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37. STRUCTURE OF KILAUEA AND MAUNA LOA VOLCANOES
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FIGURE 37.2.—Relation between P-wave velocity, rock density, and rock type for
Hawaiian volcanoes and for oceanic crust. Density is used to compute gravity
prohles in figures 37.7 and 37.8 (see Zucca and others, 1982). Moho is the M-
discontinuity.

Mauna Loa offshore profile (Zucca and others, 1982). The series of
shots perpendicular to the Kau-Puna coast (fig. 37.1, profile 6)
were also recorded by two ocean-bottom seismographs deployed
along the profile by the University of Hawaii (see Zucca and others,
1979).

These approximately linear seismic-refraction profiles are
intrinsically two-dimensional. The internal structure of the vol-
canoes, however, is dominated by a roughly conical symmetry about
the central vents. Profiles that cut obliquely across this dominant
structure will be complicated by lateral (out-of-plane) reflections and
refractions. Distortion in the interpretation from such out-of-plane
ray paths will be more of a problem for coastal profiles than for
profiles oriented radial to the central vents.

P-wave velocity structure serves as an important guide to
subsurface rock types and geologic structure. The association of P-
wave velocities with the rock types that we used in this paper for
Kilauea and Mauna Loa Volcances and for the adjacent Cretaceous
oceanic crust is illustrated in figure 37.2. This association is based
on (1) published values of seismic velocities for rocks compiled by
Christensen (1982), (2) petrographic models of the oceanic crust as
described by Salisbury and Christensen (1978), and (3) recognition
that the Hawaiian volcanoes consist almost entirely of basaltic rocks.
Note in particular that P-wave velocities ranging from less than 2.0
km/s to more than 6.5 km/s on the Hawaiian volcanoes primarily
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reflect the wide variation in bulk porosity (bulk density) in rocks
having essentially the same basaltic composition. The high bulk
porosity in young, subaerial lava flows is produced by clinkery flow
tops and bottoms, extensive sets of open fractures, large gas
bubbles, and lava tubes; in older, deep-water pillow flows the
porosity is reduced by alteration products that largely fill vesicles and
cracks, and in basaltic dikes it is limited to small vesicles and
intercrystalline cracks with dimensions of micrometers or less.

VOLCANIC FLANKS AND THE OCEANIC CRUST

The two offshore profiles that extend radially away from the
volcanic centers (hg. 37.1, profiles 6, 7) define the base of the
oceanic crust (the M-discontinuity) from the open ocean to the
subaerial flanks of Kilauea and Mauna Loa. Interpretations of these
profiles by Zucca and Hill (1980) and Zucca and others (1982),
illustrated in figures 37.3 and 37.4, indicate that, beginning 50-60
km from shore, the oceanic crust dips at about 3° beneath the
submarine flanks of the volcanoes. The depth to the M-discontinuity
increases from 10—11 km beneath the unperturbed oceanic crust at
distances greater than 50 km from the island to about 13 km under
the southeast coast of Kilauea on the Island of Hawaii and 14—15
km under the west coast of Mauna Loa. Zucca and others (1982)
inferred that the dip on the base of the crust increases toward the
center of the island and is nearly 9° under the west (Kona) coast of
Mauna Loa.

Structural details of the unperturbed oceanic crust beyond the
submarine flank of Hawaii remain poorly resolved. The Mauna Loa
radial profile does not have reversed seismic-refraction coverage, nor
does the seaward half of the Kilauea radial profile. The structure for
the oceanic crust shown in figures 37.3 and 37.4 is simply a seaward
horizontal extension of the structure found for the oceanic crust
beneath the distal end of the volcanic wedge in each case. For the
Kilauea profile, this structure is based on reversed and overlapping
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FIGURE 37.3.— P-wave velocity structure for the offshore profile perpendicular to
the Kau-Puna coast of Kilauea (profile 6 in fig. 37.1). Numbers on profiles
indicate P-wave velocity in kilometers per second. Upper and lower profiles
show alternate interpretations of the traveltime data.Heavy lmes and velocities
at left (beneath the shoreline) indicate structure along the Kau-Puna coast from
Hill (1969). Adopted from Zucca and Hill (1980).



WEST

EAST
5
Sea level 2 25\,
0 l,,ﬂ—h 2
Sea water 1.55 km/s : '
2.5
5 " 32 -
7.1 Lower crust

7.2

Upper mantle

ELEVATION, IN KILOMETERS
2

VERTICAL EXAGGERATION X4

25 1 1 1
o 50 100 150 200

DISTANCE, IN KILOMETERS

FIGURE 37.4.— P-wave velocity structure for the offshore profile perpendicular to
the Kona coast of Mauna Loa (profile 7 in fig. 37.1). Inferred dip angle for
base of crust shown for two parts of profile; other numbers on profile indicate P-
wave velocity in kilometers per second. Adopted from Zucca and others (1982).

refraction coverage over the landward half of the profile (Zucca and
Hill, 1982); for the Mauna Loa profile, however, it is based only on
the overlapping (but unreversed) coverage provided by the array of
onshore stations (Zucca and others, 1982). On the basis of the data
from these profiles, we can say little more than the following: (1) The
oceanic crust south and west of Hawaii is 5—6 km thick, with that
west of Mauna Loa being slightly thinner than that southeast of
Kilauea; (2) the P-wave velocity at the top of layer 2 is approx-
imately 3.0 km/s, and layer 2 appears to be somewhat thicker west
of Mauna Loa than it is southeast of Kilauea; and (3) the P-wave
velocity in layer 3 (the deepest and thickest layer) is approximately
7.0 km/s. These data provide no direct information on the relatively
thin sedimentary layer (layer 1) that covers the oceanic crust in the
vicinity of the Hawaiian Islands (see Watts and others, 1985).

