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Recent research has documented important
temporal, spatial, and compositional relationships
among oceanic plateaus, volcanic passive
continental margins, and continental flood basalt
(CFB) provinces. High quality seismic data and a
few scientific drill holes have shown that volcanic
margins and oceanic plateaus comprise large
extrusive constructions, which in some cases share
temporal, spatial, and compositional char-
acteristics with CFBs. Recognition of genetic
similarities among these large igneous provinces
(LIPs), which previously have been studied by
different groups within the earth science
community, prompted the JOI/USSAC-sponsored
LIPs Workshop.

Much of our knowledge of oceanic LIPs is less
than a decade old. LIPs represent major global
events, whose genesis and evolution are directly
linked to mantle dynamics. Large volumes of lava
and associated intrusives are commonly produced
in short episodes. Exceptions include some
submarine ridges which record persistent
extrusion as a plume trail. LIP emplacements may

Executive Summary

be related to changes in rate and direction of plate
motion, and their episodicity is not well known.

LIPs potentially had major effects on global
environment, although these are as yet
undocumented. The scale and timing of the large
outpourings of lava, gas, particulate matter, and
heat may have caused severe regional and global
environmental stress that affected the chemistry
and circulation of both the hydrosphere and
atmosphere, and changed basin geometries, which
in turn modified ocean circulation, gateways, and
sea level. Nonetheless, little quantitative
information is available to constrain mantle and
crustal processes, to reliably predict environ-
mental effects of oceanic LIP formation, or to
constrain LIP dimensions, duration and rate of
emplacement, geochemical and petrological
signature, crustal structure, and relationship to
tectonism.

Oceanic plateaus and volcanic margins offer
excellent laboratories to study the internal
processes and external consequences of LIP
emplacements. Successful drilling critically




depends on high-quality site survey and other

preparatory work. Only drilling will substantially

address many fundamental problems. The

Workshop recommends that:

# Volcanic margin and oceanic plateau drilling
become an integral part of future drilling
programs using an approach reconciling the
need for both exploratory and focused,
problem-oriented sites. Transect drilling will
be the principal strategy, supplemented by
holes of “opportunity”, and is compatible with
magmatic, tectonic, and paleoenvironmental
objectives. Significant advances will be made
with present drilling technology integrated
with comprehensive logging programs and
vertical seismic experiments for deep holes.

# Each drilling transect sample key sedimentary,
igneous, and metamorphic rock units, tied to
off-LIP reference holes in normal oceanic crust
and/or on the continental margin. Moderately
deep (500-1000 m) basement penetration should
be achieved to establish the igneous
stratigraphy of each oceanic LIP. All other holes
should penetrate ~150 m of igneous basement.

¢ Conjugate volcanic margin transects include
arrays of closely-spaced holes across the margin
(4-7 plus reference holes), augmented by single
holes to evaluate along-strike variability, such
as hotspot influence. North Atlantic margins
are targets; areas with thin sediment would
allow penetration deep into the extrusive pile.

¢ Hotspot/plume source evolution from a CFB
across a volcanic margin to an oceanic plume
be studied (<10 holes) along the plume trail.
Potential targets are the Greenland-Scotland
Ridge, Walvis Ridge-Rio Grande Rise, and
Deccan-Réunion hotspot tracks.

¢ One of the two huge oceanic plateaus, Ker-
guelen or Ontong Java, be drilled along lon-
gitudinal and latitudinal transects (10-15 sites
plus reference holes) to examine variations in
age and composition; and a purely oceanic
plateau, e.g., Manihiki, Shatsky, or Hess, be
drilled (~5 holes) to characterize the crustal
composition of one LIP end member.

¢ Because optimal site density is now unknown,
the first phase of drilling be focused on selected
holes to estimate variability along the transect;
further drilling would be contingent on initial
results.




Since the Second Conference on Scientific Ocean
Drilling (COSOD 1I), exciting new research has
been undertaken on LIPs. Volcanic passive
margins (Leg 104) and oceanic plateaus (legs 119,
120, and 130) have been foci of the Ocean Drilling
Program, and CFB provinces have been targets of
major geological investigations, especially the
Deccan Traps in relation to K-T boundary
controversies (e.g., Macdougall, 1988). Plume and
hotspot models have been recently advanced to
account for both oceanic and continental LIPs
(e.g., Duncan and Richards, 1991; Hill, 1991). A
prime impetus for convening this Workshop was
the realization that scientists working on volcanic
margins, oceanic plateaus, and CFB provinces had
very little interaction with one another. This
Workshop was viewed as a means of resolving
that problem, and in particular to direct scientists’
attention to developing scientific drilling
initiatives on oceanic LIPs.

