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ABSTRACT 
Water temperature and salinity measurements from most of the 14 basins off 

southern California, when compared with older data, show no detectable changes. 
The water in each basin is nearly isothermal and isohaline from the bottom to near 
the sill depth. Water temperatures indicate that the bottom water of most basins 
must have travelled from basin to basin in a general northwesterly direction while 
that of the outermost basins came directly from the open sea on the west. Each 
sill in the path of the water acts as a submerged dam which holds back the water 
tl:µtt is deeper than the sill itself. The densest water which can cross, that near the 
sill depth, occupies each basin from its bottom to near its sill depth. 

INTRODUCTION 

An investigation of sediments from the floors of basins off southern 
California (Emery and Rittenberg, 1952) has indicated that certain 
characteristics of the sediment, such as the amount of organic matter 
and the depth of zero oxidation-reduction potential, are controlled 
in part by the nature of the overlying basin water. Conversely, 
the hydrogen-ion concentration, oxygen content, and sulphate-chloride 
ratio of the overlying water may be influenced by the sediment. 
Since the sediment and water are inter-related, additional work on 
the sediment could not be effective without more complete knowh:dge 

1 Contribution of Allan Hancock Foundation, No.· 134. 
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of the water. For convenience, study of the water was divided 
into two parts: (1) An examination of the origin of the water mass, 
and (2) a study of the peculiar chemical properties near the bottom. 
The part on water origin has been oompleted and is presented here
with. 

Most of the data for this study were obtained during the winter of 
1952-1953 aboard the University of Southern California research 
vessel, VELERO 1v. During four short cruises, vertical series of Nansen 
bottle samples were taken from nine basins as well as from five main 
basin sills and four secondary sills. Because of the importance 
attached to the interface between water and sediment, the samples 
at each station were spaced widely near the surface and more closely 
near the bottom, and usually an attempt was made to trip one Nansen 
bottle at the bottom. This spacing is the reverse of the usual oceaner
graphic procedure. Supplementary data for two deep-sea stations 
and one station near a basin sill were obtained from records of fisheries 
research cruises made during 1949, 1950, and 1951 by vessels of the 
Scripps Institution of Oceanography (Staff, 1950, 1951, 1952). 

In order to ascertain whether or not changes in the water of the 
basins had occurred during the past years, a search was made for 
older data. Unpublished data from three basins and a trough were 
obtained by John Lyman during 1940 while he was engaged in work 
at the Scripps Institution of Oceanography. In 1937 Sverdrup and 
Fleming (1941) obtained one observation below the sill depth of each 
of two other basins. Serial temperatures in another basin were 
measured by the U. S. Coast and Geodetic Survey in 1933 during a 
study of sound transmission in the water (Swainson, Mcllwraith, 
and Dyk, 1934). Unpublished bottom temperatures for one of the 
basins that was sampled by Sverdrup and Fleming in 1937 were 
provided by Manley L. N atland, who had obtained them during 1931 
and 1932 for a study of the depth distribution of Foraminifera (Nat
land, 1933). 

TOPOGRAPHY 

The sea floor off southern California is well sounded for such a 
large area, there being about 280,000 soundings in areas deeper than 
100 m, mostly obtained by the U. S. Coast and Geodetic Survey 
between the years 1932 and 1938. From all available soundings, 
Shepard and Emery (1941) prepared charts at 50-fathom contour 
intervals. Fig. 1, simplified from the contour charts, shows the 
characteristics which are probably of greatest importance to bottom 
water circulation. 
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Figure 1. Topographic relations of basins off southern California. Stations between 
2100 and 2300 are those of the Allan Hancock Foundation; most others are of Scripps Insti
tution of Oceanography. Italicized numbers show the deepest point of basin floors and 
sills In meters. 