Our estimate of total thickness for the oceanic crust illustrated
in figures 37.3 and 37.4 may be slightly low because the first arrival
P-wave data did not sample the lower parts of layer 2. In most
sections of the oceanic crust, the P-wave velocity in layer 2 increases
rapidly with depth and averages about 5.6 km/s (see figure 37.2). If
the average P-wave velocity in layer 2 in the vicinity of Hawaii is
closer to 5.6 km/s than the 3.0—3.2 km/s value indicated by our first
arrival data, we have underestimated the total crustal thickness by
1.0-1.4 km. In this case, the thickness of the oceanic crust off
Hawaii is comparable to the 6.5-km thickness off of Oahu reported
by Watts and others (1985).

The 7.9-km/s P-wave velocity for the uppermost mantle (P,
velocity) derived from the offshore Kilauea profile (fig. 37.3) is
slightly lower than the 8.0- to 8.4-km/s values determined elsewhere
beneath the Island of Hawaii and along the Hawaii-Emperor chain
(Furumoto and others, 1968; Watts and others, 1985). Because the
7.9-km/s value is based both on reversed traveltime branches over
the submarine flank of Kilauea and on clear P, arrivals over the
presumably flat oceanic crust beyond, we feel it is probably reliable.

VOLCANISM IN HAWAII

It is also consistent with evidence for anomalously low (by 1-2
percent) P-wave velocity in the top 35 km of the upper mantle off
the southeast coast of Hawaii found by Ellsworth and Koyanagi
(1977) in their three-dimensional inversion of teleseismic P-wave
residuals recorded on Hawaii.

The wedge of volcanic products that forms the submarine flank
of the volcanoes consists of an inner wedge having a P-wave velocity
ranging from 4.6—5.4 km/s, which rests directly on the Cretaceous
oceanic crust. Overlying this inner wedge is a blanket of matenial
1-3 km thick having a P-wave velocity of 3.0—3.2 km/s (see figs.
37.3, 37.4). This P-wave velocity structure is consistent with the
model proposed by Moore and Fiske (1969) for the substructure of
the volcano flanks from their study of dredge samples and ocean-
bottom photographs. From the relation between P-wave velocities
and rock types suggested in figure 37.2 and from the Moore-Fiske
model, we infer that the inner wedge consists dominantly of deep-
water pillow basalt and the overlying blanket consists dominantly of
hyaloclastic rocks (vitric explosion debris, littoral-cone ash, and flow
breccia). The shallower part of the 2.8—3.2-km/s layer probably
also include young pillow flows and subaerial flows that have been
submerged as the crust subsided in response to the growing load of
the volcanoes.

Because we cannot distinguish the pillow flows and metabasalt
forming layer 2 of the Cretaceous oceanic crust from the pillow flows
and clastic rock that form the submarine flanks of the volcanoes on
the basis of P-wave velocity (fig. 37.2), the position of the distal
edge of volcanic debris from Kilauea and Mauna Loa remains
ambiguous. The same is true for the position of the boundary
between the bottom of the inner wedge of pillow lava and the top of
layer 2. Moore (1964) has demonstrated that downslope movement
in the form of massive submarine landshdes is an important process
on the steep submarine flanks of the Hawaiian volcanoes. This raises
the possibility that the exceptional thickness of the 3.0-km/s layer in
the oceanic crust off the coast of Mauna Loa (fig. 37.4) is due to
accurnulations of landslide debris extending well beyond the obvious
break in slope at the distal end of the volcanic wedge.

The sections of the coastal seismic-refraction profiles inter-
preted by Hill (1969) that are not adjacent to major rift zones
generally support the structural model for the flanks of the volcanoes
based on the radial profiles just described (see fig. 37.5)
Differences in structure between the coastal and radial profiles near
their junction along the central section of the Kau-Puna coast are
minor (figs. 37.3, 37.5).

Agreement between layer depths and P-wave velocities is not
as close, however, for the coastal and radial profiles near their
junction along the Kona coast on the west flank of Mauna Loa (see
figs. 37.4, 37.5). The problem here probably lies with out-of-plane
propagation paths complicating the two-dimensional interpretation of
the coastal profile. This profile runs sub-parallel to a pronounced
elongate gravity high located just inland of the Kona coast (see fig.
37.5), and it is likely that high P-wave velocity in the shallow crust
associated with this gravity high provides a lateral, least-time path
for seismic waves propagating between sources and receivers along
the coast. Accordingly, we are inclined to place more confidence in
the structure beneath the coast based on data from the radial profile
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