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Abstract. Seismic refraction and gravity-based crustal thickness estimates of the Ontong

Java oceanic plateau, the Earth's largest igneous province, differ by as much as 18 km. In an
attempt to reconcile this difference we have evaluated available seismic velocity data and de-
veloped a layered crustal model which includes (1) a linear increase in velocity with depth in
the Cenozoic sediments and the uppermost extrusive basement and (2) a reinterpretation of
deep crustal and Moho arrivals in some deep refraction profiles. Previously, Moho had com-
monly been interpreted from later arrivals and in some cases constrained by precritical arri-
vals. However, if first arrivals at distal offsets are interpreted as Moho refractions, the maxi-
mum depth to Mcho is reduced by about 10 km, Two-dimensional gravity modeling along -
two transects from well-determined oceanic crust in the Nauru Basin across the central On-
tong Java Platean to the Lyra Basin, based on the reinterpreted crustal model, is regionally
consistent with satellite alimetry derived and shipboard gravity fields yielding a 8.0 km/s .
Moho velocity at a depth of ~32 km under the central plateau, The crust features a thick oce- .
anic, three-layer igneous crust comprising an extrusive upper crust, a 6.1 km/s middle crust. -
and a ~15 km thick 7.1 km/s lower crust. The total Ontong Java Plateau crustal volume is cal-~ -
culated at 44.4 % 10° km® and 56.7 x 10° km® for off- and on-ridge emplacement settings, re- -
spectively. On the basis of velocities and densities we interpret the lower crust on the plateau -
to consist of ponded and fractionated primary picritic melts, which due to deformation and/or

fluid invasion may have recrystallized to granulite facies mineral assemblages. The melts . -
- were emplaced during lithospheric breakthirough of a mantle plume in an oceanic, near-ridge

plate tectonic setting. - L -

1. Intreduction

The Ontong Java Plateau (OTP) in the western central Pacific
{Figure | and Table 1) is the world's most volaminous large ig-
neous province (LIP). LIPs are emplaced during episodes of
massive mafic magmatism and comprise continental flood ba-
salts, volcanic passive margins, oceanic platenus, and ocean ba-
sin flood basalts [Coffin and Eldholm, 1994]. In particular, oce-
anic plateaus, by virtue of their tectonic setting, offer excellent
potential for studying the velocity structure and dimensions of

LIPs. Thes¢ parameters are particularly sensilive to reliable

models of crustal structure and emplacement setting, questions

that are not yet properly resolved for the OJP LIP. For example,

seismic refraction and gravity daia yield maximum Moho depths
of 43 and ~25 km, respectively [Furumoto et al., 1976,
Sandwell and Renkin, 1988). In this study, we discuss available
crustal data in an attempt to resolve this discrepancy and present
suggestions about emplacement setting and crustal composition.
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The work is partly based on detailed data analysis and modeling
by Gladczenko [1994). '

The OIP, defined by the 4000 m depth contour, is adjacent (o
the >4500 m deep Lyra. East Mariana, and Nauru ocean basins
and bounded to the soulthwest by the >3000 m deep North
Solomon Trench (Figure 1). The transition between the plateau
and East Mariana Basin is marked by the Caroline Seamounts,
of Miocene and younger age [Keating et al., 1984]. The plateau
proper comprises a 1700-2500 m deep central part where, except
for some atolls and seamounts toward the trench, seafloor un-
dulates gently. The central plateau contains 0.8-1.2 s thick sedi-
ments thinning to ~0.6 § on the fAanks and 0.5-0.2 s in the ocean
basins [Mosher et al,, 1993]. The westem flank is block-faulted
(sheared?) toward the Lyra Basin [Ewing et al., 1968; Kroenke,
1972], which is characterized by sediment thicknesses of 0.7-0.9
s. The northern and eastern flanks are incised by submarine can-
yons [Kroenke, 1972). The eastern flank linking the platean with
the southern Nauru Basin is characterized - by ridges and
seamounts rising up to ~£.3 km above the surrounding seafloor.
Although seismic data show abundant erosional features in the
area, the ridges and seamounts appear to reflect basement topog-
raphy. The gravily field shows that the ridges. troughs, and
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sulmoums i]aw. a northeasl Lrend (Pluu. l) and thus are abhque
Lo the interpreted seafloor spreading magnetic anomalies {Na-
kanishi et al., 1992]. Offset of basement across these features
suggests that they are fracture zones; however, they may also
represent subparallel seamount chains,

Three of seven-Deep Sea Drilling Pro_]ecu'Ocean Dnllma
Prmeet (DSDP/ODP) plateau drill sites terminated in bamlnc
basemenl, with 149 m as the maximom penetration at-Site 807

(F” igure I and Plate’1). The 9 and 26 m of basalts drilled at Sites
289 and 803, respectively, consist of successive pillow lavas and
thin lows, whereas pillow lavas and massive flows were recov-
ered at Site 807 [Shipboard Scientific Party, 1975, 1991a, b].
All samples are tholeiitic basalts, broadly similar in chemical
and isotopic composition to interpreted Cretaceous lavas on
Santa Isabel, Malaita, Ulawa, and Makira islands, to Lower
Cretaceous flows and sills in the Nauru Basin, and to dredged
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Plate 1. OJP, delineated by white line on the basis of bathymetry, as it appears on the satellite-derived gravity
field (D. T. Sandwell and W. H. F. Smith, Marine gravity from satellite altimetry, digital file, version 7.2, avail-
able at anonymous ftp to baltica.ucsd.edu, 1995). Magnetic anomaly picks (white circles), magnetic isochrons
(white lines connecting picks), fracture zones (unlabeled white lines) are from Cande et al. [1989] and Nakanishi
et al. [1992]. LFZ, possible fracture zone trend in the Lyra Basin.
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Table 1. Seismic Surveys and Scientific Drilling on OJIP-

GLADCZENKO ET AL.: CRUSTAL STRUCTURE OF ONTONG JAVA PLATEAU

Reference Type of Survey Map Abbreviation

Furumoto et al. [1970] seismic refraction (two ships) 5-A, 8B, 5-C

Muranchi et al. [1973] seismic refraction (two ships) 30, 31,32,33

Furumato et al. [1976) seismic refrnction (two ships) - P,Q.R,W

Hussong, et al. [1979] seismic refraction (sonobuay) AB,C.D.EB,10,13, [6 85, 87
LDEQ dutabase seismic refraction (sonobuoy) xV24, xV13 '
Ewing et al. [1968] reflection seismic xV24, xCI12

Winterer et al. [1971]: DSDP Leg 7
Andrews et al. [1975]; DSDP Leg 30
Larson et al, [1981); DSDP Leg 61 well
Wipperman et af, [1981]
" Moberly et al. [1986]: DSDP Leg B9 wells
Lancelot et al. [1989]: ODP Leg 129 wells
Kroenke et al. [1991]: ODP Leg 130 wells

well, reflection nnd refraction (scmnbuoy) seismic 64
wells and reflection seismic

seismic ref) rucuon, 0OBS

288, 289

462

OBS14

462, 586

800, 801, 802

803, 804, 805, 806, 807

Location is given in Figure 1. OBS, ocenn bottom seismometer.

rocks on the Manihiki Plateau [e.g., Mahoney and Spencer,
1991; Mahoney et al., 1993; Parkinson et al., 1993; Petterson,
1995; Tejada et al.. 1996]. At Sites 803 and 807, major and
trace element abundances lie within the range for mid-ocean
ridge basalts (MORB) values. The basalts have *"Ar/*Ar plateau
nges of ~90 Ma (Site 803) and 122.4+0.8 Ma (Sites 289, 807)
[Mahoney er al., 1993], whereas biostratigraphic ages of basal
sediments are 113 Ma at Site 803 and 117.5 Ma at Sites 289 and
BO7 [Sliter and Leckie, 1993]. Palepmagnetic and micropalae-
ontologic data have been interpreted in terms of rapid plateau
formation, in <3 m.y. at the onset of the Cretaceous Normal
Polarity superchron [Tardune et al., 1991].

