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INTRODUCTION

Because drilling during the DSDP-IPOD program had
not yet succeeded in sampling Jurassic sediments from
the Mesozoic superocean, remnants of which remain in
the western Pacific, Leg 89 was designed to recover sedi-
ments of probably Bathonian-Callovian age (150-160 m.y.
old). Recovery of such sediments would enable us to com-
pare Mesozoic superocean strata and paleoenvironmen-
tal conditions with Atlantic sediments, paleoenviron-
ments of similar age, and coeval strata deposited along
Tethyan continental margins—now exposed in Tertiary
fold belts.

Primary Scientific Objectives

Major paleoceanographic changes occurred when the
configuration of the continents and oceans evolved from
a pattern dominated by a single supercontinent and a
single superocean to one of fragmented continents and
several oceans. These Oceanographic changes included
the transition from a warm to a cold ocean, the occur-
rence of periods of pronounced oxygen deficiency (oce-
anic anoxic events) in deep or mid-water ocean environ-
ments with related changes in ocean chemistry, and the
evolution of major marine plankton groups that proba-
bly altered the pathways of major elements such as cal-
cium, silicon, carbon, and phosphorus. The creation,
consumption, and possible temporary isolation of mar-
ginal seas and ocean basins appear to have led to chemi-
cal fractionation and sudden environmental changes. The
history of these events prior to 100 Ma is still poorly
known.

The modern western Pacific Ocean represents a rem-
nant of the early Mesozoic superocean, whereas the At-
lantic and Indian Oceans are relatively newly developed.
The oldest sediments reached to date by drilling are late
Callovian and were cored at Site 534 (Blake-Bahama Ba-
sin) on Leg 76. Results from this site indicate that early
Callovian sediments were deposited in a restricted basin.
In the later Callovian and Oxfordian, the first opening
of a worldwide ocean pathway linking the Tethys and
Pacific oceans occurred. In the Pacific, the oldest sedi-
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ment drilled in the ocean floor is latest Jurassic or earli-
est Cretaceous. Therefore we lack knowledge of earlier
Jurassic Pacific sediments that could substantiate this
opening or record its effects.

The Middle Jurassic pelagic sediment record derives
primarily from sections outcropping in the Tertiary fold
belts, which correspond to Tethyan continental margins
in various stages of evolution; sediments that contain
this record have never been sampled from any deep oce-
anic basin. A major controversy centers on whether or
not these sections can be regarded as truly representative
of the early Mesozoic world ocean. A consequence of
this enormous gap in our knowledge is that all biostrati-
graphic data from the early Mesozoic remain biased to-
ward fossil assemblages from nearshore and marginal
areas of ocean basins in the early stages of their evolu-
tion.

There is ample evidence from magnetic data (Fig. 1)
that portions of the oceanic crust in the western Pacific
are at least as old as Middle to possibly Early Jurassic,
but no complete record of the sediment sequence overly-
ing the oceanic crust in this area has been obtained so
far. Deep Sea Drilling Project and geophysical data also
suggest that these portions of the seafloor were actually
generated at moderate to low latitudes in the Southern
Hemisphere away from any large continental landmass.
We expected that this Mesozoic sediment record could
be recovered at Site MZP-6 (Leg 89, Site 585) in the deep
East Mariana Basin (Fig. 2A illustrates a predicted lith-
ologic column based on seismic reflection profiling).

The specific paleoenvironmental questions to be ad-
dressed on Leg 89 include the following:

1. How did the early evolution and radiation of the
oceanic plankton (coccoliths, radiolarians, benthic and
planktonic foraminifers) influence the composition of
pelagic sediments, and how do these fauna and flora re-
flect Mesozoic ocean chemistry?

2. Did the opening of the North Atlantic Ocean af-
fect the circulation and chemistry of the world ocean in
a manner similar to that which has been proposed for
the opening of the South Atlantic?

3. Are "pelagic" sediments exposed in Tertiary fold
belts (ribbon radiolarites, ammonitico rosso, etc.) char-
acteristic of open ocean environments?

4. Can we establish an early Mesozoic pelagic bio-
and magneto-chronology?

5. Were the mid-Cretaceous sedimentary environments
in the deep Pacific better oxygenated than those in the
Atlantic and Indian oceans?
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Figure 1. Map of Leg 89 sites showing magnetic lineations in the western Pacific.
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Although numerous outstanding Mesozoic paleoen-
vironmental objectives such as the nature of the Creta-
ceous/Tertiary boundary, the mechanisms behind mid-
Cretaceous oceanic anoxic events, the occurrence of wa-
ter exchange with partially or completely isolated basins,
the structure and stability of deep water masses, and the
chemical fractionation between major ocean basins re-
main important problems in other oceanic basins, the
basic objective of Leg 89 was the recovery of a truly oce-
anic sediment record, which is only preserved in the west-
ern Pacific.

Secondary Scientific Objectives

One of the major results of DSDP and IPOD drilling
has been the discovery in the central and western Pacific
basin of large amounts of volcanic rock that were em-
placed on the lithospheric plate in an off-ridge, intra-
plate setting. Off-ridge volcanism, referred to as mid-
plate volcanism here, resulted in formation not only of
linear island chains but also clusters of seamounts and
deep-water sill-flow complexes. Dating of this midplate
volcanism by isotopic and biostratigraphic methods in-

dicates that in the western Pacific widespread volcanism
took place between about 110-115 and 70 Ma. Until quite
recently the vertical component of plate motion was con-
sidered largely in terms of lithospheric cooling, thicken-
ing, and subsidence as a function of the age of the oce-
anic lithosphere. It has now been suggested by a number
of workers that the subsidence path of a large portion
of the Pacific oceanic lithosphere has diverged signifi-
cantly over long periods of time from an ideal Parsons-
Sclater curve because of reheating of the lithosphere sub-
sequent to its formation at a ridge crest. We need to quan-
tify the vertical component of plate motion resulting
from this reheating effect and to determine the temporal
and spatial extent of thermally induced bathymetric
highs.

In order to address the problem of midplate volcan-
ism, we proposed a contingency to early completion of
MZP-6 and the deepening of Site MZP-2 (DSDP Site 462,
Nauru Basin). Drilling at Site 462 on Leg 61 revealed the
presence of a Cretaceous sill-flow complex at least 500
m thick (Fig. 3). Analysis of scenarios for the possible
vertical-motion history of the Nauru Basin suggested that
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the bottom of the sill-flow complex could be as little as
50 m below the total depth (1068.5 m) reached at Site
462 on Leg 61. Time permitting, we proposed that Site
462 be reentered and deepened, with the objectives of
penetrating the complex and thereby obtaining the data
with which to identify the vertical-motion history of the
site and also to sample the underlying Mesozoic sedi-
ments.

A further objective of Leg 89 was to reoccupy DSDP
Site 289 as IPOD Site SWP-9 (Leg 89, Site 586). This
was planned, upon the request of the JOIDES Planning
Committee, in order to minimize the steaming time on
Leg 90. We drilled several holes using the hydraulic pis-
ton corer (HPC) at Site 586 in order to recover a com-
plete Neogene section. Physical property data from the
Site 289 cores indicated that a penetration of 250 m could
be expected. After the necessary shipboard measurements
were made, the cores taken were saved for the Leg 90
scientific party for workup as part of their leg report.
Cores from Holes 586, 586A, and 586C are described by
Leg 89 scientists. Cores from Hole 586B were split and
described by Leg 90 scientists. The graphic descriptions
of cores from all holes at Site 586 are included in the
Site 586 report, this volume.

