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REPORT OF PLANNING CONFERRNCE-WESTERN PACIFIC ARC-TRENCH-BACKARC BASIN SISTEMS

I. INTRODUCTION

A planning conference was convened at Scripps Institution of Oceanography
on 25-27 June 1985 to develop a science plan for the study of the active arc -
trench — backarc systems of the Western Pacific, The meeting was advertised
in EOS and was open to all interested in attending. In addition to about 35
US participants, there were guests from France, Japan and New Zealand who had
expressed an interest in the meeting. The purpose of the meeting was to con—
sider scientific objectives, and to propose possible study sites, that could
be addressed by the Ocean Drilling Program.

The conference proceeded in three phases; first, we discussed the general
nature of the geological evolution of intra—oceanic arc — trench - backarc
systems and drew up 2 list of problems that need further study in ordsr to
improve our understanding of crustal evolutiom in these systems. Models for
the tectonic — petrologic development of arc — trench -~ backarc systems, most
of them developed by the participants as a result of previous work, were sum—
marized, new problems and concepts were discussed, and important unsolved
problems were identified. Some specific problems were also discussed such as
the significance and origin of the uplifted blocks of oceamic crust, and the
diapirs of serpentimized peridotite, found in the forearcs of the Mariana and
Bonin systems. Other specific topics included the petrologic charavteristics
of backarc basin basalts and their similarities/differences to MORB or to arc
magmas; the nature of the Vale Fa ridge (Tonga Arc} ‘“magma chamber”, and
sedimentologic — tectonic problems related to.accretion and vertical tectonism
in forearcs. The ophiolite problem was reviewed and we discussed the impor—
tance of developing a better understanding of the structure, composition, and
physical properties of the crust/upper mantle in intra—oceanic arc — trench -
backare systems in order to be able to distinguish between ophiclites derived
from deepsea oceanic lithosphere versus lithosphere originally formed in other
settings such as backarc basins. The conferees agreed that there is good evi-
dence in support of the long-standing assumption that ophiolites are fragments
of oceanic lithosphere but there was considerable doubt among participants at
this meeting that the rocks of ophiolites necessarily represent lithosphere
formed at mid-ocean ridge spreading centers. Other settings such as backarc
basins or even island arcs may have been the site of formation of many of the
ophiolites, The difficulty in recognizing petrologic—geochemical signatunres
sufficient to distinguish between mid-ocean ridge basalts and some backarc
basin basalts requires data more extensive than can be obtained by dredging of
seafloor exposures.

The second phase of the meeting was devoted to considering various
regions where the major problems counld be studied. Four regions were selected
as being the most promising in terms of the problems needing further study and
in view of the extensive geologic data that exists, These were the Izu—Bonin,
Mariana, Lacv-Tonga, and Banda—Sulu arc systems. At this time we did not
attempt to rank any of these in terms of priority; each has special merits and
offers insight to different aspects of the common theme of crustal evolution
at convergent plate marginms in intra—oceanic settings. '




The final phase of the meeting resulted in compilation of a list of pro—
posed drill sites. in each of the four regions, that would provide very impor-
tant data to help answer some of the fundamental problems we discussed. The
conferees also agreed that the proposed ODP drill sites would be important not
only in retrieving the stratigraphic record at these sites but would be impor—
tant for loang term studies involving logging of physical properties, study of
hydrothermal circulation, pore fluid chemistry and its changes with time, and
seismic experiments, We recognized that drilling is but one part of what
should. be a continuing multi-disciplinary project. We endorse the continued
survey of arc systems both on land and at sea using "conventional” geologic
and geophysical techniques, the use of manned and remote controlled undersea
vehicles and platforms, and the drilling of deep crustal holes on islands of
the forearc such’ as Guam, Saipan, Ena or in the Bonins.

II. The Backarc Basin - Island Arc Ophiolite Analog: A Problem for Deep
DPrilling?

Although ophiclites have traditionally been regarded as the model of typ-
ical oceanic crust recent detailed chemical and mineralogical studies of both
ophiolite and island-arc rocks strongly suggest that manmy classic ophiolites
are more closely related to an arc or near—arc setting rather than to a typi—
cal ocean ridge spreading center. The latter vary typically from "=normal”
depleted or " tholeiitic” MORB, to relatively alkaline basalts, approaching
typical ocean island basalt in composition. In centrast, many ophiolites may
inclede some MORB-like tholeiitic pillow lavas, but these grade into mildly
calc—alkaline to highly calcic¢ andesitic, arc tholeiitic, or boninitic rocks
typical of intra-oceanic island arcs such as Tonga or the Marianas. These arc
affinities were recognized in the Troodos ophiolite by Miyashiro (1973) mainly
in terms of major element characteristics of the pillow lavas, but he also
noted that the overall structure ans stratigraphy of Troodos could be equated
with an island-arc setting, Ewart and Bryan (1972) emphasized the geochemical
similarity of the early-stage basaltic andesites of the Tonga island arc to
some ocean—ridge basalts, as well as to pillow lavas reported from some
ophiolites. They interpreted the pillow lava/sheeted dike/gabbro complex
exposed on Eua Island as the top of an underlying ophiolite complex, which was
presumed also to be the source of periodotites dredged from the lower forearc
slope. Studies of the Zambales Range ophiolite (Philippines) led Hawkins and
Evens (1983) to propose that it compresses remnants of arc and backarc basin
crust. Bloomer and Hawkins (1983) proposed that rocks exposed on the slopes
and forearc of the Mariana Treach constituted an ophiolite suite al though mest
of the rocks indicate an origin in an arc setting, .Recent studies of perido—
tites from ophiolites and oceanic fracture zones confirm that there are con—
sistent differences in spinel and pyroxene compositions between typical abys—
sal peridotites and those of many ophiolites (Dick and Bullen, 1984; Dick and
Fiskher, 1984). Hickey and Frey (1982) demonstrated that similarity in rare
earth patterns between boninites from several west Pacific¢ island arcs and the
lower pillow lavas from the Betts Cove ophiolite complex; similar relations
are seen in the arch-derived ophiolite of the Zambales Range (Hawkins and
Evans, 1983). Much more detailed analysis of fresh, glassy pillow rims from
the Troodos Ophiolite (Robinsom et al, 1983) have confirmed the earlier suspi~
cions that these are island—arc related; specifically, it is suggested that
all of the Troodos ophiolite was created in a setting similar to the Bonin or
Marianas arc. '




Al though the chemical and mineralogical evidence are persmasive, the
classic ophiolite definition is based on stratigraphy and overall lithologic
associations. To date, these are not well-defined either in the deep ocean
basins or the island-arc enviromment. Hopefully, one or more deep holes in
oceanic crust will be successfully completed during the ODP program. -Similar
consideration should be given to one or more deep holes in a island arc set—
ting, for comparison hoth to the oceanic crustal section and te typical
ophiolite stratigraphy.

.Compared to deep ocean crust, the site selection for this hole (or holes)
poses greater problems in the arc enviromment. "Arc—~ophiolites” may well be
composite sections made up of fragments of oceanic crust, fore-arc crust, - and
back arc basin crust which have been ‘tectonically shuffled and superimposed on
one another. Hopefully, the "oceanic” part of any such composite ophiolite
can be deduced from drilling already planned on or near the mid—ocean ridges.
Remaining questions which must be addressed, then, seem to be the following:

1. VWhat portion of the island arc stratigraphic section can be. deduced
from field studies on land? ’

2. To what extent can deep drilling in the forearc <clarify relations
between " tholeiitic"” arc basals, sheeted dikes, andesitic or boninitic
lavas, and ultramafic rocks?

3. What elements of “arc—ophjolite” stratigraphy way be defined by
drilling on or near a back—-arec spreading center?

4, Can any details of tectonic evolution of the arc be deduced from deep
drilling in fore—arc or back-arc regions?

5. What down-hole experiments can be used to help define major strati-
graphic units, structural boundaries, and the lateral continuity of these
features?
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III. SUMMARY OF SPECIFIC PROBLEMS FOR STUDY

A. Major Scientific Problems in Intra—QOceanic Foresarcs

The forearc regioms of the intra—oceanic arc—trench systems of the
wastern Pacific provide an opportunity to study several major problems of
impor tance to understanding the evolutions of convergent plate margins. These
problems may be separated into those pertaining to the accretion - underplat—
ing -~ or erosional processes on the inner trench slope and to those bearing on
the history of the forearc basin and its sedimentologic—tectonic history.

The forearc regioms of the intra oceanic arc systems have proven to be
very complex and are much less well understood than those of arcs ia which
thick sections of sediment are being accreted or consumed. A very different
mode and distribution of deformation is also suggested by the available data.
Typically, little or no sediment appears to be accreted to the treach slopes
of oceanic forearcs, exposures on the treanch slope are comprised largely of
igneous rocks. Despite this lack of accreted sediment, oceanic forearcs show
a genmeral increase in width with age. The great water depth, paucity of

_seismically imageabla sediments and the apparent complexity of these forearcs

has combined to leave us with a very unsettled state of affairs. Recent
reconsideration of drilling and other marine data have even called into ques—
tion some of the initial interpretations which led to the conslusion that
there arcs were loci of persistent tectomic erosion.

One of the most startling discoveries, in the Mariana forearc, was that
igneous roeks, of arc¢ origin occurred very close to, and on, the trench slope
(for discussion see Bloomer, Appendix of this report), This observation, couo~-
pled with recognition of normal fanlting in the forearc and interpretation of
large scale subsidence, was cited as the basis for the lateral and vertical
removal of forearc material since the late Eocene by tectomic erosion. Subse—
quently it was noted, that the present distribution of upper Eocene arc vol-
canics outlined a 200 ¥m wide volcanic arc comprised of arc tholeiite and
bonini tes, which is quite unlike any present day young oceani¢ arc system.
Reanalysis of the paleodepths indicated by the core data together with indica-
tion of progression outbuilding of -the upper slope aproa pointed toward
uplift, or at least lack of subsidence, in the forearc as well as a lack of
forearc truncation., Together these observations cast doubt on the role of
tectonic. erosion since the late Eoceme and suggest a very anomalous situation
in the early (upper Eocene) phase of arc development.

Tectonism since this early phase has been suggested by Seabeam and sides—
can (SeaMARC II)} studies to be primarily an internal disruption of the forearc
basement by such processes as serpentine diapirism and block faultimg induced
by “seamount collision. To what extent these processos domipate the evolution
of the Mariana forearc, let alome oceanic forearcs in general, remains topics
of speculation,’

Studies of the sediments and the stratigraphic record of forearcs are
critical to the development of our ideas about their evolution and structure
(for discussion see Haggerty in Appendiz of this report). Detailed sedimento-
logical and paleontological studies can help determine the history of vertical
motion in oceanic forearc regions. This information is essential because the
magni tude of the movements, whether these be uplift, subsidence, or more




likely a combination, places constraints on thermal and mechanical models for
the evolution of active margins. Determination of the vertical history is
therofore important to an integrated drilling program dealing with the
processes, structure, and petrology of active margins. Drilling is the most
appropriate means for obtaiming a complete stratigraphic data set for
interpretation of the vertical history compared to dredging or other sampling
techniques.

Stodies of sediments for unraveling vertical tectonics of an area require
an interdisciplinary approach, Data from paleontological and sedimentological
studies are combined to provide time—stratigraphic information. Palecantologi-
cal studies provide us with a chromologic framework for ordering the sequence
of dopositional (and/or redopositional} events and changes in the ecologic
enviroment and paleodeptk. The effects of global sea level change and sedi-
ment loading must be accounted for in order to adequately estimate the verti-—
cal tectonic motion as the consequence of mechanical effects, such as onder—
plating or thermal effects from the subducting, cold slab.

In contrast to Karig and Ranken’s (1983) proposition that some uplift has
occurred in the Mariana forearc, several other reports cite tectonmic erosion
and subsideace of the same forearc (La Traille and Jussong, 1980; Mrozowski
and Hayes, 1980: and von Hnene and Uyeda, 1981), or evenm a change in response
along the arc or across the are. ‘The guestion of intermittent accretion and
tectoni¢ erosion in the forearc region has never been properly addressed with
an appropriate suite of samples from an intra—oceanic convergent margia.

Studies of the sediments from the forearc for vertical motion alse lend
themselves to addressing other problems such as the timing of volcanic or
intrusive activity in the forearc region. The biostratigraphic age of the
sediment can yield minimum age of volcanism or a maximum age of intrusion.
This will also be important for comparative purposes with tephrochronology.
If radiometric dating of igneous material proves to be unsuitable because of a
high degree of alteration, then the biostratigraphic (or paleomagnetic) data
are mnecessary. If hydrothermal <circulation is associated with intrusive
activity, there may be a diagenetic signature in the nearby and/or overlying
sedimentary strata. Diagenesis can be governed by the chemical composition of
the pore waters which can change their composition during migration through
the rocks. -Studies of the interstitial waters retrieved from these sediments
will also de valuable because they may reveal <chemical changes that were
vndetected in the solid phase geochemistry of the sediments. The question of
a diapiric origin of seamounts in the forearc region (Fryer et al, in press)
#ay also be addressed by studying the history of the vertical motiaem of the
strata immediately ovexlying the bathymetric high and comparing it to the his—
tory of an adjacent region.

The tectomic setting in which new trenches and oceanic arcs originate
-also remains a major problem. Do these arcs originate within oceanic plates
randomly or along transform zones, or do. they evolve from earlier, perchaps
continental margin arcs? Associated with the problem of the origin of these
arcs is the possible relationship of are¢ c¢rust to ophiolites. Do arecs baild
on ophiolitic substrates or might certain ophiolites actumally develop within
oceanic forearcs? )




Studies that we feel could best address these major problems aboet the
origin and eveoluntion of oceanic forearcs include: (1) the spatial and temporal
distribution of vertical displacements across the forearc; (2) the nature of
igencus and metamorphic asctivity in the forearc; (3) the character of deforma-
tion in the forearc as functions of space and time. If these specific objec—
tives can be reached, the more fundamental processes that control the origin
and svoluotion can be much more tightly constrained, or perhaps even yet unper—
ceived processes will be uncovered.

1) Vertical Displacement

Vertical displacement should be determined in forearc systems from the
volcanic chain to the trench and dering the evolution of the arc system.
These determinations would be easiest where there is a thick, relatively
undeformed sediment section in which relative displacement can be seen in
tilted and offset horizons, and displacements with respect to sea level
can be determined unsing the various paleodepth criteria. The techniques

. of backstripping can be used to recomstruct vertical profiles over the
history of the arc. Thick sediment sections in oceanic forearcs occur
primarily in upper slope aproms, but frontal arc platforms. which are
occasionally uplifted so far as to form islands, also preserve a moderate
sediment cap. The lower trench slope, with a very thin, irregular sedi-
ment c¢over, which often is displaced by slomping or other gravitational
processas, and which may even occasionally originate by aceretion from
the oceanic plate, can provide valoable information, bat only if very
carefully analyzed.

Featnres of subducting oceanic plate that may affect a vertical respouss
in the arc must also be investigated. These include the paleodepth or
the decending plate, the effects of seamounts and other colliding enti-
ties, as well as of the normal fanlts that develop on the onter slope.
Vertical motions of the forearc caused by featnres of the descending
plate might be tested by a comparison of forearcs in which distinctly
different tectomi¢ crust is being subducted; e.g., very young versas old,
smooth versus rough.

A prime candidata for studying vertical motion in an intra~oceanic
forearc is the Mariana convergent margin because it is the region with
the best data collection to date from nomerous dredging operations as .
well as a previous DSDP cruise resulting in six drill holes. The recom—
mended study location is at 15N in a more equatorial location than the
previons 18°N Mariana transect because there may be better preservation
of calcareous microfossils owing to a supressed equatorial CCD. The
drill holes associated with a submarine canyon will yield the yonnger
sediments in the upper flank of the canyon whereas a drill hole in the
base of a canyon would obtain older exposed strata and perhaps igneous
basement in the forearc. Other recommended drill holes are' into and .
offset. from bathymetric highs such as an outer arc high (Izu—-Bonin-
region) or a forearc seamount (Mariana repgfon and/or Izu-Bonin region).
These bathymetric highs, if above the CCD, may have better preservation-:
of importance calcarsous microfossils. Torbidites shed from these bathy—
metric highs may also contain better preserved carbonate sediments in
adjacent depositional depths below the CCD. A drill site in the southern
region of the Mariana forearc is advantageous because the data can be




‘combined with a shore-based drilling program or a geologic field program
on the 1island of Guam or Saipan. The importance of such combined data
sets from the island tnd the drill site(s) can mot be understated because
it will yield information about the history of the vertical motion across
the foreare.

Additional problems that may be addressed are associated with structure
of the forearc and its respoase to the subduction of seamount chains, such as
the Magellan Seoamounnts to the east of the Mariana forearc, and ridges, such as
the Louisville Ridge associated with the Tonga forearc. How does the subduc—
tion of thess features change the structure of the -forearc? Does this
incrcase the horizontal strain across the forearc, change the distribution of
the -strain or fractaure the forearc? From the internal structure of the
forearc, what is the deformatzional style as a consequence of the suhduction of
sach large and small bathymetric and tectomic features? Drill sites located
in the forearc region associated with forearc basins, forearc terrace, and the
upper trench slope will yield data to.address such questioas. Studies per—
taining to the physical properties of the sediments, seismic reflection data,
and sexsmxo velocity structure of the forearc will be important for solving
these problcms.

2) | The Natnre of Igneous and Metamorphic Activigi

| ’
Igneons rocks in oeegnic forearcs carry information not only concerming
the behavior of the arc but also of thée descending plate., In sitm igne—
ous rocks of the forearc help constrain the locatiom of past volcanic
arff. back-arc spreading, and possible forearc spreading. This clearly
is, Pf major meo:tance in addressing the question of arc-derived ophiol-
Lte? It also addresses the problem of the nature of the basement
beneath the arc. The relative contribution of seamounts and other frag-
ments of oceamic crust to the forearc are largely determined by the
naturo of the igneous rocks in the forearc. In short, a much better
hncwledge of the chemistry, petrology, and "stratigraphy” of igneous
rocks in the forearcs is required. One particular aspect of magmatism
that must be better known is the variation im intensity of arc volcanism
over time and the correlation of these variations with parameters snch as
subduction rate and back—arc spreading.

Magmatic and hydrothermal heat sources gemerate metamorphism in the
forearc; the metamorphic facies distribution is determined by pressure-
temperature conditions (for discussion see Rideont and Guth in Appendix
of . \this report), These conditions may be very important in causing
hydration of ultramafic rocks that subsequently form diapirs. Mcreover,
displaced or nonequilibrium metamorphic facies may reveal mass movements
of rock with the forearc and/or changes in the thermal regime as the arc
cvolves. Much more information about heat flow, pore fluid chemistry and
ptessure gradients is needed to adeqnately nndetstand the thermodynamics
of oceanic forearcs.




3} Internal Deformation within Oceanic Forearcs

Al though there is abundant evidence for deformation in forearcs, very
little is known gquantitatively about the displacement ficlds and overall
effects of the observed structural features. High angle faults are com—
mon on islands of the fromtal arc and in the upper slope apron but
whether those are a response to significant horizontal extemsion or wmore
to a vertical "jostling” is uncertain. Micro-normal faults in drill
cores from forearcs have been associated with these faults bat have also
been interpreted as effects of shallow downslope creep. The morphology
of the lower trench slope has similarly been viewed as reflecting massive
normal faunltinging and tectomic erosion. On the other hand, emergent
complexes though to represent oceanic forearcs display widely spaced
shortening structures. The inteasity of faclting across the arc, and
over time, is also very poorly calibrated, as in the correlation of
forearc deformation with collision events.

A second mode of deformation that has been proposed for the forearc is
diapirism, drivem by serpentinization of ultramafic rocks and producing
cone—like structures in the forearc. How these bodies circulate material,
where and when they are active, and how they are created are important
not only for the detarmination of forearc structure but also because of
insights they provide concerming physical conditions at depth.

Some form of intermal disruption, without significant additiomn or sub—
traction of material across the plate interface, is almost certainly
occurring in the best studied oceanmic forearcs. Diapirism is the most
attractive process at this time, but such processes as channelized recir—
culation and shear driven flow within the forearc wedge might also be
entertained. The contribution to deformation of accreted masses also can—
not be dismissed.

Large horizontal motions within the forearc have not been given much con-
sideration but recent paleomagnetic data indicate rotations of more tkan
60° and large latitudimal shifts inm rocks of some arcs, How these
motions occur and their relationship to the overall structural evolution
of forearcs are not understood.

4) Methodologies for Study in Oceanic Foreares

The major objectives outlined above must be approached by 2 multiplicity
of techniques, applied in arc systems where the particular objectives are
best expressed, and where the chances of success are best. Ocean dril-
ling will be an. indispensable comporment of study but, more than ever
before, drilling must be preceded by and associated with other-
approaches. Some of these additional types of study include seismic pro—
filing, mmnltichannel bathymetry, sidescan profiling, deep submersible
investigations, and island mapping and drilling.
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5) Seismic Prﬂfilihg

There is a pressing need for better seismic profiling in oceanic
forearcs, in particular for grids of profiles over the upper slope aprons
to adequately delineats patterns of faulting and of basement relief
bencath the sediments. Suck networks are also needed for the correlatiom
of stratigraphic horizons between drill sites for interpalation of verti-
cal displacement. These surveys would also serve as pre-sits investiga-
tions of prospective drill sites. Because sediment aprons are usually
less than 1500 m thick, state of the art, digital single channel profiles
would be sufficient. Simple deconvolution and migration at assumed velo—
cities might significantly enhance data quality. Similar profiling, in
conjunction with multibeam ba thyme try and for sidescan profiling on the
‘outer tremch slope would also be very useful in stodying the normal
faults and other structures that might ‘affect the behavior of the inner
slope.

6) Multichannel Bathxget:i

Moltichannel bathymetry, such as that provided by Seabeam and SeaMARC II,
would be a primary technique for exploration of the deeper sections of
both inner and outer trench slopes, whexe the morphology is complex and
the sediment cover is thin to absent., The great water depths reduoce the
resolution of this technique and in specific instances use of deep—towed
acoustic sources might be considered. Multichannel bathymetry was
instrumental in delineating the circular diapirs on the inner slope and
differentiating them from ridges. Although the technique is much less
usefnl in shallow water and over the smooth sediments of the upper slope,
it would be valunable for the mapping of the submarine canyons that cross
the upper slope.

7) Sidescan Profiles

Sidescan techniques have proven very valumable in the study of volcanic
terranes and of receat structaral features, Ian oceanmic areas it would bhe
most valaable in studies of the rough lower trench slopes, but might also
help to determine the orientation and correlation of faults in the upper
slope apron. On the lower slopes, sidescan images could best outline
slomp features and small channel systems.

8) Deep Subsersible Investigations

Deep diving suobmersibles, such as DSEV’s Alvin and SeaCliff, have a Llim—_
ited but extremely valusble role in the investigation of oceanic
forearcs. Only with this synergistic technique can the detailed charac—
teristics ~ of the diapirs, of recent structure, and of sediment transport
processes be obtained. To some degree submersibles might be supplemented
by camera and remote video systems but at present these provide no
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opportunity to pursue interesting observations in realtime. SeaClif,
with a 6000 m capability would be able to investigate at least the upper
part of the sparsely sedimented lower inner trench slope.

9) Island Mapping and Drilling

The few non-volcanic islands on oceanic arcs provide platforms for vari-
ous intensive investigations. Most such islands have been at least rudi-—
mentarily mapped, but few if sany studies oriented toward the critical
objectives outlined oarlier have been made. Outcrop studies of paleo—
dopth and enviromment could be coupled with measured sections to produce
vertical displacement carves. Outcrops would also permit detailed struc—
tural stedies, including the geometry and ages of faulting. More
palecomagntic data is urgently needed. There is also need for more geo—
chemical and petrologic studies of the igneous rocks on the islands, bat
perhaps the greatest opportunity in this area is for deep basement penec—
tration into the arc crust., Land based core drilling would be relatively
inexpensive and wounld take advantage of the erosion of most or all of the
sediment cover. Basement penetraticn depths of 1.5 km would be 2 modest
objective ard would explore igneous stratigraphy of the early arc and
perhaps even its substrate., Holes through the sedimentary section might
also be considered as these would give a more complete and better
preserved section than would outerops.

10) Ocean Drilling

All the major objectives in oceamic forearcs have some elemeats that can
only be approached by deep drill holes into the sedimentary section and
igneous substrate. The history of vertical displacement across the
forearc must be acquired from drill cores, which provide accurate stratal
thicknesses and porosities as well as age and paleodepth indicators,
Small scale structures, and changes in deformation with age and depth,
can also he best obtained from the drill cores. In addition to the pri-
mary stratigraphic data, a good record of relative intensities of arc
volcanism can be derived from tephrachronologic studies of drill cores,
especially those in the thicker, near—arc parts of the upper slope apron.
The nature of the igneous basement beneath the large section of the
forearc covered by this sediment apron can only be obtained by drilling.
Drill holes into the serpentine diapirs or into the flanking sediments
may also be the best way to uonderstand this deformatiom process.

Adequate elucidation of forearc behavior will require 3 or 4 data sites
across the arc, only one or two of which could be represented by islands
or by non—-drilling techniges (as on-the lowermost slope). Such a tranm—
sect must be knit together with a detailed net of seismic profiles. Some
idea of the three—dimendional variability of oceanic forearcs should be
sought .by investigating several transects within an arc system or among
several systems that represent differences in age or differences between
"normal subdoction” and "collision”.
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11) Qceanic Arc Systems Proposed for Study

Although a nmmber of methods of stady of oceanic forearcs have bsen
reviewed, the emphasis here is on arc systems that could best be studied
by ocean drilling. Consideration should include expression of the prob—
lem or objective, technical and logistic feasibility, and existing data
base. Arcs that received the most attention, principally because of the
available data base, were the Mariana, Bonin, and Tomga arcs. The appre—
ciable interest in the Malanesian axcs (New Hebrides thromgh West Molane—
sian) was tempered by & lack of data as well as the recognition that most
of these have sparsely sedimented, very young forearcs.

The Mariana Arc has the advantages of islands om the fromtal arc (e.g.
Guam, Saipanr), a good data base, and good logistics. The proposed objec—
tives are well—-posed and there is strong support for a site or pair of
sites on the inner pert of the upper slope apron. Penetration of this
thick sediment section (™1-1.5 sec) as well as deep penetration iato the
underlying igneous basement could be accomplished by ome hole through the
sediment apron near 16°N and a second nearby hole in a large submarine
canyon where much of the sediment section has been eroded away.

The Bonin arc appears similar in many respects to the Mariama arec, Its
linearity and fewer seamounts on the outer trench slope are poiats of
difference, although there is good evidence for a collision near 25°30'N
where the Ogasawara platean is impinging on the subduction zone. The
Bonin islands represent available study sites on the outer arc high. No
drill data are available from this are but a virtmal plethora of seismic
and multibeam bathymetric data have been collected.

Drilling in the Tonga arc has not been proposed as a substitaute for that
in the Mariana or Bonin arcs but to investigate variatioms, im particalar
to see if the Marians—Bonin system has an anomalous early histery or if
rather we are missing major processes of arc development,
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B. 7ggjor Scientific Problems in the Intra-Oceanic Volganic Arec Systems

A number of significant problems concerning the evolution of the earth's
crust and mantle require a better undertanding of magmatic processes at convergent

plate boundaries. These include:

1) Growth rates of arc magmatic systems. What are the predaminant controls on the

" production rates of arc magmas? What is the effect of varying convergence

rates on igneous. production rates and compositions?

2) Fate of subducted sediments and oceanic crust: Are these recycled into the

mantle or are they stripped from the slab by melting to form arc volcanoes?
(e.g., Karig and Kay 1981; Brown et al., 1982; Kay, 1985)

3) Sources of convergent maréin magmas: To what extent can we identify the

various contributions of subducted cceanic Iithbsphere, subducted sediments,
mantle wedge, and arc crust to arc melts? (e.g., Perfit et al., 1980;

’ it
Gill, 1981)

4) Magmatic vs. Uff-scraped contributions to the growth of arcs., How much of an

arc is composed of magmatic additions as opposed to material that has been
tectonfca!]y accreted to the arc (e.g., Kay 1985)? What proportion of the
magmatic contribution is eitrusive, and what proportion is either intrusive
or results from magmatic underplating? (e.g., Hawkins et al., 1984;
Natland, 1981; Fig. 1). |

5) Compositional variation of arc magmas through time: Are there any

systematic variations in the composition of magmas generated as a given’
arc matures? [f so, what processes control magmatic evolution in arcs?

6} Petrologic relationships between arc and back-arc basin maymas: What

petragenic relationship exists between the magmas of the arc jtself and

those of associated back-arc basins (Wood et al., 1981; Gill et al.,
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1984, Stern et al., 1984)7 How does this're1ationshfp chanﬁe as a

given arc/back-arc basin system matures?

7) Modes and rates of formation of the continental crust: Models for the
evolution of continental crust depend heavily on the coalescence of arcs
through time (e.g., Reymer and Schubert, 1984),

The answers tof these questions are of fundamental importance to our
understanding of how arcs and back-arc bﬁsins form and evolve now, how the
continental crust develbped iﬁ the past, and what sorts of chemical communication
exist between crust and mantle. We have only recently begun to systematically
address these problems. While it is important in our quest to study all nagmatic
arcs, 1£ is especially critical to study arcs built on oceanic crust. The magmas
of these "intra-oceanic" arcs are relatively unmodified during their ascent to the
surface, either by crystal fractionation or crustal anatexis (Leeman, 19383), thus
allowing us to better define the composition of primary arc magmas and so. less
ambiguously address the seven questions above,

Studies of recent igneous rocks from active subaerial volcanoes of
intra-cceanic arcs are becoming increasingly important (e.g., Ewart et al., 1973;
Dixon and Batiza, 1979; Morris and Hart, 1983). Unfortunately, studies of arc
volcanism in these settings_ suffer from the fact that most of the active arc is
submerged. For example, if we take the width of the active arc as 50 km (Fig. 2),
and take a typical intra-oceanic arc such as the Mariana with an active arc - 900
km long, then the active arc covers an area of 4.5 x lU* km?. Along this length of
the Mariana Arc, the recent and active volcanic islands occupy less than 200 &m?2,
so that less than U.5% of the active arc is on dry lane (Fig. 3}. This deyree of
5ubaer151 exposure is typical for intra-oceanic arcs.

The bias to our understanding of intra-oceanic a}c magmatiém resulting from
only the tops of the largest volcanoes being exposed can best be appreciated if we

imagine what we would know about arcs that are totally constructed on continental
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crust, such as the Cascade Arc, if we limited ourselves to studies of the top 100U
m, of Mt. Rainier, Mt. Shasté, Mt. Hood, and a few other of the largest
stratovolicances. We would be largely fgnorant of the eruptive styles, volumes and
compositions of lavas extruded on the flanks of these volcanoes as well as the
nature of synchronous igneous activity between the stratovolcances. As a result of
geologic studies -of the Cascade Arc, we know that there is abundant volcanic
activity on the lower flanks of the stratovolcances as well as in the lowlands
between the central volcances. The latter esbecia]ly have a different erubtive
style, being largely fissure-fed "aa" f]ows, as well as different compositions,
being largely basaltic, as compared to the largely %ragmenta!, andesitic to dacitic
eruptions from central vents of the stratovolcanoces (e.q., McBirney, 1978; White &
McBirney, 1978). Thds, reasoning from analogy with the Cascade Arc, it is certain
that if we base our understanding of intra-oceanic arcs on the volcanic islands
alone, cur models are wrong. This has impfications not only for the resolutiaon of
the seven questions above, but also for the interpretation of anc{ent metavolcanic
sequences in orogenic belts. Many of thése assemblages and some ophiolites have
been interpreted as being the roots of island arcs (e.g., Miyashiro,_ 1973;
Shervais and Kimbrough, 1985). Since these are predominantly submarine assemblages
as shown by the abundance of pillowed basalts and marine sediments, such
metavolcanic and ophiolitic arc-related sequences must somehow represent submerged
portions of arcs. If we are to understand not only modern processes of arc
evolution but also the tectonic evolution of ancient orogenic beltg (and the
mineral deposits these host) we must develop a better understanding of the
submerged portions_of active arcs.

0 a certain:extent, we can attack this problem py a como%néd progyram of a)
geologic studies_ of older arcs now subaerially exposed as part of the frontal_arc,'
such as Guam or Eua, b) dredging and piston coring studies on submarine arc

volcanoes, c} detailed swath-mapping studies of arcs; and d) submersible diving on
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the activ?f arc. A number of other guestions can only be addressed by deeper
coring, of}tne sort that only a marine drilling platform can perform. For example,
studies of lower Teriary volcanic rocks in the Mariana frontal arc has led to a
refined understanding of the timing of arc volcanism as well as the composition of
the volcanic products associated with the initiation of a new arc (e.g., Meijer et
al., 1983). However, studies of older volcanic rocks cannot give much information
on the spatial relationships between the different components of an arc. Uplift of
the older volcanic succession is controlled by the fore-arc tectonic regime, thus
it is unlikely - that the limited exposures of the older volcanic succession is
representative of that arc at the time it was actiye. Furthermore, since we know
so little about the various igneous and sedimentary environments that exist in
submarine portion of active arcs, it is difficult to determine where in an active
arc the older volcanic succession formed. Again, without a proper understanding of
all portions of modern intra-oceanic arcs, it is impossible to reconstruct spatial
variations in older ones.

Sampling bias in the intra-oceanic arcs can be overcome to a certain extent
by dredging and submersible diving on submarine arc volcanoes., Studying rocks
recovered by dredging the smaller arc velcanoes can shed 1ight on the earliest
stages in the evo]ﬁtion of the central volcances. Such studies have been carried
ou; only aver the past 5 years (Garcia gg;gl}, 1979; Dixon and Stern, 1983; Stern
and Bibee, 1984) but afready have led to a substantial revision of models for the
magmatic evolution of arc volcances (Meijer and Reagan, 1983). A dredging program
would also be useful for studying the variation of volcanic products along the'
submerged fianks of volcanic islands, but has thus far not been carried out.

In order to get a detailed understanding of the morphology of - and -
distribution of flows on individual vo]canoes,lit will be necessary to undertake

detailed swath-mapping studies of individual edifices (Hussong and Fryer, 1983)

accompanied by a submersible diving program. The quantity and quality of
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morphologic and morphotactonic data that results from Sea MARC Il and related

swath-mapping techniques promises to lead to an order-of-magnitude improvement in.
our understanding of arc/back-arc basin tectonics and distribution of lava flows,

especially in those 1instances where the features are studied and sampled in

subsequent submersible investigations.

The résu]ts of dredging, mapping, and submersible diving of submerged arc
‘features will be a much better understanding of the spatial variations in the
tectonic and magﬁatic sﬁyles of the active arc at present. To dochment temporal
variations in style, as well as to understand igneous and sedimentary prdcesses
hetween the subaerial and submarine volcanic edifices, it will be necessary to
drill and core several hundred meters deep into the active arc. Problems that only
a drilling platform such as the D/V Resolution can help us address include the
following:

1) Igneous, sedimentary, and metallogenic processes between active volcanic

edifices: As aiready discussed, we know veryi]itt]e‘abdut the composition of the

smaller volcanic arc edifices and nothing regarding the arc between the central

vaolcanoes, It is essential that we begin to address the question of what

processes, both ignecus and sedimentary, deminate in this region. Ffor example, is

there abundant fissure-fed basaltic volcanism between the central volcanoes? If
s0, are these abyssal arc volcanics similar to that of arc-like ophiolites? Or is

the geclogy of these regions dominated by deposition of pyroclastic and reworked
volcaniclastics from the larger edifices? Alternatively, are the central volcanges

built on an older arc basement similar to that exposed in the fore-arc, with little

igenous activity'except at the central velcances and little sedimentation except

towards the back-arc and fore-arc? Finally, what potential exisfs in the deeﬁést

portions of the arc for 7basé—meta1 minera}ization; such  as Kuroko-;ybe.
(volcanic-hostad) or Besshi-type (sediment -hosted) massive sulphide deposits?

2) Temporal and spatial relationships between arc and back-arc  basin
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magmatism: The major features of Kariyg's (1971) model for the formation of
back-arc basin by the longitudinal splitting of the active are more satisfying
tectonically than petrologically. Initially, and for an indeterminant period
afterwards, the sources of back-arc and active arc magmas must either be
superimposed within the upper mantle or be one énd the same. As the back-arc¢ basin
widens, arc and back-arc basin magma sources become increasingly separated in spacé
(Fig.:¢). [sland arc and back-arc basin magmas are compositionally and
isotopically distinct, implying distinct magma sources (e.g., Stern, 1982)., The
Juxtaposition of = these sources early in the development of a back-arc basin has
proven very difficult to satisfactorily conceptualize. In ofder te further address
the early stages in the evolution of arc;back-arc basin magmatic systems, we need
to recover igneous rocks that formed at the earliest stages of back-arc basin
development. This can be done by drilling in the back-arc close to the active
arcs, zuch as was attempted during DSDP leg 60. Alternatively, it may be
technicaliy simpier to identify a region in the earliest stages dF.rifting, such as
the northernmost Mariana Trough (Stern et al., 1984), and drill there. In any
case, only a deep coring program can satisfactorily address the problem of the
relationship between island arc and back-arc magmatism at the earliest stages in
the development of the system.

3) Temporal variations in the evolution of a single arc edifice: Models for

the evo]u;ion of arc voicanism in the past assumed that compositional differences
between arc systems of different age were primarily a fﬁnction of their age
difference (Jakes & White, 1972}, With the new information on submarine arc
voicanoes, this abproach has c¢hanged, and newer.models assume that the submarine
edifices are earlier evolutionary stages aéi compared to the larger, subaeria}
.edifices (Meijér and Reagan, 1983). Both apphoachés suffer from the fact that
these premises are not readily testable. In order to build sounder models for arc

evolution, we need to understand the long-term variations in the composition of a
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single arc volcano. What are the initial products of an evolving central edifice,
and how do subsequent magmatic pulses vary? What are the controls on these
variations: crystal fractionation, partial meltiny, and/or assimilation? (f we
can understand the long-term temporal variations in the composition of volcanic
products from a single volcano and if we can understand the processes responsible,
we will have a much sounder basis for understanding the processes respdnsible for
the longer term evolution of arc systems. -This, in turn, would lead to a refined
understanding of the evolution of the cogyinental crust, The only way in_whi&ﬁ we-
can understand the evolution of a single arc edifice, from the time it began on the
seafioor through its evolution as a large; subaerial edifice, would be to drill 1-3
km deep on the flanks of one. —

We are aware thai a previous attempt to drill on the active arc was a
failure. DSUP site 457, between the volcanoes of Pagan and Alamaga in the Mariana
Arc,, was drilled with the objective of determining the structure and nature of the
arc upon which the present volcanoes are built, but was abandoned after 61 m
because it could not penetrate through poorly 1lithified pyrocIasé%c and
§o1canic1astic materials, The faf]ure of this hole has led to, we feel, an
unnecessarily pessimistic opinion regarding the likelihood of successful drilling
on active arcs. We believe that DSDP site 457 failed because it was drilled too
close to large, subaerial volcances that are subject to ﬁigh rates of erosion and
that produce large amounts of pyroclastic material. A significant fraction of this
material comes to rest between the larger volcanoes, resulting in the very high
sedimentation rates determined for this hole (minimum rate = 57m/m.y.; Shipboard
Scientific Party, 1981)., We predict that if sites are chosen along the active arc
away from the larger Qolcanoes, the sedimentation rates will ﬁé much lower and will
include a higher proportion of finer clastic and biogenic material. If sites are
chosen between submarine edifices, erosion of adjacent highlands would be

minimized, as would be the production of coarse pyroclastic material. In the
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former case, the absence of rainfall and wave action means the submarine edifices
should “erode” at a much lower rate than the subaerial edifices, while in the
latter case, hydrostatic pressure and the lower deyrees of fractionation should
make the explasive eruption and distribution of pyroclastic material from submarine
vents a rare occurrence. Thus sediments between the submarine volcanoes should be
finer-grained, more thinly bedded, and better 1ithiffed than sediments deposited
between the subaerial wvoicanoces. [f true, then the prospect for successfully
attaining the objective of DSOP site 457 by drilling between sﬁbmarine valcances
would be greatly enhanced.

In summary, studies of active intra-oceanic arcs are giving us an
increasingly detailed perspective on these essential components of crustal
evolution. We are beginning to study the 99.5% of .the active arcs that is hidden
beneath sea level, using dredging, swath-mapping, and submersible diving. Urilling
on the active porticn of these arcs is the only way in which we can address certain
critical questions regarding the evolution of these arcs..rThere are risks involved
in scientific drilling of active arcs, but with careful site surveys and site
selection, the technical difficulties can be overcome. Results from studies of
cores recovered from active arcs would lead to a substantially improved perspective

of arc evolution, and would be of interest to a broad spectrum of earth scientists.
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Figure Captions
Figure 1. Cross-section through arc-back-arc basin systems such as the Lau-Tonya
and Mariana arc region. A spreading back-arc basin separates a remnant arc from an
active volcanic arc which has been superimposed on part of the back-arc crust.
Tectonic erosfon has removed fore-arc material exposing roots of older arc
components on the trench siope. (from Hawkins et al., 1984.)
Figure 2. Perspective section showing the principal bathymetric features, tectonic
elements, and crustal profiles in the Mariana Arc-Back-Arc System. Numbered i
localities refer to USDP Leg 60 sites. Note the active Mariana Arc is about 50 xm

wide. (from Hussong et al., 1981.)

Figure 3. Profile along the highest points of the active Mariana Arc, from 189N to
295N, Seamounts denoted "(A)" refer to recent]y.active'volcanoes.‘ Note how little
of the arc is exposed above sea level. Vertical Exaggeratidn = 75X. After Stern

et al., 1984,

Figure 4. Petro-tectonic cartoon showing possible relationships between the
sources of island arc and back-arc basin magmas in the early stages of rifting (A)

and in a mature arc-back-arc basin system (8).
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C. Major Scientific Problems; Backarc Basias

There are at least four major problems for study im backarc basins,
These include definition of the chemical—petrologic character of backarc basin
basalts and an assessment of their differences or similarity to MORB or island
are volcanic rocks; the tectonic evolotion of backarc basins znd the dynamic
aspects of their injtial opening; the relationship between basalt crust forma-
tion, the sedimentary infilliong and hydrothermal c¢ircglation; and an evaloa-
tion of the possible relationships between backarc basin lithosphere and the
oceanic¢ rock assemblages known from ophiolites,

Data from many backarc basins are available and clearly establish that
the mainm rock type formed during the spreading process is tholeiitic basalt
that, in most aspescts, shows a close similarity to basalt types collected from
mid-ocean ridges (e.g. Hart et al, 1972; Hawkins 1974, 1976, 1977; Hawkins and
Melchior, 1985; Fryer ot al, 1981; Dick, 1982; Saunders and Tarmey, 1979). 1In
spite of the overall similarity to MORB, there is subtle, but significant,
variability in the nbmdggcessgf alkaljes, alkali metals, LREE, water and some
isotope «ratics such as Sr/°"Sr and "He/"He that point to differences in the
mantle source beneath backarc basin and to the possible effects of “vola-
tile” c¢omponents derived from previously subducted oceanic lithosphere (Haw—
kins and Melchior, 1985; Poreda, 1985; sec also discussion by Poreda in Appen—
dix of this report). These chemicezl differences are e¢xpressed not only as
distinctive characteristics for different backarc basins but as compositional
zonation within individual ©backarc basins e.g. Lau Basin (Hawkins and Mel-
chior, 1985) and the Scotia Sea (Saunders and Tarney, 1979). A possible
ezplanation for this, presented by Hawkins et al, 1984 and Hawkins and Mel-
chior, 1985 is that as backarc basins develop they oprogressively tap mantle
material that s less enriched in "slab derived” components and more like
the source that forms "N-MORB“ (See Fig. 5 ).

Thers are additional complications about the petrology of backarc basins
that suggests that in some there is an interlayering with arc tholeiitic or
calc=-alkaline lavas e.g§. in the Mariana Trough DSDP hole 452A (Wood et al,
1981}). Lonsdaie and Hawkins (1985} interpreted the presence of small rhyoda-
¢ite monnds in the Mariana Trough 23 the expression of fractional melting of
arc-derived sediment trapped between basaltic 1lava flows on the seafloor.
Dacite vitrophyre dredged from Zephyr Shoal in the Lau Basin (Hawkins, 1976)
is another example of ancmalous silicic rock exposures on otherwise "normal”
oceanic crust. The most striking evidence for silicic magmatism within the
confines of a backarc basin is the extrusion of rhyodacite vitrophyre at the
Valu Fa magma chamber site in the Lan Basin (see discussion by Mortom in the
Appendix of this report). Whether or not this silicic magmatism is a reflec-
tion of the Tonga arc magmatic system (the bulk of the evidence suggests that
it isj or is a veriant of backarc magmatism is not yet agreed on., Neverthe—
less, the presence of this rock type points to the importance of backare set-
tings as a probable site of origin for ophiolites and to the need for detailed
petrologic studies of backarc basins. ’ . .

These data show that there are good reasons to postulate that there is
considerable three-dimensional heterogeneity inm the crust of young bhackarc
basins and that the earliest stages of their opening may yield & spectrum of
rock types even though MORB—1like basalt is the main product in most stages of
this evolution. Drilling, especially on the flanks of young backarc basins,
is the best way to study this heterogenity.
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2.

Model to explain the evolution of back arc basins and the compositional zonation of back arc basin crust.
{I} Initial stage of evolution showing the Convergent plate margin, the active volcanic urc, and the forearc. The
forearc is under extensional stress due 10 the “rollback™ of the trench hingeline. The cross-haiched srea under the
arc and foreare represents mantle that has been partly depleted in its “basallic® components but variably enriched in
water and large fonic-radius lithophile (LIL) elements derived from subducted oceanic crust. The stippled pattzrn
and the curvad arrows represent deep mantle convective flow driven by the seaward retreat of the subducied plate,
The mantle counterflow causes thermal upwelling in the foceare and causes the forearc extension. Heavy lines in
the forearc crust represent normal (zult planes that form half-grabens as the {orearc is dilzted. (I} This view
represents a more advanced stage ol forezrc extension. Rising mantle diapirs (solid arrow) have partiy metted 10
farm MORSB-iike basalt in the rifted region. These meits have-bezn modified by zone-refining processes that enrich
them in water and LIL components derived [rom the enriched upper mantle. The basalt is comparable 10 the Mad-
ana Trough-iype basalt (MTB). {lIl) Continued extension of the (orearc cuuses new ocsan crust to form due to
fraciional meifting of the rising mantle diapir. Inflow of “new" mantle, and eruption of basalt through vpper mantle
and desp crust depleted in the enriched materiai, allows eruption of basall mors like normal MORB, eg., Lau
Basin-iype basalt (LBB). The volcanic island arc has become inactive because the geometry of the subduction svs-
tem has besn changed due to the seaward retreat of the subduction zone, Noie that this model requires that here
15 2 break in arc volaanism during the early stages of "back arc® basin evoiution. ([V} A new volcanic arc has
formzd on the cuter edges of the zone of extension. It is superposed on, or replaces, part of the back arc basin
crust. The active arc is not a fragment split off from the oider (remnant) arc. The configuration shown here is
similar (0 the Lau Basin in which the back darc crust is zoned (rom MTB 1o LBB basait. In the Marana Trough the
new arc formed at a stage equivalent 10 stage Il sbove, The geometric arrangament of ares ind the new ocesnic
crust make the latier a true “back ard basin. A more detaded explanation of the modet for tecionic evolution
shown here, and the field evidence to support it is given by Hawkins er af. (1984],

from Hawkins and Melchior,

1985.
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The evolnFion of the basins by spreading seéms to be well established but
the details of the spreading mechanism and fabric of spreading, espescially in
the earliest stages, is not well known., Karig (1971) proposed a general model
for their evolution that followed conventional rigid plate models for ocean
ridge spreading. Sapport for this type of process comes from the recognition
of symmetric magmetic stripes in some backarc basins such as the Scotia Sea.
There is some support for this symmetry in the Mariana Trough. However,
Lawver and Hawkins (1978) pointed out that in the Lau Basin although the mag-—
notic lineations were symmetric in some areas generally the symmetric patterns
rarely extended for more than 50 km before being desrupted. Also, they noted
that theré wers abundant seamonnts that disrupted the symmetric patterns.
They proposed that the Lau Basin spreading fabric may be characterized by
numercus point somrces, by ridge jumps and by continual reorganization of the
spreading fabric., While drilling is not the most effective tool to study the
spreading geometry of backarc basias, it will be an important help in unravel-
ing crustal ages (throngh the sedimentary record) and to test models for the
. mechanisms of basin opening.

