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2. EXPLANATORY NOTES'

Shipboard Scientific Party?

INTRODUCTION

Introduction

In this chapter, we describe the shipboard procedures and observa-
tions that led to our preliminary conclusions. These data are also useful
for selecting samples for shore-based research. This information con-
cerns only shipboard operations and analyses described in the site re-
ports in the Leg 183 Initial Reports volume of the Proceedings of the Ocean
Drilling Program. Methods used by various investigators for shore-based
analyses of Leg 183 data will be described in the individual scientific
contributions to be published in the Scientific Results volume.

Authorship of Site Chapters

The separate sections of the site chapters were written by the follow-
ing shipboard scientists (authors are listed in alphabetical order):

Background and Objectives: Mike Coffin, Fred Frey

Operations: Mike Storms, Paul Wallace

Lithostratigraphy: Florian Boehm, John Damuth, Douglas Reusch,
Veronika Wahnert

Biostratigraphy: Helen Coxall, Veronika Wéahnert, Woody Wise

Physical Volcanology: Laszlo Keszthelyi, Leah Moore

Igneous Petrology: Nicholas Arndt, Jane Barling, Robert Duncan, John
Mahoney, Clive Neal, Kirsten Nicolaysen, Malcolm Pringle, Paul
Wallace, Dominique Weis

Alteration and Weathering: Peter Saccocia, Damon Teagle

Structural Geology: Laszlo Keszthelyi, Peter Saccocia, Damon Teagle

Paleomagnetism: Maria Antretter, Hiroo Inokuchi

Physical Properties: Mai Borre, Xixi Zhao

TExamples of how to reference the
whole or part of this volume.
2Shipboard Scientific Party
addresses.
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Organic and Inorganic Geochemistry: Erik Moortgat, Paul Wallace
Seismic Stratigraphy: Dietmar Miiller

Downhole Measurements: Heike Delius, Dietmar Miiller
Appendix: Shipboard Scientific Party

In addition to each site chapter, summary core descriptions (“barrel
sheets” and images of each core) are presented (see the “Core Descrip-
tions” contents list).

Shipboard Scientific Procedures
Numbering of Sites, Holes, Cores, and Samples

Ocean Drilling Program (ODP) drill sites are numbered consecutively
and refer to one or more holes drilled while the ship was positioned
over one acoustic beacon. Multiple holes may be drilled at a single site
by pulling the drill pipe above the seafloor (out of the hole), moving
the ship some distance from the previous hole, and then drilling an-
other hole.

For all ODP drill sites, a letter suffix distinguishes holes drilled at the
same site. The first hole drilled is assigned the site number modified by
the suffix “-A”; the second hole takes the site number and suffix “-B,”
and so forth. Note that this procedure differs slightly from that used by
the Deep Sea Drilling Project (DSDP; Sites 1 through 624), but it pre-
vents ambiguity between site- and hole-number designations. It is im-
portant to distinguish among holes drilled at a site because recovered
sediments or rocks from different holes usually do not come from
equivalent positions in the stratigraphic column.

The cored interval is measured in meters below seafloor (mbsf). The
depth interval assigned to an individual core begins with the depth be-
low the seafloor at which the coring began and extends to the depth
that the coring ended. Each coring interval is generally up to 9.5 m
long, which is the length of a core barrel. Coring intervals may be
shorter and may not necessarily be adjacent if separated by drilled in-
tervals. In soft sediments, the drill string can be “washed ahead” with
the core barrel in place, without recovering sediments. This is achieved
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
the wall of the hole. If thin, hard rock layers are present, then it is pos-
sible to get “spotty” sampling of these resistant layers within the
washed interval and thus to have a cored interval >9.5 m. When drill-
ing hard rock, a center bit may replace the core barrel if it is necessary
to drill without core recovery.

Cores taken from a hole are numbered serially from the top of the
hole downward. Core numbers and their associated cored intervals in
meters below seafloor usually are unique in a given hole; however, this
may not be true if an interval must be cored twice because of caving of
cuttings or other hole problems. Maximum recovery for a single core is
9.5 m of rock or sediment contained in a plastic liner (6.6-cm internal
diameter) plus about 0.2 m (without a plastic liner) in the core catcher
(Fig. F1). 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 re-
trieved from the hole. In certain situations (e.g., when coring gas-
charged sediments that expand while being brought on deck) recovery
may exceed the 9.5-m maximum.

F1. Examples of numbered core
sections, p. 55.
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A recovered core is divided into 1.5-m sections that are numbered se-
rially from the top (Fig. F1). When full recovery is obtained, the sec-
tions are numbered from 1 through 7, with the last section possibly
being shorter than 1.5 m (rarely, an unusually long core may require
more than seven sections). When less than full recovery is obtained, as
many sections as needed to accommodate the length of the core will be
recovered (e.g., 4 m of core would be divided into two 1.5-m sections
and one 1-m section). If cores are fragmented (recovery is <100%), sec-
tions are numbered serially and intervening sections are noted as void,
whether shipboard scientists believe that the fragments were contigu-
ous in situ or not. In rare cases, a section <1.5 m may be cut to preserve
features of interest (e.g., lithologic contacts).

By convention, material recovered from the core catcher is placed be-
low the last section when the core is described and is labeled “core
catcher” (CC); in sedimentary cores, this is treated as a separate section.
The core catcher is placed at the top of the cored interval in cases where
material is recovered only in the core catcher. However, information
supplied by the drillers or by other sources may allow for more precise
interpretation as to the correct position of core-catcher material within
an incompletely recovered cored interval.

When the recovered core is shorter than the cored interval, the top
of the core is equated with the top of the cored interval by convention
to achieve consistency when handling analytical data derived from the
cores. Samples removed from the cores are designated by distance, mea-
sured in centimeters from the top of the section to the top and bottom
of each sample removed from that section.

A complete identification number for a sample consists of the follow-
ing information: leg, site, hole, core number, core type, section number,
piece number (for hard rock), and interval in centimeters measured
from the top of the section. For example, a sample identification of
“183-1135A-25R-1, 10-12 cm” would be interpreted as representing a
sample removed from the interval between 10 and 12 cm below the top
of Section 1, Core 25 (R designates that this core was taken during ro-
tary drilling) of Hole 1135A during Leg 183.

All ODP core and sample identifiers indicate core type. The following
abbreviations were used: R = rotary core barrel (RCB); B = drill-bit recov-
ery; C = center-bit recovery; S = sidewall sample; W = washed-core re-
covery; and M = miscellaneous material. Only RCB cores were cut
during Leg 183.

Core Handling
Sediments

As soon as a core is retrieved on deck, a sample is taken from the core
catcher and given to the paleontology laboratory for an initial age as-
sessment. Then the core is placed on a long horizontal rack, and gas
samples may be taken by piercing the core liner and withdrawing gas
into a vacuum tube. Voids within the core are sought as sites for gas
sampling. Some of the gas samples are stored for shore-based study, but
others are analyzed immediately as part of the shipboard safety and pol-
lution-prevention program. Next, the core is marked into section
lengths, each section is labeled, and the core is cut into sections. Head-
space gas samples are scraped from the ends of cut sections on the cat-
walk and sealed in glass vials for light hydrocarbon analysis. Each
section then is sealed at the top and bottom by gluing on color-coded
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plastic caps: blue to identify the top of a section, and clear for the bot-
tom. A yellow cap is placed on the section ends from which a whole-
round sample has been removed. These caps are usually attached to the
liner by coating the end liner and the inside rim of the cap with ace-
tone, and then the caps are taped to the liners.

Next, the cores are carried into the laboratory where the sections
again are labeled. An engraver is used to permanently mark the full des-
ignation of each section. The length of the core in each section and the
core-catcher sample are measured to the nearest centimeter. This infor-
mation is logged into the shipboard CORELOG database program. After
cores have equilibrated to room temperature (~3 hr), they are run
through the multisensor track (MST), thermal conductivity measure-
ments are performed on relatively soft sediments, and the cores are
split.

Cores of soft material are split lengthwise into working and archive
halves. The softer cores are split with a wire or saw, depending on the
degree of induration. Harder cores are split with a diamond saw. During
Leg 183, the wire-cut cores were split from the bottom to top; thus, in-
vestigators should be aware that older material may have been trans-
ported up the core on the split face of each section.

The working half of the core is sampled for both shipboard and
shore-based laboratory studies. Each extracted sample is logged into the
sampling computer database program by the location and the name of
the investigator receiving the sample. Records of all removed samples
are kept by the curator at ODP. The extracted samples are sealed in plas-
tic vials or bags and labeled. Samples are routinely taken for shipboard
physical properties analysis and for calcium carbonate (coulometric
analysis) and organic carbon (CNS elemental analyzer) analyses.

The archive half is described visually. Smear slides are made from sed-
iment samples taken from the archive half. Most archive sections are
run through the cryogenic magnetometer. The archive half then is pho-
tographed using both black-and-white and color film, a whole core at a
time. Close-up photographs (black and white) are taken of particular
features for illustrations in the summary of each site, as requested by in-
dividual scientists.

Both halves of the core then are placed into labeled plastic tubes,
sealed, and transferred to cold-storage space aboard the drilling vessel.
At the end of the leg, the cores are transferred from the ship in refriger-
ated air-freight containers to cold storage at the Gulf Coast Repository
of the Ocean Drilling Program at Texas A&M University.

Igneous and Metamorphic Rocks

Igneous-rock cores are handled differently than sedimentary cores.
Once on deck, the core-catcher sample is placed at the bottom of the
core liner, and total core recovery is calculated by shunting the rock
pieces together and measuring to the nearest centimeter. This informa-
tion is logged into the shipboard CORELOG database program. The
core is then cut into 1.5-m-long sections and transferred into the labo-
ratory.

The contents of each section are transferred into 1.5-m-long sections
of split-core liner, where the bottom of oriented pieces (i.e., pieces that
clearly could not have rotated top to bottom about a horizontal axis in
the liner) are marked with a red wax pencil. This is to ensure that orien-
tation is not lost during the splitting and labeling processes. Important
primary features of the cores also are recorded at this time. The core is
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then split into archive and working halves. A plastic spacer is used to
separate individual pieces and/or reconstructed groups of pieces in the
core liner. These spacers may represent a substantial interval of no re-
covery. Each piece is numbered sequentially from the top of each sec-
tion, beginning with number 1; reconstructed groups of pieces are
assigned the same number, but are lettered consecutively. Pieces are la-
beled only on the outer cylindrical surfaces of the core. If the piece is
oriented, an arrow is added to the label pointing to the top of the sec-
tion. Because pieces are free to turn about a vertical axis during drilling,
azimuthal orientation during Leg 183 was possible only by using paleo-
magnetic or downhole logging data.

In splitting the core, every effort is made to ensure that important
features are represented in both halves. The working half is sampled for
shipboard physical properties measurements, magnetic studies, X-ray
fluorescence (XRF), X-ray diffraction (XRD), and thin-section studies.
Nondestructive physical properties measurements, such as magnetic
susceptibility, are performed on the archive half of the core. Where re-
covery permits, samples are taken from each lithologic unit. Some of
these samples are minicores. The archive half is described using the vi-
sual core description (VCD) form and is photographed before storage.

The working half of the hard-rock core then is sampled for shipboard
laboratory studies. Records of all samples are kept by the curator at
ODP. The archive half is described visually, then photographed with
both black-and-white and color film, one core at a time. Both halves of
the core are then shrink-wrapped in plastic to prevent rock pieces from
vibrating out of sequence during transit, placed into labeled plastic
tubes, sealed, and transferred to cold-storage space aboard the drilling
vessel. As with the other Leg 183 cores, they are housed at ODP’s Gulf
Coast Repository.

SITE GEOPHYSICS

Sites for Leg 183 were selected on the basis of multichannel seismic
(MCS), bathymetric, satellite-derived gravity, sonobuoy, coring, and
dredge data collected during several surveys on board Australian,
French, and U.S. ships (Fig. F2). The type and quality of seismic site sur-
vey data vary (see Table T1 for a summary of seismic parameters). Some
surveys were undertaken before the availability of Global Positioning
System (GPS) coverage, and these have less reliable navigation data.

Rig Seismic Survey 47

Australian Geological Survey Organisation (AGSO) scientists on
board the Rig Seismic acquired 5600 km of MCS, bathymetric, gravity,
and magnetic data over the Kerguelen Plateau between 50°S and 60°S in
1985 (Ramsay et al., 1986). Segments of the Rig Seismic Survey 47 (RS47)
MCS data were used to locate proposed drill sites KIP-7C (central pla-
teau), 10C (Enderby Basin), and 14C (Labuan Basin).

Marion Dufresne Cruise 47

The 1986 Marion Dufresne survey (MD47) examined the plateau be-
tween 55°S and 63°S, collecting 4450 km of coincident MCS, bathymet-
ric, gravity, and magnetic data (Schlich et al., 1988). Proposed drill site
KIP-13A (southern plateau) is located at the intersection of the MD47

F2. Bathymetry of the Kerguelen
Plateau, p. 56.

T1. Data used in selecting drill sites
on the Kerguelen Plateau and Bro-
ken Ridge, p. 75.
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and the Rig Seismic survey 180 (RS180) MCS lines, and KIP-13C (Site
1136) lies nearby on the plateau’s eastern flank.

Robert D. Conrad Cruise 2708

As part of ODP site surveys for Leg 121 in 1986, scientists on board
the Robert D. Conrad acquired 4400 km of single-channel seismic reflec-
tion, bathymetry, gravity, and magnetic data on Broken Ridge, includ-
ing some data in the vicinity of proposed drill sites KIP-9B and KIP-9C
(Peirce, Weissel, et al., 1989). In addition, more than 50 sonobuoys were
deployed to investigate the velocity structure of the sedimentary sec-
tion. The site survey was conducted by Lamont-Doherty Earth Observa-
tory (LDEO) scientists (Chief Scientist Jeffrey K. Weissel) and supported
by the U.S. National Science Foundation.

Rig Seismic Survey 179/180

During two 6-week marine surveys over the southern Kerguelen Pla-
teau in 1997, AGSO and University of Texas Institute for Geophysics
scientists acquired ~3500 km of high-quality MCS and other geophysi-
cal data. Survey 179 concentrated on Elan Bank, a prominent salient ex-
tending westward from the main Kerguelen Plateau (see Fig. F2). Two
short lines were recorded specifically to support ODP drilling on the
central Kerguelen Plateau (proposed drill sites KIP-7B [Site 1138] and
KIP-7C) and Elan Bank (KIP-6C [Site 1137] and KIP-6D). Approximately
2000 km of MCS data was collected together with bathymetric, gravity,
and magnetic data. Survey 180 focused on the plateau’s eastern margin,
including a short ODP site survey on the southern Kerguelen Plateau
(KIP-13A and KIP-13B [Site 1135]). MCS data from survey 180 total
~1500 line-km with coincident bathymetric, gravity, and magnetic
data.