PRINCIPAL RESULTS

Site 585

Drilling Holes 585 and 585A resulted in a maximum
penetration of 763.7 m in Hole 585; a misfit core barrel
sub resulted in loss of the hole. Hole 585A was termi-
nated at 892.8 m because of complete bit failure. Fifty-
five cores were taken from Hole 585 and 22 from 585A.
Figure 2B illustrates a reinterpretation of seismics based
on results of coring (Fig. 3).

The sedimentary section that was recovered is domi-
nated by redeposited volcanogenic material in middle Cre-
taceous strata and redeposited fossils in Upper Creta-
ceous and Neogene strata. Compared to most open ocean
sites, the rocks are relatively unfossiliferous and the fau-
nal and floral diversity is low. The intensive reworking
and general paucity of the autochthonous fossils made
the task of assigning a precise zone to each core diffi-
cult. Many biostratigraphic zones were recognized; it ap-
pears that the section is largely complete from middle
Eocene to upper Aptian with minor hiatuses, although
evidence for the presence of most of the Paleocene is
lacking and upper and middle Maestrichtian assemblages
occur only redeposited within Tertiary strata.

Although the Jurassic objectives were not reached,
information derived from Holes 585 and 585A revealed
the following:

1. Benthic foraminiferal faunas indicate that the East
Mariana Basin was at abyssal depths from the Aptian to
the present.

2. Intense edifice-building volcanism took place in the
area during the Aptian through the middle Albian. The
timing of the onset of volcanism is not known.

3. Volcanic edifices around the basin reached to or
above sea level and were capped or fringed by carbonate
reefs and banks in the Aptian-Albian.

4. The growth of these edifices provided the bathy-
metric relief needed for the delivery to the abyssal Mari-
ana Basin of the numerous and thick turbidite sequenc-
es that dominate the sedimentary section.

5. Organic carbon-rich sediments formed in the ba-
sin at or very close to the Cenomanian/Turonian bound-
ary; these carbonaceous sediments are the local record
of a global oceanic anoxic event.

6. The Pacific Plate moved from a paleolatitude of
15.0°S in the late Aptian-Albian, through 7.0°S in the
Turonian-Santonian and 1.0°S in the Maestrichtian-Pa-
leocene before reaching its present latitude of 13.5°N at
Site 585.

7. The prominent reflector previously interpreted as
basement at 9 s in the East Mariana Basin is midplate
Aptian volcaniclastic strata. This state of affairs may
hold true for much of the western Pacific.

Site 462

Our initial operation after a successful reentry with a
logging and clean-out bit was to log while lowering a
temperature-logging tool as deeply into the old hole as
possible. It met with very slight obstructions at 470 and
515 m depth, and was blocked at 521 m. The tool was
retrieved, and the drill string used to clean out the hole
down into the basalt sills below 560 m. No difficulty
was encountered, and so the drill string was tripped from
the hole. A regular BHA (bottom hole assembly) and
bit were run down on the drill string. The hole was reen-
tered, and pipe was then run to the bottom of the hole,
flushing out carefully en route, until the bit reached bot-
tom. The total depth at the end of Leg 61 was 1068.5 m;
the drillers now reported a depth of 1071.7 m. The 3.2-m
discrepancy may have resulted from a mismeasurement
of pipe during either Leg 61 or this leg or both. Possibly
some or all of the discrepancy resulted from a tempo-
rary change of sea level related to the 1982 El Nino event,
and recorded at several tide gauges in the western Pacific
(personal communication, Klaus Wyrtki, 1985). So as
not to have to change all the records of Leg 61 cores, yet
to be able to use the length of the present drill string
from drill floor to bit for present measurements, we de-
cided that the first core (Core 93) would be cut less than
the usual 9 m, and any discrepancy included within the
amount of recovered versus not-recovered rock.

Eight cores were cut with the bit (Fig. 4). The vol-
canic sequence cored in this 140.5-m interval is com-
posed of an alternating series of aphyric and moderately
phyric flow basalts containing various proportions of cli-
nopyroxene, Plagioclase, and olivine as phenocryst phases.
The basalt flows represent the continuation downward
of the lower flows (type B basalts) found during Leg 61,
the lowest of which was designated as Unit 44, and are
divided into 11 volcanic units, 45 through 56. The thick-
er volcanic units commonly are aphyric holocrystalline
or glassy basalts and in some cases represent a packet of
rapidly extruded smaller cooling units. The thinner vol-
canic units are often quench-textured throughout and
represent individual flows. Except for a questionable
occurrence of pillow structures in Unit 51 (Core 462A-
104), all of the units are apparently sheet flows.
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Although glass and olivine are characteristically re-
placed by brownish smectites through the basaltic pile,
the degree of alteration is generally low. No fresh glass
remains, although palagonite is present in a few cases.
Alteration took place in the lower zeolite facies under
slightly acid to mildly alkaline, low CO2-activity, reduc-
ing conditions.

In Section 462A-100-1 a few centimeters of zeolitic
hyaloclastitic sediment were recovered in contact with a
chilled, glassy margin of a basalt flow. Radiolarians from
this sediment include Holocryptocapsa hindei, which has
a range from uppermost Jurassic to lowermost Aptian.

Shipboard revision of radiolarian-based age determi-
nations of Cores 462A-46 and -80 is significant. Core
462A-46 was thought to be Aptian-Barremian. It is now
thought that the sediment is Aptian in age but contains
a reworked Berriasian fauna. Core 462-80 was thought
to be Barremian but now is interpreted to be of the late
early Aptian; the sediment also contains a reworked Ear-
ly Cretaceous (pre-early Hauterivian) radiolarian fauna.
These revisions are important because they show that
older sediments are in the vicinity.

Paleomagnetic data were obtained from 35 minicores
that were analyzed using progressive alternating field (AF)
demagnetization. A steep positive inclination (probably
an artifact of the drilling and exposure to the steel drill
pipe) was overprinted on a primary negative inclination
in every sample. Because the site was south of the equa-
tor during the Cretaceous, this implies that the entire
basalt flow complex is of normal polarity. The inclina-
tions are tightly grouped within individual flow units,
and these cluster means range from —51.2°(±1.5°) to
-10.7°(+1.5°).

The mean inclination of the magnetic units could be
distinctly identified as -35.9°(±7°), implying a pale-
olatitude of 19.9°S(± 5°). This is comparable to the pa-
leolatitude of the overlying basaltic complex drilled on
Leg 61 of 20.6°(±2.4°) (recalculated from Steiner, 1981).
The two nearly identical mean paleolatitudes imply that
northward movement of the site was insignificant dur-
ing the emplacement of the igneous complex. Resetting
of the thermal remanent magnetism at the tops of some
units to match that of the overlying unit is good evi-
dence, along with the chilled margins, that these layers
are flows, not sills.

