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Plateau-like features in ocean basins exhibit crustal structures which differ markedly from the relatively simple,
three-layer model which applies to most of the oceanic crust. While some plateaus are known or thought to be frag-
ments of continental crust (e.g. Rockall Bank, Lord Howe Rise), others appear to be of oceanic origin (e.g. Shatsky
Rise, Broken Ridge), and their seismic structures, though variable, are significantly different. Continental fragments
are similar in structure to continental shield areas: Depth to Moho is typically about 30 km, and the lower crust
consists of a 6.8-7.0 km/s layer, 14-18 km thick, overlain by a 5.8-6.4 km/s layer of variable thickness, while
velocity structures are variable at upper crustal levels. By contrast, the Moho apparently occurs at shallower levels
beneath oceanic plateaus, which are characterized by the presence of a 7.3-7.6 km/s layer, 6-15 km thick at the
base of the crust. This basal layer is commonly overlain by units having velocities typical of oceanic layers 2 and 3.
Refractors having velocities which correspond to layer 3 tend to occur at deeper levels in continental fragments than
they do beneath oceanic plateaus.

That high-velocity basal layers have been detected at the base of normal oceanic crust and in some ophiolites sug-
gests that oceanic plateaus are truly marine in origin. Upper and middle crustal levels probably consist of basaltic
and gabbroic rocks. respectively. The nature of the basal layer is difficult to assess. Olivine gabbro, mafic garnet
granulite, and epidote amphibolite all exhibit velocities in the appropriate ranges, as does a mixture of mafic and
ultramafic lithologies. Partially serpentinized peridotite cannot be ruled out on the basis of shear and compressional
wave velocities alone.

1. Introduction "shown that of the variations observed, many are
systematic and related to aging of the lithosphere.
Anomalous regions do exist, however: mid-ocean
ridges and hot spots are well-known examples, and
the numerous oceanic platforms such as Lord Howe
Rise and Manihiki Plateau comprise yet another class
of features having anomalous crustal structures.

These oceanic platforms are broad, high-standing,
aseismic features, which are usually capped by thick
accumulations of calcareous sediment. On the basis of

j Since Raitt [1] proposed his now-classic three-
layer model for oceanic crustal structure, subsequent
investigators have confirmed the remarkable uniform-
ity of the oceanic crust with both layer models [2]
and more sophisticated gradient models [3] and have
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their suspected origins they may be divided into two
categories, those which are known or thought to be
continental fragments, and those which originate in
the ocean basins. The name "oceanic plateaus" gener-
ally includes both types of features. For convenience,
we have chosen to apply the term "oceanic plateaus"
exclusively to features of oceanic origin, thus restrict-
ing the usage of the general term.

Though the origins of continental fragments are
self-evident, the processes which give rise to oceanic
plateaus in an otherwise uniform oceanic crust are un-
known. Hussong et al. [4] have suggested that the
crustal structures beneath Ontong-Java, Manihiki, and
Shatsky may be regarded as expanded sections of nor-
mal ocean crust. If this conclusion is correct, oceanic
plateaus should be distinguishable from continental
fragments on the basis of seismic structure. Further-
more, crustal structure and composition are signifi-
cant in understanding the origins of oceanic plateaus

and may lead to a better understanding of the pro-
cesses by which normal oceanic crust is created at
spreading centers. Our objectives in this study are to
define and compare the crustal structures of oceanic
plateaus and continental fragments, and to outline
possible lithologic components corresponding to the
seismic structures of oceanic plateaus in particular.
We began by compiling a list of plateaus found in
ocean basins, and assigning each plateau to one of the
classes described above. The seismic data for eleven
plateaus are summarized, with references 5-14, in
Table 1. Their locations are shown in Fig. 1.