The geometry and kinematic characteristics of the initial rifting of
backarc basins is spsculative. The conventional idea has been that the origi-
pal volcanic arc was rifted, an active segment was carried seaward and new
acean crust was generated in the rift zone, This intumitively satisfying model
was questioned by Hawkins et 2l {1984) who proposed that in some settings the
initial rift may have been in the forsarc and that the earliest stages of
backarc spreading actually were in the forearc. The outer, active, volcanic
arc in some systems is .younger than the earliest "backarc” crust. This
model can be tested by drilling on the older parts of backarc crust and inter—
preting the sedimentolegic history of the basin filling.

Other models needing testing include the proposal that propagating rifts
mey play an important role. This process may actually be cccurring today in
the Lan Basin and at the north end of the Mariana Trough (see discuzssions by
Stern, by Flower and Rudolfo and by Ito et al ia the Appendix of this report).

The ophiclite problem may not ever pe solved by use of petrologic—
geochemical ' discriminants alone in view of the marked similarity between MORB
and backarc basin basalts. This is especially true when effects of metamor—
phism are considered. The most significant variables are the elements most
likely to be mobilized during hydrous subsolidus reactions whereas the immo—
bile trace elements are those that commonly show the closest affinity for the
MORE apd backarc basin basalts. Apart from the apparent abundance of silicic
rocks in some backarc basins, the sedimentologic record appears to offer the
most promise for recognizing remnants of backarec erust.

Backarc basins may have sediments characteristic of restricted circula-
tion, high silica activity (e.g. favorable .for radiolarites if other oceano-
graphic conditions permit), clastic sediments derived from adjacent island
arcs may be interbedded with basalt, the clastic material amy be virtmally the
same age as the underlying basaltic crust, and stratiform metalliferous depo-
sits may be favored alomg the arc—basin margin.
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The hydrothermal circulation system in backarc basins may also show dis-
tinctive characteristics becanse of the clastic sedimentary blanket that may
bury young crust. .

Collectively all of these studies will have bearing om the ophiolite
problem. Recognition of crust derived from backarc or arc material is criti-
¢al in making paleotectonic interpretations of the suture zones represented by
ophiolites. The sense of convergence polarity is obviously wrong if backarc
remnants are mistakenly intsrpreted as fragments of obducted deep soa floorx.

Ay £ 8
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IV. SUMMARY OF PROPOSED DRILL SITES

We have selected four geographic areas in which there are well defined
problems, extensive background information, and excellent prospects for find-
ing answers to many of the impor tant problems concerning crustal evolation in
arc-trench-backarc systems. These are the Bandz—Suiu, Lau-Tonga, Mariana and
Izu-Bonin systems., In addition there are important problems to be solved in
other systems such as the Sez of Japan and d'Entrecasteaux-Vanuatu Trench.
The Banda—Sulu area has been proposed to the Western Pacific Panel and only a
summary of this drilling plan is precsented hers. The Sea of Japan and
d’'Entrecasteanx-Vanuatu areas also have heen proposed by other groups and were
not extensively discussed at our meeting. Copies of these proposals are
included for reference. The main focms of our prlans was on the three active
intra-oceanic systems listed below. These are:

1. Laa Basin-Tonga Trench system

We propose 12 sites (Fig. 6). Five are on the Tonga Ridge and upper
slopes of the Tonga Trench. One site is on the west side of the Lau
Ridge (remnant arc). Three sites are on the west side of the Lan Basin
adjacent to the Lao Ridge and three sites are in the Laun Basin

2. Mariana Arc system

We propose 12 sites to complement the DSDP transect at 18%N (Fig 7).
Three sites are in the forearct 4 sites are on the trend of the arc vol-

canoes and 5 sites are in the Mariana Trough (backarc basin) or its
northern extension,

3. Izu Bonin system

We propose 11 sites (Fig. 8). Two sites would have twe holes - 9 holes
are proposed. Two holes are in the outer forearc, four holes are on the
inner forearc and three holes are on the island arc and area undergoing
rifting (to form a backarc basin?). '

We have not ranked the importance of the geographic localities as each
offers critical insights to the evolution of arc systems, The priority within
ecach system is as Follows:

Tonga—Lan

First priority sites: TI-1, TS-1,-L-7, L~9, L-11 (not im rank order)

Back-up sites: TI-2, TS-2, L-5, LAD-1, LAD-2, L-8, L-10 (not in rank order)

»

Mariana
First priority sites: NM-1, NM<2, MA-5, MF-4, M-8 (not in rank order)

Back-up sites: MF-1,2,3; NM-3, NM-4, M-9, M~10 (not in rank order)
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Jzu-Bonin

not ranked

The participants were unanimous in recommending that all of the proposed
ODP sites be considered as but one important element in a mul ti-disciplinary
effort to understand arc systems. This work should be completed by addi tional
land ' and marine geological~geophysical work, sampling and observations with
‘manned and remote vehicles and platforms, and should make use of the excellent
opportuni ty to use deep drilling on islands as a means of obtaining addi tional
samples as well 2s making deep crustal down hole measurements.

V. TONGA ARC-LAU BASIN STUDIES

The Tonga Arc system comprises the Tonga trench, an outer arc ridge
formed of an wuplifted limestone platform that in part is known to overlie
Eocene (and older?) igneous rocks, an active volcanic arc (Tofmna ar¢) the Lau
Basin (backarc buasin) and the Law Ridge (Remnant are). The Lauw Basin probably
is less than 3 m.y., old and the age of the active volcanic arc is not known
but may be much younger than the Lau Basin, e.g. <1 m.y. (Hawkins et al,
1984). The Lau Ridge remnant arc was active from 14 to 5 Ma and the volcanic
arec is built on an Eocene to Oligocene basement (Gill et al, 1984; Whelan et
al, 1985; Eroencke and Rodda, 1985).

There are two main reasons for proposing an intensive program of drilling
in the Tonga Arc system. {1) The regional geology is well known from previous
land and marine geologic studies, there is a good chronologic record of tec—
tonic and volcanic events known from these studies; the region has been stu—
died intensively in the last few years and .additional work is funded for
1985-1986. Specifically this includes extensive SEABEAM charting and
geochemical-geophysical surveys of the Lau Basin. (2) To date the only arc
system that bas received such extensive study plus deep drilling is the Mari—
ana Arc system. A study of the Tonga system, which is known to kave some fun—
damentally different characteristics in terms of geologic history, magma chem—
istry and geophysical data, will give another " type” arc system for under—
standing the role of arc systems in crustal evolution. A good case can be
made for continued work in the Marianas but it is impor tant to ‘understand
other arcs so that our thinking about geologic processes is not biased by data
from only one component in a multi-component system.

The sites proposed are on the Tbnga Ridge, the Lan Basin and the Laun
Ridge.

A. Lau Basin Crustal Evolution - Proposed Dril! Sites

The Lau Basin (Fig. 6) is an excellent site for testing models for the
origin and evolution of backarc basins. As part of a broader study in the
Lau-Tonga arc system that will study crustal evolution at a convergent plate
margin, five sites in the backarc basin are proposed. At least one of these
sites should be considered as a potential "natural lab” location for long-
term studies, with deep drilling to layer 3 as a goal, and a plam for down
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hole physical and chemical studies.

The five sites proposed for the Lau Basin are designed to investigate the
following problems:

1. The early rifting history of the basin; the record of volcanism on
the remnant arc (Lau Ridge) as preserved in the sedimentary infilling of the
basin; the composition of the basaltic crust on the western (older) edge of
the Lau Basin; the sedimentologic-paleo—oceanographic history of the basin
filling; the role of hydrothormal circulatiom in modifying the crust under
sediment filling. Two holes (L-7 and L-8) are proposed here, ancther hole
(Lau=2) with similar objectives is proposed by Stevenson et al in this report.
The latter is located near DSDP site 203 on the western edge of the Lan Basin
near lat. 2298. Site 203 penetrated 409 m of calcarcous fossil ooze with ‘high
concentrations of ash and volcanic sands. The acoustic bascment was not
reached but a late Miocene age was postulated on the basis of extrapolating
the estimated accumulation rate. Up to 1.5 seconds (two-way travel time} of
sediment was found in the sediment ponds near site 203 and comparable
thicknesses (0.5 to 1+ seconds) are present all along the western edge of the
Lan Basin. i

Site L-7, proposed here, was chosen to provide data listed.above from a
basin margin site near a probable "flow line” that cam be tied in with a
site in the central part of the basin.

In addition to exploring the geochemistry of magmatism and depth of basin
during inpitial backarc basin formation, site L7 will aad important constraints
to study of the plumbing system and source composition of arc volcanism. If
L7 is floored by basaltic backarc basin -crust, then this crust probably is 3
to 5 Ma old (magnetic ancmalies 2’ to 3: Weissel; Malahoff}. During this
time, the remnant arc was the site of shoshonitic to tholeiitic volcanism
whose trace element and isotopic traits unambiguously are characteristic of
island arc volcanism (Gill, 1984). This volcanism includes the 4.0 +/- 0.5 Ma
medium—K tholeiitic basalt (K51=1.2-1.5) of Moce island immediately west of
the proposed drill site (Cole et al, 1985). At the time of Moce volcanism,
the incipient Lan Basin may have been as much as 100 km wide——i.e., the dis—
tance from . the base of the Lan Ridge to anomaly 2'. Hence, if the site
retarns Pliocene backarc basalt, then arc volcanism clearly continmes on the
eventnal remmant arc for up to 2 m.y. after opeming of the basin, even while
chemically different basalt erupts in the basin itself. Effectively this
means eruption of backarc basalt in the forearc! Alternatively, if backarc
formation begins at 3 Ma, which is the age of the oldest well-defined magnetic
anomaly and the time of transition to intra—oceanic basalt-type volcanism on
the remnant are (Gill et al, 1984) then site L7 should pemetrate sabsided rem—
paat arc crust, and the overall Tonga~Lan arc edifice is very wide ( “400 &m),
presumably due to dilation and attenuation.

Expedition track lines and a singie channel airgun seismic reflection
profile near site L-7 are in Figures 9 and 10. The seafloor near site L-7 is
formed of extemsively faulted and titled blocks of bedded rocks with about 0.3
seconds (two-way travel) of sedimentary rock above acoustic basement. The
acoustic basement may be the basaltic crust of the backarc basin or some other
type of lithified arc—derived rock. A dredged sample {ANTP ~244} from expo—
sures of the bedded rocks is siltstone and fine—grained sandstone - derived
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from s volcanic terrane. The crystalline bascment beneath these sediments is
assumed to be the earliest extrusions of backarc basin basalt but this is not
known and is one of the objoctives of this site. A hole through the bedded
sediments and into igneocus crust is proposed. The area around sits L-7 will
be surveyed more extensively om the SIO expedition to the Lau Basin in
December 1985, J. Hawkins, Chiof Scieatist. This survey will include SEABEAM
ba thymetry, magnetic profiling, rock drsdging and sediment coring with gravity
cores.
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.ed Sites . .
s _7 west side of Lau Basin, arc record of Lau Ridge,
= hydrothermal circulation history, paleo-oceanogr:

. record in sediments, early rifting history of ba,
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‘ific Objectives: To determine the early rifting history of the Lau Basin by coring through sedi
COVer into basement. Collect samples for radiometric and paleontolegic age determinations, lo
for the volcanic record of rempmant’ arc (Lau Ridge), determine role and effect of hydrothermal
circulation under arc derived sediment cover, look for metallogenetic processes, determine th
composition of the crystallline basement (arc ? backarc? transitional?) This will give baseme
rock samples for the earliest stages of the backarc opening

'

:zround Information:
iﬁonal[)aﬂhnd record of Lau Ridge history from island studies, Lau Basin studies of evolutiom,
;tnnh:;ypmﬁﬂssnagnetics available. rock chemistry of basin is known '
Seismic profiles : Single channel airgun from SIO expeditions
‘ther data: Bathymetry, magnetics, dredged samples
Area will be charted with SEABEAM, andmagnetics collected and samples
.1 Survey Data - Conducted by: -
Tates

tain results: .

dredged in Dec 1985

.rational Consideraticns

-ar Depth: (m)  2200-2300 Sed. Thickness: (M) 0.4 secs ToOt2l penetrg:ion: (m) . 409, = 500 m
' : . - 100 - 200 m
Z x . Double HPC Rotary Drill _x Single Bit < Reentry

-ure of sediments/rock anticipated:
indurated siltstone and volcanic sandstone, basement probabl

-zther conditions/window: is basalt Age Oligocene ? to present
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A second site proposed for the westorn edge of the -basin (L-8) will serve
slightly different purposes as it is intended to focus maialy on the goochemi-—
cal evolution of the Lam Ridge volcanic are and the tramsition to the Laz
Basin crast.

The most recently-riftad margin of remnant arcs are valuable
drilling objectives for understanding the evolution of cceanic
island arecs. They racord the vertical motion of an island arc
during a rifting episode:; they record the apparently distinctive
magmatic phenomena asgociated with arc rifting; and they may
provide accass to early arc basement at a site far removed from
the frontal arc. All three objectives can, in principle, be met
by studying the complementagy margin of the active arc, but the
record there 13 coverad and complicated by subsequent volcanism
and the rifting-related volcanism 4is best developed 'on the
remnant are.

Within this context, the Lau Ridge is the sensibla initial
drilling objective for Saveral reasons: it has the most subaerial
exposure and the islands have been well-studied; it is the best
surveyed geophysically, although the existing coverage is scant;
and it is a natural ccmponent of an integrated drilling program
in the Tonga-Lau region.

The Lau Ridge site has three specific cbjectives: (1) to
determine the vertical motion of the Lau Ridge during opening of
the Lau Basin; {2) to confirm and explore the lateral axtent of
the 7 M.a. boninitic and low=-K rhyclitic magmatism which pPresaged
this opening; and (3) to reach the Oligocene-Eocene basement of
the Lau-Tonga arc. Each objective is discussed Separately below
after a brief description of the proposed gite.

Site Description.

The eastern edge of the Lau Ridge is the ¥Youngest rifted margin
of a remnant arc available for drilling. Backarc basin crust 3 to
5 M.a. and younger Separates Lt from the Tonga frontal arc to the
€4ast. Fortuitously, thesubaerial portions of this remnant arc,
i.e. the Lau islands of Fiji, are relatively extensive and well-
studied geologically, chronoloqically, and petrologically
(Woodhall, 1985; Whelan et al., 1985; Cole et al, 1985; Gill,
1976). South of the proposed site, the exposed basement consists
of volcanic rocks 14 to § M.a. old: the Lau Volecanic Group. On
the easternmost .-Lau igslandsg {(Cikobia-i-Lau, Katafaga, Oneata),
this formatioen contains subaerially-erupted island are tholeiitic
basalts to acid andaesitaes indicative of eruption at a volcanic
front (K50=1.0; FeQ*/Mg0=3.0; flat REE). Locally this formation
is o%erlain by reefal limestone, epiclastic sediment, and
chemically different volcanics. Elsewhere on the Lau and Tongan
Ridges (i.e. Viti Levu and Eua islands, respectively) correlative
formations are underlain by Eocene to Oligocene “arc basement”.
This overall context has been summarized recently by Gill et al.
(1984), Whelan et al. {1985}, and Kroencke and Rodda (1985).

The specific site proposed here (Fig.//)} is preferred far three
reasons. {1} Nearby Cikobia island (Fig.,2), 40 km Away, exposgses
basal 7.4 M.a. old boninitic pillow lavas and hyaloclastite
sediments overlain firat by calcareous sandstone and later by
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dense limestone. The site also lies 55 km along strike of the Udu
Peninsula of Vanua Levu island where the basement is voluminous
7.0+/-0.5 M.a. old low-K rhyolitic domés and pyroclastic rocks
(Stork and Gill, 1985%) which host c¢ommercial Ruroko-type ores
{Colley and Rice, 1975). These magma types require high thermal
gradients in the upper mantle (boninite)} and crust (rhyolite),
and apparently presage opening of the Lau Basin. These boninitic
rocks are the youngest in the western Pacific, and the low-XK
rhyolites are the most voluminous and best studied example of
thig widespread vet distinctive rock type of ocean arcs and
backarcs. The rest of the easternmost remnant arc, for 30 km
south to the Nanuku Basin exposes only Quaternary reef. (2) There
is a 2400 meter-high scarp along the rifted arc at this point,
and a 2000 meter~deep canyon is cut transverse to the strike of
the arc. These.scarps should provide access to the pre-Miocene
basement. The steepness results from proximity to transform
faults and from lying at the point of maximum flexure during
rotation (Malahoff et al., 1983). This may be disadvantageous,
resulting in extensive cataclasis. However, gubaerially exposed
rocks are undeformed. (3) There is at least some geophysical
coverage. Mobil has made public several single channel lines >100
km to the south (Fig. J3) which are interpreted as showing
"Miocene/Pliocene volcanic rocks and sediments™ at the surface of
the easternmost edge of the Ridge, with younger sediment ponded
in westerly basins. Also, a shallow scientific hole was drilled
in Wailanga Reef, 110 km to the south, in the 19403; information
is being sought. )

Objectives.

{1) Vertical Motion. The regional subaerial geclogy indicates
subsidence 7 to 4 M.a. ago (Woodhall, 1985). Nearby Cikobia
island was the site of submarine volcanism 7 M.a. ago, and the
" volcanics are overlain by foramianiferal, calcareous sandstones.
Facies and flora/fauna of the sediment may record the vertical
history of the arc during its most recent rifting episode, but
insufficient section is available for study on the islands.

(2) Volcanism Accompanying Rifting. Rifting in the northern
Marianas and Bonins (Stern, -1984; Taylor et al., 1985} and
elsewhere in Fiji {(Gill et al., 1984) 1is accompanied by
geochemically distinctive low-K rhyolite and high~X shoshonite,
together with more conventional magma. It has been speculated
that boninite also may occur in this context (Becceluva, 1982).
Voluminous rhyolite and one small body of boninitic pillows form
local basement near the proposed drill site. Drilling would
explore the aerial extent and stratigraphic context of this
rifting~related magmatism.

{3) Arc basement. The oldest rocks of Fiji and Tonga, like those
of other western Pacific arcs, are Eocene sediments asscociated
with 40-44 M.a. and 30-33 M.a. old arc tholeijitic and boninitic
lavas (Ewart and Bryan, 1972; Whelan et al., 1985).The spatial
distribution and variation in age and composition of this
distinctive basement is important to establish because it 1is
unknown whether the volcanism occurred over a wide area, covering
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pre-existing oceanic crust, or occurred in an ordinary volcanic
arc, displacing oceanic crust trenchward and eventually creating
wide, young crust. In the Marianasgs, this distinctive basement
apparently extends at least from the trench to Guam. Less is
known in the southwest Pacific, but small exposures occur in the
northernmost Tonga trench (Russian dredging, 198S), on the
forearc high (Eua) and in the remnant arc (Vviti Levul. Quite
possibly none of this is in place. The proposed site offers the
deepest exposure of the remnant arc, possaibly exposing this
basement. Together with work in the Tongan forearc, this would
provide a wide sampling of arc basement for comparative study.

Site Status. Clearly this is a tentative proposal. Substantial
8ite survey is needed, including multichannel seismic, dredging
of canyon walls, and swath mapping. n




46
.d Site: General Objective:
o Sites L-8 en } Rifting history and basement
of oceanic island arc
2l Areaz Lau Ridge, FIJI . e
e 179 34' W 15 55' § Thematic Panel interest: LITHP
i.ate Site:  farther south, eatermmost Lau Rjdgeeglonal_l’z!nﬂeljrlterest: WPP

ific Objectives: 1. Vertical motion of an island arc during a rifting episdde, (sedimentary
palec—environment '
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3. Arc basement (age, petrology,palec—environment)

.:'-E:rounc'i Information:
zional Datas  industry single chamnnel seismic profile
sismic profiles: Nearby island geology, nearby shallow drill holes :

siher datas

_» Survey Data - Conducted by:
Lite: .
‘ain results:

~ational Considerations

Total penetration: (m) .,

-

-2r Depth: {m) 2000 Sed. Thickness: (m) ?

- Dou$1¢ HPC Rotax"y Driil X  Single Bit X Reentry

—

-ure of sediments/rock anticipated: L -
e of. ! P volcaniclastic sediments and lava
2ther conditions/windows
.ritorial jurisdiction: Fiji

2200

: A

scial requirements (Staffing, instrumentation, etc.)

“aponent: Date submitted to JOIDES Office:

James Gill, Earth Sciences Board, Univ Calif Santa Cruz

Rev.




et )
T Vil

(7.7 ) 7

NIy

.\. -
- 1 .
Hiees s

=T

{

AR

29,




S R R U L1 P [ | i B

/4

i - - a4 i Nnu.i i Y Al .
R DR W oy 3 &N Loy vnvrv __-W(\ .
Themed HITCTE: Mt ~

55 A 2  fot c—”. s 0 Py AUES L
g X 3 [ A e g b E
% B d }2 VR oyt e ;
e s U ata e L ) ZWU. )
- - Pl Py g B
= W SRSt 4

— propse meppesls1” N
?.:N.Oﬁv 't)
— VYDA d‘_oz_n_

i ﬂ&?ﬁ- g—ddnu .U-In‘ocoﬁ s \/U

<_m0v__u

ol

c/ ucﬁﬂ..n_




178°

179°

-180°




50

References

Crawford, J. A., Beccaluva, L., and Serri, G. (1981) Tectonomagmatic evolution
of the West Philippine-Mariana region and the origin of boninites.
Earth Planet. Sci. Letters 54: 346-356.

Cole, J., Gill, J., and Woodhall, D. (1985) A petrolagic history of the Lau
Ridge, Fiji (In: Geology and Offshore Resources of Pacific Island
Arcs - Tonga Region (Ed. D. W. Scholl and T. L. VYallier). Circum-
Pacific Council for Energy and Mineral Resources, Earth Science Series,
vol 2. (in press).) .

Colley, H. and Rice, C. M. (1975) A Kuroko-fype ore deposit in Fiji. Econ,
Geol. 70: 1373-86. .

Ewart, A. and Bryan, W. B. (1972) Petrography and geochemistry of the igneous
rocks from Eua, Tonga Islands. Geol. Soc. Am. Bull, 83: 3281-98.

Gill, J. (1976) Composition and age of Lau Basin and Ridge volcanic rocks:
imptications for evolution of an inter-arc basin and remnant arc. Geol.
Soc. Am, Bull. 87: 1384-95.

Gi11, J. {1984) Sr-Pb-Nd isotopic evidence that both MORB and 0IB sources
contribute to oceanic island arc magmas in Fiji. Earth Planet. Sci.
Lettars 68: 443-458. -

Gill, 4., Stork, A. L. and Whelan, P. M. {1984) Volcanism accompanying backarc basin
development in the southwest Pacific. Tectonophysics 102: 207-224.

Malahoff, A., Feden, R. H., and Fleming, H. S. {1982) Magnetic anomalies and
tactonic fabric of marginal basins north of New Zealand, J. Geophys.
Res. B7: 4109-25.

Rodda, P. and Kroenke, L. W. {1985) Fiji: a fragmented arc.

Stork, A. and Gill, J. B. (19@5) Crustal melting in an oceanic island arc:
geology and petrology of Fijian low-K riyolites. Contr. Mineral. Petrol.
{submitted).

Taylor, B., Fryer, P., Hussong, D. M., and Langmuir, C. H. {1985) Active vol-
canism in the Izu arc and rift: tectonic setting. E0S 66: 421.

whelan, P., Gill, J., Kollman, E., Duncan, R., and Drake, R. (1985) Radicmetric
dating of magmatic stages in Fiji. (In: Geology and Offshore Resources
of Pacific Island Arcs - Tonga Region (Ed. D. W. Scholl and T. L. vallier)..
Circum-Paci fic Council for Energy and Mineral Resources, Earth Science
Series, vol. 2. (in press).) : .

Woodhall, D. (1985} The geology of the Lau Ridge. Ibid.




51

2. The magmatic history of the Lau Basin spreading zome; hydrothermal circn—
lation processes; possible effects of motallogenetic fluids; end the initial
drilling of a "typical” backarc basin natural lab hole for comparative stu—

dies with the “1ab” planned for the mid-Atlantic Ridge and East Pacific

Rise, This site (L~11) is proposed as a bare rock drilling site near the axis
of spreading in the Lau Basin., The chemistry of rocks dredged from the site
indicates that they are "primitive'” N-MORB (Hawkins, 1977; Hawkins and Mel-

chior, 1985). One of the main objectives of drilling here will be to lock for
downhole variab_i:iity iz magma chemistry. The estimated spreading rate here is
about & c¢m yr full rate and there is a probablity that shallow depth frac—
tionation of magmas in near surface magma chambers has promoted temporal vari-
ability in magma chemistry. Hydrothermal circulation should have been extenm
¢ive and deposition of surficial and intra-flow metalliferous deposits is
likely - but not yet provad.

Site L-1]1 will most likely be a bare rock drilling site although it may
be possible to find a small sediment pond near the axial region. May of these
are known to be filled with the drift pumice that is so widespread in thae
basin, Expedition track lines and a representative single channel air gun
seismic reflection profile are in Figures 14 and 15. Data from dredging and
from SRP studies show that nearly all of the area near the presumed spreading
axis is underlain by pillow basalts or by complex interfingering of both pil-
lows and sheet flows, The topography is irregular and dominated by tilted
blocks and half-grabens. It is typical of slowly-spreading ridge systems.
More detailed discussions of the topography, structure and petrology are in
Sclater et al., 1972; Hawkins, 1974, 1976; Hawkins and Melchior, 1985; and
Lawver and Hawkins, 1978. The objective here is to begin a hole, near to the
axial region, to collect samples to study temporal variability in magma chem—
istry; to make downhole measurements of physical properties; and to begin a
backarc basin “natural lab”. The imitial hole depth objective would be 500
me ters; the long term plan would be to deepen the hole and make long term phy-
sical and chemical oproperties measurements. The  specific site selectiom
should wait until a SEABEAM chart of the area is made and more magnetic pro-
filing is done. This work, as well as extensive sampling of the axial region,
will be dome on the SIO expedition to the Lan Basia planned for December,
1985, J. Hawkins, Chief Scientist. By Januvary, 1986, the data for making a
specific site selection will be available. ‘

3. The role of silicic magmas in backarc crust generation will be addressed
at two sites, Site L-9, at the Valu Fa ridge "magma chamber” site will look
for offects of magma mixing between silicic and basaltic 1liquids. Because
there is good geophysical evidence for a volatile~rich magma chamber under
Valu Fa ridge, the site will be important for making physical properties stu-
dies in an ares with steep thermal gradients. The effects of hydrothermal
“eirculation, low (?) grade metamorphism and deposition of sulfide minerals by
circulation of metal enriched fluids will also be possible. The Valu Fa site
may be a unique opportmnnity to sample and moni tor mew formed silicic crust in
8 backarc setting. The hole may require bare rock drilling but an alternate
site is available on a small sediment pond. Ultimately this site may be used
as a deep sampling site and re—entered periodically for long term chemical and
physical measurements.
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VALU FA RIDGE, LAU BASIN L-9

A PRELIMINARY DRILLING PROPOSAL AT A BACK-ARC SPREADING CENTER

J. L. Morton, T. L. Vallier
U. S. Geological Survey, Menlo Park, CA 94025

and J. Hawkins
Scripps Institution of Oceanography, La Jolla, CA 92093

BACKGROUND

The Lau Basin is an actively spreading back-are basin located west of the Tonga
- arc-trench system. The spreading center in the southern part of the basin fs the Valu Fa
Ridge, a north-north—;:ast. trending ridge situated along the eastern side of the basin
approximately 40 km west of the Tofua volcanic arc (Figure !6. Magnetic anomalies indi-
cate that the crust bec;veen Valu Fa Ridge and the Tofua arc was created by back-arc
spreading at Valu Fa Ridge (Morton and Sleep, 1985) {Figure !1'3. Valu Fa Ridge has
been spreading for at least the past 700,000 yrs at a full rate of about 7 em/yr, similar

to the spreading rate determined for the northern part of Lau Basin by Wéi_ssel (1977)

The ridge has a narrow, non-rifted crest and extends for about 90 km from at least lat

21°51’S, long 176° 30°W to lat 22° 42'S, long 176° 46’ W. A small offset of the ridge at lat

22° 10°S appears to be formed by an overlapping spreading center pair.

Multichannel seismic reflection profiles over Valu Fa Ridge show a streng reflection
3.5 km beneath the séa.ﬁoor._ The polarity of the reflection, determined by pre-stack
deconvolution, indicates that the reflecting horizon represents a low velocity zone {Mor-
ton and Sleep, 1985). The reflector is interpreted as the top of an axial magma chamber.
The top of the chamber is flat-lying and 2 to 3 km wide (Figuresg). The magma chamber
appears to be continuous along strike, as it was observed on each of rseven cross-strike
profiles {from 1982 and 1984 cruises of the . P. Lee } spaced over 84 km of ridge crest
(Morton et al., 1984). One profile which crosses the ridg’é at the overlapping spreading

centers shows only one magma chamber, centered beneath the overlap basin.

The reflection coefficient for the top of the chamber, determined by comparing the

=

i s

T
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amplitude of the magma chamber reflection to the seafloor reflection, indicates a low
acoustic impedance (product of density and seismic velocity) for the material at the top
of the chamber. If a density of 2.4 to 2.7.gm/cm3 is assumed for the melt, then the velo-
city is approximately 1.8 to 2.0 km/sec. This velocity is considerably lower than experi-
mentally determined velocities of basaltic and andesitic melts (about 2.5 km/sec)
(Murase and McBirney, 1973; Rai et al,, 1981). One possible explanation for the low
seismic velocity is the presence of a small amount (approximately 1 volume percent) of
exsolved gaé in the melt at the top of the chamber. Fresh, highly fractionated glassy
andesite dredged from the crest of Valu Fa Ridge is highly vesicular with some vesicles

more than 6§ ¢m in length.

Rocks from two dredge hauls that were recovered on t.he. 1984 S. P. Lee cruise show
very little isotopic heterogeneity (¥Sr/%Sr=0.70330+2; u"l\i'ci/"“Nd={.‘L5-1303;9;‘.!;
2°°Pb/2°‘Pb=18.ési'z; WIpL /MMPb—15.55+1; msP-b/m‘Pb=3S.34:§:4) but have small but
consistent differences between dredge hauls in terms of their major and trace element
compositions {Jenner et al., 1985; Vallier et al., in prep.). These differences cannot be
easily explained by simple [ractional crystallization of a common parental magma
because of an inverse relationship between degree of fractionation and some incompatible
element abundances and changes in ratios of the highly incompatible elements. On Sr-
Nd, Sr-Pb, and Pb-Pb plots the Valu Fa samples lie just within or on the limits of the
MORB fields, overlapping with island arc volcanics from the Marianas, Tonga, and the
Aleutians. These isotopic characteristics and some other geochemical data (e.g. enrich-
ment of Cs relative to Rb, plus enrichment of K, U, Rb, Cs, and Ba over MORB values

of 3 to 20x) indicate a minor but significant subduction zone effect on the source area.

Elevated concentrations of particulate and total dissolvable manganese in the water
column above the ridge and ferromanganese crusts up to 10-mm thick of hydrothermal
origin dredged from the ridge crest suggest that hydrothermal circulation is occurring at

the ridge.
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DATABASE CONSIDERATIONS

Surveys of Valu Fa Ridge aboard the S, P, Leg in 1982 and 1084 and the Sonpe in
1985 have yielded a considerable amount of geophysical and geologic information. 450
km of 24-channel seismic reflection profiles and accompanying gravity and magnetics
data and 3.5 kHz and 12 kHz profiles include 7 crossings of the ridge axis (Figure g&).
‘More than 2000 km of Seabeam profiling, accompanied by magnetics and 3.5 kHz
p_roﬁliné, yielded detailed bathymetry of the ridge from -a.bout lat 22°8'S to 22° 40'S.
- Geochemical studies are in progress on samples obtained from 21 dredge hauls along the
ridge and on sediment samples obtained by gravity and piston co-ring in -basi.ns east and
west of the ridge. Six deep-towed photographic stations and one hydrocast station have
also been conducted along the ridge axis. Upcoming cruises to Valu Fa Ridge aboard
French and U.S. vessels in 1985 and 1986 will provide additional rock and water samples
and geophysical data. '

OBJECTIVES

Valu Fa Ridge presents a unique opportunity to study hydrothermal circulation at

a spreading ridge n_rhere the depth to the heat source is known. We.propose drilling one
hole to penetrate into the upper plutonié section along Valu Fa Ridge crest at lat 22°
15’S, long 178° 3T'W (requires bare-rock capability). An alternate drill site is in one of
the small sediment basins on the eastern flank of the ridge {22* 37’S, 176° 43’W and 22°
38’5, 176° 38'W) where bare rock drilling capabilities may not be necessary. Specific
objectives to be addressed by drilling at Valu Fa Ridge include:
VALU FA RIDGE CREST
I. What is the nature of hydrothermal circulation at the ridge axis and its relationship
to the axial magma chamber?

Is the upper crust over the magma chamber completely cooled by cool seawater,

or is there a thermal gradient in thé- shallow crust? What is the permeability

and pore pressure in the crust and how does it relate to convection? Are high
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temperature minerals being crystallized at depth? What is the chemistry of the
cireulating fluids?

2, What factors affect the chemistry of rocks erupted at back-arc spreading centers?

Does chemistry change with depth?
Rocks dredged from Valu Fa Ridge are andesites with MORB affinities, but also
showing subduction zone effects. They have a high volatile content. What is
the affect of magma mixing on back-arc lava chemistry? How much effect does
the down-goﬁg slab have on the chemistry?

3. What are the physical properties of the crust near the spreading center?
Seismic reflection and refraction results indicate that the shallow crust at the

" ridge has a low velocity. S;:nobuoy refraction records suggest that this low veio-

city region is about 500 to 1000m thick. Highly vesicular samples dredged {rom
the ridge suggest that the low velocity mayl result from a high porosity. Does
the low velocity reflect high porosity only? or a high degreé of fracturing? How
thick is the low velocity layer? Down hole experiments (seismic, televiewer, etc)

would address these questions.

VALU FA FLANKS

Sedimentation rate is high in the region, especially east of the ridge near the arc. Small

sediment-filled basins lie within 4 km of the ridge axis and basins with thicker sediment

fill withis 7 to 8 km (Figurei§). A gravity core that was "warm to the touch” was

recovered from ome of the basins adjacent to the ridge. Drilling at Valu Fa would

require hard rock capabilities, but this might not be required in these basins. Drilling in
these basins might also help answer questions such as: When does the sediment cover
| become thick enough to provide an impermeable cap to a'hydrothermal convection sys-

tem? What is the timing of recent arc eruptions (tephrochronology)?
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COMPARISON WITH SPREADING CENTER IN NORTHERN LAU BASIN

Valu Fa Ridge lies in the southern part of the basin, near the eastern side. Further
north in the basin, the spreading center lies nearer the center of the basin and is charac-
terized by MORB-like volcanism. Does Valu Fa represent an early stage of opening and

the northern spreading center a more mature spreading center?
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FIGURE CAPTIONS
Fig. /¢ Bathymetric map of the eastern Lau Basin and t;he southern Tonga Plat-
" form showing the location of Valu Fa Ridge and multichannel seismic reflection lines
from the 1982 and 1984 S, P, Lee cruises. Triangle marks the location of 2 dredge
stations, 3 photographic stations, and 1 hydrocast station from the 1984 S, P, Lee
cn_xise. Additional dredge, photographic, and coring stations from the 1985 Sonpe

cruise located along Valu Fa Ridge between lat 22°8'S and 22°32°S are not shown.

Bathymetric ma.pping by T. E. Chase, B. A. Seekins, S. C. Vath, and M. A. Cloud. -

Contour interval is 400 m.

.Fig. /7 A) Observed total field magnetic anomaly along line 10. B/M marks the
Brunhes/Matuyama boundary. J? marks the Jaramillo event. B} Observed mag-
netic anomaly along line 11. C) Synthetic profile for a ridge spreading at 7 cm/yr.
D) The input model for the synthetic profile. Dark areas represent normal periods;

light areas represent reversed periods.

Fig. /& Migrated depth section for multichannel line 10 over Valu Fa Ridge. Note

that the magma-chamber reflection {arrow A) is flat-lying after depth migration.

Fig. /9 Time section of multichannel line 11 over Valu Fa Ridge showing magma

chamber reflection {arrows A) and small sediment basins to the east of the ridge.
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Proposed Site: cregt of valu Fa Ridge back-arc | General Objzctive:
* spreading center L q

Magmatic and hydrothermal

Gencral Arca: Lau Basin .
Position: 22°15'S, 176 37'w Thematic Panel interest: Lithosphere
Alternate Site: eastern flank of Valu Fa Ridge Regional Panel interest: estern Pacific

processes at a young back-arc spreading center,

Specific Objectives: .
1. Relationship of hydrothemal processes to underlying magma chamber.
2. Petrologic processes and the role of magma mixing.
3. Physical properties of the crust.

3ackground Information:
Regional Data: .
Seismic profiles: 24 channel seismic profiles (U.$.G.S.), single channel, 3.5 kHz and
12 kHz profiles
Other data: SeaBeam (B.G.R.), sonobuoy, magnetics, gravity, seafloor photography, dredging,
geochemistry of dredge hauls, water column chemistry, gravity cores from nearby basins.

Site Survey Data - Conducted by:
Date:
Main results:

Jperational Considerations

)

Vater Depth: (m) 1700 m Sed. Thickness: (m) om : Total penetration: (m) 1500 m

iPC Double HPC Rotary Drill . Single Bit - .Reentry X

Nature of sediments/rock anticipated: volcanic ash, brown ci:ay, volcanic sediments, fresh andesitic

sheet f£lows and aa flows.
Veather conditions/windows:

"erritorial jurisdiction: Tonga

dlher:

pecial requirements (Staffing, instrumentation, etc.)

Bare rock spud-in (not required at off-axis alternate site) special logging tools:
bore ‘hole televiewer and high temperature probe rock and water chemistry laboratories.

Toponent: Janet Morton Date submitted to JOIDES Office:

U.S. Geclogical Survey
345 Middlefield RrRd4., MS 9299
Menlc Park, CA 94025

Rev,

02t
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The Zophyr Shoal site (L-10) is selected to drill intc the flanks of a
known extrusion of dacite vitrophyre. The purpose will be to sample the cono
tact zone; to look for effects of magma mixing; assimilation of silicic rock
in mafic melts, or reaction rslations between older mafic aad younger silicic
bodies; stockwork brecciar; metalliferous deposits; and, if deeper drilling is

possible, the transitionm to hypabyssal or plotomic tonalits. This site will

be an important place to investigate _the‘ possible relationship between

tonalits—plageograni te masses of ophiolites and backarc crustal rocks.
Zeohvyr . Shoal Has been sampled and-charted an pfévious
eupeditions (Sclater et al, 179727 Hawkins,1974;1%74). Surface
2rposures ara dacite vitrdphyre with phenccrysts of hypersthene
and bytgwnite in a high silica groundmass. It must be underlain
bv a hkvpabyssal oluton of tonalite and must have a margin of
mized rock formed of silicic and mafic magmas. Expedition track
lines near Iephyr Shoal, and a repressntative single channel air
qun saismic reflectian profile are in Figures 20 and Zi. The +top
af Zephyr Shoal zposars ko be bare rock or has a vary thin
sediment cover. However, there is a ssdiment fill=ad mcat around
the base that has up to G, secands of silt amd fine grainead
fo?am - bearing sands. A& heat fiow measurement made in this moat
gave a values of Z.42 HFY ( cal cm zec ). The sediment filled
moat agpears to aff2r 3 sita suitable for spudding in.
Additional surveyving, including SEABEAM charting, magnatic
profiling and dredge/grayity zors2 sampling will be done oﬁ the
SIC expedition ta the Lau EBasin in'Dec{ 1985, J. H%wkihs, Chief.

Sciantist..
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General Objective:

sed Site: Zephyr Shoal, Lau Basin Petrologic study of backarc cr:
at site of known silicic extrusion to study the
L-10 possible relationships to silicic bodies in ophiolj
Hydrothermal circulation studies, look for effects
ne eas metallogen :
.-‘,itirjrluhr 15 53778, 176 aa The’.“a‘%cg”{és}rs"e" eST prup
.2rnate Sites Regional Panel interest: WPP

-acific Objectives: Zephyr Shoal is known to be a dacite vitrophyre extrusiom, presumably very young
as there is very high heat flow in nearby sediment ponds. At depths there must
be a small plutonof tonalite. The ‘purpose will be to sample it to look for the mixing relations
with the basaltic crust and to consider it as as analog for the silicic bodies common in
ophiolites but rare to non-existeant on the deep ocean floor. High probability that the ‘hydrother

cooling of the silicic body is favorable to metal transport and stockwork or disseminated
sulfides are likely,. _ '

2ckground Informations

legional Data: Geology of Lau Basin is known, area has been mapped and samples studied.
Seismic profiles: SI0 expeditioms and others?

Other data: Area will be charted with SEABEAM, magnetic profiles taken and sampled

SIO .
iite:Survey Data-CooerucItecfﬁ?dition in Dec 1985 -

Date:
Mazin results:

. serational Considerations

i : enetrazion: im
“ater Depth: (m) 2200 Sed. Th;;kness. m) 4.4 secs Total penetrazion: (m) 400 =500 edssens
. . 3 1 2508
“2C Double HPC Rotary Drilf x Single Bit Reentry x P45 D DAsemen
. B _
“zture of sediments/rock anticipated: silts and volcanic sands, ignecus basement probably basale and
. dacite
7 eather conditions/window: one
Territorial jurisdictions  ronga - Fiji
2ther:
. \

ipecial requirements (Staffing, instrumentation, etc.)

raponents : Date submitted to JOIDES Office:
James Hawkins, Geological Research Division, Scripps Inst. Oceanography, La Jolla, Calif
92093
Debra Stakes, Geology Dept. Univ South Carolina, Columbia, SC

Rev. 0284
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ODF DRILLING FROF2SAL, TOMGA - LA RESIGN _
A. Stevenson, D. Scholl, T. VYallier, R. Herzer, F. Eallance,
3. Chapronierse

INTRODUCTION

The Tonga Ridge - Lau Basin - Lau Ridge system represents an
arc-backare basin-remnant arc triplet 1lying along the morth-
eastern margin of the Indo-Australian plate. The Tonga Trench, an
active subduction zone, lies immediately East of the Tonga Ridge
and constitutes the modern Pacific - Indo-Australian plate
boundary. Subduction of Pacifiec lithosphere westward under the
triplet is occurring presently at a rate of 90 mm./yr (Minster
and Jordan,1978), and has maintained this general geometery since
the demise of South Fiji Basin spreading at 26 Ma {Malahoff et
al, 1982). Prior to the onset of South Fiji Basin spreading at 36
Ma basemeat rocks currently incorporated into the Tonga Ridge
("Eua outcrops) were located along the New Caledonia-Norfolk are
trend (Falvey and Cassie, 1979), These rocks are separated from
overlying Miocene volcaniclastic deposits of presumed Lau arc
origin by a hiatus that represents most (or all) of the Oligocene
South Fiji Basin spreading interval.(Chaproniere, pers. comm.,
1985). The remnant Lau arc was split from the Tonga Ridge by the.
inception of spreading in Lau Basin sometime in Pliacene time.
Ages postulated for this event range from 5 Ma {(Cherkis,l980) to
2.5 Ma (Malahoff et al,1982). Modern arec volcanism in the triplec
is confined to the western Tonga Ridge along the Tofua Arc, which
began about 3.4 Ma (Woodhall,in press,l985).

The history of the triplet can be divided broadly into three
major phases. Phase 1 is Tepreseunted by the 'Eua Eocene arec
volcanic sequence and is separated frowm phase two by the
Oligocene South Fiji Basin spreading hiatus. Phase two 1is
representaed by the Miocene~lower Pliocene Lau-Tonga arc, and is
separated from phase 3 by the opening of Lau Basin. Phase 3 is
represented by continued apreading in the Lau Basin and volcanism
along the Tofua arec.

This relatively simple tectonic history compared to other
arcs i the westera Pacific Provides several opportunities to
answer questions about the mechanisms by which arcs evolve, the
processes of back arc spreading, and the formation ¢f new arcs.
These opportunities will be described in detail inm the following
sections,

In addition to these questions the interaction of the
descending Pacific lithosphere with the overlying Tonga Ridge
provide opportunities to examine several subduction reltated
processes. The oblique subduction of the Louisville Ridge beneath
the Tonga Ridge over the last 3-4& m.y. (Dupont and Herzer, in
Press,l985) has svept from the north end of the trench to it's
current intersection south of Tongatapu. This has resulted in the
subduction of a large oumber of massive seamounts in a sediment
starved (unmlubricated) system. Subduction of these seamounts is
believed to have had 2 profound effect on the forearc (Dupont and
Herzer, ino press, 1985). The proximify of this event in time to-
the inception of spreading in Lau Basin allows for the
possibility of a genmetic relations between the two (sae
following).
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CESSATION OF ARC ACTIVITY AND IT'S RELATION TO BACK-ARC SPREADING

The Tonga Ridge~Lau Basin~Lau ridge triplet contains within
it the record of two episodes of arc dismemberment and rafting of
an arc fragment avay from it's sister by back-arc spreading. The
first episode of arc sundering is represeanted by the Ecocene
section on 'Eua island and western Viti Levu. This section was
formed above the early Tertiary Norfolk Ridge-New Caledonia
subduction zone, then transported eastward by the opening of the
South Fiji and Loyalty Basins (Falvey and Cassie, 1979).
Cessation of volcanism along this arc tremd could be compared to
the known period of South Fiji Basin spreading to determine
whether or not these two events are syachromous in time, or
whether arc volcaaism persists after back-arc spreading begins.
Proposed sites Lau-l and Tonga Terrace 1 and 2 are sited to
bottom in the uppermost preserved section of this Eocene arc
terraue . . '

The 'Eua outcrops and rocks dredged from the Tonga Ridge
indicate the existence of a hiatus in the depositional history of
the ridge that appears to correlate with the period of South Fiji
Basin spreading. The propesed sites mentioned should provide a
refined age range for this hiatus and iandicate when, in relation
to the end of spreading, the arc again became volcanically
active. Scott et al (1980) has proposed a similar relationship
for the Mariana arc system (back~arc spreading = no volcanism on
frontal are), but this has been disputed (Hussong and Uyeda,
1981), This area provides another opportunity to test the theory.
Current data from the triplet supports the view of GScott,
although in the more modera Lau Basin spreading episode, back-arc
spreading and volcanism ou the Tofua Arc are proceeding together.