A temperature log was run in Hole 462A for several
reasons: (1) the hole had remained undisturbed for 4.25
yr. since Leg 61 and presumably was at thermal equilib-
rium; (2) there was some uncertainty in the interpreta-
tion of the logs run in 1978; and (3) there remains the
question whether heat flow values become constant with
age or decrease as a function of the square root of age.
The results of the temperature log run on Leg 89 showed
that seawater is flowing down into the hole at a rate of
about 1700 1/hr. This downhole flow condition is simi-
lar to that described at DSDP holes in young crust. At
Site 462 the downward flow is interpreted as a forced
convection due to pore-fluid underpressure in the sedi-
ment column above the basalt sill-flow complex and not
the result of hydrothermally driven circulation. This raises

the interesting question as to the origin of underpressure
in the deep-sea sediment sections.

Although Jurassic sediments were not reached at this
site, the hole remains clean, the reentry cone is easily
seen on the reentry scanning tool, and the sediment lay-
ers in the sill-flow complex show that there are older
sediments than Aptian in the Nauru Basin; conditions
are propitious for a return to the site when a longer drill
string can be deployed.

Site 586

We approached old Site 289 from the northeast and
dropped an acoustic beacon at the dead-reckoning posi-
tion of the site at 0527 hr. on 19 November. The PDR
(precision depth recorder), mud-line cores in two holes,
and the gamma-ray log runs gave different depths to the
seafloor. We decided to use as datums for all holes the
gamma-ray measurement of 2218 m from the drill floor
(2208 m from sea level), which was close to the 2207
PDR determination corrected to sea level, and the filled
second mud-line core, which indicated the seafloor to
be above 2219.4 from drill floor, but which is shallower
than the 2223.1 mud line determined in the first hole.

The first hole was cored with the HPC to 44.4 m and
had to be abandoned there when the inner core barrel
holding what would have been Core 6 broke off while
extended below the bit. We then started Hole 586A by
washing to 44.4 m and then continuously coring. We
reached 305.3 m total depth, with 98.5% recovery. The
586 and 586A cores were split, described, and sampled.
A second set of continuous HPC cores was taken to
240.3 m in Hole 586B, with 97.8% recovery. This set
was stored unsplit, along with the earlier split cores, for
the use of Leg 90. The descriptions given by the Leg 90
scientific party of the cores from Hole 586B are includ-
ed in the Leg 90 volume.

Hole 586C was rotary drilled to 623.1 m, with one
spot core at its total depth, to provide a borehole for
logging. An excellent suite of Schlumberger sonic veloci-
ty, spontaneous potential, induction, density, gamma ray,
and caliper logs was obtained.

The 503-m section recovered is Quaternary to upper
Miocene and consists of foraminifer-nannofossil ooze
that became chalky below about 260 m. The fossil con-
tact and the type of preservation of the foraminifers sug-
gest that these sediments are not the result of a purely
pelagic "rain." Allochthonous shallow-water faunal ele-
ments and mixtures of abraded specimens with speci-
mens having delicate structures preserved occur through-
out the cored section. Figure 5 gives a summary litho-
logic column of Site 586.

Most of the studies of the HPC cores from Site 586
will be by Leg 90 personnel and will appear in the Leg
90 volume.

EXPLANATORY NOTES

Authorship
Authorship of the site reports is shared collectively by

the Shipboard Scientific Party, with ultimate responsi-
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Stratigraphic column, Site 289
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foraminifer limestone, nodular chert,
tuff

Subunit 2A (969.0-1 231.0 m).
Radiolarian-bearing limestone, sili-
ceous limestone, nannofossil-
foraminifer chalk, nannofossil-
foraminifer limestone, nodular chert

Subunit 2B (1231.0-1262.0 m). Limestone and tuff

Unit 3 (1262.0-1271.0 m). Basalt

Figure 5. Columnar section at Site 586.
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bilities lying with the two Co-Chief Scientists. The site
reports follow the same general outline (authors respon-
sible for each section are indicated in parentheses):

Site Summary Data (Moberly and Schlanger)
and Principal
Results

Background and (Schlanger and Moberly)
Objectives

Operations (Moberly and Schlanger)
Lithology (Baltuck, Dean,

Haggerty, Whitman,
Floyd—Site 585; and
Moberly—Hole
462A; and Ogg—Site
586)

Biostratigraphy (Bergen, Premoli Silva,
Schaaf, and Sliter)

Sedimentation Rates (Bergen, Premoli Silva,
Schaaf, and Sliter)

Organic Geochemistry (Schaefer)
Inorganic Geochemistry (Julson)
Igneous Petrology (Floyd)
Paleomagnetics (Ogg)
Physical Properties (Fujii)
Logging and Downhole (Fujii, Schlanger, and

Measurements Moberly)
Seismic Stratigraphy (Schlanger and Moberly;

and Whitman [Site
585])

Summary and (Moberly and Schlanger)
Conclusions

Survey and Drilling Data

The survey data used for specific site selections are
given in each site report. On passage between sites the
standard Deep Sea Drilling Project geophysical survey-
ing gear was used. This consisted of a magnetometer,
12-kHz echo sounder for bathymetry, 3.5-kHz reflection
profiles for discriminating shallow sub-bottom sediment
reflectors, and an air-gun system for deeper penetration
reflection profiling: two simultaneously triggered air guns
of 60- and 120-in.3 capacity. Reflections are received
from the streamed hydrophone array transmitted to two
recorders operating at different scales and the same fil-
ter setting. A newly operational water gun of Scripps de-
sign was used in surveying the last site (586). Continu-
ously recorded depths were read on the basis of an as-
sumed 1463 m/s sounding velocity. The sea depth (in
meters) at each site was corrected (1) according to the ta-
bles of Matthews (1939), and (2) for the depth of the
hull transducer (6 m) below sea level. In addition, any
depths referred to the drilling platform have been calcu-
lated on the assumption that this level is 10 m above the
water line.

Drilling Characteristics

Because water circulation down the hole is open, cut-
tings are lost onto the seabed and cannot be examined.
The only available information about sedimentary strat-
ification between cores, other than from seismic data, is

from an examination of the behavior of the drill string
as observed on the drill platform. The harder the layer
being drilled, the slower and more difficult it is to pene-
trate. There are, however, a number of other variable fac-
tors that determine the rate of penetration, so it is not
possible to relate this directly to the hardness of the lay-
ers. The parameters of bit weight and revolutions per
minute are recorded on the drilling recorder and influ-
ence the rate of penetration.

Drilling Deformation

When the cores were split, many showed signs of the
sediment having been disturbed since its deposition. Such
signs were the concave-downward appearance of origi-
nally plane bands, the haphazard mixing of lumps of
different lithologies, and the near-fluid state of some sed-
iments recovered from tens or hundreds of meters below
the seabed. It seems reasonable to suppose that this de-
formation came about during or after the cutting of the
core. Three different stages during which the core may
suffer stresses sufficient to alter its physical characteris-
tics are: cutting, retrieval (with accompanying changes in
pressure and temperature), and core handling.