Australia’s site surveys on board the Rig Seismic were funded and con-
ducted by AGSO (Project Leader Phil Symonds; cruise leaders Doug
Ramsay and George Bernadel), in collaboration with the Institute for
Geophysics, The University of Texas at Austin (MCS data processing),
and the Department of Geology, University of Oslo, Norway, with fi-
nancial support for U.S. scientist involvement provided by the U.S. Sci-
ence Support Program of Joint Oceanographic Institutions, Inc.

Marion Dufresne Cruise 109

The KERIMIS (Kerguelen, Imagerie Multifasceau et Imagerie Sis-
mique) campaign, in February and March of 1998, acquired ~2000 km
of MCS data and dredged >1000 kg of rocks from the northern Ker-
guelen Plateau to investigate the feature’s structure and geodynamics
and to conduct site surveys for ODP Leg 183. Two major transects
across the entire northern plateau from the Enderby Basin to the Aus-
tralia-Antarctic Basin were completed, and three dedicated site surveys
were undertaken for proposed drill sites KIP-1D (Site 1139) and KIP-1E
(Skiff Bank/Leclaire Rise), KIP-2C and KIP-2E (Site 1140) (northern pla-
teau), and KIP-3C and KIP-3F (central plateau).

France’s site survey on board the Marion Dufresne was conducted by
the Ecole et Observatoire des Sciences de la Terre of the Université Louis
Pasteur (Strasbourg 1) (Chief Scientist Roland Schlich), in collaboration
with the Département des Sciences de la Terre et de ’Environnement de
I'Université Libre de Bruxelles, with the assistance of the Institut
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Francais de la Recherche et de I’Exploitation de la Mer with MCS, and
the logistical and financial support of the Institut Francais pour la Re-
cherche et al Technologie Polaires.

LITHOSTRATIGRAPHY

This section outlines the procedures for documenting the basic sedi-
mentology of the sedimentary deposits recovered in cores drilled dur-
ing Leg 183, including core description, XRD, color spectrophotometry,
and smear-slide preparation. Only general procedures are outlined, ex-
cept where they depart significantly from ODP conventions. This sec-
tion applies only to sedimentary deposits recovered; procedures
followed for description of igneous and metamorphic rocks recovered
during Leg 183 are described in “Physical Volcanology,” p. 16, “Igne-
ous Petrology,” p. 22, “Alteration and Weathering,” p.25, and
“Structural Geology,” p. 27.

Visual Core Description

Information from megascopic description of each core was recorded
manually for each core section on paper VCD forms. This information
was then condensed and entered into AppleCORE (version 0.7.5g) soft-
ware, which generates a simplified, one-page graphical description
(“barrel sheet”) of each core. Barrel sheets are presented with whole-
core images (see the “Core Descriptions” contents list). The lithologies
of the recovered sediments are represented on barrel sheets by symbols
in the column entitled “Graphic Lithology” (Fig. F3). Grain-size divi-
sions for siliciclastic sand, silt, and clay are those of Wentworth (1922)
(see “Sediment Classification,” p. 8). The siliciclastic fraction is repre-
sented by a single “Siliciclastic Sediment” symbol if it is homogeneous
in texture, or by two vertical strips of these symbols if texturally distinct
siliciclastic sediments are interbedded (e.g., interbeds of sand and clay).
Alternatively, in some cases, where each interval of interbedded litholo-
gies can be graphically displayed, these lithologies are shown by hori-
zontal strips of the two siliciclastic symbols.

Sediment color was generally determined visually; in most cases the
Munsell Soil Color Charts (1971) were used to give a more precise color
to a sediment interval. A wide variety of features that characterize the
sediment, such as bed thicknesses, primary sedimentary structures, bio-
turbation parameters, soft-sediment deformation, and structural and di-
agenetic features are indicated in columns to the right of the graphic
log. The symbols are schematic, but are placed as close as possible to
their proper stratigraphic position. For exact positions of sedimentary
features, the detailed section-by-section paper VCDs can be obtained
from ODP. A key to the full set of symbols used on the graphic sedimen-
tologic columns is shown in Figure F3. Bed thickness is characterized by
the terms “very thick bedded” (>100 cm thick), “thick bedded” (30-100
cm thick), “medium bedded” (10-30 cm thick), “thin bedded” (3-10 cm
thick), and “very thin bedded” (1-3 cm thick) (McKee and Weir, 1953).

Deformation and disturbance of sediment that clearly resulted from
the coring process are illustrated in the “Drilling Disturbance” column,
using symbols shown in Figure F3. Blank regions indicate the absence
of coring disturbance. Detailed accounts of drilling disturbance appear
in many previous ODP volumes (e.g., Leg 155, Shipboard Scientific

F3. Key to symbols used in the bar-
rel sheets, p. 57.
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Party, 1995). Locations of all samples taken for shipboard analysis are
indicated in the “Samples” column by the codes listed in Figure F3.

A summary lithologic description with sedimentologic highlights is
given in the “Remarks” column of the barrel sheet. This generally gives
all the major sediment lithologies; important minor lithologies; an ex-
tended summary description of the sediments, including color, compo-
sition, sedimentary structures, trace fossils identified, extent of
bioturbation, and other notable characteristics; and age of the sedi-
ments as determined by shipboard paleontologists and paleomagnet-
ists. Descriptions and locations of thin, interbedded, or minor
lithologies that could not be depicted in the “Graphic Lithology” col-
umn are presented in the “Remarks” column, where space permits.

Sediment Classification

The sediment classification scheme used during Leg 183 is descrip-
tive and follows the ODP classification (Mazzullo et al., 1988), with
some simplifying modifications for mixed siliclastic and biogenic sedi-
ments (Fig. F4). Classification is based primarily on megascopic descrip-
tion of the cores and examination of smear slides. During Leg 183, total
calcium carbonate content of the sediments determined on board (see
“Organic and Inorganic Geochemistry,” p. 37) was also used to aid in
classification. Composition and texture are the only criteria used to de-
fine lithology. Genetic terms (such as pelagic, neritic, hemipelagic, de-
bris flow, and so forth) do not appear in this classification. The term
“clay” is used only for particle size and is applied to both clay minerals
and other siliciclastic material <4 mm in size. Biogenic components are
not described in textural terms. Thus, a sediment with 55% sand-sized
foraminifers and 45% siliciclastic clay is called a foraminifer clay, not a
foraminifer clayey sand. Similar considerations apply to sediment con-
taining abundant sand-sized glauconite.

The principal name applied to a sediment is determined by the com-
ponent or group of components (e.g., total biogenic carbonate) that
comprise(s) >60% of the sediment or rock, except for subequal mixtures
of biogenic and siliciclastic material. If the total of a siliciclastic compo-
nent is >40%, the main name is determined by the relative proportions
of sand, silt, and clay sizes when plotted on a modified Shepard (1954)
classification diagram (Fig. F4A). Examples of siliciclastic principal
names are clay, silt, silty clay, sandy mud, or sand. However, if the total
of biogenic components is >60% (i.e., siliciclastic material <40%), then
the principal name applied is “ooze” (Fig. F4B).

In mixtures of biogenic and nonbiogenic material, where the biogenic
content is 30%-60% (termed “mixed sediments” in the ODP classifica-
tion), the name consists of two parts: (1) the major modifier(s) consisting
of the name(s) of the major fossil(s), with the least common fossil listed
first, followed by (2) the principal name appropriate for the siliciclastic
components (e.g., foraminiferal clay) (Fig. F4B). If any component (bio-
genic or siliciclastic) represents only 10%-30% of a sediment, it qualifies
for minor modifier status and is hyphenated with the word “-bearing”
(e.g., nannofossil-bearing clay). In cases of approximately subequal mix-
tures of calcareous microfossils, the modifiers “calcareous” or “carbon-
ate-bearing” can be used instead of microfossil names (e.g., calcareous
clay).

F4. Textural classification scheme
and sediment naming procedure,

p. 58.
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Examples: foraminifer-bearing nannofossil clay

(11%) (34%) (55%)
diatom-bearing foraminifer ooze
(20%) (80%)

Chemical sediments and diagenetic beds or nodules, including min-
erals formed by inorganic precipitation such as evaporites and many car-
bonates (e.g., packstone, rudstone, and grainstone) are classified accord-
ing to mineralogy, texture, and fabric following the ODP classification
(Mazzullo et al., 1988). For semilithified to lithified sediments, the suffix
“-stone” is added to the principal names sand, silt, clay, or mud. The
term “chalk” is used for partially lithified sediment composed of >60%
calcareous nannofossils. Sediments composed of >60% siliciclastic and
volcanic grains are classified as “volcaniclastic” if they contain a higher
proportion of volcaniclastic than siliciclastic grains. The classification
used for volcaniclastic sediments is described in “Physical Volcanolo-

gy,” p. 16.

X-Ray Diffraction

Relative abundances of the main silicate and carbonate minerals
were determined semiquantitatively using a Philips model PW-1729 X-
ray diffractometer with Cu Ko radiation (Ni filter). Each bulk-sediment
sample was freeze-dried, crushed, and mounted with a random orienta-
tion into an aluminum sample holder. Instrument conditions were as
follows: 40 kV, 35 mA, goniometer scan from 2° to 70° 26 for bulk sam-
ples, step size 0.01° 26, scan speed at 1.2° 26/min, and count time 0.5 s.
Peak intensities were converted to values appropriate for a fixed-slit
width. An interactive software package (MacDiff 3.3.0 PPC) was used on
a Macintosh computer to identify the main minerals. Most diffracto-
grams were peak corrected to match the main calcite peak at 3.035 A,
except where quartz was present as a major component (major peak at
3.343 A). In absence of both quartz and calcite, no peak correction was
applied. Identifications were based on multiple peak matches, using the
mineral database provided with MacDiff (Table T2).

Peak areas were measured only to estimate calcite/dolomite ratios. In
all other cases, minerals were grouped as “major” or “trace” compo-
nents depending on relative peak heights. It is not possible to reason-
ably estimate the proportions of clay minerals, glass, or amorphous
opal with the bulk samples used for analysis; however, mixtures of these
minerals with calcite comprise most of the analyzed samples. Relative
abundances reported in this volume during Leg 183 are useful for gen-
eral characterization of the sediments, but they are not precise quanti-
tative data.

Smear Slides

Petrographic analysis of the sediment was primarily by smear-slide
description. See the “Core Descriptions” contents list for tables sum-
marizing data from the smear slides. These tables include information
about the sample location, whether the sample represents a dominant
(D) or a minor (M) lithology in the core, and the estimated percentage
ranges of sand, silt, and clay, together with all identified components.
We emphasize here that smear-slide analysis provides only crude esti-
mates of the relative abundances of detrital constituents because the
mineral identification of finer grained particles can be difficult using

T2. Positions of diagnostic peaks,
p. 76.
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only a petrographic microscope, and sand-sized grains tend to be un-
derestimated because they cannot be incorporated into the smear
evenly. The mineralogy of smear-slide components was validated by
XRD. The relative proportions of carbonate and noncarbonate materials
estimated from smear slides was validated by chemical analysis of the
sediments (see “Organic and Inorganic Geochemistry,” p. 37).

Spectrophotometer

Reflectance of visible light from cores was routinely measured down-
hole using a Minolta Spectrophotometer (Model CM-2002) mounted
on the archive multisensor track (AMST) (see “Physical Properties,”
p- 31). The AMST measures the archive half of each core section. The
purpose of measuring the visible light spectra was to provide a continu-
ous stratigraphic record of color variations downhole for visible wave-
lengths (400-700 nm). Spectrophotometer readings were taken before
cleaning the surface of each core section. The measurements were then
automatically taken and recorded by the AMST, which permits mea-
surements only at evenly spaced intervals along each core. Each mea-
surement consists of 31 separate determinations of reflectance in 10-
nm-wide spectral bands from 400 to 700 nm. Additional detailed infor-
mation about measurement and interpretation of spectral data with the
Minolta spectrophotometer can be found in Balsam et al. (1997; 1998;
in press). During Leg 183, there was no way to program the AMST soft-
ware to avoid taking measurements in void intervals in the cores or in
disturbed areas of core with drilling slurry or biscuits. This produced
many spurious measurements, which must be edited from the color
data before use.

Warning: During the cruise and postcruise, it was determined that a
large number, if not all, values measured with the spectrophotometer
are in error. Whether these data can be restored to correct values or ren-
dered otherwise usable is being assessed by ODP personnel. Users of
these data should check with ODP database personnel before proceed-
ing.

BIOSTRATIGRAPHY

ODP Leg 183 drilled two formerly united geological features, the Ker-
guelen Plateau and Broken Ridge, which rifted apart during the Eocene
and now lie at rather different southern latitudes (~30°S and 45°-65°S
latitude, respectively). As a consequence, for the calcareous microfossil
groups examined on board ship (calcareous nannofossils and plank-
tonic foraminifers), rather different zonations were applied for age-dat-
ing sediments in these two regions. For instance, for the Neogene
interval, the nannofossil zonation given in the revised Cenozoic geo-
chronology and chronostratigraphy of Berggren et al. (1995) and the
temperate planktonic foraminiferal zonation of Srinivasan and Kennett
(1981) were in general directly applicable for Broken Ridge but not for
the Kerguelen Plateau, where higher latitude schemes worked out by
previous workers in that area were more suitable. For this reason, two
somewhat different zonations for the calcareous microfossil groups, one
for Broken Ridge and the other for the Kerguelen Plateau, are presented
for Neogene sediments drilled during this cruise (Figs. F5 and F6, re-
spectively). In these cases, we inserted the mid- or high-latitude zona-
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tions alongside the low-latitude schemes to aid in comparisons and
interpretation.

In Figure F6, high-latitude species, groupings of species, or species
concepts that are used for biostratigraphic datums are indicated in bold
type to distinguish them from low-latitude datums (which are shown in
plain type). The same is true of any differences in age calibrations
between the high- and low-latitude datums. Foraminiferal biostrati-
graphic datums are underlined to distinguish them from nannofossil
datums.

The shipboard palynomorph biostratigraphy was primarily con-
cerned with nonmarine Cretaceous sequences. We discuss this sepa-
rately below.

Preliminary age assignments made on board ship were based prima-
rily on biostratigraphic analyses of calcareous planktonic microfossils
from core-catcher samples, which were then supplemented as time per-
mitted with additional samples taken within the cores. Estimates of bio-
stratigraphic ages were calibrated against the magnetic polarity time
scale of Cande and Kent (1995). As noted above, the time scale of Berg-
gren et al. (1995) was applied to the Cenozoic where applicable. The
time scale of Gradstein et al. (1994) was used for the Cretaceous. Age es-
timates for Cretaceous calcareous nannofossil datums traceable to the
low latitudes were taken from Erba et al. (1995), which are calibrated by
the Gradstein et al. time scale (1995). Cretaceous austral zonations are
used where applicable for calcareous microfossils; however, none of
these have yet been calibrated against the Gradstein et al. time scale,
and, thus, their correlations with low latitude zonal schemes are highly
tentative.