The size of the displaced terrane underiying the Tonga and
Lau %idges is unknowun. Quterops of this terrane are known from
'Eua island in the Tonga group and from western Viti Levu in the
Fiji islands (Colley,l1976; Stearns,1971). Rocks dredged from the
Tonga forearc and the westerun flank of Lau Ridge (and DSDP site
205) contain reworked clasts and microfauna derived froum this
terrane. Proposed sites Lau-l,Tonga Terrace-l and Tonga Terrace-2
will help to define the areal extent of this terrane and may
provide sampies suitable for age dating and palecomagnetic
investigation to reconstruct the original position of this old
arc. Similar roeks from Fiji and Tonga have so far proved
unsuitable for this investigation (Rodda, 1982).

The second episode of arc splitting and back-arc spreading
involving the triplet can be investigated with a great deal more
precision than it's earlier counsterpart. proposed site Lau-1l is
sited to obtain a complete record of Lau Ridge volcanism proximal
‘to the arc axis, and site Lau~-2 is positioned to obtain samples
of the oldest sediment in Lau Basin that are presumed to overly
the oldest crust in the basin. The two Tonga Terrace holes will
provide a history of the vertical tectouics of the arc prior to
sundering as will site Lau~-l. Combined with the known magnetic
apomaly ages from the basin (Weissel,l977 Malahoff et al,l1982,
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Dupoat and Herzer,in Press,1985) these drilling data should
provide a high resolution view of the relation of arc volcanism
to back-arc spreadiang in time and space. In addition to the
foregoing, the cores recovered from these holes can be used to
track the evolution of the petrology of volcanism in the triplet
through a sundering and spreading event. It should be noted cthat
this second sundering has agaio divided the Eocene arc fragment
that underlay the Lau-Tonga arc and is once again distribucing
these‘fragments, encapsulated in a later arc structure, around
the rim of the Indo-Australian plate.

RELATION OF FOREARC VERTICAL TECTONICS TO BACK<ARC SPREADING ARND
- ‘ OBLIQUE SUBDUCTION OF A SEAMOUNT CHAIN

In the vicinity of 'Eua Island Upper? Cretacaous Pacifie
crust is uaderthrusting a very large Tonga Ridge (10.5 km. high
aad 180 km. wide from treach to the western edge of the
platform). This old thick ocesmic crust is ig direct contact with
the ridge basement owing to the absence of any significant

site 204). South of Tongatapu the trench makes a sharp step
eastvard immediately south of it's intersection with the
Louisville Ridge. This worphology, coupled with the unlubricated
Rature of the subduction Zone, s8uggests cthe possibility of
subduction erosion of the forearc in response to tke subduction
of the Louisville chain. This possibility is strengthened by the
interpretation of seismic profiles across the forearc that show
downdropped platform sedimentary sections underlyinrg the forearc
terrace and by the recovery of rocks indicative of arc basement
in dredge hauls from the lover trench slope.

compared to the Paleodepth and sedimentary bistory obtained from
Proposed sites Tonga Terrace | and 2 aanod Tonga Slope 1 and 2 to
document the effects of 3eamount subduction in time and space
(effects on trench slope vs. forearc terrace, subducticn complete
ia the north vs. just beginning in the south).

A well controlied paleodepth history for the Tonga Ridge
foreare will help to explore the possibility of a genetic
Telationship between subduction of the Louisville Ridge and
opening of Lau Basin. The sundering of the arc prior to the
initiation of spreading may have been preceeded by substantial
heating and “inflqtion" of the arc.(Scholl and Vallier,in
Press,l985) If the effect of the heating event is recorded prior
to ridge collison then basin opening is unrelated to the
subduction of the Louisville Ridge. However, if ‘collision and
thermal uplifc of the arc are coeval, then a gepmetic liank may
exist between ridge subduction and back arec spreading.
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AREA CONSIDERATIONS

In addition to the tectonic processes addressed by these
holes this proposed program will provide new data to assist and
constrain recoanstructions of the tectonic history of the
southwest Pacifie, an area woefully lacking in unambiguous
controls. Kowledge azbout the origin and history of the Eocene arc
fragments of Tonga and Fiji is essential for the reconstruction
of the western Indo-Australian plate region, and has importaat
implications for the history of it's surrounding area. As part of
a broader fnvestigation involving the Solomons and Vanuatu (see
separate proposals) Toanga =- Lau drilling offers the opportunicty
to develop a unified Cenozoic plate tectonic evolution for che
Southwest Pacific, anod a greater understanding of the evolution
of oceanic island arcs in general.

4
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SPECIFIC SITE OBJECTIVES

SITE LAU-1 see figures 2,3,4 )
The geo'logic section at this Lag Ridge site is expected to
be as follows: :
1) Thia Upper Pliocene to Bolocene hemipelagic section
2) Thick Lower Miocene? to Upper Pliocene? volcaniclastic
 _ deposits derived from the Lau Arc
3)Thick Upper Eocene to Upper Oligocene sedimentary
sequence possibly countaining limestone and coarse
detritus from older Eocene arc basement 3
-4)Eocene. arc basement, flows, dikes,intrusions,and
epicladtic are debris :

Interval 2 is of interest as it will provide an age range
for Lau Ridge volcanism and a profile of volcanic petrology of
the are via tephrocronology after the opening of South Fiji Basin
and prior to Lau Basin opening. Interval 3 records the period of
arc breakup and tramsport by South Fiji Basin spreading. The time
of arc fragmentation is of special interest here including
identifying a breakup unconformity. Interval 4 ig important to
determine the location and death age of the ancient Melanesian
Eocene arc.

LAU-2 see figures 2,5,6,7
The geologic section at this Lau Basin hole is believed to
record the the following information:
1)Upper Pliocene? to Holocene hemipelagic sediment with ash
beds from the Tofua Arec
2)Lower Pliocene? to Upper Pliocenme hemipelagic deposits with
fine volcaniclastic beds from the volcanically waning Lau
Arc
3)Early Lauv Basin back arec crust of unknown age
(Early Pliocene?)

Interval ! will establish the onset of volcanism on the
8till active Tofua Arc and could demounstrate the evolution of
petrology on the arc. Interval 2 provides an independent age
determination of cessation of volcanism on the anearby Lau Arc and
the oldest sediments provide cootrol on the minimum date for
inception of Lau Basin spreading. ILaterval 3 could provide a
basement age dating the opening of Lau Basin,
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TONGA TERRACE 1 AND 2 see figures 5,83,9,11,and 12 -
A speculative geologic section is summarized below

l)Lover Miocene? to Holocene volcaniclastic/hemipelagic
gsection with possible hiatus in the Lower Pliocene

2)0ligocene hiatus

3)Middle and Upper EBocene limestone ar coeval shallow water
clastics overlying Eocene? arc basement

Interval 1 should show effect of Late Cenozoic passage of
Louisville Ridge (terrace-1) and coeval or older inflacion of
Lau-Tonga Ridge prior to breakup and spreading im Lau Basin
(terrace 1 and 2), A synchronous hiatus {(or shallowing) at the
two gites would favor regional arc inflation, unrelated to ridge
subduction.An asyanchronous hiatus (or shallowing) would favor
effects of seamount subduction. Interval 2 should record
Melanesian Arc breakup and it's relation to initiation of South
“Fiji Basino spreading. Interval 3 should define age and
paleomagnetic position of Eocene arc and iaoformationm concerning
it's petrologic evolution and initial tectonic setting.

TONGA TRENCH SLOPE ! AND 2 see figures 5,8,10,11,and 13
Section here largely unknown

1)Thin terrigenous and hemipelagic unit (Eocenre? and younger)
2)Basement {Eocene arc? or other)

Interval 1 should record the history of the landward wall of
the trench including the erosional or accretionary effects of the
Late Cenozoic passage of the Louisville Ridge. Iaoterval 2 should
record more evidence for possible tectonic erosion of the
forearc area by unlubricated subduction, If erosion and it's
timing can be documented a comparison between sites ! and 2 wvould
indicate cause {(pre or post Louisville subduction ). If basement
is arc rocks of Eoceme age, then informaticu bearing on the
evolution of the ancient Melanesian arc will be gathered . It is
possible that accreted rocks form the landward wall of the
trench.
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EXISTING DATABASE AND FUTURE DATA COLLECTION PLANS

The current Tripartate database of reflectiom profiles
(multichannel and single chamnel) is shown in figure 1. 1In
addition to these lines, single channel data exist from EVA and
AUSTRADEC cruises, and some reconnissance multichannel daca is
available from Shell and Mobil 0il Cos. The Mobil data are
currently being reprocessed. Dredge samples have been collected
from the Tonga forearc by the USGS, SI0, and others. Many other
sources of geophysical data exist, but are not considered
directly related to the problems under discussion in this
Proposal. A continuing work effort is planned in the area by a
number of different nations and investigators, among them the
French (Seabeam aad metallogenisis studies in Lau Basin, Seabeam
at Tonga Tremch-louisville Ridge intersection), the Federal
Republic of Germany (recently completed Seabeam and dredge
studies in Lau Basin). and the Japanese (Natsushima cruise to
gsorthern Lau Basin., The Russians remain active in the area
(recent Kallisto «cruises to the southern Tonga forearc and north
Tonga Trench), Tripartite scientists are in the prelimipary
phases of their analysis of data from the Lau~Tonga area
collected ia 1984. The results of Tripartite studies, and related
reigonal information, undertaken in 1982 are presently in press,
Further refinements in this proposal can be expected as new data
are fully processed and become available from all sources.
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Time section, unmigrated, not deconvolved.
Shot interval 50 m.

For location of profile see figures Z and 3.
Vertical exaggeration 2.3 to 1.
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pr'o,)osed Sites Ltau 1 General Obj=ctive: Determine the nature of the ¢
underliying Lau Ridoe and the geclogic record st
in its overlying sediment cover. Determine if
ment is uplifted & modified South Fiji Basin cr
General Arcg.: South-Western Pacific, West Side or a fragment of West Helanesi?n arc crust rift
Position: 21 36.2's 1799 29.9'W Lau Ridge | Thematic Panel interest: g0 Terr;ggnfgg ,T.?StEBSph
Alternate S'B‘:: Lau 1A on . i Regional Panel interest: Westpac :
217 32.46'Ss 179%40.74'W

1. Obtain samples of basement for radiometric dating, mineralogy, petrology,
paieomagnetic investigation. Purpose is to determine the nature of the crus
upon which the central region of Lau Arc has been built (West Melanesian Arc fragment vs. modi
South Fiji Basin crust). 2. Obtain a complete overlying sedimentary section to determine the
volcanic, petrologic, & vertical tectonic history of Lau Arc. Objective 1 & 2 together will cl
the position of the rift that split the Tonga-Lau arc to form Lau Basin {(did the Tonga-Lau Arc
in the forearc, backarc, eor along the volcanic axis?)}.

Specific Objectives:

Background Information:
Regional Data:
Seismic profiles: Both multichannel and single channel records are avaiiable. See Fig 2,3,4

Other data: Some proprietary multichannel reconnisance data may be available, gravity, magne:
refraction, and bathymetric data available along tracklines shown in Fig 2.
Site Survey Data - Conducted by:
pDarte:
Main results:

Operational Considerations

alt site 2025 . 600 700
Water Depth: (m) 2100 Sed. Thickness: {m) 1300 * Total penetration: (m) % 1500
HPC X 'Dou.ble HPC _X Rotary Drill _ X Single Bit __ X -' Reentry

Nature of sediments/rock anticipated:
Oligocene - recent
Weather conditions/window: Vvolcaniclastic & Hemipelagic sedimentary sect overlying €ocene-
’ 0ligocene metamorphosed arc volcanic & sed. rocks.
Territorial jurisdiction: Within 200 mm proposed EEI of Fiji-closest land is southermost Lau Island
currently within international waters.

Qther:

Special requirements (Staffing, instrumentation, etc.)

None

Proponcnt:  Andrew J. Stevenson Date submitted to JOIDES Office:
345 Middlefield Road MS 999

Menlo Park, CA 94025

Rev. C




Proposed Site: Western Edge of Lau Basin General Objsctive: Obtain oldest sediment
Lau 2 deposits in southern Lau Basin. Date in-
ception of spreading in southern Lau Basin.

General Area: Southwest Pacific, East Side of
Position: 22° 10.6'S 177° 40.9'W Lau Basin | Thematic Panel interest: Tectonics, SOHP?
Alternate Site: ' Regional Panel interest: Westpac. Lithosphere

Specific Objectives: Angular unconformity in sedimentary section along western side of Lau
Basin (see Figure 7). This may represent the initial phase of Lau Basin opening & debris

~ shed from the eastern flank of Lau Ridge. ©Dating-this unconformity could constrain the
time of opening of southern Lau Basin which may have. proceeded differentially with time.
The tephrocronolegy of the section above and below the unconfarmity will record the pet-
rologic evolution of volcanism on the waning Lau Arc and emerging Tofua Arc. Basement age
and chemistry will define the age and nature of early back arc spreading in Lau Basin.

Background Information:

Regional Data: .
Seismic profiles: See Figure 2.% for trackline coverage, some industry multichannel reconnisance

data may be available to the north of the proposed site.
Qther data: Gravity, magnetics, bathymetery, refraction, and 3.5 KHM2 Data available on track-

lines. Seabeam coverage expected in 1986.
Site Survey Data - Conducted by:

Date:
Main results:

Operational Considerations -
Water Depth: (m) 2700 Sed. Thickness: {m) 680 . Total penetration; (m)} 780 ?
HPC X Double HPC X Rotary Drill X Single Bit X . Reentry

Natpre of sediments/rock anticipated: Ash & fine grained volcaniclastics & hemiplagics overiying
: basalt

Weather conditions/window:

Territorial jurisdiction: Within Tonga territorial waters.

Other:

Special reguirements (Staffing, instrumentation, etc.)

None.

Andrew J. Stevenson Date submitted to JO!b Office:
345 Middlefield Road M$999 & '
Menlo Park, CA 94025

Proponent:

Rav. 02!
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Pr'cposed Site: Tonga Terrace |1 General Obj=ctive: History of the vertical
. tectonics of the Tonga Ridge forearc terrace
& adjacent summit platform. Effect of "oblic
subduction of a sgamount cha i.nlalcgngdatsoul_:h
P migrating point. Basement sample to determir
General Area: SouthwestoPactflc, Tonga Foreard chg,acte? axtent of E'SO‘ngceneaﬁgs?ﬁ?Sﬁd
Position: 219 45.73's 1747 36.07'W Thematic Panel interest: xposed aon . c
. o ' o ' : ) . ectonics,SOHP ,Lithosp
Alternate Site: 217 48.55's 1747 32.02'W Regional Panel interest:yestpac

Specific Objectives: Hole is sited to drill a forearc terrace sedimentary section that may inc
a foundered sector of the 2-4 km. thick summit platform section. Objective 1 is to determine
actual vertical tectonic history of the terrace and that of the adjacent summit platform. Obj
tive 2 is to obtain a basement section far comparison with the pre-0ligocene section on 'Eua
Island to determine the aerial extent of that pre-arc basement (West Melanesian fragment). Ot
tive 3 is to obtain information on the paleodepth changed of the ridge's summit region and fc
arc terrace to evaluate, the effect of subducticn of Louisville Ridge under this site approxinm
3-4 Ma. ' : .

Backpround In.fofmation: ‘

Regional Data:
Seismic profiles: See Fig (8), also some oil company data available to the north.

Other data: Bathymetery, magnetics, gravity, & refraction data along multichannel lines,
some dredged rocks from a similar geomorphic position to the South. Possibie seabeam in i
Site Survey Data - Conducted by:

Date:
Main results:

Operational Considerations -
Water Depth: {m) 3450 Sed. Thickness: (m}  1100m Total penetration: {(m) 1300 ?
HPC X Double HPC _ X Rotary Drill _X _ Single Bit X .  Reentry

Nature of sediments/rock anticipated: Limestones (Platform) and medium-fine grained volcaniclas:
overlying arc volcanic flows/intrusions

-

Weather conditions/window:

Territorial jurisdictior{: Within Tonga territorial waters.

Other:

Special requirements (Staffing, instrumentation, etc.)

None
Prcponcnt: Richa rd Herzar Datc Submitted to JOIDE Officc.:
NIZ Geological Survey
D.S.I1.R.

P.0. Box 30-368
Lower Hutt, New Zealand

Rev.
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Proposed Site:  Tonga lower trench slope 1 General Objective: Sample basement underiying the
. lower slope to determine the nature & history of

its basement rocks and evaluate the effects of -
subduction erosion & the passage of the Louisvill

General Area: Southwest Pacific, Tonga Forearc }gggrgaaftﬁh;?tg" 3. go?gf_;gcgeﬁ'cal tectonic

Position: 21° 59.2's 174° 18.6'W Thematic Panel interest: Tectonics,SOHP,Lithospher:
Alternate Sites _ Regional Panel interest: Westpac

Specific Objectives: Rocks dredged from the Tonga lower trench slope consist of loose rubbie of
arc atfinity rocks, but outcrops of basement rocks cannot be established. 1f the recovered
rubble is from nearby outcrops, tectonic erosion of the forearc area is implied. A drill hole
is essential to confirm the nature of the basement rock types of the lower slope. This hole wil
also help extend the search for the extent of the West Melanesian Arc terrane. In one dredge to
the south of this site shallow water carbonates and other pelagic deposits of Late Cretaceous
age, presumed to have been accreted to the dorearc from a subducted seamount, were recovered.
Similar rocks could be encountered here. -

Background Information:

Regional Data: ‘ ) ,
Seismic profiles: See Figure (5) for multichannel and single channel coverage. Some oil company
muitichannel coverage to the north may be available. : ’
QOther data: Gravity, magnetics, refraction, and bathemetric and high resolution data along
tracklines, some dredge data, seabeam data possible in 1986. :

Site Survey Data - Conducted by:
Date: ‘
Main results:

Qperaticnal Considerations -
Water Depth: (m) 4350 m Sed. Thickness: (m) 160 m Total penetration: {m) 300 ?
4PC_ X Double HPC Rotary Drill _X _ Single Bit X .  Reentry

Nature of sediments/rock anticipated: Thin racent hemiplagics overlying plutonic and volcanic arc
’ 16 igneeoy¥s rocks

¥ eather conditions/windows: :

Territorial jurisdiction: within Tonga territorial waters

Jther:

.pecial requicements {Staffing, instrumentation, etc.)

Hone

‘roponent:  Richard Herzer " Date submitted to JOIDES Office:
as on Tonga Terrace 1

Rev. 02!
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Proposed Site: Tonga Terrace 2 General Objective: Companion hoie to Tonga
: Terrace 1 (see terrace 1)

General Area; Southwest Pacific, Tonga Forearc

o I -
Position: 25~ 54%.4's, 1767 12.9'% w Thematic Panel interest: Tectonics, SQHP,
Alternate Sites ‘ Regional Panel interest: \Westpac Lithosphe
Specific Objectives: Obtain section for correlation with Tonga terrace 1. Vertical respons

to seamount subduction, which occurred at site 1 3.5 Ma. should be occurring at this site
Other objectives are the same as objectives 1 and 2 on Tonga terrace 1.

Backpround Information:

Regional Data:
Seismic profiles: See Fig. 2,5 for multichannel and. single channel seismic lines, some indc

data in the area (multichanne}) may be available.
Other data: 6Gravity, magnetics, refraction, 3.5 KH; high resolution seismic, and bathymet
on tracklines seabeam coverage expected in 1986. Some nearby dredges

Site Survey Data - Conducted by:

Date:
Main results:

Operational Considerations -

Water Depth: {m) 35214- Sed. Thickness: (m) 1200 Total penetration: (m) 1300 7

HPC __ X Double HPC __ X_  RotaryDrill X  -SingleBit X . Reentry

Nature of sediments/rock anticipated: Volcanisclastics, platform and reefal |imestones, hemi-
plagics, cverlying Arc volcanic flows intrusions.

Weather conditions/windows: .

Territorial jurisdiction: within Tongan territorial waters

QOther:

Special requirements (Staffing, instrumentation, etc.)

None
Proponent: DAVID W. SCHOLL Date submitted to JQIDES Office:
345 Middlefield Road
Mail Stop 99

Menlo Park, CA 94025

Rev
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Pr'époscd Site: Tonga trench slope 2 General Obj=ctive: Companion hole to Tonga
. trench stope 1

General Areaf, Southwest Pacific, Tonga Forearc _
position: 26~ 14.6's 175° 38.3'w Thematic Panel interest: Tectonics, SOHP, Litho-

Alternate Site: Regional Panel interest: Westpac sphere

specific Objectives: Same as .slope 1 except offset to the south to evaluate the effect of sub~-
guction of the Louisville Ridge on the vertical tectonics.of the forearc and the abrupt trench
setback north of the ridge-trench intersection which implies removal or compression of the
lower trench slope during subduction of the ridge. The two holes together examine the inter-
actions of the forearc with large edifices during and after subduction (seamount subducted
about 3 Ma. at site 1). The second hole on the lower trench slope further investigates the
extent of the 'Eua basement terrane and allows for a test of either the presence or absence
of pelagic debris accreted to the framework of the lower slope. :

Background information:

Regional Data: ; ‘
Seismic profiles: See Fig. 2,5 for single channel and multichannel saismic coverage, some

industry reconnisance multichannel data may also be available. ’

Other data: gravity, magnetics, refraction, 3.5 KH2 seismic, and.bathyrﬁetery along trackline,

some nearby dredge data, seabeam data expected in 1986.
Site Survey Data - Conducted by:
Date:
Main results:

Operational Considerations -
Water Depth: (m) 5650 Sed. Thickness: (m) 79 7 Total penetration: {m) 270 ?
HPC X Double HPC Rotary Dril! X - Single Bit _X _ Reentry

Natgre of sediments/rock anticipated: Distal volcaniclastics and hemiplagics overlying Arc volcanic

flows, dikes, and intrusions. ]

Weather conditions/window:

Territortal jurisdiction: within Togan territorial waters

Cther:

Special requirements (Staffing, instrumentation, etc.)

None

Proponent: David W. Scholl Date submitted to JOIDES Office:

345 Middlefield Road MS-39
Menlo Park, CA 94026§

Rev.

a2
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Tonga Trench - Lau Basin Site L-5

Location: 20°00'S 173°30'W
broad forearc high near trench-slope break

Technical objective: Basement penetration and recovery; recovery of
overlying sedimentary section; 50-100 m of basement
penetration

Scientific objectives:

1. determine the composition and minimum age of the forearc
basement.

2. examine the uplift/subsidence history of the outer forearc
recorded in the sediments

3. examine the petrologic and chemical variability ia the
forearc basement and compare .to units on the active and
remnant arcs

Subduction erosion has been postulated as an important process ian both
the Mariana and Japan Trenches., Two key pieces of evidence for this are
the occurrence of arc volcanics in the forearc basement, as old or older
than units on the active and remnant arcs, and the recovery of sedimentary
sections whose paleodepth curves show extensive subsidence of the outer
forearc. Evaluating the importance of subduction erosion in a particualr-
arc~-trench system requires 1. identification of the petrologic character
of the forearc basement, 2. examining the subsidence history of the
forearc recorded in the sediments overlying that basement, aand 3.
determining a minimum age for the basement. All of these objectives can
be met only by drilling. Dredging along the landward slopes of the trench
can provide some information on the compositionrn of the ocuter forearc
basement, While there can be a problem in determing if dredged samples
are representative of the local exposures, many more sites can be sampled
by dredging than drilling, and the dredge may recover some units missed or
avoided in drilling (for example serpentinite/gabbro exposures in the
outer Mariana forearc). A complete study of a particular forearc area is
best completed by a combined program of drilling, dredging and geophysical
studies, as was the case in the 18 N transect of the Marianas. Drilling"
however is essential to provide in-situ samples of the forearc basement
and to provide some age and tectonic information on that basement.

It is not at all clear how important a precess subduction erosion is
in intraocceanic subduction zones. Other intraoceanic subduction zones
need to be studied in some detail if we are to understand how these
regions develop. If it proves that erosion has occurred in many of these
areas we may need to rethink many of our models of subduction processes.
The forearc of the Tonga Trench is a logical place to search for evidence
of subduction erosion. It is in many ways similar to the Mariana system -
grossly similar geometries, similar convergence rates and similar ]
histories of convergence and volcanism. A great deal can be added to our
understanding of this margin by drilling a hole into the forearc
basement. The easiest place to accomplish this objective, as was the case
at 458 and 4539, is near the trench-slope break where the forearc basin
sediments thin substantially.
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The most extensively sampled area on the landward slope of the Tonga
Trench (excepting the northern strike-slip portion of the trench, dredged
by Soviet workers) is at 20°10'S. R.L. Fisher and C. Engel have:
collected 10 dredges on the nearshore-slope and two on the offshore slope,
and completed a detailed wide-beam survey (figure 1, 2). There has been
extensive petrologic and gecchemical work on these samples. SEABEAM
surveys indicate that the trench axis here is part of a graben in the
offshore plate (Lonsdale, pers. comm.); the plate boundary is at about
9000 = on the landward slope. Both sides of this graben yield N- and
T-type ocean-ridge basalts; there is a zone of peridotite exposures at
8000~9000 m. Shoaler than 8000 m only volcanic rocks and volcanoclastic
sediments were recovered. The volcanic samples are either arc-like in
their composition or are of indeterminate origin. No samples with an N-
or T-type ocean-ridge composition were tecovered. The samples are small
and few in number and it is not clear that they represent pieces of local
outcrop; there is clearly however no evidence of an oceanic type
basement., Bottom photographs (52-C, 20°00'S, 173°24'W, 4500 m) near
the trench-slope break clearly show igneous-appearing outcrop. A single
channel seismic line crossing the southern part of the areaa (from
20°20'S on the left to about.20°30'S on the right) shows relatively
thin sediment cover on the upper slopes. A site on one of the broad highs
along the trench-slope break here should have a high probability of
reaching and recovering forearc basement; it has the added advatage of
having an extensive dredge collection nearby.

This site clearly requires an extensive site survey, particularly for

figh-quality seismic reflection data. There is a proposal in preparation
by Bloomer and Fisher for SEABEAM surveys and extensive dredge sampling of
this and other portions of the landward slopes.
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VI. MARIANA ARC SYSTEM STUDIES

The Mariana Arc system comprises the Mariana Trench; an outer arc ridge
formed in part of serpentinized peridotite diapirs and uplifted blocks of oce-
anic crust/serpentinized mantle peridotite; the islands of Guam and Saipan,
which represent arc volcanic rocks capped by limestomne, and the limestone
islands of Rota and Tinian which presumably have the same type of volcanic
basement as Guam; there is a well developed forearc basin; the volcanic island
arc comprises a number of emergent volcanoes some of which (e.g. Pagan) are
still active; a backarc basin; and a remnant volcanic arc. The Mariana Trough
backarc basin probably is less than 5 my old. The remnant arc, West Mariana
Ridge, was active until about 7 Ma., and the active Mariana Arc is believed to
be younger than the beginning of opening of the Mariana Trough.

The Maridna Arc system was the focus of DSDP studies on the drilling
transect at 18 North and there are extensive data from the islands and from &
number of marine expeditions. The main reason for continued work in the Mari-
anas is because there are & number of mew problems that have been identified
{e.g. the serpentinite diapirs) and because there is the beginning of an
understanding of the three dimensional aspects-of the geology of this conver-
gent margin system that can be greatly improved Awith the proposed program.
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DEEP SEA DRILLING TARGETS NEAR FOREARC SERPENTINITE DIAPIRS
Patricia Fryer -

Introduction : . :
Recent work in the fore-arc region of the volcanic Mariana Island :
Are, including extensive bottom sampling and swath-mapping using the !
SeaMARC II side-scan sonar and bathymetric system, has presented new ‘
interpretations of tectoniecs in a forearc regime. The most dramatic o !
features studied are large (up to 2500 m high and 30 km in diameter),. :
cone-shaped seamounts that occur on the outer fore-arc from near the y
trench slope break to within 100 km of the voleanic arc. These ‘ : |
seamounts were probably caused by uplift of foreare material, and by.
intrusion, and in scme cases eruption of diapirs of sSerpentinized, arc-
affiliated, ultramafic rock (Fryer, et al., 1985). Elsewhere in the
vicinity of these huge diapirs we have mapped fields of seaflcor
humrocks whee individual mounds have dimensions on the order of 100 m
in diameter and elevations of less than 50 m. We speculate that these .
mounds may be the expression of hydrothermal vents possibly associated
with diapirism. ‘
We propose two holes at a site on one of these seamounts using
the D/V RESOLUTION to investigate the detailed stratigraphy and
structure of cne of the large diapiric seamounts. We intend to observe
detailed. structures, including fracture patterns, faults, and flow
structures on the seamount, to study the history of tecteonic uplift
associated with emplacement of the diapir by examining the sediment
stratigraphy on the flanks of the seamounts, and to determine if there
is associated hydrothermal activity.

Geologic background and proposed drill sites
Most recent models of the structure and tectonic development of
the inner trench walls and fore-arcs of both continental regions and
oceanic island arcs invoke uplift and accretion of oceanic plate
sediments and crust (e.g., Seeley, 1979) or subsidence, brought about ‘ )
- by tectonic erosion of the overriding plate (e.g., von Huene et al., i
1980}, to explain observed festures. In most cases it is apparent that :
fore-arcs can be the product of episodes of tectonic erosion and
aceretion brought about by variable modes of convergence and subductiaon
(Uyeda, 1982). Furthermore, the tectonic style of a given trench
system may vary between erosion and acecretion along its length as well
as through time.

The Mariana Island arc system (Figure 1) is a good example of a

purely oceanic island arc arising where the Pacific oceanic plate is By
being overridden by the Philippine oceanic plate. Uyeda (1982) uses B
the Mariana convergent margin as the model for one type of subduction, .
the "™ariana-type®™ margin charcterized by a pervasive tensional stress l
regime, seafloor spreading in the back-arc region, subsidence of the
inner trench wall, and tectonic erosion of the outer fore-arc wedge.
The lack of an_appreciable accretionary prism throughout most of the : i
central (17-20°N) Mariana fore-arc has been noted, based on geophysical ’ -
surveys (LaTraille and Hussong, 1980; Hussong and Fryer, 1981; : :
Mrozowski et al., 1981}, dredging (Bloomer and Hawkins, 1980), and deep

drilling (Hussong and Uyeda, 1981), suggesting that tectonic erosion
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may be dominant in this portion of the arc. On the other hand, in the
southern Mariana arc (south of 14°S) Karig and Rankin(1983) note
evidence for uplift and construction of the fore-arc that could be
attributed to accretion of oceanic plate materials onto the overriding
fore-are. Further complicating the once simple interpretation of the
structure of the fore-arc is the occurrence of large (up to 2 km
relief), often very conical, seamounts near the trench slope break.
The morphology of these seamounts is reminiscent of volcanic seamounts
which occur in the are. However, Hussong and Fryer (1981) point out
that while these seamounts resemble volcanoes, they occur too close to
the trench axis to fit existing models of arc magma generation.
Subsequent sampling of these outer fore-arc seamounts by ourselves and
by a Seripps Institution of Oceanography cruise (Hawkins et al., 1979)
ylelded a variety of serpentinized and tectonized gabbros and
ultramafic rocks which discounted the possibility of a voleanic origin
for these seamounts. Bloomer (1983) interprets the fore-arc seamounts
as the products of diapirism brought about by serpentinization of arc-
derived ultramafic rocks along deep faults in the landward trench wall.
The origin and emplacement of these diapirs is related to the tectonic
setting of the Mariana arc and convergence zone (Fryer et al., in
press, see attached preprint). )

As part of a study of the entire northern Mariana arc and back-
arc we completed a SeaMARC II side-scan sonar and batgmetric mapping
survey (KX83-01-16-04) of the fore-arc from 19° to 20°N, an area which
ineludes two particularly spectacular fore-arc seamounts. A sketech
showing the major features related to the drilling targets and the
tectonic setting of this northern Mariana fore-arc survey is presented
as Figure 2 (prepared from our surveys, including Hawaii Institute of
Geop?ysics cruises KX 810626 and KK 830116, and U.S. Navy bathymetric
data).

The trench-slope break in the region cccurs at a depth of
approximately 4.2 lm,. which is typically reached about 25 km from the
“trench axis. The axis of arc volcanism is about 200 las west of the
trench axis. The outer 100 km of the fore-arc is disrupted by the
numercus large (up to 30 km in diameter and 2 lan elevaticn above
regional depths) seamounts that we plan to further investigate, while
the half of the fore-are that is closer to the vclecanic are is
essentially featureless.

The corrected SeaMARC II side-scan mosaic of the main drilling
area i3 shown as Figure 3. The images are printed so that the higher
amplitude reflections are darker gray to black. The amplitude of each
reflection is a function of the energy from back-scatter from seafloor
relief on the order of a few centimeters (the wave-length of the sonar
signal is about 10 cm) in addition to specular reflections from large
bottem surface areas that are nearly perpendicular to the angle of
incidence of the sonar signal. The data are discarded for the first
200 m from each side of the ship's track and the resultant strip along
the track is represented by a mottled gray stripe. Navigation is
controlled by satellite, LORAN C, and the overlap of the side-scan data
to provide an absolute position accuracy of better than 150 m.
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The SeaMARC II bathymetry of the whole area is shown as Figure 4.
The contours have been smoothed by hand from computer-generated plots
that are also at a 100 m interval. The depths are calculated assuming
a sound speed in water of 1500 m per second. The depths are accurate
to about 50-100 m, and have been spot checked and verified against
previously available high-resolution multibeam data in the area.

Pac-Man Seamount. The most striking feature in the survey region is a
seamount rising 1500 m above the seafloor, with a base over 30 km in
diameter (Figures 4 and 5). The seamount has an open-jawed shape, -
apparently caused by the collapse of its eastern flank, which has
prompted us to call it Pac-Man Seamount.

The summit of Pac-Man rises to a depth of less that 2700 m
(Figure 5), and is a broad dome scarred by numerocus small {relief of
probably only a few meters) ridges and fractures. The upper portion of
the eastern slope of Pac-Man is covered by what we interpret to be a
recently emplaced series of large, viscous, flows emanating from an
area located at a depth of 3050 m, 4 km east-south-east of the summit.
The flows cover a nearly circular region of the steeply sloping flank
of the seamount and extend down over 8 km to a 4200 m depression.

Based cn the SeaMARC II bathymetry, the flow has an apparent relief of

over 100 m above regional contour trends. Seimic reflection records do
not show any coherent reflectors in this region, so can not be used to

determine flow thicknesses,

A smaller flow sequence is observed at a depth of 3400 to 3500 m
on the lower southeastern flank of Pac-Man. This sequence ccmes from
what appears to be a small conical vent, extends for 3 to S km, and
covers a tongue in the local bathymetric trends that rises 200-300 m
above regional depths. This flow has not been sampled, but its
morphology suggests that it may be a smaller scale analogy to the upper
slope flow. The western slope of Pac-Man appears to be covered with
several more flows that yield more muted reflections (outlined, but not
. Shaded in Figure 5) than those just described. We believe the muted
images occur when the flows are covered with thin sediments that
partially mask the small scale relief (on the order of 10 em) to which
SeaMARC. IT is most responsive, so that the flows acoustically fade with
age as they are dusted with pelagic sediments.

During an earlier cruise we completed 3 dredge stations on -the
eastern flanks of Pac-Man, one of which sampled the flow. This dredge
yielded highly altered and serpentinized ultramafic and mafic plutonic
rocks. Based on these samples and the morphology of the flow we
interpret it to be a cold and viscous eruption of deep-seated rocks
that were perhaps remobilized by tectonic activitiy and
serpentinization and brought up by subsequent diapirism. Lacking
stratigraphic control over the sampling, it is impossible to determine
whether there is any substantial difference in composition within the

flow. A series of 14 dives in:the region have been scheduled for 1987. .

With these dives the stratigraphy of the eastern flank exposed in.the
graben will be studied.
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Material recovered in our dredges is very similar to clasts
contained in "serpentinized sediment" flows in the Wilbur Creek area of
the Franciscan terrain north of San Franeisco. Chris Carlson of the
USGS in Menlo Park has mapped this area and interprets the
serpentinized flows to be similar features to those on Pac-Man. The
comparison of the subaerial flows to those which we hope to sample with
drilling will be useful.

Conical Seamount. A second large seamount with a very conical shape, a
summit depth of less than 3100 m, and a base about 20 km in diameter,.
is situated a little over 40 lm northwest of Pac-Man. Flows emanating
from the sunmit of this seamount (Figure 6) are apparently more fluid
than those from Pac-Man, and have sinuous and braided courses that have
greater extent down-slope. This conical seamount is also not as
fractured in appearance as Pac-Man, and has no associated depressions,
collapse features, or observable flank vents.. The side-scan image
suggests that the cone may be partially composed of concentric low-
relief ridges, best observed on the southeastern flank. These ridges
may relate to vertical motion of the seamount-caused by uplift related
to diapiric intrusion.

We do not know what kind of material comprises the flows on the
flanks of the seamount. A dredge station near the summit of the
conical seamount yielded only consolidated sediments, mostly vitric
siltstones. Either the flows are composed of this material or they are
composed of remobilized unconsolidated sediments. It is possible that
uplifted related to diapiric intrusion coupled with emanations of
fluids from the diapiriec body could remcbilize the sediments on the
flanks of the seamount. As these sediments sluff off the upper slopes
they may expose the more consolidated material beneath.

The morpholcgy and limited samples from the conical seamount
suggest that it is generally similar to Pac-Man, but is in an earller
stage of development. The deeper plutonic material that produces the
- yiscous flow on Pac-Man may not have reached the surface at the conical
seamount, but the latter is being actively uplifted by deep-seated
diapirism.

A drill site con this volcano would help to test this possibility
and would enable us to study the timing of uplift of this seamount.

Moupds. Many small sediment mounds are observed throughout the side-
scan -image in Figure 3. Some of the largest of these mounds are in the
saddle between Pac-Man and the conical seamount, are on the order of a
kilometer in lateral extent, and have.relief on the order of 100 to 200
m. More typical, however, are smaller mounds that occur in numerous
fields throughout the region. These fields are often located near the
flanks of the seamounts. :

With little direct evidence, we can only speculate on two
possible causes of the fields of mounds. A likely cause of at least
scme of the mounds is overpressuring of underlying sediment horizons
cause by local tectonic activity (the larger mounds in the saddle
between Pac-Man and the conical seamount). The collapse of large areas
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of the fore-arc which causes depressions such as on-the eastern flank .
of Pac-Man, and the very large depression that occupies the entire
center of the survey region, would cause tilting, flow, and instability
of deeper sediment layers that could easily produce mud lumps and mud
volcances. In fact, the most obvious groupings of the larger mounds
are adjacent to the southwest and northeast bounds of the large fore-
arc depression. Thus, we suggest that the large mounds are mud lumps.
Nene of the mounds, however, have the character of mud volcances which
we have extensively mapped with SeaMARC IX in eastern Indenesia. .

A second, potentially more 'interesting, possibility is that some
of the fields of smaller mounds may be caused by outflow of fluids that
may be associated with the serpentinite diapirism. A drill site on the
flank of the Pacman diapir would help identify the origin of some of
these mounds. ALVIN dives are planned to examine the surface
expression of these features in 1987.

If these fore-arc mounds are shown to have a hydrothermal origin,
several very important implications arise. In contrast to rise crest
hydrothermal vents, similar features on the fore-arc might be a part of
a relatively stable process that would permit them to exist in the same
-place for many millions of years. Even if the amount of fluid flux is
relatively small, and the fluids are not as hot as presently known vent
areas, the longevity of diapir-related vents might make them
geologically important, Under these conditions fore-arc hydrothermal
vents might, for instance, be important as a mechanism for formation of
ore bodies. They would also represent a significant component of the
worldwide flux of elements related to plate tectonic activity.
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’ Ttes Serpentini General Objective:  ilode of emplacement and ti
N ed Sites Ma.'n:na Fg:e?‘;zpu on the of the serpenune diapirism in the outer
Mariana forearc

(three holes)

MF-i, 2, 3
seneral Area: bre . .
;csmon. 19° 15rNa§2 Edlig]éi_gu} ﬁg&i J;J\I Thematic Panel_mterest: thhosmerz-_;, .Tectonics
\lternate Sites 19939/}, 146941'E . Regional Panel interest:  Western Pacific

o er s e To determipe stratigraphy of interbedded sediments and serpentinite flows

specific Objectives: (to date flows). To investigate ‘small scale deformation of sediments asso-
ciated with emplacement of the diapirs, To recover matrix material of flows (presumed lost curi:
dredge recovery). To investigate possible hydrothermal alteration of sediments by fluids associa-
with diapirism. To determine internal deformational characteristics of serpentinite flows. To
determine rate of uplift of diapir from sediment history near and on the seamount.

Backeround Information:
Regional Data: Bathymetry, seismic reflecticn and refracuon, Gra.v1ty magnetics, dredge samples,
Seismic profiles: See attached. . SeaMARC II.

Other datas Will have 14 dives with ALVIN ccmpletéd in 1987 on this seamount and in vicinity.

Site Survey Data - Conducted by: EXB1-06-26-03, EX83-01-16-04, D. Hussong a.ud P, Fryer
Dates 27 Aug - 16 Sept 81, 20 Apr - 17 May 83 ’ ' .
Main results: data described above collected.

Operational Considerations

Water Depth: (m) 4,300 Sed. Thickness: {m)approx. 500m Total penetration: {m)
to refusal ‘ . .

HPC Double HPC Rotary Drill Single Bit _x Resntry

Nature of sediments/rock anticipated: vitric clay, siltsone, interbedded with serpentine flows,

Weather conditions/window: APR—JULY optimm; MAR-SEPT acceptable

Territoriadl jurisdiction: ~  Northern Mariana Territory

Qther:

Special requirements (Staffing, instrumentation, etc.)

Proponent: | o ‘ Date submitted to JOIDES Office: July 3, 1985
Parricia Fryer

Rev, 02
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Drilling in the Northern Mariana Backarc Basin

Patricia Fryer

The following four sites are proposed to address the problems of the early
stages of arc rifting6 On DSDP Leg 60 a series of holes was drilled in the
central latitudes (18°N) of the Mariana backarc basin. At the latitude of this
transect the basin is widest and exhibits a well-developed mid-ocean rift systam
at about the center of the basin. The objective of this transect was Lo
investigate backarec tasin processes in a portion of the basin that would show the
greatest variation in age. The sites proposed here would enable us to study the
youngest portion of the basin and to determine the history of cpening of the

basin.
Geologic Setting

The western margin of the Mariana basin all along the length of the basin
shows a morphology that is distinct fromothe maggatic rift system that exists in
the center of the basin from latitude 147N to 21°N (Fryer et al., submitted). By
contrast with the ridges and troughs that run parallel to- the central rift system,
the western margin of the basin shows a horst and graben structure, similar in
many respects to the basin and range province of the western U.S. It is probable
that this horst and graben structure is the precursor to development of ridge
systems in young backarc basins. It is probably formed by stretching and rifting
of the arc massif, which causes thinning of the arc prior to the begzinning of
localized magmatic intrusions. The leocalization of magmatic intrusions result in
formation of a stable spreading ridge system in the backarc basin. This process
is described in Fryer et al. (submitted) for the Mariana backarc basin, but has
also been suggested to be occuring in the Izu-Bonin arc (Fryer et al., 1985;
Taylor, et al., 1985) and may have occured in the Lau Basin, a3 well as in others.

This early rifting stage is apparently devoid of surface fissure eruptions of
any magnitude in the northern Mariana backarc basin (unpub. SeaMARC II data) and
in the Izu are (unpub. SeaMARC II data). Such fissure erupticns wouldte
associated with development of a mid-ocean spreading rift system in a backarc
basin. At the early stage of opening of the northern Mariana basin magmatic
activity of the backarc rifts may be limited to intrusion of arc magma aleng
fractures forming in the basin. However, along localized fractures which run
essentially perpendicular to the strike of the arc in the Izu rift grabens we have
collected rocks which are similar in trace element ccmpositions to the backare
basin basalt collected in the central part of the Mariana back arc basin at 18°N
(Fryer et al., 1985). This indicates that while a rift system may not have
developed in the young backarc basin, it is still possible to see the eruption of
magmas that are distinet -in compesition from the magmas being erupted in nearby
arc volcanoces. Studies of the magma types in the lau and Mariana backarc basins
" have led Hawkins to suggest that there is a progressive transition frem are
through backare basin to MORB lava types, as these basins mature. This is a
refinement of a similar suggesticn offered by Tarmey et al. (1977). This kind of .
distribution of magmatic types has never been investigated in detail in any
backarc basin. It would be impossible to sample such a proposed distributicn of
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magma types if the new backarc magmas are emplaced as intrusions along fault
planes between horst and graben blocks in the incipient or young backarc basin.
Such ignecus bodies would have to be sampled by drilling. Furthermore, drilling
would be the only way in which to document the subsidence history of the young
backare basin.

Northern Mariana Backarc Basin Site 1 (A/ﬁ4-l). .