In the 80,000 km.2 area bounded by the southern California shore
line on the east, Lat. 34 ° 30' N on the north, the continental slope on the 
west, and Lat. 31 ° 30' N on the south, there are 12 closed basins as 
well as parts of two more at the southern boundary (see Fig. 1). 
Thus, the region contains 14 basins, the bottom depths of which range 
from 627 to 2,571 m and the sill depths from 475 to 1,902 m below 
the sea surface. The differences between sill depth and basin depth 
for given basins vary from 152 to 881 m. Depth data for individua. 
basins are presented in Table I and Fig. 1. Of the indicated depths, 
that of the sills is least certain because of the difficulty of determining 
the deepest point of a sill in the absence of extremely detailed surveys. 
Thus it is possible that reported sill depths have an accuracy no 
better than plus or minus 50 m. Curiously, each of four basins 
contains two sills that have indicated depths within 100 m of each 
other, and one basin has five sills of approximately equal depth. 
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The basins are separated from each other by high mountainous 
areas that locally rise above sea level as islands or extend upward 
nearly to sea level as banks. Toward the south there is a general 
decrease in elevation of the tops of the mountains and the bottoms 
and sills of basins, suggesting that the region was tilted southward 
after being block-faulted. The sides of the basins are so much higher 
than the sills that in a sense the basins represent narrowly connected 
deep spots along irregular troughs. This distribution of sill depths 
and the northwesterly elongation of the basins are probably of great 
significance as regards movement of bottom w;aters. 

The volume of water below the sills in individual basins ranges 
between 43 and 961 km3 and totals 3,470 km3, approximately 5% 
of all the water in the region. 

TEMPERATURE 

Temperatures were measured with pairs of reversing thermometers 
attached to the Nansen bottles. On every third bottle an unprotected 
thermometer was paired with a protected one to obtain a check on 
the depth. Corrections were applied by means of LaFond's (1951) 
tables. The resulting corrected and averaged in situ temperatures 
are listed in the Appendix. 

In general, the surface temperatures show a range of several degrees 
because of regional and seasonal variations, and the range decreases 
with depth down to 90~950 m. At this depth throughout the 
region all of the temperatures were identical within 0.2° C. Below 
950 m the temperature-depth measurements again present a spread 
of values due to basin conditions. Below the sills, the water in a 
given basin approaches thermal uniformity except for the first hundred 
meters or so. The straight lines in Fig. 2 show a best fit through 
the points well below each basin sill. The mean difference between 
these lines and the 63 measurements is only 0.02° C, which is close 
to the limit of accuracy of the thermometers. Absence of secular 
or seasonal changes in temperature below the sills is indicated by 
the fact that 15 earlier (1931-1940) temperature measurements below 
the sills have a mean difference of only 0.01 ° C from the same straight 
line. The temperature is so constant with depth and time in fact 
that these areas may even prove useful for checking the calibration 
of thermometers. 

In several of the basins a temperature decrease amounting to a few 
hundredths of a degree occurs in the first hundred meters below the 
sill, and in one basin (San Nicolas) it amounts to 0.13° C. Probably 
this gradient can be attributed to mixing. At greater depths, the 
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water might be expected to exhibit some indication of adiabatic heat
ing, which should show best in the three basins that have floors more 
than 650 m deeper than their sills. One of these (San Nicolas) shows 
no temperature increase with depth, but two (Santa Cruz and Velero) 
may have an increase of about 0.04° C/500 m on the basis of a best
fit line. Approximately this gradient is to be expected in adiabatic 
heating (Sverdrup, Johnson, and Fleming, 1942: 63). 

The data now available indicate that the temperature of the water 
below the sill of a given basin is nearly uniform horizontally as well 
as vertically. A transverse cross section of the San Pedro Basin 
(Fig. 3) is based on many separate measurements at the bottom and 
aides made during 1931 and 1932 by Manley L. Natland in addition 
to the later vertical series in the middle of the basin. The seven 
measurements deeper than 800 m range between 5.04° and 5.09° C 
with no geographical trend. Because temperatures of the water 
above the sill depth are slightly less uniform, the isotherms are only 
approximately horizontal (Figs. 3 and 4). 
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Figure 3. Cross section of San Pedro Basin 1'rom shelf off San Pedro on right to shore at 
middle of Santa Catalina Island on left. Vertical series 1'rom AHF Station 2178; bottom 
measuremente from Manley L . Natland. Isotherms shallower than 200 m are omitted 
because of seasonal variations. 