Calcareous Nannofossils
Biostratigraphy

For the Cenozoic, the nannofossil biostratigraphic framework was
provided by the zonal schemes of Martini (1971; with modifications by
Martini and Miiller, 1986) and Bukry (1973, 1975; zonal code numbers
added and modified by Okada and Bukry, 1980). As noted above, these
schemes were applied directly for the Broken Ridge site but were con-
densed and/or modified as necessary for the Kerguelen Plateau sites,
particularly for the Neogene, Oligocene, and Danian.

Pospichal et al. (1992) illustrated decreasing biostratigraphic resolu-
tion in nannofossil zonations from the low to high latitudes of the
South Atlantic. The greatest loss occurs in the Neogene, where little
stratigraphic control could be achieved between 51°S and 65°S. Wei and
Wise (1992) summarized and calibrated to the paleomagnetic time scale
a few usable Neogene high-latitude nannofossil datums detectable on
the Kerguelen Plateau and elsewhere in the Southern Ocean. These are
indicated on Figure F6 alongside the low-latitude zonation of Bukry for
comparison, where they are labeled “Leg 183” and “Low Lat.” respec-
tively; in this figure the datums have been recalibrated for comparison
with the Berggren et al. (1995) time scale (see discussion below). With
so few datums, however, most Neogene nannofossil zones have had to
be combined into about five total zones at these latitudes.

High-latitude nannofossil zonations with moderate resolution have
been developed for the Oligocene to mid-middle Eocene (Wise, 1983;
Wei and Wise, 1990; Wei and Thierstein, 1991), and these have been in-
serted into Figure F6. Ages for key datum levels have been calibrated in
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the region of the Kerguelen Plateau against magnetostratigraphy by Wei
(1992); these are indicated in bold type in Figure F6, where they have
been recalibrated against the Berggren et al. (1995) time scale.

As noted by Wei (1992), biomagnetostratigraphic correlations at sev-
eral Southern Ocean sites may show considerably different ages relative
to those compiled from the mid-latitudes by Berggren et al. (1985,
1995). Where such differences exist, we have, in most instances, chosen
to use ages derived from the high-latitude calibrations against the mag-
netostratigraphy. As noted above, where such ages differ from those in
the lower latitudes, the high-latitude ages are shown in bold type in Fig-
ure F6 following the corresponding datum level (similarly, high-latitude
biostratigraphic datums are also indicated in bold type). For major dif-
ferences in age assignment, arrows indicate where on the chart a datum
has been repositioned for proposes of this study.

As Pospichal et al. (1992) indicate, biostratigraphic resolution in-
creases down column from the mid-Eocene through the Paleocene be-
cause global climates were warmer then, nannofossil diversities higher,
and the zonations for that interval were largely defined in temperate
rather than tropical regions. Thus, the standard zonal compilations of
Martini and Bukry cited above can be applied with relatively few modi-
fications, although subzones may not be discernible. Unfortunately,
few sections for that interval from the Kerguelen Plateau are available
for age calibration because of poor core recovery (mostly a result of the
presence of cherts or condensed intervals) or to the lack of detailed pa-
leomagnetic studies. Thus, the biomagnetostratigraphic high-latitude
correlations for the mid-Eocene-Paleocene given by Wei (1992, fig. 3)
are from Broken Ridge or the Atlantic sector of the Southern Ocean
only. For this reason, we indicate in Figure F6 no changes in the calibra-
tions of Berggren et al. (1995) for this part of the column. Wei and
Pospichal (1991) do, however, provide a useful lower Paleocene Antarc-
tic zonation based on ODP Holes 690C (Leg 113: Maud Rise) and 738C
(Leg 119: southern Kerguelen Plateau). Their zonation (nannofossil
Zones NA1-NA6) has been inserted into Figure F6 with our best esti-
mate for correlations to the current paleomagnetic time scale. We note,
however, that little detailed paleomagnetic work is available on their
sections.

The nannofossil zonation employed for the Upper Cretaceous during
Leg 183 is that of Watkins et al. (1996), a high-latitude scheme devel-
oped for the Southern Ocean based on DSDP/ODP drilling throughout
this region. In Figure F6, high-latitude zones used during Leg 183 have
been inserted alongside the low-latitude zonal scheme compiled by Sis-
singh (1977) (“CC” zones) as modified or embellished by Perch-Nielsen
(1985a). As Watkins et al. (1996) point out, the upper part of their zona-
tion has the highest resolution and reliability, but is based nearly exclu-
sively on high-latitude taxa; thus, it is highly provincial. For instance,
only one of the uppermost eight nannofossil datum levels can be corre-
lated directly to the low or mid-latitudes because of the marked ende-
mism that characterizes the assemblages and biostratigraphic datums.
Huber and Watkins (1992) discuss paleoceanographic scenarios that
may account for this circumstance. On the other hand, there is some
paleomagnetic control for this part of the Cretaceous section, and trial
correlations with magnetic stratigraphy based primarily on ODP Site
690 in the Weddell Sea are indicated in Figure F6. We have also been
guided in part by the correlation charts of Southern Ocean datums
compiled by Cita et al. (1997). All of these correlations are highly tenta-
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tive, however, and will be revised to the extent possible based on shore-
based research on the Leg 183 materials.

Below the Campanian, the Upper Cretaceous zonation of Watkins et
al. (1994) becomes more cosmopolitan in character, with more direct
ties to low-latitude nannofossil zonations. No useful correlation with
magnetostratigraphy is possible, however, because of the presence of
the long Cretaceous normal superchron. Correlations with European
stratotype stages in many cases are only approximate, particularly for
the high-latitude index taxa; some of this uncertainty is indicated by
the dashed zonal boundary lines and question marks attached to high-
latitude biostratigraphic datums. Only their relative positions in the
succession are known at this time.

The Lower Cretaceous (Albian) Austral zonation considers primarily
the high-latitude zones of Wise (1983) within the context of the cosmo-
politan nannofossil zonation by Bralower (1992; see also Bralower et al.,
1993, 1995, and the more recent compilation by Bown et al., 1998).
These authors include the “NC” zonal numbering scheme initiated by
Roth (1978). None of these zonal schemes, however, have previously
been calibrated against the Gradstein et al. (1995) time scale; thus, their
correlation here with that chronology is only approximate.

Methods

Calcareous nannofossils were examined using standard light micro-
scope techniques, under crossed polarizers, transmitted light, and phase
contrast light at 1000x magnification. Preservation and abundance of
calcareous nannofossil species may vary significantly because of etching,
dissolution, or calcite overgrowth. It is not uncommon to find nearly
pristine specimens occurring in the same sample as specimens exhibit-
ing overgrowth or etching. Thus, a simple code system to characterize
preservation has been adopted and is listed below:

VG = very good preservation (no evidence of dissolution and/or
overgrowth; no alteration of primary morphological character-
istics, and specimens appear diaphanous; specimens are identi-
fiable to the species level);

G = good preservation (little or no evidence of dissolution and/or
overgrowth; primary morphological characteristics only slightly
altered; specimens are identifiable to the species level);

M = moderate preservation (specimens exhibit some etching and/or
overgrowth; primary morphological characteristics sometimes
altered; however, most specimens are identifiable to the species
level); and

P = poor preservation (specimens are severely etched or exhibit
overgrowth; primary morphological characteristics largely de-
stroyed; fragmentation has occurred; specimens cannot be iden-
tified at the species and/or generic level).

Six calcareous nannofossil abundance levels are recorded as follows:

= very abundant (10-100 specimens per field of view);
= abundant (1-10 specimens per field of view);
common (1 specimen per 2-10 fields of view);

few (1 specimen per 11-100 fields of view);

rare (1 specimen per 101-1000 fields of view); and
= barren.

RO <
I
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Planktonic Foraminifers
Biostratigraphy

High-latitude planktonic foraminifer faunas, as observed by previous
workers during DSDP/ODP drilling (Berggren, 1992a, 1992b; Huber,
1990, 1991, 1992; Stott and Kennett, 1990; Quilty, 1992; Krashennini-
kov and Basov, 1983; Sliter, 1977), typically exhibit low diversity and
high dominance, and, thus, many of the key index species useful for
biostratigraphic correlation at low latitudes are absent. Cretaceous and
Cenozoic zonal schemes developed specifically for the subpolar South-
ern Ocean regions have, therefore, been applied to all Kerguelen Plateau
pelagic sediment sections. Figure F6, shows approximate correlations
between high-latitude provincial (“Leg 183”) planktonic foraminiferal
and tropical (“Low Lat.”) zonations.

In contrast to the low-diversity assemblages encountered on the Ker-
guelen Plateau, Neogene planktonic foraminifers recovered from Site
1141 on Broken Ridge (32.2°S) are diverse and show affinities with sub-
tropical regions as well as with the Southern Ocean. At this site we
were, therefore, able to employ a more detailed temperate planktonic
foraminifer zonation based on a largely different suite of planktonic
foraminifers.

Cenozoic

Berggren’s (1992) Neogene Kerguelen zonal scheme is used for Mio-
cene planktonic foraminifers, and the Antarctic Paleogene (AP) zonal
scheme of Stott and Kennett (1990; modified by Huber, 1991, and Berg-
gren, 1992) is applied to the Paleocene-Oligocene sections. In descrip-
tions of the fauna at Broken Ridge, we refer to the temperate planktonic
foraminifer zonation of Srinivasan and Kennett (1981), which is based
on the Austral Cenozoic zonation of Jenkins (1971; see also Jenkins and
Srinivasan, 1986, and Kennett and Srinivasan, 1983). The generic classi-
fication of Kennett and Srinivasan (1983) is used throughout the Neo-
gene. For most of the Paleogene, we base our taxonomic concepts on
the work of Tourmarkine and Luterbacher (1985), and refer to Jenkins’
(1971) and Berggren’s (1992) discussions on the classification of Austral
and high-latitude forms. For Paleocene and early Eocene forms, taxo-
nomic usage has been modified according to Olsson et al. (1999).

Mesozoic

Zonation of Upper Cretaceous sections (Maastrichtian-Turonian) is
based on Cita et al.’s (1997) Upper Cretaceous biostratigraphy for the
Southern Ocean. We modified this scheme during Leg 183 drilling
within the original framework of Huber’s (1992) Upper Cretaceous Aus-
tral realm zonal scheme. The rather impoverished Lower Cretaceous
planktonic foraminiferal fauna, encountered for the first time on the
Kerguelen Plateau at Site 1136, was compared to Albian assemblages
from the Falkland Plateau (DSDP Sites 327 and 511) described by Sliter
(1977), Krasheninikov and Basov (1983), and Bralower et al. (1993),
within the framework of the mid-Cretaceous zonal scheme of Leckie
(1984). Our generic classification follows that of Caron (1985).
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Methods

Core-catcher samples of ~20 cm3 (plus additional samples where nec-
essary) were soaked in 3% hydrogen peroxide with a small amount of
Calgon added, warmed on a hot plate and desegregated by washing in
tap water over a 63-um mesh sieve. Each sieve was dipped in a solution
of methyl blue dye to identify contaminants from previous samples. All
samples were dried over a hot plate at ~50°C. The dried samples were ex-
amined under a binocular microscope and planktonic foraminifer faunal
composition was recorded in nonquantitative terms based on an assess-
ment of forms observed in a random sample of 200-400 specimens from
the >63-pm size fraction. Relative abundances were reported using the
following categories:

Abundant (30%);
Common (15%-30%);
= Few (3%-15%);

Rare (2%-3%); and
Trace (<1.5%).

=m0 >
[

Preservation of planktonic foraminifer assemblages was recorded as

G = Good (> 90% of the specimens unbroken with only minor evi-
dence of diagenetic alteration);

M = Moderate (30%-90% of specimens having broken chambers and
or showing signs of dissolution); and

P = Poor (sample dominated by specimens with fragmented and/or
strongly dissolved tests).

Palynology

The main interest for palynomorph studies during Leg 183 was the
Cretaceous terrestrial palynoflora, which records the advent and radia-
tion of angiosperms during the early Albian in Antarctica. The relatively
fast dispersal of angiosperms during the Late Cretaceous provides in-
sight into the biological and geological evolution of the Southern
Hemisphere, especially for the pattern of Gondwana fragmentation.

The time calibration employed here is based on data from ODP Legs
113 and 120 by Mohr and Gee (1992). Dinoflagellate-based palyno-
stratigraphy will also be used to improve marine biostratigraphic corre-
lations.

To concentrate the organic material, samples were first treated with
10% HCI to dissolve out carbonates. After several washings and centri-
fuging, high-strength HF was added to dissolve silicates. After further
washing and centrifuging, the concentrated material was sieved with
20-pm sieves. Samples were mounted on slides, using glycerin jelly and
wax.

Preliminary analyses were performed only on core-catcher material.
The shipboard results do not represent the total palynomorph content
of the sediments.

The following abundance categories of total palynomorphs per sam-
ple were used:

A
C

abundant (> 20 palynomorphs);
common (10-20 palynomorphs);
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O = occasional (5-10 palynomorphs);
P present (<5 palynomorphs); and
B barren.

Diatoms

Fossil diatoms were used sparingly to provide age dates for Neogene
siliceous sections where little or no biostratigraphic control could be
provided by calcareous microfossils. For this purpose, the biostrati-
graphic zonation of Harwood and Maruyama (1992) as modified and
calibrated to the time scale of Berggren et al. (1995) for Leg 178 (Ship-
board Scientific Party, 1999b) was followed, using smear slides prepared
from raw sediment. That zonal scheme, which extends down to the
middle Miocene, is shown in Figure F7. Below the middle Miocene, we
referred to the zonation of Harwood and Maruyama (1992) as calibrated
by datums compiled for Leg 177 by Gersonde, Hoddell, Blum, et al.
(1999). Also useful were species ranges compiled by Gersonde, Hoddell,
Blum, et al. (1999) shown in Figure F8.

Silicoflagellates

Silicoflagellates are most commonly preserved in diatomites underly-
ing modern or ancient ocean upwelling areas or in diatomites preserved
by nearby volcanism. The investigation of silicoflagellates often allows
the dating of sediment from high-latitude areas, where calcareous mi-
cro- and nannofossils are missing or nondiagnostic. It also allows some
conclusions as to the paleoenvironmental conditions under which the
sediments were deposited.

Smear slides of unprocessed material provided the simplest way to
obtain an initial overview of the occurrence and abundance of sili-
coflagellates. For more detailed work, we processed samples.