Aside from this Workshop, high scientific
interest in LIPs has manifested itself in other
scientific meetings. Within a year, at least three
other conferences concerned with LIPs have met
or will meet:

Preface

¢ Volcanisme Intraplagque. Le Point Chaud de la
Réunion—12-17 November 1990, Réunion. 113
participants.
& Caltech Mantle Plume and Hotspot Symposium—
2-4 May 1991, Pasadena. 115 participants.
® Magmatism and the Causes of Continental Break-
up—3-4 October 1991, London. Limited to 160
' participants.
This intense consideration of LIPs has arisen, in
part, from the important reconnaissance drilling
of the Rockall, Vering, Kerguelen, and Ontong
Java plateaus over the past 10 years. The JOIDES
Resolution continues to be a required and valuable
geoscientific tool, and can now address specific
scientific problems involving magmatic and
tectonic processes in the mantle and crust
associated with LIP emplacement, as well as the
role of LIPs in global change. However, as past
exploratory drilling of a few LIPs has proven, we
may be missing fundamental data if more such
holes are not drilled. The drilling strategies which
arose from the Workshop endeavor to address
most aspects of LIPs of which we are now aware.




CCD—Carbonate Compensation Depth—the
level in the ocean below which the rate of solu-
tion of calcium carbonate exceeds the rate of its
deposition.

CFB—Continental Flood Basalt—huge volumes
of homogeneous tholeiitic magma erupted in a
very short time.

COSOD I—Conference on Scientific Ocean Drill-
ing I—Austin, Texas, 1981.

COSOD II—Conference on Scientific Ocean
Drilling II—Strasbourg, France, 1987.

COT—Continent-Ocean Transition—the transi-
tional region between continental and oceanic
crust at continental margins.

DMM—Depleted MORB Mantle—the source of
mid-ocean ridge basalts, and a component in
magma mixing models.

DSDP—Deep Sea Drilling Project—the predeces-
sor (1968-1983) of the Ocean Drilling Program.

DUPAL—Dupré and Allegre (1983)—a southern
hemisphere isotopic anomaly defined by en-
hanced content(s) of EMI, EMII, or HIMU.

EMI—Enriched Mantle [—*Nd/**Nd of 0.5124-
0.5125 and ¥Sr/%Sr of 0.7050-0.7055, a compo-
nent in magma mixing models.

EMII—Enriched Mantle II—#Sr/%Sr > 0.7065, a
component in magma mixing models.

ESP—Expanding Spread Profile—a spatially lo-
calized, wide-angle reflection/refraction sur-
vey using two ships, a multichannel receiver
array, and high-resolution navigation.

HIMU—High p (*U/*Pb), in which ?*Pb /**Pb >
20.5; a component in magma mixing models.

Definitions and Acronyms

Hotspot—a relatively localized region of persis-
tent igneous activity and /or uplift whose cause
underlies the lithosphere and does not share
its motions. Hotspots may be the expression of
narrow, ascending mantle plumes.

IRD—Ice-Rafted Debris—material such as boul-
ders or till which is deposited by the melting of
floating ice containing it.

JOI—Joint Oceanographic Institutions, Inc.—the
managing body of the Ocean Drilling Program;
the prime contractor to the National Science
Foundation; a consortium of ten United States
Oceanographic Institutions which provides
management support of large, multi-institu-
tional research programs.

JOIDES—Joint Oceanographic Institutions for
Deep Earth Sampling—an international group
of scientists representing United States institu-
tions and international partner nations; pro-
vides planning and advice on scientific goals
and objectives, facilities, scientific personnel,
and operating procedures.

K-T—Cretaceous-Tertiary.

LIP—Large Igneous Province—a region charac-
terized by transient large-scale intrusive and
extrusive activity, including CFB provinces
(e.g., Deccan Traps), volcanic passive margins
(e.g., Vering Margin), oceanic plateaus (e.g.,
Ontong Java Plateau), ocean basin flood basalts
(e.g., Caribbean Flood Basalts), and large sea-
mount chains (e.g., Hawaiian-Emperor).

