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FOCUS

This newsletter gives me the opportunity
to summarize for you the status of long-
range planning in the JOIDES
organization. For the longer term, the
Executive Committee has accepted from
the Planning Committee the Long Range
Planning Document that Nick Pisias and
his associates prepared. EXCOM
passed it on to JOI, Inc., where it will be
augmented and edited to become the
basic scientific document for use in
program renewal before the mid-1990's.
JOIDES member countries will be able to
use the Long Range Plan {LPR), or any
parts of it,with whatever additional
documents are needed to support their
own particular renewal activities.

In passing the LPR to JOI, EXCOM asked
that such additions as examples of
benefits to education and industry be
included. EXCOM also asked PCOM to
reexamine the overall balance of the
LPR, especially with regard to hard-rock
coring versus sediment coring. At its
August meeting PCOM did so. Because
the Long Range Planning Document is a
general assessment of the research
areas in which scientific advancement is
achievable by drilling, and not a specific
drilling plan, PCOM concluded that the
balance of drilling opportunities given in
it does not require revision now. The
balance of actual drilling will be
determined by the proposals received
and the thematic pricrities that evolve as
science and technology advance.

As the previous FOCUS newsletter
stated, PCOM in spring 1990 will
determine the general direction of the
vessel over the following four years. The
proponents of drilling are responding, .
and the JOIDES structure is gearing up
for the task. New proposals and
revisions of earlier ones are arriving at a
rapid rate, and are being sent to the
thematic panels for their review.
Whereas we last reported that for several
months proposals had been running
about 4 to 1 in favor of the Pacific, for the
past three months the ratio has been 3 to
1 in favor of the Atlantic. We have new or
recently revised proposals for every
ocean and the larger seas as well.

PCOM has ad;':pted procedures

designed to reduce possible
misinterpretations of panel decisions
about priorities and rankings. At the
spring meeting each year, PCOM will’
determine the general track for the next
four years in order to carry out a set of
drilling programs which one or more of
the thematic panels have ranked highly.
Programs come from actual proposals
addressing, in a specific locality, a
scientific theme that has been published
in a planning document, such as a
COSOD report or a panel white paper.
Programs must have a good chance of
success with regard to present and
anticipated site surveys, engineering
developments, drilling platforms, and
political and safety clearances.
Programs may require less than one,
one, or more than one leg of drilling;
some programs may require back-to-
back mega-legs, or perhaps a return to
an area periodically. Each year PCOM
will update its general 4-year plan,
certainly by adding to the general track at
the distal end and perhaps by modifying
the intermediate par, depending on any
revised rankings of its panels, and the
state of such developments as site
surveys and instrumentation.

In advance of every spring meeting, each
thematic panel will prepare a single
rankings list of the priority of the
programs it wants drilled, regardless of
region. The lists will be accompanied by
a brief paragraph about each ranked
program, to reduce the chance that
PCOM will misunderstand the aim or
importance of the program. Each year,
as some proposals mature and as
technical developments evolve, paneis
will update their lists for PCOM.

By the time you read this, the thematic
panels wili have completed their fall
1989 deliberations, but they will meet
again in the late winter or early spring of
1990 to complete their evaluations and
rankings. We wish them good luck.

Yl

Ralph Moberly
Planning Committee Chairman
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LEGS 125 AND 126: BONMAR PRELIMINARY REPORT

INTRODUCTION

Leg 125 sailed from Guam on 20
February 1989 and arrived at Tokyo,
Japan on 17 April, 1989. Leg 126
departed Tokyo, Japan on 22 Aprii 1989
and returned to Tokyo on 19 June 1989.
Leg 125 Co-Chiefs were Drs. Patricia
Fryer (HIG) and Julian Pearce (L.
Newcastle-Upon-Tyne). Drs. Brian
Taylor (HIG) and Kantaro Fujioka (ORI)
were Co-Chief Scientists for Leg 126.
Drs. Laura Stokking and Tom Janecek
were ODP Staff Scientists for Legs 125
and 126, respectively. Comprehensive
reports on the preliminary scientific and
operational results are available from the
Ocean Drilling Program Publications
Distribution Specialist, Texas A&M
University Research Park, 1000
Discovery Drive, College Station, TX
77840.

The Bonin-Mariana region (Fig. 1) is
made up of a complex series of arcs and
basins formed since the stan of westward
subduction of Pacific lithosphere during
the Eocene. Subduction of Pacific
cceanic lithosphere is currently taking
place at absolute velocities between 8-
10 cm/yr to the northwest; the subduction
angle is about 20° at shallow depths,
steepening in some places 1o nearly
vertical below about 100 km.

The evolution of these arc and basin
systems is thought to have begun in the
early-middle Eocene, when westward
subduction of Pacific lithosphere began
beneath the Wast Philippine plate (Ben-
Avraham and Uyeda, 1983; Karig, 1975,
Ogawa and Naka, 1984). Development
of the system continued through the early
Oligocene, forming an intraoceanic
volcanic arc. Rifting in the middle
Oligocene split the entire arc system, and
the southern part of the arc split again in
the late Miocene.

The Mariana and lzu-Bonin forearcs
differ in both their tectonic evolution and
plate-convergence characteristics. The
northern half of the lzu-Bonin forearc has
experienced little deformation since
subduction began (Honza and Tamaki,
1985) and is made up of a broad foearc

basin filled with volcaniclastic and
hemipelagic sediments that developed
behind an outer-arc high. The structure
of the Mariana forearc is similar, but the
forearc has undergone extensive vertical
uplift and subsidence resulting from
seamount collision, and from tensional
and rotational fracturing associated with
adjustments to plate subduction and to
changes in configuration of the arc.
There is a broad zone of serpentinite
seamounts along the trench-slope break
{outer-arc high) of the Mariana system.
These seamounts are suggested to have
formed by diapirism (Bloomer, 1983;
Fryer ef al.,, 1985b; Fryer and Fryer,
1987). In the Izu-Bonin forearc,
choritized mafic and serpentinized
ultramafic rocks have also been dredged
from a chain of local highs located less
than 50 km from the trench axis along a
lower-slope terrace (Ishii, 1985).

The modern 150-220-km-wide |zu-Bonin
and Mariana forearcs may have formed
by veolcanism during arc development in
the Eocene and early Oligocene. The
origin and evolution of the forearc
basement may have progressed in
accordance with one of the following
scenarios, each of which implies a
different crustal structure:

1. The frontal arc and outer-arc high
could have baen continuous originally,
and subsequently separated by forearc
spreading.

2. The frontal arc and outer-arc high
could have been built separately but
nearly synchronously on former West
Philippine plate crust.

3. The terrane could form part of a
continuous Eccene arc volcanic
province, possibly with- overprints of later
forearc volcanism.

The forearc stratigraphy should also
record a history of the variations in
intensity and chemistry of arc volcanism,
and allow the correlation of these
variations with such parameters as
subduction rate and backarc spreading.
Studies of the tephrachronology, the
frequency and geochemistry of ash and
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pyroclastic flow deposits in the farearc
basin drill coras, will anable the various
models of arc volcanism to be evaluated.

LEG 125 HIGHLIGHTS

Leg 125 drilled nine sites four in the
Mariana forearc (Sites 778 through 781)
and five in the Bonin forearc (Sites 782-
786). The primary objective of all nine
sites was the study of two important, yet
poorly understood aspects of the lzu-
Bonin-Mariana forearc terranes:

*The origin and evolution of the forearc
terranes, investigated by drilling a series
of holes through the sediments and into
the basement of the Mariana and izu-
Bonin forearc basins (Sites 782, 785 and
786) and into serpentinite seamounts
from the Mariana mid-forearc region
(Sites 778-781) and lzu-Bonin lower-
slope terrace (Sites 783-784).

*Dewatering of the subducted
lithosphere, investigated indirectly from
the composition of forearc basin crust

a0
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Figure 1. Active plate boundaries and
relict spreading centers in the
Philippine Sea region. Barbed lines
locate subduction zones, medium
double lines locate active spreading
centers, and thin double lines locate
relict spreading centers. Basins and
ridges are outlined by the 4-km
bathymetric contour, except for the Izu-
Bonin, West Mariana and Mariana arcs
which are outlined by the 3-km contour.
Magnetic anomalies 6 and 6B are
shown by thin lines in the Shikoku
Basin. A=Amami Plateau; B=Daito
Basin; D=Daito Ridge; H=Halmahera;
L=Luzon; M=Mindanao; O=0ki Daito
Ridge. The box shows the location of
Figure 2.

and directly from analysis of fluids,
chemical precipitates and metamorphic
rocks from the serpentinite seamounts.

Mari \lzu-Bonin F
The principal results from drilling in the
Mariana and lzu-Bonin forearcs include:

*A Pliocene or younger basalt flow or sill,
penetrated at Site 781, is the first
evidence for such recent magmatic
activity in any extant intra-oceanic
forearc terrane.