2. Continental fragments

Of the continental fragments listed in Table 1,
three are known to be underlain by continental-type
rocks. Rockall Island consists of Lower Eocene

30

o
~MANIHIKI

PLATEAU

30

. FALKLAND
PLATEAU

60

180 120 60

Fig. 1. Locations of continental fragments and oceanic plateaus listed in Table 1.
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Fig. 2. Crustal structures of continental fragments. See Table r for sources.

granite [15], which is thought to have intruded conti-
nental crust. Granitic rocks are exposed in the Sey-
chelles [16], and the continental nature of the base-
ment underlying Falkland Plateau has been confirmed
by the recovery of gneissic rocks at Site 330 of the
Deep Sea Drilling Project [17]. Saya de Mallia Bank is
included in this class because of its proximity to the
Seychelles and because it appears to be part of the
same physiographic feature. Although no direct
evidence of their continental nature exists, Lord
Howe Rise is thought to be a fragment of the Austra-
lian Continent [18], and Mozambique Plateau is
probably a displaced portion of Africa .[19].

Fig. 2 shows velocity-structure columns for the
continental fragments. Normal upper mantle veloc-
ities (8.0-8.2 km/s) have been detected at depths of

about 30 km below sea level beneath the Seychelles,
Rockall, and Lord Howe Rise. In each of these cases,
the Moho is overlain by a 6.8-7.0 km/s layer which is
14-18 km thick. The deepest refractors detected
beneath Saya de Mallia Bank and Mozambique
Plateau also have velocities in the 6.8-7.0 km/s
range. Above this level the velocity structures of con-
tinental fragments are highly variable with velocities
in the 5.3-6.4 km/s range commonly observed.

3. Oceanic plateaus

The oceanic plateaus differ from continental frag-
ments in that they cannot be clearly related to nearby
continents. Shatsky Rise, Broken Ridge, Manihiki
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Plateau, and Ontong-Java Plateau, for example, all
appear to be features of Mesozoic age and oceanic
origin [20-23]. Indeed, with the exception of
Broken Ridge, they are parts of the Pacific Plate, and
cannot be associated with any continent by any
reasonable reconstruction of plate motions. Sclater
and Fisher [24], have suggested that Broken Ridge is
a fragment of Kerguelen Plateau.

The velocity structures of the oceanic plateaus are
illustrated in Fig. 3. While velocities typical of the
upper mantle have been detected beneath Shatsky

Rise, Broken Ridge, and Ontong-Java Plateau, mantle
depths of 12.5-18 km beneath the Fuji Plateau are
inferred from isostatic considerations [13]. Mantle
velocities beneath the Fuji Plateau are assumed to be
8.2 km/s. Reported mantle depths range from 18 to
40 km (Fig. 3), and with the exception of the On-
tong-Java Plateau profiles, depths to the Mohorovicic
Discontinuity are less than 25 km. The lowermost

crustal unit in the oceanic plateaus is a 7.3-7.6 km/s
layer, 6-15 km thick, which is overlain by a unit

o
ONTONG-JAVA

PLATEAU
NORTH CENTRAL

-4121
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having velocities typical of oceanic layer 3 . Velocity
structures in the upper crustal levels beneath these
plateaus are variable and appear to be considerably
more complex than the upper crustal portions of con-
tinental fragments.

4. Comparison of velocity structures

Of the 14 refraction profiles across 11 plateaus
included in this study, all were obtained by conven-
tional marine refraction methods except for the data
for the Fiji and Manihiki Plateaus, where the Asper
technique was used [13]. The following comparison
is thus based largely on conventional refraction pro-
filing results. An important objective of future seis-
mic refraction studies of oceanic platforms should be
the refinement of plateau crustal structures by using
high-resolution methods.

In Fig. 4 the depth from the sea floor to each
refractor is plotted against the refractor velocity for

SHATSKY
RISE

Fig. 3. Crustal structures of oceanic plateaus. See Table 1 for sources.
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both oceanic plateaus and continental fragments.
Rectangles represent typical ranges of depth and
velocity for nonnal oceanic crust and continental
shield areas, adapted from a compilation by Drake
and Nafe [25]. We chose to compare the continental
fragments with shield areas because the shields, like
the fragments, are tectonically inactive. The excellent
correlation between these structures does not imply
that continental fragments are necessarily displaced
portions of continental shields. .

