
Crustal Layer of Seismic Velocity 6.9 to 7.6 

Kilometers per Second under the Deep Oceans 

Abstract. Refraction measurements made in the deep ocean between the Marshall 
and Hawaiian islands reveal a layer of seismic velocity 7.3 kilometers per second 
between the 6.8 kilometer per second oceanic crustal layer and the mantle. This 
layer, normally masked as a second arrival, is revealed by continuous air gun re- 
fraction data. The layer may be widespread in the deep oceans. 

A basal crustal layer with a seismic 
velocity of 6.9 to 7.6 km/sec (average, 
7.3 km/sec) underlying the normal 
(about 6.8 km/sec) crustal layer was 
revealed by refraction measurements in 
the deep-ocean region between the 
Marshall and the Hawaiian islands in 
January 1969. The instrumentation 
consisted of sonobuoys, precision echo 

sounder recorders, and a 20 to 40 cubic 
inch air cannon employed as a repeti- 
tive signal source. The measurements 
were made from the R.V. Mahi by the 
Hawaii Institute of Geophysics (1). 

The repetitive signal source resulted 
in a greater density of data than has 
heretofore been obtainable in deep- 
ocean refraction work. The extraordi- 

Table 1. Calculated velocities and depths of the earth's deep crustal layer and the mantle 
at several locations. 

Sonobuoy location Water Deep crustal layer Mantle 
--depth Velocity Depth* Velocityt Depth* 

Latitude Longitude (km) (km/sec) (km) (km/sec) (km) 

12?05'N 175?12'W 5.4 7.6 10.4 8.5 13.7 
12018'N 174045'W 5.4 7.5 11.7 (8.3) 12.1 
12030'N 174022'W 5.4 7.5 10.3 (8.3) 
16?10'N 165038'W 5.3 7.4 8.1 7.9 13.6 
16?20'N 165020'W 5.3 7.3 8.5 8.5 13.0 
16030'N 165 02'W 5.3 7.4 7.4 (8.3) 10.1 
19010'N 160?52'W 4.9 7.1 7.5 8.0 10.0 
19?50'N 159055'W 4.5 6.9 6.7 8.0 10.3 
* Below sea level. t Parentheses indicate poorly determined velocity. 

nary density of data and the mode of 
presentation provided by the recorders 
permitted phase correlations (2), which 
brought out refraction arrivals that or- 
dinarily are masked and not recognized, 
because they never appear as a first 
arrival or appear only as very short 
segments of first arrivals at a range at 
which data from explosive sources are 
often widely spaced. The combination 
of the instruments used (1, 2), which 
intensified the coverage, produced the 
type of record shown in Fig. 1. The re- 
fractions are clearly delineated, and the 
usually masked 6.9 to 7.6 km/sec layer 
is clearly revealed. In Fig. 2, lines have 
been superimposed on this record to 
identify schematically the refraction ar- 
rivals. It is to be noted that the layer 
in question is buried in the other ar- 
rivals and is apparent only because of 
the readily identified phase correlation. 
Also shown in Fig. 2 is the seismic 
crustal section calculated from the re- 
fraction arrivals. 

The seismic section given in Fig. 2 
for this unreversed profile was ob- 
tained from a simple refraction inter- 
pretation; horizontal, homogeneous, iso- 
tropic layers were assumed. However, 
comparison of the data with the theo- 
retical reflection and refraction travel 
times and comparison with results from 
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Fig. 1 (left). Seismogram made on a. precision echo-sounder recorder with the use of a sonobuoy and a repetitive signal source. 
Fig. 2 (right). The same seismogram as in Fig. 1 with lines superimposed to indicate schematically the refraction interpretation. 
Insert shows the flat-layer solution. 
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adjacent profiles indicate that the inter- 
pretation given is reliable. Full utiliza- 
tion of the reflection data will probably 
increase the precision of the interpreta- 
tions somewhat. Table 1 shows the per- 
tinent data for eight similar crustal 
sections that were obtained during the 
cruise. [See (2) for parts of the geologic 
column not of primary interest here and 
for details of the analysis techniques 
and results.] 

As indicated in Table 1, mantle re- 
fractions were clearly obtained with the 
air gun source. A few arrivals were 
verified by the use of explosives and 
conventional records (1, 2). 

The somewhat irregular nature of 
the refraction arrival line suggests that 
the interface either is irregular or con- 
sists of a thin zone of subordinate inter- 
faces rather than a sharply defined 
plane. 