Plume—a localized body of magma rising into
the crust from the mantle and thought to be the
cause of a “hotspot.”




MCS—Multi-Channel Seismic—seismic reflec-
tion data acquisition and processing in which
the data from different hydrophone groups
are combined by the common midpoint
method.

MORB—Mid-Ocean Ridge Basalt—basalt
erupted at a seafloor spreading axis.

NAVP—North Atlantic Volcanic Province—the
area affected by Tertiary and Quaternary vol-
canism centered on Iceland and including
Greenland, Faeroe, United Kingdom, and off-
shore intrusive and extrusive bodies, includ-
ing dipping reflection sequences.

OAE—Oceanic Anoxic Event—an interval
marked by the deposition of sequences of
black, organic-rich (1-30%), laminated muds
and shales in an oxygen deficient or anoxic
environment, overlain and underlain by well-
oxygenated biogenic sedimentary sequences.

Oceanic Plateau—a broad, more or less flat-
topped and ill-defined elevation of the sea-
floor, generally rising 2000 m or more above
the surrounding seafloor and isolated from
the major continents and continental islands.
Their crustal thickness is anomalously greater
than that of adjacent oceanic crust. In this re-
port we do not include microcontinents with-
out major extrusive cover (e.g., Lord Howe

. Rise, Seychelles Bank) as LIPs.

. ODP—Ocean Drilling Program—an international
effort to explore the structure and history of
the ocean basins; its focus is to provide core
samples and data from downhole experiments
in the ocean basins, and to provide facilities
for the study of these samples and data.

OIB—Oceanic Island Basalt—basalt erupted on
the seafloor away from a mid-ocean ridge
spreading axis.

Seamount—an elevation of the seafloor, 1000 m
or higher, either flat-topped (called a guyot)
or peaked (called a seapeak). Seamounts may
either be discrete, arranged in a linear or ran-
dom grouping, or connected at their bases and
aligned along a ridge or rise.

SOPITA—South Pacific Isotopic and Thermal
Anomaly—anomalous Sr, Nd, and Pb isotope
signatures of South Pacific islands and sea-
mounts, different from DUPAL and including
HIMU, and anomalous thermal character of
the South Pacific ocean floor.

Strangelove Ocean—an ocean with no carbon
isotope gradient, i.e., homogeneous §“C in
both deep and surface water masses. This
condition existed at the K-T boundary.

Submarine Ridge—an elongate, steep-sided el-
evation of the ocean floor, commonly having
rough topography, and created at least in part
off the axis of a spreading center.

Superswell—a huge, broad, elongate, smooth
elevation of the ocean floor (e.g., South Pacific
Superswell).

Swell—a broad, elongate, smooth elevation of
the ocean floor (e.g., Hawaiian swell).

USSAC—United States Science Advisory Com-
mittee—the group which makes scientific and
policy recommendations to the USSSP (United
States Science Support Program). Its mandate
includes planning, site development, scientists’
support, downhole instrument development,
and education/public information.

Volcanic Passive Margin—a passive continental
margin characterized by significant volcanism
and uplift during continental breakup. The
margin formation is commonly associated with
extrusive and intrusive activity, and the lower
crust is commonly characterized by high-ve-
locity bodies (e.g., Vering Margin).

VSP—Vertical Seismic Profiling—measurements
of the response of a geophone at various depths
in a borehole to shots near the sea surface.
Where the source is moved to increasing dis-
tances from the well head, the result is a
“walkaway” VSP.

Sources include Bates and Jackson (1987) and
Sheriff (1991).
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Chapter One

Background

Episodes of magmatism have resulted in the
emplacement of LIPs including CFB and asso-
ciated intrusive provinces; volcanic passive
margins; oceanic plateaus; submarine ridges;
ocean basin flood basalts; and seamount groups.
In the oceanic realm, high-quality seismic data
and a few scientific drill holes have shown that
volcanic margins and oceanic plateaus comprise
extensive constructions of extrusive igneous rock.
In some cases volcanic margins and oceanic
plateaus share temporal, spatial, and composi-
tional characteristics with CFBs. The sizes and
distribution of LIPs on a global scale demonstrates
that their emplacements are major geological
events (Fig. 1).