Silicoflagellates usually make up only a small proportion of the sili-
ceous microfossils in a sediment sample. Therefore, the preparation
technique should concentrate the siliceous material. On board ship, we
placed core catcher in beakers and treated them first with a few drops of
hydrogen peroxide to desegregate the sediment and to remove the or-
ganic carbon. Then 10% HCI in various volumes (depending on the
type of sediment and the percentage of calcium carbonate) was added
to dissolve most of the carbonate. The residue was washed, centrifuged,
and decanted. This procedure was repeated a minimum of three times.
Samples were then strewn on a slide, covered with a 22 mm x 30 mm
cover slip, and mounted using Norland 61 mounting media. To deter-
mine the abundance of silicoflagellates, all specimens that consisted of
more than half a skeleton were counted.

The silicoflagellate zonation followed was that utilized by McCartney
and Wise (1990) and McCartney and Harwood (1992). The compilation
by Perch-Nielsen (1985b) was also helpful.

PHYSICAL VOLCANOLOGY

The physical volcanologists on board the JOIDES Resolution during
Leg 183 sought to determine the types of eruptive activity that formed
the volcanic rocks and volcaniclastic sediments recovered in the cores.
This was accomplished by describing the rocks and identifying features
that are diagnostic of specific physical processes to produce an inte-
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grated picture of the style of volcanism and environmental setting of
each site drilled. Additional information presented in “Lithostratigra-
phy,” “Igneous Petrology,” “Downhole Measurements,” and “Alteration
and Weathering” of each site chapter were particularly important in
producing the final interpretation.

Volcaniclastic Sediments

We define volcaniclastic sediments as containing >60% siliciclastic
and volcaniclastic grains and <40% biogenic material and a higher pro-
portion of volcaniclastic than siliciclastic grains. This class includes epi-
clastic sediments, the volcanic detritus produced by erosion of volcanic
rocks by wind, water, and ice; pyroclastic deposits, the products of the
explosive degassing of magmas; and hydroclastic sediments, the prod-
ucts of granulation by steam (phreatic) explosions and quenching (hy-
aloclastite and peperite). Note that because this definition includes
epiclastic sediments, it does not imply any active volcanism at the time
of deposition.

The subclassification of volcaniclastic sediments followed by ship-
board scientists during Leg 183 differs from the standard ODP classifica-
tion (Mazzullo et al., 1988) in that we adopt a descriptive (nongenetic)
terminology similar to that employed during Leg 157 (Gran Canaria
and Madeira Abyssal Plain). Unless a pyroclastic origin for sediments
can be defined, clasts of volcanic provenance (volcaniclastic) are de-
scribed according to the classification scheme for siliciclastic sediments,
noting the dominant composition of the volcanic grains. We follow the
siliciclastic textural classification of Wentworth (1922) to separate the
various volcanic sediments and sedimentary rocks into volcanic gravel
(grain size = >2 mm), volcanic sand (2-0.0625 mm), volcanic silt
(0.0625-0.0039 mm), and volcanic clay (<0.0039 mm). For unsorted or
poorly sorted volcaniclastic sediments, such as those characterized by
debris flows, we apply the terms volcanic breccia (angular clasts) or vol-
canic conglomerate (rounded clasts) and use modifiers to describe the
sediment further.

Volcanic sediment can be classified by designating a principal name
and major and minor modifiers. The principal name of a granular sedi-
ment defines its sediment class (e.g., sand, silt, or clay). Relative propor-
tions of the vitric (glass), crystal (mineral), and lithic (rock fragment)
components of the sediments are expressed as major (25%-40%) and
minor (10%-25%) modifiers in the name. The major modifiers are
placed before the principal name and minor modifiers are placed after
the principal name using “with.” For example, volcanic sand composed
of 45% glass, 35% feldspar crystals, and 20% lithic fragments is named
a crystal vitric volcanic sand with lithic fragments. Volcanological fea-
tures are recorded on both sediment and hard-rock VCD (HRVCD)
forms (see the “Core Descriptions” contents list). Detailed systematic
information was recorded on a separate volcaniclastic sediment descrip-
tion log (Table T3). Volcanic breccias/conglomerates were further char-
acterized using a point counting grid (Moore et al., 1996), and these
data were recorded on the volcaniclastic breccia/conglomerate grid in-
formation log (Table T4).

Where there was evidence for a pyroclastic origin, volcanologists fol-
lowed the classification of Fisher and Schmincke (1984), as adopted by
Mazzullo et al. (1988), that uses the names volcanic breccia (>64 mm),
lapilli (lapillistone; 2-64 mm), and ash (tuff; <2 mm).
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Sedimentary structures including graded bedding, cross-bedding, pla-
nar laminations, foreset bedding, dune forms, ripples, and any evidence
of agglutination, welding, or theomorphism are recorded on the vol-
caniclastic sediment description log (Table T3).

Lava Flows
General

The physical description of lava during Leg 183 was a multistage pro-
cess. Unit boundaries and lithologic descriptions were selected first. The
lithologic descriptions are presented in the “Igneous Petrology” section
of each chapter. A general description of the volcanological features
within the flows was compiled. After this, individual units were exam-
ined in detail. Often, time did not permit detailed examination of all
the units, and only a selected subset was subjected to full scrutiny. Fi-
nally, an attempt was made to synthesize the observations from the dif-
ferent units, combining data from sections such as “Igneous Petrology”
and “Downhole Measurements.” The descriptions and interpretations
were checked during the sampling for shore-based studies. This exami-
nation was particularly useful for comparison between different sites.

The site chapters start with a description of each unit using nonge-
netic terminology. Phrases such as “chill zone” or “flow-top breccia” are
generally avoided since they are interpretations. This descriptive part is
followed by a unit-by-unit interpretation, with explanations of the cri-
teria used to separate the different units. For most readers, it may be
helpful to first read the interpretive section and refer to the unit de-
scriptions in conjunction with the core photographs for the observa-
tions leading us to these interpretations.

Methodology

The first step in describing the core (selection of unit boundaries) re-
quired considerable interpretation of the rocks. As a result, the initial
justification for placing these boundaries sometimes shifted or evapo-
rated as our understanding of the site improved. Also, the unit bound-
aries reflect major physical changes in the core (e.g., brecciated vs.
massive) that were visible in the physical properties and downhole
measurements. More subtle boundaries were usually not broken out,
despite their possible significance to the volcanological interpretation.
Finally, when the precise location of the boundary could not be deter-
mined in the initial examination, an arbitrary decision was required for
the core description to proceed. Rarely did we later make changes to the
unit boundary locations when additional observations were gathered.
Thus, although a strong effort was made to have unit boundaries reflect
individual lava packages, the term “unit” should not be considered syn-
onymous with “lava flow” in this volume.

General observations were made during the initial description of the
rocks. We first noted intervals of breccia and coherent lava and gross
changes in vesicularity. We then characterized clasts in the breccias us-
ing the same techniques as sedimentologists (clast size, shape, sorting,
and lithology). We also noted the volume fraction and type of matrix
(commonly none or only secondary alteration minerals) and the abun-
dance of finer lava fragments. Of particular interest was the presence (or
absence) of features diagnostic of brecciation while the lava was hot.
These include clasts engulfing fragments of other (earlier) clasts, weld-
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ing, glassy margins surrounding the clasts, extensions of the interior of
the flow into the breccia, entrained clasts within the interior of the
flow, and the presence of a basal breccia. Changes in the abundance
and morphology of vesicles were used to identify clasts of different
lithologies within the breccia.

The second more systematic description of units concentrated on
documenting vesicle features by recording (1) volume percentage, (2)
size range (maximum, minimum, and average diameters), (3) number
density, (4) shape (sphericity and angularity), and (5) grading (fining up
or coarsening up) of the vesicles at intervals appropriate for the variabil-
ity shown in the core (typically every 1-30 cm). This information is re-
corded on a separate vesicle description log (Table T5) (see the
“Supplementary Materials” contents list). The volume fraction of ves-
icles was estimated using visual percentage estimate charts that pro-
vided examples at 1%, 2%, 3%, 5%, 7%, 10%, 15%, 20%, 25%, 30%,
40%, and 50%. The reported values are only accurate to +1 of these
steps. Thus, a reported value of 10% indicates a 2-c confidence that the
actual value is between 7% and 15%. In a few locations, these visual es-
timates were supplemented by measurements using a binocular micro-
scope. Lines covering ~50 cm of the core were examined, and the
fraction of the length of these lines that intersected vesicles provided a
more quantitative vesicle abundance. The measurement of maximum
and minimum vesicle sizes was straightforward, though vesicles <0.1
mm were usually not visible. The average vesicle size is a measure of
what appeared to be a typical vesicle. It is subjective, but provides a
measure for whether the vesicle size distribution is skewed toward the
small or large end of the size range. Number density was determined by
counting the number of vesicles in a given area. The size of the mea-
surement area changed depending on the density of vesicles but, in
general, was large enough to contain 20 to 100 vesicles. Because vesicle
number density varied by ~5 orders of magnitude in the rocks recov-
ered during Leg 183, the measurement areas ranged from 0.25 to 500
cm?. Angularity and rounding were estimated using the charts pro-
duced for describing sedimentary rocks. During these measurements,
notes were also taken on the presence of mesostasis blebs, orientation
of elongated vesicles, changes in groundmass texture, and other fea-
tures.

For the breccias, the more intensive measurements included determi-
nation of the percentages of clasts in size categories of >1, 0.1-1, and <1
cm, as well as void space. The margins of clasts were also subjected to
more careful examination to characterize the brecciation process.

Finally, during the synthesis of the various data sets, we estimated
the thickness of the various units and flows. It is very important to note
that ODP curation procedures assume that the top of recovered material
is from the top of the cored interval. This can lead to large (up to 9 m)
differences between the curated depth and the actual depth. During Leg
183 there were several occasions in which the pattern of rock recovery
and selection of unit boundaries combined to maximize these prob-
lems. Unit thicknesses derived from curated depths alone must be con-
sidered accurate to only £5 m. Downhole measurements were required
to produce more accurate estimates of flow thicknesses.

Interpretation

The interpretation of the lavas involved three steps. The observed
features were tied to physical processes, the emplacement style of indi-
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vidual flows was inferred, and the environmental setting (e.g., subaerial
or submarine) for the whole sequence was discussed. Interpretations re-
lied most heavily on observations from active volcanism in Hawaii and
the ~15-Ma flood basalts of Columbia River Basalt Group, in the United
States.

Traditionally, mafic lava flows have been divided into pahoehoe and
aa flows (Macdonald, 1953). This division is important because aa and
pahoehoe flows are emplaced in fundamentally different styles. Aa
flows disrupt and mix their upper crusts, which move like the treads on
a bulldozer. Pahoehoe flows advance by inflating a lobe with a continu-
ous crust, much like filling a rubber balloon with water. However, there
is also a wide range of intermediate flow types. Most transitional flow
types have “pahoehoe” in their names (e.g., slab pahoehoe, remobilized
pahoehoe, toothpaste pahoehoe, and sharkskin pahoehoe), but many
are more similar to aa than to pahoehoe. The most common transi-
tional flow type found during Leg 183 has a flow-top breccia composed
of broken pieces of pahoehoe. This type of flow has not been seen in
Hawaii and has no widely accepted name.

Determining lava type is relatively straightforward if centimeter-scale
morphologic features of the flow tops and bottoms are well preserved
and recovered. Aa flows are characterized by angular, spinose clinker at
both the flow tops and bottoms, and pahoehoe flows are characterized
by smooth tops and bottoms. Transitional flows show some of the char-
acteristics of both aa and pahoehoe lava flows. However, these types of
features are the first to be destroyed by erosion and weathering and are
also difficult to recover in core.

It is commonly possible to use the distribution and morphology of
vesicles in the interior of the flow to determine the flow type (Fig. F9).
Most lava flows have a thick vesicular upper crust, a dense core, and a
thinner vesicular lower crust (Aubele et al., 1988). To avoid confusion
with the drilled core, we use the term “massive interior” instead of
“core” throughout this volume. Aa flows tend to have fewer, but more
distorted vesicles than pahoehoe flows (Macdonald, 1953). Aa flows
also commonly exhibit partially resorbed pieces of entrained crust
within the dense interior of the flow. These typically appear as fist-sized
clots of small, highly distorted vesicles within the nonvesicular part of
the flow. Aa flows also commonly have 10- to 200-cm-wide “arms” or
“fingers” of dense material pushed up into the vesicular, brecciated
crust. The margins of these arms have been observed to disaggregate
into sand-sized and finer fragments as they cool (L. Keszthelyi, unpubl.
data).

For pahoehoe flows, we use the terminology from Self et al. (1997).
Key vesicle features are horizontal vesicular zones in the upper crust,
horizontal vesicle sheets defining the boundary between the upper
crust and the massive interior of the flow, and pipe vesicles at the base.
Pipe vesicles are typically 0.3-0.7 cm in diameter, 3-15 cm in height,
and reliable indicators of a flow margin. Pipe vesicles may grade into
vesicle cylinders, which in turn lead to 0.5- to 5-cm-thick horizontal
vesicle sheets at the base of the upper vesicular crust. The vesicles
within cylinders and sheets are usually 1-5 mm in size and are very ir-
regular in shape. The vesicle cylinders and vesicle sheets are usually
found in segregated late-stage differentiates that can have micropegma-
tite textures (e.g., Goff, 1996). These features are synonymous with seg-
regation veins. However, they are very different from the horizontal
vesicular zones that can be found in the upper crust of pahoehoe flows.
These zones can vary in thickness from 0.5 to 500 cm and typically con-
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tain vesicles 0.5-5 cm in size. Commonly, they are marked by relatively
sharp upper boundaries and fade gradually into a zone of relatively low
vesicularity. Bubble sizes usually fine downward across this transition.
The vesicles in the uppermost 1-10 cm and lowermost 10-50 cm of a
pahoehoe flow are usually relatively small (0.1-3.0 mm in diameter)
and highly spherical.

The interpretation of these vesicle features is explained at length in
Self et al. (1997, 1998), but we provide a short synopsis here. The vesi-
cles in the upper and lower crust represent bubbles formed during erup-
tion. When the injection of fresh lava into the flow stops, the bubbles
rapidly rise to the base of the upper crust, leaving a dense interior. Hori-
zontal vesicular zones represent episodes of reactivation of the flow,
whereas horizontal vesicle sheets and vesicle cylinders can only form in
a stagnant lava.

This model allows the duration of active flow in an inflated pahoe-
hoe flow to be estimated. The thickness of the upper vesicular crust is
interpreted as a direct measurement of the amount of lava that solidi-
fied while fresh lava was being injected into the flow. A cooling model
allows the translation of this thickness into time. We estimate the dura-
tion of active flow using the Hon et al. (1994) empirical cooling model
as adopted by Thordarson (1995). This technique and its limitations
and errors are described in more detail in Self et al. (1997, 1998).