The observations were taken along a 
thousand-kilometer-long line running 
roughly northeast from near the Mar- 
shall Islands to southwest of the Hawai- 
ian Islands in water depths averaging 
over 5 km (2). The extent and deep- 
ocean environment of these observations 
suggest that the 6.9 to 7.6 km/sec 
(average, 7.3 km/sec) crustal layer 
may be fairly widespread throughout 
the south-central Pacific Ocean. Al- 
though similar velocity values have 
been reported from such oceanic en- 
vironments as the Caribbean Sea (3) 
and, in the Pacific Ocean, the Shatsky 
Rise (4) and the Hawaiian Arch and 
Deep (5), the layer has not been a gen- 
erally accepted feature of classical deep- 
ocean basin structure. For example, 
Ewing, Raitt, and Shor and Raitt (6) 
in their reviews of the literature indicate 
that the deepest oceanic crustal layer 
has a characteristic velocity of around 
6.8 km/sec in the great majority of 
cases. 

If the 7.3 km/sec layer is widely 
present, as our measurements suggest 
(7), the implications are several, such 
as: (i) a widespread change in compo- 
sition or a polymorphic transition at 
this interface; (ii) a higher than here- 
tofore accepted mean density of the 
earth's crust affecting depths deter- 
mined from gravity anomalies and per- 
haps density distributions consistent 
with the moment of inertia; (iii) an 
effect on the dispersion of seismic sur- 
face waves requiring a reconsideration 
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Bradykinin Inhibition by Butylated Hydroxyanisple 
Abstract. Concentrations of butylated hydroxyanisole as low as 8 X 10-9 mole 

per liter can inhibit detectably the contraction of smooth muscle elicited by brady- 
kinin. The mechanism of the inhibitory effect of this food grade anti-oxidant is 
apparently complex, and the effect is only partially reversible. 
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Bradykinin's contractive action on 
smooth muscle is inhibited by agents 
generally classed as tranquilizers (1). 
We now report similar inhibition of 
bradykinin activity by butylated hy- 
droxyanisole (BHA), an antioxidant 
widely used for the preservation of 
foods containing unsaturated lipids. 

Assays of this inhibitory effect were 
made with a 2- to 3-cm section of the 
terminal segment of a guinea pig ileum 
suspended in a 5-ml capacity perfusion 
bath held at 37?C. Changes in length 
of the ileum were recorded with a stan- 
dard kymograph. The gut was equilibrat- 
ed against Tyrode's buffer containing 
2 mg of atropine and 40 4/g of pyri- 
benzamine per liter by flowing the solu- 
tion through the cell at a rate of 15 
ml per minute for 1 hour before use. 

After equilibration the flow of Ty- 
rode's buffer through the cell was sus- 
pended, and a 0.2-ml portion of test 
solution containing pure bradykinin and 
the antioxidant were injected into the 
cell. Test solutions were made from 
stock solutions of butylated hydroxy- 
anisole (Nutritional Biochemicals) dis- 
solved in water and synthetic brady- 
kinin (BRS 640, Sandoz) dissolved in 
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Tyrode's buffer. After exposure for 30 
seconds to a test solution, the mixture 
was flushed from the cell, and the en- 
tire procedure was repeated with an- 
other kinin mixture. The response of 
the gut to a solution containing only 
pure kinin was used throughout the an- 
alyses as a control. The height of the 
peak traced on the kymograp'h chart 
when the gut was in contact with the 
kinin-containing solution was taken as 

Tyrode's buffer. After exposure for 30 
seconds to a test solution, the mixture 
was flushed from the cell, and the en- 
tire procedure was repeated with an- 
other kinin mixture. The response of 
the gut to a solution containing only 
pure kinin was used throughout the an- 
alyses as a control. The height of the 
peak traced on the kymograp'h chart 
when the gut was in contact with the 
kinin-containing solution was taken as 

100 
w 
u) 

2 80 
,t 

60 

40 
0 40 

100 
w 
u) 

2 80 
,t 

60 

40 
0 40 

20 20 

10- 10i 10-, 10- 10o- 

BHA CONCENTRATION (MOLAR) 

Fig. 1. Suppression of ileum response to 
test solutions of bradykinin containing in- 
creasing amounts of BHA. Gut was freed 
of reaction mixtures by flushing Tyrode?s 
buffer through the cell at a rate of 15 ml/ 
min for 10 minutes between each point 
determination. The raw data were cor- 
rected. for irreversible decreases in gut 
sensitivity due to exposure to BHA. 
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