Some drill samples, including a ~28 m thick single flow at
Site 807 [Shipboard Scientific Party, 1991b], suggest a hotspot-
like mantle source, very high degrees of melting, and lack of
discernible age progression among sites. This has led to a model
of rapid plateau construction above a plume head, the Creta-
ceous superplume [Larson, 19917, possibly associated with the
Louisville hotspot [Richards et al., 198%; Mahoney et al., 1993;
Tarduno and Gee, 1995]. Recently, the younger basalt age at
Site 803 and from Santa Isabel has been interpreted as a second
flood basalt event caused by separation of the original plume
head and its trailing conduit; a second plume head then formed
above the conduit and ascended to the surface [Bercovici and
Mahoney, 1994].

Defining acoustic basement in the absence of multichannel
seismic (MCS) data, over large parts of the plateau and flanks
is problematic due to its smoothness [e.g., Ewing et al., 1968],
and the presence of intrahasement reflectors [e.g., Hagen et al.,
1993] which possibly represent "real" basement. Hagen et al.
[1993] sugpested that intrabasement reflectors may indicate
multiple phases of volcanism, thus creating several "basement”
surfaces. This may explain the discrepancy in ages between ba-
sals drilled at Sites 803 and 807, where intrahasement reflectors
tre common in the vicinity of the former and absent around the
latter,

2. Crustal Velocities'
2.1. Sediment :

We have compiled sonic log (Sites 586, 803, 805-807) and
laboratory core measurements (Sites 288, 289, 804) to develop
8 velocity-depth function for the OJP sediments (Figure 2), All
logs were normalized using lithostratigraphic units to Site 807
depth. No cerrection for compaction was made because the

sediment layer is <1.5 km thick, and compaction effects are
minimal, especially in limestone and chert. The upper seismic
Sequence was represented by a linear relationship, v=1.6+1.0z
km/s. A constant velocity, 3.5 ks, is chosen io represent the
Eocene to lower Campanian limestone layers of the lower se-
quence [Shipboard Scientific Parry, 1991h], with a velocity in-
version in the thin basal limestone. The function is based mainly
on Site 807 which has the best log coverage and which recov-
ered the thickest and most complete sediment section [Kroenke
et al., 1993]. In view of the similarity between Site 807 and
Malaita stratigraphies [Petterson, 1995; also personal communi-
cation, 1996], ~1500 km apart, we consider Site 807 representa-
tive for much of the OJP,

Wide-angle profiles, mainly snnobuuys. provide data on both
sediments and upper igneous crust [Houtz et al., 1970; Ship-
board Scientific Party, 1971; Hussong et al,, 1979; Lamont-
Doherty Earth Observatory (LDEQ), unpublished data, 1991],
whereas images of the middle and lower crust are exclusively
from two- or three-ship refraction proliles [Furwmoto et al.,
1970, 1976, Muruachi et al., 1973]. All profiles have been re-
duced by the slope-intercept method. Sonobuoy data reveal that
& major sediment sequence boundary, characterized by chert,
and the top of the basalt produce refracted arrivals. If these in-
terfaces were not recorded, their depths were estimated and
slope-intercept solution recalculated. A Hnear velocity-depth
curve, v=1.7+1.0z km/s, above a 3.4 ks layer appears repre-
sentative for all profiles, indicating that sonobuay data may
overestimate the velocity in the uppermost 100 m of sedi-
meats,

2.2. Igneous Basement

Basalt core velocities at Sites 289 and 807 average 5, 43+D 7
km/s and 5.2+£0.8 km/s, respectively, but refer commonly to ho-
mogenous hand samples of solid basalts and thus are not repre-
sentative of the entire extrusive unit, The Site 807 sonic log is
incomplete [Shipboard Scientific Party, 1991b]; however, resis-
tivity, density, and gamma ray logs reveal a cyclicity presumed

o represent porosity variations associated with flow heterogeni-

ties and boundaries, comparable with logs in flow basalt units
drilled at ODP Sites 642 and 917 on the Vgring and East
Greenland volcanic margins, respectively [Planke, 1994; Planke
and Cambray, 1997). The cyclicity suggests comparable physi-
cal properties of the upper extrusive crust in these LIPs. At Site
642 the central 7 m of each homogeneous massive 16 m thick
basall flow has a constant velocity of ~5.25 km/s, comparable
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Figure 2. Velocity-depth plots from DSDP/ODP sites normalized to ]'ithology from ODP Site 807. The core val-
ues and digitized sonic logs were smoothed before plotting, The average velocity-depth function (shown in bold)
is based on core, sonic log, and sonobuoy data. Note that the thin Aptian-Albian low-velocity layer is only resolv-

able in well data.

to core velocities at Sites 289 and 807, contrasting with the
4.120.8 km/s average log velocity and the 4.5 km/s average re-
fraction velocity at Site 642 [Planke and Eldholm, 1994]. Tn
fact, the OJP's uppermost basement also exhibits low refraction
velocities, ~4.0 km/s, gradually increasing to ~3.0 km/s at ~0.6
km depth. Hence a 4.5 km/s.averape velacity was chosen for this
region of rapidly increasing velocity in uppermost basement

{(Figure 2). This "layer" velocity accounts for hoth interbedded

sediments and porosity variations within single lavas units,
Refraction data from the middle and deep crust have been

analyzed and interpreted in four steps. (1) Published solutions’

were duplicated based on published water depths, apparent ve-
locities and intercept times. (2) The upper crustal velocity
structure was analyzed, and in most cases, new average veloci-
ties were introduced, based on the more detailed model illus-
trated in Figure 2. (3) Published travel time graphs were evalu-
ated to determine the quality of identified "straight-line" refrac-
tor segments according to number of first and later arrivals,

Where applicable, alternative refractors were interpreted nsing
some high-velocity arrivals. (4) The oew solutions were ray
traced to satisfy published arrivals and intercept times.