The first of the northern Mariana backare basin erust sites we propcse (see
attached Site proposal sheet) is aimed at documenting the history of the rifting
of the Mariana backare basin. With a site located here it is expected that we
will be able to determine the history of subsidence of the are, the level of
voleanic activity during early rifting stages of this portion of the are, the
influence of possible secondary intrusive activity on the sediment column and on
igneous basement, and the effects of any hydrothermal activity associated with
intrusions. The histaory of subsidence of this part of the arc would help to-
answer the questions regarding the timing of opening of the northern Mariana
backarc basin. It is still not known whether the northern part of the basin has
been opening at a very much slcwer rate since the beginning of opening of the
Mariana backarc basin at 18°N (about 10 ma), or whether opening of the basin is
propagating northward. In the latter case the subsidence of the arc in the
northern part of the basin might have begun within the last two or three million
years,

Northern Mariana Backarc Basin Site 2 (nfr1-2ﬁ)

Site two (see zattached site proposal sheet) is of interest for a number of
reasons. Paramount among these is to study the nature of the earliest true
spreading rift in the Mariana backarc basin. We know from the sidescan data
collected at this site that the rift axis lies in the depression immediately west
of the site we have chosen. There is no thick sediment cover obvious on the
sidescan records of the rift axis itself. Since bare rock drilling is so time
consuming, we have chosen to select a drill site as close as possible to the rift
axis which does show sufficient sediment cover. Dredge samples will be collected
in Oct. 1985 by R. Stern and S. Bloomer at sites along the active spreading ridge.
If sampling goes as planned, it will be possible to compare the variation in
composition of the rift lavas along strike with the composition of the off axis
lavas collected frem the drill site. This is also the most likely site for the
development of Korcko type deposits in the basin. The rift axis is close to a
source of sediment (Fukujin Seamount) and is apparently rapidly burried by debris.
In addition to the questions of basement composition and development of economic
deposits it will also be possible to determine whether the volcanism on Fukujin
Seamount,, a large submarine volcanc has experienced any periodicity which might be
related to the rifting of the arc to form the backarc basin. One of the still
debated questions’ regarding the development of backarc basins in general is
whether the initiation of backarc spreading causes a cessation of are volcanism.
The timing of volcanism on Fukujin may also be related to the development of the
forearc graben in which the volcano is situated. By determining the history of
volcanism at this site it may be possible to relate the timing of the formation of
the foreare graben to initiation of the voleano.
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Northern Mariana Backarc Basin Site 3 ('ﬂfﬁ4"3)

The third of the sites propesed for the backarc basin is situated at a
distance of about 13 km east of site 2 (see figure attached tc site proposal
sheet}. The thickness of the sediment cover at this site is similar to that at
site 2. However, the site is much further away from the rift axis and is located
at a positicn which should be underlain by rifted are crust, assuming symmetric
spreading of the basin about the currently active rift axis. There are apparent
piercement structures in the sediment of this part of the basin and the origin of
these structures is not clear. They may be intrusions of arc magmas, in which
case the setting is potentially excellent for the development of Koroko type
deposits. ‘

Northern Mariana Backarc Basin Site 4 ( ﬂ/r1—£#)

The fourth site proposed is an attempt to address two very important aspects
of the development of backarec basin crust which have not. been investigated and-
which are of tremendous significance to the understanding of the petrcgenesis of
backarc basin lavas. The first of these aspects deals with the influence of arc
magmas in the backarc basin as it is related to local tectonics within the basin.
The second aspect deals with the composition of the ancient are foundations.

Geologic and geophysical studies of backarc basins have concentrated on
developing models for the tectonic history of the regions. Specific studies of
the backarce basins have dene much to clarify the mechanism by which these features
develop. However, a critical component of the backarc basin picture has been left
untouched. To date, no attempt has been made to study, using deep sea drillling
techniques, the ubiquitous chains of submarine velcances cross—cutting the ares
and exteanding into the backarc basins. These volcanoes are composed cf arc lavas.
They are actively erupting these lavas even at distnees of 50 km from the line of
volcanoces that are situated along the strike of the are. What effect the presence
of these cross-chain volcances may have on the distribution of magma types in the
backare basin is unknown. It has been shown that scme backare basin lavas have a
unique ccmposition similar to MORB, but are overprinted by an arc component.
Spatial variations in the composition of backare basin basalt (BABB) have been
suggested to be related to size of a given basin and distance of the spreading
axis from the strike of the related are (Tarney et al., 1977; Hawkins, 1984),
However D3SDP results from Site 456 in the Masiana trough and results of studies of
dredge samples from the spreading axis at 18°N showed that arc magmas may occur
- quite eclose to the spreading axis of a backarc basin. Site 486 is located along
the trend of one of the Mariana cross-chains. Variations in compogition of dredge
samples from the spreading rift in the Mariana backarc basin at 18N suggest a
distribution controlled by fracture zone/rift axis interaction (Fryer and Sinton,
in prep.). If the cross~chain voleanism can influence composition of the rift
axis lavas, as dredge results indicate, it is highly probable that the backare
basin crust adjacent to a given cross—chain may be contaminated by lavas leaking
out laterally from the cross—chain into the backarc basin. Leaking of this sort
would necessitate a network of fractures adjacent to the cross-chains. Studies of
basin morphology (sidescan and bathymetry data) revealed the presence.of mid-ocean
ridge spreading fabric in the vicinity of one of the northern basin cross—chains.
Sidescan data indicate the presence of fractures on the basin floor which parallel
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the spreading axis of the basin. Whether distribution of cross~chain lavas is
influenced by the presence of such fabric is unknoun. However, until the
distribution of arc lavaa in the backarc basin can be evaluated, no comprehensive
model for the develapment of backarce crust c¢an be defined.

The cross-chains coccur on the east side of the basins. They extend from the
line of the active arc toward the center of the basin. Previous efforts te drill
¢lose bo the active arc have met with limited success. A deep blanket of
volcaniclastic sediments covers the lower submarine slopes of the are volceances.
This material was nearly impossible to penetrate with existing drilling equipment
in 1978 (site 457}. Bathymetry data and SeaMARC II sidescan images suggest that
less volcaniclaatic debris has been deposited north of Uracas in the Mariana are.
The arc volcanoes north of Uracas are relatively small, with the exception of
Fukujin Seamount (3ee Figure 1). .They are quite deep and are unlikely to have
erupted subaerially. Taus, they probably have produced much less debris than the
larder seamounts and islands of the southern Makigna are. The largest cross-
chains in the Mariana backare basin cccur near 21°N. The seamcunts in . one of
these chains have large asreas of exposed lava flow fields and smaller areas of .
volcaniclastics (see sidescan image attached to site proposal). The basin floor
around these seamounts appears to have sediment cover and alsc to display fracture
paftterns which may be related to the spreading fabric generated in the backarc
basin rift axis. It appears from bottom morphology south east of the cross-chain
that ridges between the rift scar of the are and the prospective sites may previde
barriers to volcaniclastics that might have been produced in the are. This
implies that the basin floor near the cross-chain may be free of the ccarser kind
of sediment that might give problems for drilling.

In crder to evaluate the degree to which cross-chain magmas may have
influenced the composition of the backare basin crust we propose a drill site on
the eastern side of the cross-chain in the basin described above. We shall have
data from dredge samples along the rift axis near the cross-chain with which to
evaluate the influence of the magmas from this chain on the magmas being erupted
in the rift. The objective of the drill site will be, in part, to give a third
dimension of control to cur understanding of this complex interaction.

This site will also satisfy the requirements of the need tec understand the
pature of the are crust upon which the major volecanic edifices develop. We do not
imow what underlies the arc volcances. Dredging of scarps of the arc in the
vieinity of this site and exploration of similar scarps with ALVIN dive programs
are planned for the next two years. However, these types of studies will only
allow us to examine the forearc basement near the sites of major arc veleances.
Neither dredging nor submersible work can be used to address the problem of
determining the foundation of the are basement along strike of the are, because
mast arc volcanoes develop within the backarc basins, on the margin between the
basin and the unrifted forearc. We cannot sample this region in any other way but
by drilling. The objectives of looking at the arc between major volecances will be
to examine the history of development of the arc as a whole and to compare the
foreare near the arc voleapces, that is exposed in fault scarps, with the
subsurface sre foundations between arc voleanves. :

- The studies we propovse to pursuve with information from this site are
applicable to many other backarc basins. The development of croas~chains for
instance is by no.means upique to the Mariana backare basin. Such chains of
voleanic adifices are mumerous on the West Mariana ridge, occur extending west
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from the Palau-Kyushu Ridge, and very well-developed, large chains extend into the
Shikoku basin from the Izu-Bonin arc. In addition, similar linear volcanic chains
are numerous in ares on land (Central America, Japan, New Britain, etc.). The
Philippine Islands apparently show exposures of dike systems within backare basin
terrain, which appear to be related, at least spatially, to the arc half of the
basin sequence. The origin of these dike systems is unknown at present. It is
cbvious that cross-chains of arc volcances in backarc basins settings must be an
important ccmponent of any model developed to explain the evolution of the arcs
and backarc basins.

Applicability of Northern Mariana Backarc Basin Studies to Other Areas

The information gathered from the drilling project proposed here will be able
to be applied to many ares, and indeed the study of the early opening history of
the arc, the development of the arc foundations and of the influence of cross—
chain voleanism need not necessarily be attempted only at the sites proposed here.
It is obvious, however, that drilling in the Marianma backarc basin has the
advantage of considerable supporting data. Numerous geophysical and geological
sampling cruises to the area, completed DSDP Leg 60 as a basis for comparison,
SeaMARC II reconnaisance data, as well as scheduled ALVIN dive programs will
considerably facilitate ultimate understanding of data from this proposed drilling
program. ; -
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# 4ed Site:  Northern Mariana Backare General Objectives To study early stages of s
' Basin Crust Site 1 . ing of arc during backarc basin formation.
VA
jeneral Area: northern Mariana backarc basin . s . )
sgsitions  21°41'N  142996'E Thematic Panel interest Tectonics, Lithosphe:
ylternate Site: ) Regional Panel interest: Western Pacific :
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specific Objectives: To investigate the history of tectonic movement (arc stretching and ri-
during the early stages of backarc basin opening. To examine basement composition in a port:
the backarc basin which has experienced no apparent (on sidescan images) mid-ocean rift magr
in order to test the possibility that the basement is composed of sundered arc material, To
possible intrusive phenomena associated with graben formation. To study the history of sedir
and nature of sediments in this part of the basin for the tephrachronology studies as well
subsidence history. To test the chronology of opening of the Mariana Trough by comparison -
DSIP Leg 60 results., ° :

Background Informations 7 :
Regional Datas SeaMARC II sidescan and bathymetry, seismic reflection,- gravity, magnetic:
Seismic profiless See Attached . . , :

Other data: dredge samples and gecophysical data will be collected by R. Stern & S, Bloems
October 198S. .
Site Survey Data - Conducted by: SeaMARC II survey conducted 1984, P. Fryer and D. Hussong

Date: June 1834 - .
Main results: The regional data described above was collected.

Cperational Considerations

Water Depth: (m) 3450 Sed. Thickness: (m) approx. 400 Total penetration: (m)

to refusal , . '
HPC Double HPC Rotary Drill Single Bit _x Resntry
Nature of sediments/rock a.hfidpated: ‘vitric silt, mud, siltstope, pumice, basalt
weather conditions/window:  APR-AUG optimum; MAR-SEPT acceptable
Territorial jurisdiction: ~Northern Mariapa Territory : e
Other:

- _. .

Speciai requirements (Staffing, instrumentatian, etc.)

none

Proponents P. Fryer, R. Stern, S. Blocmer ' Date submitted to JOIDES Office: ;Iuly 9 1




Basin Crust Site 2. 131

_ M-
jeneral Areas | Northerp Mariana backarc basin ) A o
sitions  21740'N  143719'E Thematic Panel interest: Lithosphere, Tectenics
.,ltarnate Sites Regional Panel interest: Western Pacific

L

pecitic Objectives: 1y examine a part of the actively rifting Mariana backarc basin where the

rift formaticn process is very young, in order to test the possibility that the easternm side of

the basin was formed by magmatic intrusicm, rather than by stretching of arec ecrust. To determine
composition of basement, to examine tectenic history in sediments in a location where sediments -
appéar undisturbed, close to the active rift axis. To determine nature of possible hydrothermal
activity sssociated with a young backarc rift in an area with thick sediment cover that is

apparently little d::.stm-bed (simlar to Koroko enviromments). -

pckgeound Informations o : L .
Regional Data:  SeaMARC Il sidescan and bathymetry, seismic reflecticn, gravity magnetics.

Seismic profiless' See Attached. .- _
Other datas dredge samples and geopbysical data will be collected by.R. Stern & S. Blocmer,
. October 1985. . - ’
Sit= Survey Data - Conducted by:  SeaMARC II survey conducted 1og4, P. Fryer, D. Bussong '
Date: June 19384 - . . -
Mzin results: Data described above was collected.

perational Considerations

fater Depth: (m) 3000 m " Sed. Thickness: (m) approx. 400 Total penetration: (m)

to - refusal - - A :
iPC _ Couble HPC Rotary Drill Single Bit _ » - Resntry B

ature of_sedimehts[rcck 'a':;i_:i.dbéted:' Vitric silt, mud, siltstone, pumice, basalt

k'e;t'ner cﬁnditiénsl;wirx.dom B APR—:AUG ‘ . optimm"* MAR —SEPT a'.c_:cepta.ble
'e-ri.tcria.l iu?kdi.éﬁom"  Northern Yariana Territory e LI R
ther: - T . o - - BN ,"'_ T - -7

' - e v W e

®dial requirements (Staffing, instrumentation, etc.)

none

—

“opcnents P. Fryer, R. Stern, S. Blocmer, - Date subrnitted to JOIDES Office:
- J. Gill, J. Natland _ Jaly . 1985

Rev, 022




*arnaté Sites

4 sed Sites Northern Mariana backarc pasip) “eGielal woySessre-e 10 STUUY DAl LG LACKALC 0asip
: crust near the active arc crust in.a young backarc rift /

Site 3.
M3 132

aeral I\rca-. Northern Mara.ana. backarc basin

sitions  21940'N  143°30'E Thematic Panel interests Lithosphere, Tectonics

Regional Panel interest:  Western Pacific

————

~cific Objectives: To determine sediment history of backarc basin in order to examine tectonic
history of rifting, tephrachromology of nearby arc volcances (if possible),
0 determine basement composition to test possibility that the near arc basement is sundered arc
srust or alternatively is composed of newly formed backare crust (implying asymmetric spreading).
’o'examine extent to which arc magmatism may be associated with backarc rifting near the active
re. To study possible hydrothermal activity associated with rifting in an area of thick sedi-
sent which appears undssturbed (similar to Eorcko envircmments).

«

cheground Informations -
.egional Data:  SeaMARC II sidescan and ba.thymetry seismic re.flect:.on

Seismic profiless  See Attached. - L ’
Other data:  R- Stern & S. Hoanerwill collect ade.t:LonaJ. geophys:ca.l data and samples in’
Oct 1885.

‘ite Survey Data ~ Conducted by:  SealARC II survey conducted 1984, P. __Fryer, D. Hussorg

Dates June 1984
tiain results: Data described above was collected. . L.

serational Considerations

ater Depth: (m) 3000 m " Sed. Thickness: {m) approx. 400 Total penetration: (m)

to-refusal. _ - . e e
ac Double HPC Rotary Drill Single Bit _ x Reentry

iture of,sedimgﬁts/ rock ax:xt-i.dpated: vitric silt, mud, siltstone, pumice, basalt

:a;'ther conditicms/.window; APR —AUG . optimm" EMR—SEPT acceptable
writorial jurisdiction:’ ~ Northern Mariana Territory = : R
herz . . - o

- : : o -

ecial cequirements {Staffing, instrumentation, etc.)

. P. Fryer, R. Stern,J.GillDate submitted to JOIDES Office:

‘oponents J' :
. Natland - suly 9, 1985

Q
~
[¥)

Rev.
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: Gcnex;a) 7uo ives
7 sed Site: . Year large chain of volcances | GSTCaAlsm between volcanic cn:\ss—chaa.ns in a ba

i the Mariana back arc basin Site 4 arc setting and inter-volcanic backarc basin or
on the arc side of the backarc basin
V-5 134
ieneral Areas  Northern Ma.nana. Baclkarc Basin . Y. R .
Igsition: 21%39™  143° 53'E Thematic Panel interest Tectonics, Litiospasro

Jternate Sites 21%0'N, 143°30'E. (see-Northern Regional Panel interestz: Western Paciflic
Mariana Backarc Basin Crust, Sitel3)

pecific Objectivess To investigate the degree to which arc magmas contaminate the backarc basin
crust by injection into preexisting erust alopg fractures. To examine backarc basin crust of
the- eastern margin at a site between volcanic centers and not along cross fractures. To test -
possibility that the Mariana backarc basin bas spread assymmetrically, and thus may be compose:
of primarily sundered arc material on the western half and of newly fommed (by ridge ‘spreading
basaltic magmatism on the eastern half. :

*-ackgmund Informations
Regional Data:  SeaMARC II sidescan and ba.thymetry, se:.smc re.flectn.on, gra.v:l.ty magnetics in ne
Se:.smac profJJ.ES. None. See sidescan image attached. - vicinity.

-S. Stern and S. Blocmer will augment ava.llable geophys:.cml data and samples in 2
QOther data=  ALVIN diving is scheduled for 1887 for v1c1m.1:y a.dd:.tlonal geophy51ca.]. data wil
collected on transit to dive sites.
Site Survey Data - Conducted by: " will be- collected on- 19387 ALVIN cruises. -
Date: 1oss, 1987 L
Main resultS' Will collect data described above. - /C__ -
. y2 .

Joarational Considerations

. unknown at L
Yater Depth: (m) ~ 3400 Sed. Thickness: (m) present  Total penetration: (m)

to. refusal - . . _
4i2C Double HPC _____ Rotary Drill Single Bit _x Reentry
vatura of, sedxmgnts/ rock anncxpated: ~ vitric silt, mud, siltstomes, pumice, basalt’

¥eather conditions/window: =~ APR-ALG  optimm, * MAR-SEPT " acceptable’ =

Territorial jurisdicﬁom" Northern Mariana Tervitory © - =+ - -0
Jthew -~ 0 . Tt o __ -

jpecial requirements (Staffing, instrumentation, etc.}

Sroponents Patricia Fryer, J. Gill Date submitted to JOIDES Office: July 9, 1985

R. Stern

Rev.
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DEEP SEA DRILLING TARGETS IN THE NORTHERN MARIANA ARC

Patricia Fryer . .

The folloQing two proposed sites are intended to address the problems of the
tectonic history, structure,.and_éomﬁoéition of the afc at sites close ta the
active are. The first area nggested for drilling is loecated in a perticn of the
arc which has prcbably had a lower rate of inFlux of volecanogenic sediments than
elsewhere in the arc. At this site the arc volcances are small and occur within
the backarc basin. The volecanoces are separated frqm the forearc in this region
by a 2 km~-high scarp (Figures 1 and 2}, an efféctive barrier to anyAvolcanigenic
detritus that might have been generated in response to local are volcanism. The
forearc here may record a full section of arc tectonie history in a very thin
sediment section. It is likely that basement close to the line of active ares
volcances- would be réached mcre rapidly here than in any other pertion of the
arc; In addition to these considerations, the site suggested shows evidence of
tectonic movement. The relative age of this disturbance is not kncwn. It is of
considerable interest to the study of stress fields of the arc te determine
whether the fracturing of the forearc in this region is ancient or recently
| active. Recent tectonic aétivity is possible along some of the faults seen on
SeaMARC II data from this area. 4 small volcanic cone exists on one of fthe fault
‘traces at the base of the fault scarp bounding the back arc basin. This volcano
appears young. It has more higﬁly reflective back scatter characteristics as
compared with the surrocunding bagin floor and Qith the fault searp itself. If

“yoleanism occurs along fault scarps in thié part of the are, there are obviously
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avenues for migration of magmatic and possibly for metalogenic fluids. Note also
(see Izu/Bonin are sites, Taylor) that numerous small young-appearing volcanic
cones are seen on SeaHARb II data between major volcanic centers in the Izu are
at about 31° N, 1 g, No assessment of the econamié potential of such areas in
arcs has ever been attempted,

The second forearc site we propose is directed toward solving a &ifférent
set of problems. The forearc graben north of Fukujin seamount is one of the
largest grabens in the Mariana are. Scme of the largest seamcunts of the arc are
situated along the trend of this graben. While the volcances are composed of are
lavas, they are situated eifher parallel to or aleng strike of the backarc rift
axis. It is conceivable thét the distribution of these volcanées is controlled
by local tectonic processes of back arc extension. If 50, the large graben in the
forearc may also be related to back are rifting processes. It may represent a
locus of rifting which has managed to propagate through the arc to scme extent.
It is clear (data from Izu/Bonin are and the Coriolis Trough of the New Hebrides)
that backarc rifting can occur in the forearc, between the line of active
volcances and the trench axis, in a given arc system. However, in the case of
the' Izu/Bonin and Corioclis rift grabens, the tectonic setting is one of incipient
rifting, lacking a well-developed magmatic spreading ridge. In the case of the
site proposed here, there exists the unusual opportunity to study tectonic
proecesses associated with forearc rifting that may be the arcward extension of a
mid—ocean ridge type of backarc spreading center. Some shallow-focus earthquakes
have been located in the vicinity of this graben. However, locatioﬁs for these
earthquakes are not well determined by the global seismic network for this
region. Fryer, Ambos and Duennebier intend to propose in 1986 an OBS study of
this part oflthe Mariana aré for 1987 or 1988. We would prefer to do this study

in conjunction with the drilling of this site if approved, in.order to
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incorporate downhole OBS data with the data from the OBS array we intend to
deploy. The downhole data would enable us to determine the structure of the
forearc in this regién in greater detail. The greater coupling capability of the
downhole OBS and its greater sensitivity is required in order to distinguish the
variations in anisotropy, which would be expected in this region if propagation
of rifting through the arec had occurred. If the graben is fault-controlled or if
dikes are associated with it, the extent of this faulting or dike intrusion eould
be detected by ccombining data frpﬁ the downhole instrument with the seafloor
array. The objective of such a study would be to determine the extént of forearc
fracturing associated wiéh grabeh fbrmétion, to distinguish between voleanigenic -
and tectonically generated seismic activity, and to examine the extent and |
distribution, if possible, of dikes assoéiated with Fukujin Seamount.

Sediment history in this graben will record timing of graben formation and
the history of volcanism of this portion of the arc, and composition of these
sedimen}s would help to determine the possible extent of hydrothermal activity
associated with formation of the graben or of mineralization associated with
either volcanism at Fukujin Seamount or igneocus activity assceiated with graben
formation. The most likely type of mineralization we‘cculd expect to be
associated with this region is that typicél af Koroko type deposits. Much
discussion of the formation of this type of deposits has centered around their
Qriginating in the backarc enviromment, If, as in the Izu/Bonin are énd the
Coriclis Trough of the New Hebrides, forearc rifting has occurred or is occuring
in the Northern Hariaha'arc, then the possible extent of Koroko type deposits may
be much greater than currently anticipated. These deposits may occur in the

backarc, the are, arnd the forearc environments.




s ,.«,..-c'i Site: Large forearc graben 22°N General Objective:r  Farearc rifting processes,
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meral Area: Northern Mgriana Forearc M f~ y _
sitions 227533'N 143745'E Thematic Panel interests Lithoscphere, Tectonics

ternate Sites - . | Regional Panel interestz Western Pacific

acific Objectives: 15 determine the tectonic history-of formation of the large graben northeast

of Fukujin Seamount. To determine relative timing of formation of tbis and a smaller graben
close by to the scuth. To examine pature of active tectonic movement in the forearc; to deter—
mine composition of the inner forearc basement in a region of suspected low sedimentation (few
large arc seamounts nearby). To test the possibility of propagation of backarc spreading rifts
through the arc massif by examining the composition of basement material in the rifts, to deter-
mine whether hydrothermal activity is associated with rifting. To test the poss:Lblh.ty of recent
arc magmatism associated with rift fonnat:.ons. (see at't:ached)

&eround Information: ' '
og;cnal Data: SeaMARC I1 sidescan a.nd bathymetry data, gravity, magnetlcs, selsm.c reflection.
Seismic profﬂes- See attached.

Other datas ALVIN Diving will be conducted in vi‘c{mity in 1987 additional geophysical data will
be collected the. R. Stern and S. Blocmer will provide addltlonal gecphysical data in Cct '35
te Survey Data - Conducted by: will be acquired.
Dat
Main resultss Will have geophysical data., seismic reflection, gravity, magnetics.

zrational Considerations

. unknown at
:ter Depth: (m) 2800 Sed. Thickness: {m)  present Total penetration: (m)
to ref ' : '
2C S us%]éuble HPC Rotary Drill Single Bit Reentry X

sure of_sedimehr.s/ rock anticipated;:

:ather conditions/window:  APR-ADG optimum; MAR-SEPT acceptable
rritorial jurisdiction: Northem Marizna Territory

her: |

A

:cial cequirements (Staffing, instrumentation, etc.)

Downhole CES and OBS array deployed. by second ship.

‘ponent: P, Fryer, B. Ambos, F. Duemnebier Date submitted to JOIDES Oifice:
: ' July 9, 1985
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SPECIFIC GBJECTIVES (continued)

To determine the level of seismic activity associated with the rift
region. To study fine scale structure of the rift in an attempt to
distinguish between propagation of backarc rifting through the arc and
fracturing of the arc in response to regional forearc stresses
(anisotoropy controlled by dike or fracture crientation). To study the
structure of this part of the arc in conjunction with deployment of an
CBS array. Very similar objectives could be addressed at the alternate
site although no ALVIN studies are plannedin this area.

1)
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s ﬁe;, Sitee Small graben npear active arc General Objective: To determine the nature of

between active sutmarine basement of the forearc close to the active
volcanoes of the Northerm Mariana Arc. To determine recent history of forearc rifti
144

leneral Area: | Northerp Mariana Arc -
desition: 21°39'N, 144°16'E Mﬂ 2] Thematic Pariel interests Lithosphere, Tectonics

Alternate Sites Regional Panel interest:  Western Pacific

;pecific Objectives: To determine stratigraphy of forearc sediments in region presumed to have
2 low sedimentation rate (few and small volcances). To examine the nature of active tectonic
mvement in the forearc, To determine the compositions of the forearc basement between arc
volcances and determine whether forearc fracturing is associated with recent emplacement of igr
material. To examine the sedimentologic history of the forearc in a region close to the arc, bt
arere sedimentation rates are low (few large active seamounts nearby).

.
'

Background Informations ‘ |
Regional Data:  SeaMARC IT sidescan and bathymetry data, seismic reflection, gravity, magnetic
Seismic prefiles:  See attached

Other data: Additional geophysical data will be. collected by R; Stern and S.- Blocmer in Oct.

Site Survey Data - Conducted by: KK83-01-16-04, -D. Hussong and P. Fryer
Date: 20 April - 17 May 1983 . : .
Main results: - Data described above was collected.

Operational Considerations

Water Depth: (in} 2600 m " Sed. Thickness: (m) approx. 40cmTotal penetration: (m)
to refusal . ) .
HPC Double HPC Rotary Drill Single Bit _x Reentry

—

Nature of sediments/rock anficipated: vitric silt and mud, siltstones, pumice, basaltic basement
weather conditions/window: APR-AUG optimum; MAR-SEPT acceptable
Territorial jurisdiction: " ‘Northern Mariana Territory

Qther:
- ) o .\

Special requirements (Staffing, instrymentation, etc.)

Proponent: ‘ o Date submitted to JOIDES Office: '
‘ Patricia Fryer July 12, 19t

Rev.
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*hAOOP SITES PPOSCOSAL SUOOINRY EQRM™**
(Submit 6 ccoies of mature prepesals, 3 ccpies of preliminary proposals)

Proposed Siza: M- nexal Objective: composition of arc
K . volcanic rocks between arc veclcanoces.
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General Area: y, Mariana arc )
Position: 144 50g, 21.29y (locations 7 & | Ihematic Panel interest: LITHP, DMP
Alternate Site: 1449, 21.50N 7P in Figs.) Regional Panel intexzast: WPP

Scecific Cbijectivas:

1) To find out if the submerged, deep flanks of an intraoceanic
arc volcanc are the same composition as, or are different from, the 0.57 of the arc
above sea level; 2) to study the lithology, structure, etc. of exclusively submarine
arc eruptives; 3) to ascertain deep structure beneath an arc away from major edifices;
4) assorted geothermal objectives.

Backgrcurd .nformation (indicate status of dat2 as outlines in the Gumellnes}
Regiocnal Geognysical Data: .
Saismic profiles: some HIG data near alternate site

-

Other data: SeaMARC Il data near alternate site. Primary site slightly prefer—
able as being most distant from islands and near-sea~level are volcanoes. o

.

Site Specific Suxvay Data:
Seisric profiles:. pgcate sediment ponds, if any, along or near major arc
ridge at both primary and alternate sites.

S - s
Otfer Data: c,pe same, measure heat flow in same. SEABEAM or SeaMARC determina-
tion of distribution of lavas, volcano alignment, etc. For such a deep hole, seismic
refraction to relate to downhole measurements, etc.

Cperational Considaraticns:

3,000- -
Water Dapti: (m) 1500 Sed. THicknass: (m) ? Tct. penetraticn: (m) 0.5-1.5 km
e X Double HEC Rotary Drill X Single Bit Reentry

Nature of sedix Qts/rccx anticipated: Arc volcanlclastlcs, basalts, andesites.
Weather cand;t;ons/windcw: APR-AUG optimum; MAR-SEPT acceptable
Territorial jurisdiction: Northern Mariana Territory

Other:

Special Reguirements (sr=r-1n inrgtriorentaticn, ets.):

Hole will have geothermal 1ncerest, therefore proper pore-fluid sampling procedures,
packer, atc. Oblique seismic experiment or equivalent. ‘Good place for downhole lomg-term
saeismometer.

Prooonent: - SOR QFFICE Usz:
Address & ghene R.J. Stern te recaived:
numrber : Program in Geosciences - | Classification ro.:
(214) 690-2401 . Texas, Dallas Fanel allocaticn:
(Dept.) Richardson, TX 70580 '
. - J. Natland
(619) 452-3538 DSDP A-031
Scripps Institution of
Oceanography

La Jolla, CA 92093
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SITE M-8
M.F.J. Flower and K.5. Rodolfo
Department of Geological Sciences

Uniﬁersity of Illinois at Chicago

Introduction

According t0 a diachronous spreading model for the Mariana Trough, the proposed gite
represents the locus of imminent rifting. Site M-8 is located where the inactive West Mariana and
active Mariana n'dgés join to-form the southern end of the Iwo Jima Ridge (Fig'. 1). As delinea:ned
by the 3 km isobath, the northern tip of the Mariana Trough lies 125 km east-southeast of the sita.
Deep basement penerration (1-2 km) at this site should’ yield swradgraphic evidence for the
transition from arc to backarc magmatic regimes, and a record of vertical movements and subaerial
arc voleanism. Major objectives would be to seek chronologic geochemical patterns analogous to
those at propagating mid-ocean rifts, and to study the question of synchronous versus asynchronous

arc/backarc activity,

To avoid the risks of drilling 'pure ar¢’ or 'pure backarc’ crust, site surveys (surface heat flow,
seismic, bathymetric, etc.) should aim to characterize and select transitional crust. If successful,
drilling this site should provide insight regarding the genetic conditions for many ophiclite lava

successions.
Location

The proposed site would lie in the area between Lats. 23.5-24°N and Longs. 141-141.5°E, in

water 1 to 1.5 km deep.
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Scientific Rationale

" Drilling this site would definitively test the hypothesis that the Mariana Trough is propagating
nox_‘r.hward [see pre-conference conr.ribuﬁons by Flower and Rodolfe, and by Bob Stern. The same
hypothesis is a basis for the cluster of more southerly sites M-4, -3, -6, and -7.] According to the
hypothesis, deep penetration at M-8 should provide a unique section through pre-sundered crust,
together with the magmatic products of incipient spreading. These products r:nay take the form of
eruptives and/or intrusives of relatvely unfraétionated zero-age basalt. Pre-sundered' crust
consisting of arc tholéiite, andesite, boninite, etc, could represent cycles of arc activity possibly

ranging as far back as the Eocene [cf. Palau-Kyushh;ridge,'Guani, Saipan].

Complex lithologic and. age relationships in basement should yield critical geochemical and
ge.ophysica.l Adata.. Petrologic-geochemical studies should monitor changes in mantle-source
character (eg. 'refractory’ vs 'fertile’; possibie meﬁsomadsm), magma system type (open’ vs.
‘clesed’), and changes in magmare volatile content. Geophysical logging, downhole heat-flow, and
seismic experiments should characterize the predicted tra.nsir.io-nal crust type, and the thermal
conditions of incipient arc sundering, Magnet;ic polarity changes and palec-inciinations should help

distinguish eruptives and intrusives, and monitor teczonic deformations.

M-8 is a shallow site, well abaove CCD, and is probahly accumulating calcareous oozes similar to
the surface cozes and chalks cored at DSDP. Site 431. At the very least, the M-8 sediments should
vield an excellent biostratgraphic record, and a good record of paleodepths from benthic
foraminifera. (Janet Haggertv's conference presentation is particularly reievant in this respect.]
Hence the site should document and measure rates of vertcal uplift from the postulated incipient

rifting.
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The sedimentary column at M-8 may well record events as far back as the Parece Vela
spreading of middle Oligocene to early Miocene time. This may enable us to measure several
earlier vertical motions of regional extent, including subsidences as well as uplifts, documented in
Marianas exposures and in DSDP cores, e.g. (a) uplift immediately preceeding and accompanying
inicial Parece Vela Basin spreading during Middle Cligocene ﬁme; (b) regional subsidence during the
(early Miocene) mature phases of this earlier backarc-spreading event; (c) uplift in the middle
Miocene, and (d} .subsidencé in the late Nﬁocege. Regardless of how far back the sedimentary
record may reach, the evidence for vertical motions would have major tectonic significance for the

whole Mariana region.

The site should ﬁrovide a good tephrochronologic record of subaerial frontal-arc voleanism. Its
crestal position, physiographic isolation, and distance from the active Mariana voicances should

ensure that the tephra record span a long time interval and consist of discrete ashfall layers that

‘are easy to date. It will, moreover, avoid the problems encountered on Leg 60 sites, where the

volcaniclastic record was swamped by coarse, unlithified materials that in large part may have
been epiclastic derivatives of quiescent volcanic terranes. The geochemistry of the tephras from
this site shouid reflect the changes in frontal-arc volcanism accompanying the present, and possibly
earlier sundering events. Stratigraphic correlation of the tephra with those of other DSDP and
ODP sites would be valuable documentation of diachronic arc volcanism. [See pre-conference

statement from Jim Natland.]
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FIGURE 1. Location of proposed Site M-8 (small square). The larger rectangle contains proposed
sites M-4, M-5, M-6, and M-7 [see figure fror;:l R. Stern’s pre-conference contribution]. The 3-km
isobath has been arbirtarily chosen and darkened to outline the M;riana Trough. Modified from

Langseth and Mrozowsld, 198C¢ (DSDP Vol 39, p. 488).
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,ded Site: M-8: southern end of General Objective: Diachronous backarc spreacg¢

Iwo Jma Ridge of Mariana Trough; frontal-arc tephrochre
logy.
- 154
ieneral Area: Phll:.nplne Sea .
‘esition: Lats. 23.5-24,0°N .| Thematic Panel interest LITHP, SOHP
terrate-5ites Longs, 141.0-141.5 g Regional Panel interest: Western Pacific

pecific Objectivess 1. Transition from arc to Backarc magmatic activity
2, Thermal regime of incipient backarc rifting
3. Magmatic expression of rift prepagation
4, Sedimentologic record ¢f vertical tectonism
5. Tephrochreonology of arc volcanism
=

sackground Informations
Regional Datas
Seismic profiless . _ ) ) -

Qther data:

Site Survey Data - Conducted by: -
Date: .
Main results:

perational Considerations

- -

fater Depth: (m) 1-1.5 km Sed. Thickness: (m) unknown Total penetration: (m) 1-2 km
[PC_X_ Double HPC Rotary Drill X Single Bit Resntry X

.ature of sediments/rock anticipated: Calcareous cozes and chalks with airfall tephra and
other volcaniclastics; arc tholeiite, andes:.te, boninite,

/eather conditions/window: Period of major storms is from July to November.

‘erritorial jurisdiction:

yther:

pecial requirements (Staffing, instrumentation, etc.)

roponent: M.F.J. Flower and K.S. RodolfdDate submitted to JOIDES Office:

Department of Geoclogical Sclences
University of Illinois at Chicage

Rev. 028:
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PROSPECTS FOR GEOTHERMAL DRILLING IN ISLAND ARCS
' AND BACKARC BASINS
Introduction

A major emphasis of ocean—crust drilling in the past has been to understand
geothermal processes on the sea floor. Circulation of seawater in the crust 1is pre~
sumed to be the principal agent in the consolidation of magmas and'cooling of the
lithosphere. The elevation of the sea floor, patterns of heat flow, and the generation
of polymetallic sulfides and metalliferous sediments are all aspects of circulaticn
of seawater in the acean ‘erust.

This is a preliminary prospectus concerning the potential for geothermal drilling
in island arcs and ?gckarc basins when JOIDES RESOLUTION leaves the Indian Ocean for
:hé-western Pacific.in a few years time. Tsland arcs and-backafc basins are logical
places to carry out dfilling yith geothermgl or hydrogeological objectives. Several
of the backarc basins in the western Pacific contain actively épreéding ridges, many
arc volcanoes are submerged or have submerged satellitic. vents, and in some places arc
volcances are built out well toward the spreading centers of the backarc basins.
Pyroclastic debris shed from the Qolcanoes forms apvons which can lap even further'
toward the backarc spreading ridges, thus potentially modifying patterns of seawater
circulation. Finally, forearc regions g¢ffer quite a different type of seéwater—circu—
lation system, ome related to dewatefing of subducting ocean crust and sediments.

All of these regions therefore offer enticing targecs for studying flow of water in
various types of crust, and the influence of that water in cooling that crust and
modifying the compositions of rocks.

Background: Ceothermal Drilling in the Principal Ocean Basins

Through drilling, we have been able to explore several more—or-less. ldEallZEd
examples of geothermal systems in the ocean crust. These are 1) a comparatively "hot“
area of off-axis seawater circulation with thin sedxmenc cover. uameiy the Galapaéos:
Mounds hydrothermal field; 2) a more thickly sedimented area, still fairly "hot",. but
where measured heat flow is uniform and matches that predicted for conductive cooling

of the lithosphere, namely Hole SOAB near the Costa Rieca Rift; 3) an area of recent
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rifting, with high heat flow, biit rapid influx of terrigenous sediment, namely the
Guaymas Basin in the Gulf of California; and 4) old ocean cfust in the western North
Atlantic, where low-temperature, oxidative alteration prevailed at a surprisingly
early stage in the history of the crust.

The most dramatic manifestations of geothe?mal pro;esses in the oceans, the: hot-
smoker fields at axial regions of the East Pacific Rise and Galapagos let, have until
recently been impossible to approach through drilling because of the inability to spud
into bare rock. With bare-rock drilling capability near at hand, however, plans are

proceeding for drilling the axial regions of spreading ridges, and particularly a high-

_temperature vent area of the East Pacific Rise. The new spud-in capability will allow

direct sampling of circulating fluids in the crust above presumed axial magma chambers.
monitoring of seismicity related to movement of magmas (and heated seawater), and carry-
ing out of precisely controled seismic refractiom experimencs to determine magma—chamber
size, location and shape.

This capability, and the types of objectives that can be approached with it, need
to be factored into plamming for drilling of island arcs and backarc basins in the
western Pacific.

Contrasts Between Geothermal Systems of Major Spreading Ridges, Island Arcs, and

Backarc Basins

Space here is too limited to proGided a detailed, and fully referenced, discus-
gion on comparisons between seafloor geothermal systems in the normal ocean crust and
those of arcs and backarc basins. At this stage, it is sufficient to note that
all combinations of exploration techniques (submersible, deep-tow, dredging,- ANGUS,
drilling, etc.) have established the following. |

In the open oceags,'séafloor geothermal activity:and the formation of metalliferous
deposits is closely related to the size,.shape. deﬁth; aﬁd persistence of magma cham— -
bers, Qhether located at spreading ridges or within seamounts. We have managed to
study an idealized succession of high- to low~temperature geothermal phenomena and

relate these phenomena to the general cooling history cof the ocean crust. High-tempera-
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vents and assoclated mecalliferous deposits (including sulfides) are almost exclu-
sively restricted in occurrence to active rift zones immediately atop axial volcanic
ridges, for example at the East Pacific Rise. The metalliferous depogits formed

here must eventually become buried with later lava.flows, and come to reside near the
base of the extrusive portion of the crust (e.g. the metalliferous stockwork in the
dike-pillow transition zone of Hole 5Q4B; Honnorez.et al., 1985). Those later

lava flows in turn are subjected to lower temperature stages of alteration, often -
themselves characteri-ed by vigorous flux of formation fluids. Howeve;, so far as is
known, oaly Fe-Mn oxyhydroxides and clay minerals, sych as are found at the Galapagos
Mounds field or more typically in basal sediments at DSDP holes, form in such circum-
stances. The éombination of lichospheric cooling, reduction gf the porosity of the
.uppermost.crust (by means cf collapse of voids and veining with secondary minerals),
and capping with sediments bring teo a halt geothermal circulation in the ocean crust,
and any associated formation of metalliferous minerals.

In island-arc systems, a critical role in the circulation of seawater in thé
crust, and the formation of metalliferaus deposits, must be assigned to the wide
volcaniclastic aprons which flank arc volcances on both backarc and forearc crusrtal
segments. In backarc basins, these will greatly modify the idealized sequence found so
generally in the ocean crust. The geometry of heat sources will be less important
than the fault structure affecting the aprons and underlying crust. Thus formatiom
fluids heated either in the course of consolidation and cooling of backarc crust, or
of arc volcanoes, will find no route to the sea floor through the impermeable sediments
except along faults which break the impermeable sediment seal near the arc voicanoes
and elsewhere. Comparatively high-temperature forms of alteiation will characterize
the uppermost crust in such circumstances, and metalliferous deposits will be selec-
tively concentrated at structural transitions betweén sgreading—cypes of crust (backérc
or forearc), arc vo;cénoes, and the arc-derived sediment prisms. These relations are
demonstrated in a minor way by drilling already carried out at Sites 453 and 456 in the
Mariana Trough (Hussong, Uyeda et al, 1982, and chapters therein). High-temperature

fluid flux, and associated alteration and deposition of minerals, will thus tend to

T e e
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occur favorably at high 1eve;s in, or in materlals deposited atop, the forearc
or backarc crust, as for example found in many ophiolites (e.g. Samail; Alabaster
and Pearce, 1985). Where arc volcanoes and centers of backarc spreading are very
close together, and where volcaniclastic sediment deposition mnearly buries the
latter, the extreme of high-level crustal alteratien, and focusing of circulating
fluids along fault zones can take place. This was probably an impartant factor
in the formation of the Koroku-depoéits of western Japan during z narrow time
interval in the Miocene, at a time of rapid opening of the Sea:of Japan {(e.g.
Stllitoe, 1982). ‘

The potential return on geothermal drilling in island-arcs and backarc Sasins
is thus very high, provided such drillingnaccurs in'géochermal systems differing from, .
thus not duplicating, those we have studied at the major spreading ridges. With this
proviso, we should be able to add to conceptions of ‘geothermal processes we have so
far obtained by studying the major spreading ridges. |

Soma Objectives of Geothermal Drilling-in Arc and Backare Systems

It is too early to make a comprehensive list of objectives for geothermal
-drilling in island arcs and backarc basins; detailed planning is required for this.
We can, however, summarize some of the important rationales for such drilling,

From a petrolegical perSpectiQE, an important problem is the possible involve-
ment of fluids and entrained dissolved coustituents derived from subducted materials
in arc and backaré magmas, or their melt sources. Ideally, one perhaps would like
to consider a transect within an individual arc and backarc system, where a trench-
slope forearc region is drilled, to study hydrogeclegical processes related to
initiaf dehydration of subducted c¢rust and sediments; an active arc volcano is
drilled, to study the arc portion of the ‘system; and an axial sﬁreading center in
a backare basin is drilled, to assessldifférences Betweén it and the arc Qolcano.
Here, an-important reason for drilling would be sampling of fugitive comstituents in .
pore fluids within sediments, or formation fluids within basement. Such constituents
are not 'always present even in minor amounts in fresh lavas (let alone altereﬁ rock),

but careful geochemical studies of fluids from boreholes in continental volecanic centers
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ave recently allowed discrimination of "mantle" versus "meteoric" components in

iome cases (e.g.smﬂhik@haé\;,ﬁﬁﬁ). A similar approach should be fruitful in sub-
werged arc and backarc geothermal systems.
Practically, however, an idealized transect across a single arc system might

ot be feasible, either because of time constraints, or lack of appropriate targets.

yther objectives for geothermal drillinmg might prove more attractiﬁe. HoweGer, at
least iﬁ a hypothetical sense, the concept of az transect can be retained, as long as
111 three structural elements of an arc system - the forearc, an &rc volcano, and a
sackarc basin, are targeted for this type of exercise somewhere. This may be a better
way to approach it than by rigidly insisting that all three be drilled in ome arc
system. | : .

From the perspective that arc volcanoes and aprous mnddfy circulatien patterns
of seawater in the crust, additiomnal types of drilling targets suggest themselves,

A program on a youthful, ideally active, arc volcano, plus its flanking sediment
apron, would establish the general properties of such structures in relatiom to cir-
culating fluids. This drilling might require a bare-rock spud in capability; alter-
natively, an older, inactive seamount with sufficient sediment on it could be targeted
to study the final consequences of high-level seawater cireulecion in an arc edifice.
Here the objective would be altered rock, and ephemeral comnstituents in pore fluids
would probably be long gone.

Backare ridges with potential complications introduced by prox1m1ty of arc
volcances (and arc-derived sediment aprons) are alsc likely candidates for geother-
mel exploration through drilling. Here, the extreme case of a very narrow backarc
" basin might be the most actractive, for the reasons outlined above. Probably it
would be valuable to contrast this w1th a more isolated backarc spreadlng-rldge
segment., Wher:e sediments occur, of course, bare-rock spud in can be avoided Where
bare-rock drilling is attempted on a backarc spreading ridge, however, other aspects
of the crustal generation process can be explored, for example by use of borehole
seismometers or a long-term installatiom in the hole. If sediments lap onto the

spreading tidge, though, such an installation can be contemplated without the compli-
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*%*COP SITE PROPOSAL SOMRARY EQRMr** .
(Submit § ccoies of mature proposals, 3 copies of preliminary proposals)

Proposed Sice: General Objective: To study geothermal
' N}-? processés at an active, as-yet unsedi-
mented backarc spreading ridge

General Area: CENTRAL MARTIANA TROUGH
Pesition: 145°E, 189N Thematic Panel interest: LITHP,.Dwnhole Msrmr
Altarnate Site: similar locations between | Regicnal Panel interest: ypp

149 and 200 N ' :
Specific Cbiectives:

To study the hydrology, pore-fluid chemistry, structure, physical
properties, etc. of backarc crust in an area of active hydrothermal activity. Relatioushi;
of such processes to subjacent magma chamber, if such exists. Sample fluid centributions
from diverse backarc, arc, mantle sources.

.

Backgrcund Information (indicate status of data as cutlines in the Guicdelines):
Regicnal Geophysical Data: '

Seismic profiles: pre Leg 60 Site surveys; SCAN Expedition surveys, etc. Nome too
relevant, since this proposal is for a bare-rock site. ‘ ’

—

L

Other data: : ‘ , :

Site Specific Survey Data:
Seisnic profiles:

-

Orther Data: seiswmic refraction for crustal structure in area of target; heat-flow
distribution in nearby sediment ponds; near-bottom observations from projected ALVIN
studies.

Coeraticnal Considarations:

: . 100 m. min;
Water Depth:{m) ca. 3500  Sed. Thickness:(m) 0 Tot. penetration:(m)Soo m. bett
HEC Double HC Rotary Crill ~ single Bit Reentzy X (barve-rock

Nature of sediments/rock anticipated: basalts, variously altered; interbedded (7) volca
clastic sediments (e.g: compare Site 454) .
Weather conditions/windcw: APR-AUG optimum; MAR-SEPT. acceptable

T itorial “urisdicticn: Northern Mariana Territory
'arr i Suri icns

Cther:

Soecial fecuirements (st2ffing, instrumentation, etc.}):

Full-court press with logging, resistivity, downhole seismics, pore-fluid sampling,
packer, long-term instrument installations, etc.

