication of the jet-like
character of this outflow filament which leaves the
surrounding water masses relatively unaffected.

KEnyoN & BELDERsON called this branch “the
most problematic channel” because the geological
features show the most intensive interaction between
the sea floor and the undercurrent.

The geological observations confirm the hydro-
graphic survey by MADELAIN (1970) who illustrated
this branch as a narrow but separate outflow vein
of highly saline Mediterranean Water.

No quantitative value for the transport through
the canyon can be given. However, it is surely one
reason for he poorly balanced budget of the total
outflow discussed in the next paragraph.

The outflow cascade

In order to give a budget of the outflow of the
Gulf of Cidiz the sum of the different outlets has to
be compared with Tig at the gate way section.
First of all, however, the mixing with NACW in
the area must be taken into account: an estimate
of the vertical averaged salinity profile weighted
by the speed in Section A results in a salinity of
Sig = 37.1%,. Similarly, one gets a salinity of
Ss = 36.5%, for the profiles in Sections B and C
in the region of the outflow where its horizontal
spreading starts. The salinity of water mixed with
Sig to yield Sg is again Sy = 35.6%,. Consequently,
the water that passes Section A (1.75 - 106 m3 sec™1)
as the Mediterranean undercurrent represents 609,
of the product which is mixed with 409, NACW
(1.17 - 108 m3 sec™!) leading to a transport of
Tg = 2.92 - 106 m3 sec™! leaving the Gulf of Cddiz.
Fig. 9 illustrates the process between the Strait of
Gibraltar and the outer edge of the Gulf of Cadiz
in terms of a box model. The values that were
observed during the investigation Meteor 23 are
marked by (¥). All other numbers are derived from
these values. The figure shows how the mixing
progresses in two steps (outflow cascade).
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While the first step of the cascade has been
described earlier (Section A), the second includes
the portions in the channels investigated here,
Tgs, Tes, and Tgpfag as components of Ts. The
measured parts sum up to 2.03-108 m3sec 1.
An undetermined outlet Tyx = 0.89 . 106 m3 sec—1!
had to be added to keep Tjs in balance.

Tx cannot be supplied by the small south canyon
branch alone. Besides the contribution from this
filament of the outflow, several other reasons have
certainly influenced the poorly balanced budget.
Similar to the connection of the northern and the
southern part of Section C there might exist a
continuous layer of outflowing water between the
southern end of Section C and the south canyon
branch. Such a broad extension of Section C would
be able to transport as much as the sum of
Toos2e and Tx. Other possible error sources are the
insufficient knowledge of speed and salinity distri-
bution, deviation from orthogonality between sec-
tions and the mean current directions, and synopsis
problems,

However, a comparison between a recent study
by WorrHINGTON (1975) and the results obtained
here shows that Tg = 2.9-106 m3 sec! is in the
right order of magnitude. WORTHINGTON postulates
a transport of 3.0 - 108 m3 sec?! in the Mediterranean
outflow to keep the Atlantic circulation balanced.
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