The modified water depths and refined upper crustal model
(Figure 2) introduce only minor changes in lower crust and
Moho refractor depths. We note, however, that in the Furumoto
et al. [1970, 1976] profiles the Moho refractors commonly have
been interpreted from second arrivals, and that some refractors
appear to be constrained by precritical arrivals, We have there-
fore examined whether some distal offset first arrivals may actu-
ally originate from Moho, thus yielding a Moho depth more
consistent with gravity calculations. o

For profiles A, B, C [Furumoto et al., 1970], and R [Furu-
moto et al., 1976], the above procedure resulted in some modifi-
cation of the lower crustal layer without major changes in crus-
tal thickness. The key profiles, however, are P,.Q {(Plate 2) and
W of Furumato e al. [1676]. No 8+ km/s first arri'\ials were in-
terpreted in profile P. An 8.1 km/s apparent velocity fits the
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three far arrivals recorded at the north end. A reversed refractor
of the same velocity through the reciprocal point fits the distal
offset arrival recorded t the south end reasonably well, vielding
a Moho depth of 28.6 km. In profile Q all refractors with appar-
ent velocitics >7.6 km/s are based on‘later arrivals; in fact, the
8.3 and 9.0 km/s apparent Moho velocities refer only to one and
three posteritical second arrivals, respectively. We have there-
fore excluded these refractors and assign the 7.6 and 7.8 km/s
apparent velocities to Moho, noting that the latter becomes
slightly greater, 8.0 km/s, without the precritical arrivals (Plate
2). A new reversed velocity of 7.8 km/s and one new intercept
time also eliminate the 5 km westward dip interpreted for the 7.7
km/s refractor by Furumoto et al. [1976]. Ray tracing and recip-
rocal points of the lower crustal 6.9 kmy/s relractor in profile W
reveal unresolvable ambiguilies. Thus we have used the original
lower ciustal model of Furumoto et al. [1976], with correclions
for thie 0.7 km increased water depth at far southwest end of the
profile,

The 4.5 km thick upper crust contains a zone of rapidly in-
créasing velocity with depth (Figures 2 and 3). The average ve-
locity is 5.4 km/s. The middle crust exhibits 5.8-6.3 km/s ve-
locities and an average thickness of 6.5 km. Profiles A, B, D, E,
and 13 [Hussong et ¢l., 1979)] and 31 [Murauchi et al,, 1973},
on-the -central and western plateay, respectively (Figure 1),
yielded 6.5-6.7 kmvs velocities at depths equivalent to our mid-
die crust (Figure 3 and Table 2). The 6.5-6.7 kmv/s relractors do
not appear 1o be regional [eatures because profiles 30 and W, in
the same area, show a 5.4-5.6 km/s layer above 6.1 and 6.9 km/s
refractors. Hyssong er al. [1979] noled that the ~6.6 kovs re-
fractors, commonly the deepest detected, are poorly determined,
and therelore used results of Furmeto et al, [1976] in their OJP
model (Figure 4). This velocity might originate from precriti-
cally refiected arrivals; thus the middie crust velocity is mainly
based on work by Furumoto et al. [1970, 1976].

The lower crust velocities range from 6.9 to 7.5 km/s with an
average ol 7.1 km/s. The average Moho velocity is 8.0 km/s.

Moo, however, is poorly constrained in all profiles, and 2 7.6

km/s layer was recorded only in proliles R and Q {Frrumoto et
al., 1970, 1976; Murauchi et al., 1973]. The maximum Moho
depth of 43 km refers to profile Q [Furumoto et al, 1976].
Thick QJP crust is [lanked by interpreted Jurassic and Early
Cretaceous oceanic crust in the Nauru, East Mariana, Pipafetta,
and Lyra Basins (Figure 1). However, contrary to Jurassic ages
predicted by mngnetic anomalies, drill sites recovered Lower
Cretaceous rocks from the first three basins, in addition to Ju-
rassic rocks from one site in the southeastern Pigafelta Basin,
No drill sites have been drilled in the Lyra Basin. Furthermore,

two out of three tentalive seafloor magnetic ariomaly interpreta- -

tions in the Lyra Basin [Taylor, 1978] correlate spatially with
posilive topographic features and gravity anomalies, possibly
seamounts (Figure 1 and Plate 1). For each adjacent basin, we
have compiled published velocity profiles and made simplified
‘crustal models (Figure 5). Similarities in acoustic basement
character, age (130-110 Ma), and composition of drilled Lower
Cretaceous basalts from OJP and the basins suggest a common
origin {Mahoney et al., 1993; Castilio et al., 1994],

Smooth basemeni in the Nauru Basin corresponds to Lower
Cretaceous basalt flows, drilled at Site 462, with a velocity 3.6
km/s {Shipley et al., 1993]. Ocean battom seismometer (ORS)
profiles reveal a low-velocity zone below the basalts [Wipper
man et af., 1981], which prohably consists of Lower Cretaceous
sediments, and Shipley et al. [1993] infer up to 1.7 km of vol-
canics on nceanic crust in the northern basin, thinning to ~100

22,717

m south of 2.5°N. The ~9 km thick crust in Figure 3 includes a
3.7 km thick upper crust comprising Lower Cretaceous volcan-
ics, older sediments, and oceanic layer 2, We arrive at this
thickness by assuming thal the layer 2-3 transition coincides
with a velocity of 6.5-6.6 km/s [e.g., Maynard, 1970; White et
al,, 1992], A thickness estimate of the overlying Cretaceous
rock unit (LK in Figure 5) may be obtained by assuming a ~5.2
km/s velocity for the top of Jurassic layer 2 [Houtz and Ewing,
1976].

A similar procedure is used for the Easl Mariana and north-
wesl Pigaletta Basins where seismic profiles record intrabase-
men{ features [Whitman 1986; Abrams et al., 1992, 1993; Ship-
ley et al., 1993]. Acoustic basement, horizon B of Ewing etal.
[1968], comrelates wnh the Lower Cretaceous flows/sills that
overlie Jurassic/Lower Cretaceous sediments and oceanic crust
in the East Marinna Basin and part of the Pigafetta Basin
[Abrams et al., 1992, 1993]. If we only consider the Jurassic
crusl, layers 2 and 3 correspond to the old Pacific crust of White
er al. [1992] in the Nauru, East Mariana, and Rigafetta Basins .
(Figure 5). '

Horizon B extends into Lhe Lym Basin, where seismic sedi-
ment structure is similar 1o OJP [Ewing et al.. 1968; Kroenke,
1972]. Upper and middle crustal velocities are only reported
from the four sonobuoy profiles in Figure 5, but velocities and
layer thickness vary [Hussong et al., 1979]. The ~2 km thick
4.6-5.4 km/s layer appears to be a normial layer 2, excepl in pro-
file 10 where the >4 km thickness resembles Nauru Basin crust
(Figure 5). Hence it is not possible to make a representative ve- .
locity-depth curve. After correction for sediment loadmg [e.g.,
Renkin and Sclater, 1988], depth 1o top of oceanic crust in the
Lyra Basin is ~5 km. Thus the Lyra Basin may be of Early Terti-
ary age, or more probably, the -1 km depth' anomaly and the
presence of a reflector resembling horizon B indicate an extru-
sive cover similar to the Nauru Basin. A genelic relationship to
the Nauru Basin and the OIP is suggested by Lhe gravity linea-

- ments which in the Lyra Basin {e.g., LFZ, Plate 1) trend nearly
- paralle] to fracture zones east of the plateau.