*The uppermost basement recovered at
Site 782 consists of Eocene
intermediate-acid submarine volcanic
rocks of island-arc tholeiite to calc-
alkaline affinities.

*The deep penetration of Eocene
volcanic crust at Site 786 provided a
record of the construction and structure
of the forearc volcanic basement as well
as a basis for the understanding of early
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arc magmatism, in general, and boninite
petrogenasis, in particular,

*The identification of numerous ash
layers within the forearc basin sediments
indicates peaks of volcanic activity
during the Eocene-Oligocene and from
the late Miocene to the Holocene.

*The volcanic basement at Site 786
shows extensive evidence of hydraulic
fracturing and precipitation of sulfide and
other minerals from hydrothermal fluids.
iana-lzu-Bonin Serpentini
Seamounts '

Initial results of Leg 125 show that:

*The serpentinite seamount, Conical
Seamount (Sites 778-781), may be
constructed from protrusions (flow
emplacement) of serpentinite mantle
materials and/or flows of unconsolidated
serpentinite mud and entrained
ultramafic and rare mafic clasts
emanating from a central conduit

sLow- to medium-grade metamorphlsm
characterizes the source region of the
serpentinite that formed both seamounts.

*Dehydration of the subducted oo
lithosphere may have played an'
important role in the serpentm:zatlon of
the source region of the serpentlmte
seamounts. '

*Hydrocarbons are a significant
component of the fluids associated wuth
Conical Seamount.

*The lzu-Bonin seamount (Sttes 783,
784) is at least Miocene in .age, henca !
older than Conical Seamount'and *
currently inactive in terms of flow
generation. '

*Serpentinization is stilt occurrmg in the
lzu-Bonin seamount, but without the low-
chlorinity component |dent|f|ed at
Conical Seamount.

LEG 126 SITE REPORTS

The lzu-Bonin and Mariana regions are
type examples to which other, less well
studied arc-tranch systems are
compared. Yet fundamental questions
about their evolution existed with regard
to (1) arc rifting, {2) arc/forearc
magmatism and structure, and (3)
arc/forearc stratigraphy and vertical

tectonics. To address these questions,
Leg 126 had the following objectives:

i -791);
(1) The differential uplift/subsidence
history of the rift basin and adjacent arc
margin; (2) The nature of volcanism and
sedimentation in the rift and on the arc;
(3) The duration of rifting and the nature
of the rift basement; and (4) The

chemistry of fluids circulating in the rift
basin.

(1) The uplift/subsidence history across
the forearc to provide information on
forearc flexure and basin development
as well as the extent of tectonic erosion;
{2) The stratigraphy of the forearc with its
record of {a) sedimentation, depositional
environment and paleoceanchgraphy;
and {(b) the variations in intensity and
chemistry of arc volcanism over time; (3)
The nature of igneous basement forming
the frontal arc, outer-arc high and
beneath the intervening basin, to answer
questions concerning the initial stages of
subduction-related volcanism, the origin
of boninites, and the formation of the
200-km-wide arc-type forearc crust; and
(4) The microstructural deformation and
the large-scale rotation and transiation of
the forearc.

Site 787

Site 787 (proposed site BON-5C;
32°22.51'N, 140°44.64'E, 3259.0 m
water depth) is located on the eastern
edge of the Izu-Bonin ferearc
sadimentary basin (Fig. 2). It is located
in the axis of Aoga Shima Canyon; the
canyon has removed up to 1 km of the
sedimentary section. The principal
objectives were to determine: (1) The
stratigraphy of the forearc basin and
hence both the temporal variations in
sedimentation, depositiona!
environment, and paleoceanography
and the history of the intensity and
chemistry of arc volcanism; (2) The uplift
and subsidence history across the
torearc to provide information on forearc
flexure and basin development as well
as on the extent of any vertical tectonic
activity which may have taken place
since the formaticn of the forearc terrane;
and (3) The microstructural deformation
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Figure 2. Location map showing multichannel seismic (MCS) survey lines and precise
setting of Leg 126 sites (filled circles) and Leg 125 sites (open circles).

and the large-scale rotation and
translation of the forearc terrane since
the Eocens.

The principal results of this site are:

(1) Characterization of hemipelagic and
turbidite deposition in this deep-water
forearc basin in the late Oligocene;

(2) Documentation of continuous arc
volcanism during the previously
purported Bonin-Mariana volcanic
minimum in the late Qligocene,

(3) Recognition of moderate to high
sedimentation rates in the late Oligocene
and extrapolation of average rates
greater than 100 m/my back to the
presumed middle Eocene basement;
(4) Paleomagnetic evidence that there
has been Neogene translation of this site
about 8° to the north; (5) Microstructural
evidence of extensional deformation;

(6) Constraints on the time of major
submarine canyon formation in this area
to the (probably late) Miocene-Pliocene;
and (7} Pore-water indications of a
possible seawater aquifer within the
basin.

Four lithostratigraphic units were defined
at Site 787:

wUnit | (0-21.4 mbsf) is lower
Pleistocene sandy gravel, gravelly sand,
gravel, and silty sand, all scoriaceous
and pumiceous.

#Unit Il (21.4-40.3 mbsf) is Pliocene and
upper miocene lithic-vitric-rich
nannofossii ooze and nannofossil-
bearing volcanolithic silty clay.

= Unit |1l {40.3-118.9 mbsf) is upper
Qligocene vitric-rich claystone,
nannofossil chalk and pumiceous and
scoriaceous sandy claystone, with a
lower 2.6-m-thick welded crystal-lithic
lapilli tuff.

= Subunit IVA (118.9-281.7 mbsf) is
upper Oligocene interbedded graded
vitric silty sandstone, bioturbated silty
claystone, and nannofossil silty
claystone, with volcanic ash distributed
throughout.

»Subunit IVB (281.7-320.1 mbsf) is
upper Oligocene gravel-rich and pebbly
coarse sandstone and nannofossil silty
claystone.

Units | and Il are unconsolidated,
whereas Il and IV are lithified. All
sediments were deposited in water
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depths below 2000 m and above the
CCD. The volcaniclastic sands and
gravels of Unit | represent early
Pleistocene canyon fill. Unit {lis
bounded both above and below, and is
separated internally, by unconformities
and records of intermiftent hemipelagic
deposition during canyon erosion. The
lithification of the Oligocene erosion
requires significant former overburden.
The clastic component in Unit !l results
from distal turbidite deposition and
volcanic ash fali as well as one andesitic
submarine pyroclastic flow. Subunit IVA
represents basin-plain volcaniclastic
turbidite deposits interbedded with fine-
grained hemipelagic sediments. Subunit
IVB is probably a channel deposit,
although the seismics suggest that this
higher velocity coarse material is
regionally distributed. The upper
QOligocens secticn is strongly burrowed.
Extensional microfaults, conjugate
fracture sets, low-angle shear planes,
clastic injections, and dewatering
veinlets all evidence post-depositional
extensional deformation.

Sites 788 and 789

Sites 788 (proposed site BON-2;
30°55.4'N, 140°00.2'E; 1113.0 m water
depth) and 789 (30°55.2'N, 139°59.8'E;
1129 m water depth) are located on the
eastern margin of the Sumisu Rift
between the |zu-Bonin arc volcanoces
Sumisu Jima and Tori Shima (Fig. 2).
The sites are just over 0.5 km apart and
are situated on the summit of the rift-flank
footwall uplift, which is cut by high-angle
normal faults dipping away on both sides
from Site 788. The principal objectives
at these sites were to determine: (1) The
vertical motion history of the rift margin;
(2) The time of intitial rifting; and (3) The
nature and history of volcanism and
sedimentation between the major arc
volcanoes.

The principal results of these sites are;
(1) The arc margin footwall of Sumisu Rift
has been uplifted 200-1700 m; (2) The
footwall uplift, and therefore the initiation
of rifting occurred since 2.35-33.56 Ma;
(3) Present-day and pre-rift volcanism
and sesdimentation along the volcanic
front is dominated by rhyolitic pumice
eruptions; and {4) unlike other arcs such

as Japan and the Cascades, there is no
evidence of igneous vents or lava flows

‘between large frontal-arc volcanoes

during the last 5 my.
Two lithostratigraphic units were defined
at Site 788:

» Subunit 1A {0-230.0 mbsf) is upper
Pleistocene and Pliocene sandy,
granule- and pebble-sized puniceous
gravel locally interbedded with vitric
sands and rare vittic silts.

» Subunit IB {230.0-249.0 mbsf) is a
Pliocene transition unit comprised of the
same material as Subunit 1A, but which
has been lithified to conglomerate.

= Subunit IIA (249.0-278.6 mbsf) is lower
Pleistocene interbedded nannofossil-rich
claystone and vitric sandstone, silty
claystone, and siltstone, moderately
burrowed.

» Subunit 1IB (278.6-374.0 mbsf) is lower
Pliocene interbedded pumiceous
conglomerate and vitric sandstone,
siltstone, and silty claystone.