Reconnaissance drilling, in conjunction with
analysis of seismic data, on volcanic passive
margins (Roberts, Schnitker, et al., 1984; Eldholm,
Thiede, Taylor et al., 1987) and some oceanic
plateaus (Schlich, Wise, et al., 1989) indicates that
the upper parts of the basalt sequences in both
provinces were commonly emplaced subaerially,
similarly to CFBs. On the other hand, basalt cored
from three sites on the Ontong Java Plateau was
emplaced in a submarine environment (Kroerke,
Berger, et al., 1991). Geochemical studies of rocks
from plateaus and volcanic margins suggest lower
to upper mantle sources for the magma, with
regional variations due to mantle heterogeneities
and the nature of the crust through which the
magma passed (e.g., Macdougall, 1988; Roberts,

Infroduction

Schnitker, et al., 1984; Eldholm, Thiede, Taylor, et al.,
1989; Mahoney et al., 1990; Wise, Schlich, et al., in
press).

CFB provinces have been studied for many
years, and much knowledge has been gained
about the nature and composition of their extru-
sive component (e.g., Macdougall, 1988; Upton,
1988; Reidel and Hooper, 1989). Little, however, is
known about the deeper components. Our lack of
knowledge of oceanic plateau and volcanic margin
igneous rock is still more profound; to date only
one drill hole (Site 807, Ontong Java Plateau;
Kroenke, Berger, et al., 1991) has penetrated deeper
than 100 m into oceanic plateau basement, and
only two (sites 553, Rockall Plateau, Roberts,
Schnitker, et al., 1984; and 642, Vering Plateau,
Eldholm, Thiede, Taylor, et al., 1989) more than 100
m into volcanic margin basement. In fact, so little
is known of all provinces that even volume esti-
mates are difficult to make. It appears, however,
that the largest of conjugate volcanic passive
margin (Eldholm and Grue, submitted) and oceanic
plateau (Coffin, 1991) provinces may include much
more igneous rock than most CFB provinces (e.g.,
Huffman, 1990). Furthermore, the rate of em-
placement of the most voluminous LIPs appears
to have been comparable to or exceeded that of
the contemporary mid-ocean ridge system over
time intervals of a few million years (e.g., Coffin,
1991), although only the uppermost extrusive
rocks of a few LIPs have been reliably dated.

11
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The realization that LIPs on land and under
the sea may share common elements in their ori-
gin and evolution, and the fact that interaction
among geoscientists working on volcanic mar-
gins, oceanic plateaus and swells, and continental
igneous provinces has not been extensive, pro-
vided strong impetus for convening the LIPs
Workshop.

The most salient observations regarding LIPs
are the large volumes of lava produced and the
short durations of their emplacement phase. As
new data have become available, estimates of
volumes of extrusive and intrusive magmas have
increased. Timing has become more closely con-
strained, revealing the transient nature of many
of these features. Exceptions include some oce-
anic plateaus and ridges which reflect a more
continuous extrusion process along interpreted
plume trails. Consequently LIPs preserve a his-
tory of mantle circulation patterns and tempera-
tures. Moreover, emplacement of LIPs may be
linked to “instantaneous” plate tectonic events
such as changes in rate and direction of plate
motion. In this context, possible episodicity of
eruptive events is highly important. Several mod-
els for the emplacement of LIPs, primarily associ-
ated with mantle plumes, have been proposed,
but are currently poorly constrained.

In addition to recording internal Earth pro-
cesses, the formation of LIPs may have had sig-
nificant external consequences. Much geoscientific
discussion has focused on causes of extinctions at
the K-T and other boundaries. The scale and tim-
ing of eruptive activity associated with LIPs for-
mation could have exerted severe regional and
global environmental stresses at intervals
throughout the geologic record, and may have
been a single or a contributing cause of extinction
events. Large-scale outpourings of gases and par-
ticulate matter may have significantly affected
the chemistry and circulation of both the oceans
and the atmosphere, and changes in basin geom-
etry have modified gateways, ocean circulation,
and sea level.

LIPs Workshop

The JOI/USSAC-sponsored “Large Igneous
Provinces: A Workshop to Develop Scientific
Drilling Initiatives on Volcanic Margins and Oce-
anic Plateau” was convened at the Woods Hole
Oceanographic Institution from November 4-6,
1990 (Appendix 1). Thirty-eight scientists repre-
senting 8 JOIDES member organizations, 14 non-
JOIDES academic and governmental institutions,
and 2 private industries attended (see Appendix
2). The workshop attracted specialists on volcanic
passive margins, oceanic plateaus, and CFBs with
the aims of gaining a better understanding of the
formation and evolution of LIPs, and of deter-
mining how ODP may contribute towards this
goal.