Shipboard Scientific Procedures

Numbering of Sites, Holes, Cores, and Samples

DSDP drill sites are numbered consecutively from the
first site drilled by Glomar Challenger in 1968. A site
number, slightly different from a hole number, refers to
one or more holes drilled while the ship was positioned
over one acoustic beacon. These holes could be within a
radius as great as 900 m from the beacon. Several holes
may be drilled at a single site by pulling the drill pipe
above the seafloor (out of one hole), moving the ship
100 m or more from the previous hole, and then drilling
another hole. The first (or only) hole drilled at a site
takes the site number. A letter suffix distinguishes each
additional hole at the same site. For example: the first
hole takes only the site number; the second takes the site
number with suffix A; the third takes the site number
with suffix B, and so forth. It is important, for sam-
pling purposes, to distinguish the holes drilled at a site,
because recovered sediments or rocks from different
holes usually do not come from equivalent positions in
the recovered stratigraphic column.

The cored interval is measured in meters below the
seafloor. The depth interval of an individual core is the
depth below seafloor at which the coring operation be-
gan to the depth at which the coring operation ended.
Each rotary coring interval is generally 9.1 to 9.2 m long,
which is the nominal length of a core barrel, but the cor-
ing interval may be shorter. "Cored intervals" are not
necessarily adjacent to each other, but may be separated
by "drilled intervals." In soft sediment, the drill string
can be "washed ahead" with the core barrel in place,
but not recovering sediment, by pumping water down
the pipe at high pressure to wash the sediment out of the
way of the bit and up the space between the drill pipe
and wall of the hole. However, if thin, hard rock layers
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are present, it is possible to get "spotty" sampling of
these resistant layers within the washed interval, and
thus have a cored interval greater than 9.2 m.

Cores taken from a hole are numbered serially from
the top of the hole downward. Core numbers and their
associated cored interval in meters below the seafloor
are normally unique for a hole. Material from a washed
interval (as just described) is distinguished from normal
coring recovery by the prefix "H" and a number to des-
ignate the washed interval; for example, "H3" at Hole
585A could contain material from the washed interval
of 447.7 to 502.6 m sub-bottom; it occurs between rota-
ry Cores 4 and 5.

Full recovery for a single rotary core is normally 8.8 m
of sediment or rock, which is in a plastic liner (6.6 cm
I.D.), plus about a 0.2-m-long sample (without a plastic
liner) in the core catcher. The core catcher is a device at
the bottom of the core barrel that prevents the core from
sliding out when the barrel is being retrieved from the
hole. The sediment core, which is in the plastic liner, is
then cut into 1.5-m-long sections and numbered serially
from the top of the sediment core (Fig. 6). When full re-
covery is obtained, the sections are numbered from 1
through 7 (the last section is shorter than 1.5 m). The
core-catcher sample is placed below the last section when
the core is described, and labeled Core Catcher (CC); it
is treated as a separate section (for sediments only).

Full
recovery

Partial
recovery

Section

1

r

-Top

Partial
recovery
with void

Section

1

-Bottom

Core-catcher
sample

f

Empty
liner

Top

-Bottom

Section

1

2

3

4

V
o

id

us

T3
O

Si

r

Empty
liner

• Bottom

Core-catcher
sample

Core-catcher
sample

Figure 6. Diagram showing procedure in cutting and labeling of core
sections.

When recovery is less than 100%, and if the sediment
is placed in the top of the cored interval, then 1.5-m-
long sections are numbered serially, starting with Sec-
tion 1 at the top. There will be as many sections as need-
ed to accommodate the length of the core recovered (Fig.
6); for example, 3 m of core sample in plastic liners will
be divided into two 1.5-m-long sections. Sections are cut
starting at the top of the recovered sediment, and the
last section may be shorter than the normal 1.5-m length.

When recovery is less than 100%, the original strati-
graphic position of the sediment in the cored interval is
unknown; we conventionally attribute the top of the re-
covered sediment to the top of the cored interval. This is
done for convenience in data handling, and for consist-
ency. If the core is fragmented with less than 100% re-
covery, and if shipboard scientists believe that the frag-
ments were not originally contiguous, then sections are
numbered serially and the intervening sections are noted
as void, whether the fragments as found were contigu-
ous or not.

A sample is designated by the distance in centimeters
it spans as measured from the top of the section from
which it is taken. A full indentification number for a
sample consists of the following information: leg-site,
(or hole)-core-section, interval in centimeters from the
top of the section. For example, the sample identifica-
tion number "89-585A-16-3, 98-100 cm" means that a
sample was taken between 98 and 100 cm from the top
of Section 3 of Core 16, from the second hole drilled at
Site 585 during Leg 89. A sample from the core-catcher
of this core is designated "89-585A-16,CC (8-9 cm)."

The depth below the seafloor for a sample numbered
"89-585A-16-3, 98-100 cm" is the sum of the depth to
the top of the cored interval for Core 16 (827.0 m) and
the 3 m included in Sections 1 and 2 (each 1.5 m long)
and the 98 cm below the top of Section 3. The sample in
question is located at 830.98 m sub-bottom, which in
principle is the sample depth below the seafloor (sample
requests should refer to a specific interval within a core
section, rather than the depth below seafloor).

Conventions regarding the cataloguing of the hydrau-
lic piston cores are the same as those for the rotary cores.
Generally at Site 586 a full 9.5- to 9.6-m-length stroke
was attempted with nearly complete recovery of core.
Toward the bottom of the hole at Hole 586A frictional
resistance to the removal of the core barrel from the sed-
iment reached 30- to 50,000 lb., and to lessen the risk of
structural failure the drillers changed to a 5-m stroke.

Handling of Cores

A core was normally cut into 1.5-m sections, sealed,
and labeled; the sections then were brought into the core
laboratory for processing. The following determinations
were normally made before the sections were split: gas
analysis, thermal-conductivity analysis (soft sediment on-
ly), and continuous wet-bulk density determinations us-
ing the Gamma Ray Attenuation Porosity Evaluator
(GRAPE).

The cores were then split longitudinally into "work-
ing" and "archive" halves, either by wire cutter or by
"super-saw." The contrast in appearance between cores
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cut by the two methods can be significant. Samples ex-
tracted from the "working" half included those for mea-
surement of sonic velocity by the Hamilton Frame meth-
od, measurement of wet-bulk density by a GRAPE tech-
nique, carbon-carbonate analysis, measurement of calci-
um-carbonate percentage (carbonate bomb), geochemi-
cal analysis, paleontological studies, and other studies.
When sufficiently firm, the archive half was washed on
the cut surface to emphasize the sedimentary features.
The color, texture, structure, and composition of the
various lithologically different parts of a section were
described on standard visual-core-description sheets (one
per section), and any unusual features were noted. Two
or more smear slides were often made for each area of
distinct lithology in the core section. The smear slides
were examined by petrographic microscope. The archive
half of the core section was then photographed.

After the cores were sampled and described, they were
maintained in cold storage aboard Glomar Challenger
until transferred to the DSDP repository. Core sections
that were removed for organic-geochemistry study were
frozen immediately aboard ship and kept frozen. All Leg
89 cores and frozen cores are stored at the DSDP West
Coast Repository (Scripps Institution of Oceanography).