Site 789 recovered 0.1 m of Pleistocene
pumice from the surficial core.

The sediments are dominantly arc-
derived volcaniclastics; no igneous rocks
were recovered. The silt/clay component
and all biogenic materials are virtually
absent from the coarse clastics, probably
as a result of winnowing. Carbonate-rich
sections (Unit Il) reflect slower deposition
during volcanic minima lasting up to 300
ky. Upward-coarsening intervals in Unit |
repsresent four large eruptions or four
periods during which volcanism
climaxed, three in the Pliocene and one
in late Pleistocene. The degree of
compaction of Unit Il suggests that
formerly the overburden was greater
than at present.

Sites 790 | 791

Site 790 {proposed site BON-1A;
30°54.96'N, 139°50.66'E; 2223 m water
depth) and Site 791 (30°54.97'N,
139°52.50'E: 2268 m water depth) are
located near the center of Sumisu Rift, a
backarc graben west of Izu-Bonin island
arc volcanoes Sumisu Jima and Tori
Shima {Fig. 2). The sites are 2.4 km
apart and are situated on the western
side of the eastern inner-rift half graben.




The syn-rift sediments dip to the east with
regional basal dips of 15° and are cut by
45-60° dominantly west-dipping normal
faults.

The principal objectives of this site were
to determine: (1) The vertical motion
history of the rift basin; {2) The nature of
volcanism and sedimentation in the rift;
(3) the duration of ritting and the nature
of the rift basement; and (4) The
chemistry of fluids circulating in the rift
basin.

The principal results of this site are: (1)
Rifting began, and rift basement depths
exceeded 2 km prior to 1.1 Ma; (2)
Basement was formed by early-rift
basaltic lavas and intrusives, as well as
by arc pyroclastics metamorphosed to
zeolite or lower greenschist facies; (3) A
large volume, deep submarine eruption
of water-rich basalt produced basaitic
Mousse, a highly expanded basaltic
glass with vessicular "clasts® in an even
more vessivular glassy matrix of the
same composition; (4) Extremely rapid,
differential and accelerating subsidence
and sedimentation occurred in the inner-
fift half-graben in the last 1.1 my; (5)
Intra-rift basaltic eruptions and rhyolitic
arc eruptions were common, but
explosive arc volcanic activity
dramatically increased 250 Ka; (6) A
large proportion of the pyroclastic and
pelagic materials were (re)deposited by
submarine mass flows; (7) Fluids other
than seawater are not circulating locally
through the sediments; and (8) The
decrease of dipole intensity and the
reversal in inclination associated with the
Brunhes/Matuyama polarity transition is
imited to about 600 yr and occurred in
perhaps as little as 100 yr.

Three lithostratigraphic units were
defined at Sites 790 and 791:

= Unit |, deposited in the last 0.25 my, is
vitric silt and sand, pumiceous gravel
and virtic silty clay at Site 790 (0-165.0
mbsf) and is pumiceous grave! and sand,
vitric silt, pumiceous pebbly sand and
vitric clay at Site 791 (0-473.0 mbsf).
®Unit Il, deposited 0.25-1.1 Ma, is
burrowed nannofossil-rich clay, silty clay

and clayey silt at Site 790 (165.0-271.0
mbsf) and is nannofossil-rich, burrowed

Vol. XV, No. 3

claystone and sandy mudstone and vitric
silt at Site 791 (473.0-834.0 mbsf).

»Unit I, is scoriaceous basalt at Site
790 (271.0-387.0 mbsf), and is, in order
of first occurrence downsection, basalt
breccia, basalt, disbase, basaltic
"mousse," and mafic to felsic tuff and
lapilli tuff at Site 791 (834.0-1145.0 mbsf)
A vitric siltstone occurs at 329 mbsf at
Site 790 and a coarse sandy silt occurs
at 975 mbst at Site 791; both layers are
Pleistocene.

Bimodal mafic-felsic volcanism is
recorded throughout the sedimentary
history of the basin, though the relative
proportions of each component change.
Explosive arc volcanism, probably from
Sumisu and/or South Sumisu calderas,
provided large thicknesses of felsic sand
and gravsl five times during the
deposition of Unit | at approximately 60-
ky intervals.

Differential subsidence between the two
sites is matched by both the clastic and
biogenic sedimentation, with rates for
Unit Il at Site 791 being nearly four times
those at 790. This, and the lack of coeval
material on at least the eastern rift flank,
requires that a large proportion of the
pyroclastic and pelagic materials were
redeposited by submarine mass flows.
Site 792

Site 792 (proposed site BON-4;
32°23.96'N, 140°22.80'E, 1787 m water
depth) is located on the western half of
the 1zu-Bonin forearc sedimentary basin
{Fig. 2). The principal objectives of this
site were to determine: (1) The
stratigraphy of the forearc basin and
hence both the temporal variations in
sedimentation, depositional environment
and paleoceanography, and the history
off the intensity and chemistry of the arc
volcanism; (2) The uplift and subsidence
history across the forearc; (3) The nature
of the igneous basement and the
formation of the 200-km-wide arc-type
forearc crust; and (4) the microstructural
deformation and the large-scale rotation
and translation of the forearc terrane
since the Eocene.

The principal results of this site are: (1)
Characterization of varying volcanogenic
input to the forearc, from extremely rapid
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prior to 27 Ma to minimal between 27
and 13 Ma to moderate and increasing
between 13 Ma and present; (2)
Documentation of ongoing explosive
volcanism since the late Pliocene; (3)
Correlation via VSP and logging of the
core and seismic stratigraphy, indicating
filling of the basin between the frontal arc
and outer-arc highs in the mid-
Oligocene; (4) The first recovery of the
igneous basement beneath such an
intra-oceanic forearc basin and initial
description of its unusual trace element
chemistry, characterized by weakly
enriched low field strength elements and
depleted high field strength elements,
the latter indicating derivation from a
refractory mantle source; (5) Benthic
foraminiferal evidence for 1-2 km of
basement uplift since 29 Ma; (6)
Microstructural evidence of extensional
deformation; (7) Pore-water indications
of low-temperature alteration of the
volcanogenic sediments, producing
fluids extremely enriched in Ca and
depleted in Mg, silica, and sulfate; (8)
Paleomagnetic avidence that the
Brunhes/Matuyama reversal involved a
double polarity transition during a period
of decreased field intensity lasting 3000
yr or iess; and (9) measurement of heat
flow at 56 mW/m2. '

Six lithostratigraphic units were defined
at Site 792:

»Unit | (0-183.7 mbsf) is upper Pliocene
to Holocene nannofossil-rich, vitric silty
clay and clayey silt, interbedded with
vitric silts and sands and minor
pumiceous and scoriaceous gravels.

#Unit li (183.7-357.4 mbsf} is middle
and upper Miocene sandy mudstone,
muddy sandstone, and silty claystone (all
with nannofossil-rich intervals), vitric
sandstone and vitric siltstone.

»Unit |l (357.4-429.3 mbst) is upper
Oligocene to middle Miocene intensely
bioturbated, nannofossil-rich claystone
and nannofossil chalk, and rare crystal
vitric siltstone and sandstone.

»Unit IV (429.3-783.4 mbsf) is upper
Qligocene vitric sandstone and volcanic
sandy conglomerate containing
claystone intraclasts, with minor silty

claystone and claystone that have some
nannofossil-rich intervals.

wUnit V (783.4-804.0 mbsf) is altered
volcanic sandstone with claystone
intraclasts.

»Unit VI {804.0-885.9 mbsf) is
porphyritic andesite with minor basaltic
andesite and dacite.

Site 793 -

Site 793 (31°06.33'N, 140° 53.27°'E;
2964 m water depth} is located in the
center of the lzu-Bonin forearc
sedimentary basin, about 70 km east of
the volcanic front between the islands of
Sumisu Jima and Tori Shima (Fig. 2).
The principal objectives of this site were
the same as for Site 792.

The principal results of this site, which
made the deepest penetration reaching
basement in the history of DSDP/QDP,
are: (1) Documentation of the absence of
pre-middle Oligocene sediments in the
forearc basin depocenter; (2) Benthic
foraminiferal evidence that depositional
water depths shallowed from 4-5 kmin
the middle Oligocene to 2-4 km at
present; (3) Interpretation that the forearc
basin formed by mid-Qligocene rifting
separating the formerly contiguous
Eocene forearc and outer-arc highs;

(4) Recovery of the igneous basement
beneath the center of the forearc basin;
(5) Confirmation of varying volcanogenic
input to the forearc, including volcanic
quiescence during the early Miocene
and a dramatic increase in volcanic
activity in late Quaternary,; (6}
Documentation of a Neogene intrusion
70 km in front of the "volcanic front;"

(7) Microstructural evidence of an
extensional regime throughout the
forearc basin history; (8) Paleomagnetic
evidence that the forearc has been
translated about 15° north since 30 Ma;
(9) Pore-water indications of low-
temperature alteration of the
volcanogenic sediments, producing
CaCl-type waters; and (10)
Establishment of a deep, open reentry
site for future investigators.