3. Ontong Java Plateau Crust -

The central and eastern platcau have anomal:es tmm O o +235
mGal increasing Lo +25 to +75 mGal in the west and southwest,
while -200 to +150 mGal anomaties dominate the Solomons
collisional zone. Adjacent basins are typically characterized by
0 to +25 mGal anomalies (Plate’ and Figure 6). A 19-23 km
thick plateau crust was calculated by Rose er'al. [1968], using
the two-dimensional (2-D) gravity algorithm of Tatwani et al.
{1959] on a two-layer' model with densities ol 2870 and 3330
ke/m®. Applying the same method and densities, Furumoto et al.
[1976] noted that their thickest relraction crust would produce

a -200 mGal anomaly. Sandwell and Renkin [1988] used the
satellite- delcrmmed geoid-heighi-to-topography ratio to calcu-
late a maximum Airy compensation (Moho) depth of 25 km, and
Schubert and Sandwell [1989] ¢alcolated an average Airy thick-
ness of 12.24 km for the plateau, defined by the 4 65 km depth
contour, from satellite altimetry data.

We have constructed two intersecting crustal transects from
the OIP to the Naurn and Lyra Bagins by projecting velocity
profiles within a ~100 km wide zone (Figures 1 and Plate 1).
The transects were located () 1o obtain optimal deep and shal-
low crustal coverape, (2) to avoid seamounts and other features
unrelated to the emplacement of the OJP. (3) 1o avoid areas in-
troducing major 3-I gravity effects, and (4) i0 include the well-
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Table 2. OJP Average Velovities and Layer Thicknesses
Crustal Unit ' Numberof  Avernge  Velacity Average  Thickness -
Profiles Velocity, Range, ‘Thickness, Range,
larfs ~ kmfs km km
Unit I; Upper crust 20 5.4 4857 37 1580 .
Transition zone - 4.5 - 0.6 -
Above 6,1 km/s refactor 14 5.3 4.8-5.6 3135 1.5-80 -
Above 6.6 km/s refractor a 5.6 5.5-3.7 48 . 2470
Unit II: Middle crust 14 - 6.1 5.8-6.3 65 . - 31-16.2
.. 6,6 ks refractor 6 6.6 6.3-6.7 - - s
* Unit IIE: Lower crust 9 7.1 6.9-7.5 14.8 6.1-19.0
Moho 5 8.0 7.8-8.1 - -
See Figurés % and 3. Six refraction stations recorded 6,5-6,7 knv's velacities [Muranchi et af.,
1973; Hussang et al., 1979], which are intermediate batween the middle and lower crustal velocities
. for the majority of profiles and therefare are treated separutely.
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Figure 4. Average crustal columns for OJP, water depth < 3 km, and Nauru Basin compared to earlier models

for OJP, Manihiki Plateau, Shatsky Rise, and Pacific crust [Hussong et al., 1979], global average aceanic crust
[White et al., 1992], North Atlantic volcanic margin crust [Efdholm and Grue, 1994), and continental crust [Nur-
and Ben-Avraham, 1982). Average densities used in gravity modeling are shown in parentheses. The factors
shown at the base of the columns refer to multiples of normal oceanic crustal thickness. LK, Lower Cretaceous

volcanics,
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FlgllI‘B 6. Multllayered crustal rnndels along trunsects OIP-Nauru and OJ P- Lyra (Flgure 1) based on seismic re- .
 fraction data and gravity modeling. Maximum depth yielded by each refraction profile pID_]EC[Ed onto the transects

is indicated by a vertical bar and profile identification.

determined ucearﬁ_c crust in the Naﬁfu Basin (Figure 5) [Wip—
perman et al., 1981]. Then, 2-D gravity was modeled along each
transect [Tahwani et al., 1959] by assigning crustal layer densi-

ties to the seismic mudel {Figure 6), keeping the Nauru Basm-

crust as a reference. A 45 km Airy compensation depth was used
to account for the thickest crust of Furimoto et al. [1976]. The
transect bathymetry and free-air anomalies are from ship track
data and 2 arc min X 2 arc min gridded values from satellite
alitmetry [National Geophysical Data Center (NGDC), 1988,
Wessel and Smith, 1991; NGDC, 1995; D.T. Sandwell and
W.HF. Smith, digital ﬁ!e, available at anonymous. ftp to bal-
tica.ucsd. edu, 1995]

' The 1900 kg/m’ average sedunent densny is pnmarlly bascd
on Site 807 log and core data [Shipboard Scientific Party,
1991a, b] whereas upper and middle crust values of 2600 and
2800 kg/m’ are based on general velocity-density relations for
oceanic crust [Ludwig et al., 1970; Barton, 1586], nphmhtic
rocks and drill holes in oceanic [Becker ef al., 1989; Alt et al,,
1993] .and volcanic margin [Planke, 1994] crust. Tower crust
has. the same velocuy. 7.1 kmls as the 500 m thick gabbro at

See Lext for expianatlon

ODP Site 735 where average core density is 2950 ke/m® [[tur-
‘rino et al., 1991]. Thickness of the OJP crust suggests that com-
parison should be made with other oceanic plateaus or regions
with excessively thick igneous crust where both velocity and
density measurements are available. Icelandic. Iayer 3 gabbros
have ~7.0 km/s velocities and 3000-3100 kg/m’ densities [Gen-
shaft et al., 1992), while Christensen and Salisbury (19891,
Mengel and Kern [1992], and Kern [1993] report gabbra values
of 6.7-7.4 km/s and 2900-3100 kg/m’. On the other hand, gen-
eration of thick igneous crust requires mcreased melt volumes,
gsenerally associaled with an increase in asthenospheric tem-
perature, As.the potenlial temperature increases, the percentage
of MgO in the melt increases, as do seismic velocities. White
and McKenzie I1989] predicted values of 6.9-7.2 km/s and
2990-3070 ke/m® for high MgO basaltic crust. Hence a 3050
kg/m densuy is arbitrarily assigned to the lower crust, above a
3300 kg/m mantle following Sandwell and Renkin [1988]; The
6.9 and 7.6 km/s layers of Hussong et al [1979] are similarly
assigned densities of 3000 and 3150 ke/or’, respechvely (F igure
4).
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The modeled and observed fields correspond regionally, ex-

cept in the Solomon collisional zone. Moho determined from
gravity inversion [Cordell and Henderson, 1968] was consistent
with that of the [orward model. No attempt was made 1o account
for the dynamic effects of subduction or to match Tocal dilfer-
ences which we largely attribute to upper crustal density con-
trasts from structural relief and bathymetry.

