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ABSTRACT

Fountain, D.M., Carlson, R.L., Salisbury, M.H. and Christensen, N.!., 1975. Possible lower
crustal rocks recovered on Leg 31 by deep-sea drilling in the Philippine Sea. Mar. Geol.,
19: M75-M80.

Compressional wave velocities measured in gabbroic rocks and metabasites recovered
from Site 293 of Leg 31 in the Philippine Sea (on the Central Basin Fault) are correlative
with seismic velocities determined for Layer 3. The lower crustal origin for these rocks
suggested by this data is further supported by the similarity between these samples, dredge
haul samples from fracture zones in the main ocean basins and rocks found in ophiolite
complexes. These plutonic rocks were possibly introduced to the sea floor by movements
along the Central Basin Fault, a major tectonic feature in the Philippine Sea, or formed as
part of new ocean crust within a leaky transform fault.

INTRODUCTION

Drilling at Site 293 of Leg 31 of the Deep Sea Drilling Project, located on
the northwestern extension of the Central Basin Fault in the Philippine Sea
(Fig.l), recovered volcanic, plutonic and metamorphic rocks which were
incorporated within a tectonic breccia (Karig et aI., 1975). These rocks,
which are similar in petrology to igneous and metamorphic rocks dredged
from the ocean floor and regarded as samples of Layer 3, may represent
important constituents of the lower oceanic crust.

Compressional wave velocities for samples from this suite of rocks have
been measured at confining pressures to 6 kbar. The velocities at appropriate
pressures are compared to lower crustal seismic velocities determined by refrac-
tion profiling within the Philippine Sea and main ocean basins.
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Fig.I. Generalized map of the Philippine Sea showing location of Site 293 of Leg 3I.
Contours are in kilometers below sea level.

DATA AND SAMPLE DESCRIPTIONS

Compressional wave velocities were measured in seven rocks recovered at
Site 293. Four of these samples [31-293-20-1 (136-139 cm), 31-293-21-1
(5-8 cm), 31-293-21-1 (32-35 cm) and 31-293-21-2 (11-14 cm)] are gabbros
and anorthositic gabbros exhibiting cumulate textures and, in some cases,
strong preferred orientation of plagioclase crystals. In one sample [31-293-21-1
(32-35 cm)], there is partial alteration to actinolitic amphibole. No obvious
evidence of deformation was observed in thin sections of these four samples,
although they were recovered from a breccia unit. Unlike these plutonic rocks,
the remaining samples exhibit abundant evidence of both metamorphism and
deformation. Sample 31-293-18-1 (90-93 cm) is a metadiabase containing
actinoliticamphibole after clinopyroxene. The thin section of this rock shows
evidence of cataclastic textures. Cataclasis and granulation are also exhibited
in sample 31-293-19-1 (108-111 cm), a chloritized gabbro with some epidote.
Sample 31-293-20-1 (100-103 cm) is a hornblende metagabbro of amphibolite
facies grade.

The samples were placed in water immediately following their recovery on
ship and were subsequently stored in water until the compressional wave-
velocity measurements were made in the laboratory. Each sample (in the shape
of a right circular cylinder) was jacketed by placing a 100 mesh screen over the
sample and a solid copper jacket over the screen. In this manner internal pore
pressures were maintained at values between hydrostatic and lithostatic. The
necessity of keeping samples retrieved from the ocean basins saturated in
water prior to and during measurement of seismic wave velocities has been
discussed extensively by Christensen and Salisbury (1975).
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Bulk densities were determined and compressional wave velocities to 4 or
6 kbar were measured by the pulse transmission method (Birch, 1960). Den-
sities and velocities are presented in Table 1. Shear wave velocities were not
determined for the rocks because of probable seismic anisotropy resulting
from strong preferred mineral orientation. Seismic velocity and density data
for volcanic rocks recovered during Leg 31 drilling can be found in a separate
report (Christensen et aI., 1975).