Seven lithostratigraphic units were
defined at Site 793. They are:

=» Subunit IA (0-32.5 mbsf) is Pleistocene




pumicecus gravel, sandy gravel,
nanncfossil clay, nannofossil clayey silt,
nannciossil-rich clay and nannofossil-
rich clayey silt with rare vitric sand, vitria
sift and vitric sandy silt.

»Subunit 1B (32.5-83.7 mbsf) is
Pieistocene pumiceous and vitric sand,
nannfossil-rich clay and nannofossil-
rich clayey silt, nannofossi clay and
nannofassil silly clay, vitric silt and
pumicecus gravel.

»Unit §i {586.5-591.0 mbsf) is an ofivine-
clinopyroxene-orthopyroxene diabase.

#{nit i (591.0-735.7 mbsi) is lower to
middie Miocene nannofossil-rich silty
claystone, nannofossil-rich and,
nannecfossit claystone, vitric silistone and
sandstone, ¢layey sillstone, and
nannofossil-rich clayey sittstone.

#»Unit V (735.7-759.0 mbsf} is lower
Mioccene claystone, nannofossit and
nannofossil-rich claystone, and vitric
siltstone.

#Unit V (758.0-1373.1 mbsf} is upper
lower and upper Qligocens vitric
sandstone, pumiceous sandstone,
granute- to tine-pebble conglomerate,
siltstone, clayey siltstone and silty
claystone.

#Unit VI {1373.1-1403.9 mbsf} is upper
lower Qligocens very poorly serted
voleanic breccia with sandy matrix, and
mixer fresh to altered clasts of mainly
plagioclase-rich andesita.

»Unit VIl {1403.9-1682.0 mbsf) is upper
lower Ofigocene breccias and massive 1o
pillowed flows of porphyritic
clinopyroxene-orthopyroxene, and
aphyric, basaltic andesites and
andesites.

Volcanism without epiclastic
sedimentation accompanied the initial
mid-Oligogene forearc basin subsidence;
as the formerly contiguous Eocene outer-
arc and frontal-arc highs were separated.
This separation probably resulted from
rifting rather than spreading at a wefl-
defined axis, givan the scale of the basin
(40-70 km wide) and because the
multichanne! seismic data suggest the
prasance of halt-graben and low-angle
detachments in the basement. Most of
the Site 793 basement lavas and
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breccias belong to a high-Mg series of
basaltic andesites, with boninitic
affinities. The aphyric lavas and clasts
belong to a low-Mg series with tholeiitic
affinities. Their high field strength
element ratios indicate a depleted
mantle source.
Summary and Cenclusions

Initia! results of Leg 126 show that:

»The farearc basin formed between 31
and 34 Ma by separation of formerly
contiguous frontal- and outer-arc highs.
Ignecus basement beneath the center of
the forearc basin includes high-Mg
series basaltic andesites, andesiies with
boninitic affinities, and fow-Mg series
tavas with tholeiitic affinties. The forearc
has been transiated about 15°N and
uplifted 1-2 km since 30 Ma.

*The present rifing of the are at 31°N
began 1.1-3.56 Ma. The basement of the
rift Is composed of early rift basaltic lavas
and intrusives as well as arc pyroclastics
metamorphosed to zeolite or iower
gresnschist facies. The pyroclastic
eruption of highly vesicular basaft
{mousse) in the nft occurred in relatively
deep water (>1.5-2.0 km}. The foctwal
of the Sumisu Rift has been uplifted 200-
1700 m.

Following a minimum in volcanic output
between 24 and 13 Ma, there has been a
steady increase in explosive volcanic
activity, with a dramatic increase at 250
Ka in the Sumisu Jima region.
«High-resolution paleomagnetic records
of the Brunhes/Matuyama reversal event
document a sequence of two rapid
reverse-{o-nonmal changes in inclination
and declingtion, with transitions
ocewrting on a scale of hundreds of
years,

*The most exiensively altered pore-water
fluids ever documented by DSDP/QDP
occur in Oligocene volcanogenic
sediments in the forearc basin, Low-
temperature alteration of the sediments
has produced fluids enriched in Ca and
depleted in Mg, sifica and sulfate,
relative to segwatar,
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Table 1. Summary Site Information, Legs 125 and 126

Water Meters

Hole Latitude Longitude Depth Number Meters Meters Percent  Total
N} =) Meters* - of Cores Corad Becovd Recovd  Penet,
T87A  32°22.51" 140°44.64' 3259 1 34.5 6.0 17.4 345
7878  32°22.51' 140°44.64' 3259 34 3201 159.9 50.0 3201
788A  30°55.35'  140°00.23' 1111 5 45.3 1.2 2.7 45.3
788B  30°55.38' 140°00.17 1113 4 35.6 0 0 35.6
788C  30°55.36' 140°00.21 1113 28 258.5 146.2 56.5 262.5
788D  30°55.37° 140°00.22' 1113 16 154.4 12.3 8.0 374.0
789A 30°55.24 139°59.84" 1129 [ 541 0.1 0.2 541
790A  30°54.95' 139°50.66' 2222 4 37.4 35.71 95.5 37.4
790B  30°54.968' 139°50.66 2223 15 138.9 88.7 63.9 138.9
790C  30°54.95' 139°50.69' 2223 33 302.1 127.3 421 3871
791A  30°54.968° 139°52.2¢ 2268 49 457.0 179.9 39.4 457.0
791B  30°54.98' 139°52.19 2268 79 738.0 114.3 15.5 1145.0
792A  32°23.97° 140°22.871 1787 10 95.0 72.1 75.9 95.0
792B  32°23.968'° 140°22.81 1787 11 100.7 43.6 43.3 146.4
792C  32°23.94' 140°22.78' 1787 1 9.5 0.6 6.2 146.4
793D  32°23.93' 140°22.80' 1787 1 9.6 0B 8.8 146.4
792E  32°23.96' 140°22.79 1787 78 750.3 361.9 48.2 885.9
793A  31°06.35' 140°52.26' 2964 11 99.7 79.0 79.2 99.7
793B  31°06.33' 140°52.27 2964 114 1085.5 697.9 63.7 1682.0

* Depths are drill-pipe measurements corrected to sea level.
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LEG 127: JAPAN SEA SITE REPORTS

INTRODUCTION

Leg 127 began on 19 June with a port
call in Tokyo, Japan, and ended on 21
August in Pusan, South Korea, after 58
operational days. The following site
summaries were prepared by JOIDES
Resolution Co-Chiefs Drs. Kenneth
Pisciotto and Kensaku Tamaki {ORI). Dr.
James F. Allan was the ODP/TAMU Staff
Scientist for Leg 127. The unifying
objective for drilling in the Japan Sea
was to assess the style and dynamics of
rifting and marginal sea formation in a
continental arc setting.

Site S Site 7
Hole 794A

Latitude: 40° 11.41' N
Longitude: 138° 13.86' E
Water Depth: 2811 m

Hole 7948

Latitude: 40° 11.40'N
Longitude: 138° 13.87'E
Water Depth: 2811 m

Hole 794C

Latitude: 40° 11.41'N
Longitude: 138° 13.86'E
Water Depth: 2809 m

The specific objectives at Site 794
(proposed site J1B-1), located in the
northern Yamato Basin, were {1) to
determine the nature and age of the
basement, {2) to measure the direction of
the present stress field, and (3) to
characterize the sedimentation,
subsidence and oceanographic
evolution of the area.

The principal results at Site 794 are as
follows:

(1) A dolerite sill complex was
encountered in the deepest penetration.
The age of the claystone above the
uppermost sill gives a minimum age of
basin initiation at this site of 14.5-16.5
Ma. The exact age and nature of
basement, however, is still uncertain
because (a) the tuff and claystone
beneath the 110-m-thick interval of
dolerite sills could not be dated and, (b)
the acoustically opaque seismic intervai,
which underiies the highly reflective
dolerite sill complex, and which may

reprasent true basement, has not yet
been penetrated. The in-situ stress field
is not yet known because logging and
packer tools used to make the
measurements could not be run past
stuck pipe in Hole 794C.