Examination of Figs. 2, 4, and 5 and Table I shows different mean 
temperatures in the various basins: 2.52 to 6.26° C. Even at the same 
depth in different basins the temperature differs. For example, 
at 1,900 m the temperatures in four basins vary between 2.52° and 
4.15° C. This range appears sufficient to be one of the factors which 
can control the distribution of living Foraminifera (Crouch, 1952) and 
probably other fauna} elements. 

It appears that the temperature within a basin is largely controlled 
by the sill depth. To determine the degree of control, temperature
depth series were obtained as near as possible to the position of the 
lowest sill at each of five basins. The lowermost Nansen bottle was still 
3 t o 51 m above the lowest charted sill depth, and therefore the sill 
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temperature had to be obtained by extrapolation of the temperature
depth curve to the charted sill depth. The extrapolations, indicated 
in Table I as "measured temperature at sill," range from 0.05° C 
above to 0.30° C below the mean temperature of the water deeper 
than sill depth in the basins. The temperatures at the depth of the 
sills were also read off the temperature-depth curve of the adjoining 
water mass that probably supplied the water which crossed the sill, 
usually the next basin to the south. These "estimated temperatures 
at sill," shown also in Table I are 0.1 ° to 0.3° C lower than the tem
perature of the bottom water in basins having sills deeper than about 
1000 m, but they are 0.1° to 0.2° C higher than the temperature of 
water in basins that have shallower sills. Where the sill temperature 
is lower than that at the same depth in both adjoining basins (as in 
sills of the Catalina and Santa Cruz Basins), the difference must be 
due to a slight rise of the water during its fl.ow over the sill as discussed 
by Schott (1928) for the sill at Gibraltar and by Parr ci937) for sills 
in the Caribbean Sea. 

Attempts to resolve the temperature differences of basin water 
and sill water led to the conclusion that the water which enters a 



1954] Emery: Water in Ba.aim off Southern California 

WATER TEMPERATURE AT VARIOUS DEPTHS 

Off SOUTHERN CALIF"ORNIA 

STATUT(. Mil.CS 

BLACK SHOWS AA[A or LANO 
AT ~DICAT[D Otl'TH 

9 

Figure 5. Maps of sea. floor at 0, 800, 1200, 1600, and 2000 m. The solid black represents 
land areas at the various levels. Temperature In •c. Generalized Isotherms for March and 
August at surface from Leipper (1947). 

basin may come from some depth other than that of the exact lowest 
point of the sill. The average water temperature in any given basin 
is the same as that at some depth in an adjoining basin, and this 
depth was taken as the effective sill depth (see Table I) . For basins 
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with sills deeper than 1000 m below the sea surface, the effective sill 
depth is 6 to 202 m shallower than the sill depth that was accepted 
from available soundings. For basins having sills less than 1000 m 
below the sea surface, the effective sill depth is 13 to 36 m deeper 
than the charted sill depth. Since the error in charted sill depths was 
considered to be plus or minus 50 m, the effective sill depth is in sub
stantial agreement with the soundings for six basins. For four other 
b,asins (San Clemente, Santa Cruz, Tanner, and Velero), the effective 
sill depths are 66, 105, 105, and 202 m shallower than the sounded 
sills, respectively. The reason for these differences is not known. 

CHLO RINI TY 

Titrations for chlorinity were done ashore with the ordinary silver 
nitrate method standardized against Copenhagen sea water. The 
method is considered accurate to about 0.02 %0 • 

In general, the chlorinity increases from about 18.40 %o at the 
surface to 18.90 %oat a depth of about 300 m, below which it increases 
more gradually to values between 19.10 and 19.15 %o within most of 
the basins. Near the bottom, however, there appears to exist a 
slight decrease. Because this decrease may indicate an abnormal 
salinity-chlorinity ratio, the chlorinities are reported as such rather 
than as salinities. 