Proponent: 1., Natcland FCR CETICE USE:

Address & shene pgpp  a-031 - Dats received:
nunber : Scripps Institution of Clas?focatlcg .-

(619) 452-3538 Oceanography Panel allocaticn:

La Jolla, CaA 92093
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***C0OP SITE PPOPCSAL STMVARY FOR***
(Sutmit 6 copies of mature prorosals, 3 copies of preliminary proposals)

Proposed Sice: YR General Gbjective: Understanding geothermal
e processes in a backarc basin

-- General Arsa: Northern Mariana Trough .
Positicn: 1439E, 21.50W Thematic Panel interest: p1ryp
Alternate Site: pa,r DSDP 456, Mariana Regicnal Panel interest: WPP

Traugh 189N rransecr Teg AQ a* —
Specific Cbjectives: To determine the effects of partial burial of an active backarc

basin with volcaniclastic sediments on the circulation of high-temperature fluids in

- Can be carried cut in conjunction with petrologic, tectonic objec-
tives of proposal by Fryer, Stern, and Bloomer.

Background Information (indicate Siates of Gata ag outlined in the Guidelines):
Fegicnal Geopnysical Data: ; . )
Seismic profiles: Summary and profile given in proposal of Fryer, Stern, and
Bloomer. Probably relevant profiles are alsc at SIO Data Center (SCAN Expeditionm). -,

“Cther data: SEA MARC II coverage of most of -this area, showing distribution of

open .lava fields and areas covered with sediments; some seismic reflectiom, gravipz
magnetics, obtained 1984. ' . )

Site Specific Survey Data: : ‘
Seismic profiles: 3Zediment thicknesses need to”be determined from exisatirg
profiles, and-faults through sediments located. 4'
Cther Data: Should have a careful heat-flow-survey, piston—coring to obtain
surficial pore fluids. o

Ooeraticnal Considaraticns:

up Lo .
Water Depth:(m) 3450 Sed. Thickness:(m) 400 = - Tot. penetraticn: (m)

HPC X  Double E'C ___ FRotary Drill _x  Single Bit g Reentxy
'Natﬁre of sadiments/rock anticipated: volecaniclastic muds and sands above basalt
Weather conditions/windcw: APR-AUG optimum; , MAR-SEPT acceptaGle

Territorial jurisdicticn: wNorthern Mariana Territory

Cther: As at Site 456 pgobably several holes near and .away from faults, within a
heat-flow survey grid i{1°be necessary.
Special Recuirsmants (staffing, instimiantaticn, etc.):

. Packer, pore-fluid sampling devices, downhole heat flow; possibly high-temperature
logging tools. ’

Proponent: J. Natland S FQR QFFICE USE:
Address & chene pgpp  a-031 . Dats received:
. amber: Scripps Institution of Classificatioq .
(619) 452-3538 Oceancgraphy  Panel allocation:

La Jolla, CA 92093
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PROPOSAL FOR ODP SITES IN THE BONIN REGION
ADDRESSING PROBLEMS OF INTRA-OCEANIC ARC-TRENCH DEVELOPMENT

Scientific Objectives
1) Arc Rifting: Nascent Backarc Basins

Tectono-stratigraphic evolution of syn-rift passive margins in an
arc environment. Major questions concern:

- models of stretching /subsidence.

- early rift volecanism and sedimentation.

- hydrogeology and formation of Kuroko-type massive sulphides.

2) Arc/Forearc Msgmatism, Structure, Stratiecraphy and Vertical Tectonics
Magmatism/Structure (basement objectives)
- initial stages of arc volcanism )
- spatial and temporal migration of volcanism and changes in chemistry
- formation of 200 km wide arc-type forearc massif
- origin of boninites
- crustal structure and evolution of forearc ophiolites
- microstructures associated with forearc deformation

Stratigraphy/Tectonics
- timing of arc volcanism (tephrachronology)
- record and chemistry of explosive activity and pyroclastic flow

deposits :
" = paleomagnetics: rotated (and exotic?) terrains
. 7" = development of the frontal arc forearc basin and outer-arc high

-+ = differential uplift-subsidence across the forearc
- flexural loading by .arc volcanoes and by coupling with the
subducting plate

3) Quter Forearc "Diapirism" . » C

- emplacement mechanism, petrology and structure of domal bodies of
chloritised/serpentinised mafics and ultramafics. Relation to
some alpine-type ultramafics.

- hydrogeology through outer forearc basement.

- timing of emplacement: ongoing, dormant, pre/post canyon formation?
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Proposed Site: BON 1; Sumisu Rift General Objective:
Rifting of an intra-oceanic island are
= Precursor to back-arc basin formatien

General Area:  BONINS
Position: 30°S5' N, 139°53! E , Thematic Panei interest: Tectonics, Lithosphere, SOHP
Alternate Sites Regional Panel interest: Western Pacifie '

Specific Objectives: To drill the inner rift graben to determine;
1. The nature of rife basement and extent of crustal stretching,
2. The age of {initial rifting and history of subsidence.
3. The type of early rift volcanism and sedimentation.
4. Hydrothermal Processes in a modern Kuroko-type setting.

Backpround Information:
Regional Datas :
Seismic profiless MCS by Japan National 01l Co., single channel by Geological Survey of Japan,
Bydrographic Office of Japan, and Hawaii Inscitute of Geophysics.
Other data: SeaMARC II gidescan, SASS bathymetry, 2-D one~-mile grid of 3.5 kHz, magnetics,
gravity; abundant dredge and core .gamples, some heat flow and bottom camera data.
Site Survey Data - Conducted by: Geological Survey of Japan and Hawaii Institute -of Geophyaics, 1984,

Date: Geological Survey of Japan to collect MCS line in August 1985; ALVIN dives Spring, 1987.
Main results:

Jdperational Considerations

Vater Depth: (m) 2270 Sed. Thickness: (m) 850 - Total penetration: (m) 870

IPC_x  DoubleHPC ___ Rotary Drill X SingleBit____ Reentry x _

{ature of sediments/rock anticipatea: Volcaniclastics and hemipelagics / basalts or andesites.
7eather conditions/window: Good 8pring through fall.,

‘erritorial jurisdiction:  Japan

Jther:

ccial requirements (Staffing, instrumentation, etc.)

Re-entry required for long~term monitoring of (potential) hydrothermal fluidsg.

‘opanent: ’ Date submitted to JOIDES Office:
Brian Taylor, Hawaii Institure of Geophysica Augugt, 1985

Rev. 0284
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Propased Site: BON 2; Sumisu Rift Ceneral Objsctive:
Rifzing of an intra-ocsanic island arec
= precursor to back-arc basin formation

General Area: BONINS

Position: 30°55'N, 140°00' E Thematic Panel interestt Tectonics, Lithosphere, SOHP
Alternate Site: ‘Regional Panel interestt Weagtern Pacific
Specific Objectives; To drill the eastern horst block to determine:

1. The nature of arc basement between major arc volcanoes.
2. The history of vertical motion (compared to adjacent graben).
" 3. Pre-recent arc stratigraphy. ’
(The site is topographically isolated from recant submarine volcaniclastic flow deposits,)

Background Information:
Regional Data:
Seismic profiles: MCS by Japan Natiomal 01l Co., single chanmel by Geological Survey of Japs
Bydrographic Office of Japan, and Hawaii Institute of Geophysica. )
Other data: SeaMARC II sidescan, SASS bathymetry, 2-D one-mile grid of 3.5 kiz,
magnetica, gravity; abundant dredge and core samples, .some heat flow and bottom camera dat.
Site Survey Data - Conducted by: Geological Survey of Japan and Hawaii Inst. of Geophysics, 1984.
aate: Gelﬁlogical Survey of Japan to collect MCS line in Aug., 1985; ALVIN dives Spring, 1987
Main resuits:

Operational Considerations

Water Depth: (m) 1100 Sed. Thickness: (m) 500 - Total penetration: (m) 700

HPC __ x Double'HPC Rotary Drill - Single Bit x Reentry

X
Nature of sediments/rock anticipatea: Volecaniclasties and hemipelagica/ basalts or andesites.
Weather conditions/window: Good spring through fall.

Territorial jurisdiction: Japan

Qther:

Speciai requirements (Staffing, instrumentation, etc.)

Proponent: Date submitted to JOIDES Office:
Brian Taylor, Hawaii Institute of Geophyaics ) Anguae, 1985

Rev. 02B4
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proposed Sites BON 3: Shinkurose Ridge

General Area: BONINS :
Position: 31°32' N, 140°17.2' E
Alternate Site=

General Objactive:
Intra~oceanic island arc/forearc development.

Thematic Pane{ interest: Tectonics, Lithosphere
Regional Panel interest: Western Pacific

 Specific Objectivess™ 'To drill the Sumisu fromt
1. The age, petrochemist
igneous basement.
2. The history of vertic
ragard to Shikoku Basg

al arc to determine:
ry and initial topography (w.r.t. forearc) of the

al tactonics and arc volcanism (eapecially with
in opening and recent rifting).

3. Paleolatitude through time,

Background Informations
Regional Data: _
Seismic profiless MCS by Japan National 0il

Other data: 5ASS bathymecry; magnecics, gr

Site Survey Data - Conducted by: To be done

Date: (Requires cross ing
Main results :

Co., single chapnel by Geological Survey of Japan.

avity, core and dredge samples.

Seismic line.)

Operational Considerations

Water Depth: (m) 1250 Sed. Thickness: (m) &
HPC _ ¢ Double HPC " Rotary Drill x

—

Nature of sediments/rock anticipates: Volcaniclas

Qo - Total penetration: (m) 650
- Single Bit _ x Reentry _

tics and hemipelagics / basalets or andesites

Weather conditions/window: Good spring through fall,

Territorial jurisdiction:  Japan

Other:

3pecial requirements (Statfting, instrumentation, etc.)

Proponent:

Date submitted to JOIDES Offices

Brian Taylor, Bawaii Institute of Geophysics August, 1985

Rev. 0284
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Pruposed Site: BON 4A; Inner Forearc Basin General Objective:

General Areaz: BCNINS

Intra-cceanic island arc/forearc development

Position:  32°26.5" N, 140°22.5" E Thematic Panel interest: Tectonics, Lithosphere, §(
Alternate Sites ’ Regional Panef interest: Weatern Pacific

Specific Objectivess To drill the upper section of the thick innmer forearc basin to determine:

l‘

_The tephrachromology of arc volcanism, and the record and chemistry of exploaive activ:

and pyroclastic flow deposits.

2. -The vertical tectonics of the inner forearc basin relative to the frontal are highs alc
strike, and the rest of the forearc acrogs strike. Flexure of the inner forearc due ¢
volcano loading and/or Shikoku Basin rifting? )

3.  Sedimentology of forearc deposits with respect to distance from volcanoes, canyon-form:

processes, paleoceanography.

Background Informations

Regional Data:
Seismic profiless MCS by Japan National 011 Company

Single channel by Geological Survey of Japan and Hawaii Institute of Geophr

Other data: SeaMARC II sidescan, SASS bathymetry, 3.5 kHz, magnetics, gravity.

Site Survey Data - Conducted by: 1984 HIG SeaMARC II survey
Date: Requires croasing MCS lines
Main resultss

Operational Considerations

Water Depth: {m) 1820 Sed. Thickness: (m} 31500 " Total penetration: (m) 700
HPC _x  DoubleHPC _____  RotaryDrill_ x _ -SingleBit _x  Reentry
Nature of sediments/rock anticipatea: Volcanoclastics and hemipelagics

Weather conditions/window: Good spring through fall

Territorial jurisdiction:  Japan

Other:

Special requirements (Staffing, instrumentation, etc.)

Proponent: Date submitted to JOIDES Office:
Brian Taylor, Hawail Institute of Geophysics Auguse, 1985

Rev. 0284
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Proposed Site: BON 4B; Inner Forearc Bagin General Qbjective:
Intra-oceanic island arc/forearc development

General Area: BONINS

Position:  32°28.6' N, 140°22,5' E Thematic Panel interest: Tectonics, Lithosphere, SOHP
Alternate Sites » Regional Panei interest: Western Pacific ’

Specific Objectives: To drill the inner forearc basin lower section to determine:

I. The tephrachronmology of arc-volcanism, and the racord and chemistry of . explosive activity
and pyroclastic flow deposits,

2. The vertical tectonmics of the inner forearc besin relative to the frontal arc highs along

strike, and the rest of the forearc acroas strike. Flexure of the inner forearc due to

volcano loading and/or Shikoku Basin rifting? :

3. Sedimentology of forearc deposits with respect to distance from volcanoces, canyon-forming

‘processes, paleoceanograghy. - ‘

ng and petrochemistry of the igneous bagement )

(No previous oceanic foreare drilling has sampled the deep inner forearc sediments and

: - Dagement) .

Background Information:
Regional Data:
Seismic profiless MCS by Japan National 01l Company
Single channpel by Geological Survey of Japan and Hawaii Imsc. of Geophysgics
Other data: SesMARC II sidescan, SASS bathymetry, 3.5 kHz, magnetics, gravity

Site Survey Data - Conducted by: 1984 HIG SeaMARC II survey

Date: Requires c¢rossing MCS lines
Main resuits: - Canyon provides access to deep section

Qperational Considerations

Water Depth: (m) 2420 Sed. Thickness: (m) 930 Total penetration: (m) 1000
HPC «x ~ Double' HPC Rotary Drill x - Single Bit  x Reentry

Nature of sediments/rock anticipatea: Volcanoclastiecs and hemipelagics/basalts and andesites,
Weather conditions/window: Good spring through fall
Territorial jurisdiction: Japan

Other:

Special requirements (Staffing, instrumentarion, etc.)

Proponent: Date submitted to JOIDES Office:
Brian Taylor, Hawaii Institute of Geophysics August, 1985

Rav. 0284
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Proposed Site: BON 5A; Forearc Basin General Objective:
" Intra-oceanic island arc/forearc developme:

General Area: BONINS
Position: 32°26' N, 140°47' E ' Thematic Panel interest: Tectonics, SOHP
Alternate Sites Regional Panel interest:  Western Pacific

Specific Objectivess To drill the forearc basin upper sedimentary section to determine:

The tephrachronmology of arc volcanism and chemistry of explosive activity.
The vertical tectonics of the forearc basin relatiVe to surrounding structural highs,

3 The microstructurks associated with forearc basin deformation (seismic lines suggest
dominantly normal faulting). .

4. The rotation and paleolatitude of the forearc through time.

5. The sedimentology of forearc deposits with respect to volcano distance, canyen«forming
processes, and paleoceanography. ,

Background Information:
Regional Data:
Seismic profiles: MCS by Japan National 01l Company
Single channel by Geological Survey of Japan and Hawaii Institute of Geoph
Other data: SeaMARC II sidescan, SASS bathymetry, 3.5 kHz, magnetics, gravity, pistom cc

Site Survey bata-Conducted by: 1978 JNOC MCS line, 1984 HIG SeaMARC II gurvey
Date: May require crossing MCS line
Main results: '

Operaticnal Considerations

Water Depth:-(m) 2700 Sed. Thickness: (m} > 1500 Total penetration: (m) 950

HPC __x  DoubleHPC ___ RotaryDrili _x  SingleBit _x  Reentry

Nature of sediments/rock anticipatea: Hemipelagics and volcanoclastics (cf Mariana site 458)
Weather conditions/window: Good spring through fall

Territorial jurisdiction: Japan

Other: Rather than one deep hole, a series of shorter HPC holes down the nearby canyon wa

could grovide oriented cores for the complete section (for paleomagnetic studies o
rotated forearcs).

Special requirements (Staffing, instrumentation, etc.)

Propenent: ' Date submitted to JOIDES Offica:
Brian Taylor, Hawaii Institute of Geophysics August, 1985

Rev. 0284
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Proposed Site: BON 5B; Forearc Basin ’ General Objsctive:
Intra-oceanic island are/forearc dvelopment

General Area:  BONINS )
Position: _32°23" N, 140°48' E | Thematic Panel interest: Tectonics, Lithosphere, SOHP
Alternate Site: Regional Panef interest: Western Pacific '

Specific Objectives: T¢ dri11 the forearc basin lower sedimentary section to determipe:
1. The age and petrochemistry of the igneous basement (addressing questions regardinf the
. 1nitial stages of are volcanism, or gin of boninites, migration of are/forearc vo canism,

formation of 200 lm-wide arc-type forearc, forearc ophiolites)

. The tephrachronology of arc volcanism and chemistry of exploaive activity.

. .The vertical tectonics of the forearc basin relative to surrounding structural highks.
- The microstructures associated with forearc basin deformation. :

- Rotation and paleclatitude of the forearc through time.

e wr

Background Information:
Regional Data:
Seismic profiles: MCS by Japan Natiomal 041 Company
Single channel by Geological Survey of Japan and Hawaii Institute of Geophysic
Other data: S5eaMARC I3 sidescan, SASS bathymetry, 3.5 kHz, magnetics, gravity, pistom cores

Site Survey Data - Conducted by: 1978 JNOC MCS line, 1984 BIG SeaMARC II survey
Date: May require crossing MCS line
Main results: Canyon provides access to deep stratigraphic section and basement

Operational Considerations

Water Depth: (m) 3400 Sed. Thickness: (m) 900 Total penetration: {m) 950
HPC Doubie HPC Rotary Drill x - Single Bit  x Reentry

Nature of sediments/rock anticipatea: Hemipelagics and volcanoclastics/basalts or boninites
Weather conditions/window:  Good spring through fall
Territorial jurisdiction: Japan

Other:

Special requirements (Staffing, instrumentation, etc.)

Proponent: : Date submitted to JOIDES Office:
Brian Taylor, Hawail Institute of Geophysics August, 1985

Rev., 0284
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Proposed Site: BON 6; Outer-Arc High General Obj=ctive:
. Intra-oceanic island arc/forearc development

General Area: BONINS
Position: 31°54'N, 141°06'E ' Thematic Panel interest: Tectonics, Lithosphere, SO
Alternate Site: Regional Panef interest: Western Pacific

Specific Objectives: To drill the outer-arc high to determine the:
1. Age and petrochemistry of the igneoys basement (to address questions of the initial
stages of arc volcanism and the origin of boninites).
2. Vertical tectonics (due to flexural loading, tectonic erosion, underplating, thermal
cooling?)—compare differential uplift-subsidence acrosa the forearc, and to Bonin
Islands along strike. Origin of outer-arc high? )

3. Crustal structure of- the forearc (to investigate the formation of the 200 km-wide
arc-type forearc massif and for comparison with ophiolites),
4. Microseructures associated with ourer forearc deformation,

Background Informations
Regional Data:
Seismic profiles; MCS by Japan National 01l Co. and Lamont-Doherty Geological Observatory.
Single channel by Geological Survey of Japan and Hawaii Institute of Geophy

Other data: SASS bathymetry, SeaMARC II sidescan, magnetics, gravity.

Site Survey Data - Conducted by: To be done (requires crossing MCS line)
Date:
Main resuits:

”

QOperational Considerations . &

Water Depth: (m) 2850 Sed. Thickness: (m) 950 Total penetration: (m) 1100

HPC x Double HPC Rotary Drill  » - Single Bit Reentry x

Nature of sediments/rock anticipates: Hemipelagics and volcanoclastics/boninites or basalt

Weather conditions/window: Good spring through fall
Territorial jurisdiction: Japan
Other:

Special requirements (Staffing, instrumentation, etc.)

Re—entry required for downhole and other seismic experiments to determine forearc crustal
structure, and for subsequent (1990'25) deep drilling into foreare basement.

Proponent; Date submitted to JOIDES Offices:
Brian Taylor, Hawaii Institue of Geophysics August, 1985

Rev. 0284
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Proposed Site:  BON 7: Lower Slope '"Domes''| General Objective:
' ' Intra-oceanic island arc/forearc development

General Area:  BCININS
Position: 300 SB'N, 141°48' E Thematic Panel interest: Tectonics, Lithosphere
Alternate Site: Regional Panel interest:  Western Pacific ‘

Specific Objectivess 1, drill into the flank of a dome on the lower-slope terrace to determine

the:!l. "Emplacement" mechanism, petrology and structure of the domal bodies of chloritised/
Serpentinised mafics and ultramafics. Are they a) diapirs of serpentinised forearc
basement, b) local upwarps along a terrace of hydrolysed and remcbilised foreare
basement, ¢) downdropped outer-arc high material? How do they compare to the
Serpentised diapris in the Marianas and to certiin alpipe-type ultramafics?

2. Timing of emplacement: ongoing, dormant, pre/post canyon formation?

3. Hydrogeology through the cuter forearc: slab dewatering through igneous outer-arc. °

Background Informations

Regional Data:
Seismic profiles: M(CS by Japan National 0il Co. and Lamont-Doherty Geological Cbservatory

single channel by Geological Survey of Japan and Hawaii Institute of
Qther data: Gecophysics. .
SASS bathymetry, SeaMARC I sidescan, 3.5kHz, magnetics, gravity, dredges.
Site Survey Data - Conducted by: 1o be done

i esults Requires crossing MCS lines, dredging and coring.

Operational Considerations

Water Deptl"x: {m) 4650 Sed. Thickness: (m) 200 - Total penetration: (m) 600
HPC x -~ Double'HPC ' Rotai'y Drill x ] - Single Bit X Reentry

Nature of sediments/rock anticipated: Hemipelagscysheared silicate matrix, chloritised and/or
' serpentinised mafics and ultramfics.

Weather conditi indow:
eather conditions/window ing ugh fall,

Territarial jurisdiction: .
' Japan
Other: ) : -

2pedial requirements (Statfing, instrumentation, etc.) |

Proponent: ' Date submitted to JOIDES Office:

Brian Taylor, Hawaii Institute of Geophysics August, 1985

Rev. 0284

S
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138° - 140° 142°

0 OOKM 200KM VE =14 B

Figure 2. Line drawings of GH79 seismic reflection profiles across the

Izu Arc-Bonin Trench system between 30.5° and 33° N(Honza and Tamaka, 1985).
From east to west, the characteristic structural elements of this active
margin include: (a) a lower slope terrace on the trench imner wall, (b) a
thick forearc basin sequence which laps onto and thins over an outer-arc
structural high, and (c¢) a broad arc platform with active volcances and rift
basins on the east and older volcanic cross chains on the west. The seven
proposed (DP sites on or between the seismic lines are indicated by single
or double arrows respectively.

Figure 3 (overpage): 500m bathymetry and marine geophysical ship track
coverage of the Bonin transect region. Aogg Shima canyon, Sumisu rift and
the three lower slope "diapirs” south of 327 N have complete SeaMARC 1L
coverage. Multichannel Seismic tracks of JNOC are not shown.
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segments whose seilsmic sections are illustrated in Figures 7-11.
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Figure 6a. SeaMARC II bathymetry (100 m comtours) of the Sumisu rift.
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Figure 14, Single channel seismic profiles along and across the "domes™
on the lower slope terrace of the Bonin Trench inner wall.
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SUMMARY OF DRILLING PROBLEMS IN THE SUKDA ARC REGION
By: Eli Silver, Joe 'Cdrray, Dan Karig, Greg Hoore, and Don Reed

The Sunda arc shows nearly continuous variationm from
accretion of thick sediments in the western part off asorthern
Sumatra, associated with oblique convergence, to normal
convergence and accretion of thin- sediment in the central part,
south of Java to Sumba. This variation offers great potential for
examining the c¢hanges in structural fabric as a functiéﬁ of
changes in material input. South of Sumba Island we find a
radical trausition from subduction of oceanic crust with thin
se&ime;; Eo collision of Australian continental crust with thick
sediment. Eastward from the point of initi{; collision the
material input changes, from hemipelagic sediménts in the western
part to thick turbidites farther to the east (south of Timor
" Island).

Adrilling program in the Sunda are region would focus on
several specific problems of ;he s:ructufal and mechamical
developmentrin subduction and collisionrzones. These problems
are:
l)-What is the role of recycling at the toe of the accretionary
waedge and’its affects on the structural fabri; and conposition of
the accreted masses?

2) What are the contact relationships of slope basins and
accreted thrust plates, And the facies distributions across these
basins?

Both sf these probleﬁs can be addressed in thg well-studied
region-offshore of Nias Island, where thick turbidites. from the

Bengal fan are accreted to the toe of the slope, and sluap
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deposits have been identified at the toe. A series of basins on
the inmer trench slope typify the characteristic morphology
recogni?ed in many trench settings. The problem of facies
distributions at the toe can be studied with a set of closely
space HPC's. Excellent sefismic reflection covefage ;xists here,
but site surveys involving SeaBeam or SeaMARC would be necesézry.
The slope basins could be studied with two sites no deeper than
one km'apiéce.
3) What is the origin ;f landward-dipping refle;toys in the toe
regions of Accreiionary wedges, especially where incoming
sedimeunt is thin? | | |

These features were first recognized by Beck and Lehner, but
the origin of the reflectors has rTemained an enigma ever since.
Are they are bedding planes, as found off Mexico, the expression
of thrust faglts, or are they zones of elevated fluid pressures
aleng dewatering conduits? 7

Excellent seismic data exist for the region south of Java,
but further processing of :he‘da:a are required. Bathymetric
swath mapping is lacking for this region, and needs to be done
.for accurate interpretation.
4) What is the structure of ghe toe region of the wedge where
non-accretion appears to be the characteristic process?

Southwest of the island of Sumba little sediment is eatering
the trench and an accretionary wedge is either absent or
very pqorly:deVeloped. We can coﬁpare the structure here both .

. with that off southern Java and with the voluminous accretionmary

vedge formed in the zone of collision with the Australian
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continent, a short distance to the east.

5) What is the structure of the tcoe region ofAthe inictial
collision zone, immediately adjacent to the regionm of non-
aceretion? Here we have 3 rare opportunity to examine very
differeat structural effects in aam area where convergence
parameters are coustant. We have good side scan and bathymetric
coverage of this tranﬁition zone, but we require better quality
seismic reflec;iod. The main problem will be to image the upper
1-2 km of the lower slope region, so that a grid of high quality
digital sinéle channel seismic reflection profiles together with
several mﬁl:ichannei seismic profiies should befsufficieug.

6) What isrthe deformation rate south of Timor, and how does the
structure of the defdrmed turbidite section compare with that of
the zone of initial collisiom south of Sumba? Sp;cific objectives
involve dating the uplifted strata in Qmall slope basins between
thrust sheets. Here we have good sidescan and bathymetric
coverage, but need édditional high quality seismic reflection
data.

7) In additiom to the studies in the toe region, we also propose
several sites in the Savu zonme of backthrusting onm the landward
edge of tbe’accrecionary wedge, ro examine structural and timing
questions of the thrust and to determine facies rtelations in a
sediment drift deposit formed 2gainst the thrust, Backthrusting
has been proposed in - other large accretiomary wedges: Barbados,
Nias, the Mediterranmean ridge, and the eastern Suanda arc (Savu

thrust), Of these the Savu thrust is the best developed.
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Proposed GDP Work in the New Hebrides Arc Region, Southwest Pacific
by

Fraderick W, Taylor
Lawrence A. Lawver
The University of Texas at Austin
Institute for Gecphysics

This document suggests a number of ODP drilling and HPC sites in the

New Hebrides (Vanuatu) Arc (see figure 1 for general location). We propose
these sites because we believe that unusual geologic features in the New
Hebrides may offer better opportunities than do other arc systems to solve
certain scientific problems. OQur suggested sites have been influenced by .
the June 1985 ODP Workshop at Scripps. We also seek to support, as best we
can, the suggestions from the ORSTOM-Noumea document circulated at the
Workshop entitled "Deep Sea Drilling Proposal on the New Hebrides". we
have also had extensive discussions with J. Recy (October 1984, visit to
" the Institute for Geophysics, Austin) concerning drilling needs in the New
Hebrides region. ORSTOM did not propose specific sites, but suggested
sites that would address the effects of subduction of the d'Entrecasteaux
Ridge on tectonic development and magmatism in the central New Hebrides.
We suggest in addition, and ORSTOM would support this, that sites of
incipient back-arc rifting, such as the Coriolis Trough east of the New
Hebrides volcanic arc, are a second target due consideration by ODP.
ORSTOM will probably prepare a far more elaborate drilling proposal in the
near future.

In late 1985 the R/V Jean Charcot will arrive in New Hebrides' waters
for seazbeam studies of the Coriolis Trough and d'Entrecasteaux Ridge. The
Charcot will return for further work in 1986. This work will provide
necessary and important information for siting ODP holes. ORSTOM and the
University of Texas plan to do OBS refraction experiments in the Coriolis
Trough region which should help determine its suitability as an ODP target.
It is probable that some of the R/V S. P. Lee multichannel data collected
in 1983 and 1984 will also be of use in locating the ODP drill sites.

From the outcome of the Scripgps workshop, it is clear that two or
three major scientific problems can be better addressed in the New Hebrides -
region than elsewhere. These include:

(1) The consequences to an active island arc system when a linear bathy-
metric high (the d'Entrecaustex Ridge) is subducted

(2) The extensional structures and magmas that result when a back-arc
basin (the Coriolis Trough) begins initial rifting.

(3) The structure of the interplate thrust zone as revealed by. drilling
through a thin upper plate (non-accretionary wedge) (off ESQJ.L’I\.U Santo
Island).

The New Hebrides arc is particularly suitable for addressing these
scientific problems because (1) the d'Entrecasteaux Ridge has obviocusly
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effected the central part of the arc (Santo-Malekula) (figure 2) and (2)
the actively developing Coriolis Trough and related extensional features to
the north of the Coriolis (figure 3) may indicate,a new phase of back arc
basin rifting that is interrupted in the area behind the d'Entrecasteaux
Ridge subduction (Collot et al., 1975). Subduction of the d'Entrecasteaux
Ridge has additional significance because it apparently causes an inter-
ruption in the trench morphology at the plate boundary immediately west of
Santo, Nowhere else is it possible to drill in such shallow water depths
(1 to 4 km) and be within striking distance of an interplate thrust zone.

D'Entrecasteaux Ridge

The d'Entrecasteaux Ridge may represent a strike-slip fault zone at
the end of an Eocene island arc (Maillet et al., 1983) that is being
subducted beneath the central part of the New Hebrides arc. It is actually
two parallel ridges with a deeper region between the two ridges with a
total width of about 100 km (Collot et al., 1985). Average relief is about
3 km above the adjacent sea floor, but some sea mounts rise more than 4 km
above the sea floor and one comes to within 7 m of the sea surface. Thera
is né physiographic trench west of Santo and Malekala Islands where the
d'Entrecasteaux Ridge intersects the arc, although the trench is over 6 km
deep immediately to the north of Santp and south of Malekula. The
d'Entrecasteaux Ridge is being subducted N76°E (Pascal et al., 1978) at a
rate of roughly 10 cm/yr (Minster and Jordan, 1978; INDI/PACF Rate)., Con-
sequently, the zone of interaction between the arc and E-W oriented ridge
may be migrating slowly northward. ) -

Santc and Malekula Islands lie at the extreme western edge of the
upper plate where the inner trench slope normally is located. However,
neither island represents accreted sediments asscciated with the present
subduction of the Indian Plate. Instead, they consist mainly of Miocene
volcanoclastic sediments and ignecus rocks deposited in an older New
Hebrides arc which is believed to have faced east and subducted Pacific
lithosphere until an arc reversal in late Mioccene or early Pliocene time
(Mitchell and Reading, 1971; Karig and Mammerickx, 1972; Carney and
Macfarlane, 1977; Falvey, 1977).

Direct evidence of the late Quaternary effects of the d'Entrecasteaux
Ridge subduction are well documented (Pascal et al., 1978; Taylor et al.,
1980, 1981, in press; Collot et al., 1985). Though whether the unusual
geography and bathymetry of the Santo and Malekula region are strictly due
to subduction of the d'Entrecasteaux Ridge or are independent features that
existed prior to the arrival of the d'Entrecasteaux Ridge at the New
Hebrides arc is unknown. Karig and Mammerickx (1972) proposed that Santo
and Malekula rotated westward to £ill the trench. Others suggested that a
high thick block of arc crust projected westward from the central New
Hebrides arc prior to subduction of the d'Entrecasteaux Ridge (Robinson,
1969; Daniel and Katz, 1981; Isacks et al., 1981).

" Effects of subduction of the d'Entrecasteaux Ridge in late Quaternary
time include emerged reefs that indicate uplift rates exceeding 5 mm/yr in
western Santo. This can be compared to the maximum rates of about 1 mm/yt
on other uplifting parts of the New Hebrides arc (Taylor et al., 1980, in
press; Jouannic et al., 1980, 1982). Boundaries between four frontal arc
segments identified from reef terrace tilts and other data appear to be
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controlled by the d'Entrecasteaux Ridge topography. Recent seismic upture
zones and co-seismic uplift patterns are likewise controlled by these arc
segment boundaries (Taylor et al., 1980, 1981, in'pr_ep.)

Chung and Kanamori (1978a, 19738b) proposed that uplift of Santo and
Malekula caused elastic downwarping of the Acba Basin. Collot et al.
(1985) proposed that fractures controlling the orientation of Acba, Ambrym
and Epi volcanoes and other features are related to d'Entrecasteaux Ridge
Subductions. They suggest that the uplift of the back arc islands of
Pentecost and Maswo is due to compression by the d'Entrecasteaux Ridge
impinging on Santo and Malekula. Recent coral studies demonstrate on-going
subsidence of Acba Basin and uplift of Maewo and Pentecost at a rate of 0.5
mm/yr (Taylor, in prep.). Recent emergence events on Pentecost and Maewo
occurred near the time of co-seismic uplifts of about one meter cf Malekula
in 1965 and Santo in 1973. These cbservations lead us to suspect that
subduction of the d'Entrecasteaux Ridge has radically altered the structure
of the central New Hebrides arc, Should this be true, then the effects of
ridge subduction need to be understood because it is a common phenomencn
that must be significant to arc development.

Interplate Thrust Zone

Processes in the interplate thrust are another important problem that
can be addressed at the d'Entrecasteaux Ridge subduction (figqure 4). Sub-
duction is occcurring beneath a well-lithified, competent block of older
rocks rather than beneath the usual accretionary prism. The drilling
project has never drilled into such an interplate thrust. Questions to be
considered are: the thickness of the zone, and the state of stress; how
much sediment exists and what its condition is in the zone; and what is
happening with fluids at the thrust zone. -

Seismicity occurs near the surface along the Wadati-Benioff Zone which
slopes down to the east beneath Santo indicating that the thrust zone is
very close to the surface (Isacks et al., 1981; Chinn and Isacks, 1983).
CRSTOM and Cornell have collected a long detailed record of the seismicity
along the New Hebrides trench which may be the best data set of its kind in
existence.

Coriolis Trough and Related Extensional Features

ORSTOM-Noumea bathymetric data first revealed the existence of exten—
sional features behind the New Hebrides arc which led Karig and Mammerickx
(1972) to propose incipient opening of a back are basin. Additional in-
formation on the troughs are revealed in Dubois et al. {1977). Though we -
do not know whether heat flow is associated with the rifts, the basin
floors are sediment covered (figure %) and tele-seismic data and recent
uplift of Futuna Island (Carnmey and Macfarlane, 1979) suggest present-day
activity. Additional site survey information will be cbtained on the up-
coming ORSTOM/UTIG cruise on the R/V Jean Charcot this winter,

Suggested Drilling and Boring Sites

The seven pi:oposed sites are shown on figures 2 and 3.
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Site 1. In shallow water west of Santo. The goal is to_penetraté the
main interplate thrust Zoné at a reasonable depth. Collot et al. (19853)
place the plate boundary immediately west of this site.

Site 2 would be a shallow hole to sample the d'Entrecasteaux Ridge .in
order that it can be identified if it is encountered at Site l. Petrologic
analysis of Site 2 basement rocks should give us important information
concerning the origin of the d'Entrecasteaux Ridge. It is presently un-
known if it is an abandoned islard arc, fracture zone ridge or other
anomalous high. _ :

Sites 3, 4, and 5 are hydraulic piston core sites on bathymetric highs
to sample sediments that should record decreasing paleodepths as the
frontal arc rose. These sites should provide a much longer uplift history
for the frontal arc than do the late Quaternary reefs on the islands.
Paleodepths and ages might indicate whether the latest phase of uplift was
superimposed on a pre—existing topographic high or whether all has occurred
in the past million years or so and is thus related to subduction of the
d'Entrecasteaux Ridge.

Coriolis Trough

The Corioclis Trough can be.drilled if enough sediments are found in
it. Site 6 in the trough would sample magmas that had been extruded onto
the graben floor and may recover sediments that contain clues to the age
and nistory of the rifting. Land studies on uplifted, reef-terraced Futuna
Island on the east flank of the graben would reveal the vertical deforma-
tion history adjacent to the Coriolis Trough.

Site 7 was chosen on a small linear ridge to the east of the Coriolis
Trough. This site was chosen for possible paleoceancgraphic interests as
well for insight into the nature ard possibly the origin of the ridge and |
should provide important information on uplift of the horst adjacent to the
Coriolis Trough.
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OGASAWARA FOREARC "DIAPIR™: A POSSIBLE SOURCE FOR THE ULTRAMAFIC ROCKS OF
HIGH P/T METAMORPHIC TERRAIN

Toshitsugu Fujii, Earthquake Research Institute, The University of Tokyo,

Yayoi, Tokyo 113, Japan

Recent development on the geclogy of the ophiolite or dismembered
ophiolite suggests that at least some of the ultramafic rocks of high P/T
metamorphic terrains are sedimentary origin which might have accumulated

at the trench (e.g. Cowan and Page, 1975: Platt, 1976). It is supposed

that ultramafic rocks ascended along the thrust movement at the the

trench slope are eroded tectonically and accumulated at the bottom of the
trench axis. ‘
Recent ?1ndfng of the ultramafic rocks at the forearc {e.q.

B1oomer.'1983. Bloomer and Hawkins, 1983), mostly at the trench slope

break, apparently sdppofts this idea. However, any distinctive thrust

zones are not recognized near such forearc ultramafic rocks. They rather
form independent dome-iike high, which may indicate diapiric uprise of
the ultramafic rocks rather than thrust-up mechanism. Detailed
petrographical examination of the u]tramafié rocks dredged from one of

such topographical dome-like highs at the inner wall of the Ogasawara

trench (0gasawara Paleoland; Ishii, 1985; Fig.1 & 2) indicates that the"

high is mainly composed of serpentinized harzburgite associated with less
amount of mafic rocks including gabbro, dolerite._ahphibolite and
basaltic volcanics. Serpentine sandstones are alsc recovered. Actually,
these assemblages are similar to the ultramafic/mafic bodies which are
often found in high P/T metamorphic terrains in orogenic belt

Among these dome-shaped forearc highs, so-called serpentine diapirs,
the topographic high at the junction of the Ogasawara Plateau and the
Ogasawara Arc could be a suitable target of the QDP study, because it
stands at relatively shallow water (the crest fs 1050 m deep) and the

access to the inner body could be easier than-any other "serpentine

- gy
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diapirs" of the Ogasawara and the Mariana Arcs. Furthermore existence of
detailed descriptions on fany dredged samples is another advantage to the
further examination. The following problems should be tested by the
drilling of this site.

Are the total volume of the high occupied by serpentinized

harzburgite 7 Are any jnternal structures observed 7 How is the

stratigraphic relationship between ultramafic rocks and mafic rocks
_ 7 How intensive the degree of serpentinization within the body is 7

How deep the ultramafic zone extends ? What kinds of sediments are

observed beneath the ultramafic body if any ?

Are there any fragments or debris from the serpentinized harzburgité

within the adjacent sediments ?

How was the up-down hiﬁtory of the high ?

Therefore, at least two hcoles are necessary; one.hole into the
diapir and another hole into the adjacent‘sediments to monitor the
possible change of facies and contents of the sediments during its
emplacement.

One of the peculiar thing reiated to this "serpentine diapir" is
that the topographic high exist'at the extension of the Ogasawara plateau
where the plateau is believed to be colliding against the Ogasawara Arc.
Therefore the nature of the topographical high could be different from,
that of other topographiclhighs in the main part of the Ogasawara
forearc. Therefore, another "serpentine diapir" from the main portion of

the Ogasawara forearc should be drilled for comparison.

The detailed descriptions of the expected sites can be found
in the following proposal: ‘ '

Ishii, T.. Petrolegical and tectonic evolution of the wedge mantle
and fore—-arc crust providing Fore—afc ophiolite, bfonzitite bearing
borinite and primitive island-arc tholeiite, along the Izu—Ogasaward-

Mariana fore-arc.
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The Kermadec Volcanic Arc System: scme cbservations and
suggestioas for future work

J.V. Eade

Division of Marine and Freshwater Science
{N.2. Oceanogrfaphic Institute) '
P.Q., Box 12-346

Wellington North, N.Z.

The Tonga/Kermadec Volcaric Arc System is unusual for
its apparent linearity. Most arcs are arcuate, hence their
name, but the Tonga/Kermadec system maintains an essentially
straight, non arcuate shape from Samoa at 15 S to New Zealand
at 38 S5, a distance of more tham 2500 km. However thera are
saveral distianct changes in the Tonga—-Kermadec system that occur
along strike.- The two most significant of these occur at
latitudes: (1) 24-26 S, and (2) 32-35 § (Figq. 1}. -

1. The northern change (at 24-26 S) is marked by:

(a) offset trenches and forearc platforms;

(b) narrowiag of back-arc basins to the south;

{¢) shallowing of back—arc hasins at these latitudes;
{d) change in strike of Lau Ridge.

The Louisville Ridge collides with the Tonga-Kermadec

subduction system at these latitudes and subduction of the ridge
is thought to account for these changes.

2. The southern change {at 32-35 S) is marked by:

fa) a shallowing of the Kermadec Trench ta the south;

{b) a substantial widening of the forearc basia %o
' the south forming the Raukumara Plaia;

{e} a change in strike of Kermadec and Colville
Ridges and Havre Trough;

(d) a marrewing and reductiorn in size of Kermadec and
Lau/Colville Ridges to the south.
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the south of particular note is the change in character of Kermadec
d Lau/Colville Ridges. North of 32 S {(Lau Ridge) and 34 S (Kermadac
dge} both ridges are continuous sediment covarad features
presenting significant segments of arc crust. To the
uth they are discontinucus and formed of lines of
diment-free volcanic peaks. Arec crust appears to be absent
uth of 32-34 S. The Cook Fracture Zone appears to
et the Lau/Colville Ridge at 32 S where the ridge changes in
aracter. .
Scme of the unusual features of the southern part of
e Kermadec arc system, especially the wide Raukumara
ain forearc, are thought to have formed in respomse to an
:eanic plate boundary meeting a continent.
Another interpretation is that an older arc/back-arc
rstam has been modified by movement on the Cook Fracture
me. It is pessible that the southern part of the
suth Fiji Basin and the original Kermadec arc forming its
«stern boundary were moved southeast along the Cook Fracture
;ne in the Miocene. Pliocene back-arc rifting separated
‘e crust north of 32-34 S but to tha south it appears %o have
.fted the displaced oceanic crust of the South Fiji Basin.
¢ corract then Raukumara Plain is floored by Oligocene )
seanic crust originally part of the South Fiji Basin and the
avre Trough is bounded by oceamic crust. VYolcanoes along
1a Havre Trough margins appear to be young:and most may post-—
ite initial rifting of the srough.
The Havre Trough and its margins south of 32-34 S
17 be am excellent area to examine processes associated with initial
fting of back-arc basins, especially volcanism. The presence
° both N-MORB and MTB-MORB crust in Lau Basia may be
:plained by assimulation of arc crust and magma mizing.
study of the southern Havre Trough where arc crust
ay be absent should have a more simple volcanic history with
o assimilation of arc crust and possibly minimal magma mizing.
The area is charactarisad by a lack of data. Initial
irveys are needed to collact bathymetry, especially Seabeam, single
vannel seismic reflection, and rocks from Havre Trough,
sylville Ridge, Kermadec Ridge and East Cape Ridge. A
2clagical and geophysical transect crossing Kermadec Treanch,
ast Cape Ridge, Raukumara Plain, Kermadec Ridge, Havre Trough,
slville Ridge and South Fiji Basin is also recommended.
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" A CALL FOR THE DRILLING OF THE JAPAN SEA

Toshitsugu Fujii, Earthquake Research Institute, Thé University of Tokyo,
Yayoi, fokyo 113. JAPAN

Understanding 6f the nature of the rifting and spreading of a
continental margin is not sufficient compared with the backarc spreading
of the oceanic crust. Scattered distribution of the continental
fragments such as the Yamato Rise within the oceanic crust suggests that
the Japan Sea was formed by the breakup of the continental margin by
extension, The Japan Sea could be. therefore, a good target to study the
backarc spreading tectonics 16 the continental margin. Furthermore, the
recent accumulation of the various data iﬁc]dding marine geophysics and
land-based paleomagnetic and geochemical data suggests that the study of
the Japan Sea .is one of the most crucia]lprdblems te understand the
tectonic evolution of the East Asia and the Japan Arc. Several holes
were drilled during the former DSDP; however, the penetration into the
basement was not obtained by several reasons (Karig and Ingle, 1975).
Magnetic dating is not also successful because of the weakly aeveioped'
magnetic lineation (Isezaki and Uyeda, 1973). The age and the geochemical
nature of the oceanic crust of the Japan Sea are, therefore, still
unknown.

It has been claimed that the Japan Sea was formed during late
Cretacéous'of Paleogene (e.q. Uyeda & Miyashiro, 1974). Kobayashi (1983)
estimated the age of the Japan Sez based on the synthetic study of
geophysical marine data as 45 Ma for the Japan Basin and 30 Ma for the
Yamato Basin. Recently Tamaki(in press) suggested that the Japan Sea was
formed 30 to 15 Ma based on the studies of the depth of the basement and
heat flow data. » _ _

The recent results on theipaTeomadnetiénlof the Tertiary rocks of
-Japanese island (Otofuji and Matsuda, 1983, 1984; Otofuji et al., in

‘ press), however, lead to more drastic change of idea on the age of Japan




Sea. Otofuji and Matsuda (1984) concluded that the Southwestern Japan
rotated clockwise 47 degrees at 15 Ma within a duration of 1 My,
Tosha(1984) and Otofuji et al.(in press) suggested that the Northeast
Japan rotated anticlockwise 20 degrees sometime during 22 to 15 Ma also
based on the studies of the paleomagnetism, They claim.that the Japan Sea
might have opened 15 Ma and the event finished within a few My (Otofuji
et al. prefef 1 My for the duration). If the suggestion from:
paleomdgnetism is proved, the spreading rate of the Japan Sea is
estimated to be 20-60 cm/year, The weakly developed irregular magnetic
lineaticn within Japan Sea (e.g. Isezaki and Uyeda, 1973) could be due to
the extraordinari]y fast spreading rate.

On1y the driTJing-penetrating the basement will give the solution to
the above controversies on the age of the Japan Sea and present data on
the geochemicaﬁ nature of the oceanic crust because the thick sediments
prevent sampling of the basement :;cks by dredging. It is urgently
necessary to determine the exact timing and the duration .of the opening
of the Japan Sea because the tectonic evolution of the Japan Arc and the
East Asia is deeply related to the opening of the Japan Sea.