‘The >36 km thick crust determined by Furomoto et al. [1976]
on (he basis of seismic refraction data (Figures 4 and 6) would
result in a'~50 mGal lower regional level over the plateau along
transect OJTP-Nauru, and the ~43 km deep crustal root in transect
OJP-Lyra would contribute & further lowering of ~60 mGal,
yielding & toial anomaly of ~110 mGal. In fact, a 3250-3300
kg/m’ lower crust density, i.e., a very small or no crust/mantle
density contrast, would be reqmred to reproduce the observed
regional field.

Figure 6 shows pceanic crust thicker than normal in the Lyra
Basin. We ascribe this finding to thick, low-density basalts and
sediments overlying thick oceanic crust. The Lyra Basin crust
was modeled vsing the same crustal layers and thicknesses as in
the Nauru Basin, except an increased sediment thickness, ~0.6
km, as sugpested by seismic reflection data, The crustal thick-
ness, excluding sediment, is nevertheless ~11 km, with a ~6 km

thick layer 3B. A ~10 km thick igneois crust is also reported in - -

the Venezvela Basin where Cretaceous volcanics overlie as-
sumed older crust [Diebold et al., 1981]; however, most of the
thickness increase is in the upper crust, The thickness of the
modeled layer 3B could be reduced by assuming a thicker cover
of low-density basalts than in the Nauru or Venezuela Basins.
A thick layer 3B may, however, be explained either by an in-
crease of layer 3 during accretion as suggested by Mutter and
Mutter [1993] or as a result of underplating during an intraplate
magmatic event, Velocrty data are necessary to resolve this
guestion.

Horst and graben structures along the platean-basin transition
[Erlandson et al., 1976] and the graben-like Lyra Trough led
Kroenke [1972] to suggest that the Lyra Basin is a foundered
part of OJP. The few single-channel seismic profiles available
fe.g., Ewing et al., 1968; Winterer et al.; 1971] suggest a much
_more continuous smooth basement reflector compared with the

variable Nauru Basin extrusive cover [Shipley et al., 1993],

Thus the entire Lyra Basin may be covered with postemplace-
men{ extrusives and thus forms a cootzguous pert of the Greater
Ontong Java LIP, :

The main difference hetWeeu our three- layer OJP igneous
crust'and the four-layer crust of Hussong et al. [1979] is that
ours has linear velocity-depth relations in the sediments and- up-
per crust and lacks a 7.7 km/s lower crost (Figures 2 and 3 and
Table 2): As 4 result, the average crustal coltirmn for the central
plateau (Figure 4), i.e., water depths <3 km, is ~10 km thinner
than the crust of Hussong et al, [1979]. The crustal model in
Figure 6 has a thick 7.1 km/s lower crust and a Moho depth of
32 km beneath the central plateau. It is 5-10 km deeper than the
homogenous, 2800 ke/m’; crust of Sandwel! and Renkin [1988].
The difference is dise to the intracrustal density distribution and

- a-higher average crustal density, 2860 kg/m’, in the layered
model.-On the other hand, the Furumoto et al. [1976] crustal
model is 5-15 km thicker (Figures 4 and 6). Using data from a
Selsmle array in Micronesia, Richardson and Okal [1996] cal-
culate the Mbho ‘depth benath OTP to be ~35 km. A similar
depth has been estimated from OBS data on the SW part of the
plateau [Miura et al., 1996; also personal commumcatron
1996].
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Despite the apparent continental thickness of QJIP, velocities

similar to those of Manihiki Plateau, Shatsky Rise, and oceanic

crust led Hussong et al. [1979] to suggest "expanded” oceanie
crust and an OJPF "expansion” factor of 5.0 relative to oceanic
crust was indicated. Although the [actor is reduced to 3.75 by
the thinner crusl, linear expansion of oceanic crust does not re-
produce the Ol velocity structure (Figure 4), Mutrer and Mut-

“ter [1993] have argued that variations in total thickness of

"normal" oceanic crust result primarily from changes in thick-
ness of layer 3. They suggested that the zero-age depth to the
layer 2/3 boundary is relatively invariant. Qur results imply that
the upper and middle crust of OIP are equivalent to layer 2 (11
km). and the lower crust is equivalent to layer 3 {13 km). This
suggests that layer 2.is 5 times thicker, while layer 3 is only 3
times thicker than narmal oceanic crust. Thus QIP crust does
not appear to be expanded oceanic crust. -

Studies of regional velocily structure and seismic properties
of drilled lavas on -thick oceanic crust on North Atlantc vol-
canic margins and Kerguelen Plateau have led (o a three-layer
crust of which the upper layer consists mainly of extrusives
[Eildhoim and Grue, 1994, Planke and Eldholm, 1994, Charvis
etal., 1995; Gperto and Charvis, 1995]. OIP drilling results and
velocity structure, together with similarities to the Nauru Basin,
Kerguelen Plateau, and North Atlantic margins, support an ex-
Lrugive upper crust. Furthermore, the 4.5 km thick upper layer is
directly comparable ‘lo the ~4 km thick exposed extrusive
(basement) basalls on Malaita Island [Perterson, 1995: also per-

‘sonal communication, 1996]. The middle, 6.1 km/s, crust is

more ambiguous, In the North Atlantic, intrabasement reflectors
have been associated with velocities as high as 6.0-6.3 kmy/s but
only in the deepest seaward dipping wedges where a high pro-
portion of dikes is inferred [Eldholm and Grue, 1994]. ODP Site
504B [Becker et al., 1989, Shiphoard Scientific Party, 1993] re-
corded 6.0-6.5 km/s velocities in layer 2C sheeted dikes,
whereas the extrusive unit is underfain by a 5.2-6.4 kmy/s layer

. 2 in the Nauru Basin [Wipperman et al., 1981], On the northern

Kerguelen Plateau, a 6.2-6.3 kmy/s layer was interpreted as a
seaward extension of a plulonic complex observed on the Ker-
guelen Islands [Charvis et al;, 1995]. Other refraction profiles,

* both on the north and south Kerguelen Plaiean,; show a velocity

discontinuity between 'a 4.8-5.8 m/s layer, interpreted as extru-
sive, and a 6.4-7.1 km/s layer, interpreted as a layer 3 equivalent
[Charvis et al., 1995; Operto and Charvis, 1995], Thus a pre-
dominantly intrusive nature for the tmddle crust on Lhe OJP is
suggested '

The 7.1 kin/s lower crust at OJP differs from the lower crust
interpreted on Kerguelen Plateau, The northern Kerguelen Pla-
teau features a thick layer 3-like lower crust with velocities of
~7.4 km/s overlying Moho [Charvis et al., 1995]. The southern -
plateau is characterized by a low-velocity Zzone, 6.7 kml/s. which
has led Operto and Charvis [1995) to'suggest a conlinental af-
[inity for this part of the plateau. Alsu the lower crust on vol-
canic margins, e.g., North Atlantic and U.S. East Coast margins,
is characterized by 7.2-7.7 km/s velocities [Eldholm and Grue,
1994; Holbrook et al., 1994a, b]. Thus the OTP lower crust ap-
pears iniermediate between a low-velocity (~6.7 km/s) "possrbly
continental" and high-vélocity (7.2-7.7 km/s) "oceanic" naturé,
and its crustal velocity structure is not drrectly comparable to
either normal uceanic or eontmenta] crust

4. LIP Emplacement

Crustal composition depends on plate tectonic setﬁng'en'_d
lithospheric configuration during ‘melting and mipration of
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mantle material in the asthenosphere and lithosphere, This leads
to emplacement end-member models for flood basalts, e.g., plate
boundary or intraplate settings. An oceanic intraplate LIP in-
trudes preexisting oceanic crust and presumably sandwiches it
between extrusive and underplated layers emplaced during LIP
construction. In contrast, the entire crust is emplaced during the
transient event in a plate boundary LIP [cf. Saunders et al.,
1996].