The mean chlorinity of the water below the basin sills ranges from 
18.96 %o for the basin having the shallowest sill to 19.14 %o for the 
one having the deepest sill. This range of 0.18 %o is only about nine 
times the limit of accuracy of the determination, in contrast to the 
temperature range of the bottom waters, which amounts to about 190 
times the limit of accuracy of temperature determinations. Ac
cordingly, the control of the water movement exerted by the sills is 
revealed more clearly from temperature observations than from 
chlorinity (Fig. 4). 

OXYGEN 
Oxygen determinations were obtained by the customary Winkler 

procedure. In general, the oxygen decreases rapidly from 5.5 to 
6.0 ml/L near the surface to less than 0.5 ml/L at the oxygen minimum 
between 500 and 600 m. Below the oxygen minimum in the open 
sea the oxygen again increases to about 2.0 ml/Lat 2 000 m. Wher
ever. the water is trapped in a basin, the bulk of it ' retains the ap
~ro~1mate oxygen content that o~c~rs at the sill depth; thus, if the 
~Ill 1s n~ar _the depth of oxygen mm1mum the oxygen content is low; 
1f the sill 1s well_ below t?e ?epth of oxygen minimum the oxygen 
content of the basm water 1s higher. Accordingly, the oxygen content 
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of waters below basin sills ranges between 0.2 and 2.5 ml/L. Near 
the basin floors the oxygen content of the water may again decrease, 
owing to complex alteration of the water by the sediment and organ
isms living at the bottom. 

SOURCES OF BASIN WATER 

Pattern. In Fig. 4 it is obvious that the water near the bottom 
of San Nicolas Basin must have come from the mid-depths above 
San Clemente Basin rather than from Santa Cruz Basin, for there 
is no water in Santa Cruz Basin which is as cold as that in San Nicolas 
Basin. The deepest water of San Clemente Basin is so cold and 
dense that it cannot rise up to the level of the sill of San Nicolas Basin, 
and consequently it remains behind, marking the direction from 
which the water of San Nicolas Basin came. Similarly, the botto.m 
water of San Nicolas Basin cannot rise to the level of the still shallower 
sill of Santa Cruz Basin, and it marks the direction from which Santa 
Cruz Basin was supplied. 

The general path of the water is shown by isolated masses of trapped 
basin water of progressively higher temperature. Examined from 
this viewpoint, the temperature measurements show that the waters 
of the Santa Barbara, Tanner, and Long Basins have been supplied 
entirely or primarily from the open sea beyond the continental slope. 
Possibly some of the water in West.Cortes Basin also came from the 
open sea. Velero Basin may have furnished some of the water in 
Long Basin and in the small unnamed basin just south of Sixtymile 
Bank. It appears probable that the waters in all of the remaining 
basins have funnelled through the unnamed and unexplored basin 
east of Velero Basin above its sill depth. From this unnamed basin 
two tongues extend northward. The left-hand one enters the small 
basin south of Sixtymile Bank and proceeds thence to East Cortes 
and finally to west Cortes Basin. The right-hand tongue enters 
San Clemente Basin, from whence it divides into three branches. 
One branch turns northwestward into San Nicolas and continues 
into Santa Cruz Basin. The middle branch continues northward 
into Catalina Basin, where it may partly leave that basin through 
the sill southeast of Santa Catalina Island to rejoin the third branch 
which left San Clemente Basin to proceed northward up the San 
Diego Trough. The two rejoined branches thereupon proceed north
westward into San Pedro and thence into Santa Monica Basins. 

The sides of most of the basins extend upward to form islands or rise 
at least to depths that are much shallower than the sills; thus, the sides 
confine the movements of water at the depth of most down-current 
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sills. Only the sills of the San Pedro Basin and ~atalina Basin are 
sufficiently shallow with respect to the surrounding topography to 
permit water to enter by a number of :out~s. :he current axes 
leading to these sills are shown as dashed Imes m Fig. 6. 

fLOW or BOTTOM WATER 
BETWEEN BASINS 

NUMBCRS SHOW 
TEMPERATURE 

AT BOTTOM 

Figure 6. Pattern of water fl.ow from basin to basin. Width of arrow serves as rough 
Indicator of relative transport volume. 