Wide distribution of 3.5 km/sec velocity layer {e.g. Ishiwada et
al., 1984) with the thickness ¢f 1 to 2 km is another unique
characteristics of the Japan Sea. In the South China Sea Basin., such a
3.5.k$/sec layer is not recognized. [t could be related to the
extraordinEry feature of the back arc spreading of the Japan Sea. The
materials constituting the peculiar layer should be identified by
drilling. '

Another feature to be addressed related to the Japan Sea is that a
new subduction boundary is developing along the eastern margin of the
Japan Sea (Seno and Eguchi, 1983: Kobayashi, 1983{ Nakamura, 1983).
Tamaki énd Honza.(in ﬁress) identified a thrust zone along the easternA
margin of the Japan Sea and suggested that the Bceanic crust of the

Japan Sea is partly subducting beneath the Japan Arc but some parts are
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obducting onto the Japan Arc. The age of the initiation of the
convergence is believed to be sometime after P1ioceﬁe based on the land-
based geological data: however, the exact age is uﬁknown. These
suggestions should be testified by the drilling and the results will
contribute to the understanding of the total history of back arc basins.

This paper is not a proper QOP site proposal but makes general
remarks .on the significance of the drilling of the Japan Sea. The
detailed and the specific descriptions of the expected sites of the gapan
Sea will be found in the proposals prepared by several people which are
réferred:at the end of this paper. The locations of the drilling sites
suggested in these proposals are plotted in Fig. 1. Those sites were
carefully selected by Dr. Tamaki and his colleagues of the Geo]ogical-
Survey of Japan mainly based oﬁ'ﬂCS profiles to avoid the penetration of
the possible ethene gas charged tayers. The site number in Fig. 1 is

based on the propesal prepared by Tamaki and others.
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DRILLING PROPOSAL TO BACK-~ARC DRILLING CONFERENCE,

SUBMITTED BY: George deV. Klein/ Dept. of Geology/ Univ of Illinois at
Urbana-Champaign/245 Natural History Bldg/ 1301 W. Green St
Urbana, IL., 61801-2999 (217/333-2076).

SUBMARINE FANS IN ARC-BACK ARC SYSTEMS; WHAT WE NEED TO LEARN;

The internal character, origin and variability of active margin submarine
fans is poorty understood. Although morphology and both general facies
patterns and proéesses are known from such fans (Norniark-,lQ_?B; Graham and
Bachman,i983), Nash,1981; amongst many others), the degree of variability of
sedimentation styt-es of active margin fans is-only now beginning to be
understood (Stow et al,1984; Normark and Barnes,1984).

In passive margins, mere is known about sediment variability and causes
of fan formation (Leg 96 Scientific Staff, 1984; Damuth and Flood,1984;
Damuth et al,1983; Stow,1981). These workers, amongst others, demonstrated
variability in size, sedimentation patterns, lobe occurrence and development,
channel morphology and growth patterns. The degree of variability of
sedimentation processes in passive margin submarine fans is large (Barnes
and Normark, 1984), and appears to be as variable or more variable than deitas
(Stow et al,1984; Normark et al,1984).

The timing and occurrence of submarine fans in response to extrinsic
processes also is poorly understood. In passive margins, fan grthh and
active sedimentation appears to be favored during times when sea level is
low (Leg 96 Scientific Staff,1984; Damuth et ai,l_983;:amongst many others).
In fact, recognifion of submarine fans in seismic profiles recoverred from
passive margins is a key baseline in identifying past times of low stands of

sea level{Vail et al,1977). However, in active margins, tectonic uplift in
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island arc collision zones or other sources causes an increase in sediment
yield to ocean basins (Yoshikawa,1984; Ohmori,1978). Thus, rates of
sediment accumulation are large (Karig, Ingle et al,1975; Klein,1985) and
periodicity of preserved turbidite events also is increased (Klein, 1984, 1985,
In Press). This change in preservéd turbidite periodicity is a direct function
also of rate of tectonic uplift (Klein,1984) and masks the effects of sea level
fluctuations (Klein, In Press). Thus, in active margins, sea level appears to be
of lesser importance in controiling fan growth and evolution, but this inter-
pretation requires testing which ‘can be acheived onl\; be careful dri l'Iing.-
| In'the submarine fans of arc-back arc systems, the foilowing problems
need to be addressed and can be solved only by drilling, ‘

1). what is the nature and origin of fan growth?

2). What is the vertical and laterai facies variation in such fans in response
to shifting channels, levees, interchannel regions and fan lobes?

3) what is the periodicity of preserved turbi_difes in such fans and how do
changes in periodicity record changes in uplift rate of known sources, as well
as fluctuations in sea level? ‘
4). Is the periodicity of turbidites a function of extrinsic processes such as
sea level and uplift, or is it controlled locally by subenvironment? Does it
differ between subenvironment. Or, does a uniform record of periodicity exist
in all subenvironments of a fan because of processes of flow stripping (Piper
and Normark,1983) which causes deposition of turbidites at the same time,
but of different textural charachter, in all these subenvironments as a single
event stratum? :

S). How does the i.nternal character of active margin fans differ from passive
mérgin fans? How does the history of shifting fan lobes compare to passive

margins and other fans? Do small or medium-sized Jobes exist at the mouths
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of channels (Normark,1978) or does the fan représent 3 succession of partial
or completely-stacked labes such as in the Missisippi Fan (Leg 96 Scientific
Staff,1984)? |

The submarine fan recommended for intensive drilling in an arc-back arc
system is the Toyama submarine fan in the eastern Japan Sea. The drilling
rationale for selecting this fan is provided belov;/. Drilling in Toiyama Fan
also provides an oppertunity to addrgss other tectonic and lithospheric

problems which are élso discussed below

DRILLING RATIONALE AND LOCATION: Iolamajunmgpne_ﬂan._eastecn_,iauan_
- 531 )

The Toyama Fan (figures ! and 2) formed in response to major uplift in
the Hida Range of Honshu Island, Japan (Sugi et al,1983; Matsuda et a1,1967;
Karig, Ingle et a1,1975; Klein, I98}4,1985, In Press). Uplift of Hida Range was
in response to collision of the Eurasian and Narth American plates along the
so-called magna fossa of Honshu (Nakamura,1983; Tamaki and Honza, In
Press). That plate boundary extends into the Sea of Japan as the Toyama
Trough which passes below the Tayama Fan (Figure 3). Thus driliing on the |
Toyama Fan provides dual opportunities not only to characterize, sediment-
ologically, an active margin submarine fan system, but also to sample and’
obtain sedimentary, structural( fracture), tectonic and crustal data from a
so~called "nascent trench™ (Nakamura,1983). Moreover, it provides an opport-
unity to determine to what extent, collisional uplift, sea level, or other

- factors, controlled fan sedimentation.

Drilling intd Toyama fan is justified for other reasons as well. At the
present time, models of fan'gf'owth are in a state of flux (Ndrmark and
Barnes,1984) with existing models considered premature. Recent studies

emphasized that submarine fan deposition is extremely variabie; perhaps
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more variabie than deltaic sedimentation (Stow et al,1984; Normark et
al,1984). Moreover, less is known about the sedimentology of active margin
fans than those from passive margins. Drilling into the Toyama Fan wiil,
therefofe, be a major contribution to understanding the growth, evolution and
variability of submarine fan systems.

Additicnally, a great gap in data exists about the tectonics and litho-
spheric composition in the Japan Sea that awaits solutibn from drilling. The
age of the sea floor underlying the Japan Sea requires direct confirmation of
magnetic anomaly mapping by Kobayashi aﬁd fsezaki (1976_). This confirm-
ation only can be accomplished with drilling. Méreovér, the natﬁre and
composition of ‘the crust beneath Toyama Fén and the eastern Japan Sea is
unknewn also. Discovery of @ major plate boundary along the eastern Japan
Sea (Nakamura,1983; Tamaki and Honza, In Press) raises the question whether
the crust east of the collision zone is continental or oceanic. Driliing will
provide answers to this problem.

DRILLING OBJUECTIVES: _
Sedimentary Objectives: Drilling inte the Toyama Fan should soive the

following sedimentological and reiated problems: .
(1) what are the basic sediment cﬁaracter_istics, variability and distribution
in three-dimensions on an active margin submarine fan? How do these
features differ from fans in passive margins or other active continental
margins? .

(2) what caused Toyama Fan to develop? Is it strictly} ublift of the Hida
Range as proposed by several workers, or did sea level changes play a role?

" What is the relative importance of each?

(3) what is the periodicity and frequency of pr'eserved turbidite sediment-
ation events on this fan? |s the cause of systemaﬁc change in periodicity and

frequency a function of uplift r'a'te {Kiein,1984, 1985, In Press) or is it sea
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level fluctuations as in passive margin fans? Does change in periodicity and
frequency of preserved turbidites indicate anything about a possible change in
climate over Honshu while the Hida Range underwent uplift and change
atmospheric circulation patterns? _

(4) How do periodicities and frequencies of preserved turbidites differ in
distinct subenvironmental components of Toyama Fan? Does each subenvi-
ronment record a different periodicity because of local environmental

contrei, or ié periodicity independent of local controls because processes of
turbidity current flow stripping (P_ipef' and Normark, 1983) separated.a single
turbidity current intd-several coeval turbidity currents, thich accumulate in
turn as separate turbidites in different subenvironments at the same time
(Klein, In Press)? )

(5) How does one characterize the sed‘imentary features of different fan
subenvironments such as levees, channels and interchannel areas'in active
margin fans? | ‘

(6) What is the age of the fan? '

(7) what is the nature of the sedimentary substrate below the fan? Or, does
the fan rest directly on ocean or continental crust?

(8) How do different subenvironments of the fan shift through time?

(9) What was the growth and development of Toyama Fan, and can it serve as a
reference for other submarine fans? |
Iectonic and Crustal Drilling:  Orilling is recommended in the eastern Japan
Sea to solve the following structural, tectonic and petrological problems:

(1) what is the basement age of the eastern Japan Sea?

(2) How do fracture systems within recoveréd sediments and crustal rcoks
change downhoie? To what extent does change in fracture patterns indicate a
change in stress field (cf. Moore and Lundberg,1983; Lundberg,1983). Can such

inferred stress field changes be correlated to relatively recent collision of
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the Eurasian and North American Plate? What is the age of the change in the
inferred stress f ield? How does that age help date the collision events
abserved in the eastern Japan Sea? 7
(3) What is the composition of the crust below the Toyama Fan, and the sea
floor of the eastern Japan Sea, east of Toyama Trough, which Nakamura (1983)
and Tamakw: and Honza (In Press) consider to represent part of the North

American Plat_e?

DRILLING PLAN SUMMARY

Eight drill sites (and seven alternate sites) are recémmended_ to meet these
objectives (figures 2 and 3). Figures 4 and 5 show bathymetric profiles
through some of these sites, whereas Figure 6 shows 3.5 KHz seismic profiles
through two of the proposed sites. Complete site proposal forms are
attacheq,

SITE SURVEY RECOMMENDATIONS

A complete site survey of both Toyama Fan and the eastern Japan-Sea is
recommended. A few Japanese seismic lines are available (Nash,1981; Ho‘nza,
1979) but of variable quality (See Figure 6 ). Detailed multi-chann_gl seismic
surveyé are required over each proposed site as 2 minimum.

Bathymetry of the fan (Figures 1 through S) is better known (Nash,1981;
Honza,1979). However, for drill site selection, mapping of Toyama Fan with a

SEAMARK or GLORIA system is mandatory.
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FIGURE CAPTIONS.

Figure 1. Bathymetry of Toyama Submarine Fan, showing also the location of |
DSDP Site 299 and piston cores obtained by Umver31ty of Tokyo
ORI. (Redrawn from Nash,1981).

Figure 2. Recommended and Alternate Drill Site Locations, Toyama Submarine

‘ Fan and site bathymetries (Redrawn from Nash, 1981).

'Figure 3. Hap of eastern Sea of Japan showing plate bound-ar'y (dashed line;
Toyama Trough) and proposed sites (and alternates) to test for
differences in sediments, structﬁre and crustal character (Redrawn
from Nakamura, 1983) oﬁ either side of “nascent trench” zone.

Figure 4. Bathymetric profile Lines R and S, showing suggested Site TF-5, and

profile index map (Redrawn from Nash, 1981).

Figure 5. Bathymetric profiles, Toyama Submarine Fan for proposed sites and

profile index map (Redrawn after Nash,1981)

Figure 6. 3.5 Khz Selsmm Profiles N-7 and N-8 through proposed Sites TF-2

' and TF-6, and profile index map, Toyama Submarine Fan (Redrawn
from Nash, 1981).
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233
ased Site:r TPl . General Objective: (1) Character of fan subenviren-
vama SUbmarine Fan-Quter fan- _ Tgnt. (2) Turbidite periodicty and frequency,
b o . } change in fracture orientation, (4) age of
Interchannel fan region. -basement, (5) nature of crust.
ral f\fcmoeastern Sga of Japan . :
-jon: 39720 N, 137 41' E Thematlc Panel lnterest:SOHp'mcp'LITHp
-nate Site: A-1 Regional Panel interest: wpac

.fic Objectives: {See Attached write-up). (1) Nature of Active margin fan, (2) sediment
vacteristics of interchannel fan area, (3) turbidite periodicity and fregquency in respense to
ift history and sea level (4) Differences in turbidite periodicity and freguency in different
. subcomponents, (5) age of fan, (6} nature of sediments below fan, {(7) <¢hanges in

_entation of fracture systems downhole in terms of coll;’.ssion history, (8) age of basement

nature of crust, (10 History of shiftiné fan subcomponents and fan growth.

eround Information:

sional Data: . ) - — -

sismic profiles: Very few. -ORI, Univ of Tokyo (Nash,198l) and Geol. SUrvey of Japan(lionza,1972)
These are of fair to good.quality. )

ther data: Piston cores (ORI; Geol. Survey of Japan). Bathymetry (ORI; Geol. Survey of

Japan; thesis by Margaret Nash). X
» Survey Data - Conducted by:
378t None

ain results:

-ational Considerations

xr Depth: (in) 2,670 m  Sed. Thickness: (m) 900m Total penetration: {m) 1,100 m
P
** __ Double HPC Rotary Drill _ "~ Single Bit Reentry

ire oi sediments/rock anticipated: Sand, Silt, Clay, Basalt

ther conditions/window:  April throuch July and Mid-September to mid-December is best time.
) Avoid tyfhoon season (Mid-July to Mid-September)} .

itorial jurisdiction: Japan

i

ial requirements (Staifing, instrusnentation, &rc.)
2d¢ to design core-catcher that will recover sand.

Logging (Gamma. Ray) -

Bore-hole TV for fractures

anent: G-aev.xléin Duate subsnitted to JCIDES Oflice:
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posad Siter TF=2 General Objectiver (1) character of cuter fan channe:
rovama Submarine Fan- outer fan - sediments, turbidite periodicity and frequency

mid-channel, (2} origin of fan (3) turbidite periodicity and
frequency (in terms of tectonics/sea level)

.ral ArCA eastern Sea of Japan 4) Fan age. .

“;':on: 39° 25'N, 137°17' E 'l‘hematu: Panel interest: SOHP i

:rnate Site: . a-2 Regional Panel interest: .

N g
P - . R R . !

cific Objectives:  (sae agtached write~up) (1) nature of active margin fan, (2) sediment

.racteristics of outer-fan channel system, (3) turbidite periodicity-frequency in response to
.ifz history and sea level and (4) 2differences in pericdicity-frequency between different

. subenvironments, (S) age of fan, (8) nature of sediments below fan (7) History of

.fzing fan subenvironments and fan growth

* A MLk = At VLR i 8 13t

‘rround Information:

:gional Data: L _ | | | -
‘eismic protiles: Selsmic Line N-8 from Geol. Survey of Japan (See figure 6 in attached
. write-up) _ ) ‘

Juner datar Bathymetry (See Nash, 1981- also figure 1 and 2 in write-wup)

e Survey Data - Conducted by: NONE
date:
dain results:

rrational Considerations

:2r Depth: (in) 2,300 m Sed. Thickness: (m) 1,000 m Total penetration: {m) 600

- _* __ DoudleAdApPC Rotary Dril} _ Single Bit + IReentry

-ure of sediments/rock anticipated:

et e e e e
R et

Sand, silt and clay and lithified equivalents

ner concuuons/'.vmdow:April through mid-July and Mid-September to mid-December are best times

“rorial | Agoic; tyshoon seas (Mid-July to Mid-September}
siterial jurisdictiond Japan -

i
ST

il requireinents {Stailing, instrumentation, etc.)

la newly-designed core-catcher that will improve recovery of sand. Logcing (Gamma Ray)

Jonent: G.deV.Klein ~ Date submitted to JOIDES Of fice: I

S S
e

Rev. GZo.l

e
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posad Siter TF=2 General Objectiver (1) character of cuter fan channe:
rovama Submarine Fan- outer fan - sediments, turbidite periodicity and frequency

mid-channel, (2} origin of fan (3) turbidite periodicity and
frequency (in terms of tectonics/sea level)

.ral ArCA eastern Sea of Japan 4) Fan age. .

“;':on: 39° 25'N, 137°17' E 'l‘hematu: Panel interest: SOHP i

:rnate Site: . a-2 Regional Panel interest: .

N g
P - . R R . !

cific Objectives:  (sae agtached write~up) (1) nature of active margin fan, (2) sediment

.racteristics of outer-fan channel system, (3) turbidite periodicity-frequency in response to
.ifz history and sea level and (4) 2differences in pericdicity-frequency between different

. subenvironments, (S) age of fan, (8) nature of sediments below fan (7) History of

.fzing fan subenvironments and fan growth

* A MLk = At VLR i 8 13t

‘rround Information:

:gional Data: L _ | | | -
‘eismic protiles: Selsmic Line N-8 from Geol. Survey of Japan (See figure 6 in attached
. write-up) _ ) ‘

Juner datar Bathymetry (See Nash, 1981- also figure 1 and 2 in write-wup)

e Survey Data - Conducted by: NONE
date:
dain results:

rrational Considerations

:2r Depth: (in) 2,300 m Sed. Thickness: (m) 1,000 m Total penetration: {m) 600

- _* __ DoudleAdApPC Rotary Dril} _ Single Bit + IReentry

-ure of sediments/rock anticipated:

et e e e e
R et

Sand, silt and clay and lithified equivalents

ner concuuons/'.vmdow:April through mid-July and Mid-September to mid-December are best times

“rorial | Agoic; tyshoon seas (Mid-July to Mid-September}
siterial jurisdictiond Japan -

i
ST

il requireinents {Stailing, instrumentation, etc.)

la newly-designed core-catcher that will improve recovery of sand. Logcing (Gamma Ray)

Jonent: G.deV.Klein ~ Date submitted to JOIDES Of fice: I

S S
e

Rev. GZo.l

e
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Proposed Site: A-2 General Objective:

ALTERNATE for TF-2 See TF-=2

General Area:  _eastern Sea of Japan

Position: 39722'N, 137 9E Thematic Panel interest:
Alternate Site: (TF-2) Regional Panel interest:

Specific Objectives:

See TF-2

Background Information:
Regional Data:
Seismic profiles:

SEE TF-2 .
- Qrther data:

Site Survey Data - Conducted hy: None
Date:
Main results:

Operational Considerations

Water Depth: (m) 2,600 Sed. Thickness: {(m) 1,300

Total penetration: {(m) 600

HPC +  Double HPC Rotary Drill ~ Single Bit _+ Reentry

Nature of sediments/rock anticipated: sSee TF-2
Weather conditions/window:  sea TF~2
Territerial jurisdiction:s ~  gapan

Dthwer:

Special requirenents (Stailing, instrurbentation, etc.)

See TF-2

Proponent: G.deV.Klein Date subsnitted 1o JOIDES Ollice:

Rev.
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sed Site: TF-3 General Objective: (1) Character of interchannel-fan

"ropd . ) P (mid-fan) sub-environment (2)turbidire periodicity

~oyama Submarine Fan - b.uddle san= and frequency, (3) origin of fan, fan age (4) chang
Interchannel fan regionm in fracture orientation, {5) basement age (6)nature

‘L-m:r'd' Area: of crust.

Losition: Thematic Panel interes t:SOPH, TECP, LITHP,

\lternate Site: a-3 Regional Panel interest: WPAC

{See attached write-up} (1) Nature of active margin fan, (2) sediment i

.pecific Objectives:
characteristics of mid-fan, interchannel subenvironment, (3) turbidite
periodicity and frequency (in terms of uplift and sea level) and (4) :
in terms of changing subenvirconments on fan (5) age of fan, (6) nature of
sediments below fan, (7) changing orientation of fracture systems downhole !
in terms of collision history, (8) basement age, (9) nature of curst E
(10) History of shifting fan subcomponents and fan growth :

f

1ackzround Information: . _
-TRegional Data: - Very little (See Nash,1981)- . .- j
Seismic profiles: ORI, Univ of Tokvo, and Geol. Survey of Japan (Honza,1l979). . '\J‘

These are of rair to goo quality.

Other data: Bathymetyry - ORI (Nash,1981) , - : .
- i'

site Survey Data - Conducted by: f
R None i
Jate: !
\Mein results: i
Jperational Considerations _ f
¥zzar Depth: (i) 2450 Sed. Thickness: (m) 200 m Totzl penetration: {m) 1,050 m" ﬁ
APC +2+  Double HPC __ Rotary Drill ++ Single Bit _++ Reentry Possible l
. - TR L T — "

1

Nature of sediments/rock anticipated: Sand, silt and clay {(and lithified equivalents), Basalt

¥uather conditions/window: april through Huly and Mid-September to Mid-December is best time.

~ Avoid typhoon geason (mid-July to Mid-September)
Territorial jurisdiction: Japan : :
: i

e .
I

Special requiretnents (Staffing, instrurnentation, vie.)
Meed tc design core-—catcher that will recover sand.
3ore~hole TV for fractures .

Logging (Gamma Ray).

—

P Date submitted to JOIDIES Oflice: il

roponent:

]

[

o

I

1
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Proposcd Site: A-3 General Objective:

ALTERNATE for TF-3 See TT-3

General Arcar gee TF-3 .
Position: 39%s'N, 137°%2'E Thermatic Panel interest:

Alternate Site: Regional Panel interest:
(TF~3)

238 - —

Specific Objectives:

See TF=-3

Background Information:
Regional Data: =~ - - SEE TF-3
Seismic profiles:

Qther data:

Site Survey Data - Conducted by:
Date:
Main results:

QOperational Considerations

Wzrter Depth: (m) 2120 Sed. Thickness: (m) 1,200 Total penetration: {m) 1,350 m
HPC ++  Doudle HPC : Rotary Drill +++ Single Bit _- +++ Reeniry _Possibly
Na:ure of sediments/rock anticipatea:

See TF-3

Weather c0|1d1tsons/'.v1n§aw: See TF-3

Territortal jurisdiction: Japan

Jther:

Special requirements (Stailing, instrumnentation, etc.)

See TF-3

~ Praponent: G.dev.Xlein Date submitted to JOIDES Office:

Rev:
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239 T
wosed Site: TF-4 General Objective: (1 Character of fan sub-environment
(levee), (2) turbidite periodicity and frequency,
loyama Submarine Fan - Mid fan- (=3} origin of fan {4) fan age
Levee '
eral Arca: eastern Sea of Japan
- -0 . .
rion: 39°12'N, 137°17'E Thernatic Panei interest: SOHP
rnate Site: A-d : : Regional Panel interest: ., .

dfic Objectives: (See attached write-up). Nature of active margin fan {2)sedimentary charact-

eristics of mid-fan channel system, (3) turbidite freguency-pericdicity in response to
uplift history and sea level, (4) differences in periodicity-freguency in different fan
subenvironments, (5} age of fan, (6) nature of sediments below fan, (7) history of
shifting fan components,. and fan growth.

<ground Information:

:gional Dara:z ' ) . .

-eismic profiles: parhaps available from ORI, Univ of Tokyo and Geol. Survey.of Japan. None are
published or available to me.

Uner data:  Bathymetry (ORI) - See also Figure 4.

‘e Survey Data - Conducted by: None
ates
tain results:

rrational Considerations

er Depth: (in) 2,200 Sed. Thickness: (m)  1-1350 Total penetration: {m) 300 m
: +_ Doubie HPC Rotary Drill & Single Bit  + Reentry

ure of sediments/rock anticipated: _ o ,
sand, silt and clay {(and lithified ecuivalents)

sther conditions/ wvindow:gest time is April through Mid-July and Mz.d September to Mid~December

to aveoid summz typhoon season and winter conditions.
citorial jurisdiction: sipan

e

cial requicements (Stalfing, instru:nentation, ¢ic.}

Need special core-catcher to recover adeguate volume of sand; gamma ray loggcing

ponent: G.deV.Klein ' © Date submitted to JOIDES Ollice:
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Proposed Site: A-4 General Objective: SEF TF-4
General Arca: Seé TE-4 .
Position: 39° 14'n, 137° 11'E - Thematic Panel interest:
Alternate Site: Regional Panel interest:
(TF-4)
Specific Objectives:
E TF-4
Background Information:
Regional Data: SEE TF-4
Seismic profiles: N
Other data:
site Survey Data - Conducted by: .o Tr-g
Date:
Main results:
Operational Considerations
Warter Depth: (in) 2,300 Sed. Thickness: {m) 1,130 Total penetration: (m) 3500
HPC _. Doudie HPC " Rotary Drill , Single Bit Reentry

Nature of sediments/rock anticipated:

SEE TF-4
weuather conditions/window:
) See TF-4
Territorial jurisdiction: See TF-4
Other:
Special requirements (Stailing, instrurnentation, ete.)
See TF-4
Proponent: G.deV.Xlein Date submitted to JOIDLES Office:

Rev.
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proposed Site:  TF-5

Tovama Fan - Upper fan - Levee

qeneral Areas
positions 38%9'n,
Alternate Site: , .

241 i

General Objective: (1)Character of fan and levee
sub-compecnent, (2) fan origin, (3) periodicity and
frequency (in terms of sea level and uplift,

(4) periodicity-frequency variation between fan

eastern Sea of Japan subenvironments. (5) fan age

137%37'¢ Thematic Panel interest: sgHP
Regional Panel interest: wpac

s

SEedﬁc Qbijectives:

fan levee sediments (2)

(See attached write-up) (1) Nature of active margin submarine fan and upper

turbidite periodicity and frequency in response to uplift history and

sea level, (3) differences in periodicity-frequency in different Fan subenvironments,
{4) age of fan, (5} nature of sediments below fan, (6) history of shifting fan components,.

.ané fan growth.

"

packground Information:
.Regional Data:

Seismic profiles: perhaps available from ORI (Univ of Tokyo) and Geol, Survev of Japan. None

available to me

Qtiher data: Bathvmetry {(See figure 2}

Site Survey Data - Conducted by: None

Date:
Main results:

Qperational Considerations

Water Depth: (in) 1,900

HPC = Double APC

Sed. Thickness: (m) 1,400 Total penetration: (m) sggp

Rotary Drill 4 Single Bit + Reentry '

Nature of sediments/rock anticipated: sand, silt and clay (and lithified egquivalents).

¥eather conditions/window:April through mid-July and Mid-September to Mid~December is best time.

Avelids typhoon geason and winter cold-air outbreaks off Si-eria.
Territorial jurisdiction: Japan

Qiier:

3pecial requirements (Stzifing, instrunentation, etc.)

{ore catcher change to improve recovery of sand. Gamma Ray logging.

—

Proponent: G.deV.Klein

Date submitted to JOINES Oflice:

C
"
(43
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Proposed Site: . .

General Arca: See TF-35
Position: 18%3'N, 137°40° E-
Alternate Site:

(TF-5)

242 - —

General Objective: SEE TF-5

Thematic Panel interest:
Regional Panel interest:

Specific Objectives:  5°¢ TF3

Background Information:
Regional Data:
Seismic profijes:

SEE TF-5

Otiwer data: o -

Site Survey Data - Conducted by:
Date:
Mzin results:

Qnperational Censiderations

Warter Depth: (n) | 200 Sed. Thickness: (im)

HPC _** = Double HPC Rotary Drill **
Nature of sediments/rock anticipated:
See TF~=5
Weather conditions/window: )
- See TF-5
Territorial jurisdiction:
See TF-5

Otihwer:

1,700 Totai penetration: {m) 50

Singie Bit _** Reentry

Special reguirements (Stzifing, instrurneniation, erc.)

See TT-5

Proponent; G.deV.Xlein

Date submitted to JOIDES Office:
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oposed Site:  TF-6 General Objective: (1) character of fan subenviron-

" royama StUbmarine Fan - upper fan - ment (upper fan channel), (2) fan origin, (3) per:Z
channel dicity and frequency (in texms of sea level, upl_f:)

(4) periodicity-frequency variation between fan

‘mralArca° gastern Sea of Japan subenvironments, (S) fan age, (6) shifts of channsl

jsition: 39%1'n, 137°%27E Thematic Panel'mterest:sogp

qernate Siter o : ' Regional Panel interest: wpac

—

seafic Qbjectives: (See attached write-up). (1) nature of active continental margin fan and upper
73in channel sediments {2) turbidite periodicity-frequency in response to uplift and sea level,
;3 differences between subenvirconments in turbidite periedicity and frequency, (4) age of

)

fan.

sckpround Information:

Xegional Data: _ ) ‘ ‘ _‘ _ |

Sexs—-uc profiles: oOne proifile (Figure 6) from ORI at Univ of Tokyo (Nash,1981). Perhaps
also from Geological SUrvey of Japan (Honza,bl1979}. '

Jtner data: Bathymetry - ORI (Nash,1981)

site Survey Data - Conducted by: None
Daia:
viain results:

serational Considerations

satar Depth: (n} 2 550 Sed. Thickness: (m) ) 500 Total penetration: (m} gqq
22+ Doudle HPC Rocary Drill 4 Single Bit __, Reentry
+atire of sediments/rock anticipated: gand, silt and clay (an@ lithified equivalents).

-catner conditions/ WindowWiapril through mid- -July and Mid-September tc Mid Decem:aer toe avoid

tvphoons and winter colé-air ocutbreaks.
“wrritgrial jurisdiction: Japan

———

~Ctal r(.gulr(_‘:nanS Stailing, instruinentation, ¢ic.)

e

< T2re-catcher to improve receovery of sand. Gamma Ray logging.

——

Taponent: g gev.xlein ' Date submitted to JOIDES Office:

Rev. .-

(5) nature of sediments below fan, (6) history of shifting fan subcomponents. and fan grow:t:

T s A w e
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Pruposed Site: A6

General Area: g0 7rog
Position:  35%g'N, 137331
Alternate Site:  (rp_g)

244
General Objective:

See TF-6

Thermnatic Panel interest:
Regional Pane! interest:

Specific Objectives:

See TF-6

Background Information:
Regional Datas
Seismic profiles:

SEE TF-6

QOther data:

Site Survey Data - Conducted by:
Date:
Main results: -

Qperational Considerations

Water Depth: (im) 2,450

HPC __ ++

Doubie HFC __

Nature of sediments/rock anticipated:
See TF-6

¥cather conditions/wvindow: ¢.o TF-g
Territorial jurisdiction: See TF-6&

Jther:

Sed, Thickness: (in) 1,609

" Rotary Drill _**+

Total penetration: (m)

Single 8it _** Recniry

500

Special requirements (Staffing, instrurnentation, etc.)

See TF-6

Proponent: G.deV.Klein

Date submitted to JOIDES Office:
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:opogazd Site: TF-7 ) General Objective: (10 CHaracter of fan subenvirconment
(interchannel fan area) (2) fan origin, (3) periodic-
ity/frequency (in terms of sea level,uplift) and
an subenvxronments, (4) fan age, (S} shifts of

..vama Submarine Fan - Mid-fan-Interchannel
fan region

weral Arca: eastern Sea of Japan ubenvironmetns through time.

sitions  38758.5'N, 137%e's Thematic Panel interest: goyp

ternate Site:  TF-3 Regional Panel interestiyppc

e ——— . v

ﬁgﬁi_gﬁm: (See attached write-up). (1) nature of active.continental margin fan and middie
. interchannel fan setting, (2) turbidite pericdicity-fregquency in response to uplift and

'3 level, (3) differences between fan subenvironments in terms of periodicity and frequency
-._Lrbidites, {4} age of fan, (5) nature of sediments below fan, (6) histecry of

.s-ing fan subcomponents.

ickzround Information:

{eg:onal Data: : - -
seismic profiles: Perhaps available from ORI (Univ. of Toky) and Geol Survey of Japan. None

available to me.
OJtier data: Bathymetry (Fl_gure 2)

site Survey Data - Conducted by:
Daies NONE
Main results:

serational Considerations

zzer Depth: (m) 2,500 Sed. Thickness: (m) 1,100 . Total penetration: {m) 500
0 ___++ Double HPC Rotary Drill _++  Single Bit ++ Reentry

sture of sediments/rock anticipated:  gung. i1t and clay (and lithified equivalents)

cuather windows: . . . . :
ser Cancutmns/ ¥INOOW:  apriy - July and Mid-september-mid-December are best times to avoid

. pter col-air cutbreaks and summer typhoons.
:..Ltorla 'urtsalcuon. Japan

Lrs

xci requireinents (Stalling, instrunentation, ¢te.)

¥ °dore catcher to improve sand recovery. Gamma Ray logeing.

———

oponents ooy o Lo o Date submitted to JOIDES Oflice:
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Proposed Site: TF-8 General Objective; (1) Age of basement, (2) vert
change in fractures in response to collision hje
(3) nature of crust.

General Area: East séde of Toyama Trough
Position: 39 19'N, 138°B'E Thematic Panel interest; TECP, LITE?, SOHP

Alternate Site: Regional Panel interest: WPAC

Specific Objectives:

(See attached write-up). (1) Age of basement, (2) vertical changes in
fracture orientation as an indication of progressive stress in response to
collision and development of new plate boundary between Eurasian Plate ang
North American (or Honshu) plate as per Nakamura (1983}, (3) Composition of
basement rocks (are they oceanic or continental)

Background Infermation:
Regional Data: .
Seismic profiles: Possibly available from Geol. Survey of Japan. None available to me.

Q1ner data: Bathvmetry (Figure 3- Nakamura,l1983)

Site Survey Data - Conducted by: None
Date:
Main results:

Qperational Considerations

Water Depth: (im) 2,100 Sed. Thickness: (m) 600 m Total penetration: (m) 730 m

HPC _____ Doubdte HPC Rotary Drill +  Single Bit Reentry +

Nature of sediments/rock anticipated: Sand, silt and clay, either oceanic basalt, or
continental granites, metamorphics or sediments.
Weather conditions/window: April through mid-July and Mid-September to Mid-December are best ti
to avoid both typhoons and winter cold-air outbreaks.
Territorial jurisdiction: ~ Japan '

Jther:

Special requirements (Stalling, instrurnentation, ¢ic.)

Gamma Ray Locging, Video borehole system.

Propanent: G.devV.Xlein . Date submitted to JOIES Ollice:

(]

Rev.
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posed Site: A-8 _ General Objective: See TF-8

neral Area: See IF-8
sitions 39N, 138 00'E Thernatic Panei interest:

-ernate Site: (TF-8) Regional Panel interest:

:cific Objectives: See TF-8 ) .

zkground information:
_cgional Data:
Seismic proiiies;

See TF-8

Qiher data:

ite Survey Data - Conducted by:
Dates
Mzain results:

serational Considerations . 1
ater Depth: (in} 2,430 Sed. Thickness: (m) 800 = Total penetration: {m) ~°° f’i
2C 7 Double HPC __ Rotary Drill _*  sSingleBit____ Reenury o }‘
iture of .sedimgntslrock anticipated: [“

o See TF-8
aather conditions/window:

See TF-8

arritorial jurisdiction;
See TF-8

Lier:

3
3
i

i

, . . . . . I3
secial requirements (Stalling, instrumentation, gl 1:‘;
See TF-8 5

it

;}"!

!

. 3

roponent:  G.dev.Klein : Date submitted to JOIDES Office: i

ch

1

11

1
A

Rev.
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AFFENDIX
LIST OF COMTRIBUTIONS BY FARTICIFANTS

erosion, accretion and wvertical
intraocesnic subduction zones

S.H., Bloomer, Tectoni
otions in for=2arcs o

S

L. Dorman and J. Hildebrand, Deep structure of back-arc
hasins from ssismic tomography

M. Flowsr and L. Rodolfe, North-zouth transsct of
diachroncus ars sundering :

F. Fryver,E. Ambos,and D. Hussang, Origin and emplacemant
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DRILLING TARGETS IN FORE-ARC to ARC to BACK~ARC REGIONS OF THE WESTERN PACIFIC
a brief statement of philosophy and possible targets

Richard J. Arculus, Dept. of Geol. Sciences, Univ. of Michigan

Our knowledge of the early growth stages of arcs is fairly rudimentary,
and we lack detailed understanding of the evolutionary and constructive processes
taking place in mature arcs. The enhanced technical capability of the latest
ODP drilling platform offers some exciting prospects for attacking scme of the
problems in these areas of uncertainty..

An important consideration for drilling arc-~related targets seems to be
the principle that the general pursuit of processes rather than specific
parochial problem solving should guide the choice. of drilling sites. Howaever,
a number of unusual tectonic locations are attractive despite the strxong
possibility that generalization of recovered rock information and st*atlgraphlc.
detail may not be appropriate for many other - locations. ‘Furthermore, we know
a good deal more aboyt some locations than others, so it would seem inevitable
that given a choice, the knowledge base should be a2 strong weighting factor.

Some of the general features that I would like to see tackled in a "deep"”
drilling program follow:

a) forearc nature of f£luids in overpressurd and dewatering sediments {latest
developments in the oil business allow collection of unsullied
formation fluids); stacking sequences over greater wvertical intervals
than heretofore sampled; serpentinite diapirs-structure, petrolecgy,
roots; possible penetration to slab-prism interface(s); boninite
and other unusual forearc magmatism.

b)arc-forearc basins volcanic-explosive activity records; nature of possible
subaerial-submarine pyroclast flow deposits and chemistry:; subsidence
regcords. )

clarc nature of basement over extended sampling depth (petrology, explosive
and flow constructive elements, vertical compositional changes,
sedimentary component, significance of dikes and sills in relation
to the tectonic stress).

d) intrarc basing nature of sediment f£ill; basement character; subsidence
history.

e)back-arc character of magmas in the transition zone with the arc and the
local tectonic history; compositional evolution of magmas during
subsaguent spreading following initial rifting; nature of graben
and leaky transform magmatism; volcanic history of arc determined
from ash/pyrolclast cover; nature of continental fragments remnant
from basin formation. '
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In terms of specific drilling targets, there is of course almost an
embarassment of choice and many attractive sites come to mind. I would however,
emphasize that my current knowledge of the activities of the various "internat-
ional agreements for cooperative marine geologic studies" is not extensive, ang
I would urge collaboration wherever possible with these groups (eg Japan-
France; Australia-New Zealand-USA etc.)

Specific Sites and Problems

forearcs Marianas-"pacman" eruptive and other hard rock cutcrops cobserved

in the Hawaiian group (Hussong, Fryer et al.) surveys

_ Solomon Is.-penetration through the prism to the shallowly subducted
Sclomon Sea Plate. A beautiful site explored with dredging and
incorporating an astonishing variety of tectonic locations such
as a subducting ridge overlain within a few kilometers by an active
arc volcano. - :

The Nankai trough and Japan trench forearc~—an extension of previous
drilling programs in these regions capitalizing on the knowledge gained
as well as being guided (hopefully) by the Japan-France submersible
operations.

forearc basins New Zealand-northeast coast of the North Island; pyroclast

flow and ash fall stratigraphy, volumetric relationships and
physical volcanclogy.

arcs South of the Izu Peninsula (Honshu) for basement exploraticn
(believed to be granitic): northeast of Hokkaido in transition to
the Kuriles; Bonin Islands basement; near the submarine volcanoes
of the northern Marianas; south end of Vanuatu near the recently
constructed volcances of Mathew or Hunter; White Island off the
North Island of New Zealand -interesting hydrothermal activity
guaranteed.

intrarc basins Solomons and New Hebrides slots-beware of gas!

I . . '
backarcs Marianas trough-northern area surveyed by the Hawaiian group;

Bismarck Sea close to a ridge/transform junction and the Manus
Basin close to the Willaumez-Manus Rise; Fiji Plateau at the
possible triple junction; the Japan Sea microcontinental fragments
and similarly the South China Sea continental remnants; the Three
Xins Rise between Australia and New Zealand:; the overdeeps along
the Macquarie Ridge south of New Zealand. ’




- TECTONIC EROSION, ACCRETION AND VERTICAL MOTIONS

IN FOREARCS OF INTRAGCCEANIC SUBDUCTION ZONES

Notes for planning conference on ocean drilling studies

in active trench—-arc—backarc systems of the western Pacific
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One of the most exciting findings of the Deep Sea Drilling
Project was that the forearcs and landward trench slopes of many
active margins are shaped by episodes of sediment subduction and
subduction erosion, as well as accretion. This recognition has
changed many of ocur perceptions about subduction zone processes.

The Middle America Trench off Guatemala has undergone a long
period of non-accretion, despite a relatively continuous supply

of sediment to the trench (von Huene et al., 19803 AQubouin et

al., 1982; Aubouin et al., 1984). Subsidence and subduction

erosion have been postulated as the dominant, though not the
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only, processes in the Japan Trench (von Huene et al., 139803 Nasuy
et al., 1980; Murauchi and Ludwig, 1980), portions of the
Peru—-Chile Trench (Hussong et al., 19763 Kulm et al., 1977) and
the Mariana Trench-betueen 169N and 189N (Hussong and Uyeda,
1981; Bloomer, 1983).

The case for subduction erosion has perhaps been Eest
documented in the Japan Trench and the Mariana Trench. This
interpretation rests both on evidence for sussidence of the
forearcs and the petrographic and gecchemical identification of
island—arc volcanic rocks as the principal consfituent of fhe
forearc basement. The Mariarna Trench has been one of the most
extensively studied of these non*accrétionary margins {(e.g.,
Beccaluva et al., 198035 Dietrich et al., 1978; Hussong and Uyeda, -
1981 ; Meijer, 19803 Bloomer, 1983) and it is clear that most of
the forearc basement and inner trench slope are_of arc origin.
These are among the oldést volcanic rocks- associated with
subduction in the Marianas (Meijer et al., 1983), they are also
among the least enriched in incompatible elements and most
depleted in high—Fiéld—strength elements. These extensive
exposures of immature arc basement, immediately adjacent to the
trench, have been interpreted to indicate an episode of
subduction erosion early in the developmenﬁ of this margin
(Beccaluva et al., 19803 Hussong and Uyeda, 13981; Blcomer,

1983} . Arguments for tactonic erosion in the Japan Trench are
based as well on the recovery of dacitic voleanics close to the
axis of the trench, evidence ForAsubsidence of much of the

forearc and what has been termed the Dyashio landmass, and
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seismic evidence that the arc-like crust extends to within 30 km
of the trench axis (von Huene et al., 19803 Nasu et al., 1280).

The concept of tectonic erosion has an important implication
for the structure of island arcs. If erosion is a significant
process during the dévelopment of the arc, much of the forearc
basement will consist of island—arc volcanics and associated
plutonics, presumébly 61der than those of the associatéd active
arc (Bloomér, 1983). fAs the'efosion proceeds, the axis of
voleanism must‘presumably shift inboard, resulting in a crudely
laye;ed'type oF.Fdrearc structure (Bloomer, 1983). Such a
conclusion is important when one examines rgcent studies of some
ophiplite.complexes, such as T;oodos and Vourinos, which show
them to consist primarily of island—arc veolcanics - in the case
of Troodos arc volcanics with abundant boninites (Miyvashire,
19735 Robinson et al.; 1983; Schminke et al., 1983; Noiret et
al., 1881). 0One of the enviromments that has been postulated for
the development of such an ophiolite is an immature islanﬁ arc
(Miyashire, 1973; Cameron, 1980; Robinson et al., 1983; Dick and
Bullen, 1284). It has been suggested that forearcs of some
subduction zones may be locales where such crustal materials can
bhe sampled today (Cameron, 1398035 Robinson et al., 1983; Dick and
Bullen, 19843 Natland, 1984). The volecanic and plutonic.rpcks
exposed in the Mariana forearc bear a strong resemblance to_rocks
af the Troodos-ﬂphiolitei(Cameéon[ 1980; Bloomer and Hawkins,
19835 Natland, 1984).

The case for Qubduction erosion askan important process has

really only been well—-documented in the Mariamna and Japan




Trenches; that of Forearé exposure of an "island-arc" ophiclite
has been shown only for the Marianas. It is also clear that
subduction erosion is not the‘only process which has acted on the
Mariana margin. There is eQidence for extensive serpentinite
diapirism throughout the inner trench slope,'uplift of portions

of the forearc at sometime in its history, and accretion of

seamount fragments from the downgoing plate t6 the landward
trench slope. One important question raised is whether
subduction erosion is a fundamental proéess in the development of
subduction zones to which there is a scant suppiy of sediment or
is something peculiar to one or two trenghes in the western
Pacific. Even in the Marianas and Japan Trenches, it seems to be
a process competing with aceretion, or perhaps alternating with
it. This would imply that in many cases one of the principal
lines of evidence for ercsion (exposures of arc basement in the
landward trench slope) might be cbscured by later, extensive
accretion of sediment. Along continental margins distinguishing
the case of non~accréticn from that of subduction erogsion, based
simply on exposures oF.old continental basement, can be
difficult., It is only in intraoceanic subduction zones, in which
any arc materials present have probably been produced as a result
of that subduction and at which there likely bhas never been
significant sediment input, that the effects of subduction
erosion may be easily identified. It is likely that the only way
we can begin to understand this'prodéss is to identify and study
as many areas in which it occurs as possible. 7

Below are cutlined some of the pertinant data on the

H
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structure and composition of the Mariana forearc and a discussion
of the characteristics of the Tonga forearc which lead us to

‘believe it might resemble the Marianas.
MARIANA FOREARRC
Erosion and sdbsidence

Arc tholeiites and boninites were recovered- at DSDP sites 458
and 459 in the forearc (Natland and Tarngy, 1981). These are
probably late Eocene or Jligocene in age; the cessation of
volcanism in the forearc appears to have been earlier than that
in the frontal or remnant arcs (Meijer et al., 1983; Bloomer,
1983). The recovery of similar boninitic and theoleiitic Qeries
rocks in sevsral dredges from the lower trench slopes (Beccaluva
et al., 1980; Dietrich et al., 1378; Bloomer, 1383), similar
exposures in the Bonin Islands and exposures of boninitic rocks
on Guam (Reagan and Meijer, 1383) indicate that the drilled
section may be characteristic of a large part of the forearc, at
least between the Bonins and Guam. No ocean—ridge basalts of any
type have been recovered from southeast of Guam northwards. The
southern portion of the tfench, south and scuthwest of Guam, is a
complex shear zone and includes arc volcanics, ocean—-ridge or
back—-arc basalts, serpentinites, gabbros and sediments. It is

more likely a transforn, -rather than a-con%ergent, boundary.