Compared to other aceanic LIPs, where lavas commonly are
emplaced subsaerially or in shallow water [Coffin and Eldholn,
19941], drilled OJP lavas appear o have been extruded in deep
walter. Sliter and Leckie [1993] infer that Aptian limestone just
above basement at Site 807 was deposited in 1,5-3 km water
depth. A Cretaceous carbonale compensation depth (CCD) of
2.5 km [e.g., Thierstein, 1979] suggests that most sites on the
rim of the plateau may encounter basalts emplaced below the
CCD, Indeed, lack of carbonates at Site 803 [Shipboard Scien-
tific Party, 1991a] may imply water depths »2.5-3 km soen after
cessalion of magmatism. Assuming a plate boundary setting, the
age-depth analysis of Coffin [1992] implies emplacement of Site
289 in ~300 m waler depth. Alternatively, emplacement on 0-40
Ma oceanic crust implies that the lavas cover a preexisting,
basement reliel of ~2.2 km [Parsons and Sclater, 1977]. De-
spite these equivocal boundary conditions, summarized by Cof-
Jin and Gahagan [1995], we infer that most of OJP was em-
placed below sea level, large parts probably at 1.5-3 km depth.

The other giant oceanic plateau, Kerguelen, was formed in a
narrow, young ocean basin [Royer and Caffin, 1992] and may
in part be a volcanic continental margin fragment [Operto and
Charvis, 1995). Shatsky and Hess rises in the Pacilic were em-
placed al triple junctions [Vailier et al., 1983; Sager and Han,
1993]. Geochemical evidence from basalts [Alibert, 1991, Ma-
honey et al., 1995] and deep crustal seismic velocities [Operto
and Charvis, 1995] suggest that the southernmos! Kerguelen
Plateau has affinities with continental lithosphere, unlike either

OIP or adjacent ocean basin flood basalts [Storey et al., 1988; .

Mahoney et al., 1993]. Plate reconstructions and geochemical

studies indicate that OJP was emplaced away from continental -
areas, although the pre-Aptian plate tectonic history is poorly .

constrained [Nakanishi et al., 1992, Mahoney et al., 1993; Yan
and Kroenke, 1993). The ~40 m.y. age difference hetween the
older OJP basalls (~122 Ma, anomaly M1) and oceanic base-
ment of adjacent basins indicates a probable intraplate setting

with the M1 plate boundary near the present southern rim af the

plateau. A plate boundary setting would imply thal most of the
conjugale LIP has been subducted. However, Cloos [1993] ar-
gues that oceanic plateaus wilh crustal thickness >30 km are not
subductable, a concept consistent with the apparent early Mio-
cene shutdown of the Solomon subdoction complex [Kroenke,
1972, also personal communication, 1996]. Furthermore, simi-
larity of basement basalls on Malaita, NE Santa Isabel, Ulawa,
and parts of Makira islands (Figure 1) with those drilled on QJP
suggests that these islands are obducted splinters of QIP
[Hughes and Turner, 1977; Kroenke et al., 1986; Mahoney et
al., 1993; Petterson, 1995; Tejada er al.. 1996]. Thus part of the
original QJP exists within the collision zone.

An intraplate setting is also compatible with plateau elonga-
tion atong Early Cretaceous fracture zone trends, McNuit ef al.

[1989] suggested that fracture zones control the surface mani-
festations of weak plumes such as the Marquesas plume. There-
fore one or more [racture zones may have acted as a catchment. .
fin and Eldholm, 1994]. The existence of high-MgO picrites and

- for mantle melts and led to asymmetric emplacement of QJP
- (Fgure 7). Lithospheric extension amplifies melt production
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[White and McKenzie, 198%; Farentani and Richards, 1994],
and an oceanic plateau may form by 4 surfacing plume head
which would quickly link to a spreading center through its po-
tential influence on rift propapation [Mahoney and Spencer,
1991; Small, 1995]. Thus the LIP may be emplaced by com-
bined on- and off-axis magmatism [Gladezenko, 1994; Winterer
and Nakanishi, 1995]. However, the distance io the closest
spreading axis was probably of the order of 1000 km (Figure 7).
i.e., about one half plume diameter after lithospheric impinge-
ment [White and McKenzie, 1989 Hill, 1991].

We suggest that OJP was emplaced in a near-ridge setting.
Part of the melt migrated to thinned lithosphere along the plate
boundary (Figure 7). Thus, the cceanic plateau occupies an
asymmetric position relative to the paleoplate houndary withoist
requiring a major conjugate feature. The emplacement model
comprises {1) plume impact on oceanic lithosphere near a plate
boundary, links to a spreading center [e.g., Mahoney and
Spencer, 1991, Small, 1995; Larson, 1997], (2) transient, volu-
minous emplacement of mantle melts through a multiple feeder
system, including the contemporaneocus plate boundary and
fracture zones [cf, McNuit et al., 1989], (3) construction of an
oceanic plateau, mainly on one side of the plate boundary, i.e.,
part of the plateau is underlain by preexisting oceanic crust,
probably 0-40 m.y. old, (4) contemporanequs, but less volumi-
nous, flood basalt emplacement as sills, dikes and flows in adja-
cent ocean basins [e.p., Shipley et al., 1993; Castillo er al,,

-"1994], (5) migration of plate boundafy (ridge jumps) to southern

platean flank during waning stage of the transient magmatic
pulse, {6) resumption of normal seafloor spreading as suggested
by symmetric M series magnetic anomalies east of the OJP [Na-
kanishi et al., 1992), and (7) secondary plume head volcanism
at ~90 Ma [Bercovici and Mahoney, 1994]. The model produces
a thick crust, laterally changing from entirely new Early Creta-
cepus crust 10 intruded Late Jurassic crust capped by Lower
Cretaceous rocks. Sophisticated normal incidence and wide-
angle seismic experiments would be required to test this hy-
pothesis,

5. Nature of Lower Crust _

‘The thickness and velocity of OJP's lower crust are difficult
to explain by invoking only those processes associated with the
accretion of normal oceanic crust. Factors such as preexisting
oceanic crust and magmatic underplating; increased astheno--
spheric potential temperature and variations in composition; and
synemplacement and postemplacement hydrothermal and meta-
marphic processes must all be considered..