In its travels through the basins, the water appears to have followed 
a general northwesterly course that is opposed for the most part 
to the surface current, especially during winter. The latter is shown 
by the generalized map of surface isotherms (Fig. 5), if we assume 
that the current flows along the isotherms in a direction such that the 
warm water is on the right-hand side of the current. Because of 
the current which exists near the surface, there must be continual 
mixing across the interface between the water masses. As a result 
of this mixing, some of the water below the basin sills becomes less 
dense in the course of time, thus permitting the fl.ow of additional 
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water across the sills. Because of the slow mixing and replacement, 
the water within the basins does not become stagnant and devoid 
of oxygen. 

The relationship of the water to topography off southern California 
is similar to that observed in basins of the East Indies (van Riel, 
1934; van Riel, Hamaker, van Eyck, 1950) and in the West Indies 
(Parr, 1937). Thus, in a sense, the basins off southern California 
are small scale parallels of the basins of the East Indies and West 
Indies. 

Velocity. The many surveys of temperature and salinity of the 
near-surface waters off southern California, when converted to dynamic 
topography, yield surface current speeds that locally range up to 
about 50 cm/sec and average between 10 and 15 cm/sec. Though 
such computations are subject to many errors, these computed currents 
show good agreement with the results of drift bottle experiments 
(Sverdrup and Fleming, 1941: 273). 

Thus far indirect methods have not be~n applied to the problem 
of currents within the basins and below their sills, but brief measure
ments with current meters have been made just above the floors of 
Santa Cruz and San Pedro Basins (Shepard, 1948: 65). In Santa 
Cruz Basin, currents between 8 and 15 cm/sec were obtained, the 
speeds just above the bottom often being greater than those of currents 
slightly above them; thus the presence of turbulent motion is indicated. 
In San Pedro Basin the speeds ranged between 7 and 18 cm/sec. 
Since the measurements are not very complete, the origin of these 
currents is uncertain, but they may be related to seiches. 
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APPENDIX 
Allen Hancock Foundation Stations made by VELERO IV, showing 

depth, temperature, and chlorinity. 

AHF 2165 
Oct. 11, 1952 Lat. 31°31.1' Long. 118°27.0' 2484 meters 

Depth Temp. Cl 0 loo Depth Temp. Cl 0 loo 
0 18.5 18.43 1497 2.87 19.09 

91 10.12 1679 2.65 19.11 
186 10.70 18.91 1859 2.48 19.15 
369 8 .95 19.00 2042 2.50 19.14 
552 6 .76 19.00 2225 2.52 19.15 
744 5.38 19.04 2289 2.47 19.13 
926 4.38 19.03 2380 2.52 19.12 

1109 3.78 19.04 2472 2.53 19.11 
1314 3.30 rn.08 

AHF 2178 
Nov. 7, 1952 Lat. 33°32. 7' Long. 118°24.9' 862 meters 

Depth Temp. Cl °loo Depth Temp. Cl °loo 
0 17.75 18.41 679 5.31 18.93 

183 8.63 18.70 752 5.11 18.98 
365 7 .52 18.92 828 5.09 
547 6.04 18.88 

AHF 2179 
Nov. 7, 1952 Lat. 33°40.9' Long. 118°53.0' 893 meters 

Depth Temp. Cl °loo Depth Temp. Cl °loo 
0 17.6 18.52 743 5 .13 19.05 

183 8 .88 18.87 808 5 .06 18.96 
367 7.49 18.97 883 5.03 18.99 
550 5 .90 19.02 

AHF 2181 
Nov. 8, 1952 Lat. 33°24.2' Long. 118°51.0' 1295 meters 

De-pth Temp. Cl °loo Depth T emp. Cl °loo 
0 18.0 18.52 821 4.52 19.04 

184 8.44 18.85 1006 4.15 19.06 
367 7.43 18.97 1112 4.11 19.06 
550 5 .99 18.99 1204 4.05 19.00 
•J69 5 .40 19.02 1286 4.00 18.99 
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AHF 2182 
Nov. 8, 1952 Lat. 32°59.6' Long. 118°58.3' 1731 meters 