There is some evidence in seismic refracticon sections of a

downbowing of ¢ﬁusta1 layers touards:the trench axis {(Latraille




and Hussong, 1980). A carbonate section in cores from DSDP Site
460 have been interpreted as evidence for extensive subsidence of
the forearc (Hus;ong ana Uyeda, 1981). This data, in
cﬁmbination, is the basis for intepretations 9f a major episode
of subducfion erosion at some time in the development of the
forearc. There has been a suggestion that this erosion was

confined to the early stages of subduction (Bloomer, 1983).
Acoretion/tectonic complications

There are several pieces éf evidencé which indicaée that
processes other than erosion have acted on the forearc. The
interpretation of the Site 469 saection is theysub;ect of some
debate; the section has alternatively been interpreted as a large
slumped mass (Karig and Ranken, 1983). Seismic reflection data
suggest a small accretionary waedge may exist at the toce of the
landward slope {Mrzowski et al., 1981) and gravity modalling
indicates a low density zone of sediments and/or fractured
material beneath the lower slope (Sager, 1980). Interpretation
of sediment sections in sites 458 and 459 indicate some net
uplift of.the forearec, or at least no significant amount of
" subsidence (Karig and Ranken, 1983); the morphology and blockage
af a4 submarine canyon on the lower slope has alsc been |
interpreted as evidence of recent uplift of the trench slope
(Karig, 1971; Karig and Ranken, 1983). Fragments of alkalic
basalt, chert énd hyaloclastite have been dredged from thrée
sites onithe lower slopes; Mesozoic fauna are found in one of

these dredges and in Sites 460 and 461
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(Hussong et al., 1381; Bloomer, 13983). These indicata the
presence of some allochthonous materiais in tﬁe lower trench
slope, likely to be fragments of ssamounts accreted to the slope
from the downgoing plate. A set of ridges roughly parallel to
the trench axis have been identified in the forearc southeast - and
east of Guam (Karig and Ranken, 1983). These have been suggested
to be thrust slices, either of disrupted forearc basement or
acﬁreted oceanic crust (Karig and Ranken, 1983). This is also
on2 of the only portions of the trench #rom which ocean—-ridge
basalts have been recovered (MARA D&8, Mendeleev 1404), This
-southeastern portion of the forearc may be fundamentally
different in structure than that to the north. Serpentinites are
abundant throughout the trench slope, and there are seamount-1ike
features on the trench—slope—break from which serpentinites and
gabbros havg been dredged. Serpentinite diapirsm has been
postulated to be an important process in much of the slope

(Bloomer, 1983).

TONGA FORERRC

If erosion is a.process fundamental to the development of
intraoceanic subduction zones, the Tonga Trench should exhibit
some evidence for this process. There arelseveral reasons to
believe that Ehis is true:

1} The Tonga Trench bears a marked resemblance in setting
and éeometry té the Mariana Trench (Fig. 1, 2). The rates and

angles of subduction are similar in both. Both bend to the west




at one end and become sirike-slip margins. Both have a history
of arec volcanism dating to the Eocene, have érupted principally
basalts and basaltic andesites, have developea at least ore
back—are basin and remmant arc, and have a forearc platform or
Front;l arc. The sediment supply to both trenches is slight.’

2) There are few seamounts on the offshore flank now and, if
the same has been true in thé past 40 my, there is little chance
that accretion of seamounts would have obscured the effects of
tectonic erosiop. In this regard the Tonga Trench provides as
wall an area in which to search for evidence of accretion of
horst blocks from the downgeing slab. Most previous evidence for
crustal accretion has been for addition‘bf seanmount fragments
(Hawkins and Batiza, 1977; Bloomer, 1983).

33 If infilling of grabens is an important meéhanism in
arosion, the Tonga Trench should exhibit some effects of this
pProcess. It has abundant and well—deveioped grabens on the
offéhore flank, and few sediments or seamounts on the offshare
slope to fill them in.

4) Existing dredée collections, and bottom photographs from
nearly the same localities, confirm that hard rocks are exposed
over much ﬁf the landward trench slépe. Studies of those samples
suggest that the mid- and upper— landward slopes are principally
arc basement; the samples ‘are few enough in number and small
eno@gh in size that an origin by tramnsport cannot be totally
discounted. h

These facts QO not establish that‘the Tonga Trench has

experienced subduction erosion; they do mean that this is an
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ideal place to test for the effects of that erosién. Existing
models incorporating observations to date wodld predict that it
should have occurrea. If the landward slope has been ercded we
would expect that much of the exposure would be of island—arc
volcanics, that those volcanics would be among the oldest in the
subduction zone and perhaps among the least enriched (possibly
including bonfnites), and that any accreted material would.be-
confined principally to the lowermost slope;;and be'Fragments af
Oceanic Layer 2. If on the other hand the trench slope has
developed principally by non—accretion or crustal accretion, the
landward slcpe should expose the older cceanic crust upon which
the fonga arc was constructed and/or stacked, imbricate slices of

oceanic basalt, possibly with sediments and seamount fragments.
Geclogic Setting and Previous Work

The Tonga Trench is the northern portion of the very linear
Tonga—-Kermadec system which marks the subduction of the Pacific
Plate beneath the Indo-Australian plate (Fig. 2). It is
characterized by a deep (to 600 km) Benioff zone which dips
landward at about 45° and is very active seismically (Benioff,
1949; Isacks and others, 1969; Billington and Isacks, 1378;
Billington, 1§80). There are two linear chains of islands
associated_uith the subduction zone separated one from the other
by the dee;} (1800" m), sediment-filled (“2 km) Tofua Trough
(Raitt aﬁd;otheﬁs; 1955). The easternﬁost islands - Tbngatapu,

Eua, Lifuka, Vava'u — are inactive coralline-capped edifices
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(Lister, 1891). Voléanic basement is exposed only on the isiand
of Eua, and includes basalt and basaltic andésite, probably o%
pre—~late Eocene agej; chemical data indicate these to be
island=arc tholeiitic volcanic rocks {(Ewart and Brvan, 1372).
This eastern chain is analogous in some ways to the
Guam—Saipan—Rota frontal arc of the Mariana region. The western
island chain ip_Tonga is active, includes submarine and subaerial
edifices, and is erupting basalts, basaltic andesite and minor
amounts of daéite (Melson et al., 1970; Bryaﬁ et al.,‘1973; Ewart
et al., 1373, Ewart and Bryan, 1973; Ewart, 197635 Ewart et al.,
1977).. There is an ;ctive back—arc basin, the Lau Basin,
erupting tholeiitic basalts (Hawkins, 1976) and spreading, in an
east-west direction, at a haif—rate on the order of 1.0-1.5 cm/yr
(Lawyef et al., 1976). Development of this basin has left one

i
inactive remmant arc, the Lau Ridge (Gill, 1976).

Convergence between the Pacific plate and the microplata
bounded by €he Tonga rPEhch and the Lau Basin spreading axis is
about 10.5 cm/yr at NB2W, calculated from the poles of Minster
and Jordan (1978) and assuming a 1.5 cm/yr east-west half-rate in
the Lau Basin. Convergence is essentially normal to the trench
axis for most of its length. To the north, scuthwest of Samoa,
the trench shoals, trends to the west abrubtly, and marks a zone
of strike—slip motion. There are a. few seamounts on the seafloor
east of the trench (Figure 2). East of the Tonga Trench there is
one huge seamount, Capriéorn Guyot at 18°9307?S, which is capped

by Mioccene reef limestones (Brodie, 1365) and is being tilted to
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the west as the Pacific plate descerds into the trench (Raitt et
al., 1955). To the south, at 269N, the north@est end of the
Louisville Ridge is entering the trench. The outer trench swell
is subdued (Raitt et al., 1955) but as the crust enters the
trench it is disrupted by numerous normal faults (throw about 700
m) producing a pronounced horst—and—graben topography (Raitt et
al., 1955; Fisﬁer and Engel, 196%9; Burns, Andrews et al., 1973;
Hilde and Fisher, 1979; Hilde, 1384). Sediment cover on the
offshore plate is sparse. At DSDP Site 204, east of the trench
at 2493776, 174°907'W, 147m of sediment werse cored, with an
estimated 100 m below that to basement. The sedimentary section
included 103 m of Quaternary to Oligocene clays and ashes
unconformably overlying 22 m of early Cretacecus tuffaceocus
sandstones and 21.m of vitric tuffs (Burns, Andrews et al;,
1973). The onshore side rises from the trench floor at an
overall angle of 8-152 with a distinct decreasa of slope at
about S000 m - -(Fig. 3, 4). Where examined by seismic reflection
profiling, %he forearc basin is filled by eastward thimming
sediments which pinch out against the slope break (Greene et ;l.,
1983). A U.S.6.8S. multichannel seismic limne across the forearc
at 22%10’S irdicates that the fronfal arc’s Eocene bhasement,

which is exposed on Eua, may extend out to the eastern margin of

ok

ne pglatform (Greene et al., 1983).

Field studies of the morpholeogy and compositions of the

Slopes of the Tanga Trench have been few in number. Raitt et al.

{1353} described the morphology, crustal structure and magnetic




chzractarisiics of tha trench. They noted that the 4-5 km/sec
compreesional wave veloeities in the forearc énd lower trench
slope pracludec any significant accumulation of sediment there,
arnd that their attempts in 1952 to sample the deep inner cleft
resulted only in battered, scored equipment. Fisher and Hess
(13e3), HKarig (1370}, Fisher (1974) and Dupent (1979) have
discussed profiles of the Ténga Trench as compared to those of
sther trenches of the PRacific basind Igreous samples from the -
inner sliopes of the Tonga Trench were first described by Petelin
{(1264), who noted tuffs, agglomerates and basalts from 8S00-7500
m at £092078, 173°08.3'W. Fisher and Engel (1969) reported

o ignecus samples from four dredge hauls and one camera station
takaern on Scripps Institution of QOceanography's 1967 cruise to the
Tonga Trench; they gave a description and bulk rock analysis of
an utterly fresh harzhurgite (H3D+ less than 0.1%) from the

deep inshore flank of the trench. ﬂlte?ed basalts, alkali
3livine basalt, ;mphibolitized gabbro fragments and tuffaceous
agglomerates were.also ﬁeScribed, though no analyses were given
{(Fig 32, Fisher and Engel, 1269). Here they interpreted the
nearshore section as the exposed roots ﬁf the arc edifice.
Arndegitic and basaltic rock fragments and volcanoclastic
sadiments have been reported from S700 m on the nearshore trench
slope at 1321378, 1732°02'W (Abdenko et al., 1372; Udintsev et
al., 197 4%, Fisher (1374) presented some photographs of the deep
slﬁpes of the Tonga Trench and;briefly described samples from fal
dredges coliected on Scripps-e;pedition SEVEN TOW in 13972 (Fig.
3}.7 He pointad ocut an abparently sheared, slickensided, platy

texture in photagraphs of
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tha mid-and lowear onshore slopes and interpreted the dredging
~2sults as reflecting a crude layering of the nearshore flani: -

siltstone, calcareocus debris, pumice, intermediate voleanics,

[

silicic voleanics and diabase shoaler than SS00 m; alkali olivine
basélt ard gabbro further downslope; harzburgites, dunites and
zarpentinized lher:zolites above vesicular alkali basalts in the
deepest onshore slope; finally, diabases, vesicular hasalts and
shale on fﬁe offshore flank (Fisher, 13974). Hawkins and others
(1872) listad, in an abstract, a range of mineral compositions
for some of the ultramafic samples described by Fisher (1974) and
Fisher and Engel (1969), establishing that these had )
magnesiumn—-rich, refractory compositions. Hawkins et al. (1972)
intarpreted the layering of the nearshore slope to be sediments
at iess than S000 m; vesicﬁlar altered basalts and diabase
between 5200 and 5400 m; greenstones, altered basalts and
agglomerates from 6500—7000 m; gabbro between 7200 and 7700 m;
dunite, pyroxenite, harzburgite, serpentinite and altered basalts
from 2150 to 2400 m; and vesicular altered basalt and diabase
between 3150 to 3750 m. From seismic reflection brofiling on the
1367 NOVA Expedition, Hilde and Fisher (1979) speculated that at
20900 S-209207S the lowest nearshore slope of the trench

{below S000 m) was the west wall of a graben in the subducting
Pacific plata. They identifiecd "oceanic—type basalts freom the
naarsnore margin", presumably from petrographic characteristics,
notad the absence. of any accrat}onary'prism of.sediments'énd
céncluded "that the nearshore flank of the Tonga Trench_beloa the

trench slope break has remained barren of significant sediment
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emgliacement Cecuass of mass wasting/slumping from the shoreward
wall and offscracing of sediments from the Hdrst blocks into the
grabens and subduction within the oceanic plate“. But they then
stated "perhaps the nearshaore flank between the terrace described
above (i.e. at 9000 m) andgtﬁe trench slope break is a section of
lower gceanic crust that has remained exposed since the time of

initial dislocation and subduction".

More récent surveying has included multichannel seismic
profiles of the trench slope by the U.S.6.S (Maung et al., 1982;
Scholl et al., 1982; Greerne et al., 1983). This profiling
confirmed the absence of sedimentary material on the lower trench
slope. The USGS work included a dredge haul from 8650 to 7800 m
o the trench slope at 22°10'S, 174°10'W, which recoveredJ
Tragments of sevpentinite, volcanic breccias, sandsténe and
siltstone (Greene et al., 1983). Vallier et al. (1384) have
identifiad some of the volecanic clasts as arc—derived, and the
serpentinites as altered refractory ultramafics similar to those
of the Papuan ophiolite. The occourrence of carbonate sedimenfs
at these depths was attributed to either mass movement along the
trench slﬁpe or erosion and subsidence of the slope since the
deposition of those sediments (Vallier et al., 1984).

~

Soviet workers have reported on an extensive dredging program

along the rwrthern, strike—slip portion of the Tonga Trench which

reinTorces the suggestion that there are distinct similarities

batween the landward slopes of the Mariama and Tonga Trenches.




(Fig. 1, 2. Thiriy dredges along the landward slocne narth of
15720 N racavered boninites, arec volcanics, gébbros,
saerpentinites, diabases, plagiogranites and volcanoclastic
sadiments (Sharaskin et al., 1982a; 1283b). These hauls are very
simiiar in composit;on to those from the southérn, strike—-slip
Aortion of the Mariana Trench in the vicinity of the Challenger
Deep. Thgre-is evidence QF brecciation and cataclasis in both
sets of samples. The Soviet work confirms that beninites cccur
in the Tonga region (though the Soviets, unlike essentially all
other authors, consider the bohinites to be unrelated to
subduction), and that there is an "island-arc ophiolite® type
rock assemblage expesed on at léast a portion of the trench
slope. Thesé results are difficult to use in formulating
erosion—accretion madels for the structure of fhe trench slope to
the south bec&use of the very complex history of the northern
margin. Rather than simple subduction there has been extensive
rotation and fransverse motion along this portion of the trench.
Rock exposures here may raflect mixtures of material from several
diffarent siructural portions of the arc and forearc. A similar
Zetailed study is required along #He "normal" sections of the
iﬁrench before we can draw any reasonable conclusions aboutrits
davelopment. If the analogy to the Marianas holds, allowing for
inversion in plan view, less mixed section, lacking any ;ntense
Srecciation o; cataclasis.

-Bioomer and Fisher (1985) undertook a detailed petrographic

ancd geochemical study of the samples from 20920'S collected. by




Fisher in 1987 ard 1370 to try to determinelif there was arny
2vidence of arc basement in the trench slope.' An interpretive
cross section of the trench at 20920'S based on this work is
shown in Figure 4. The lowermost onshore and offshore slopes
comprise normal and transitional ocean—-ridge basalts; based on
rock compositicon, texture, bottom photographs, reflection
profilas and the wide—beam sﬁrvey they suggeéted that in this
part of the trench the axis corresponds to a gkaben in the
oTTshore plate and that the plate boundary is actually at about
8000 m on the landward slope. A single SERBEAM swath recently
{1284) run down most-oF the length of the t;ench axis clearly
identifies the grabens by their steep sides_and slight. angle to
the trench, and confirms this interpretation (P. Lonsdale, pers.
comm. ). . Rbove this zone of cceamn—ridge basalts is a narrow band
oF peridotites. Unlike the case near 18N in .the Marianas few
serpentinites were recovered - the ultramafic samples are true
peridotites, primarily harzburgites. The mineral chemistry of
the peridotites suggests that they are more refractory than is
typical ¢f peridotites or serpentinites from spreading ridges
(Fig. S). Shoaler than this the sample set is sgparse and ncludes
Fragments.cf gabbro, volcanoélastic sediments and a few clasts
and blocks of wvolcanic rock. These wvolcanic rocks are either
arc—like im their geochemisiry, or are of indeterminate
Campqsi#ions (Table 1, Fig. 6); none have compositions like those
of s#mplas from the lower slope or of typical ocean—ridge
baéafts. From these recent results, Bloomer and.Fisher (13285)

suggest that most of the landward slope exposes a crustal section
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which is scmething other than normal " spreading ridge generated
oceanic orust. If this crust is of arc origih, it presents a
=trong argumen: for tectonic erosicn in the Tonga Trench. The
difficulty with the existing sample set is that most of the
dredge hauls and nearly all of the samples are from deeper than
8000 . Thare were fewer hauls attemptied at shallow depths; tw6
of thasae were-empty and others recovered only a few very small
samples. Most of these shallow volcanic samples are small encugh
in size and number that an origin.by transport from the arc
cannct be ruled out. The complete absence of any ocean-ridge

basalt samples from these depths though argues that there may be

e ma in o

a fundamental difference in crustal composition hetween the upper

and lower slopes.

O T S

Samples from dredge hauls by cother invectigators on the
landward slope at least hint that the slope may indeed exposg
arc—like materials. Fragments in USGS D9 at 2295 include
arc-tholeiitic volcaniecs (Vallier et al., 13984) and samples from
S700 m at 12%12?S include arc—-like andesitic compositions

(Abdenko et al., 1372; Table 1). Both these hauls however

yielded small fragments of only a few rocks and are subject to

the same criticism that they were transported from the arc.

Definitively establishing that dredged samples from a trench
represent nearby cutcrops requires a careful sampling plan which

racovers coherent assemblages, and which includes blocks of a

size, kinship in composition and number which reduce. the




likeliinood of transaoort. Dredged samples fraom 189N in the
Mariana Trench are quite similar to those drilled in-situ nearby
in the forearc; the dredges in fact sampled several units
{(gabbros and serpentinites) which were missed in drilling because
of the constraints on site selection. The size of talus blocks
seen in most bottom photographs of trench slopes, the highly
variable ifrom near verticalﬁto near hqrizontal) slopes, and the
Hhroad forearec basins in both the Tonga and Mariama Trenchs make
it uniikely that much of the igneous material on thé trench slope-
has been_trangported the more than 100 km. from the active arc.
When an adequate sample population exists, as in the case of the
Mariamas samples, an origin from the arc can scmetimes be ruled
out based on chemical dissimilarities petween the arc and forearc
sanples. The problem in the Tonga Trench doesn’t stem from a
lack of outcrop; bottom ﬁhotographs clearly show abundant talus
and outcrop from the trench axis to the trench slope break.
Rather the ambiguity in interpretation is due to the scanmt number
of dredges heretofore attempted at intermediate or shallow
depths; the bulk of the sampling was concentrataed in the deep
onshore, and tc lesser degree offshore, flanks, most of which

appear to be structurally a part of the subducting plate.

The weight of the avaiable evidence suggests that the slopes
of the Tonga. Trench expose something other than spreading—ridge
produced crust — that “samethihg; may well be arc volcanic
basement.. The situation in Tong; is complicated by the Faét;that

what is morpholcogically the trench axis locally is the:axis of a

Iraban
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in the offshore plate, and hence structuraliy part of the
subducting plate. Lonsdale’s SERBEAM swath dbwn the trench axis
clearly identifies the areas im which this is the case; A clear
picture, ideed a reliable picture of any kKind, of the structure
of the trenchAslope is not mow possible becuase of the paucity of
samples from the mid- and upper ( ( 8000 m) sections of the

landward slope.

DRILLING CONSIDERATIONS

There are two ways in which the data from the Mariana forearc

might be viewed:

‘a) Subduction erosicn and accretion are episadic processes
whoih operate at different t;mes in the development of a
subduction zone, or which may alternate with each other. The
Mariarna foreare and trench slope have been shaped by multiple
processes; understanding its structure and evolution can help
gquide interpretations in other intraoceanic subduction ZONeS.

B) The Mariana Trench deQeloped from an initially anomalous
geowmetry or geologic conditions and its complex structure is a
rasult of that anomalous‘origin- There i=, from this viéwpoint,
no reason $o consider its structure, or madels for the origin of
that;structufe,'as.typical of intracceanic subduction zones in
c=nesral,

Depending con wheih view one wishes to start from, there are




two tacks to takaz with a forearc drilling program:

al Examine ancther intraoceanic forearc to establish whether
or not tha processes and history inferred for the Marianas are in
any way apllicable to other areas. Questions to be addressed
include the nature and age of the forearc basement, the extent of
‘arc—derived basement in the %orearc, the relation of the forearc
basemert (in age and composition) {o the frontal and active arcs, -
ard the subsidence, uplift and sedimentolagic histories of the
forearc and landward trench slopes. The drilling program would
have-to be combihéd with dredging, narrow—beam surveys and
seismic reflection adn refraction work. The Tonga Trench and
forearc would be the most likely place to search for an analog to
the Mariamna forearc. The two are grossly similar in many of
their characteristics and there is some scant evidence that the

Tornga forearc exposes arc materials.

b} Examine the Marianma forearc in greater detail and try to
resolve some of the conmflicts about its structrue and origin.
Problems Lo be addressed would include:

1. How represent;tive is the Leg &0 transect of the

Torearc? How deoes the forearc basement vary ip age and
composition? Subduction erosion hypotheses suggest that
there may be a younging. of the forearc basement inboard

from the trench. : -~
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2. What is the history of vertiéal motions in various’
parts of the forearc and lower trench slope? What does
this tell us about the timing and possible alternation

of erosion and accretion?

2. Is there any evidence for older pre—arc oceanic

basement or accreted cceanic erust in the forearc?

It should be noted that while an important objective of
eitherAprogram is basament penetration and recovery, an
understanding‘of vertigal motions and sedimentologic processes
are equally important in unravelling the history of the forearc.
A program of forearc drilling can easily be tailored to address
both the probiems discussed here and those raiéed by Haggerty,.

Moore and Natland.
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FIGURE CAPTICNS

i{. Geametry and dredge sample sites in the Mariana Trench. a=are

wvalcanic, b=boninite, sS=serpentinite, vﬁvolcanoclastic sediment, g=gabbro,
i=alkalic basalt, o=ocean—-ridge basalt, =metamorphis (principally
zataclastic), p=peridotite. AR ? indicates that the samples are so small

o few that an origin by transport cannot be ruled out.

. Geaometry and dredge sample sites in the Tonga Trench. Symbols as in

‘igure 1.

i« Distribution of rock types in dredge Rauls from the 20°20'S region

if the -TOmga Trench.

-« Hypothetiral cross-~section of the landward trench slope at 209207 s,
3 Mineral compasitions of Pyroxenes and spinels from peridotites dredged

rom the landward slopes of the TOnga Trench (D88 and DST). Hachuread

ield in right hand pPyroxane quadrilateralEindicate compositional range

' harzburgitic samples.

« Ti va. ZIr for volcanie rocks dredged from the landward slope of the

nga Trench. D35, D70, D&O, D8A from mid— to upper slopes. Field a Type

L Qcean ridge basalts, DSDP s1tes 410-412; field b Type II ocean ridge
1salts from DSDP Sites 407- 409 Dotted filed for volcanics from Tonga

tive arc and Laug quge, dahed—dotted filed for dacites from the

‘nga-Kermedec arcs Gill, 1978, Bryan, 1979, Bryan et al., 1372).
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Deep Structure of Back—a&rc Basins from S=2ismic Tomagraphy

LeRoy M. Dorman and John A, HMildebrand, Scripps Institution
of QOceanography

SummarTy

A seismic tomogrTaphy experiment can sdd significantly
to our wunderstanding of the deep structure of island arcs
and the processes which ‘form Tthem.

Current arc-hasin seismic madels ars2 derived from
island—-based seismic observaticnes and thersfore are limited
in the rTangde of raypaths collected. Usa of ocean battom
seismographs allows for optimal placement aof seismic sta-
tions and for caollection of s=ismic Taypaths crossing

beneath s Back-Arc  basin. The choice of the sub ject area
influences the effactiveness (and hence wvalue gained?) Ffrom
such an experimeant. These consideraticns favor a3 Taegion

wtirere thee Denlcff zone sxtends berneath the Fack-Arg basin,
[} . - .

zlopes moderately Y34T° For smanpled, and kas s high and rea-

sanably uniformly distributed seismicity.

We assart that the ATUposEd =2xpaTimant woauld help tis-—
tinquish between madels of basin opening swvch 3s thase shown
in Figure 3. From theze models one c¢3n generate diagnoastic
fields such as temperaturz (Figure 4) whizh can be compared
to the obserwved seismic wvelocity and absorption distribuy=~
tions. & plan view of our proposad work in the lLsv Basin is
shown in Figure 5. The relatianship af th2 instrument loca-
tions to the seismicity and Benioff zgona depth are given in
Figure &.

Adpplicabilizy to othar Back=-adrec or Babind-Trench Areas -
Gaometric and Activity Considerstions

~This class of =2xperiment can be carrizd ocut in other
areas with some gqualifications, primarily dusa to the
geaometry of the Benioff zone and fthe lawsl of  ssizsnic
activity on i%t. The dip of the Esnioff zons ¢35% under the
Lau Basin) allows many raypaths +to c¢crass at substantial
angles. The accuracy or sensitivity of the tamographic
method is highest (for simple geometrTiss! when many raypaths
cross at nearly rignt angles =nd 1s worsi when rsypaths are
sub—~parallel. ' -

The lavel o0f seismisc activifty contraols the time neces-
53Ty to obtain an s32zguate data set. The curTent genera-
tions of OBSs (ourszs and athers) are ueesful for L ta 2 month
deployments, Being limitcsd 5y clock dvifbt 3 tha consaquent
degradaticn of Liming Sccuracy. We estimate that a wuseful
data zet wauld consist cf at lsast twenty sventg raecardsd by
twelve orT mors CBSs. Th 508 3ite shauld therefore have

n ju

w1
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e an




a level of seismic activity sufficient  ta yield tuenty
events (magnitude three or above) within a two-month periad.
It is. of caurse. impassible to know what 2arthquakes ane
can obtain in a menth or so 2xcept on a statistical basis.

Tomography is a term used to descvibe an integratad
method of generating a szismic model which fits some s2t of
seismic data. Each seismic arrival «can be characterized
simply by 1ts time, anargy. and sp=ctral shape. These
parameters are ceontrglled by the Slowness {(raciprocal velo-—
city), geometric forusing and attenuatiaon encounterad by a

ray alang the antire raypath. The goal of seismi¢ analysis
is the partitioning ar allocation of these influences ta the
varigus parts of the raypath. Refraction pgrofiles are ini-
tially arnaly:zed by  assuming & laterally homogeneogus earth
and this assumption permits the dacompoesitian. ‘In  tomo—
graphic analyses. the decomposition is made possible by
utilizing multiple raypaths through a common model. The

stability of the snalysis depends on multiple Taypaths pass—
ing through 2ach 2i2ment of the model and the resolutian
obtained wvarizs according to the numbar and angle of inter-
section of the raypatn. {Sub—garallel rays, like sub-—
- parallel 1lines af pgsitien in nawvigatian, add little infor-
mation. )

Gemeral Comments on Anticinpated Resalution

=

For tomographic experiments with a szubductian :one
geametry {saurces on a dipping plane with Teceivers on a
harizontal plane abovel), 3s in Figure 7, szme general com=-
ments based on geemetry can be made sbsut the resolutian

expacted. Tha pgarast resolution will he =ncaunterad just
abave the lower part of the Benioff zome since ne rays cross
there. We can thus expect little resaolution in depth there.

Mear the surface the wvevrtical resciuvtion will be compavrablsa
ta that obtainabls from refraction profiles uszing =2arthquake
sauTeces while the harirontal rescolution will be limited by
the interval between receivers. The aspact tatio nof Tasolwv—
able blocks might be 5 or (0 to 1| in the near—surfacd
raegion.

The central patt af the model shqould zantain the bhbest
coambination af Tay angles and ray density, 3nd thus yield.
from gecmetric consideration, asp2ct ratios of ordar unity
far resolvable blocks, The seiszmiciby distribution with
depth (Figure 8) is uniform enough to prowvide a t+easonable’
dpproximatian to a unifarm source distribution.
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NMORTH=-SOUTH TRANSECT OF DIACHRONQUS ARC SUNDERING

Martin F. J. Flower and Kelvin 5. Rodolfo,
Department of Geclogical Sciences, University of I1linois,

Chicago, IL. 60680.

Voleanic arcs appear to be split, or sundered, into (inactive)
remnant and.(active) fronta! segments, the latter comprising products
of successive episodes of arc activity (1, 2). Arc sundering and
back-arc spreading_appear to be diachronous, and the magmatic expreé-
sion of these pracesses at the present time may be parfly analogous to
thaF of propagating rifts at mid-oéean ridges (3)., It is p;oposed
that a longitudinal knorth-south) transect of the lwo Jima Ridge and
Mariana Trough will monitor diachronous arc sundering and early stagés
af back-arc spreading (4). Other longitudinal transects coyld include
parts of ‘the older Shikoku and Parece Vala Basins, the Palau-Xyushu
Ridge, West Mariana-Qkinawa ridge compliex, and the Boniﬁ Ridge-Trough
compiex, We believe that results from such transacts wiii help (a)
document space/time relations between and within island are tholeiits,
back-arc basalt, and boninite magma series, during a single cycle of
subduction and spreading, (b) ascribe these to changes in
tectonic/thermal environments, and {c} resolve controversies about
boninite. In contrast to the east-west 1POD transect (5, &) north-
south transects would sample the effects of a single diachronous
process. .

Magmas in the coliiding plate environment can, in general, pe

characterized in terms of their mantle sources (fertile versus refrac-

gt




tory) and refative extant of processing in fractionation systems
(primitive wversus evolved), all such wvariation being a direct or
indirect expression of tectonic environment. Tectonic inferances from
petrologic models depend aﬁ much on the chronalogic association of
magmas as on geochemical mass balances, isotope systematics, and phase
eguilibria. For instance, alternative roles for boninite suggest it
te (a) represent the firﬁ:-formed magmavof a subduction episode (due
to advent of slab-derived watér), (7. 8), or (b) signal initial stages
of sundering and back-are spreading {due to tension-jnducead
diapirism}, (3, 10). 1In either case, boninite apﬁeafs confined to
brief intervals in the cycle of arc/back-arc activity, and reflects
hydrous coptamin;ticn of a refractory, basalt-depleted, sourcs (11).
I'ts ultramafic character, high liquidus temperatures, and apparent-low
pressure of origin (12), testify to unusual thermal conditjons. Both
tectonic and magmatic aspects of the arc/back-arec transitio& Ehus
remain pfoblematic. We need more data on arc stratigraphy,
diachronism, and changes in tectonic eXpression aiong active arc
systems. Frontal are stratigraphy is beast establishgd through %ield
mapping and Iand-basea drilling. Llongitudinal transects would comple=
ment the latter, and provide tests for diachronous arc sundering; arc/

back-arc transitions, and the tectonic significance of beninite.
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Origin and emplacement of Mariana forearc seamounts

-

r

*
P, Fryer, E. L. Ambos , and D. M. Hussong

Hawaii Institute of Geophysics, University of Hawaii,

2525 Correa Road, Honolulu, Hawaii 95822

* ABSTRACT

Large seamounts occur on the outer half-of the lﬂig._z_:iana fo:earc‘i.i 'fhey
' represent a new class of seamounts consisting of horsts and diapirs of.
mgtamorpimsed forearc material. The degree of metamorpﬁism in this material
depends on the amount of water available and the P-T regime of the forearc
wedge. The major scurce for the water involved in the metamorphism is most
likely the descending slab. ‘Theoretical models for thermal regimes in
convergent margins suggest the lower grade metamorphic facies will 5e
restricted to the outermost portion of a forearc. Zeolite and chlorite facié‘.sj
' rocks predominate in dredge hauls from horsts on the outer 50 km of the
Mariéna forearc. Thermal models indicate higher grade, greenschist facies:.;
should occur further from the trench. Seamcunts which were probably formed m
response to diapiric emplacement of serpentmlte predommate from 50 to 120 kﬂ
~ from the trench. Uplift of the horsts and emplacarent of the serpentlmto-;-_:_

diapirs were probably facilitated by vertical tectonic movement in response to

subduction of plate seamounts and by fracturing of the Mariana forearc.




»

*Present address: U.S. Geological Survey, 345 Middlefield Rd./MS 977, Menlo

Park, CA 94025

INTRODUCTTON

- s

data from both’ academ:.c and U s Navy sou‘reee’ (Fryer and Smoot, 1985) . 7
1nterpretatlons oL SeaMARC II s:.de—scan and bathymetry data (Pryer and :

'Hussong, in press; Hussong and Fryer, in press) ., and analys:r.s cf selsm:r_c-

ref:act:.on data collected with ocean bottom selsmon'eters (Ambos, 1984) . Fr:om‘ :
bathymetry and side—scan data we have determmed the dlstrlbuu.lon of major'_“
‘ forearc features of the’ t‘arlana system (Fig. 1). Seamounts, large grabens,
and regions of hummccky terrain are restricted to the outer half of the
forearc over its entire iength Chlorlt:_zed mafic and serpentinized
ultramaf:l.c pluton:r.c rocks along with lithified to Seml-llthlfJ.Ed v1trlcr
s:.ltstones were retneved in most dredge sites cn these seamcunts (Blocmer,
1983; BHawkins et al., 1984,- Fryer, unpub. data). Samples from seamounts
within about 50 km of the trench axis show some serpentinizetion of ﬁltramafic
h!aterial,. but: contain more chloritized and lower grade met'amorp‘nosed '-material.
Ther-e is little magnetic signature associated with these searounts (Bussong
and Fryer, 1981), indicating that t':hey are probably not volcanic nor composed
of highly magnet‘i:'c-ﬂ material. One of these‘s-eamounts has aAvery subdued free
air gravity expression> (Bussong and Fryer, 1981), as would be expected from a
Small uplifted block of forearc material in deep'water. Such’ seamounts are

Probany horsts formed as a result of vertical tectonic movement in the cuter

S . L I ek

Recent 1nvest1gat10ns of the Mar:.ana forearc J_nclude study of bathymetry ) 7 o




. forearc. Seamounts com'posed priﬁsrily of serpentinized ultraxrafic rrateria]_:
occur from about 50 to 120 km from the trench axis. These seamounts usually'f'f;i??"'
have a strong magnetic signature (Hussong and Fryer, 1981) « The n‘agnet]_c
s:.gnature is probably related to the presence of pJ.cotJ.te, chromlte, and

;,'magnetlte, wh:.ch can. fonn as a result of serpentm:.zatlon. There 1.s a Sn‘all

«. - -‘>.. .

pos:.t:.ve free a:.r grav1ty anomaly asscc1ated w1th these seamcunts (Eussong-a;ﬁ o

v v, it

ed:.f:.ce in these"depths. ' D:.apJ.rJ.c rlse of serpent:.m.zed ultrama.f:.cs t‘

= u Ten

: shallow levels ;Ln the forearc crust has probably caused upl:Lft Wthh foms .

'such forearc seamunts. Where the serpentuute reaches the surface x.t erupts ‘
. onto the seafloor (FJ.g. 2) . Dredge samples from sucn serpentlm.te flows-"a-:r.e."M
very smu.lar to material exposed in serpent.mlte terram on. land (Carlson, i
' 1984) The restrlctlon of the seamounts to the outer half cof the forearc is -

: probably related to t.he geonetry of the Mariana subductlon zone, :Lts thermal

L . structure, and to the rheologlcal propertles of the forearc wedge.

* BYDRATION OF TEE FOREARC

The source for the water that is 1nvolved J.n the metamorph:sm of tbe
Marlana forearc wedge is prcbably the subducted oceanic slab. The detalls of “
dehydratlon of a descendmg llthospherlc slab in a—subductlon system are VerY..-,-f.
conplex. - However, the general process is qu:.te sm@le. As the ocean:.c Plate.,.;_

subducts, sedlments, their dlagenetlc and metamorph:l.c products, upper crustal }-'~

basalts and their secondary products, and any serpent:.ne present in the

oceanic lower crust a.nd upper ‘mantle will be dehydrated. -Sed:_ment dewater;_-pQ




occur~ Uy compaction and’ dessication of hydrated alteration produets to a

depth of about 6 km (Burst, 1976; Pittman, 1979). From 6 to about 15 km an
R VO - ‘ :
increase in pressure and in temperature {to a few hundred degrees Celsius)

wlll result in dehydratlon of zeol:.te facies minerals in the down—gomg olab.

From about 15 km to about 30 km and at temperatures from a few bundred degrees

to about 550 C greensch:.st facies mlnerals, 1ncludmg serpentn.ne, w1ll: T

predommate. Deserpent:.m.zat:lon and associated release of water can beg:.n at T

terr@eratures as low as a few hundred degrees Celsms, and it w:.ll be complete'

before t:ermperatures rise above about 550°¢. Deserpent:.nlzatlon is not strongly

controlled by pressure, but the stability fleld of greezxschz - mlnerals does“ : -

not extend above abou!: 10 kb (30 km). Although other hydrated minerals (talc, o

for J.nstance) can per51st to greater depths and tezrperatures, the volume ofA
waten avallable from dehydratlon of these minerals is far less than thatA
ava:.lable from the dehydration of zeolite fac1es mnerals or the reactJ.on of
serpentme to ol:.vme. Therefore, the greatest amcount of dehydratlon of the-
down—gomg slab should be complete before the slab descends below about 30 km
or warms much a.bove 500°C. If serpentine in the descendmg slab is dehydrated
above 30 km, the reglon of the forearc that would be most 1lkely to experlence
'mflux of fluids from thls reac‘-lon would be from about 70 km to 120 km from

the trench axis (see Fig. 3). This roughly corresponds to the region in which

the diapiric seamcunts are most prevalent. The stability range of serpentine
can be extended to higher pressures if éxcess water is present in the systetu.
'lhe maximum depth to which serpentine can bersist in the descending. slab will
be;controlled by the temperature in the descend.ing slab. In order to
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determine the distribution of metamorphic facies in a forearc environment it
.. is necessary first to determine the thermal structure of the forearc.

-

FOREARC THERMAL COMDITTONS

The most CIlth&l and least well—defmed aspect of our dlscussmn of i
._ ':-metamorphlsm in the Hanana forearc is the assumed thermal structx:e. No '
' thermal model has been p:oposed for the Manana arc.: Exlstmg models for‘the |
'-thermal st:ucture of subductlon zones do not con51der t.he therma}. effects of
?reactlons (e. g. deserpentinization is endothe:m:.c) ’ the effects of vax:ymg B
degrees of fracturing of the forearc, or the effects of c1rcn.1atlon of flu:.ds :
| in those fractures. All of these are probably :unportant in the Mar:.ana”'
fotearc. We have based our discussions on a ther:mal model calculated by |
B Sydora et al. (1978, their Fig. 15). We have modlfled this model by
decreasmg the wldth of the forearc to 200 km and adjustmg the geometry of
the subduct:.ng slab. No ad]ustment was attexrpted for the hlgher convergence ,
’ rate of the Mariana system (about 8 cm/yr), which is more than tw1ce that
‘glven by the Sydora et al. (1978) model (3cm/yr) - Note that a h:Lgher _
convergence rate would have its greatest effect on the deeper portions of the
'subductlng slab, ‘"and we are concerned hex:e w:.th ‘the condltz.ons of the
‘shaJ_lower portion (upper 30 km) of the forearc wedge. ‘
‘Thermal models of convergence zones configure isotherms as vertical or
overturned at the boundaries between the plates. In"the simplest sense, the
outer half of the forearc wedge, near the trench axis, expeziehces the cooling

effect of contact with the down-going plate. Therefore lower grade ‘




*

metamorphic facies should predominate in the forearc wedge within a few tens

of kilometers of the trench axis. The stabrllty range for zeolite and

' chlorlte fac1es metamrphlsm would occur in this region. Uplifted blocks of
zeol:.te bearing, chlontlzed mafic mater:.al and some serpentinized ultramafic
rocks ‘oceur within 50 km of the trench ax:Ls (Flg. 3) . From about 70 to 150 km

R from the trench axis the deeper portlons of the forearc wedge w:.ll be‘-. |

cewag o . -

.;_'Asubjected to temperatures in the range of 250 to about 500 C Th:l.s is w:.thm

the stab:.l:.ty range for greenschlst metamorphlsm, thus serpemtm:.zat:.on could

occur in thls region. In the Marlana forearc, the dlaplrlcly emplaced
' serpentlne Seamounts which we have J.dentlfled are confined to a zone which
.‘--J.J.ES about 50 to 120 km west of the trench axis. The western boundary of -»thlS

- reg:l.on would be the vertlcal or overturned 500°¢ J.sotherm, a thermal wall,

arcward of which serpentine cannot occur in the subducting slab or the
. overly:.ng forearc wedge. The water driven off the subducting plate can cause
n'etamorphlsm, mcludmg serpentmlzatron, of deep-seated plutonic rocks in the
: -,:'?-f"‘overlymg forearc wedge, if temperatures of the overlylng material are below.
about s00°C. | ‘
_ A comparison of -the Marlana forearc with suspected forearc terra:.ns in _
,Callform.a shows a nurber of sm:.larltles. Seismic refraction data.collected
from OBS studles near the trench-slope break in the r-!ariana fore-arc (Ambos,
1984) indicate. the presence of a velocity inversion at mid—crustal (10-15 km)

depths in the overlying plate (see Fig. 3). The velocities within this layer

(5.9-6.3 km/sec) are within the range for serpentinite. G. S. Fuis and co-
workers (pers. camm.) have studied the Trinity ultramafic :body in northern

California, part of an ancient-forearc terrain. They have shown a correlation
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_between a veloc:.ty reversal at the base of the ultramaflc body and a reg:.on of
hlgher magnet:.c suseptlblllty They suggest the magnetlc anomaly r.epresents a

) serpentlm.zed zone. Thus, they mterpreted the J.nversz.ons to represent

serpentlnlzed reglons of the ultramaf:.c body. If water lS prov:.ded from :

A

below, the degree and grade of metamorph:.sm of the overlymg arc wedge should '

decrease uward as temperature as well as volume of flIJld ava:.lable decreases. E

sequences (NJ.chols et "al., 1980) .. These ophlolz.tes rray have been generated m".".

n‘emuronment s:.mllar to that 1n the Mar:.ana forearc. _ It should be noted -

_ s reasonable, then serpentlne in this. portz_on of the Marlana forearc woula
most llkely be n'etastable. Studles of forearc secuences exposed eisewhere in

' Callfornla show a dlstrlbutlon of metamorphlc facles smular to that: proposed o

t-:‘:..—'*- B

_hJ.story of these two reg:.ons may have been s:.m:.lar. Carlson (1984) has

oAt

- D suggested that some of the serpentm:.te bod:.es of central Callform.a were -

emplaced by d:.aplrlsm, s:.mllar to that whlch has occurred in the Harxana-

P r PR

fo rearc.

EMPLACFMENT QF SEBMCUNIS

We know of no other forearc which has as well developed a'forearc
. ~ seamount province as the Mariana forearc. By comparison, the Izu arc, which

is the northward continuation of the Mariana ar¢ and which has a similar




s

subduction rate, age of down—going lithosphere, and subduction geometry, lacks
a wide zone of seamounts or large scale vertical tectonic features on its
forearc (Taylor and Smoot, 1984). The Izu forearc differs in two regards from

the Mariana forearc. It lS overr:.dmg cceanic plate that is essentxally

devoid of seamouﬁts. Also, the Izu arc is a 1J.near feature w1th no obvzous _ a

o large scale fracture patterns 1dent1f1able on 1ts forearc-

'. -

LA

‘l‘he floor of the Pac1f1c plate east of the Marlana trenc:h has a large ~ ' "

mmber of seamounts Fryer and Smoot (1985) suggested that these seamounts

are belng subducted at least partlally mtact, are nort be;mg scraped off the T

‘J

oceanic plate nor accreted to the forearc. _ Fryer and Hussong (ln press)
suggested that Psubduct:.on of these seamounts causes upllft of the forearc.---'"
_"-The effect of subduction of these seamounts is probably a functlon of. the .
rheologlc propertles of the forearc. 'I‘neoret:.cal mdels of the variaticn in
rheology of the oceanic l.tthosphere CWatts et al., 1980) mdlcate an 1nc..ease
‘in th:.ckness of the elast:.c layer as the la.thosphere cools w1th age. We do
not know the thermal structure of the forearc in detaJ.l, but the ef‘ect of the
subductlng slab would be to cool the outer forearc and fac1l:.tate fracturmg
in response to stress. The generat:.on and emplacement of magmas in the arc A
would warm the inner forearc wedge and fac:.lltate a plastlc response to
stress. It is likely the central portlon of the Marlana forearc J.S far enough
‘removed from the arc heat source and from the coolmo effect of the subs:Ldlng
slab to approach an adiabati¢ thermal gradient. Based con an age of the
forea?rc: of about 40 my (Hussong and Uyeda, 1981)} we suggest .this part of the
forearc probably responds elastically to point loads to a depth of abo.ut 30.

km. This depth is attained at a horizontal distance of about 120 km from the




: trench axis (see FPig. 3). Beyond this distance from the trench axz’.s,-
seamounts on the surface of the down-gcung slab probably enter a plastic
regme in the forearc 11thosphere and are far less effective in causmg

_ vert:.cal tectom.c movement of the overlymg materlal. Small degrees of

il

. partlal meltmg may occur m the forearc, possz.bly at depths as shallow as 30" 5

¥

"""jkm (Jakes and H:Lyake, 1984) i The occurrence of part:.al rrelts would mcrease.:"".

LRSI ey
A_._,_. .l
2 E '.,_ .....

:the plastz.c response of the mantle be_low that depth. '7 Thls argument Suggesﬁ

o -..._-..

:‘that most of the vertlca.l tectonlc movement in response to seamcunt subduct:.on v

fsshould occur w1th1n 120 km of the trench axls. ’

X Dlstrlbutlon of forearc seamounts is probably also related to reg:.onal

vy

—,_- -3

and local fracture patterns on the Mariana forearc.r There are obv;ous

) fracture trends on the Mar:.ana forearc {see E‘:Lg. 1). The or:.gm of these
fractures is not well understood, but is lz.kely related to local adjustments '

. ;’-to the 1ncrea51ng curvature, w:Lth tlme, of the active r-larlana arc. The
' ."":“_subductlon of oceam.c plate seamounts and adjustments to changes in curvature
» of. the arc both cause fracturlng of the Marlana forearc. These fractures

S provlde planes of weakness along wh:.ch vertical tectonlc movement can take .

place, fac:.lltat.mg graben and horst formatlon, and along which d:.apz.rs of .

-' serpent:.mzed ultramaf:..cs can rise. . o :
: : The occurrence of numerous exposures of deep—seated forearc mterlal ll'l :
the Marlana reglon presents a rare opportunity to study in s_:.j:u metamorphlc
"processes in the foreare of a convergent margin. Th_e dlstrlbut;on of
metamorphic facies presented here_ for the Mariana forearc is likely also to

gcccur in other convergent margins. Thus, the Mariana forearc seamounts

provide windows through which we can’ see processes that may be common to most




10

—~

»

forearc environments, but that usually are not so accessible for study.