Rock and sediment obtained from core catchers and
not used in the initial examination were retained in core
liners for subsequent work. Sometimes significant piec-
es from the core were extracted and stored separately in
labeled containers.

Visual core descriptions, smear-slide descriptions, and
carbonate-bomb (% CaCO3) determinations (all done
aboard ship) provide the data for the core descriptions
in this volume. This information is summarized and sam-
ple locations in the core are indicated on the core-de-
scription forms (Fig. 7).

Sediments and Sedimentary Rocks Core-Description
Forms

Drilling Disturbance

Recovered strata, particularly soft sediments, may be
extremely disturbed by drilling. This mechanical distur-
bance is a result of the coring technique, which uses a
25-cm-diameter bit with a 6-cm-diameter opening for the
core sample. Symbols for the four disturbance catego-
ries used for soft and firm sediment are shown in Figure
7 in the column of the core-description form headed
"Drilling Disturbance." These symbols are used on the
core-description sheets. The disturbance categories are
defined as (1) slightly deformed: bedding contacts are
slightly bent; (2) moderately deformed: bedding contacts
have undergone extreme bowing, and firm sediment is
fractured; (3) very deformed: bedding is completely dis-
turbed or homogenized by drilling, sometimes showing
symmetrical diapirlike structure; and (4) soupy: water-
saturated intervals have lost all aspects of original bed-
ding; (5) breccia: indurated sediments are broken into
angular fragments by the drilling process, perhaps along
preexisting fractures; and (6) biscuited: sediments are

firm and are broken into discs about 5 to 10 cm in
length.

Sedimentary Structures

In the soft, and even in some harder, sedimentary cores,
it may be extremely difficult to distinguish between nat-
ural structures and structures created by the coring pro-
cess. Thus the description of sedimentary structures was
optional. Locations and types of structures appear as
graphic symbols in the column headed "Sedimentary
Structures" on the core-description form (Fig. 7). Fig-
ures 8 and 9 give the keys to these symbols.

Color
Colors of the core samples are determined using the

Geological Society of America Rock-Color Chart (Mun-
sell system). Colors were determined immediately after
the cores were split and while wet.

Lithology
The graphic column on the core-description form is

based on the lithologies and represented by a single pat-
tern or by a grouping of two or more symbols. The sym-
bols in a grouping correspond to end-members of sedi-
ment constituents, such as clay or nannofossil ooze. The
symbols are shown in the graphic column in approxi-
mate proportions to the lithologies in the core. Figure 9
shows the symbols used to denote lithologies in the graphic
lithology columns of core-description forms.

Concentrations of smear-slide (or thin-section) com-
ponents, carbonate content (% CaCO3), and organic car-
bon content determined on board are listed below the
core description; the two numbers separated by a hy-
phen refer to the section and centimeter interval, respec-
tively, of the sample. The locations of these samples in
the core and a key to the codes used to identify these
samples are given in the column headed "Samples" (Fig.
7). Locations and intervals of organic geochemistry
(OG), interstitial water (IW), and physical property
(PP) samples are presented in the "Graphic Lithology"
column.

Lithologic Classification

Introduction

The sediment classification used on Leg 89 differs
somewhat from that recommended by the JOIDES Pan-
el on Sedimentary Petrology and Physical Properties
(SPPP), mainly in the naming of intermediate mixtures
of nonbiogenic, siliceous biogenic, and/or calcareous
biogenic components. As a first approximation, we con-
sidered each sediment to be a mixture of these three
components. The SPPP classification (described in its
entirety in the Leg 42, Part 2 Initial Reports, Ross, Ne-
prochnov, et al., 1978) provides specific guidelines for
classifying nonbiogenic components, and we have not
modified this classification, which is essentially that of
Shepard (1954; Fig. 10). In our classification, the term
"clay" is used for any material less than 4 µm in size
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Lithologic Description

Organic carbon and carbonate content
Section-depth (cm), % organic carbon, % CaCOg

Smear slide summary
Section-depth (cm)

i (M) = Minor lithology
f Interstitial ( D ) _ D O r n j n a n t lithology
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Components: %
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-« geochemistry
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Figure 7. Sample core form description of sediment (barrel sheet).
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Δ

Abundant turbidites

Reefal debris

Normal graded bedding

Reversed graded bedding

Convolute and contorted bedding

Shell fragments

Gradational contact

Sharp contact

Parallel bedding

Conjugate fractures

Degassing voids

Burrows

Fining-upward sequence

Bioturbation—minor (0—30% surface area)

Bioturbation —moderate (30 — 60% surface area)

Bioturbation—strong (more than 60% of surface area)

Figure 8. Symbols of sedimentary structures used on core-description
forms (sediment).

without regard to composition or origin (hence, terms
such as "pelagic clay" do not appear in our classifica-
tion).

Our modifications of the SPPP classification are aim-
ed at: (1) making the naming of mixtures of nonbiogen-
ic, siliceous biogenic, and calcareous biogenic compo-
nents internally consistent, and (2) providing names for
intermediate mixtures of these three components. Our
classification of the three-component system of nonbio-
genic, siliceous biogenic, and calcareous biogenic is shown
in Figure 11, using the example of clay as the dominant
nonbiogenic component, nannofossils as the dominant
calcareous biogenic component, and diatoms as the dom-
inant siliceous biogenic component.

Rules for Using Classification

1. 10-25% of a component qualifies it for "minor-
modifier" ("-bearing") status.

2. 25-50% of a component qualifies it for "major-
modifier" status. Major modifiers are: (a) Nonbiogen-
ic: silty, clayey, sandy, muddy, and so on. (b) Calcareous
biogenic: nannofossil, foraminifer, or simply calcareous
(but it is best to be more specific where possible), (c) Si-
liceous biogenic: diatom (or diatomaceous), radiolari-
an, or siliceous (again, it is best to be as specific as pos-
sible).

3. 50% of a component or group of components (e.g.,
total siliceous biogenic or total calcareous biogenic) de-

termines the "main name." Main names are: (a) Non-
biogenic: if the total of nonbiogenic components is great-
er than 50%, the main name is determined by the domi-
nant size(s) (Fig. 11). Examples of nonbiogenic main
names are clay, silt, silty clay, sand, mud, and so forth,
(b) Biogenic: if the total of biogenic components is great-
er than 50%, the main name is ooze.

4. The most abundant component appears closest to
the main name. Major and minor modifiers are listed in
order of increasing abundance to the left of the main
name. Some examples are: (a) 60% nannofossils, 30%
foraminifers, 5% radiolarians, 5% clay = foraminifer-
nannofossil ooze; (b) 40% nannofossil, 35% foramini-
fers, 15% radiolarians, 10% clay = clay- and rad-
iolarian-bearing foraminifer-nannofossil ooze; (c) 30%
foraminifers, 15% radiolarians, 30% sand, 25% silt =
radiolarian-bearing foraminifer silty sand; (d) 40% dia-
toms, 30% nannofossils, 30% clay = clayey nannofos-
sil diatom ooze or nannofossil clayey diatom ooze.

Other Sediment Types

This lithologic classification covers the majority of
unconsolidated sediment types likely to be found in deep-
sea areas. A few less common sediment types encoun-
tered during Leg 89 are worth mentioning here.