Depth Temp. Cl 0 /oo Depth Temp. Cl 0 /oo 
0 17.3 18.52 1252 3.76 19.11 

183 8.30 18.86 1402 3.74 19.11 
366 7.30 18.96 1554 3.71 19.11 
549 5.88 18.95 1692 3.71 19.06 
732 4.99 19.03 1731 19.00* 
914 4 .35 19.06 1731 3.71 18.95f 

1097 3.88 19.07 

*Clear: f Muddy. 

AHF 2185 
Nov. 9, 1952 Lat. 32°37.5' Long. 118°08.0' 2030 meters 

Depth Temp. Cl °loo Depth Temp. Cl °loo 
0 16.1 17.88 1840 2.61 19.13 

186 8.42 18.87 1950 2.60 19.13 
370 6.89 18.93 1994 2.66 19.12 
556 5.96 18.83 2025 2.60 19.13 
921 4 .34 19.08 2030 2.60 19.12* 

1291 3.19 19.08 2030 2.61 19.11* 
1660 2.65 19.10 

*Muddy 

AHF 2198 
Dec. 19, 1952 Lat. 33°40.5' Long. 119°31.2' 1893 meters 

Depth Temp. Cl °loo Depth Temp. Cl °loo 
0 13.9 18.43 1138 4.15 19.12 

361 7.65 18.98 1323 4.12 19.11 
546 5.91 19.03 1509 4.15 19.09 
729 4.85 19.06 1691 4.13 19.10 
956 4.34 19.09 1874 4.17 19.09 

AHF 2200 
Dec. 20, 1952 Lat. 34°13.5' Long. 120°02.5' 589 meters 

Depth Temp. Cl °loo Depth Temp. Cl °loo 
0 13.1 18.46 445 6.61 18.96 

124 9.79 18.66 505 6.37 18.96 
246 8.68 18.89 561 6.36 18.94 
399 7.48 18.95 
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AHF 2201 
Dec. 20, 1952 Lat. 33°52.9' Long. 119°24.3' 677 meters 

Depth Temp. Cl 0 /oo Depth Temp. Cl 0 /oo 
472 6 .34 19.00 655 5.30 19.04 
594 5 .48 19.M 

AHF 2207 
Jan. 28, 1953 Lat. 33°22.3' Long. 118°10. 7' 722 meters 

Depth Temp. Cl°/oo Depth Temp. Cl 0 /oo 
596 5.78 19.05 722 18.93t 
722 5 .20 19.00• 

•Muddy. tClear. 

AHF 2208 
Jan. 28, 1953 Lat. 33°04.9' Long. 117°59.1' 935 meters 

Depth Temp. Cl °/oo Depth Temp. Cl °loo 
642 5 .47 19.07 916 4 .41 19.09 
825 19.08 

AHF 2209 
Jan. 29, 1953 Lat. 32°51.1' Long. 118°17.9' 939 meters 

Depth Temp. Cl °loo Depth Temp. Cl °loo 
681 5.33 19.06 924 4.14 19.12 
831 19.11 

AHF 2210 
Jan. 29, 1953 Lat. 32°35.9' Long. 118°35.5' 1118 meters 

Depth Temp. Cl °/oo Depth Temp. Cl °loo 
0 15.4 1012 4.01 19.07 

829 4.59 19.05 1103 3 .77 19.12 

AHF 2211 
Jan. 30, 1953 Lat. 33°17.1' Long. 118°56.0' 845 meters 

Depth Temp. Cl °loo Depth Temp. Cl 0 /oo 
0 14.9 735 5 .« 19.03 

552 6 .14 18.99 826 4 .72 19.05 
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AHF 2213 
Jan. 30, 1953 Lat. 33°18.6' Long. 119°10.4' 1051 meters 

Depth Temp. Cl 0 /oo Depth Temp. Cl 0 /oo 
0 15.0 18.45 777 4 .91 19.05 

213 8.38 18.94 960 4 .29 19.09 
396 7.25 18.98 1051 3 .93 19.05* 
579 5.85 19.02 

*Muddy. 