Fig. 4 illustrates several marked differences

between oceanic plateaus and continental fragments.
For refractor velocities up to 6.4 km/s, the distribu-
tion of velocity with depth is essentially the same in
both structures. At deeper levels of the crust, the
distinction becomes more apparent. The structures of
continental fragments correlate remarkably well with
continental shields, whereas oceanic plateau struc-
tures do not. Further, velocities typical of oceanic
layer 3 are observed in both types of plateau struc-
tures but tend to occur at deeper levels in continental
fragments. An important distinguishing characteristic
of oceanic plateaus is the existence of a basal layer
with velocities in the 7.1-7.6 km/s range. No such
layer l:<isbeen detected in continental fragments.
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Fig. 4. Summary of plateau velocity structures. Rectangles
represent typical ranges of velocity and depth for continental
shield areas and normal oceanic crust adapted from Drake
and Nafe [25] . Solid circles represent data from Ontong-Java
Plateau.

Finally, the crust beneath continental fragments may
be 5-10 km thicker than that beneath plateaus of
oceanic origin.

The crustal structure of Ontong-J ava is peculiar in
a number of respects (see Fig. 4). The central part of
the plateau has characteristics of a continental frag-
ment, differing only in that the Moho is depressed by
a thick basal layer. By contrast, the crust beneath the
northern flank of Ontong-J ava is similar to that of
other oceanic plateaus except that the layers corre-
-sponding to layer 3 and the high-velocity basal layer

are substantially thicker. These conditions suggest
that Ontong-Java Plateau is a composite consisting of
both continental and oceanic elements, that it repre-
sents an entirely different type of feature or that the.
high-velocity layer is present but undetected beneath."
the central plateau as suggested by Hussong et al,. [4].

5. Composition of oceanic plateaus

Knowledge of the crustal composition beneath
oceanic plateaus is essential to an understanding of
their origins. The upper crustal layers beneath oceanic
plateaus with velocities similar to oceanic layers 2 and
3 are likely to be composed of basaltic and gabbroic
rocks, respectively, but the nature of the thick, high-

velocity basal layer of oceanic plateaus is problem-
atical. Relatively thin, high-velocity basal layers,
which may be analogous to those associated with
oceanic plateaus have been detected in nonnal

.
oceanic crust of the Pacific and Atlantic ocean basins
[4] and are likely to occur in some ophiolites [26].

During the past two decades velocities have been
measured as a function of confining pressure for a
wide variety of igneous and metamorphic rocks (e.g.
[27]). A review of the rock velocities produces the
significant conclusion that only a limited number of
rock types has compressional wave velocities in the
range of 7.3-7.6 km/s at pressures appropriate for
the lower regions of oceanic plateaus (2-6 kbar). At
present geophysical data are not sufficient to allow
speculation as to which composition or compositions
discussed below are most probable for the lower
crustal sections. The following considerations also
apply to high-velocity basal layers in normal oceanic

crust.
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Christensen [31].

Mafic compositions. Approximate ranges of velocities
for common igneous rocks (Fig. 5) illustrate several
important conclusions. First, igneous rocks of granitic
through dioritic composition and their metamorphic
equivalents cannot be major constituents in the
lower crustal regions of oceanic plateaus, because
their velocities are less than 7 km/s. Furthermore,
velocities in common gabbro are lower than 7.1 km/s
[27]. Olivine-rich gabbros on the other hand, have

velocities similar to those observed in the lower
crustal regions of oceanic plateaus. The presence of

177

abundant olivine gabbro in these regions would result
from magmatic activity, perhaps associated with large
magma chambers.

Metamorphic rocks of gabbroic composition also
have velocities in the 7.3-7.6 km/s range. Mafic
garnet granulites have velocities in this range [28,29];
however, these rocks may not be stable under the P-T
conditions likely within oceanic plateau crustal
regions [30]. Christensen [31] reported velocities for
two epidote amphibolites of7 .39-7 .66 km/s and
7.32-7.60 km/s at pressures from 2 to 6 kbar.
Epidote apparently exhibits extremely high acoustic
velocities, since common plagioclase-hornblende
amphibolites have velocities approximately 0.5 km/s
lower than the epidote-rich varieties [31]. In support
of the possible presence of epidote in the lower
oceanic crust, epidote has been reported in ophiolites
[32,33] and abundant epidote was found in cores

recovered from a depth of approximately 2 km in a
hole drilled near Reydarfjordur, eastern Iceland, in
1978 [34]. The hydration which produces epidote at
such depths apparently results from the seepage of
seawater downward through joints and fractures in
the overlying rocks. Since the high-velocity basal
layers beneath oceanic plateaus occur at relatively
deep levels within the oceanic crust, a hydrous meta-
morphic origin implies deep hydrothermal circula-
tion.