Magmatic underplating below an intruded Late Jurassic oce-
anic crust is difficult i reconcile with the 7.1 km/s lower crust,
because an underplated body should have a higher veloc-
ity/density than the lowermost normal ocesanic crust, ~7.5 km/s
[e.g., Kempner and Gettrust, 1982; White et al., 1992}, The
small density contrast between layer 3 cumulate gabbro and
primitive MORB magma may not be a sufficient density filter
for mantle melts to be underplated [Herzberg er al,, 1983].
Moreover, a velocity »7.1 km/s is expected due to high melting

pressures caused by the crostal lid [Kelemen and Holbrook,
1995; Farnetani et al., 1996]. Thus the observed 7.1-7.3 km/s

‘velocities appear more appmpnate for ' plate bourdary setting,
_ where no preexisting crust would provide n density filter. -

Voluminous melts were necessary to produce OIP [e.g., Cof-

komatiites in some LIPs [Cax, 1972, Storey et al., 1991; Larsen
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Approaching plume, pre-122 Ma .

Plume center

40 Mais'ochrc'ln :
_- sprg:ad'inﬁa)kié

SCELELETE “extinet axis

S Fzgure 7. Sketch of the OJPLIP emplacemem Onentaunn of fracture zones and spreadmg axes is based on work

" by Nakanishi er al. [1992]. Note that the dges are approximate and tefer to the 122 Ma “ArY Ar basalt age at Sites

289/807 [Mahoney éf al., 1993] and Malaita and Santa Isabel islands [Petterson, 1995] and the ~3 m.y. emplace—
ment penod of Tardzmo etal [1991] OJP Ontong Java Plaleau, OBFB ocean basin ﬂood basalts '
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eral., 1994] implies elevated asthenospheric potential tempera-
ture. Furthermore, White and McKenzie [1989, 1995] showed
that high MgQ melis should generate a thick crust with a high
averape velocity. However, petrologic modeling shows that a
temperature anomaty in excess of 300°C would be réquired to
account for 7.53-7.6 km/s velocites in some LIPs, and thus we
also need to consider fractionation processes during migration
of a picritic - liquid from mantle to surface [Farnetani et al.,
1996; Neal et al., 1997). If the picritic liquid path intersects 4
magma chamber containing already fractionated liquid, it will,
depending on its density, either spread beneath the chamber with
minimal mixing [Sparks et al., 1980], or be trapped by the
chamber roof [Stolper and Walker, 1980]. For the QIP, Far-
netani er al. [1996] predict the presence of fractionated cumu-
lates of mela-gabbro yielding 7.4-7.7 km/s: velocities, in the
lower crust, while in the middle crust, inirusions of olivine gab-
bro have seisrnic velocitiés of ~7.0 km/s. Neal.er al. [1997] sug-
gest that the lower crust contains a wehrlitic to pyroxenitic cu-
mulate of density ~3250 kg/m*; This might imply that the 8.0
km/s velocity upper mantle is actually a part of the lower crust.
If this is the case, the gravny does not resolve the cmst—mantle
transition. ...

Dick et al, [1991] suggested that DX]dE-—I’lCh gabbm ]ayers in.
QDP Hole 7358 could be seismic reflectors, The very high den-
sities of oxides, 4400-5200 kg/m’, will increase density and ve-
~ locity of host rocks, even though their content is limited to a few
- percent. Morebver, laterally continuous or even semicontinous
thin lenses of high-velocity rock may act as seismic energy
channels yielding refraction waves masking refractors from the
lower velocily host rock [e.g., Fountain et al., 1994],

An alternative mineral phase to olivine-rich cumulates or
- oxide-rich layers that would yield high velocities in mafic rocks
~ is garnel. Garnet is noi a stable phase in high Mg/Fe melts, e.g.,
basaltic to ultramafic bulk compositions, at pressures <~10 MPa
~ and temperatures >700°C [Kelemen and Holbrook, 1995] and
- thus will probably not form in abundance during conductive
. cooling of anhydrous igneous rocks:[Akrens and Schubert,
1975; Kelemen and Holbrook, 1995]). However, effects of
synemplacement and postemplacement hydrothermal and meta-
. morphic processes on lower crustal velocities must also be con-
- sidered. For example. depth to the lower crustal layer on Norih
- Atlantic margins may indicate a metamorphic facies boundary
- [Eldholin and Grue, 1994], and the nonvolcanic Galicia margin
© includes a layer of serpentinized peridote of 7.6 km/s velocity
. and 3260 kg/m? density [Whitmarsh et al., 1993), Increased ser-
pentinization, which is fluid dependent; will decrense these val-
ues [Kern and Tubia, 1993). The discovery of garnet-bearing
mafic granulite xenoliths from the Kerguelen Islands suggests
that the PT conditions in the lower crust of the plateau are ap-
propriate for the formation of pranulite-facies minerals and that
- the lower crust of the Kerguelen Plateau is composed of malic

- pranulites [Gregoire et al., 1994, 1995). Metamorphism of gab-

bro yields granulites and parnet granulites [e.g., Bucher and

_ Frey, 1994] and OJP's lower crust lies within the garnet window :.

~ correspending to a 7.2 km/s velocity [Furfeng and Fountain,

. 1986} (Figure 8). Metamorphism will only take place if the envi- -

rohment of the rocks chariges, e.g., & lemperature increase, in-
troduction of fluids, or deformation. A iémperalure increase re-

© quires a magmatic event following emplacement of igneous .
- crust. Such an event appears to have happened on the QJP, as.

. suggested by the ~90 Ma basalts from Site 803 and Santa Isabel
. Island. The second magmatic event may have added enough heal
. to the preexisting gabbros to cause recrystallization. However,
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Flgure 8. Gabbro grauuhte ecloglte dmgram for ulwlne gabbro
compasition [Fuerfong dnd Fountain, 1986]. Granulite and ec-
logite facies are indicated by the garnet-in curve ((G) and plagio-
clase-out curve (P), respectively [Wood, 1984]. Light lines indi-
cate seismic velocities (in km/s). The depth range of thé QIP
lower crust is shown, indicating that a granulite fac;es lower
crust may explam the observed velocmes

for the gabbro—)granulite transition to pruceEd at temperatures
<~800°C, which might be expected after ~30 m.y. of cooling,
fluid must be present [Ahrens and Schubert, 1975]. The fluid
present or introduced must be CO,-rich as water alone will form
amphibolite [Austrheim, 1987]. This also suggests that metasta-
bility [factors are ol greaier imporiance than compositional
variations (e.g.. high Mg/Fe basaltic bilk compositions), The
presence of {luids in the lower crust is ponrly constrained, If the
preenschist [aciesis the limit [Frost and Bicher,- 1994], the
gabbros in the lower crust will remain anhydrous. On the other
hand, if serpentinization takes place, seawater appears to reach
the upper mantle. Evidence for fluids in the lower crust exists,
especially in relation to shear zones [e.g., Austrieim, 1987,
Mpével, 1988; Newton, 1990] but also as a result of thermail con:
traction [Dick et af., 1991]. Thus fluid-controlled metamorphism
may be partly responsible for the observed velocities in the OJP
lower crust.