AHF 2215 
Jan. 31, 1953 Lat. 32°58.8' Long. 119°46.2' 1490 meters 

Depth Temp. Cl O /oo Depth T emp. Cl 0 /oo 
0 13.5 18.42 913 4.34 19.09 

183 7.97 18.86 1097 3.90 19.11 
366 6.62 19.01 1221 3 .85 19.14 
549 5.60 19.03 1405 3 .90 19.13 
732 4.86 19.06 1490 3.82 19.09* 

•Muddy. 

AHF 2216 
Feb. 1, 1953 Lat. 33°36.4' Long. 118°58.0' 454 meters 

Depth Temp. Cl O /oo Depth Temp. Cl O loo 
0 14.2 18.40 350 18.87 

166 8.55 18.83 442 6 .80 18.92 

SCRIPPS INSTITUTION OF OCEANOGRAPHY STATIONS. THE NAME OF THE VESSEL 
Is LISTED IN PARENTHESES AFTER THE STATION NUMBER 

SIO 80.55 (HORIZON) 
May 3, 1950 Lat. 34°21' Long. 120°50' 859 meters 

Depth Temp. Cl 0 /oo Depth Temp. Cl 0 /oo 
0 12.26 18.67 300 7.57 18.92 

50 9.93 18. 71 400 7.05 18.95 
100 8.84 18.81 500 6.32 18.97 
150 8.48 18.88 600 5 .64 18.97 
200 8.13 18.88 700 5 .05 19.02 
250 7.82 18.90 800 (4 . 54) (19.04) 
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SIO 90.70 (BLACK DOUGLAS) 

March 19, 1951 Lat. 32°04.5' Long. 120°39' 3743 meters 

Depth Temp. Cl °loo Depth Temp. Cl 0 /oo 
0 14.27 18.36 600 5.34 18.99 

50 12.65 18.41 700 4.96 19.06 
100 9.55 18.50 800 4.53 19.10 
150 8.83 18.74 1000 3.87 
200 8.25 18.80 1200 3.37 
250 7.67 18.86 1500 2.77 
300 7.10 18.90 2000 2.07 
400 6.31 18.94 2500 1. 79 
500 5.69 18.96 

SIO 904 (CREST) 

Sept. 15, 1949 Lat. 31°46' Long. 120°15' 

Depth Temp. Cl °loo Depth Temp. Cl 0 /oo 

0 18.30 18.49 600 5.62 19.01 
50 16.05 18.47 700 5.11 19.04 

100 11.07 18.51 800 4.69 19.06 
150 9.24 18.71 1000 4.03 19.10 
200 8.52 18.84 1200 3.51 19.13 
250 7.96 18.89 1500 2.84 19.15 
300 7.52 18.92 2000 2.12 19.17 
400 6.85 18.96 2500 1.81 19.18 
500 6.22 18.99 3000 1. 70 19.18 

SIO B-1 (E. w. SCRIPPS)• 
Sept. 4, 1940 Lat. 33°03' Long. 119°00' 1737 meters 

Depth Temp. Cl 0 /oo Depth Temp. Cl °loo 

0 18.04 18.67 618 19.03 
26 14.87 18.61 824 4.77 19.04 
77 9.84 18.71 1030 4.11 19.05 

129 18.84 1236 3.91 19.09 
206 8.39 18.89 1442 19.10 
309 7.78 18.98 1648 3.71 19.10 
412 7.15 18.98 

•John Lyman (personal communication) 
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SIO B-2 (E. w. SCRIPPS)* 
Sept. 5, 1940 Lat. 32°40' Long. 117°35.5' 1152 meters 

Depth Temp. Cl 0
/ •• Depth Temp. 