Volcanogenic Sediments

Volcanogenic sediments may consist of primary vol-
canic components (e.g., volcanic glass, feldspar, pyrox-
ene, volcanic rock fragments, opaque minerals, etc.) or
secondary minerals (e.g., smectites, palagonite, zeolites,
palygorskite, celadonite, etc.) (Vallier and Kidd, 1977).
Volcanogenic sediments are not usually found as distinct
beds except when deposited by air-fall right after a large
eruption, or, more commonly, when deposited by down-
slope transport (e.g., turbidity currents and debris flows)
on volcanic edifices (e.g., Line Islands, Schlanger, Jack-
son, et al., 1976; Mid-Pacific Mountains, Vallier and Jeff-
erson, 1981) and in adjacent basins (e.g., Nauru Basin,
Moberly and Jenkyns, 1981; Mariana Basin, this vol-
ume). Most wind-borne volcanogenic sediments are
masked by biogenic components and terrigenous com-
ponents and are recognized mainly by the textures of the
glass or altered glass; the presence of certain minerals in
smear slides or, more commonly, on X-ray diffracto-
grams helps identify them. Hyaloclastites are fragmen-
tal rocks that form when fluid lava is quickly quenched
and shattered as it contacts seawater, resulting in broken
pieces of basaltic glass (Williams and McBirney, 1979).

Zeolites

This sedimentary component commonly appears in
smear slides as clear to cloudy euhedral fibrous to lathlike
crystals with negative optical relief. Zeolites are authi-
genic hydrous aluminosilicates and are usually found in
slowly accumulating deep-sea pelagic clay or at depth in
volcanogenic deposits. The most common zeolites in deep-
sea sediments are phillipsite and clinoptilolite, with phil-
lipsite usually being the more abundant in young sedi-
ments and clinoptilolite more abundant in deeper, older
layers. Zeolites are usually associated with ferromanga-
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Figure 9. Symbols used in graphic lithology columns of core-description form (sediment).
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Clay

Sandy clay ] Silty clay

A

Sand

Figure 10. Textural classification of clastic sediments.

nese oxides, smectite clays, palagonite, and other pri-
mary or secondary volcanogenic minerals, and most ze-
olites probably form from alteration of volcanogenic
materials.

Degree of Induration

Recognizing stages in the degree of induration of a
sediment can provide valuable insight into the processes

of diagenesis and lithification. For carbonate sediments,
a three-fold induration scale (soft, firm, hard—equiva-
lent to ooze, chalk, and limestone) has been in use for
many years. No such scale exists for noncarbonate sedi-
ments; they are either sediment or rock. The general cri-
teria for recognizing the three stages on induration in
carbonate sediments are as follows:

soft (ooze): sediment has little strength and is easi-
ly deformed with the blade of a spatula

firm (chalk): partly indurated ooze; can be easily
scratched or deformed with the edge of a spatula
blade

hard (limestone): completely cemented rock
For nonbiogenic sediments (mostly silt and clay), it is
usually sufficient to stick with the two-fold induration
scale of (1) sediment, and (2) rock, which is identified
by the suffix "-stone" following the main sediment name.

For siliceous sediments, there may be a need for a
classification of sediment of intermediate induration
equivalent to chalk used for carbonate sediments. "Dia-
tomite" is commonly used as a good working field term
for a partly indurated, weakly cemented rock composed
mainly of diatom frustules. "Radiolarian sand" is a term
we applied to firm sediment containing abundant radio-
larians. Hard, lithified siliceous sediments are "Porcel-
lanite" and "chert". Porcellanite is usually dull, brown
to white, fairly porous, and may contain clay, zeolites,
or carbonate. Chert, in contrast, is lustrous, has con-
choidal fractures, and is much denser and harder than
Porcellanite. These two siliceous rock types usually can

NONBIOGENIC
(clay—silt—sand)

CALCAREOUS
25

>/o Nannofossils

Figure 11. Sediment classification for use of Leg 89.
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be readily distinguished in hand specimen and are suffi-
cient for shipboard descriptions. More detailed descrip-
tions require detailed studies involving thin sections, scan-
ning electron microscopy, X-ray diffraction, and chemi-
cal analyses. In some of our descriptions of lithologies
recovered on Leg 89, we have also used the genetic term
silicified limestone to designate siliceous limestone or
Porcellanite that was once a carbonate ooze but has been
partly cemented by silica into a very hard rock.

Igneous Rock Nomenclature

The terminology used in the igneous rock section is
based mainly on mineralogy and texture and comprises
standard terms. Graphic symbols used for designating
igneous rocks, degree of alteration, and miscellaneous
other features are shown in Figure 12.

Basaltic rocks are termed aphyric (0% phenocrysts),
sparsely phyric (1-2% phenocrysts), and moderately phyr-
ic (> 10% phenocrysts) on the basis of an examination
with hand lens or binocular microscope (~ 10 ×) . Glo-
merophyric is used to denote clusters of phenocrysts. If
a few phenocrysts are found scattered throughout a sec-
tion generally lacking phenocrysts, the material is de-
scribed as aphyric. This system allows the division of
basalt sequences into units with distinctive or persistent
visual differences. Basalts are further subdivided by phe-
nocryst type, for example, olivine moderately phyric ba-
salt.

As diabase was frequently encountered in the "flow-
sill complex," it is given a separate symbol, as are spe-
cial features that are present in a sill such as cumulate
zones of granophyre patches.

The breccia symbol mainly denotes breccia composed
of basaltic fragments or recognizable broken pillows with
glassy rims. Partly dislocated pillow fragments may be
set in an altered hyaloclastite or carbonate matrix.

The core descriptions also indicate the location of sam-
ples taken for various analyses (Fig. 7).

X-Ray Diffraction

Shipboard X-ray diffraction analysis was carried out
on a Rigaku machine with a Cu tube that produces Cu-
Kα radiation at 30 kV, 10 mA. The best and most con-
sistent results were obtained by using smear-mounted slides
containing a small amount of sylvite (KC1) or quartz
(SiO2) as an internal standard. Smear mounts were pre-
pared by making a suspension of the material in acetone
or water and applying the suspension to a glass slide,
which was then air dried. A correction factor to calcu-
late 20 degree angles was determined by comparing ac-
cepted peak values for the internal standard to those peaks
observed in the smear mounts. Diffractograms were
usually obtained by scanning from about 55° to 7° 20.

Biostratigraphy and Basis for Age Determination

Microfossil zonation of sediments cored on Leg 89 is
based on the scheme outlined in Figures 13 and 14.

The following letters are used on core-description sheets
to indicate fossil abundance:

A = abundant (many species and specimens)
C = common (many species, easy to make age as-

signment)
R = rare (enough for age assignment)

α α α
] σ an

X X X X
X X X

Λ Λ Λ Λ
Λ Λ Λ

Quench-textured basalt

Aphyric and sparsely phyric basalt

Olivine phyric basalt

Plagioclase phyric basalt

Pyroxene phyric basalt

Dolerite

Pillow basalt

Hyaloclastite

Miscellaneous symbols

Vugs

oooσ

Veins (with alteration zone)
qz = quartz
carb = carbonate
zeol = zeolite
cl = clay
su = sulphide

Fractures

Alteration

Sample code

T = Thin section
v = Velocity
D = Bulk density
P = Porosity
M = Paleomagnetism
XRD = X-ray diffraction

Figure 12. Graphic symbols used to designate rock type,
ous rocks recovered on Leg 89.