(2) The sedimentary and paleontologic
sequences indicate that this area ot
northern Yamato Basin evolved in three
stages: (a) A middle Miocene period
characterized by bioturbated,
hemipelagic claystones, gravity-flow
tuffs, and minor glauconite and
phosphorite, deposited at upper bathyal
depths (~500 m) in suboxic marine
waters on a slope or botderiand ridge;
followed by, (b) subsidence to lower
bathyal depths (~>1500 m} during late
middle Miocene and deposition of
hemipelagic diatomaceous sediments
and increasing amounts of volcanic ash
through the early Pliocene in cool, well-
oxygenated waters; and finally (c) a late
Pliocene-to-Holocene period in which
diatomaceous sedimentation shut down,
volcanic ash production increased, and
oscillating climate and tectonic activity
conspired to produce interbedded
massive and laminated hemipelagic
sediments. Except for parts of the
Quaternary, preservation of primary
biogenic carbonate is poor, suggesting a
consistently shallow CCD or dissolution
during early diagenesis. Dissolution of
siliceous microfossils is also widespread.
Silica diagenetic transitions of opal-A/CT
and opal-CT/quartz were well identified
by lithology, geochemistry of sediments
and interstitial water, physical property
measurements and logging data. The
opal-A/CT transition shows up clearly as
a widespread bottom simulating reflector
that can be traced extensively.

The sedimentary section cored in Holes
794A and B consists mainly of fine-
grained hemipelagic sediments of
Quaternary to early middle-late early
Miocene age. Tuffs and tuffaceous
sediments were recovered from Hole
794C between dolerite sills. The division
of units is as follows:
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Figure 1. Location map of the Japan Sea showing Sites 794 through 797 drilied during
Leg 127. DSDP Sites 299 through 302 are also shown.

= Unit I (0 - 82.3 mbsf, 0-3.0 Ma): Clay
and silty clay. The upper 63.8 mis
alternating light bioturbated zones and
dark laminated zones with common thin
ash layers. The lower 28.5 m is similar,
but with fewer dark zones.

®Unit 11 (92.3 - 293.5 mbsf, 3.0-8.1 Ma):
Diatomaceous ooze and clay. The upper
124.7 m consists of bioturbated ooze and
clayey 0oze with sparse ash layers.
Diatomaceous clay comprises the lower
76.6 m. Diatoms decrease and opal-CT
cement increases within this unit.

®»Unit 1ll (293.5 - 491.7 mbsf, 8.1-~14.6
Ma): Clay and claystone. The upper 57.8
m is bicturbated clay and claystone with
minor ash, pyrite and micritic carbonate.
The lower 140.3 m is bioturbated
claystone with rare laminated intervals.
Porcellanites occur at several levels and
dolomitic, sideritic, silicecus cements
and phosphatic lenses are common.

®Unit IV (491.7 - 520.6 mbsf, ~14.6-15.8
May): Interbedded tuff, lapiili tuff and
ciaystone, Tuffs are variously thin- to
thick-bedded, normal to inversely graded
with sharp basal contacts. Some beds
contain planar, convolute and cross
laminations. Others contain burrowed
intervals and are massive and poorly
sorted with claystone fragments.
Interbedded claystones are moderately
bioturbated.

»Unit V: (520.6 - 543.0 mbsf; ~15.8 -
16.5 Ma) Interbedded claystones of
various compositions with minor tuffs.
From top to bottom, silty claystone,
phosphatic claystone and black
claystone are the dominant lithologies
with minor thin intervals and lenses of
glauconitic claystone, pelletal
phosphorite and pyrite. Sparse, thin tuff
layers display cross laminations and
flame structures.
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»Unit VI: (644.1 - 645.6 mbsf, age
unknown): Bioturbated claystone and
massive to laminated, fine-grained tuff.
The tuff also shows colvolute
laminations, small slump folds, normal
size grading and bioturbated tops. This
unit is separated from Unit V by about
100 m of dolerite.

Sedimentation rates are 30 m/m.y. for the
Pleistocene-Pliocene (0-4.8 Ma), 45
m/m.y. for most of the late Miocene (4.8-
9.4 Ma), and 30 m/m.y. for the early late
Miocene-early middle to late early
Miocene (9.4-16 Ma). These rates are
computed using present-day compacted
sediment thicknesses.

Sediments from Holes 794A and 794B
are characterized by low organic carbon
contents (TOC: range 0.1-3.0%; avg
0.7%) and by increases in diagenetic
silica, dolomite, and phosphate with
depth, particularly below 300 mbsf.
Diatoms (opal-A) and volcanic glass
decrease markedly below this level.
Biogenic carbonate is sparse throughout
much of the sediment column. Interstitial
water profiles also show pronounced
gradient changes below 300 mbsf.
Sulfate is present throughout, indicating
that the entire section is within the zone
of sulfate reduction. Virtually no
hydrocarbon gases were detected.

Penetration below the first contact
between the dolerite and sediments is 6
m in Hole 794B and 109.4 m in Hole
794C. A total of 34.5 m was recovered
below this contact (including
sedimentary Unit V1). The igneous rocks
are divided into the following six units:

®Unit 1 (543-549 mbsf; the interval from
549 to 560 mbsf was not cored):
Moderately plagioclase-phyric dolerite. A
horizontal contact is observed at the top
of this unit, with a thin zone of baked clay
sediment above and a chilled margin ot
moderately plagioclase-phyric basalt
below.

»Unit 2 (560-601 mbsf): Moderately to
highly plagiociase-phyric dolerite,
massive and dense, with some highly
fractured intervals.

=»Unit 3 (601-623 mbsf): Aphyric dolerite,

moderately vesicular, massive and
highly fractured.
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‘wUnit 4 (623-634 mbsf): Aphyric dolerite,

massive, vésicular, medium- to fine-
grained. The upper half of the unit is
highly fractured.

» Unit 5 (634-644 mbsf): Aphyric dolerite,
highly vesicular. The lower boundary of
the unit is sharply defined by a baked
contact with tuffaceous sediments.

»Unit 6 {645-646 mbsf): Aphyric basalt;
the top of this unit is a chilled, intrusive
margin against baked and welded tuff in
the sedimentary Unit VI.

Temperature runs at 10 horizons down
to 351 mbsf in Hole 794A measured a
temperature gradient of 125°/km.

The calculated heat flow is 103 mW/m2,
close to the average heat flow value of
the Yamato Basin (97112 mW/m2).

Three logging runs were completed in
Hole 794B ( combination sonic-
lithodensity/temperature/DIT,
geochemical, and formation
microscanner). The combination of the
tools lengths and shallow basement
penetration {5m) did not permit logging
beyond 1 m above the basement-
sediment contact. The boundary
between Units 1l and Il at 293 mbsf is
clear on all three logs. The opal-A/CT
transition, the opal-CT/quartz transition
are clearly defined. Unit IV, the interval
of tuff and claystone, shows up clearly
between 490 and 520 mbsf as a zone of
low density, velocity and resistivity. Each
of these parameters increases again
below this in the dolerite interval.

Site Summary, Site 795
Hole 795A

Latitude: 43° 59.2'N
Longitude: 138° 58.0'E
Water Depth: 3289.0 m

Hole 795B

Latitude: 43° 59.2'N
Longitude: 138° 57.9'E
Water Depth: 3298 m

Site 795 was located in a bathymetric
embayment in the northernmost Japan
Basin, just south of proposed site J1d-2.
The specific objectives of Site 795 were
to determine the age and nature of
basement, to measure the direction of
the present stress field, and to
characterize the sedimentation,




subsidence and oceanographic.
avolution of the area.
Principal results at this site are:

{1} Basalts, basaltic andesites, and
basaltic breccias constitute acoustic
basemant at this locality. Texturss,
mineraiogy, and chemistry indicate that
these rocks contain calc-alkaline and
volcanic arc affinities, quite different from
rocks associated with seafipor
spreading. They coulkd be associated
with either arc volcanism or with initial
arc rifting. Sediment overlying these
rocks give a minimum age of basin
initiation of 15.5 Ma.

{2} The in-situ stress field could not be
determined because a blockage in the
hole at 230 mbsf preciuded downhole
logging and packer/hydrofracture
experiments,

(3} The sedimentary and palentologic
sequences indicate a three-stage
avoiution of this part of the northern
Japan Basin that is broadly similar to that
at Site 794: {a) A middle Miocene period
heginning with explosive volcanism
rasulting in ash falls and submaring
gravity-fiow tufls, coincident with and
followed by matine claystone deposition
on a well-oxygenated to mildly anoxic
siope or basin that subsided from upper
and mid-bathyat {~500-1000 m) to lower
bathyal {(~1500 mj depths; then, (b} A
gragiual increase in hemipelagic
diatomaceous sedimentation in cool,
well oxygenated waters, beginning in the
iate Miccens and cuiminating in the early
Pliocene; finafly, (¢} A late Pliocene to
Holocens stage during which
diatomaceous sedimantation pulsed,
volcanic ash production increased,
climate cycled from arctic to subarctic
conditions, and local tectonism produced
complex interbedding of hemipslagic
and terrigenous sediments that were
deposited at nearly twice the rates found
at Site 794.

The sedimentary section consists of
mostly fine-grained hemipelagic
diatomaceous, and terriganous
sadimants of middle Miocene 1o
Quaternary age. The division of units is
as follows:

winit § (0-123.0 mbsf, 0-2.1 Maj}: Silty

Val. XV, No.

clay and glay. The upper 85 m is color-
banded, light and dark silty clay, clay,
giatomaceous clay and minor ash.
Subtie color grading occurs in the sifty
clays and ashes. The lower 38 m is
similar but with increasing diatom
content and bisturbation.