The objectives of the Workshop were twofold:

1) to develop suites of drilling objectives for

volcanic passive margins and oceanic pla-
teaus based on global thematic perspec-
tives tempered by important regional
- considerations, and
2) to widen scientific expertise in develop-
ing drilling experiments to solve global
thematic problems.

The Workshop did not consider mid-ocean
ridges and individual seamounts; these have been
foci of previous workshops, and in most cases are
easy to distinguish from oceanic LIPs on the basis
of transience and scale, respectively. Distinctions
between small submarine ridges/plateaus and
large seamounts are, however, somewhat arbi-
trary. The amount of igneous material emplaced
is primarly a function of source intensity, lithos-
pheric plate speed over that source, and the thick-
ness and thermal state of the lithosphere. The
difference between a seamount and a submarine
ridge may in the simplest case be a function of
how long a portion of lithospheric plate was situ-
ated in the vicinity of ascending asthenosphere.
One example of our arbitrary distinction is the
inclusion of the Mid-Pacific Mountains, and the
exclusion of the New England Seamounts, in our
consideration of LIPs.

Figure 1. Global LIPs. Volcanic passive continental margins along which seaward dipping reflector

< sequences have been recognized are indicated by circles. Based onHinz (1981); additional data from Coffin
and Eldholm (in prep.), D.G. Roberts (pers. comm.), E. Rosencrantz (pers. comm.), and T. Shipley (pers.
comm.). Digital map courtesy of Prates Project, UTIG (L. Gahagan and B. Madsen).
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The Workshop began and ended with plenary
sessions intended to introduce the topic of LIPs
and to summarize its proceedings, respectively.
For most of the three days, participants attended
three working group sessions which focused on
particular LIP topics. A detailed agenda appears
in Appendix 1. Keynote presentations at the start
of the Workshop included overviews of the main
types of LIPs, and specific topics addressed were
the geochemistry, paleoenvironmental conse-
quences, subsidence histories, and drilling pros-
pects of LIPs. Presentations by Mike Coffin, Keith
Cox, Olav Eldholm, Loren Kroenke, Marcia
McNutt, Jason Morgan, Chuck Officer, Mark
Richards, Dave Roberts, Mike Storey, and Jerry
Winterer set the stage for more detailed working
group deliberations.

One working group, led by Keith Cox,
addressed the petrology, geochemistry, and dating
of LIPs. The group examined lithospheric and
asthenospheric circulation; the plate settings of
LIP emplacement and the relationship to conti-
nental breakup; the temporal and spatial
distribution of LIPs; and LIP source compositions,
partial melting, fractionation history, and
lithospheric contamination. A second working
group, led by Dave Roberts, concentrated on
- conjugate volcanic passive margin and plateau
+ development. Topics addressed included heating

of the lithosphere and magma production; igneous
emplacement mechanisms, location, and timing;
pre-, syn-, and post-rift horizontal and vertical
movements; and structure of the volcanic margins
and the continent-ocean transition. The third
working group, chaired by Jerry Winterer, studied
global paleoceanography, paleoclimate, and
paleoenvironment. Discussions concerning the
paleoenvironmental impact of LIPs focused on
paleoclimate, ocean warming, and sea level;
paleoceanography—circulation, gateways,
chemistry, productivity, and evolution; and the

terminal Cretaceous event and other mass
extinctions. More than twelve hours of formal
working group meetings, plus at times intense
refreshment break and mealtime discussions,
resulted in effective cross-disciplinary exchange
of ideas.

The Workshop clearly documented links
among CFBs, volcanic margins, and oceanic pla-
teaus, and showed that their genesis and evolu-
tion must be ascribed to fundamental global earth
processes. Moreover, it is plausible, though not
yet documented, that the emplacement of LIPs
has had far-reaching effects on the Earth’s envi-
ronment. Frequent reference was made to the fact
that our knowledge of LIPs is at a nascent stage
but rapidly growing. More geologic and geo-
physical work, including both deep drilling and
site surveys, are needed to address even the most
rudimentary LIP problems.