Vesicle-rich zones

Phenocryst-rich zones

Very fresh

Moderately altered

Badly altered

Almost completely altered

degree of alteration, and other features of igne-
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after Bolli, 1966,
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Globorotalia
acostaeπsis
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Praeorbulina glomerosa

Globigerinatella
insueta

Catapsydra× stainforthi

Catapsydrax
dissimilis

Globorotalia kugleri

Globigeriπa
ciperoensis

Globorotalia
opima opima

Globigerina ampliapertura

Cassigerinella
chipolensis—

Pseudohastigerina

Calcareous nannofossils

NN11

NN5

NN4

NN3

NN2

NN1

NP25

NP24

NP23

NP22

NP21

Bukry, 1975
Okada and Bukry,

1980

CN9

CN4

CN3

~CN!"

CN1

CP19

CP18

CP17

CP16

CN9a

CN9b

CN1c

CN1b

CN1a

CP16c

CP1_6b
CP16a

10

11

14

15

Figure 13. Tertiary biostratigraphic scheme compiled after Hardenbol and Berggren, 1978: absolute age and chronology; Blow, 1969, Berggren and
Van Couvering, 1974, Bolli, 1966, Stainforth et al., 1975, modified after Lowrie et al., 1982: planktonic foraminifers; Martini, 1971, Bukry,
1975, Okada and Bukry, 1980: calcareous nannoplankton; Riedel and Sanfilippo, 1978, Westberg and Riedel, 1978, Nigrini, 1977, Theyer et al.,
1978: radiolarians; Alvarez et al., 1977, Lowrie et al., 1982: Paleogene magnetic sequence; Heirtzler et al., 1968, Sclater et al., 1974, Blakely,
1974, Talwani et al., 1971: Neogene to Recent magnetic sequence.

T = trace (few species and specimens, not enough
for age assignment)

B = barren

Letters used to designate fossil preservation are:
E = excellent (no dissolution or abrasion)
G = good (very little dissolution or abrasion)
M = moderate (dissolution, abrasion, recrystalliza-

tion very noticeable)

P = poor (substantial or very strong evidence of
dissolution, abrasion, recrystallization)

Shipboard Geochemical Measurements

Interstitial waters were routinely analyzed for pH, al-
kalinity, salinity, calcium, magnesium, and chlorinity. The
sediment was squeezed with a stainless steel press. The
water was collected in a plastic syringe, and then filtered
through a 0.45-µm millipore filter.
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Figure 13 (continued).

Values of pH were determined using a Corning Model
130 pH meter and a Markson combination electrode cali-
brated with 4.01 and 7.42 buffer standards. All readings
originally were in millivolts and later were converted to
pH values. All pH measurements were made in conjunc-
tion with alkalinity measurements.

Alkalinity concentrations were determined potentiamet-
rically. Five- to ten-ml samples were first tested for pH,
then titrated with 0.1 7VHC1. Near the end-point, acid
was added in 0.01-ml or 0.005-ml increments and the
millivolt readings noted for each increment. The exact end-
point was then calculated using the Gran Factor method
(Gieskes and Rogers, 1973).

Salinity was calculated from the fluid refractive in-
dex, as measured by a Goldberg optical refractometer,
using the expression:

Salinity (‰) = 0.55 × AN

where ΔTVis the refractive index multiplied by I0 4. The
refractometer^ calibration is checked periodically using
IAPSO seawater standard and deionized water.

Calcium ion concentration was measured by titrating
a 0.5-ml sample with EGTA using GHA as an indicator.
To sharpen the end-point, the calcium-GHA complex
was extracted into a layer of butanol. No correction was
made for strontium, which is also included in the result.

Magnesium ion concentration was measured by titrat-
ing a buffered 0.5-ml sample to an Ereochrome Black-T
end-point, using EDTA (sodium salt) as a titrant. This
method analyzes all alkaline earths, including calcium,
magnesium, strontium, and barium; concentrations are
obtained by subtracting the calcium (which includes stron-
tium) from this analysis.

Chlorinity is determined by titrating a 0.1-ml sample,
diluted with 1 ml deionized water, with silver nitrate to a
potassium chromate end-point.
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A. mayaroensis
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j L. quadratus
"1 U. trifidus

G. calcarata

G. subspinosa

Campanian
G. ventricosa

G. elevata

Dicarinella asymmetrica
Saπtonian

Dicarinella
concavata

Coniacian

Marginotruπcana
schneegansi

J U. trifidus

J C. aculeus

J B. parca

J M. concava

J M. furcatus

Turonian m. " Praeglobotruncana"
helvetica

W. archaeocretacea

W. aprica

Cenomanian

Rot.
cushmani D. algeriana

R
montsalvensis

R. reicheli

R. brotzeni

Vrac

I.

L acutum

G. obliquum
C. e×igium

L. acutum
M. decoratus

•J L. alatus
Planomalina

buxtorfi

Albiaπ m.

e.

T. breg-
gieπsis

R. ticinensis

T. praeticinensis

T. primula

H. planispira

Cl.

Gargasian

I.

Aptian

Bedoulan

e.

Ticinella
bejaouaensis
H. troc ho idea

G. lloides aloeriaπus
G. lloides ferreolensis

Schackoina cabri

G. lloides haridalensis/blowi
G. lloides gottisi/duboisi

Hedbergella similis

E. turriseiffeli

P. cretacea

D. angustus
E. floralis

R. irregularis
C. litterarius

ra p

T. comys

A. enesseffi

C. cachensis

A. urπa

A. tiπa

D. pseudomacro-
cephala

T. ancus

R. majuroensis

O. somphedia

A. umbilicata

A. trizonalis

T. antique

S. lanceola

E. columbaria

Figure 14. Mesozoic biostratigraphic scheme compiled after van Hinte, 1976: absolute age, chronology and Cretaceous magnetic sequence; Premoli
Silva and Sliter, 1981 (modified): planktonic foraminifers; Remane, 1978: calpionellids; Thierstein, 1976 (TH), Perch-Nielsen, 1979, Medd, 1982
(M), Barnard and Hay, 1974 (B + H): calcareous nannoplankton; Riedel and Sanfilippo, 1974, Schaaf, 1981: radiolarians; Bryan et al., 1980,
Cande et al., 1978: Jurassic magnetic sequence.
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Figure 14 (continued).

25



M. BALTUCK, R. MOBERLY, S. O. SCHLANGER

Methods and equipment were checked and standard-
ized at each site using I AP SO standard seawater. As a
further check, a surface seawater sample was analyzed
and archived. This sample also was used to test for pos-
sible drill-water contamination of the interstitial water
samples.