Exploration of two Jof these seamounts with the deep submersible, ALVIN, has

been scheduled for 1987.
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Figure captions:

k-3

Figure 1. Sketch of ocuter Mariana arc région showing distribution of major
seafloor: features. Scarp following strike of island arc marks position of
eastern margin of“Mariana back-arc basin. Distance from scarp to trench axis
is about 200 km 'along most of arc. Positions of seamounts and fractures based
on béthymetry and sidescan data from academic sources, SeaMARC II data, andv

U.S. Navy bathymetry data. Stipple indicates area of Figure 2.

Figure 2. SeaMARC II side—-scan image and bathymetry of crescent-shaped
seamcunt in outer Mariana foreaﬁc (see Fig. 1 for loéation) . Dark ovoid ashape
in the center of side-scan imagé is thick (100 m) flow of ;erpentinized
ultramafic @terial about 7 km in diameter emanating from near summit of

seamount {outline shown by dashed line on bathymetry).

Figure 3. Cross section through Mariana arc at about lat 18% tno vertical
exaggeration) . Position of top of the downgoing slab is cﬁosen as top of
seismic zone at this latitude. General form of isotherms modified after
‘Sydora et al. (1978). Dashed line represents 30 km boundary between proposed
elastic forearc lithpsphere and underlying plastic lithosphere. Diagor;él—line

area represents velocity inversion zone in mid-crustal layers of forearc.
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DETERMINATION OF THE HISTORY OF VERTICAL MOVEMENTS IN FOREARCS

Janet A, Haggerty, University of Tulsa, Tulsa, OK

A prime area of interest for a workshop on western Pacific
active margins is the stratigraphic record and how studies of the
sediments can help determine the history of vertical motion in
oceanic forearc regions. This information is essential because the
magnitude of the movements, whether these be uplift, subsidence, or
more likely a combination, places constraints on thermal and
mechanical models for the eveclution of active margins,
pDetermination of the vertical history is therefore important to an
integrated research program dealing with the processes, structure,
and petrology of active margins. Drilling is the most appropriate
means for obtaining a complete stratigraphic data set for
interpretation of the vertical hlstory compared to dredging or
other sampling technigues,

past sedimentological studies in active margins were directed
toward determining depositional systems and processes in active
margins. Studies of depositional mechanics, and comparative
sedimentology of recent sediments and their associated environments
with ancient sedimentary rocks has enabled sedimentologists to map
the associated facies within depositional systems. Identification
and distribution of environments using related biofacies and
sedimentary facies has enabled sedimentologists to predict facies
associations both horizontally and vertically. This phase of"
research on depositional systems and sedimentological processes in
active margins is still developing and many major advances have
been made in understanding the sequence of depositional systems in
the backarc basins.

Studies of sediments for unraveling vertical tectonics of an
area are fundamentally different than the past sedimentological
studies that were directed taoward determining depositional systems
because an interdisciplinary approach is required. Data from
paleonteclogical and sedimentological studies are combined to
provide time-stratigraphic information. Paleontological studies
provide us with- a chronologic framework for ordering the sequence
of depositional (and/or redepositional) events and changes in the
ecologic environment and paleodepth. The effects of global
sealevel change and sediment loading must be accounted for in order
to adequately estimate the vertical tectonic motion as the
consequence of mechanical effects, such as underplating, or thermal
effects from the subducting, cold slab.

Significant advances have been made in micropaleontology from’
fesearch on. samples obtained by the Deep Sea Drilling project.
Studies 6f the benthic microfossils have increased our knowledge on’
their depth distribution and ecology. Significant advances have
3lso been made with biostratigraphic zonations of planktonic
microfossils. Biostratigraphic schemes that are good for dealing
with assemblages from equatorial and low latitude areas in the
western pPacific are Barron (198¢) for diatoms, Gartner (1977) for
Nannofossils, Kennett and Srinivasan (1983) for foraminifera, and
Riedel and sanfilippc (1978) for radiolarians.




The continued development of detailed biostratigraphic
zonations for each of group of planktonic microfossils (Riedel,
1981) has resulted in better resolution for discerning the relat1Ve
timing of geologic events (Mocre and Romine, 1981). This increase
in resolution has been accomplished by using a composite
stratigraphy of zonations from more than one microfossil group, or
by combining biostratigraphy with magnetostratigraphy or isotope
stratigraphy. 1In addition to biostratigraphic zonations being
correlated with greater precision to the relative geoclogic time
scale, these have been merged with numerical time scales (Cohee et -
al,, 1978). This enables us to use the geologic record of an area -
in a2 chrenostratigraphic¢ setting and place the sedimentary and '
environmental history "into a perspective that facilitates the
interpretation of geoclogic processes" (van Hinte, 1978).

Geohistory analysis, the use of quantitative stratigraphic
techniques to interpret the sequence and rates of geologic
processes, has been used for at least the past two decades by the
petroleum industry for petroleum exploration. 1In 1978, Jan van .~
- Hinte published the technique for constructing geohistory dlagrams

using paleodepth data, age, and mathematical derivations of :
sediment accumulation and sibsidence rates. The best
paleobathymetric resolution is obtained when dealing with sediment
depcsited in a neritic environment. These diagrams are a :
convenient time-~depth plot for superimposing other data related to
diagenesis, porosity, heat-flow, etc. B

The concept of geohistory analysis was applied te the Japan
focrearc area ({(Arthur and von Huene, 1980; von Huene and Arthur,
1982) using micropaleontologic data derived by Keller (1988) as
.well as sedimentological data. The uplifted, outer-arc high,
called the Oyashio landmass, subsided by as much as § km during the
Neogene tectonic history of the Japan forearc and trench area, :

Other techniques may alsoc be applied to indicate vertical o
motion in the foreéarc region. Using arguments based upon -
characteristics of sediment from the Mariana forearc, and the
relative position of paleodepth curves for the CCD in equatorial
and higher latitude from the eastern and central pPacific, Karig and
Ranken (1983) concluded that some uplift had occurred in the Lok
Mariana forearc, There are numerous other techniques or
cembinations of techniques that may be used to elucidate the
history of vertical motion in an area. o

In contrast to Karig and Ranken's (1983) proposition that some
uplift has occurred in the Mariana forearc, several other reports -
cite tectonic erosion and subsidence of the same forearc (La
Traille and Hussong, 198d@; Mrozowski and Hayes, 1986; and von Huene’
and Uyeda, 1981). The conflicting data may be a result of a change
in the response of the arc over time, as suggested by Karig and -
Ranken (1983), or even a change in response along the arc or acroSS
the arc. The question of intermittent accretion and tectonic -
erosion in the forearc region has néver been properly addressed
with an appropriate sulte of samples from an intra-oceanic
convergent margin,

studies of the sediments from the forearc for vertical motion
also lend themselves to addressing other problems such as the
timing of volcanic or intrusive activity in the forearc region.
The biostratigraphic age of the sediment can yield minimum age of




valcanism or a maximum age of intrusion., If hydrothermal
circulation is associated with intrusive activity, there may be a
diagenetic signature in the nearby and/or overlying sedimentary
strata. Diagenesis can be governed by the chemical composition of
the pore waters which can change their composition during migration
through the rocks. Studies of the interstitial waters retrieved
from these sediments would also be valuable because they may reveal
chemical changes that were undetected in the geochemistry of the
sediments. The gquestion of a diapiric origin of seamounts in the
forearc region (Fryer et al., in press) may alse be addressed by
studying the history of the vertical motion of the strata
immediately overlying the bathymetric high and comparing it to the
histery of an adjacent region.

A prime candidate for studying vertical motion in an
intra-oceanic forearc is the Mariana ccnvergent margin because it
is the locaticn of the best data set to date. This author
recommends that a study be conducted in a more equatorial location
than the previous 1894 Mariana transect because there may be better
preservation of calcareocus microfossils owing to a depressed
equatorial CCD. The location of drill sites could be associated
with a submarine canyon. A drill hole into the upper flank of a
canyon would yield the younger sediments whereas a drill hole in
the base of a canyon would obtain older exposed strata and perhaps
igneous basement in the forearc. Other recommended drill holes are
into and offset from bathymetric highs such as an outer arc bhigh or
a forearc seamount. These bathymetric highs, if above the CCD, may
have better preservation of important calcareous microfossils.
Turbidites shed from these bathymetric highs may also contain
better preserved carbonate sediments in adjacent regicns that are
below the CCD. No matter where a drill site is chosen, if it is in
the southern region of the Mariana forearc, it is advantageouys to
combine this data with a shore-based drilling program or a geologic
field program on the island of Guam or Saipan. The combined data
gets from the island and the drillsite(s) would yield information
about the history of the vertical motion across the forearc.

This auther also recommends the use of hydraulic piston coring
(HPC) for drill sites where only the upper, soft sediment sequence
is needed. There is better preservation of primary sedimentary
structures and trace fossils, less potential for coantamination to
occur to the interstitial waters in the sediment, as well as less
opportunity for contamination of micropaleo assemblages as the
result of mixing of sediment layers than when conventional rotary
coring is used. As an alternative to HPC in drill sites where
interlayering of harder strata is suspected, the author recommends
the use of the extending core barrel (XCB). This coring technique
creates less disturbance in soft sediments than the conventional
rotary drilling by having the core barrel extended in front of the
drill bit., When the barrel contacts harder strata, the barrel
retracts and the drill bit is rotated as in conventional rotary
drilling. XCB is a method that offers the benefits of rotary
drilling, while not causing extensive drilling disturbance to the
soft sediment layers,
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Emi lto. Rieck Schulit, Guy Smith {(Universitv of Minnesota!
The Mariana backarc exnibiis several stages of riftiang, gossibly involving
a narthward propagation of the backarg soreaading center (Stern et al.., 1944),
550° L=2gs S7 and 40 sampled several sites (451,433, 433, 433. 33&6F in the
Centrai Marians backarc 9asin {(17-18°N8) whera there is a well-devslooeg

spraading center (Kroenke et al,, 1930; Hussaong and Yyeda. 1981}, HWe praogose J

)

similar transects to the nortn to examine different siagas.ig

backarg sgraading

.

for comparison with amid-aocesn sropagating rifts (Hey et al.., 1799; 3inton at

. Fropagstion of backarc in.the Mariana systenm

A. Variatian in chemistrv, igngous and mefamarphic petrology. and fectonic

stvles of rifting should be investigated by drilling ihe thrae transactis
mentianad above: at 20.9°N in the northern Marianas Dackarc dbasinmy af ZZ°N,

the aorthern tip of the backarc basin: and at Z3.59N just north of the tip of
the basin whers incipient rifting has bean obsafved tkarig and Mcore, 197
Thase cores will complaemént existing and tu;be callacted dragge samples. Soae
éeismic ind extensive SEAMARC data alrazady suist to halp with the planning
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magnetostratioraphic analvsis of sediments can be usad to date the szaaflaor. If
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Juy, we need references here, Please supoivy,

fatailed axamination of this phanomencn and af the variaus

1

onsegquencas of propagation (chemical and petrolegic variatian and rate of

gvolaticnl can b2 accomplished by drilling a N-5 transact {along th2 ztrika aof

11}

L. We need referance data on thne compasition of sediments subducted inta tha
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nzh because It also can influence the chemistry of the wvolcanic oraducts in

{

the arZ-dacksrc system (Meijer. 1976; Starn and Ito, 1933}, Wa saculd compars

(¥

the variaiion 1a the campositicn of the velcanic praooucts slang the strike aof

iz arc  {and backarc) with ths variaticn in the-bulk and mineralogic

—
-
1]

(=1

compositian o+ the sadiments along the siriks 0f the arc. Sites woulsd e dri
g0 th2 outer risa between 29° and 24°N. {Fart of tne necessary information 1s
g dewatzring behavicur of the sediments.)

"normal” arcs, i.@., those with ng active backarc

. de shouls not neglect

zoresding.,

A transect-should be made across the Izu Arc and Sonin Treanch at a

iatitud2 whers thera is no backarec spra2ading as 3 referance for the gther

tranzacts.

Z. The Honin b%ckar: svsiem should also be studied because it grovides us
4100 36 sopartuniiy fo investigate a recent rift fairly asar the westarn adga of
Tha oactive arg,

Tha :1ree:east-west transects and the sites described in EB. arz to ne
Zrilize intg ch} baszment and the sites 2szt of the trench could be drilled Just




2. & sr¥amilar iavestigation can be conducted in ths Hermadec-tau

"
-
11
il
n
=2

Cne sdvantage nere is thal Lau Basin has geen the subject of several rageps -,

multi-channel seisai¢ studies fMorton and Sieep. 19835,

3. Reconnaissance investigatian aof an inactive arc which has stopned subducting
due to the ipartial! subduction of the Caroline Ridge can be started hv drilling

across the Yap Trench (refsi.
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DEEP DRILLING PROJECT, WESTERN PACIFIC ARCS, BACK-ARCS AND TRENCHES

Julie D. Morris, Department of Terrestrial Magnetism, Carnegie
Institution of Washington, 5241 Broad Branch Road, N.W_,
Washington, D.C. 200135

A number of contributors have emphasized the need for a hole in the vicinity of
the arc. If the technical difficulties of drilling such a hole can be overcome, the site
offers a number of opportunites. Stern has emphasized the need for understanding
the tempora.l evolution of arc mamgas, while Hawkins and Natland have discussed
the importance of characterizing arc c¢rust as an analog for ophlohte sequences. In
addition, such a hole affords the opportunity to assess the geologic history of the
arc, specifically: o | | |

‘1. Delineating periods of effusive activity, explosive activity .a.nd quieécence
2. Establishing the relative importance of volcaniclastic vs. pelagic sedimentation

through time at a given site .

3. Determining relative proportions of sedimentary and igneous r_ocks through
time
4. Characterizing composition of the igneous component of arc crust through time.

These objectives are important in and of themselves. They are also significant

in that they will allow us to:

1. Characterize thé bulk composition of the island arc crust

2. Model the effects of crustal assimilation on magmas erupted in island arcs,
‘ _ thereby allowing a better assessment of the characteristics of arc magma.s‘which

" are truly mantle-derived.

Moore has emphasized the need for holes sited especially to evaluate sedimen-
tological processes. This is necessary for understanding sedimentation patterns in

the arc region. It is also important for understanding the effect of any subducted

1




sediment on arc magma chemistry. An important question is, how much of the
arc is being recycled back into itself through sedimentary processes? An arc where
the present state of magmatic evolution, along with the past geologic history and
sedimentological history are all well known, provides an excellent opportunity for
attempting to evaluate the question of sediment recycling and the role of volcani-
clastic sediments in such a process, specifically:

1. Sediment chemistry is highly variable and to model the effects of sediment
subduction we need to know as much as poss.ible about the closest analogs to
the sediments actually subducted in the arc of interest

2. We need to determine the importa.ncé of volcaniclastic sediments in sediment
pile to be subducted B

(a) at what distance from the trench (= age or depth) is volcaniclastic sedi-
ment initially deposited

(b) at the trench, what is the volume of volcaniclastic sediment as fraction of
total sediment pile .

3. In order to extend observations about sediment types and chemistry to other
arcs, we need to know the relative importance of volcaniclastic sedimentation
as a function of
(2) age of the arc
(b) extent of explosive activity

(c) hydrogenous and biogenous production rates

4. Thorough evaluation of sediment contamination of arc lavas requires a broad

spectrum of analytical approaches, including major and trace element radio-

genic and stable isotope measurements for sediments as well as lavas.

Understanding sediment accretion and sediment subduction processes is im- -

portant for understanding evolution of the fore-arc region, but also for.a dgtailéd '




evaluation of sediment_conta.mjnation of arc lavas. 1°Be is a good tool for investi-
gating sediment accretion in arcs where accretion is occurring. Because °Be is a
cosmogenic isotope and has a short half-life (1.5 x 10° years), °Be is concentrated
in the uppermost part of the sediment pile. Analysis of sediment cores outboard
of the trench will provide an inventory of the number of atoms of !°Be available
for subduction. Measurements in cores drilled in the fore-arc (with paleontological
age control) will provide information about the amount of sediment transferred to
the accretionary wedge, while a core in_ the trench may provide information about
mixiﬁg of upl.;:er and lower sediments (1°Be-rich and -poor, respectively) during
deformation in the trench. A project such as this cannot be carried out in the Mar-
ianas (little fore-arc, no 10Be in the lavas) but Tongé.—Kerma;iec may be a suitable

area.




AN AXIAL MAGMA CHAMBER ON VALU FA RIDGE,
A BACK-ARC SPREADING CENTER IN LAU BASIN -

J. L. Morton, U. 3. Geological Survey, Menlo Park, CA

The Lau Basin is an actively spreading back-arc basin located west of the Tonga arc-trench
system. The spreading center in the southern part of the basin is formed by Valu Fa Ridge, a
north-north-east trending ridge situated along the eastern side of the basin approximately 40 km
west of the volcanic arc. The ridge has a narrow, non-rifted crest and extends from at least.. lat
21°51'S, long 176° 30W to lat 22¢42'S, long 176° 468’ W. A small_oﬂ'set. of the ridge at lat
22¢ 10°S appears to. be formed by a.n overlapping spreading center pair. Magnetic anomalies indi—

cate that the ridge is spreading ata rate of about 7 em/yr.

Mulhichanﬁcl seismic reflection profiles over Valu Fa Ridge show a ;t.rong reflection 3.5 km
beneath the seafloor. The polatity of the reflection, determined by pre-stack deconvolution, indi~
cates that the reflecting horizoa replgesents a low velocity zone. The reflector is interpreted as the
top of an axial magma chamber. The top of the chamber is flat-lying and 2 to 3 km wide. The
magma chamber appears to be continuous along strike, as it is s:en on each of seven cross-strike
profiles spaced over 84 km of ridge crest. One profile which crosses the ridge at the overlapping

spreading centers shows only one magma chamber, centered beneath the overlap basin.

The reflection coefficient for the top of the chamber, determined by comparing the ampli-
tude of the magma chamber reflection to the seafloor reflection, indicates a low acoustic
impedance (pfoduct of density and seismic velocity) for the material at the top of the chamber. [f
a density if 2.4 to 2.7'gm/cm? is assumed for the melt, then the velocity is approximately- 1.8 to
2.0 km/sec. This velocity is considerably lower than experimentaily détermined velocities of
basaltic and andesitic melts {about 2.5 km/sec). One possible explanation for the low seismic
velocity is the presence of a small amount (appré:ximatéiy 1 volume percent} of exsolved gas in
the melt at the top_of tile chamber. Fresh, highly fractionated andesitic rocks d;'edged from the

crest of Valu Fa Ridge are highly vesicuiar.




Elevated concentrations of particulate and total dissolvable manganese in the water column
above the ridge and ferromangznese crusts up to 10-mm thick of hydrothermal origin dredged

from the ridge crest suggest that there is hydrothermal circulation a¢ the ridge.
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HELIUM-3 AND DEUTERIUM IN
BACK-ARC BASALTS :

LAU BASIN AND THE MARIANA TROQUGH

Robert Poreda

Abstract

Samples of fresh basalt glass from the Mariana Trough and the Lﬁu Basip were
analyzed for their isctopic composition of water and helium i{n order to identify
the sources of the voia:iles in back-are basin basalts. 1In the Mariana Trough
basalts, che concencration (0.64 to 2.1 wr.) and D/H ratio (6D = =46 co -32°/4.)
of the watsr provide important aevidence for a water -rich component from cthe
Subducting lithosphere. Extrapolation to infinite water content gives an end-member
D/H ratio of §D = -25°/,.. 3He/'{‘He ratics are, in general, similar to MORS values
(~8 R,) and indicate that Mariana Trough basalts represent a mixture of a MORB-type

zantle and an alkali and water-rich component from the descending slab.

In contrast, the Lau Basin produces both hydrous (1.3 wc.Z HZO) and
relatively anhydrous (0.12-0.35 wt.%) basalts. The D/H racio (8D = =43°/,,) in the
hydrous Lau Basin basalt resembles those of Mariana Trough lavas. The low water
contencs (0.12-0.35 we.Z) and MORB-like D/H ratios (8§D = —43 to =70%/2.) in three
of five Lau Basin. samples show thac the water-rich component, observed im all
Mariana Trouéh lavas, is absent in scme Lau Basin lavas ané not essential for the
production of back—arc basalts. The high 3He/AHe ratio of Rochambeau Bank in the
northera Lau Basin (11 RA),-confirms an earlier analysis by Lupcon and Craig and
provides evidence for an enriched mantle Source region beneath che Lau Basin which

is perhaps related to the high e Samoan “hotspot™.
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Heljum-} and deutentum in back-

F O U SO SR

arc basalts: La Basin and the

Mariana Trough
Robert Poreda
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PLANNING CONFERENCE
OCEAN DRILLING PROJECT STUDIES IN ACTIVE WESTERN PACIFIC TRENCH-
ARC-BACKARC SYSTEMS

Marion L. Rideout & Lawrence R. Guth
Rice University

Pavliis and Bruhn (1983) suggested that the uplift along bHroad
forearc vridges may be due to the ductile flow of rocks in the subduc-
tion complex at depths greater than 15-20 km and that this f{low may
lead to the exposure of high P/T metamorphic tocks. The active western
Pacific trench systems have been active for various lengths of time so
that drilling on sites along the forearc ridges may be used to test
this hypothesis. -

Figure 1 plots the geotherms used by Pavlis and Bruhn (1983) on
the tentative P/T fields for the metamorphle facles proposed by Turner
(1968). The rocks of the subduction complex would be expectad to grade
from unmetamorphosed ‘rocks through zeolite and prehnite-pumpellyice
facies to glaucophane-lawsonite or greenschist metamorphism, depending
on the heat flow and the depth of burial. Also plotted on Turner's
diagran 1s the position of the brittle-ductile transition, estizated
by Pavlis and Bruhn (1983) to be at 15-20 km depth. This is seen to
straddle the prehnite-pumpellyite field. N

Vertical uplift rates for areas in the Pacific have recently been
suzmarized by Yonekura (1983). The data indicates about an order of
magnitude difference between the maximum uplift rates in continental
ares and those of island arcs. Yonekura (1983) noted that the two
types could roughly be divided by the average uyplift rate of 0.5 =am/a,
but that the average maximum uplift rate in continental ares was 1.5-
2.5 mm/a. Pavlis and Bruhn (1983) suggest a maximum uplift along Yroad
forearc ridges of 1 mm/a down to 0.2 mm/a observed along the Barbados
Ridge of the Lesser Antilles. Uplift times assuming constant uplift
rates of 2mm/a and 0.2 mm/a have been noted on figure 1 zo bracket the
observed rates, At the highest rates, only abeout 10 Ya would be Te-
quired to exhume glaucophane-bearing rocks.

If deep-seated ductile flow is a mechanism for briaging high P/T
metaaorphic vtocks to the surface, Gthen the rocks near the surface in
old broad forearc tidges should be of hlgher metamorphic grade than
rocss exposed in younger forearc ridges. The resolution of this Zest
will increase with increasing uplift rate (i.e., the same change 1ina
retanorphic grade which takes 5 Ma at 2 mm/a will take 50 Ma atr 0.2
z/a), so drilling the broad forearc ridges associated vith continen-
tal arcs with their higher-uplift races would best test the nechanisnm.
The youngest forearc vidges should hava exposed unmetamorphic ot
zeolite faciss vrocks which show only signs of briztle defornation
while the o¢ldest ridges should be composed of blueschist or graear:
schist rocks.that show evidence of synmetamorphic ductile deformation.
Xnowing the average uplift rate zad age of the ridge, the metamorphic
grade of the rocks near the surface can be predicted with this model
and cthen tested by drilling or by study of the 1islands along the
forears ridge. ' '

Drilling alongethe broad forear:s ridges of island arcs could be
done to contrast with the informatien obtalned from the forearc ridges




of continental arcs. With a very old island are, one may be able to
establish &f deep-seated ductile flow is a possible mechanisa for
uplift along these oceanic boundaries. In addition, one night consider
hydrofracture experiments or borehole deformation studies in both
sectings to supplement earthquake focal mechanism solutions in order
to compare of the stress transferred te the subduction complex in the
two types of trench-arc systems.

Uyeda and Kanamori (1979) divided trench-arc systems inte conti-
nental arcs and island arcs, based on the formatlon of back-arc basins
in the latter systems. They proposed that this represeats two funda-
mentally different modes of subduction characterized by a stronger
coupling of the two plates in continental arcs. Pearce {1985?) dis-
criminares continental arc basalts from oceanic arc basalts on the
basis of Zr/Y vs. 2r. The stronger coupling of the plates in the
continental arcs would effectively squeegee off the sediments from the
subducting plate. The resulting chemistry of the eruptive volcanics
will depend on the Linteraction of the converging plates (e.g., angle
and rate of subduction, the amount of sediment subductad with the
dovngoing plate vs. the sediment acereted to the overriding plate)
(Yonexura, 1983). - .

Sediments - incorporated in the subducting complex caa, in fact,
dewatar at shallower depths than the subducting oceanic 1lithoshpere.
The waters then percolate up into the overlying lithosphere, enriching
the lithosphers in nydrophilic elements. Island arc volcanics and
pelagic sediments show distinct depletions in Nb and Ta and enrich-
ments in LIL elements (X, Rb, Ba) and S5r compared to MORBs (figures 2
and 3 from Pearce, 1982; 1983). Specifically, LIL elements are en-
riched in all island arcs, while the Ti-group elemts (Nb, Ta, Ti) are
enriched in continental margin arc settings but not in oceanic arc
sectings, suggesting that the comparatively thick coatilanental litho~
sphere somehow is a facetor. ‘

Li-Be-B, considered individually and as a group; can potentially
orovide a powerful insight Latc the role of sediments {an island arc
magmas. Li-Be-3 are enriched in pelagic sediments and clays relative
to fresh MOR2s and unaltered oceanle c¢rustal material; also, Ll and B
are good indicators of hydrothermal circulation through arupted lavas
as they have cooled (table 1, Leeman and Rideout, compilation from
sublished data). Subduction of and incotrporation of these nmaterials in
islapnd are magnas will provide a dlagnostic emrichment of such lavas
relative to non-enriched sources. Using 10[Be], Brown at al. ({1983)
concluded that some ocean floor sediment is beilng subducted and incor-
poratad 1into island arc volcanlices erupted on oc¢eanic and continental
crust figure 4). Li-Be-3 are also incompatible =lements, and Thus
should be enhanced {n the magmas cthrough further process-related
enrichment, - by partial melting or fracriomal crystaliization, for
axanple, .

Suggested regions for such studies to assess the mnmagnitude of
" sedizent involvment and subsequent signature in earuptive volcanics
could possible involve drilling a transect across the Sunda-Adre with

its two trenches vs., a section across the Banda Arc where one <trench -

is present (figure 3, Varne, 1985) and comparing the resulcs, keseping
in a2ind that the Recent sediments sampled on the present day location
=ay not be truly representative of what was previously subducted and




incorporated in the past to generata the observed lavas.

Given that a chemical difference exists between continental arcs
and island (oceanic) ares, a possible site for assessing such differ-
ences would te a locale where the back-arc basin pinches out and dies
aut {figure &), showing a continous transitlion from oceanic to,conti-
nental arc. Changes in the stress regime within the subduction complax
would be expected and should be tested with hydrofracture or boreholae
deformation studies. If cthe continental arc is acting as a Dbetter
squeegee than the oceanic arc, one might expect a larger volume in the
accretionary complex of the continental are (less material being
subducted). Porewater and (subsequent) eruptive volcanic chemistries
would vary relecting masa balance In the reactive components present
(e.g., partioning of elements among phases present, metasomatic and
hydrothermal fluids).

North Marianas vs. South Marianas would be a geod locale to study
chemical wvariations as the result of changes in the coupling between
the plates at the convergent boundary. At -such a location, rates of
subduction, polarity and angle of subduction, sediment source and
volumé entering the trench are toughly equivalent between the two
gsegments of the trench. The oanly variable would be the coupling of the
two plates and its relationship to the volume of sediments subducted.

" Any difference in the chemistry of the eruptive volcanics behind the

two segments would have to be related to differences in the anmount
sadiment allowed to pass between the two plates. Previously suggasted
chemical mass balance studies within the accretionary complex would
aid in understanding the origin of the eruptive magmas as well as
helping to understand the mechanics of the complex i{tself.
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Estimated distribution of B, Li, and Be

Bypothetical Reservoirs B ppm Li ppm Be ppm
. X a b h
Fresh periodotites 0.5 2 0.002~0,2
Serpentinized ultramafic rocks’ 24-1109 *¢ tr-19€ >0.2(1)
Fresh MORB 24t 97 0.1(1)

Altered MORB (varisble with _
degree of alteration and/or ’
20 >0,1(1)

_metamorphism) ~8
Marine sediments
Shales 120° 40-340° 1-102
MAG-11 130 78 3.0
MOR3 source calculaéed : ]
assuming 302 p.m. and Kd o] 0.6 - 2.7 S 0.03
Oceanic crust (variable with n h
degree of alteration) 25 _ 210 0.2(7)
Oceanic lithosphare calculated
as 10X oceanic crusr + 907 ‘ '
KORB source - 1 3.4 Q.05(1)
Continental crust gloh'J 22b I-Zh x
1.3

3 .

Data sources: ° Higgins and Shaw (1984); ® Shaw (1980); © Shav et al.
(1977); Thompson and Melson (1970); € Bonatti et al. (1984); Huamphris
and Thompson (1978); % Stoffyn-Ezli and MacKenzie (1984); Bandbook of
Geochemistry, Wedepohl (1974); * Govindaraju (1974); J Truscott etj al. (in
press); - Shav et al. {(1967) ’ -

Values followed by -(?) are our estimates used here due to insufficieat
published data, ’ ’

TABLE 1

Leeman and Rideout, unpublished
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DRILLING TARGETS IN BACK-ARC BASIN CRUST:G RECOMMENMDATIONS
FROM THE LaU ZASIN

by Debra Stakes, University =f South Caralina

The pr:posed,ﬂ”? legs in 'the Western Facific will pravide
the cpportunity to characterize aoceanic criust producad in
nan-mid-ocean ridge envirocnments (az well as other
gzoleogical problems discussed =21 sew here).” There are pasic
sbjectivas that should be considered in tha zelection of 211
sites to be placed in  back—arc 2nvironmants. These basic
sbijectivas szak to clarify fundamental amblgu1-1es in meodels
for the consiructicon, metamornhizm and oresarvation of
aceanic crust in Both mid-ocsanic snd back=arc hasin
settings. The2 Lau Basin z=ems 2zpecially appropriate as a
drilling target o address these hasic objectives, as well
as addressing g=clogical problems more specific o the Lau-
Tonga-¥armadec rzgion. The objectives that are described
nere ars based on infsrmation from the variety cf'Hm_l—arc;
basin settings that are Ynown in any detail, with additiocnal
fomparisons to ophiolite ferrains (Omar and Cworus,
@specially) and acsreted zontinental torrains. The specific
site objectives far the Lau Basin arz o reaffirm my
rzcomnendation t this ar2sz be given high consideration
tor thes Western Facific programs.

Zaneral g9oslzs for ODF tardets in bark—arec hasin regions.

The foremozt "hard-rack” objectiva for any bhack-arc
2agin drill farget is to determine how similar or different
this orust is to that producad a+ a mid-ococ=an ridgse
Zorazading <=2nt2r, An obvimus E@ccondary raquisits ts question
Bow much varisbility actually 2xizts betwesn these Lwo "end-
memEers'. A simplistic predictian would he that for 2i ther
snviraonmeEnt: a) fast-spre ading ridges wou be characteriz=d
by large magma chambers represented by conbtinuous pluatonic
saquencas and somewhat homogenous Sruptis nits; SHYslow—
spreading ridges would be characterizasd b =mall, =chemeral
magma chambers reprasentad by discontinumus clutonic
secticns, perhaps 3% variable depthse, and =2xtrusive uRits
that canmot he 2o schemically relatad fo =22ch gthaer,
phrﬁn-u interlavered with =zediments that were depmzited
jurlnq pericds of volzZanic quisscanes. This igneocus

raphy could be complicated by propagsting rifts, -

witing trams=forms and island—arc type magma leaking

= bachk src basin. : )

12 @xhrensl oriant ke have 1-I zihtss to zample

Eas wet down to 3 ﬂe;th of 1-1.5 bm. The
sited ctad to minimize the complicaticns of
igiz A = and f“:ngfarms. It is5 alrzady known
£ i = e Mariana Trough that in young basins
island arc c basin type liquids can erupt at the
zame time he rasulting lava stratiaraphy would
Aok only Lo interpret, bub would add littls +o




the ex 15tzng DSDF results. In fact, the timing and fine-
scale stratigrphy in these immature bsasins would be hetter
detziled by the use of submersibles.

Thz advantage of drilling a Zcre would be tno recover
the emtire crustal package from a few well-chosen spotz: the
eruptiva carapsaces, the dike feeder svstem and at lesast the
top of the underlying plutonic section. If complicated
volzanic stratigraphy exists sven in mature basins, then at

least some of ths fiming may be more sxplicable by
2xamination of the lower intrusive rocks. And these samplas
could gnly be recovered by drillimg. Thesa sites would thus
e long term ra2-entry hples that are situated to provide
infarmation on 22 many. aspects of back-arc basin develsopment
as possible.,

Guidelines glsaned from ophiclite terrains.,

Sectionzs of anciznt oceanic crust exhumed as ophiolite
slizes may hava ariginated in mid-ocean, back-arc or island.
aire =2ttings. Criteria for dlatzﬁguls ing between differant
wactonic regimes of ophiolite origin is based upen trac=-

=nt chamisiry of the shallaw sruptive units and the '
ura2 of the upper plutonizc zections. Most of the avidence
Back-aro w= izland arc vE mid-ocean ridge is deduced

fhe top GuS—-1.5 Em of the ophiolite lithaostratigrapy.

The Semsil sphiolits in Oman has many of the zame
igneous shructuras dascrifed in smaller, more tectonically
clzrupted ophiolite as=emblages, =zuch as those in Califocrnia
and Qregon. Thus the charstzristics Semail ophiolites can be
usad to azza=zs the relative value of a deep corehels vs
zavaral shorter caores. The bulk of the ophiolite i3
tectonized harzhurgite, the @mantlz rocksz thnat still carry
trhe deformation fabric formed at the spraading axis. The
cru=tal section ‘varies from & k@ to T.S km in total
thickness, and includes layered and unlavered gabbroic rocks
that presumably formed within and on the roof of,
rzgpectivel vy, the axial magma chamber. The jeeper laverad
gabbro is rather monotconous inm mineralaogy, as 3 result of
intarmixing and buffering by receatzd inputs. Intrusive
contacts within the layer=ad gebbro that amight result from
diachronous magma :ﬁ:mherﬁ would bz very subtle and unlikely
targets for dr*l‘ing Recsnt mapping and drilling in the
Troodos = yprus, however, has only now .
recsgni di UE Mnatures of the plutonic complex.

T 1 on the magma chambsr (BAE, MOR, or
I8y is =% isotropic gakbra. This .
zharac 1 zxtrazmely ha2ts=raogeneocus tauture
and is < k hike veinz, a2 ligulid is partially
zryztalll thermally Zracksd, reintruded, and
Zar-iallsy thisg contact zone Setween the
magmatic o m and the hydraothermal zyztaem, The
widith of £ rucial paramater for cosling models
cf oo2anic rothermal wein minerals contain
information sture and composition of the
garliact erature fluld to form. Feirofabrics




contain information on the degree of interaction between the
-hydrous phases and later high-temperature meltz te ASsess
the exient of assimilation. The igotropic gabbro layer would
lie at =z depth of less than two Eilcometers, and perhaps lecs
than 1.3 km in the marginal basins. This horizon zhould be a
feasible drilling target far ths new drill z=hip.

Above the isctropic gabbreo iz the hydratharmally

altered sheetad dikesthat ars the feeder conduits for the

ovarlying eruptive szquencss. Multiple gemnerations of

2ruptive sequencss should bz mirrersd in crosscutting dike

relationshipz of similar chemical variability. For example,
=2

eamount or incipisnt ars may be characterizad by a
capping volcanic sequerce compositionally unlike the
underiving 2ruptive units. Ezneath the seamount a late mafic
dike swarm may {mtrude the =sarlier dike complex, baking tha
intrusive margins s hornfelsz and creating a new high-
temperatures hydrsthermal system. This iz the situation
observed in Cman ‘Stakes et a1, 1985). Thus, wvaluable
infarmation regarding the timing of the intrusive svents may
ke derived £

rom driliing within the dike complax.,

Une =¥ the ouistanding differs=nces betwesn the rock |
types in most ophiclite s2quencas and that thought to
comprisa MOR-typs crust iz the prescancz2 ot large gabbro-
dicritz-plagiogranite {(tonalits=s) assamblages in the former.
Thesa =silicic intrusive camplaxas vary in dimesns=ions,
abundancz and depth, slihcugh they are most commonly
associatzcd with the dite-gabbro margin. They have haen
interpratad by workers in Oman as Latas diztillates of the
axial magma chamber (Hopeson =t aly, 1 af izland arc
liguid #hat postdatss the sxial chamber star et al,
1987, or flamik seamountz that may begi mporansdusiy
with the magma chamber but hava combi ruasions alon
fault-con®rolisd zonduits (Stakes and 224 and :
prapi . In Cman, the largest lads intro cley iz
actually intruded ints the base ~f k. lavas, at a
depth of l=cz than one bLm. Lato falsite ik from the top
2f this intrusive complex could 2rupt puml arnd dacits if
they reached the surfaze. it would bHe 2xtrsmeiv valuabls f£p
drill into ore of fhes=s late hNigh lavel magma chambers to
ascartain whether fhay ares zn arc-ra2latsd feature or i< thay
farm in back-arz environe alzo.

Seafl hvdrothermal - =vstemns and pascive 1de decosits,
ndamental guesticn regarding oc=ani lithaosphners is
how 2+ the crust iz metamorphosed zand o what
min +2ay T The znswer o “his quasticon impacts modetis of
the nmature =f the lithocsphere that gets =subducted, the
Zrugtal contznt of wolatiles khat may get racyclad into the
mantle and the distribe and zize of met sul+fide
depositz. Ochiclitez = tramezly metamcrphoced: 20-100% af
the entrusives armd 2i zeolitz and gresenschist grads
minaralogies and 204 the gabbroig rockz Lo upper
greenschist and highe r2 Lz also avidence of multiple
alteration svents ass 4 with secondary hydrothermal




gystems. 1t is important to aszess how auech of this
mgtamorphism represents the state of all geeanic grust and
how much i3 unique Lo cphisglites formed in 1A or BAER
settings. This assessment reguires a desp drill hole nezar a
BAE spreading axis untainted by 1A intrusions tp
ctharacterize anis—-assaciated altzration. Thi=z could then be
compared to a similar zite op a MOR., Sscondary or multiplsas
intrusive 2vents assaciated with 1A intrusions could also be
distinguizhed by compariszon to the axis-only sit=.

A zzcond goal is ko dsterming the sita of formation of
large massive sulfide deposits now supased io ophiolites. In
bath Pyprw: and Cman, these deposits are spacially
asgnciated with tha late silicic intrusive complases,
although the genetic relationship i3 still highly -
controversial, Thazse late high level ls'sf'rumi'«'c:l complexss
rapracsent a haliaue haat source than the gabbroic layaers,
and may be a shallow zupela 2~3 bm o in width, This Iatter
heat s0uCE may be rasponsible for concentratinmg the sulfides
into large depositz as well as generating the sacandary
intense metamcrshism. Thesa fsaturss (high lesvel intrusive
complenes, intanse metamorphism, chlgrifte-guarts stockwork’

systams, and sulfide concentrations! would be =asily
digtinguighed im drill core zamples and could be comparad o
the resuliz of the Cyprus drilling grogram. Once again, 2
Aﬂtermad:ate degth zite near silicic aruphives or 3 SEamount
may proavide 2 good target far thiszs type of rock assamblage.

Recommandstions far the baw Ba=in,

Tha teacisnisz avolution of fhe Lag Bazin is falerly well
Enown and rscent and schedulsd cruisas ara praviding
bathymatric and petrologic detail of this mature BAR. Within
the Lau ERasin the sprezading szenter is fairly well-locatsd,
and refliactians from the roof of and active magma chambsr
Rave hzen desaribed for the Yalu Fz Ridge in fhe southern
Lau Bagin., Basalt chemistry suggests that the central Lau
Basin iz relatively untaintad by 1A type lavazs (Hawkins,
19746) and is diszimilar only in trace slazments ta MORER
(Gill, 19274, The Lau Bazsin offerz a wseful comparizon the
the Mariana Trough as it is lang and straight &ather than
arcuate. It daes acht have tha fine-zcale aining betwsen IA
and B&R lav that the Marians has. Silicic rockz found to
the noriksr ﬁ znd o fLhe basin at Z=zphry Shaals may be the
surface guprezszion of & late =silicic entruszive comples.
Gavaral hard-rack cores fram the same Basin would also he
uaeful o assesz the inheremt variablity in grustal-forming
Srocesses, | recocamend that at lgast thress hard-rock sitos
b2 designatasd, with the gozl of at least ona to reach the
bottom 9fF ths dike complax and into fthe ilsotropic gabbreao,
The drill zitzz zrs 53 one in the gentar of hthae hazin a=ar
the northgrs spresding anizs in MORE-~like crust L-117, b in
the south near the Yalu a3 magme chamber (L-9) and near
Zaphyr Shoals far poszible silicic plutons at depth (L-1¢).



The Earliest Stages of Island Arc and Back-Arc Basin Development: A Call for Srudy.
Robert J. Stern, Center for Lithospheric Studies, Universicy of Texas at Dallas,

Richardson, Texas 75080 U.S.A.

Our understanding of the evolution of intra-oceanic island arc (IA) and
back-arc basin (BAB) systems has improved considerably during the last 15 years.
Contributions have come largely from dredging operations and on~-land geologic
studles, especially for I systems. Considerable informatrion on BAB has come from
geophysical surveys and dredge sampling, but detailed coring studies such as NSDP
Legs 59 and 60 have been crucial in furthering our understanding of the evolution
of BAB and their relationships with IA. The kinds of information we can gain from
studying cores from these environments, especially regarding their temporal
evolution, simply cannot be gathered in any other way. The possibility chat 0QDP
will core IA and/or BABR in the westera Pacific represents a remarkable opportunity
to build on the present data base.

One of the most glaring deficiencies in our knowledge of these systams
concerns the earliest stages in the formation of BA3 and IA. In the case of the
more evolved BAB, such as the Mariana Trough at 189N, thick accumulatrions of
sediment obscure the igneous and sedimentary rocks and attendant StrucLures )
developed during and. immediately afrer the commencement of rifting, The core of
DSDP Site 453 in the western part of the Mariana Trough has given.us a glimpse of
the sorts of catascrophic sedimentation that accompany early rifting events, but
other than this we have litcle direct evidence regarding the very early stages in
BAB formation.

Another deficiency cencerns our understanding of the earliest stages in the
formation of fntra-oceanic arcs. Studies of active, subaerially exposed volcanoces
have contribucred fundamentally to our understanding of especially magmacic
evolution in these systems. However, this understanding is flawed in that it is
based on the uppermost parts of the largest cencral volcanoes in a given arc; the
vast bulk (> 95Z) of these active ares is submerged. Considering arcs that are
completely exposed above sea level, such as cthe Cascades where major differences
are observed between the larger strato-volcances and the intervening, more
extensive lava fields both in terms of composition and eruptive style, it is
extremely unlikely that our understanding of the evolution of the larger volcanoces
in IA is representative of the entire arc. To a lasser extent, the same criticism
holds true for studies of submarine arc volcanoes. These are also central
volcanoes, albeit smaller ones, and we need to know how representative uof the early
stages of IA development are the lavas erupted from the central volzances. We
cannot assess this until we know the composition of the deeper parts of the
magmatic arc, the platform on which the central volcanoes rast. Are these parts of
the arc composed of fissure—fed basalt fields as is the case for the Cascade Arc?
Or 1is rhe arc amagmatic between the central volcanoes, composed of older arc
material similar to that of the frontal arc with a veneer of voleaniclastic
sediments shed off the central volcances? We will not know.the answers to these
questions. until we core the active arc between the central volcanoes.

An attempt to look at the composition of the Mariana active arc between the
central volcanoes was made during DSDP Leg 60. Site 457 failed to penetrate
coarse, poorly lithified volcaniclastic sediments shed off the surrounding
subaerial volcanoes of Alamagan and Pagan. Since the larger volcanoes have evolved
to the stage where they can generate more fractionated, siliceous.magmas that are
likely to be erupted in a pyroclastic mode, and since these volcanoes are also
sources of large volumes of sediment eroded by waves aad rainfall, drilling hecween
the larger volcances can generally be expected to encounter di{fficulcies similar to




those of DSDP Site 457. To minimize these difficulties we need to drill between
the smaller submarine arc volcanoes, where less evolved magma compositions and
hydrostatic pressure will not allow for pyroclastic volcanism; there also wave=-and
rainfalli-induced erosion can be neglected as a source of coarse sediments. In
these reglons, sedimentation should be dominated by biogenic and finer
volcaniclastic material deposited relatively slowly. These sediments should be
much better lithified tham those at Site 457, and penecration and recovery should
be correspondingly enhanced.

It is important to understand the earliest stages in the evolution of IA and
BAB not only for the purpose of reconstructing modern tectonic, petrogenetic, and
sedimentological processes, but also to better decipher ancient ones. The rock
assoclations developed in the early stages of TA and BAB are in a very favorable
tectonic position to be sutured to continents during cocllisonal orogenesis, and,
being structurally deep, they are also likely to egcape erosion. Many of the
"ophiolitic" successions exposed in the world’s orogenic belts must cepresent early
stages of IA and BAB development, and we will only be able to understand the
significance of these ancient complexes after we have studled their mecdern
analogues. :
- It is critical that we core IA and BAB complexes in thELI earlxest stages of
development. Cne area where this could be accomplished is in the northernmost part
of the Mariana IA/BAB system. A good case can be made that the Mariana BAB
extensional regime has been propagating northward at a rate of 5-10 em/v, and that
the Mariana BAB there is much younger than that cored during DSDP Leg 60, ac 18°W.
If true, then the region between 21° and 23°N is in the earliest stages of rifting.
Since arc volcanism terminates during BAB formation as the older volcanic centers
are carried away on the remnant arc, the submarine volcances on the Mariana IA
immediately east of the forming BAB should be in the earliest stages of a new arc
magmatic cycle. Thus, the area enclosed by the rectangle in Fig. 1 is a region in
which ODP coring can be expected to contribute substantially to our understanding
of the earliest stages in the evolution of IA and BAB. The only other western
Pacific 'system where this work could be carried out Ls the southern part.of the
Kermadec Arc and Havre Trough. The northern Mariana system is preferred because of
the greater amount of work that has already been completed (DSDP Leg 60, marice
geophysical and geologic studies, on-land studies of the frontal and active arcs)
or is in progress for this system compared to the present scate of knowledge of the

Kermadec/Havre System.
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FIG. 1: RECTANGLE SHOWS THE LOCATION OF THE PROPOSED ODP SURVEY
AND CORING TQ STUDY THE ORIGIN OF THE EARLIEST STAGES IN
THE EVOLUTION ofF BACK-ARC BASINS AND [SLAND ARCS,

141°

142°

144°

145° 146°




