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The purpose of this investimgzation isto provide engineering and geologic
information as required by CTF=65 for submarine search operations., Sediment
cores were obtained off Villaricos Tower and seaward to a depth of 318 fathoms,
Awvailable bathymetry data and standard shipboard navigation resulted in ooor
agreement betwecen sample positions end depth; however, the samples are considered
as representative of the search area. Solls engineering tests were performed at
the U.S, Xavy Fuel Annex, Cartagena, Spain, USNCEL has lead responsibility for
bottom analysis and will provide additional information based on these Bata.

SUBMARINE SOIL MECHANICS

The sediments in the search area are of two general types; coarse sand and
silt-size materials that occur near shore, and fine clay-size materials that )
occur offshoree The boundry between these two sediment types is in the vieinity
of the 100-130 fathom contours. Although this distribution represents the
general sediment coverage of the search area, intermediate zones of silt as well .
as clay and sand can be expected. Deep Jeep operators noted numsrous rocks
scattered along the sea=floor as well as a prominant canyon-like feature,
although not clearly delineated by the bathymetry. The canyon wall was described
ag exposed congolidated bedrock in numberous locations. Topogravhic highs with
slopes of about L5° and covered with clay-size materials were also noted bty these
operatbrs. The presence of this type of topography as well as the high adhesive
characteristics of soms of the sediments indicate that further submersible travel
be undertaken with caution. ]

LS

The load-carrying ability of the sediment samples #m» relatively high. Shear
strength values range from 0.2 1bs/in? (cores 11 and 12) to 3.3 1bs/in2 (core 13).
The average shear strength for the near shore sediments is 2,0 1lbs/in2 {cores S
and 13) and the offshore sediments 0.6 1bs/in2 (cores 8, 11, and 12), All of the
offshore samples show an increase in strength in the sediment core (FPige 1).

This probably indicatés a2 normally consolidated sediments,ags those that have
never been subjected to loads greater tnan their opresent overburden. This type
of deposition is gernerally indicative of a slow rate of accurmlation and rather
constant and stable sea-floor conditions. YMaximum bottom currents of 0.15 knot
tend to supsort this conclusion, The ephemeral stream located in the vicinity
of the Villaricos Tower probably provides the major dymamic influence on the
sediment distribution, and this presumably operates only seasonally,

The coreer weighing 250 pounds had a freefall of 10 feet, lMeasurements of

corer penetration substantiate shear strengths as determined in the laboratory
(Table I)s Other engineering properties measured support the high shear strength -~
data. High bulk density values (104 to 115 1bs/ft3 as well as low water content
values (36 to 68% dry wt.) were founde The sensitivity of these sediments (see
definition of terms) ranged from 2 to L. The majority of the sensitivities were

in the low sensitivity range or 2. A sensitivity value of 2 indicates that about
50 percent of the undisturbed strength is lost due to remolding the sample.

Cannon balls found by Deep Jeep operators support the strength data detcrmined

in the laboratory. ’
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Balk Waler 'Qésc'riptioa
$rength  Dengity ° Conbtent

In vieinity of 37°03'%0%K., 1945'00"d, 35 fue.

370Uz, LT
doginantl- sni-

5/ L. 5 39

6/ No recovery 27%13'07%K., 1°44'08%W, 108 frms.
78 36 5 cm orecreroi. ZLoloe T rarg
. LI T L T

134

51
115 2

0-1C e !
10-25ez ¢

' ' - 25-20em 2l
" S6er pen
37°14025 1%3 fms,

104 68

107

55
39

58
52

&
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* Depth in core in cm,
1 ¥ Seefflelinition of terms on following page
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The basic shear strength equation is: s=c+n tan @

DEFINITION OF TERMS

where 8 is the shear strength, ¢ is the cohesion, n is the effective stress on

the shear plane, and @ is the angle of shearing resistance, For this investigae
tion the angle of shearing resistance is assumed to be zero and the shear strength
is equal to the cohesion. The changes in effective stress are ignored due to the
low permeability of the fine-grained and saturated sediments, Cohesion (undise
turbed and remolded samples) was measured directly with a laboratory vane shear
device and is expressed in pounds per square inch units,.

Bulk density or wet unit weight is defined as the weight of the solids plus vore
water per unit of total volume and expressed in pounds per cublc feet unitse

Water content is defined as the ratio of the welght of water in a given
sediment mass to the dry weight of the solid matter. Values reported are in .
terms of percent dry weight, ‘

Sensitivity is defined as the ratio of the undistrubed strength to the strength
of the same sample at the same water content but in a remolded state, and
represents the effects of remoldinz on the consistency of a cohesive material.

NOTE: Object penetration graphics are addended to this report. These
represents are method of presenting penetration information and are only
included as general guldelines,
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The predominent current at all depths sampled was a flow to the southwest
vhich was only slightly modified, in speed and direction, by currents of tidal
origine. A net current of 0.23 knot (at 210°) was measured at 550 feet. The
net flow decreased rezularly with depth to 0.07 knot (at 2350) at 1700 feet,
20 feet above the bottom.

N

Although the tidal currents are weak and were difficult to define orecisely
in the observed data, the average currents as related to the tides at Valaga
(36%43'N, LO25IW) and shown in the attached figures can be used with a reasonable
degree of accuracy for predicting subsurface currents in the near future.

550 feet. HNon-tital flow dominant, net flow to southwest at 0,23 knot. Tidal
influence shown by reduced flow to southwest or a very weak east-northeast
current 1-2 hours after high water at Malaga., Up to 2 hours after low water at
Malaga the tidal currents enforce the southwesterly flow. The maximum observed
current was 0.5 knot south. 50% of the observed currents were C.25 knot or
greater and were all south or southwest.

700 feet. Hon-tidal flow predominates with a net flow of C.13 knot to the south-
weste The maximum observed cureent was tothe south-southwest at 0.25 knot. Less
than 20% of the observed currents were 0,20 knot or greater and itwese were all
to the south=southwest.

S 1200 feet. The net flow was to e southwest at 0.10 knot. The tidal currents

h caused a minimum southwest or westerly flow at highwater + L hours at ¥alaga,
At low-water + 3.5 hours a maximum flow to the south or southwest was observed.
The maximum observed current was 0,20 knote. Currents greater than 0.15 knot were
observed 20% of the time. 16% of the observation were O.

1500 feet. The net flow was southwest at 0.09 knot. The maximum observed current
was 0.19 knote. Currents greater than 0.15 knot were observed 2L% of the time and
all were to the southwest. Tidal influence at this sample deoth was very weak,.

1650 feet. The net flow was southwest at 0.08 knot. The tidal effects were
apparent in a weakening of the southwesterly flow 2 to L hours after high-water
at Malaga. The strongest cwrrents occurred 3-L hours after low-water at Malaga.
The maximum observed current was 0.16 knot flowing southwest. Currents greater
than 0.10 knot were sbserved 35% of the time. Their directions varied from south
to vwest.

1702 feets The tidal éffects at this depth were obscure. The net flow was 0,07
knot to the southwest, The maximum current observed was 0.l5 knot. Currents
greater than 0,10 knot were observed 25% of the time and were all to the south or
southwest except one observation to the northeaste.

Slack water occurred 15% of the time.

These data should be applicable throughout the search area at the indicated
depths, Hear bottom currents in watier depths greater than 1700 feet should not

\ differ aporeciably from the measured 20 feet above the botitom. Prominent bottom

} ’ topographic features can be expacted to alter current directions and soveeds. As
an example a submarine canyon will confine the current flow to a direction
varallel to the axix of the depressive and cause an increase in the average speed,
perhars to a maximum of 25%. -
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