0 20.22 18.54 298 
26 16.04 18.50 398 7.83 
77 10.88 18.46 410 

128 10.28 18.78 497 6 .87 
140 18.84 696 5.45 
199 9.54 18.90 895 
249 9 .13 18.92 1094 3.66 
*John Lyman (personal communication). 

SIO B-3 (E. w. SCRIPPS)* 
Sept. 28, 1940 Lat. 32°16' Long. 118°23' 1773-1847 meters 

Depth Temp. Cl 0 /oo Depth Temp. 
0 18.54 1600 3 .14 

1000 19.09 1610 
1350 3.24 1640 3.15 
1400 3.20 19.10 1740 3 .14 
1450 3 .17 19.10 1780 3.13 
1500 3 .17 1790 
1550 3 .15 19.15 

•John Lyman (personal communication). 

SIO B-4 (E. w. SCRIPPS)* 
Sept. 28, 1940 Lat. 32°08' Long. 117°58' 1929 meters 

Depth Temp. Cl 0 /oo Depth Temp. 
1625 2. 74 19.17 1775 
1675 2 . 70 1825 
1725 2.64 19.19 1875 
1735 19.13 1885 

*John Lyman (personal communication). 

SIO 13 (BLUEFIN)* 
June 27, 1937 Lat. 34°10' Long. 120°02' 

Depth Temp. Cl 0
/ •• Depth Temp. 

0 15.21 18.61 250 7.90 
50 9 .56 18.68 300 7 .65 

100 8 .85 18.82 400 7 .03 
150 8.50 18.87 500 6 .40 
200 8 .20 18.91 
•Sverdrup and Fleming, 1941: 371. 

(13, 1 

Cl 0 /oo 
18.94 
18.96 
18.96 
18.97 
19.01 
19_04 
19.09 

Cl 0 /oo 
19.12 
19.11 
19.11 
19.11 
19.15 
19.10 

Cl 0 /oo 
19.15 
19.15 
19.19 
19.15 

Cl °loo 
18.92 
18.94 
18.95 
18.96 
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BIO 15 (BLUEFIN)• 
March 31, 1937 Lat. 33°34' Long. 118°30' 

Depth 

0 
50 

100 
150 
200 
250 

Temp. 
13.80 
10.54 
9.34 
8 .85 
8.38 
8.06 

Cl°/oo 
18.49 
18.61 
18.75 
18.83 
18.89 
18.94 

Depth 

300 
400 
500 
600 
800 

•Sverdrup and Fleming, 1941: 351. 

0rHER OBSERVATIONS 

SANTA CRUZ BASIN• 
U.S. C.&G.S. (U. S. S. PIONEER) November, 1933 

Depth Temp. Cl °loo Depth 
0 15.55 18.4 732 

55 10.95 18.4 823 
110 9.2 18.7 915 
201 8.4 18.9 1006 
292 7.9 18.9 1097 
366 7.3 18.9 1280 
457 6.7 18.9 1462 
548 6.2 18.9 1700 
640 5.6 18.9 1829 
•Swainson, Mcilwraith, and Dyk (1934: 20). 

SAN PEDRO BASIN• 

Temp. 
7.43 
6.70 
6.16 
5.67 
5 .08 

Temp. 
5.1 
4.6 
4.3 
4.2 
4.15 
4.15 
4.15 
4.15 
4.15 

21 

Cl °loo 
18.96 
18.98 
18.99 
19.02 
19.02 

Cl °loo 
19.0 
19.0 
19.0 
19.1 
19.1 
19.1 
19.1 
19.0 
18.9 

July 1931 to June 1932 Lat. 33°22.0' to 33°45.8' Long. 118°11.5' to 18°20.5' 

Depth 

0 
55 

102 
202 
255 
296 
322 
437 

Bottom 
Temp. 
24.50 
12.52 
10.23 
8.51 
8.52 
8.30 
7.85 
6.79 

Depth 

667 
720 
796 
829 
835 
864 
872 
874 

•Manley L. Natland (personal communication). 

Bottom 
Temp. 
5.46 
5.29 
5.10 
5.07 
5.05 
5.07 
5.04 
5.05 


