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Rapid Formation of Ontong Java Plateau by
Aptian Mantle Plume Volcanism

J. A. TARDUNO, W. V. SLITER, L. KROENKE, M. LECKIE, H. MAYER,
J. J. MAHONEY, R. MUSGRAVE, M. STOREY, E. L. WINTERER

The timing of flood basalt volcanism associated with formation of the Ontong Java
Plateau (OJP) is estimated from paleomagnetic and paleontologic data. Much of OJP
formed rapidly in less than 3 million years during the early Aptian, at the beginning of
the Cretaceous Normal Polarity Superchron. Crustal emplacement rates are inferred
to have been several times those of the Deccan Traps. These estimates are consistent
with an origin of the OJP by impingement at the base of the oceanic lithosphere by the
head of a large mantle plume. Formation of the OJP may have led to a rise in sea level
that induced global oceanic anoxia. Carbon dioxide emissions likely contributed to the
mid-Cretaceous greenhouse climate but did not provoke major biologic extinctions.

ASSIVE OUTPOURINGS OF LAVA

known as continental flood ba-

salts have been linked to phenom-
ena as varied as continental breakup, climat-
ic change, and global extinctions. Certain
flood basalt provinces, such as the Deccan
Traps of India, may be sites where large
heads of mantle plumes penetrated the con-
tinental lithosphere (1, 2). This model relies
on two key observations. First, many conti-
nental flood basalts record the earliest volca-
nism of hot-spot tracks, which are believed
to mark out on moving lithospheric plates
the trace of plumes fixed deeper in the
mantle. Second, flood-basalt volcanism is
geologically brief (<1 million years) in du-
ration; thus, eruption rates must be much
greater than those occurring at present-day
hot spots (3). If this model is correct, hot-
spot initiation should also leave distinctive
features on the oceanic lithosphere. Some
oceanic plateaus backtrack to active hot
spots through plate reconstructions; thus,
they are prime candidates for initiation sites
(3), but the timing of volcanism that formed
most oceanic plateaus is largely unknown. In
this report, we describe paleomagnetic and
paleontologic data from new drill sites on
the largest oceanic plateau, the Ontong Java

J. A. Tarduno, H. Mayer, E. L. Winterer, Scripps
Institution of Oceanography, La Jolla, CA 92093-0215.
W. V. Sliter, U.S. Geological Survey, Menlo Park, CA
94025.

L. Kroenke and J. ]J. Mahoney, Department of Geology
and Geophysics, University of Hawaii, Honolulu, HI
96822.

M. Leckie, Department of Geology and Geography,
University of Massachusetts, Amherst, MA 01003.

R. Musgrave, Geology Department, University of Tas-
mania, Hobart, Australia TAS 7001.

M. Storey, Department of Geology, University of Lei-
cester, Leicester LE1 7RH, United Kingdom.

18 OCTOBER 1991

Plateau (OJP), acquired during Leg 130 of
the Ocean Drilling Program. These data are
combined with data from sites elsewhere in
the Pacific basin to estimate the time of
initiation and the duration of CJP volcanism.

Earlier, in Leg 30 of the Deep Sea Drill-
ing Project (DSDP) two sequences were
drilled that bear on the origin of the OJP. At
DSDP Site 288, on the southern part of the
plateau (Fig. 1), although basement was not
reached, limestone of late Aptian to Conia-
cian age was recovered (4). The oldest sam-
ples belong to the Ticinella bejaouaensis for-
aminiferal Zone (5). At DSDP Site 289, on
the northern plateau, approximately 9 m of
basaltic basement was penetrated (Fig. 2).
Recent Pb, Nd, and Sr isotopic data for this
basalt are consistent with a hot-spot type
source (6) and show no evidence for the
presence of continental crust under the pla-
teau, as postulated on the basis of earlier
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seismic refraction studies (7). Paleomagnetic
measurements indicate that the basalt was
erupted during an episode of constant nor-
mal polarity (8), most likely the Cretaceous
Normal Polarity Superchron (K-N). The Cre-
taceous sedimentary sequence above basement
contains late Aptian limestone, which overlies
and is interbedded with altered tuff (4), an
overlying 80-cm interval of reddish-brown
zeolitic claystone, and at the top a Maastrich-
tian-Campanian limestone. The oldest fossils
in the sequence fall within the Globigerinel-
loides ferreolensis foraminiferal Zone (5, 9).

Two additional basement sites, Sites 803
and 807, were recently drilled during ODP
Leg 130 on the northern part of the plateau
(10) (Fig. 1). In a single 10-m core from Site
803, carbonate with nannofossils character-
istic of those near the Cretaceous-Tertiary
(K-T) boundary grade downward into clay-
stone devoid of calcareous microfossils. Sev-
eral intervals within the claystone contain
radiolarians of the upper Acaeniotyle umbili-
cata to lower Abesacapula sophedia zones,
indicating a late Albian to early Cenomanian
age (11). Because late Albian to Paleocene
ages are represented by less than 10 m of
section, extremely slow sedimentation rates
or major hiatuses are indicated. The lower-
most datable radiolaria are located 0.6 m
above the first basalt. The radiolarian age
thus may substantially underestimate the age
of basaltic basement. Beneath the claystone,
26 m of altered tholeiitic pillow basalt was
penetrated. The basalt is capped by a 2-cm-
thick layered deposit, likely of hydrothermal
origin. Paleomagnetic analyses of the basalt
flows indicate that they are of constant
normal polarity, as at Site 289 (10).