Metamorphism resulting in seismic velocity changes may also
take place due to deformation related to spreading, transform

- movements, and rift tectonics in the vicinity of spreading centers

[Mével, 1988]. This process will facilitate fluid transport, al-
though melamorphism also takes place in anhydrous conditions
[e.p., Mével, 1988, Cannat et al., 1991]. Oceanic gabbros tend
to be strongly deformed [e.g., Sintgn and Detrick, 1992]. De-
{ormation begins in the crystal mush slage and appesrs to con-
tinue well below the solidus, when solid-state off-axis deforma-
tion takes place under granulite-facies melamorphic conditions
(Nicolas, 1989, Cannat et al., 1991]. In normal oceanic gabbro,

¢ ternperature decreases to the stability condition for amphibolite-

facies assemblages, while much thicker LIP crust appears (o ex-
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penence granulite-facies conditions w;thln the gamet window
[Fur]ang and meram, 1986], conditions maintained even at
present (Figure 8). Thus the OJP lower crust, and that in other
LIBs, may refléct deformation processes under granuhte facies
condititns during and shortly after emplacement.

H QIF wis emplaced at or near a plate boundary, a crustal ac-
cretlon process similar to that associated with a plate boundary
hotsput mdy be envisaged. Moreover, synaccretionary and early
postaccretionary deformation processes in the lower crust may
otelir. The main difference with normal spreading is the volurne
dnd thlck:ness of the new crust. Hence the lower crust of an oce-
amc plateau will be exposed to higher pressure and temperature
nnd therefore fractionation process yielding higher-density cu-
mu].’ites than at normial mid-oceanic ridges. Lowermost oceanic
crust is composed of granulite-facies rocks, although parnets
have not been observed [e.g., Cannat et al., 1991]. Increasing
pressure and temperature will favor recrystallization of _olmne
ard plagioclase to clinopyroxene, orthopyroxene, and possibly
pafnet. In fact, the 7.1-2 km/s layer 3B velocities [Kemipner and
Gettrust, 1982, Christensen and Salisbury, 1989; White et al.,
19927 #nd the OJP lower unit may originate from such proc-
gsses. Considering the implications of metamorphic processes
for the evolution of lower crust in LIPs, e.g., that OIP lower
crust itiay be rich in olivine, in part récrystallized into zones of
htgh velocity rock, we suggest that such pmcesses should be
considered in future modehng wotk. -

6. LIP Dlmensmns

Parts of the OJP LIP a.lcmg its southwestern Hank have beén
obducted into and prebabiy have been subducted béneath the
Solomon coltisional zone. OJP was thus originally larger than
at present. Nonetheless, most of OIP probably did not subduct.
Our OJP emplacement model (Figure 7) suggests that the LIP
volume may have been larger than at present but not doubled as
1mp[1ed by a conjugate feature [Larson, 1991]. D

" Coffin and Eldholm [1994] caleulated the OIP crustal volume
within the 4000 m contour. Although Figure'6 shows that the
lower crust may be ~10 km thick beneath 4000 m water depth,
the gravity model is fitted‘to a regienal level oh the:plateau
flank; and thu§ ihe crustal thicknéss is reldtively paorly con-
strained, The calculated volume (Table 3) reflects the intérmedi-
ate crustal thickness used in this study. Based on the integrated
velocity/gravity model (Figure 6) of the OJP, we infer that the
extrusive thickness varies from 4.5 km on the central plateau to
~2 km in the Nauru Basin. Thus the extrusive volume above
4000 m is the'samne as that of Eldholm and Grie [1994], while
the total crustal volumes for off- and on-ridge setting, 44.4 xi0°
km® and 56.7 x10° kn?’, respectively, ar¢ intermediate between
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the maximum and minimum values of Caﬁin and Eldholm
[1994] (Table 3)... :

Coeval West Pac:lfic extruswes in the Nauru East Mﬂnana
and probebly the Lyra Basins, may all, or in part; belong to the
gréater QJP LIP, Therefore the crustal volumes are considered
minimum values. However, no corrections have been made for
coeval rocks within the Solonon subduction complex and pos-
sible OJP secondary head and tail volcanism. [Bercovici and
Mahoney, 1994], factors that would add and subtract m the vol-
umes in Table 3, respeeuvely o R R

7. Conclusmus o

‘Previous studies basecl on grav:ty modehng and refractlon-
profiles yield a difference in maximum OJP crustal thicknesses
of ~18 km: An evaluation of the available refraction data, pray-
ity field, drilling results, and data ffom other LIPS yields a three-
layer igneous: crust. The main difference with the four-layer
crust of Hissong et af, {1979]; based on work by Furumote et
al. [1976], is that a reélatively thick 7.1 km/s lower crust satisfies
more constraints thar their 6.9-7.6 kmy/s lower crist: Qur model
is consistent with the observed pravity. We interpret the OJP as
composed of thick oceanic crust extending to a depth of ~32 kri
on the centfal plateaun. The QJP ¢rust is, however, not 4 linearly
expanded normal aceanic crust nor does it contain only an ex-
panded lower crust (layer 3) [Mutter and Mutter, 1993] but
contains three distinct crustal units; Crustal volumes of 44.4
x10°% knt® and 56.7 x10° km® are calculated (Table 3) for off-and
on- ridge emplacement setungs. respectively. :

- In light of the anomalously thick Lyra BaSm crust suggested
by our modeling and the continuous smooth basement reflector’
we suggest that the basin-has been covered by postemplacemeiit
extrusives and thus forms a contiguous part of the Greater On=
tong Java LIP which also encompasses the Pigafetta, East
Mariana, and Nauru Basins. We further suggest that:the Greater
Ontong Java LIP was emplaced by funnelling of melts to regions
of thin lithosphere along the existing plate boundary [cf, Small;
1995; Sleep, 1996], and through preexisting. young dceanic:
lithosphere, possibly along fracture zones like the Lyra Fracture
Zone (FZ). At the end of the transient event, the main injection:
Zorie migrated southwest and normal seaﬂoor spreadmg te-
sumed south of the plateau. .

The- emplacement conditions end geophyswal pararneters
suggest that the LIP lower crust consists of ponded-and fraction-
ated’ primary.melts; However, metamorphic granulite stability
conditions within the QTP lower crust suggest that recrystilliza:
tion processes may be responsible for the observed lower crustal -
velocities. Thus the OJP crustal composition should bé consid:
ered id view-of both primary magmatic and secondary hy—
drothermal and metamoxphlc processus

Extrusive Volume,

Total Crustal Volume, x10° kre®

CArea,
x10°km® - x10°km’® ¢ . - Off-Ridee .- On-Ridge
. Muin platenu {this study) - . 1.86 L4440 ; 56 7'
Eldholni and Coffin [1994] BT ST . K
Refraction M(}hu _ 186 . 490 '61‘3
" GravltyMoho 1.86 . 26,9 39.2
: E!dhalm rmd Grue [1994] 1.86'-. B - '

¢ Maln pluteau refers to wiiter da:pths >4000 m.

. "laneous crustal thickness from Furumeio et al, {1976]
SMlgneous crustal thickness from Sandwell and Renkin [1988}
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