Given the abundance of flows with brecciated flow tops recovered
during Leg 183, the processes that disrupt lava require some additional
explanation. Aa clinker forms primarily by the rupture of molten lava.
This can only happen when and where strain rates are high and/or the
viscosity of the fluid lava is high (Peterson and Tilling, 1980). This tear-
ing of the lava is a result of the non-Newtonian behavior of lava under
these conditions. Large “arms” of lava from the dense interior of the
flow commonly extend into the breccia, especially along well-defined
shear zones. Entrainment of the brecciated top into the interior of the
flow is a powerful heat loss mechanism for aa flows (Crisp and Baloga,
1994), driving increased rapid crystallization of the flow interior (Crisp
et al., 1994) and leading to effective degassing.

Transitional lavas in Hawaii fall into two broad categories. Lavas such
as toothpaste or sharkskin pahoehoe involve emplacement of highly
viscous lavas at very low strain rates (Rowland and Walker, 1987). These
flows do not form brecciated tops. The other category of transitional
lava is slab pahoehoe, which involves emplacement of relatively low
viscosity lava under very high strain rates (Peterson and Tilling, 1980).
Such high strain rates are usually not sustained and are, instead, associ-
ated with surges of lava. Also, high strain rates are associated with
higher volumetric flux and larger, sheet-like, lobes. The crust on the
flow at the time of the surge (typically flat slabs from the top of larger
sheetlike pahoehoe lobes) is disrupted and rafted along. Jumbled piles
of crustal slabs accrete wherever there are obstacles or constriction in
the flow. The individual clasts usually demonstrate the full range of
brittle to ductile deformation as the upper chilled portion cracks and
the lower hotter portion deforms plastically to the disruption. Slab pa-
hoehoe lavas rarely extend for >1 km before transitioning to classic aa
or pahoehoe.

Another style of brecciation was observed during the Mauna Ulu
eruption of Kilauea Volcano, Hawaii. Within <12 hr, pahoehoe sheet
flows became disrupted and brecciated by the intrusion of new lava
into the interior of the flow and remobilized the entire upper surface. In
Hawaii, this kind of extreme inflation was observed only in the near-
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vent facies, where sudden pulses in eruption rate could be immediately
transferred into a flow without a longer transport system to buffer the
surges (Peterson and Tilling, 1980). However, surges disrupted the pa-
hoehoe surfaces of flows from Laki (Iceland) >50 km from the vent (Th.
Thordarson, pers. comm., 1995).

Lava flows that entered water (or were erupted subaqueously) may
form pillow basalts, hyaloclastites, and peperites. The latter two are vol-
caniclastic sediments that form by quench fragmentation. Pillow ba-
salts can usually be distinguished from pahoehoe flows by the thicker
glass rinds, lower vesicularity, and the presence of marine sediments be-
tween the pillows. However, larger subaqueous flows may form massive
sheets. The morphology of submarine flows is apparently controlled by
local flow rate that is primarily a function of slope and eruption rate
(Gregg and Fink, 1995).

IGNEOUS PETROLOGY

Core Curation and Shipboard Sampling

To preserve important features and structures, core sections contain-
ing igneous rocks were examined prior to splitting. Fach piece was
numbered sequentially from the top of the core section and labeled on
the outside surface. Pieces that could be fitted together were assigned
the same number and were lettered consecutively (e.g., 1A, 1B, and 1C).
Plastic spacers were placed between pieces with different numbers. The
presence of a spacer may represent a more substantial interval of no re-
covery than that represented by the spacer. If it was evident that an in-
dividual piece had not rotated about a horizontal axis during drilling,
an arrow was added pointing to the top of the section. The pieces were
split with a diamond-impregnated saw so that important compositional
and structural features are preserved in the archive and working halves.

Nondestructive physical properties measurements, such as magnetic
susceptibility and natural gamma-ray emission, were made on the core
before it was split (see “Physical Properties,” p. 31). After the core was
split and described, the working half was sampled for shipboard physi-
cal properties, magnetic studies (see “Paleomagnetism,” p. 27), thin
sections, XRD, and XRF studies. The archive half was described on the
HRVCD form and was photographed before storage. To minimize con-
tamination of the core with Pt-group elements and Au, describers re-
moved jewelry from hands and wrists before handling.

Visual Core Descriptions

We used HRVCD forms to document each section of the igneous rock
cores (see the “Core Descriptions” contents list). The left column on
the form, adjacent to the core photograph, represents the archive half
graphically. A horizontal line across the entire width of the column de-
notes a plastic spacer. Oriented pieces are indicated on the form by an
upward-pointing arrow to the right of the piece. Location of samples se-
lected for shipboard studies are indicated in the column headed “Ship-
board Studies” with the following notation: XRD = X-ray diffraction
analysis; XRF = X-ray fluorescence analysis; TS = petrographic thin sec-
tion; PP = physical properties analysis; and PM = paleomagnetic analy-
sis.
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We subdivided the core into consecutively numbered lithologic units
(mostly representing single lava flows) on the basis of changes in color,
structure, grain size, and mineral occurrence and abundance. Some
units were divided into subunits (A, B, C, and so forth) because of un-
certainty as to the number of individual flows involved or to bring at-
tention to major internal divisions within a flow. Breccia or mylonite
zones within units led to subdivision into, for example, A, B (brecciated
zone), and C subunits. Larger intercalated sediment horizons were des-
ignated as independent lithologic units.

Written descriptions accompany the schematic representation of the
core sections. This information includes

1. The leg, site, hole, core, type, and section number (e.g., 183-
1135A-15R-3).

2. The unit number (consecutively downhole), the rock name (see

below), and the number of pieces. Additional detailed descrip-

tions of igneous lithology are reported in the hard-rock core de-
scription log.

Contact relations with neighboring lithologic units.

4. Phenocrysts: the types of minerals visible (with a hand lens or
binocular microscope), their distribution within the unit, and,
for each phase, its abundance (in volume percent), size range (in
millimeters), shape, degree of alteration, and further comments
if appropriate.

5. Groundmass texture and grain size: glassy, aphanitic, fine
grained (<1 mm), medium grained (1-5 mm), or coarse grained
(>5 mm). Grain size changes within units were also noted.

6. Vesicles: abundance (nonvesicular = <1%, sparse = 1%-5%, mod-
erate = 5%-20%, high >20% by volume), distribution, size,
shape, and mineral linings and fillings. Additional detailed de-
scriptions of vesicle distribution through units are reported in
“Physical Volcanology,” p. 16.

7. Color name and code (for the dry rock surface) according to the
Munsell color charts.

8. The rock structure: whether the unit is massive, flow-banded,
brecciated, scoriaceous, pillowed, hyaloclastic, or tuffaceous.
Note that we generally did not distinguish between syn- and
postemplacement brecciation of the lava flows.

9. Alteration: the alteration was graded as fresh (<2% by volume al-
teration products), slight (2%-10%), moderate (10%-40%), high
(40%-80%), very high (80%-95%), or complete (95%-100%).
Changes of alteration through a section or a unit were also not-
ed. Additional detailed descriptions of alteration and weathering
of igneous units are reported in “Alteration and Weathering,”
p- 25.

10. The presence of veins and fractures, including their abundance,
width, mineral linings and fillings, and, where possible, their
orientation. Additional detailed descriptions of vein materials
are reported in “Alteration and Weathering,” p. 25.

11. Additional comments, including notes on the variability of the
unit.

w

We assigned provisional rock names on the basis of hand-specimen
observation (hand lens and binocular microscope) and later checked
these with thin-section studies and XRF major element analyses, where
necessary. Porphyritic rocks were named by phenocryst type, using min-
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eral names in order of decreasing abundance. The term “phenocryst”
was used for a crystal that was significantly larger (typically at least five
times) than the average size of the groundmass crystals. Many porphy-
ritic basalts recovered during Leg 183 exhibited a range of crystal sizes
(seriate texture), making estimation of phenocryst populations approxi-
mate. Descriptors were defined as follows:

Aphyric: phenocrysts constitute <1% by volume of the rock,

Sparsely phyric: phenocryst content ranges between 1% and 2%,

Moderately phyric: phenocryst content ranges between 2% and 10%,
and

Highly phyric: phenocryst content exceeds 10%.

These descriptors were further modified by including the names of
phenocryst phases, in order of decreasing abundance. Thus, a “highly
olivine-plagioclase phyric basalt” contains more than 10% (by volume)
phenocrysts, the dominant phenocryst being olivine, with lesser
amounts of plagioclase. The prefix includes all of the phenocryst phases
that are in the rock, as long as the total content exceeds 1%.

Thin-Section Descriptions

We examined thin sections to complement and refine the hand-spec-
imen observations. In general, the same terminology was used for thin-
section descriptions as for the VCDs. The percentages of individual
phases, either estimated visually or determined by point counting, and
textural descriptions are reported in “Thin Sections” (see the “Core De-
scriptions” contents list). The textural terms used are defined in MacK-
enzie et al. (1982). For some porphyritic basalts, the thin section and
visual core descriptions differ slightly, typically because small plagio-
clase laths in a rock with seriate texture are visible only in thin section.
Thus, a rock visually described as olivine-plagioclase-phyric may be pla-
gioclase-olivine-phyric according to the thin-section description. Be-
cause not all units were examined in thin section, this discrepancy has
been accepted and retained to maintain consistency of the visual
records. Where possible, plagioclase compositions were estimated opti-
cally using the Michel-Levy Extinction Angle Method from at least 10
separate crystals.

X-Ray Fluorescence Analysis

We selected representative samples of major lithologic units and
samples with specific characteristics for shipboard XRF analysis. Large
pieces (~20 cm?3) were reduced to smaller fragments (<1 cm in diameter)
by crushing between two disks of Delrin plastic in a hydraulic press.
The sample was then ground for ~5 min in a Spex 8510 shatterbox with
a tungsten carbide barrel. Contamination of the samples with Nb dur-
ing grinding was investigated before the start of Leg 152, and none was
detected at that time (Larsen, Saunders, Clift et al., 1994).

We used a fully automated wavelength-dispersive ARL8420 XRF sys-
tem equipped with a 3-kW generator and a Rh-anode X-ray tube to de-
termine the major and trace element abundances in the samples.
Analytical conditions used are given in Table T6. The spectrometer was
calibrated using a suite of 30 well-analyzed reference standards. The val-
ues recommended by Govindaraju (1989) were used for all elements ex-
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cept for Zr and Nb. A subset of the standards, with concentrations
recommended by Jochum et al. (1990), was used for these two ele-
ments. Precision estimates, based on replicate shipboard analyses of the
USGS reference standard BHVO-1, are given in Table T7 (major ele-
ments) and Table T8 (trace elements). Several mechanical failures of the
instrument produced a hiatus in analyses after Site 1138 samples, re-
quiring recalibration, so we report statistics for analyses before and after
this interruption. Precision for Ba and Ce decreased significantly during
the Site 1138 sample analyses, so abundances for these elements are not
reported in that chapter. Variability in the measured standard Nb abun-
dance also increased, so for this period we corrected the measured un-
known Nb by a normalization factor (measured Nb/accepted Nb for
BHVO-1).

We analyzed major elements using fused lithium tetraborate glass
disks doped with lanthanum oxide as a heavy absorber (Norrish and
Hutton, 1969). The discs were prepared from 600 mg of rock powder
that had been ignited for 2 hr at ~1025°C and mixed with 7.2 g of dry
flux consisting of 80% lithium tetraborate and 20% lanthanum oxide.
This mixture, with 20 mL of LiBr (8.6M) added to prevent adhesion to
the Pt-Au crucible, was then melted in air at 1150°C for ~4 min with
constant agitation to ensure thorough mixing and then cooled. The
12:1 flux:sample ratio and the use of the heavy absorber makes matrix
effects insignificant over the normal range of igneous rock composi-
tions. Hence, the relationship between X-ray intensity and element
concentration is linear. Iron contents are reported as Fe,O; as a conse-
quence of oxidation during the fusion process. We measured loss on ig-
nition from weighed powders heated for 4 hr at 1025°C, then
reweighed. CO, and H,O contents were determined with a Carlo Erba
NA 1500 analyzer.

We determined trace elements using pressed-powder pellets. These
were made by mixing 5 g of rock powder with 30 drops of a solution of
Chemplex polymer in methylene chloride (100 mg/cm3) and then
pressing the mixture into an aluminum cap under a load of 8 T. A pellet
made with 5 g of basalt powder should appear infinitely thick to the
shortest wavelengths used in the analysis. X-ray intensities were cor-
rected for line overlap and interelement absorption effects. The latter
corrections were based on the relationship between mass absorption co-
efficient and the intensity of the Rh-Koo Compton scatter line (Rey-
nolds, 1963, 1967; Walker, 1973).

ALTERATION AND WEATHERING

All igneous rocks recovered during Leg 183 have undergone second-
ary alteration or weathering in subaerial, shallow subaqueous, or deep
marine environments. Many features of low-temperature hydrothermal
alteration (both submarine and subaerial) and subaerial weathering ap-
pear similar and are difficult to distinguish in the drilled core. In these
descriptions, alteration is defined as the chemical transformation of
mineral assemblages caused by interaction with hydrothermal fluids.
Weathered materials differ from altered materials in that they form at
the Earth’s surface at ambient temperatures and pressures and are af-
fected by the percolation of rainwater and meteoric fluids that have not
been heated. The products of subaerial weathering may be further mod-
ified on the seafloor. Postcruise mineralogic and chemical analysis may
help discriminate between subaerial weathering and hydrothermal pro-
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cesses. As a consequence, we did not make this distinction while log-
ging core.

On the HRVCD forms, rocks were graded according to whether they
were fresh (<2% by volume alteration/weathering products) or have
slight (2%-10%), moderate (10%-40%), high (40%-80%), very high
(80%-95%), or complete (95%-100%) alteration/weathering. We deter-
mined the types, forms, and distributions of secondary alteration/
weathering effects, as well as abundances of veins, vesicles, and their
mineral fillings, using a selection of precision tools. Any changes in al-
teration/weathering styles throughout a section or an igneous unit were
also recorded on the HRVCD. Features related to subaerial weathering
are also noted on the HRVCD. Unconsolidated parts of regolith inter-
vals are also recorded on the sedimentary VCDs.

Alteration and vein-core description logs were tabulated to provide a
consistent characterization of the rocks, as well as provide the informa-
tion required to make quantitative estimates of the extent of alteration.
Cores were described on a piece-by-piece scale. Alteration and vein logs
for each hole are presented (see the “Core Descriptions” contents list).
Descriptions are based mostly on hand-specimen observations, and spe-
cific clay, zeolite, and carbonate minerals are not generally distin-
guished, except where crystal morphology allows unequivocal
identification. Where additional mineralogic evidence is available from
either thin-section descriptions and/or X-ray diffractograms, these
identifications were integrated into the alteration and vein logs and the
HRVCDs.

Table T9 provides a list of abbreviations used in the alteration and
vein logs.

