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DETTH OF THE MOTIONLESS LAYER
IN THE GULF CF FEXICO

Rchard M, Adame

Ahstract

The methods of Defant and Hidaka have been used in this study
of the depth of the motionless layer in the Gulf of i'exico. Data
used in the study were obtained on Cruises 1, 2 and 3 of the U, S.
Fish and Vildlife Service vessel ALASKA, The results of the two

methods are shown pictorially ir order to facilitate comparison.

ployed the method of depth of minirmum oxygen content.



DEPTH OF THE NMOTIONLESS LAYER
IN THE GULF CF MFXICO

1. Introduction. In tie following report, the results of two methods

for determining the depth of no moticn in the Gulf of Fexico are rre-
sented. No effort is made at this time to support or criticize either
method since it 1s felt that the amount of data upon which these studies
vere based is too srmall to warrant thc drawing of definite conclusions.

However, comparison of the results of these methods is of interest.

2. Source of Data. In 1951, personnel of this project working irn

cooperation with the U, S, Fish and Wiidlife “ervice nf Calveston, Texas,
completeld three cruises ip the Gulf of Fexico using the Fish and Wild-
life vessel ALASKA., These cruises were planned to give =z completve
coverage of the Gulf, The three cruise plans, showing stations

occupied successfully, are shown in Figfure 1. “tations were ncormally
spaced at forty mile inte rals with ewvcepticns being in tle Straits of
Tlorida and the Yucat n Crannel where fthey were sraced 21 approximately
twenty mile intervals,

Cruise 1 includad the central Gulf, Straits cf lorida and the
Yucatan Channel. Cruise ? coverad the westcrn Guli frem Longitude 920U
to the Texas~Mexicc coast. Unfortunately, a period cf rough veather

caux=d the omission of four important stations along Iongitude 920W,

Cruise 3 covered tho rorthezstern portion of the “ulf,

3, Defant's l'ethod. Defant has shown (2921) that in the Atlantic

Ocean ithe anomaly of tre dynamie depth interval between ischaric sur-

faces remains nearly constant within certain depth intervals. hc has



assumed that surfaces of no motion lie somewhere within these intervals.
In using this method for the Culf of Mexico data mentioned above,

comparisons were made for pairs of stations along cach line of stations.

The differcuces betueen the dynamic depth anomalies from the surface

to each standard pressure surface were computed as shown in Table 1,

vhere stations 3 and /4 of Cruise 3 are compared as an examplie:

Table 1, Compmtation of differences between tle dvnaric depth anomalies
from the surface to each standard pressure surlace for stations 3 and 4,
Cruise 3,

Pressure £D3 AD, £&D3-ADy
(Decibars) (Dynaric meters) (Dynarmic meters) (Cynamic meters)

0 0,000 0,000 0.C00

10 093 055 .038

20 147 106 Q42

30 194, 153 JO41

50 265 .236 029

75 333 »31E 015
100 « 3C0 0352 AEES
150 482 SEEA 001
20C ) . 560 -, 08
250 RS 600 -'015
200 T2 6901 -, 00
o0 ST «£04 - 027
500 .87 903 - 032
600 05 923 -.038
700 .00 1.073 .Uqﬁ
200 }.L 0] 1.126 -, 046
1000 1.219 1.764 -, 045
1200 1.323 1.358 =,035

These differences were then plottcd azninst depth (see FTipure 2 for
example) tc asccrtain at what depth intervals tie anowmalyv of distance
tetween isobzric surfaces remained rmoct nearly conctant, After such

intervals vere chosen, the agssumption was made that a motionless surface

—P-



existed at the midpoint of such intervals. Thus in our example (Teble 1,
Figure 2), the depth of the motionless surface was assumed to be at
9C0 m,, corresponding to a pressure of 900 decibars.

imilar comwutations were made for all other pairs of stations.
The valus obtained for each pair of stations was plotted om a kase map
of the Gulf midway between the pair of stations, and contours drawn.

(Figure 3)

L. Hidaka's Method. In 1949; Dr. Koji Hidaka presented a method for

determining the depth of the rotionless layer (Transactions, American
Geophysical Union, Vol. 30, Num, 3) from a consicderation of the dis-
tribution of salinity. In brief, this method_is based on the differential

|
equation governing the distribution of selinity in sea water, that is

2 . 25 3 NS ’ e N = )<

p—— e o Y 4 L= = » [N i S i

()'{‘_‘ ..‘L aﬁ +IJ A { IJ ’T—-: = _ 1. - 1_,1\:‘ - e +~ N =t (l)
)

-~

vhere 5 represents salinity, # is time, o, , .- , and ,,,- the 1 , !
and 7 components of current velocity, and i, , A. and K - thke co-
efficients of diffusion in the £ , v and = directions. In a motion-

lese layer, W =g e o=y gl 'Ej;': % so that (1) becomes

2 - . . -

= *-}’/"“ . e S ol e - o, (2)

—
-

In our study in the Gulf of i‘exico we have assumed that vertical mixing

prevsils so that the first tuc terms of (2) can be neglected. Thus we



need only to consider

Using tre salinities at standard depths for all stations shown in

Figure 1, snd the relationship

:2“\-’: - S;—/ + S/;&r ‘i S‘_
S (a k)?
<. . €
where <. is the salinity of the lcvel in question and =485 and

~

ey are the salinitiecs at a distance Ah above and below the

< :
level cf 2, values cf S were computed for each standard

N oo
2

= vanishes was then considered to

depth., The point at which

T

B

be the depth of the rotionless swface, These denths were plot*ed at

the various station positicns and centours drawvn as shewn in Wigure 4.

5. Comparison of Tesults. A comparison of the results of the methods

described above is of interest. It will te noted that with Defantte
method, twe maxima are obtained, one in the western Gulf and one in

the east ceniral Gulf, These maxima also aprear in Fidala's method

1

bt poth are dispiaced and are of different rapnitudes, The western
Gulf maximum in Fipure 3 is found to the southeast in Fipurs 4 with the
Jatier being about ZCC m. greater than the ferrmer, The east central
are 2 ic again displaced Lo the southeast in Figure 4,

vut in this casze the lat*er is about €00 m, smaller than the former.

Both methods show a variation in depth of the motionless layer of from



200 to graater than 1000 m, Moreover, the methods show good agreement
in the area of the Yucatan Chanrnel enrd fair agreement in the Straits
of Florida,

In 1636, Dietrich published a chart showing the depth of the
motionless surface in the Gnlf as inferred from the depth of mininum
oxygen content., This method also shows two maxima, one in the western
Gulf and one in the east central Gulf, both very close to the positions
of the maxima obtained by Defant's method, Fowever, Dietrich's western
naximum was at a depth of 400 m, while the east central maximum vas
at a depth of 600 m, DLietrich's values ranged from 200 to 600 m.

They were larger in the Yucatan Channel than the values obtained by
using the methods of Defant and Hidaka. They were also larger in the
Straits of rlorida ttan tie values obtained using :idaka's method but

compared quite favorably in this erea with results of the Defant method,

6. Plans for Future llork, As more data become available, it will be

possible to study in greater detail the above methods for determining
the depth of the motionless layer. ‘Yore imediately, howvever, it is

rlanned to check tre metlods of Defant and !idaka for mass transnort

across cne or more sectiors of the Gulf, This,; it is hoped; will

furnish us vith a poscibhle check for one ¢f the metheds,
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