Oceanic plateaus and volcanic margins form
excellent laboratories to study both internal
processes and external consequences associated
with LIPs. Sampling the igneous rock as well as
the relatively undisturbed interbedded and
overlying sediment of the volcanic edifices will.
provide a record of LIP genesis and evolution, as
well as calibrate thermal models of the mantle.
The Workshop has documented that only drilling
will substantially address these fundamental
problems which are central in the ODP Long
Range Plan (JOI, 1990). Several LIPs drilling
strategies arose from the working groups, and
these recommendations comprise the major result
of the Workshop.

This report represents contributions from all
38 scientists who attended the Workshop as well
as comments and revisions from 15 additional
scientists who were solicited to review the first
draft (see Appendix 3). A broad segment of the
geoscientific community has had input into this
report.

14



Chapter Two

LIPs and the ODP Long Range Plan

Long Range Plan

Major scientific themes associated with LIPs
which emerged from the workshop concern their
emplacement mechanism(s), emplacement his-
tory, spatial and temporal geologic and geo-
physical evolution, and paleoenvironmental im-
pact. These topics coincide closely with those of
the ODP Long Range Plan (JOI, 1990), which
summarized the results of the first and second
conferences on scientific ocean drilling (COSOD I,
1981 and COSOD II, 1987), as well as the JOIDES
thematic panels” white papers (LITHP, 1988;
SOHP, 1989; TECP, 1989; SGPP, 1990). As de-
scribed in the Long Range Plan, scientific interest
in ocean drilling falls into four themes, of which
three involve LIPs. These three themes, their per-
tinent sub-themes, and their relevance to LIPs are
as follows:

Structure and Composition of the
Crust and Upper Mantle

Understanding how the solid earth has evolved
through time requires knowledge of the structure
and composition of the oceanic crust and under-
lying mantle. Plate tectonics has provided the
basic kinematic framework for these studies, and
a process-oriented approach involving quantifi-
cation and modeling of the actual physics and
chemistry involved in this solid earth geochemi-
cal system is underway.

Structure of the Lower Oceanic
Crust and Upper Mantle

The deep crustal and upper mantle structure
of volcanic margins and oceanic plateaus is very

poorly known onboth seismic and drill hole scales.
Few high-energy, long-receiver, British Institu-
tions Reflection Profiling Syndicate (BIRPS)-style
seismic reflection profiles across volcanic mar-
gins or oceanic plateaus have been reported on in
the literatt.ire, and modern seismic refraction ex-
periments have been limited to the Norwegian,
Greenland, Rockall, and US East Coast volcanic
margins, and to the Kerguelen Plateau. A com-
mon lower crustal feature resulting from the few
refraction experiments is a 7.2-7.5 kms? layer
which has been variously ascribed to underplat-
ing, expanded oceanic crust, or serpentinization
of peridotite. No scientific or industrial drilling
has penetrated deeper than 914 m (Site 642) into
the ~20 km thick igneous crust of a volcanic mar-
gin, or deeper than 149 m (Site 807) into the ~40
km thick igneous crust of an oceanic plateau.

Magmatic Processes Associated
with Crustal Accretion

Crustal accretion is a complex interaction
among magmatic, tectonic, and hydrothermal
processes, all of which are poorly understood.
Different types of crustal accretion on volcanic
margins have been proposed based on seismic
reflection data that primarily image the upper
igneous crust. Drilling provides a means to dis-
tinguish among various models and to develop
new models, yet igneous basement has been re-
covered from only two volcanic margins—Vering
and Rockall. No model has as yet been advanced
for the crustal accretion process in large oceanic
plateaus, in no small part due to the paucity of
high-quality seismic reflection and refraction data
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from the features. As for melt generation, quite
different models have been suggested to account
for extensive volcanism observed at volcanic
margins and oceanic plateaus. An important
component in testing these models is borehole
data, which uniquely allows us to address ques-
tions of emplacement rates and thermal history.

Intraplate Volcanism

Intraplate volcanism is the second most com-
mon type of volcanic activity in ocean basins.
Why and how intraplate volcanism is initiated
are important unresolved questions. Oceanic pla-
teaus are the thickest crustal emplacements of
basaltic material on Earth, and the temporal vari-
ability of their emplacement can be addressed
solely by drilling. Volcanism is believed to be
preceded by thermal uplift of oceanic lithosphere
which forms swells and superswells. The evolu-
tion of a mantle plume through time can be exam-
ined only through drilling, which in turn can
provide constraints on lithospheric deformation
and behavior associated with that plume as well
as the composition and chemical evolution of the
mantle. Much intraplate volcanism has been at-
tributed to mantle plumes, and various plume
models have been developed recently.