Site 807, located in a small (3 km by 1.5
km) graben in the top of basement, provides
the clearest picture of the timing of the
cessation of volcanism responsible for OJP
formation (Fig. 2). The sedimentary se-
quence recovered at Site 807 is remarkably
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Fig. 1. Present-day lo- % s
cations of the Ontong
Java Plateau, Mid-Pacific
Mountains, Manihiki Pla-
teau, and Magellan Rise
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like that of Site 289 but greatly expanded.
Maastrichtian-Campanian limestone over-
lies 18 m of reddish-brown claystone, which
overlies approximately 10 m of limestone,
which directly overlies basement. As at Site
803, the claystone is barren of calcareous
microfossils but yields a similar radiolarian
fauna ‘indicative of a late Albian to early
Cenomanian age (11). If conditions had not
favored the preservation of carbonate above
basement at Site 807, the paleontologically
determined minimum age would be identi-
cal to that of Site 803. Foraminifera are
preserved directly above basement (sample
807C-74R-1-24), however, and the taxa are
of the Globigerinelloides blowi Zone, indicat-
ing an early Aptian age, some 15 million
years older than the overlying radiolarians.

In all, 148.7 m of fresh, tholeiitic basalt
consisting of both pillow and massive flows
was penetrated. The massive flows are most-
ly less than 3 m thick but one is 28 m thick,
comparable in thickness to flows in conti-
nental flood basalt provinces. Resistivity
data from logging suggest that the hole was
terminated at the top of another thick mas-
sive flow. The basement sequence can be
divided into five volcanic subunits and two
sedimentary subunits represented by thin

layers (0.07 to 0.50 m) of vitric tuff and
limestone (12). The thickness of the lime-
stone interbeds suggests that the waning
stages of volcanism recorded at Site 807
likely spanned a period of at least thousands
of years. The presence of tuff associated with
basement here as well as at Site 289, sug-
gests that a shallow-water source was pres-
ent on the plateau.

. Many cores recovered at Site 807 consist-
ed of long (>0.5 m), continuous basalt
segments, and it was thus possible to mea-
sure the natural remanent magnetizations
(NRM) of 1.5-m-long sections on ship. All
measurements yielded negative inclinations
(10). If the NRM is dominated by a primary
remanence, in accord with the unaltered
nature of the flows, then the entire sequence
is of normal polarity because the OJP was in
the Southern Hemisphere during Creta-
ceous times (8). Detailed thermal and alter-
nating-field demagnetization of 55 speci-
mens performed on shore confirmed this
inference, which is consistent with magneti-
zation within the K-N Superchron.

Unless cores of reversed polarity chron
MO have been omitted from collection by
chance, the available data suggest that much
of the plateau formed during a relatively

brief part of the early Aptian. A limitation of
the deep sea drilling data, however, is our
knowledge of a true cross section of the
OJP; if the plateau is composed of flood
basalts several kilometers thick (13), then
some age progression may be hidden in the
largely unsampled mass of the plateau. The
effects of an early Aptian plume large
enough to account for the great area of the
OJP (>1.5 x 10° km?) (13) would likely be
recorded widely in the contemporaneous
Pacific basin. Therefore, to test this hypoth-
esis we examined deep sea drilling sites that
were proximal to and distant from the OJP
in the early Aptian.

Several attempts have been made to recov-
er Jurassic sediments and crust from the
Nauru and Marianas basins, which are prox-
imal to the OJP. Site 462 (DSDP Leg 61) in
the Nauru basin (Fig. 1) is on crust that
formed in Oxfordian times [magnetic anom-
aly M-26 (reversed)] (14). Instead of Juras-
sic sediments, an extensive intrusive and
extrusive sequence of basalt, at least 500 m
thick (Fig. 2) was encountered. Both the
sills and flows were of normal polarity (15).
The hole was deepened during Leg 89, and
an additional 140 m of basalt was penetrat-
ed, all of normal polarity (16). Radiolarians
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Fig. 2. Major lithology, paleomagnetic polarity, and foraminiferal age for
representative Pacific Plate deep sea drilling sites. Paleomagnetic and pale-
ontologic data from OJP Site 807 constrain volcanism at that site to a brief
portion of the early Aptian postdating reversed polarity chron MO and
predating the L. cabri foraminiferal zone. This interval (shaded) correlates
with basement formation of the Manihiki Plateau (Site 317), early Aptian
volcanism overlying Jurassic crust in the Nauru basin (Site 462) and volcanic
ash in the sedimentary columns of the Mid-Pacific Mountains (Site 463) and
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Magellan Rise (Site 167). Data sources as follows: magnetostratigraphy, Sites
317,463, and 167 (22, 23, 53); Site 462 (15, 16); Site 289 (8); biostratigraphy,
Sites 463 and 167 (22); Sites 317 and 289 (5, 46). Site 462 is not constrained in
age by foraminifera; however, radiolaria suggest an early Aptian age (17).
Abbreviations: Corg, intervals of unusually high preservation of organic carbon
shown as weight percent;
Zone; Hs, H. similis Zone; upward arrow, first occurrence; downward arrow, last
occurrence; straight line, within zone; S, sedimentary slide boundary (22).

Gf, G. ferreolensis Zone; Gb, G. blowi Zone; Lc, L. cabri
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