We recorded the following information in the databases:

1. The alteration log (e.g., Table T10) was used to record the bulk-
rock alteration. Each entry records the igneous unit; identifiers
for the core, section, piece, subpiece; the length of each piece;
and the depth below seafloor of the top of each piece. Visual es-
timates of the percentage of altered groundmass, color, the
abundance (in percent), diameter (in millimeters), mineral fill-
ings and halo widths (in millimeters) of vesicles, and the propor-
tion of altered phenocrysts with the precursor and secondary
minerals are documented for each piece. Data recorded for brec-
cias include percentages of matrix and clasts, and the total per-
centage of secondary minerals and sediments. A column for
comments is included.

2. The vein/structure log (e.g., Table T11) was used to record the
presence, location, and mineral content of veins observed on the
cut surface of the Leg 183 cores. Each entry records the igneous
unit and the identifiers for the core, section, piece, and subpiece.
For each vein the location of the top and bottom of the feature
is recorded, and the mineral fillings, vein width (in millimeters),
apparent orientation on the cut face (0°-90°; horizontal to verti-
cal), presence or absence of a related alteration halo, and the half
width (in millimeters) of the halo are described. A column for
comments is included.
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STRUCTURAL GEOLOGY

Structural features in the cores recovered during Leg 183 are summa-
rized on the HRVCD forms. For each section we described and sketched
more detailed structural information, such as the apparent and true ori-
entations of veins and fractures and crosscutting relationships, on a
separate structural geology description form (e.g., Fig. F10). Structural
data are tabulated in the vein/structure logs for each site (e.g., Table
T11; see “Alteration and Weathering,” p. 25). We recorded observa-
tions with reference to the structural geology checklist (Table T12). The
structural data entered into the vein/structure logs include

Hole, core, section, piece number; mbsf for top of section;

Oriented sample (yes or no);

Structural identifier: V-vein (vein crosscutting relationships are indi-
cated as V1 ... Vn from earliest to latest); Va ... Vx are veins
without crosscutting relationships; F = fault with offset; S, = bed-
ding;

Interval in centimeters that the feature occurs on the cut surface (top
or bottom);

Composition of material in feature; abbreviations as those defined in
“Alteration and Weathering,” p. 25 (see Table T9);

Width of structure in millimeters;

Wallrock lithology: SED (sediment), BAS (basalt);

Orientation of planar feature: two apparent dips and the calculated
strike and dip; and

Comments regarding the continuity and geometry of the feature, as
well as information regarding thickness, alteration halos, off-
sets, and crosscutting relationships.

Geometrical Reference Frame

To orient structures within the drill core, we employed the conven-
tion adopted during Leg 135 (Shipboard Scientific Party, 1992). We as-
sumed that the core axis is always vertical within a horizontal slice of
the core. Pseudo-north, 000° is defined as 90° to the cut face of the ar-
chive core; the right side is designated as 270°, and the left side as 090°
(Fig. F11). We measured most orientations as dip directions relative to
the core reference frame on perpendicular sections of the core. To calcu-
late the strike and dip for each pair of apparent dips measured for a
structural feature, we used trigonometric functions in a Microsoft Excel
spreadsheet that contained the vein/structure logs. If the structure was
exposed in three dimensions, we measured the dip and working azi-
muth directly and entered them into the vein/structure log. We ori-
ented structure relative to core piece and section depth. Depths are in
centimeters from the top of the core section. When the vein extended
over a depth interval, we recorded the top and bottom of its range.

PALEOMAGNETISM

Paleomagnetic studies conducted on board the JOIDES Resolution dur-
ing Leg 183 consisted of routine measurements of natural remanent
magnetization (NRM) and of magnetic susceptibility of sedimentary
and igneous rocks. NRM was measured on most archive-half cores of
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sediments and basement rocks and on discrete working-half samples of
sediments and basement rocks. Stepwise, alternating field (AF) demag-
netization for most archive-half cores and some discrete samples was
adopted for magnetic cleaning. Some igneous rocks were thermally de-
magnetized to obtain their primary remanent magnetization. The
anisotropy of magnetic susceptibility (AMS) was determined for discrete
igneous rock samples to obtain information about the magnetic fabric.
Magnetic susceptibility was measured for whole cores, archive-half sec-
tions, and discrete samples. Magnetic properties were compared with
the observed lithostratigraphic and basement units.

Ages of sedimentary rocks were estimated by magnetostratigraphy to
establish the sedimentary history following igneous activity on the Ker-
guelen Plateau and Broken Ridge. The paleolatitudes of the Kerguelen
Plateau and Broken Ridge at the time of their formation were deter-
mined from the remanent magnetization of igneous rocks.

Laboratory Instruments

The remanence of all archive-half sections and all oriented discrete
working-half samples was measured using a 2-G Enterprises (Model
760R) pass-through cryogenic magnetometer equipped with direct-
current superconducting quantum interference devices. The sensing
coils of the magnetometer have slightly different response curves for
each axis. The width of the sensing regions is ~10 cm, which corre-
sponds to ~100 cm? of cored material. The practical limit on the resolu-
tion of natural remanence of the core samples is imposed by the
magnetization of the core liner itself (~0.01 mA/m). An in-line AF de-
magnetizer capable of reaching peak fields of 80 mT (2-G Enterprises
Model 2G600) was used with the cryogenic magnetometer. A Molspin
spinner magnetometer was also available in the paleomagnetism labo-
ratory for measurements of the NRM of discrete samples. For stepwise
demagnetization of samples, the laboratory contains AF and thermal
demagnetizers (Schonstedt Instrument Company Models GSD-1 and
TSD-1) that are capable of demagnetizing discrete specimens to 100 mT
and 700°C, respectively. Anhysteretic remanent magnetization was im-
parted to discrete samples by a DTECH, Inc., PARM-2 system. An Ana-
lytical Services Company Model IM-10 impulse magnetizer (capable of
pulsed fields of 20 to 1200 mT) was available for studies of the acquisi-
tion of both stepwise and saturation isothermal remanence magnetiza-
tion by discrete samples. For some discrete basement samples, the AMS
was determined using a Kappabridge KLY/2 directional susceptibility
meter and the program ANI20, provided by the manufacturer Geofyzika
Brno (Czech Republic).

The magnetic susceptibility for whole-core and archive-half sections
was routinely measured in 5-cm intervals using a susceptibility meter
attached to the MST (see “Physical Properties,” p. 31), and in 4- and 2-
cm intervals using a susceptibility meter attached to the AMST (see
“Spectrophotometer,” p. 10) for sediments and basement rocks, re-
spectively. Susceptibilities of discrete samples were also measured. For
the three types of susceptibility measurements (MST, AMST, and dis-
crete sample), the same type of magnetic susceptibility meter (Barting-
ton Instruments Model MS2) was used with a different sensor. The
sensor for whole-core measurements (MS2C) has an inner diameter of
88 mm, and the core passes through the sensor coil. The AMST has a cy-
lindrical tip probe (MS2F), and the sensor provides a depth of investiga-
tion approximately equal to its diameter (20 mm). The measurements
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were automatically recorded by the AMST, which permits measure-
ments only at evenly spaced intervals along each section of core. Spac-
ing of measurements varied from 2 to 10 cm. The MS1B (dual
frequency) sensor was used for discrete-sample measurements. This sen-
sor has an internal diameter of 36 mm and measures 2.54 cm of drill
core at a time. General variations with depth were consistent among
the three types of susceptibility measurements during Leg 183. How-
ever, the MST and AMST data occasionally had lower values than the
discrete measurements, with the differences being more significant in
the AMST measurements. The lower MST and AMST values were proba-
bly caused by gaps in the core and/or differences in the calibration of
the sensors. The spatial resolution of the MS2C and MS2F sensors is 20
mm. For the MST measurements (MS2C), the sensor expects a volume
of material 20 mm in length times the diameter of the ordinary core;
thus, a gap in core material results in a lower value. For the AMST mea-
surements (MS2F), the sensor expects a volume of material 20 mm in
length times 15 mm in diameter. A gap in core material or between sen-
sor and material thus results in a lower value. In addition, the calibra-
tion of the sensors also contributes to the differences between the three
types of measurements.

During Leg 183, we could not program the AMST software to ignore
measurements from voids or disturbed intervals of core (e.g., drilling
slurry or biscuits). Consequently, these spurious measurements should
be discarded before the data set is used. Moreover, the software (AMST
v. 1.1) aborted the measurement each time the susceptibility sensor
reached a core gap previously detected by the laser displacement sensor.
To overcome this problem, gaps were covered during laser displacement
measurements. This, however, led to systematically lower susceptibility
measurements over core gaps. It is recommended that these values be
discarded from the data set by comparing them with the core photo-
graphs. For rock cores, it was not always possible to measure planar,
horizontal surfaces. Measurements from nonplanar, nonhorizontal sur-
faces produced slightly lower values (e.g., when the sensor touched the
rock surface at an oblique angle). In some cores, the sensor stopped a
few millimeters above the surface, also resulting in slightly lower val-
ues. Finally, a software error led to a slight shift of the starting point ev-
ery few cores. This produced an offset of the actual length scale, which
must be taken into account when comparing these measurements with
the core sections.

Sampling
Coordinates

The standard ODP core orientation convention (fig. 8 in Shipboard
Scientific Party, 1991; fig. 8 in Shipboard Scientific Party, 1997) was
used for paleomagnetic measurements. This convention is defined as
follows: the z-axis points downhole and is parallel to the core, and the
x-axis forms a line perpendicular to the split face of the core and is di-
rected into the working half, toward a reference mark (a double line)
along the center of the core half. Discrete sample cubes and minicores
were marked with an arrow in the negative-z (uphole) direction on the
plane representing the split surface of the working half. The plane
marked with the arrow is the y-z plane. Core orientation with a Tensor
tool mounted on the APC core barrel was not achieved because only the
RCB was used for drilling. Because all cores were drilled by the RCB
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method, only inclination values were useful in paleomagnetic studies
during Leg 183.

Sampling Method

Discrete samples were taken from soft sediment using standard plas-
tic cubes (7 cm?3), with an arrow pointing in the uphole direction. Sam-
ples were not taken from portions of the core that were highly
disturbed by drilling. To reduce deformation of the sediment while tak-
ing discrete samples, the core was cut using a thin stainless-steel spatula
before pressing the cubes into the sediment. Cylindrical minicores (12
cm3) were drilled from hard sediment and crystalline rocks using a wa-
ter-cooled, nonmagnetic drill bit attached to a standard drill press.
Minicores were oriented in the same manner, with an arrow pointing in
the uphole direction. Typically, we took one or more discrete samples
per section, and some were used for pilot demagnetization studies. In
addition, discrete samples were taken from sedimentary rocks at smaller
increments to examine geomagnetic reversals, key geologic boundaries,
or other intervals of interest. We took several discrete samples in each
flow unit of igneous rock.

Measurements

The NRM of the archive-half sections was analyzed on the cryogenic
magnetometer at 5- and 2.5-cm intervals for sediments and basement
rocks, respectively. To isolate characteristic magnetizations, archive
halves were AF demagnetized at 20 and 40 mT for sediments and base-
ment rocks, respectively. To confirm the reliability of the remanent
magnetization, one section per each core was stepwise AF demagnetized
up to 30 and 60 mT for sediment and basement rocks, respectively. For
magnetic cleaning of most discrete igneous rock samples, stepwise ther-
mal demagnetization up to 620°C was applied.

For determining the AMS, the induced magnetization of the speci-
mens was measured at 15 positions in a 300 A/m field and the suscepti-
bility tensor was calculated from the data. The principal magnitudes
and directions of the tensor are obtained by the diagonalization of the
tensor; the principal directions are given by the eigenvectors and the
principal magnitudes by the eigenvalues.

Analysis

The stable or primary component of remanence was obtained from
sediments after AF demagnetization. The stability of remanence within
the archive cores and discrete samples was determined by both Zid-
jerveld (1967) plots and equal-area stereographic projections. Magneto-
zones were defined by selecting directional data from the cryogenic
magnetometer. The selection criteria were slightly different at each site.
The following selection criteria were typically used during Leg 183:

1. The intensity of remanent magnetization after AF demagnetiza-
tion at 20 mT was >2 x 10-* A/m and hence above the noise level
of the magnetometer in rough-sea conditions.

The inclination is >+30°.

At least two consecutive values (which corresponds to a split-
core length of 10 cm) have the same polarity.

4. There is no significant core disturbance.

whN
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Positive and negative inclinations are defined as reversed and normal
magnetic polarities, respectively. We interpreted the magnetic polarity
stratigraphy, using constraints from the biostratigraphic data (see “Bio-
stratigraphy,” p. 10). The time scales of Berggren et al. (1995) and Grad-
stein et al. (1995) (see “Biostratigraphy,” p. 10) were used for Cenozoic
and Mesozoic polarity boundaries, respectively.

The characteristic inclinations of remanence from igneous rocks were
obtained by component analysis (Kirschvink, 1980), and stability was
examined in the same manner as for sediments. Paleolatitudes of each
site at the time of eruption were calculated from mean inclination val-
ues based on the assumption of a geocentric dipole field using the equa-
tion:

tan (paleolatitude) = 2 tan (inclination). M

The results from low-field susceptibility and AMS measurements
were compared with lithologic units and/or geologic structures based
on sedimentary, petrologic, and structural features (see “Lithostratigra-
phy,” p. 7; “Igneous Petrology,” p. 22; “Physical Volcanology,” p. 16;
and “Structural Geology,” p. 27).

PHYSICAL PROPERTIES

Introduction and General Objectives

Shipboard physical properties determinations provide a first look at
variations in core material characteristics and may be correlated with
core lithology, downhole geophysical results, and regional seismic data.
The principal objectives of the physical properties measurement pro-
gram are closely connected to the main scientific and operational goals
of Leg 183. They can be grouped together as follows:

1. Providing comprehensive physical properties datasets, including
porosity and acoustic variations.

2. Integrating core physical properties data with physical parame-
ters derived from downhole logging results. Bulk density, poros-
ity, acoustic velocity, and thermal conductivity data can aid log
interpretation.

3. Providing cross-hole correlation. Magnetic susceptibility was
measured on whole-round sections along the length of the re-
covered core to enable correlation of stratigraphic horizons from
adjacent holes.

4. Constraining the interpretation of seismic reflection and other
geophysical data.

Additionally, physical properties data may help determine how the
Kerguelen Plateau grew and its tectonic history, thereby contributing to
the principal objectives of Leg 183.

All instruments/apparatus used in the shipboard laboratory and prin-
ciples of methods are described in Blum (1997). Measurements were
made on whole sections of cores using the MST. We determined thermal
conductivity for sediments and basement rocks using the needle probe
and half-space puck methods, respectively. When the sediment was suf-
ficiently soft, we determined compressional-wave (P-wave) velocities
(V,) on the working half of the core. Using the insertion probe system
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(PWS1 and PWS2) and/or the contact probe system (PWS3). For consol-
idated or lithified sediments and for hard rocks, we cut samples and we
measured velocity using the contact probe system. Whenever possible,
we measured index properties in samples where velocity was also mea-
sured.