#iinit H {123.0-239.0 mbsi, 2.1-4.0 Ma}:
Diatom coze, diatom silty clay and
diatom mixed sediment. Minor ash
layers are present and the unit is
maoderately 10 extensively bioturbated.

*{init 1 (239.0-325.0 mbsf, 4.0-5.4 Ma):
Silty diatom claystone and diatom-clay-
silt mixed sediment. The fower 50 m of
this unit contains slightly less clay than
the upper part. Minor ¢alcaraous and
deolomitic nodules are present and
biotusrbation is common.

#Unit 1V {325.0-665.0 mbsi, 5.4-14.5
Ma): Sificeous claystone and silty
siliceous claystone. The upper 148 m of
this unit is opal-CT sificeous silty
claystonse with minor porcellanite,
dolomite, and some chert. The lower 194
m consists of burrowed claystone with
minor tuff and micrite layers, and pyritic
and calcarsous nodules. A cyclicity in
style of bioturbation increases with depth
as dogs the abundance of small faults
and calcite- and clay-filled fractures. The
tulf layers are normally graded with
internal laminations and burrowed tops.

®Unit V {665.0-683.5 mbsi, 14.5-15.5
Ma): Claystone and tuff. This unif
overlies basalt and basallic breccia and
consists of interbedded claystone and
altered, fine- to coarse-grained juff that
are commonly graded, laminated and
burrowed in the style of the overlying
sediments. Small fauits and clay-filled
fractures are common in the claystone.
Calcite-filled tractures aceur in the tuit.

Summarizing all the age data,
uncompacted sedimentation rates are 60
m/m.y. for the Pleistocene through latest
Miocene (0-6.4 Ma), 39 m/m.y. for most of
the late Miccene (46.4-10.7), and 29
m/mvy. {10.7-15.5 Ma).

Sediments from Holes 795A and 795B
are characterized by variable organic
carbon contents particularly in the rnin-
banded Plioceng-Piai~-

Orrvmmi-
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terrestrial with minor marine algat
sources. Methane occurred in low
amounts from the seafloor to 80 mbsf;
below this level methane increased
sharply and ethane appear but quantities
were still relatively low. Sporadic traces
of propane occur below ~325 mbsf. The
base of the sulfate-reduction zone occurs
at 80 mbsf. Ca and Mg profiles are
typical to about 325 mbsf, where the Ca
gradient increases sharply to the base of
the sediment column.

Basalts, andesites and basaltic breccias
comprise acoustic basement at this site.
All rocks are moderately to highly altered
and vesicular (5-30%). These are
subdivided into three units on the basis
of texture and mineralogy.

®»nit 1 {683.5-703.3 mbsi): Brecciated
sparsely plagioclase pyroxene phyric
basaltic andesite.

»Unit 2 (703.3-704.0 mbsf): Silicified
brecciated moderately plagioclase phyric
basalt. :

®»Unit 3 (704.0-762.2 mbsf): Sparsely
pyroxene plagioclase phyric basalt. This
unit is further divided into two subunits.
Unit 3A (704.0-733.7 mbsf) is mostly
massive basalt; and Unit 3B (733.7-
762.2 mbsf) is predominantly brecciated
basalt and basaltic andesite.

The mineralogy and chemistry of the
igneous rocks indicate that they have
calc-alkaline and volcanic arc affinities,
yet contain little or no evidence of
involvement of continental crust in their
genesis. The Site 795 igneous rocks
were erupted subaqueously. Constraints
imposed by the overlying sediments
imply eruption below wavebase (100-
200 mbsl), yet the high vesicularity
implies a shallow water depth (probably
above 1000 mbsl). The lavas could be
associated with the initial rifting of either
an oceanic or continental volcanic arc.

Temperature measurements at five
horizons down to 162.4 mbsf in Hole
795A measured a temperature gradient
of 133°C/km; the calculated heat flow
value is 113 mW/m2. This is slightly
higher than the average value for this
part of the Japan Basin (99 mw/m?).
Logging was not successful at this site
due to swelling clays at about 230 mbsf.

17

Site S Site 79
Hole 796A

Latitude: 42° 50.93' N
Longitude: 139° 24.67' E
Water Depth: 2582 m

Hole 796B

Latitude: 42° 50.92'N
Longitude: 139° 24.85'E
Water Depth: 2634 m

Site 796 is located on the eastward-
dipping slope of Okushiri Ridge in the
eastern margin of the Japan Sea. The
slope is thought to have been formed by
a westward-dipping thrust fault. Hole
796B was shifted 250 m downslope from
Hole 796A 1o avoid coarse sand beds
(51.7-148.2) that caused hole problems,
with the hope that these beds in 796A
represented only local channel fill.

The objectives of Site 796 were to:

(1) determine the age and history of uplift
of the ridge; (2) measure the direction of
the present stress field; (3) determine the
age and nature of basement; and (4)
characterize the sedimentation and
oceanographic evolution of the area.
Unfortunately penetration into basement
was not attained because of unstable
hole conditions. As a result, objectives
{2) and (3) were not achieved.

The principal results at Site 796 are:

(1) The age of initiation of uplift of
Okushiri Ridge was determined by the
shallowest appearance of a sand bed as
originally anticipated. Based on diatom
biostratigraphy, the Okushiri Ridge
(water depth 2300 m) uplifted 1300 m
above the Japan Basin floor (water depth
3600 m) 1.8 Ma and at a rate of 0.7
mm/yr. Since the uplift is caused by
thrust activity along the eastern margin of
the Japan Sea {a possible new Eurasia-
North America plate boundary), these
results provide the first exact age data on
the initiation of convergence and are
critical to study of the tectonics of this
new plate boundary.

(2) The lithology at Site 796 below the
uppermost Pliccene is different from that
of Sites 794 and 796, and its
characteristics are suggestive of
marginal facies of a basin. Paleocean-
ographic conditions inferred from
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sedimentary sequences and
paleontological data, however, are
approximately similar to those inferred at
Sites 794 and 795. Calcium carbonate
abundance in the sediments and
microfossil preservation show that the
site was above the CCD during the
middie (?) Miocene and below it through
the late Miocene to the Quaternary.
Ubiquitous bioturbation observed
throughout the sedimentary calumn
shows that the sediments at Site 796
accumulated under oxic conditions.
Interstitial water gecchemistry shows
elemental depth variation but these
variations are well explained when
correiated to lithology, e.g. ash and sand
beds. No vertical fluid transport was
suggested by the interstitial water
geochemistry data, whereas physical
property data may suggest occurrence of
some vertical fluid flux.

{3)The highest heat flow ever obtained in
the Japan Sea, 156 mW/m2, was
measured in Hole 796B. The associated
high temperature gradient (178° C/km) is
consistent with the shallow, obscured
opal-A/CT transition zone (215 mbsf,
40°C). Frictional heating along thrust
faults is one potentia! source of excess
heat, but frictional heat alone cannot
account for this high heat flow. A
mechanism to concentrate the heat flow,
such as fluid flow along faults, is required
to match the magnitude of the anomaly.

The division of units is as follows:

®»Subunit 1A (0-51.7 mbsf; 0-1.8 Ma):
Clay and silty clay without sand. The unit
is moderately to highly bioturbated, and
associated with soft sediment
deformation by slumping and microfaults.

»Subunit IB (51.7-146.2 mbsf; 1.8-4.1
Ma): Clay and silty clay with frequent
sand beds occurring as scattered thin
beds that have sharp basal contacts.
The sands are dominated by volcanic
lithic fragments and pumice of fine to
medium grain size.

»Unit Il (146.2-223.5 mbsf; 4.1-5.9 Ma):
Clayey diatom ooze and diatom
claystone. Detrital input increases
toward the base of the unit with
sandstone and pebbly claystone.
Sandstone beds occur as thin graded
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units with sharp basal contacts and are
composed dominantly of volcanic lithic
fragments and glass or pumice.

= Unit 1l (223.5-301.0 mbsf; late
Miocene): Siliceous claystone,
claystone and sandstone. Claystone
units are moderately to highly
bioturbated. Sandstone and siltstone
interbeds are abundant mid-unit.
Sandstones are graded and medium- to
coarse-grained with volcanic lithic
detritus and glass. Scattered glauconite
is observed.

=Unit IV (301.0-416.5 mbsf; late
Miocene?): Siliceous claystone, pebbly
claystone, tuffaceous sandstone and tuff.
Siliceous claystone is interbedded with
coarse-grained pyroclastic deposits that
consist of sandstone and pebbly
claystone with abundant volcanic detritus
and discrete tuff beds. The opal-
CT/quartz diagenetic boundary is
observed at 301-330 mbsf. The
claystone is well bioturbated. Pebbly
claystone is common through this unit
and is matrix-supported, coarse sand- to
pebble-size volcanic detritus, including
pumice and tuff. Laminated tuffaceous
sandstone is present as thin beds
throughout, and laminated, graded tuff
beds also accur.