Dynamics, Kinematics, and Deformation of
the Lithosphere

Tectonic processes operate on many scales in
the oceanic lithosphere, and development and
testing of dynamic and kinematic models are
necessary to better understand these processes.
Definition of plate driving forces, plate bound-
ary dynamics and deformation, and overall
mantle/crust structure (through seismic tomo-
graphy) is fundamental to geoscience.

Dynamics of the Oceanic Crust and
Upper Mantle

The relative importance of the diverse forces—
 ridge-push, trench-pull, and plate-drag—which
act on lithospheric plates and make them move is
unresolved. Furthermore, stresses that act upon
the lithosphere at and near plate boundaries are
poorly understood. The initiation and construc-
tion of volcanic margins and oceanic plateaus are
complex interactions between pre-existing lithos-
phere and new material being added to the mantle

and crust during the emplacement phase. Global
sampling and petrologic/geochemical analyses
of LIPs material can constrain temporal and spa-
tial geochemical variability of the mantle. Fur-
thermore, drill holes provide an opportunity for
higher-resolution tomographic experiments which
are vital to our understanding of mantle struc-
ture, which may or may not be anomalous be-
neath LIPs.

Plate Kinematics

Knowledge of past plate configurations is nec-
essary to a full understanding of long-term global
change, including paleoclimatology and
paleoceanography. The trails of mantle plumes
are important recorders of past plate motions,
and dating of these plumes allows construction of
global reference frames. Paleomagnetic determi-
nations from LIPs rocks contribute significantly
to knowledge of past plate configurations.

Deformation Processes at
Divergent Margins

Divergent margins are among the most promi-
nent physiographic features on Earth. As higher
quality seismic reflection data are acquired along
divergent margins, more and more of these mar-
gins are observed to have major volcanic compo-
nents. Pure shear and simple shear models pre-
dict different patterns of subsidence, sedimenta-
tion, and volcanism, and the most straightfor-
ward way to test them is to sample sediment and
volcanic rock which accumulated during rift and
early post-rift phases. The cause of continental
breakup, whether passive rifting, hotspot weak-
ening, or some other mechanism, has not been
determined for most margins; although some LIPs
are clearly associated with continental breakup
and plate separation, others are demonstrably not,
and thus their precise role in plate separation is
not known.

Intraplate Deformation

Those LIPs which are emplaced in mid-plate
settings offer the opportunity to study lithospheric
behavior away from the complexities of plate
boundaries. The thermal anomaly associated with
LIPs appears to form swells and superswells be-
fore significant emplacement of extrusive or in-
trusive material in the crust. During and after

16



LIPs emplacement, the thermal regime of the
lithosphere continues to be perturbed, and
through time the composition of the magma and
its extrusive products that form LIPs reflect the
thermal/melting history of the underlying mantle.
Ultimately the constructional phase ends and
subsidence of the lithosphere begins. The geo-
metry and timing of the deformation affecting
plate interiors is best studied by ocean drilling
because no other technique can reliably recover
relatively unaltered samples required for geo-
chemical and geochronologic analyses.

Cause and Effect of Oceanic and Climatic
Variability

The consequences of future oceanic and cli-
matic changes can be dealt with better by under-
standing the complex interactions in the earth
climate system. The physical, chemical, biologi-
cal, and dynamic changes in the Earth’s oceans
and atmosphere, along with changing plate con-
figurations and crustal morphology, have all left
a spatial and temporal submarine record which
is critical in testing models and in developing
new ones.

Short Period Climate Change

Evidence is growing that LIPs are emplaced
over a very short time span, in some cases roughly
a million years. Fluxes of rock, fluid, heat, and
gases resulting from these massive constructions
have had the potential to significantly affect the
Earth’s hydrosphere, atmosphere, and cryosphere.
Knowledge of the timing and composition of LIP
emplacements, obtainable primarily by drilling,
must precede detailed analysis of the environ-
mental effects of LIP construction. Furthermore,
many oceanic plateaus contain sedimentary sec-
tions isolated from continental influences yet
above the CCD, and potentially preserve an
uncontaminated record.

Longer Period Changes

Distinct volcanic episodes in the Cretaceous
have been documented, and other intervals of
geologic time are equally characterized by major
episodes of volcanism. As with shorter period
climate changes, the role of LIP emplacements in
planetary climate and ocean circulation can only
be examined once knowledge of their timing and

composition is obtained. As noted above oceanic
plateaus again offer the opportunity to study
purely oceanic consequences of LIPs em-
placement.