Sampling Strategy

The sampling program for physical properties was designed to fulfill
the following two requirements:

1. Whole-core sections were scanned with the MST before being
split. We then selected physical properties samples from the split
cores. Where recovery permitted, we chose one or two samples
per section to represent the dominant lithology.

2. Core specimens for analyses were selected in conjunction with
sedimentologists and structural geologists, we selected addition-
al samples to represent intervals of unusual lithology or struc-
ture.

Whole-Core Measurements
Multisensor Track

The MST included four physical properties sensors (magnetic suscep-
tibility meter, gamma-ray attenuation porosity evaluator [GRAPE], P-
wave logger [PWL], and natural-gamma radiation detector [NGR]). Indi-
vidual, unsplit core sections were placed on the MST, which automati-
cally moved the section through the sensors on a fiberglass track. MST
data were sampled at discrete intervals, with the sampling rate chosen
to optimize data resolution and the time limitations of running each
core section through the device. GRAPE data, compressional wave ve-
locity, and magnetic susceptibility data were all logged at an interval of
4 cm and acquisition times of 5 s. Core sections were run through the
MST after they had warmed to at least 16°C. GRAPE data are most reli-
able in undisturbed cores and offer the potential of direct correlation
with downhole bulk density logs. For highly fragmented core, GRAPE
acquisition was turned off. Many cores of (unconsolidated) soft sedi-
ments were disturbed to some degree. Where cores were not filling the
lines, disturbed, or fractured, we expect the GRAPE density to have a
general lower value.

The PWL operates simultaneously with the GRAPE and transmits a
500-kHz P-wave pulse (2-us wave period; 120 V) through the core. A
pair of displacement transducers monitors the separation between the
P-wave transducers. Data are collected at 3-cm intervals. The quality of
the data was assessed by examining the arrival time and amplitude of
the received pulse. Data with anomalously large travel times or low am-
plitudes were discarded. Because RCB cores do not fill liners, only se-
lected cores from each site were run through the PWL.

Magnetic susceptibility was determined on all sections at 3- to 5-cm
intervals using the 1.0 (1 s integration time) range on the Bartington
meter (model MS2C), which has an 88-mm coil diameter. Magnetic sus-
ceptibility helps detect variations in magnetic properties caused by
lithologic changes or alteration. The quality of these results is degraded
in RCB sections if the core liner is not completely filled or the core is
disturbed. However, general downhole trends may still be used for labo-
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ratory to well-log correlation. During Leg 183, magnetic susceptibility
was also determined with a point-susceptibility meter on the AMST. We
routinely compared data from the two instruments (see “Paleomag-
netism” sections in the site chapters for discussion).

NGR emission was routinely recorded for all core sections, both to
monitor variations in radioactive counts of sample rocks and to provide
a correlation with the geophysical logging. The NGR system records ra-
dioactive decay of 4°K, 232Th, and 238U, three long half-life isotopes. The
total gamma-ray count is a function of the combined influence of these
three isotopes. The installation and operating principles of the NGR
system used during Leg 183 are discussed by Blum (1997).

The area of influence for the four NGR sensors was ~10 cm from the
points of measurements along the core axis. As gamma-ray emission is
random, count times have to be sufficiently large to average for short-
period variations. This was achieved on the MST system by utilizing the
long area of influence on the sensors and using a moving average win-
dow to smooth count-rate variations and to achieve a statistically valid
sample.

The NGR system was calibrated in port against a thorium source. We
generally made measurements every 16 cm and, in some basement
rock, every 6 cm. Results were output in CPS (counts per second) units.

Thermal Conductivity

Thermal conductivity is the rate at which heat is transmitted by mo-
lecular conduction. Thermal conductivity is an intrinsic material prop-
erty that depends on the chemical composition, porosity, density,
structure, and fabric of the material. Thermal conductivity profiles of
sediments and rock sections are mainly used, along with temperature
measurements, to calculate heat flow. Heat flow is not only characteris-
tic of the material but also helps to indicate age of ocean crust and fluid
circulation processes at a range of depths (Blum, 1997). Whole-round
core sections were allowed to equilibrate to room temperature for at
least 2 hr in preparation for thermal conductivity measurements. We
used the needle-probe method in full-space configuration for soft sedi-
ments and in half-space mode for lithified sediment and hard-rock sam-
ples. We typically acquired data in every soft-sediment core and every
section in basement rocks. Data are reported in units of W/(m-K). The
mean error associated with these determinations is estimated as +0.2
W/(m-K) in sediments. For technical details see Blum (1997).

Soft-Sediment Full-Space Determinations

We inserted a needle probe containing a heater wire and a calibrated
thermistor into the sediment through a small hole drilled in the core
liner before the sections were split. At the beginning of each determina-
tion, we monitored temperatures in the samples without applying cur-
rent to the heating element to verify that temperature drift was
<0.04°C/min. We then turned on the heater and recorded the tempera-
ture rise in the probes. After heating for ~60 s, the needle probe behaves
nearly as a line source with constant heat generation per unit length.
We fit the temperatures recorded between 60 and 240 s to the following
equation using the least-squares method (von Herzen and Maxwell,
1959):

T(t) = (g/4nk) - In(t) + L(2), (2)
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where k is the apparent thermal conductivity (W/[m-K]), T is tempera-
ture (°C), tis time in s, and g is the heat input per unit length of wire
(W/m). The term L(t) corrects for temperature drift, described by the fol-
lowing equation:

L(H)=At+T, (3)

where A represents the rate of temperature change, and T, is the equilib-
rium temperature. L(t) therefore corrects for the background tempera-
ture drift, systematic instrumental errors, probe response, and sample
geometry. The best fit to the data determines the unknown terms k and
A

Lithified Sediment and Hard-Rock Half-Space
Determinations

We made half-space determinations on selected lithified sediments
and basaltic rock samples after the cores were split and their faces pol-
ished. The needle probe rested between the polished surface and a
grooved epoxy block with relatively low conductivity (Sass et al., 1984;
Vacquier, 1985). We conducted half-space measurements in a water
bath to keep the samples saturated, to improve the thermal contact be-
tween the needle and the sample, and to reduce thermal drift. EG&G
thermal joint compound was used to improve the thermal contact.
Data collection and reduction procedures for half-space tests are similar
to those for full-space tests except for a multiplicative constant in equa-
tion 3 that accounts for the different experimental geometry.

Discrete Measurements in Split-Core Samples
Index Properties

We extracted samples of ~10 cm3 from the fresh core for determina-
tion of index properties. We calculated bulk density, grain density, wa-
ter content, porosity, and dry density from wet and dry sample and dry
volumes. The error associated with mass determinations using two
Scitech electronic balances is £0.05%. The balance was equipped with a
computer averaging system that corrected for ship accelerations. The
sample mass was counterbalanced by a known mass such that the mass
differentials generally were <1 g. We determined sample volumes using
a Quantachrome Penta-Pycnometer, a helium-displacement pycnome-
ter with a nominal precision of £0.02 cm?3, but with apparently a lower
experimental precision of £0.04 cm3. We determined sample volumes at
least three times, until readings were consistent. A standard reference
volume was included with each group of samples during the measure-
ments and rotated among the cells to check for instrument drift and
systematic error. This exercise demonstrated that the measured volumes
had a precision of ~0.02 cm3. We carefully calculated the sample bea-
kers used for discrete determinations of index properties before the
cruise. After the samples were oven dried at 105 £ 5°C for 24 hr and al-
lowed to cool in a desiccator, we measured dry weight and volumes.
The main problem with this drying temperature is that chemically
bound water in clay minerals is largely lost in addition to interstitial
water.
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Water Content

The determination of water content as a fraction of total mass or as a
ratio of water mass to solid mass followed the methods of the American
Society for Testing and Materials (ASTM) designation (D) 2216 (ASTM,
1989). We measured total mass (M,) and dry mass (M) using the elec-
tronic balance and the difference was taken as the uncorrected water
mass. Corrections for salt assumed a pore-water salinity (r) of 0.35%,
following the discussion by Boyce (1976). The equations for the two
water content (W) calculations are

Wy (percent dry mass) = [(M, - Mg)/(Myq - rM,)] - 100, 4
W,, (percent wet mass) = {(M, — My)/[(1 —r) M]} - 100, (5)
where M, and M, are measured in grams.

Bulk Density

Bulk density (pyui) is the density of the total sample including the
pore fluid (i.e., pyux = M/ V;), where V, is the total sample volume (in cu-
bic centimeters).

Grain Density

Grain density (py) was determined from the dry mass and dry volume
measurements. Both mass and volume must be corrected for salt, lead-
ing to the following equation:

pg = (Md - Ms)/[vd - (Ms /ps)]l (6)

where M, is the dry mass (g) and p; is the density of salt (2.257 g/cm?3).
M, = r M,, (g) is the mass of salt in the pore fluid, M,, (g) is the salt-cor-
rected mass of the seawater:

M. = (M= Mg)/(1 ). ()

Porosity

Porosity (@) represents the ratio of pore-water volume to total vol-
ume. The following relationship was employed:

2 =[(Pg = Poulk)/(Pg = Pw)] - 100, (8)

where pg represents the calculated grain density, py, is the bulk density,
and p,, is the density of seawater.

Dry Density

The dry density (py) is the ratio of the dry mass (My) to the total vol-
ume (V). We calculated the dry density using the corrected water con-
tent (W) and porosity (o) as follows:

Pa = (8/Wy) - pw- 9)
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Velocity Determinations

For discrete velocity measurements in split cores, we used the inser-
tion probe system (PWS1 and PWS2) and the contact probe system
(PWS3), using a signal frequency of 500 kHz. In soft sediments, we em-
ployed the insertion probe system that determines the traveltime over a
fixed interval in the y (across the core) and z (along the core) directions.
For consolidated and lithified sediments and for hard rocks, only the
PWS3 was used, measuring samples within the liner or in cut samples.
When lowering the transducer to the core surface, an indeterminate
pressure is applied. For all measurements, we lowered the transducer to
the point where it just reached the surface. We then applied an addi-
tional force of 20 psi, sufficient for achieving good contact yet nonde-
structive on soft sediments. Measurements of ultrasonic velocities are
known to be relatively more stress sensitive in the low-pressure regime.
The system was calibrated with Plexiglas standards, corresponding to
velocities being found in sediments. The system was not calibrated with
standards representing high velocities, and this may account for veloci-
ties >6000 m/s in some hard rocks. If the high velocities are a conse-
quence of the calibration method, it would result in an increasing error
as the velocities increase, but the general trend would be valid. At Site
1137, the discrete velocity measurements agree well with sonic log data,
and all velocities are <6000 m/s. At later sites, and where we encounter
higher velocities, we did not have sonic log data for comparison. Deter-
mining velocity over a short distance, as in some cut samples, can also
increase the uncertainty of the measurements. We measured compres-
sional wave velocity (500 kHz) once or twice per section and in more
than one direction of the core where possible. Distilled water consti-
tuted the coupling fluid at the transducer/core interface. Sediments
were measured in half liners or in discrete samples taken from the core.
For disturbed or biscuited sediments, we employed a needle-probing
method to identify harder and preserved biscuits for measurement. We
sampled crystalline and basaltic rocks as minicores (2.54 cm in diame-
ter) drilled perpendicular to the axis of the core (x-direction) or sawed
as oriented cubes. The ends of the minicores were trimmed parallel with
a rock saw, and we measured traveltimes and distances along the axis of
the minicore. Velocities for cubes were determined in two or three mu-
tually perpendicular directions, V, (along the core), V, (into the split
core, perpendicular to core axis), and V, (across the split core). Velocity
anisotropy follows the relationship

Anisotropy = 3(Vimax = Viin)/(Vi+ V, + V), (10)

where V, ., and V,,;, are the maximum and minimum velocities (among
Vi V,, and V,). During Leg 183, we made measurements for velocity de-
terminations either adjacent to paleomagnetic minicores or directly on
the minicores to save core material for shipboard physical properties
samples. In intervals where discrete sampling was sparse, and if time al-
lowed, we made additional measurements on split pieces of hard rocks.
Velocities from these measurements may have slightly lower values be-
cause of a more irregular contact surface. Nevertheless, velocities deter-
mined from hard-rock pieces should exhibit trends similar to those
from discrete sample measurements.

We determined the dimensions of samples analyzed in the contact
probe system with digital calipers. During Leg 183, we noted that the
display of the digital caliper needed to be monitored regularly or erro-
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neous readings could occur. It is imperative to keep the caliper’s track
clean. We estimated traveltime by identifying the first break of the
stacked waveforms, and we corrected traveltime for system delays. Us-
ing the corrected traveltime and path length, we calculated velocities.
Velocity data are reported here in raw form.

ORGANIC AND INORGANIC GEOCHEMISTRY

Shipboard organic geochemistry during Leg 183 included the follow-
ing analyses: analyses of the light hydrocarbon gases in the sediment,
determination of carbonate carbon concentrations, and elemental anal-
yses of carbon, hydrogen, nitrogen and sulphur.

Hydrocarbon Gases

The primary focus of shipboard organic geochemical analyses is to
provide, on the basis of observations and expertise, advice concerning
the probable risks of an uncontrolled release of petroleum hydrocar-
bons (i.e., gas and/or oil). Imminent risks to the ship and/or the envi-
ronment must be assessed, and the ODP operations manager and co-
chief scientists must be advised in time so that drilling can be termi-
nated and the hole plugged and abandoned before penetration of a haz-
ardous depth interval.

As hydrocarbon generation is a natural and inevitable result of the
maturation of buried organic matter, the objective from the safety
standpoint is to distinguish possible hazardous accumulations of hy-
drocarbons against the background of the normal increase in hydrocar-
bon content with depth. The degree of organic matter maturation and
its ability to generate hydrocarbons may be estimated from the content
of C,, hydrocarbons (C,, ethane; C,_, ethylene; C;, propane; Cs_, propy-
lene) relative to methane (C;). The C,/C,, ratio changes from >1000 for
immature to <100 for mature organic matter. Plots of log C,/C, ratios
vs. depth give downhole trends. Deviations from these trends toward a
significantly higher contribution of heavier hydrocarbons justifies cau-
tion. As a general guideline, values <200 for C,/C, and 2000 for C,/Cs
justify caution.

During Leg 183, concentrations of the light hydrocarbon gases, C,
through C;, were monitored in each sediment core. Gases were ex-
tracted using the headspace technique for bulk sediments. Immediately
after the core was retrieved and cut into 150-cm sections, a No. 6 cork
borer was used to obtain a measurable volume of sediment from the top
of one of the sections, usually midcore. This ~5-cm3 sediment sample
was placed in a glass vial, sealed, and heated in an oven at 60°C for 30
min before gas analysis. A gas-tight syringe and needle was then used to
extract ~5.0 mL of headspace gas.