Carbonate Bomb

Percent CaCO3 was also determined on board ship by
the "Karbonate Bombe" technique (Muller and Gastner,
1971). In this simple procedure, a sample is powdered
and treated with HC1 in a closed cylinder. Any resulting
CO2 pressure is proportional to the CaCO3 content of
the sample. Application of the calibration factor to the
manometer reading (× 100) yields percent CaCO3. Per-
cent error can be as low as 1 % for sediments high in Ca-
CO3, and in general an accuracy of about 2 to 5% can
be obtained.

These data are presented on the core-description sheets.
The sample interval is designated by two numbers: the
section number, followed by the top of the centimeter
interval. For example, a sample from Section 2, 11 to 12
cm, with 90% calcium carbonate will be represented on
the core-description sheet as "2, 11-12 (90%)."

Physical Properties—Procedures

A thorough discussion of physical properties is pre-
sented by Boyce (1976) with respect to equipment, meth-
ods, errors, correction factors, and problems related to
coring disturbance. Only a brief review of methods em-
ployed on Leg 89 is given here.

Velocity

Compressional wave velocity was measured on the
Hamilton Frame velocimeter by timing a 400-kHz pulse
between two transducers and by measuring the distance
across the sample with a dial gauge. Measurements were
made at laboratory temperature and pressure. With con-
solidated sediments, a piece was removed from the core
and trimmed carefully to form two parallel surfaces to
ensure good contact with the transducer heads. Water
was used to make good acoustical contact between the
sample and the transducers.

Calibration of the velocimeter consisted of making
numerous measurements through lucite, aluminum, and
brass standards of varying thicknesses to obtain a cali-
bration constant for each of 3-µs/cm settings on the
DSDP Tektronix 485 oscilloscope used to make the trav-
eltime measurements. This calibration constant reflects
the position picked by the operator as representing the
first break from horizontal of the sonic signal. Data from
the calibrations remained constant throughout the dura-
tion of our stay at each Leg 89 site.

For hard sediments and rocks, minicores were cut and
the surfaces were carefully ground flat to make measure-
ments possible for both horizontal and vertical direc-
tions.

GRAPE Density

The Gamma Ray Attenuation and Porosity Evalua-
tor (GRAPE) was used to determine wet bulk density

based on the attenuation of gamma rays by the sample.
Boyce (1976) discusses the theoretical aspects in detail.
During Leg 89 GRAPE was used in two modes: (1) con-
tinuous GRAPE, in which most sections of the core were
irradiated; continuous "corrected" wet bulk density (rela-
tive to quartz) was plotted on an analog graph; and
(2) two-minute GRAPE, in which the gamma count
through a small piece of the core was measured for 2
min., followed by a similar count through air and/or a
quartz standard.

Continuous GRAPE
Prior to running each core through the device, an alu-

minum standard was measured. A density of 2.60 Mg/
m3 was assigned to the 6.61-cm (diameter) aluminum
standard analog record, and a density of 1.0 Mg/m3 to
the 2.54-cm (diameter) aluminum standard analog re-
cord. Linear interpolation of the GRAPE analog data
between these values yielded an "empirical" wet bulk
density of the sediment sample in the core (pbcz). If t n e

sample completely filled the core, then pbc = "cor-
rected" wet bulk density (relative to quartz). Then:

(Pbc ~ Pfc) ~ Py ~ (Pf) ,
Pb = 7 ^ + Pf

(Pgc ~ Pfc)

where pg = true grain density ( = 2.65 Mg/m3 for sedi-
ments), although actual grain densities were determined
subsequently to range from 2.18 to 2.80 Mg/m3; pgc =
corrected grain density ( = 2.7 Mg/m3 for sediments); pj
= true fluid density (=1.025 Mg/m3); pjc = corrected
fluid density (=1.125 Mg/m3); and ρb = true wet bulk
density.

Using these values,

Pb = 1.066 {pbc ~ 1-125) + 1.025 (1)

Shipboard reduction of analog GRAPE records in-
volved (1) selection of high-density portions of each core
section on the analog record, and (2) calculation of true
wet bulk density (pb) by formula (1). These calculations
were subsequently corrected for independently deter-
mined true grain density. Porosity (Φ) is obtained by

Φ(%) = pg ~ Pb × 100.
Pg ~ Pf

Two-Minute GRAPE

For two-minute GRAPE calculations,

Pbc =
d µqtz

where Io = two-minute gamma count through air, / =
two-minute gamma count through the sample, d = gam-
ma ray path length through the sample, and µqtz =
quartz attenuation coefficient determined daily by mea-
suring through a quartz standard. Then, as in the con-
tinuous GRAPE calculation (assuming a 2.65 grain den-
sity),
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pb = 1.066 (pbc - 1.125) + 1.025

and

100(2.65 - pb)

1.675

Boyce (1976) estimates ± 5 % accuracy for continu-
ous GRAPE data and ± 2 % for two-minute GRAPE
data.

Samples for the two-minute GRAPE counts were al-
so used for gravimetric methods. In harder sediments,
when increased induration allowed, minicores were cut
from the drilling biscuits and coherent sections, and the
surfaces were carefully trimmed.

Gravimetric Technique: Boyce Cylinder, Chunk and
Minicore

Following the two-minute GRAPE counts, the sam-
ples prepared as just described were used for water con-
tent and porosity determinations. No salt corrections were
applied in any of these techniques. Drying and weighing
equipment on board Glomar Challenger was used for
these measurements.

Water content (percent wet weight) =
[(weight wet sediment) - (weight dry sediment)]

(weight wet sediment)
100 ×

For porosity determinations, a grain density of 2.65
Mg/m3 and a water density of 1.03 Mg/m3 were assumed.

Porosity (%) = 100 ×

= 100 ×

volume of evaporated water
volume of wet sediment

[(weight of evaporated water)/(1.03 Mg/m3)]

ight of dry sediment) (weight evaporated water)"!

(1.03 Mg/m3)

f(wei

(2.65 Mg/m3)

The porosity calculations were subsequently corrected
for independently determined true grain densities.

Magnetic Susceptibility

After alternative-field demagnetization for basalt mini-
cores, magnetic susceptibility was measured aboard ship
by a Bison susceptibility bridge (Model 3101). By using
a minicore holder, measurements were made in three
mutually perpendicular directions by averaging mea-
sured values of six directions. More detailed analyses
were made on shore and described in Fujii and Hamano
(this volume).

Paleomagnetism

Natural remanent magnetization (NRM) of minicore
samples was measured aboard ship on a Digico Fluxgate
magnetometer by J. Ogg. More precise analyses using
progressive demagnetization were performed on cryogen-
ic magnetometers in magnetic-field-free laboratories on-
shore. Methods and results are discussed in the site re-
ports and Ogg (this volume).

Photography

Sets of color and black and white negatives of whole
cores are available for consultation. In addition, nega-

tives in black and white for closeup documentation of
special structures are archived at DSDP.

Obtaining Samples
Potential investigators who desire to obtain samples

should refer to the DSDP-NSF Sample Distribution Pol-
icy. Sample request forms may be obtained from the Cu-
rator, Deep Sea Drilling Project, A-031, University of
California at San Diego, La Jolla, California 92093. Re-
quests must be as specific as possible: include site, core
section, interval within a section, and volume of sample
required.
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