DISCUSSION

In Fig.2 the ranges of compressional wave velocities between 0.6 and 2 kbar
confining pressure (pressures appropriate to Layer 3) are shown along with the
frequency distributions of seismic velocities in Layer 3 for the main ocean
basins and for the Philippine Sea. The range of Vp for these samples clearly
corresponds to the range of Layer 3 velocities observed in the main ocean
basins and the Philippine Sea (Murauchi et aI., 1968; Christensen and Salisbury,
1975). This agreement suggests that the igneous and metamorphic rocks
recovered at Site 293 are samples from the lower oceanic crust. From a com-
parison of Fig.2, Table I and the lithologies described above, it is also evident
that velocities of the gabbroic rocks correspond to the high range of Layer 3
velocities, whereas velocities of the metamorphic samples are correlative with
the lower range of Layer 3 velocities.
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Fig.2. Range of compressional wave velocities (solid bars) for Site 293 samples between 0.6
and 2.0 kbar with histograms of lower crustal velocities for Philippine Sea (Murauchi et aI.,
1968) and main ocean basins of the world (Christensen and Salisbury, 1975). The 3 samples

with lower velocities are metamorphic, whereas the others are gabbros and anorthositic
gabbros.
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Similar rock types to those studied here have been frequently dredged from.
fracture zones in the main ocean basins. In particular, gabbroic rocks exhibiting
cumulate features similar to the igneous rocks from Site 293 have been recov-
ered in oceanic dredge hauls (e.g., Engel and Fisher, 1969; Melson and Thomp-
son, 1970). Metabasites are also commonly retrieved from the ocean floor and
these often show the same metamorphic mineral assemblages observed in the
metabasites recovered from Site 293 (e.g., Bonatti et aI., 1970; Miyashiro et al.,
1971). Metagabbros of a similar petrology also have been recovered by drilling
during Leg 13 on the Gorringe Bank in the eastern Atlantic (Honnorez and
Fox, 1973).

Not only are the rock types recovered from Site 293 similar to dredge sam-
ples, but they show remarkable similarities to rock types found in ophiolite
complexes (e.g., Christensen and Salisbury, 1975). Gabbroic rocks, many with
cumulate textures, are common in the lower portions of ophiolite complexes
and are frequently equated, in whole or in part, with Layer 3. Above the thick
sequence of cumulate and massive gabbros are sheeted dikes, which exhibit
mineralogies and textures similar to those of the metabasites from Site 293.
Rocks from sheeted dikes are often brecciated with actinolite commonly
replacing pyroxene and have a grain size generally smaller than that of the
underlying gabbros (Williams and Malpas, 1972). Using ophiolite complexes
as an analog to oceanic crust, the metabasites from Site 293 could correspond
to sheeted dike complexes, which form either the bottom portion of Layer 2
or the uppermost portion of Layer 3. This is consistent with the lower veloci-
ties of the metamorphic rocks and with the slightly lower velocities often
observed for the top of the lower crust in detailed sonobuoy surveys (Hussong,
1972). Cumulate gabbros, with higher velocities, would be found at somewhat
lower levels of Layer 3, a suggestion again consistent with results from sonobuoy
measurements (Hussong, 1972).

The proximity of Site 293 to the Central Basin Fault suggests that the
recovered igneous and metamorphic rocks were emplaced by tectonic activity
along the fault. Alternatively, these samples may have formed in situ as new
ocean crust within a leaky transform fault by mechanisms outlined by van
Andel et al. (1969). Regardless of the mechanism of emplacement the direct
correlation of seismic velocities in these rocks and the velocities of the lower
oceanic crust provide strong evidence for a lower crustal origin for the
metabasites and igneous rocks recovered at Site 293 in the Philippine Sea. The
remarkable similarity between these rocks, rocks dredged from main ocean
basin fracture zones and rocks observed as important elements of ophiolite
complexes further strengthens this hypothesis.
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