Ultramafic compositions. Peridotite and dunite have
velocities higher than the basal layer of oceanic
plateaus (Fig. 5). However, Christensen [34], has
shown that the physical properties of these ultramafic
rocks are dramatically affected by their degree of
serpentinization as illustrated in Fig. 6. Thus, parti-
ally serpentinized peridotites. having compressional-

wave velocities in the 7.3-7.6 km/sec range contain
18-23% serpentine by volume and have shear-wave
velocities ranging from 3.8 to 4.1 km/s [35]. Pois-
son's ratio for these rocks is approximately 0.30.
Because these values compare favorably with the
properties of some gabbros and their metamorphic
equivalents [36], it is not possible to discriminate
between mafic and ultramafic compositions for lower
regions of oceanic plateaus using Poisson's ratio cal-
culated using compressional and shear wave velocities
from seismic refraction surveys.

An ultramafic composition consisting of partially
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serpentinized peridotite for lower crustal regions of
oceanic plateaus would likely originate from serpen-
tinization of mantle rocks. Such an origin would be
attractive because volume increases associated with
the serpentinization would help to explain the
relatively high elevations of many oceanic plateaus. A
critical test for such an origin would be a seismic
refraction experiment designed to detect anisotropy
within the basal layer . Gabbros have low anisotropy
[27], whereas moderately serpentinized mantle ultra-
mafics generally retain much of their fabric and
should consequently mimic the anisotropy of the
underlying upper mantle.

Ultramafic-mafic mix. A third possibility for the
petrologic nature of the lower crustal regions of
oceanic plateaus comes by analogy with ophiolites.
The Blow-Me-Down massif of the Bay of Islands
complex contains a l-km-thick basal crustal layer
consisting of interlayered anorthositic gabbro, olivine
gabbro, troctolite and plagioclase peridotite. Based on

o
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laboratory measurements, average compressional and
shear wave velocities for the lower crustal layer are
7.4 and 3.9 km/s, respectively, and Poisson's ratio is
0.31 [37].

. As in the Bay of Islands ophiolite, we have
recently established from laboratory measurements
the presence of a high-velocity (~7.5 km/s) crustal
basal layer in the northern portion of the Semail
ophiolite of Oman [38]. This high velocity originates
from a 1- to 2-km thick zone of interlayered banded
gabbro and peridotite. These rocks are clearly
cumulate in origin.

6. Conclusions
,

"

The number of plateau-like features for which
complete velocity structures are known is admittedly
small, and to that extent our conclusions regarding
their distinguishing characteristics must be regarded
as tentative. Nevertheless,the crustal structuresof
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continental fragments and oceanic plateaus appear to
differ significantly in a number of respects:

(1) The crustal struc tures of con tinen tal fragments

correlate remarkably well with the structure of con-
tinental shields, whereas the structures of oceanic
plateaus do not.

(2) Velocities in the 6.5-6.9 km/s range are com-

mon to both types of plateaus, but are observed at
deeper levels in continental fragments.

(3) The high-velocity (7.3-7.6 km/s) basal layer

of the oceanic plateaus is not observed in continental
fragments.

(4) The crust beneath continental fragments
appears to be 5-10 kill thicker than that beneath
oceanic plateaus.

The composition of the basal layer found in
oceanic plateaus is likely to consist of gabbroic rocks,
epidote amphibolite, interlayered mafic and ultra-
mafic cumulates, or partially serpentinized perido-
tites. Poisson's ratio cannot be used to. discriminate
between these possibilities, but modestly serpen-
tinized mantle ultramafics may be expected to mimic
upper mantle anisotropy, while gab broic rocks are
expected to be essentially isotropic.
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