History of Sea Level

The record of sea level obtained from geologic
evidence results from a complex interaction of
sediment supply, tectonic history, sediment and
water loading, and eustatic adjustments. Oceanic
plateaus, and especially their surmounting sea-
mounts, are vital targets for examining the his-
tory of sea level, and drilling a range of plateaus
with vastly differing geologic histories is neces-
sary to constrain the eustatic curve.

The Carbon Cycle and Paleoproductivity

Volcanic margins and oceanic plateaus contain
complementary records of the carbon cycle and
productivity. Reduced and oxidized reservoirs
vary through time and depth, and represent ma-
jor variations in ocean chemistry and hence glo-
bal change. Drilling transects across divergent
volcanic margins and on oceanic plateaus con-
taining high-productivity sedimentary records are
prime foci for addressing these global environ-
mental changes.

Evolutionary Biology

Continuous sediment records from oceanic pla-
teaus offer an unparalleled opportunity to study
the speciation and evolution of organisms when
tied to detailed oxygen isotopic and magnetic
stratigraphy. '
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Chapter Three

Volcanic passive margins, oceanic plateaus, and
CFB provinces share elements of the fundamental
processes which govern their emplacement and
evolution. Any model must account for the tran-
sient nature of many provinces, for the persis-
tence of others along hotspot trails, and for the
huge volumes of igneous material.

Geodynamic Models

Intense interest in LIPs has been generated in
recent years by the introduction of the “mega-
plume” and “tail” concept (Figs. 2, 3) (Gordon and
Henderson, 1985; Mahoney, 1987; Richards et al., 1989;
White and McKenzie, 1989; Campbell and Griffiths,
1990), following the original mantle plume concept
(Wilson, 1963; Morgan, 1971). Although models of
the structure and temporal evolution of plumes
vary considerably, a common factor is the capac-
ity of a plume to generate large quantities of melt
by decompression of upwelling, thermally
anomalous mantle. For example, an instability
postulated to originate at the core-mantle bound-
ary rises as a “blob” and begins to melt in the
upper mantle near the base of the lithosphere
(Richards et al., 1989; Campell and Griffiths, 1990). If
the blob impinges on continental lithosphere, the
melt may give rise to a CFB sequence (Morgan,
1972, 1981). If the plume is sufficiently intense,
the hot, narrow “tail” of the plume may produce a
trail of volcanoes which record the motion of the
plate with respect to the plume through time (e.g.,
New England hotspot track: de Boer et al., 1988).

Where the thermal anomaly is associated with
continental breakup, the cause-and-effect of which
is hotly debated (e.g., Duncan and Richards, 1991;

Origin and Evolution of LIPs

Hill, 1991), it may create a volcanic margin distin-
guished by its transience, and the hot, narrow
focus of the blob (hotspot or plume)—its “tail”"—
may be manifested as a submarine ridge or sea-
mount chain on the oceanic lithosphere. If the
plume initially reaches the hydrosphere or atmos—
phere in an existing oceanic region, an oceanic
plateau may form, and as the plate migrates over
the plume a trail of a ridge and/or seamounts
may be constructed. Gordon and Henderson (1985)
and Mahoney (1987), for example, argue for a near-
ridge plume origin for oceanic plateaus.

Other possible purely oceanic examples include
features such as the “superswell” of French
Polynesia (McNutt and Fisher, 1987) and its pro-
posed predecessor, the Darwin Rise (McNutt et al.,
1990); the Cape Verde Rise (Courtney and White,
1986); and such massive, apparently purely oce-
anic plateaus as Ontong Java and Manihiki.

As a working hypothesis, the plume model for
the generation of LIPs, as outlined above or in
some related form, is widely accepted because it
represents the most plausible mechanism for ex-
plaining the large amounts of thermal energy re-
quired by the massive melting anomalies. How-
ever, much of the mid-plate igneous activity and
none of the topographic swells in the western
North Atlantic and the eastern North American
region are easily reconciled with a simple hotspot
or plume (Vogt, 1991). One possibility is that these
features are caused by shallow mantle convection
controlled by vertical thermal boundaries possi-
bly related to episodic midplate stress intensifica-
tion. Another model (Mutter et al., 1988) suggests
that the conjugate volcanic margins, extending
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