»Unit V (416.5-464.9 mbsf; late-middle
{?) Miocene): Siliceous claystone and
silty claystone. The unit is distinguished
from overlying strata by the paucity of
coarse clastic/pyroclastic deposits and
by an increase in dolomite and Mg-
calcite. Siliceous claystones are
generally bioturbated.

Summarizing age data, uncompacted
sedimentation rates are 46 m/m.y. for the
late Pleistocene, 11 m/m.y. for the early
Pleistocene, 39 m/m.y. for most of the
Pliocene, and 62 m/m.y. for the late
Miocene.

High methane concentrations were
observed at 10-140 mbsf; C¢/C» ratios in
this interval were constantly above 1000,
suggesting a biogenic source for this
gas. Gas hydrate sampled about 90
mbsf shows that the porewater chemistry
at this site is influenced by the presence
of methane-clathrates and that clathrates
are probably present throughout the
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upper 120 m. Below 200 .mbsf the
methane concentration decreases, only
to increase again below 340 mbsf,
suggesting a minor influx of thermogenic
methane. The base of the sulfate
reduction zone occurs at 14 mbsf, much
shallower than at Site 795 (80 mbsf).
The sulfate content increases again
below 62 mbsf. Abundant ash layers in
the upper 150 m controlled the behavior
of aikaline earth elements (in particular
the extreme depletion of Mg in this
horizon} at this site.

Temperature measurements were made
at five horizons down to 127.1 mbsf in
Hole 796A and at three horizons down to
79.8 mbsf in Hole 796B. The
measurements in Hole 796A yielded
spurious data because of an encounter
with coarse sediments at several
horizons. The measurements in Hole
796B obtained a temperature gradient of
178°/km and a heat flow valiue of 156
mW/m2, the highest heat flow ever
measured in the Japan Sea.

Four logging runs were completed
between 100 and 340 mbsf in Hole
796B. The opal-A/CT transition is
recognized at 215 mbsf on logs and is
different from the depth determined by
XRD analyses. FMS data display
frequent, mostly horizontal layers with
thicknesses of 5-30 cm. A BHTV run
was executed in the sedimentary section
observed small-scale fractures but no
prominent breakouts. Most of the
physical properties show variations
correlated to lithologic varations, Some
parts of the water content data may be
correlated to fluid circulation along faults.

i mm ite 797
Hole 797A
Latitude: 38° 36.94'N

Longitude: 134° 32.16'E
Water Depth: 2862.2 m

Hole 7978

Latitude: 38° 36.94'N
Longitude: 134° 32.16'E
Water Depth: 2862.2 m

Hole 797C

Latitude: 38° 36.93'N
Longitude: 134° 32.18'E
Water Depth: 2864.5 m

The objectives of Site 797 were to:
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(1) determine the age and nature of
acoustic basement; (2) measure the
direction and magnitude of the present
stress field; and (3) to characterize the
sedimentation, subsidence, and
oceanographic evolution of the area.
Site 797 is located in the southwestern
Yamato Basin at the base of the slope
leading to the Yamato Rise and Kita-Oki
Bank and slightly northwest of site J1E-1.

The principal results at Site 797 are:

{1) Acoustic basement at this site
comprises basalts and dolerites with
interlayered volcaniclastic sandstones,
siltstones and silty claystones. The age
of the sediments overlying the shailowest
basalt layeris 19 Ma. Based on paleo-
depth estimates using microfossils within
these sediments and on sedimentary
structures within the underlying volcani-
clastic sediments, this part of the Yamato
Basin probably subsided rapidly during
the early Miocene. The uppermost
basalts most likely represent submarine
lava flows, whereas the bulk of the
underlying igneous units are sills and
dikes. These are high-Al basaltic rocks,
consistent with generation during the
initial stages of rifting. Several of the
lowermost dikes and sills are alkali-
basalts and hawaiites, and are unrelated
td the overlying basalts and probably
derived from a different mantle source.

(2) The in-situ stress field could not be
determined because poor hole
conditions precluded packer/hydro-
fracture tests.

(3) The sedimentary and paleontological
sequences indicate at least four principal
stages in the evolution of this part of the
Yamato Basin: (a) an early Miccene
period of submarine basaltic volcanism
and concomitant deposition of gravity
flow and current-rewcrked volcaniclastic
sandstones and silistones on a shelf or
slope, probably outboard of a delta; (b} a
late early to early middle Miocene phase
of diminishing submarine veolcanic
activity, warm surface waters, and
deposition of calcareous and phosphatic
hemipelagic claystones at lower bathyal
depths (1500-2000 m) in a poorly
oxygenated basin; (c) a late Miocene to
late Pliocene cocling period
characterized by slow sedimentation and
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dominant but variable diatomaceous
sedimentation at lower bathyal depths;
and (d} a latest Pliocene to Holocene
stage during which diatomaceous
sedimentation ceased, volcanic ash
production increased, subsidence
continued, and climate oscillated to
produce a sequence of interlayered light-
and dark-colored silty clays having
variable organic carbon contents. The
site was at or near the CCD throughout
much of its sedimentary history.
Dissclution of silica is pronounced at this
site.

The division of units is as follows:

»Unit | (0-119.9 mbsf; 0-2.3 Ma): Silty
clay and clay. The upper 82 m is color-
banded, light and dark silty clay and clay
with minor diatom ooze and scattered
thin ash layers. Dark layers are
moderately weil laminated, decrease
with depth, and have common pyrite,
diatoms and organic matter. Light ash
layers are bioturbated or faintiy
laminated. Diatom content and
bioturbation increase in the lower 38 m.

»Unit Il (119.9-224.0 mbsf; 2.3-4.9 Ma}:
Diatom clay and clayey diatom ooze,
minor dolomitic'zones and nodules and
ash, all extensively bioturbated.

»Unit IIl (224.0-301.5 mbsf; 4.9-6.4 Ma):
This unit is mostly bioturbated to
indistinctly mottled diatom clay and silty
claystone with scattered thin layers of
bioclastic sand, minor ash and carbonate
layers and nodules. Faint to distinct light
and dark color banding is common.
Sands contain foraminifers, sponge
spicules, quartz and feldspar. The opal-
A/CT transition occurs at 290 mbsf.

®»Unit IV {301.5-426.6 mbsf; 6.4-13.7
Ma): Claystone and siliceous claystone.
The upper 48.5 m consists of indistinctly
color-banded layers. Dark layers are
faintly laminated to slightly bioturbated;
light layers are moderately to extensively
bioturbated and characterized by
compacted, horizontai burrows.
Secondary carbonate layers are
common with rare chert. The lower 76.6
m is interbedded claystone, siliceous
claystone, porcellanite and chert, which
are moderately to extensively
bioturbated. Chert is common.
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»Unit V (426.6-627.3 mbsf; 13.7-19.0+ .
Ma): Faintly laminated claystone with
numerous herizontal, compacted
burrows. The claystone is slightly
siliceous near the top of the unit, but
becomes hard and carbonate-cemented
at the base. Small, verticaily
anastomosing, clay-filled fractures are
common in the claystone. Stringers and
small nodules of secondary carbonate,
pyrite and thin glauconite layers are also
present. Altered tuff layers, and rare
layers of tuffaceous sandstone occur
throughout. The lower 73 m contains
basalts interbedded with claystones,
similar to those above, and thin
conglomerates entirely composed of
porcellanite pebbles in a siliceous
claystone matrix.

®Unit VI {646.9-900.1 mbsf; >19.0 Ma):
Interbedded volcaniclastic and
carbonaceous siltstone, sandstone, and
minor silty claystone. These:rocks occur
in intervals 1-10 m thick, interbedded
with basalts. Planar and cross
laminations, normal size grading,
scoured surfaces, load structures, fluid
escape features, and extensive grain
alteration to clay are common features
throughout the sandstones. Siltstones
are planar laminated and commonly
contain flattened, bedding-parallel
lenses of darker siltstone which may
variously represent burrows and rip-up
clasts.

Using all of the age data, sedimentation
rates show three distinct trends: (1) 49
m/m.y. for the Quaternary through
uppermost Miocene (0-7.0 Ma) clay and
silty clay and diatomaceous sediments;
(2) 5 m/m.y. for the upper Miocene to
upper middle Miocene (7.0-11.6 Ma)
siliceous claystones, cherts and
porcellanites; and (3) 30 m/m.y. for the
middle and lower Miocene (11.6-19.0
Ma) claystone, siliceous claystone and
minor tuffs overlying the basalts. Owing
to lack of microfossil control, the
sedimentation rate for the underlying
volcani-clastic sandstones, siltstones
and silty claystones interbedded with the
basalts is unknown.

Sediments are characterized by an
increase in diagenetic silica below ~300
mbsf and by moderate but variable
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amounts of organic carbon and
carbonate. Diatoms and dissolved silica
contents of interstitial waters decrease
markedly below ~300 mbsf. This
diagenetic boundary restricts fluid
communication and divides the
sedimentary section into upper and
lower diffusive regimes. Carbonate
values are generally less than 5% below
~300 mbsf. The organic carbon content
fluctuates between high and low values
coincident with dark and light layering in
the Quaternary and uppermost Pliocene
sediments. Organic carbon values are
also high in the uppermost Miocene
diatomaceous sediments (290-330
mbsf). Sulfate shows two peaks, one
near the seaflgor and a smalier peak at
350 mbsf. Small amounts of methane
{13-200 ppm) occurred, with traces of
ethane and propane.

The igneous rocks interlayered with
sediments describe two broad and
overlapping groups containing 21 units,
defined by contact relations, intervening
sedimentary rocks, composition and
texture. The two groups are:

Group 1: Units 1, 2 and 4 {553.3-609.4
mbst). These rocks consist of aphytric
and sparsely plagioclase olivine phyric
basalts interbedded with conglomerate
and tuffaceous claystone of sedimentary
Unit V. Their brecciated nature, relatively
fine grain size and their lack of chilled
margins indicate that they may represent
submarine lava flows. '

Group 2: Units 3 and 5-21 (555.4-900.1
mbsf). The igneous rocks of this group
consist of typically highly altered aphyric
and sparssely plagioclase phyric basalt
and dolertie interlayered with [aminated
sandstones, siltstones and claystones of
sedimentary Unit VI, and tuffaceous
claystones of Unit V. Some of the
basalts are only slightly to moderately
altered. Their massive nature, reltatively
coarse grain size, and chilled borders,
the latter often associated with baked or
aftered margins affecting both the basalts
and sediments, indicate that they
represent sills or dikes.

Most of the igneous rocks of Hole 797C
are high-alumina basalts with low
amounts of the large ion lithophile
elements Rb, Ba, and K, and low
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amounts of Nb and Ce. Some are quite
primitive, with MgO, Cr and Ni values
exceeding 10%, 150 ppm, and 350 ppm,
respectively. They are rich in Al,Oa,
showing no decrease in AloO3 with
lowering MgO, and lack an iron
enrichment trend. These two features
imply that the samples have relatively
high water contents which caused
suppression of plagioclase. The
extremely low Nb contents are consistent
with an arc-related origin, but the low
incompatible elemeant contents (with the
exception of Sr) indicate that the
magmas interacted very little with
continental crust. In contrast, some of the
lowermost sills and dikes are alkali
basalts and hawaiites, containing large
amounts of high field strangth elements,
high amounts of alkalis, and high Ce.
These two igneous rock types are
genetically unrelated, with the alkaline
rocks lacking typical arc signatures. The
geologic setting of this site and the
igneous compuasitions suggest that these
intrusive and extrusive rocks were
emplaced and erupted during the rifting
apart of a volcanic arc. The relative
timing of emplacement of the different
compositional suites is unknown.

Temperature measurements at six
horizons down to 185.5 mbst in Hole
797B measured a gradient of 123°C/km.
The calculated heat flow is 101 mW/m?2,
This value is identical to a nearby
seafloor measurement and similar to the
average heat flow for the entire Yamato
Basin (97£12 mW/m?2),

Logging runs were completed between
80 and 516 mbsf in Hole 797C. The
combination sonic/lithodensity/temp-
erature/induction and the FMS log were
run in open hole over this interval.

Below 516 mbsf logging was restricted
by unstable hole conditions caused by
rapidly swelling clays. The geochemical
log was run inside pipe from the mudline
to 633 mbsf and partial runs were made
with the FMS and BHTV using the side-
entry sub. General profiles of physical
properties at Site 797 mimic Site 794,
suggesting similar basin-wide processes
controlling the sediments and their
diagenesis.
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LEG 129 PROSPECTUS:

INTRODUCTION

The correlation of Mesozoic magnetic
anomaly seguences in the Pacific Ocean
by Larson and Chase {1972) indicates
that the world's oldest ocean crust lies
centered in the far wastern Pacific and
that isochrons become concentrically
younger in approximately radial fashion
(Fig. 1). Recent magnetic anomaly
mapping by Handschumacher and
Gettrust (1985), Tamaki et al. (1987), and
Handschumacher et al. (1888) has
revealed the oldest portion of this
tectonic pattern and has extended the
Mesozoic magnetic reversal time scale
from M29 of Cande et al. (1978} to M37.
The oldest M-lineations may have
recorded the magnetic reversal/seafloor
spreading history of the early Late
Jurassic (~165 Ma), which was preceded
by a magnetic quiet zone ranging back to
the Middle Jurassic (~175 Ma).

The inference that the M17 and later
isochrons coincide with Jurassic
sediments and basement rocks is based
entirely on conclusions drawn from
geophysical data such as those just cited
(Fig. 1). No Jurassic material has ever
been recovered from this region, whose
size is approximately that of the
contiguous United States or western
Europe. Past attempts to drill and recover
Jurassic sediments and basement rocks
in this area have been frustrated by
ubiquitous chert layers of generally Late
Cretaceous age and by widespread but
probably not totally ubiquitous volcanic
material of late Early and middie and
Late Cretaceous age that blanketed
much of the older strata in the area.
These geologic units and the lack of
multichannel seismic data to define their
depths in section, thicknesses, and
lateral boundaries have led to previous
*blind drilling” on Jurassic basement
locations (Fig. 1) that have all terminated
in Cretaceous material of various types.

The recent magnetic anomaly mapping
cited above, along with joint
muktichannel seismic expeditions by
French and Amaerican investigators
(Abrams et al., 1988), have led to a much
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better understanding of the tectonic and
geologic history of the area. These
investigations have also provided
seismic imaging of drill sites in the
Pigafetta and East Mariana basins (Fig.
3), where Jurassic sediments and
Jurassic oceanic crust may be drilled
and recovered with the advanced drilling
technology aboard JOIDES Resolution.

OBJECTIVES OF THE PROPOSED
DRILL SITES

librati i neti
Beversals: The available magnetic and
seismic data suggest that the Pigafetta
and East Mariana basins are underlain
by oceanic crust of Late Jurassic to
probable Middle Jurassic age (Fig. 2).
The younger parts of the basins toward
the northwest may be Kimmeridgian to
Oxfordian (anomalies M22 to M25; Late
Jurassic), whereas the middle parts may
be Oxfordian to Callovian (anomalies
M29 to M37), that is, ~160-165 Ma.
Toward the southeast, within the Jurassic
magnetic quiet zones, the age of the
crust may be as old as Bathonian to
Bajocian (Middle Jurassic, ~165-175
Ma), found to be a time of extremely
frequent magnetic reversals by Steiner et
al. (1987).

The oldest magnetic anomalies dated in
the world oceans are M23 to M26 (Fig.
2), which have been sampled at two sites
in the North Atlantic (DSDP Sites 100
and 105). Several sites on M-anomalies
have yielded a reasonable calibration for
the post- M25 anomaly sequence.
Drilling in the area of older M-series
anomalies offers an exceptional
opponunity to extend the time scale
further back into the Jurassic, and
possibly to calibrate the series of
reversals described from land sections
by Steiner and Ogg (1988). Within the
Jurassic quiet zone of Pigafetta Basin,
Handschumacher et al. (1988) have
observed an important change in the
character of the magnetic signature.
Small-amplitude anomalies were
observed on all aeromagnetic tracks that
extend southeast of M37 but could not be
correlated. Fanher southeast of this
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~ Figure 1. Bedrock isochrons
determined from magnetic
anomaly lineation mapping on

the Pacific plate (from Larson et

al., 1985) superimposed on
groups of islands, atolls and
guyots in the Westem Pacific.
Solid circles

locate DSDP Sites 61, 169,
199, 307, 452, 462, and 585.

Figure 2. Time calibration
plot of the Mesozoic
magnetic anomalies MO to
M37 and the preceding
magnetic quiet zone.
Magnetic anomalies
plotted as cross-strike
distance across the
Hawaiian fineations for M0
to M25. M25 to M37 are
normalized 1o that
parameter after
Handschumacher et al.
(1988). Geologic time
scale and radiometric ages
are from Harland et al.
{1982) as modified by
Kent and Gradstein
{1985} at the
Tithcnian/Kimmetidgian
boundary. Oldest
paleontologic ages in
various DSOP holes
shown as rectangles.
Vertical lengths of
rectangles show age
ranges from DSDP Initial
Reports except for 100
{Zotto et al., 1987) and
105 (Gradstein and
Sheridan, 1983).
Horizontal lengths show
magnelic ranges from
Larson and Hilde (1975}
for DSDP Sites 303, 304,
166, 100, and 105, and
DSDP Initial Reports for
Sites 387 and 471D.
Predicted ages of
proposed drill sites {PIGs
and EMBs) are shown.