Headspace gas was analyzed using a Hewlett Packard 5890 Series II
gas chromatograph (GC) equipped with a 2.44 m x 3.18 mm stainless
steel column, packed with HaySep S (100/120) mesh, and a flame ion-
ization detector. The headspace syringe was directly connected to the
GC via a 1.0-cm? sample loop. A Hewlett Packard GC ChemStation (Rev
A.05.04) was used for data collection and evaluation. Calibration was
performed using Scotty II and IV analyzed gases.
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Inorganic Carbon

Carbonate carbon concentrations were determined using a Coulom-
etrics CO, coulometer. Sediments were generally analyzed at a fre-
quency of one sample per core.

The coulometric cell is filled with a partially aqueous proprietary so-
lution containing monoethanolamine (ME) and a colorimetric indica-
tor. A platinum cathode (negative electrode) and a silver anode (positive
electrode) are placed in the cell, and the cell assembly is positioned be-
tween a light source and a photodetector (measuring the intensity of ra-
diant energy) in the coulometer.

The samples (~10 mg of freeze-dried, ground sediment) are acidified
with 2N HCI in a heated vial to generate forms of inorganic carbon as
carbon dioxide. Carbon dioxide free air carries the CO, through a scrub-
bing system into the coulometer for detection. In the coulometer cell,
the CO, is quantitatively absorbed, reacting with ME to form a titrat-
able acid that causes the color to fade. The photodetector monitors the
change in the solution’s color as percent transmittance. As the percent
transmittance increases, the titration current is automatically activated
to generate a base at a rate proportional to the percent transmittance.
When the solution returns to its original color, the current stops.

The weight percentage of carbonate is calculated from the inorganic
carbon (IC) content, with the assumption that all inorganic carbon is
present as calcium carbonate (CaCOs):

CaCO, = IC - 8.332. an

Calibration was performed using pure calcium carbonate as a stan-
dard.

Elemental Analysis

Total carbon, hydrogen, nitrogen, and sulfur were determined using
a Carlo Erba 1500 NCS Analyzer. Sediments were generally analyzed at a
frequency of one sample per one or two cores and samples of basaltic
basement that were analyzed by XRF were also analyzed by NCS (see
“Igneous Petrology,” p. 22).

Approximately 5 mg of freeze-dried, ground sediment and vanadium
pentoxide (V,0;) was combusted at 1000°C in a stream of oxygen. Us-
ing helium as a carrier gas, the oxygen was removed and the combus-
tion products were reduced. The reduced gases were separated by gas
chromatography (a 2-m packed column) and quantified with a thermal
conductivity detector. The EAGER 200 software program was used for
data collection and analyses.

Sulfanilamide (16.27% N, 41.84% C, 18.62% S, and 4.86% H) was
used as the primary standard and the National Institute of Standards
and Technology’s Estuarine Sediment (0.18% N, 1.79% C, and 0.96% S),
which is more representative of marine particulate matter, as the sec-
ondary standard. Reagents for the elemental analyzer included the oxi-
dation catalyst (tungstic anhydride granules), a desiccant (magnesium
perchlorate), and reduced copper wire.

The organic carbon (OC) was then calculated from the total carbon
(TC) found from the NCS Analyzer and the inorganic carbon (IC) found
from the coulometer:

OC=TC-IC. (12)
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DOWNHOLE MEASUREMENTS

Logging Procedures and Logging Data
Introduction

Downhole logs reveal the physical, chemical, and structural proper-
ties of formations penetrated during drilling. A variety of geophysical
tools make rapid, closely spaced in situ measurements as a function of
depth after the hole has been drilled. Logs can be used to interpret the
stratigraphy, lithology, and mineralogy of the penetrated formation.
Where core recovery is incomplete or disturbed, log data may be the
only way to characterize the borehole section. Where core recovery is
good, log and core data complement one another. Geophysical well
logs can aid in characterizing lithologic sedimentary sequences and
stratal stacking patterns when integrated with core and seismic reflec-
tion data.

Individual logging tools were joined together into tool strings (Fig.
F12) so that several measurements could be made during each logging
run (Table T13). The tool strings were lowered to the bottom of the
borehole on a wireline cable, and data were logged as the tool string
was pulled back up the hole. Repeat runs were made in some holes to
improve coverage and confirm the accuracy of log data. Not all tool
strings were run in each hole; refer to individual site chapters for details
of logging strings deployed at each site. During logging runs a wireline
heave compensator was employed to minimize the effect of the ship’s
heave, caused by sea swell, on the motion and position of the tool
string in the borehole.

Logging Tools and Tool Strings

During Leg 183, we deployed three different logging strings (Fig. F12;
Table T13):

(1) The triple combo (resistivity, density, and porosity) tool string
consists of the dual laterolog (DLL), the high temperature lithodensity
sonde (HLDS), and the accelerator porosity sonde (APS). The hostile en-
vironment natural gamma-ray sonde (HNGS) was included at the top,
and the LDEO high resolution temperature/acceleration/pressure tool
(TAP) was attached to the base of this tool string. Because of the low re-
sistivities we encountered in the first hole logged (Site 1137), we substi-
tuted the dual induction tool (DITE) for the DLL at all subsequent sites.
(2) The FMS-Sonic tool string consists of the Formation MicroScanner
(FMS), the general purpose inclinometer tool (GPIT), and the dipole
shear sonic imager (DSI). The natural gamma-ray tool (NGT) was in-
cluded at the top of this tool string. The DSI was replaced by the long-
spaced sonic tool (LSS) because of tool failure. (3) The well seismic tool
(WST). Data from the NGT or HNGS placed at the top of all but the
WST tool string provide a common basis for correlation of several log-
ging runs and for depth shifting all logs.

Principles and Uses of the Logging Tools

We describe individual logging tools used during Leg 183, including
their geological applications and the controls on data quality, below.
The properties of the formation logged by each tool, the sample inter-
vals, and the precision of the measurements (including the vertical res-
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olution) are summarized in Table T13. Explanations of tool name
acronyms, the acronyms by which the log data generated by the differ-
ent tools, are referred, and their units of measurement are summarized
in Table T14.

More detailed descriptions of individual logging tools and their geo-
logical applications can be found in Ellis (1987), Goldberg (1997), Lov-
ell et al. (1998), Rider (1996), Schlumberger (1989, 1994, 1995), Serra
(1984, 1986, 1989), and the LDEO-BRG Wireline Logging Services
Guide (1994).

Hostile Environment Spectral Gamma-Ray Sonde
and Natural Gamma-Ray Tool

The HNGS and the NGT measure the natural gamma radiation from
isotopes of potassium, thorium, and uranium in the rocks surrounding
the tool. The NGT uses a sodium iodide scintillation detector to mea-
sure the natural gamma-ray emission and five-window spectroscopy to
determine concentrations of radioactive K (in weight percent), Th (in
parts per million), and U (in parts per million). The NGT and HNGS use
a similar measurement principle. However, the HNGS uses two bismuth
germanate scintillation detectors for gamma-ray detection with full
spectral processing, significantly improving tool precision compared to
the NGT. The spectral analysis filters out gamma-ray energies <500 keV,
eliminating sensitivity to bentonite or KCl in the drilling mud, and im-
proves measurement accuracy. The HNGS generates the same output as
the NGT, and it estimates the average borehole potassium contribution
to the total potassium signal. Shipboard corrections to the HNGS ac-
count for variability in borehole size and borehole potassium concen-
trations. The NGT and HNGS also measure the total gamma-ray
signature (SGR, gAPI [American Petroleum Institute] units) and ura-
nium-free or computed gamma ray (CGR, gAPI units).

The NGT response is influenced by borehole diameter and the weight
and concentration of bentonite or KCI present in the drilling mud. KCl
may be added to the drilling mud to prevent freshwater clays from
swelling and forming obstructions. All of these effects are corrected dur-
ing processing of NGT data at the LDEO Borehole Research Group
(LDEO-BRG).

High Temperature Lithodensity Sonde

The HLDS consists of a radioactive cesium ('3’Cs) gamma-ray source
(662 keV) and far and near gamma-ray detectors mounted on a shielded
skid, which is pressed against the borehole wall by a hydraulic eccen-
tralizing arm. Gamma rays emitted by the source experience both
Compton scattering and photoelectric absorption. Compton scattering
involves the transfer of energy from gamma rays to electrons in the for-
mation via elastic collision. The number of scattered gamma rays that
reach the detectors is directly related to the number of electrons in the
formation, which is in turn related to bulk density (RHOM). Porosity
may also be derived from this bulk density if the grain- and pore-fluid
densities are known.

The HLDS also measures the photoelectric effect factor (PEF) caused
by the absorption of low-energy gamma rays. Photoelectric absorption
occurs when gamma rays reach <150 keV after being repeatedly scat-
tered by electrons in the formation. Because PEF depends on the atomic
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number of elements in formation, it is independent of porosity. Thus,
PEF varies according to the chemical composition of the sediment. For

example, the PEF of pure calcite = 5.08 barn/e~; illite = 3.03 barn/e™;

quartz = 1.81 barn/e~; and kaolinite = 1.49 barn/e~. The PEF values can
be used in combination with NGT curves to identify different types of
clay minerals. Coupling between the tool and borehole wall is essential
for good HLDS logs. Poor contact results in underestimation of density
values. Both density correction and caliper measurement of the hole are
used to check the contact quality.

Accelerator Porosity Sonde

The APS consists of a minitron neutron generator, which produces
fast neutrons (14.4 MeV), and five neutron detectors (four epithermal
and one thermal), positioned at different distances along the tool. The
tool is pressed against the borehole wall by an eccentralizing bow
spring. Emitted high-energy (fast) neutrons are slowed by collisions.
The amount of energy lost per collision depends on the relative mass of
the nucleus with which the neutron collides. Much energy is lost when
the neutron strikes a nucleus of equal mass such as hydrogen, which is
mainly present in the pore water. On degrading to thermal energies
(0.025 eV), the neutrons are captured by the nuclei of Si, Cl, B, and
other elements, resulting in a gamma-ray emission. The neutron detec-
tors record both the numbers of neutrons arriving at various distances
from the source and neutron arrival times, which are a proxy for forma-
tion porosity. However, hydrogen bound in minerals such as clays or in
hydrocarbons also contributes to the measurement, so the raw porosity
value is often an overestimate. The near/array limestone porosity cor-
rected (APLC) log is usually displayed. The pulsing of the neutron
source provides the measurement of the thermal neutron cross section
(0) in capture units (cu). It is a useful indicator for the presence of ele-
ments of high-thermal neutron capture cross section such as B, Cl, and
rare-earth elements.

Dual Laterolog

The dual laterolog provides two resistivity measurements with differ-
ent depths of investigation: deep (LLD) and shallow (LLS). In both de-
vices, a current beam is forced horizontally into the formation by using
focusing (also called bucking) currents. For deep measuring, both mea-
sure and focusing currents return to a remote electrode on the surface;
thus, the depth of investigation is greatly improved, and the effect of
borehole, and of adjacent formations, conductivity is reduced. In the
shallow laterolog, the return electrodes that measure the bucking cur-
rents are located on the sonde, and, therefore, the current sheet retains
focus over a shorter distance than the deep laterolog. The depth of in-
vestigation depends on the resistivity of the rock and on the resistivity
contrast between the zone invaded by drilling fluid and the virgin (un-
invaded) zone. Because of the inverse relationship between resistivity
and porosity, the dual laterolog can be used to estimate the porosity of
the rock from Archie’s equation (Archie, 1942) if the sediments or rocks
do not contain any clay. Archie’s equation is expressed as FF=a - g™,
where @ is the porosity, a is a constant usually with set values of a = 1,
and m is known as the cementation factor and it depends on the shape
of the particles, which indicates the geometry of the pore channels.
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Fracture porosity can be estimated from the separation between the
deep and shallow measurements based on the observation that the
former is sensitive to the presence of horizontal conductive fractures
only, while the latter responds to both horizontal and vertical conduc-
tive structures. Compared to resistivity induction logging the DLL pro-
duces reliable data in highly resistive formations (>1000 Qm).

Dual Induction Tool/Spherically Focused
Resistivity Tool (DITE-SFR)

The DITE-SFR provides three different measurements of electrical re-
sistivities, each with a different depth of investigation in the formation.
Two induction devices (deep and medium resistivity) transmit high-fre-
quency alternating currents through transmitter coils, creating mag-
netic fields that induce secondary (Foucault) currents in the formation.
These ground-loop currents produce new inductive signals, propor-
tional to the conductivity of the formation, which are measured by the
receiving coils. The measured conductivities are then converted to resis-
tivity. A third device, a spherically focused resistivity instrument that
gives higher vertical resolution, measures the current necessary to
maintain a constant voltage drop across a fixed interval.

LDEO High Resolution Temperature/Acceleration/
Pressure Tool

The TAP is a new “dual application” logging tool (i.e., it can operate
as either a wireline tool or as a memory tool using the same sensors and
data acquisition electronics depending on the purpose and required
precision of logging data) (Table T15). During Leg 183, the LDEO-TAP
was deployed as a memory tool in low-resolution mode; the data were
downloaded via modem after the logging run was completed. The
LDEO-TAP offers greater flexibility in logging operations, and it sub-
stantially improves the quality and resolution of data over an extended
ambient temperature range (when used in the wireline mode) com-
pared to its predecessor, the LDEO temperature logging tool.

The tool starts recording automatically after reaching a preset pres-
sure (depth). Temperature, measured by high precision thermistors, and
pressure are measured every second. Tool acceleration is recorded four
times per second. Data, recorded as a function of time, are correlated to
depth based on a synchronized time-wireline cable depth record and
pressure recordings. Temperatures determined using the LDEO-TAP do
not necessarily represent in situ formation temperatures because water
circulation during drilling will have disturbed temperature conditions
in the borehole. However, from the spatial temperature gradient it is
possible to identify abrupt temperature changes that may represent lo-
calized fluid flows into the borehole, indicating fluid pathways and
fracturing and/or breaks in the temperature gradient that may corre-
spond to contrasts in permeability at lithologic boundaries.

Dipole Shear Sonic Imager

The DSI employs a combination of monopole and dipole transducers
to make accurate measurements of sonic wave propagation in a wide
variety of lithologies (Schlumberger, 1995). In addition to a robust and
high-quality determination of compressional wave velocity the DSI can
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determine shear-wave velocity (V) in most formations. The configura-
tion of the DSI also allows recording of cross-line dipole waveforms.
These modes can be used to estimate shear-wave splitting caused by
preferred mineral and/or structural orientations in consolidated forma-
tions. A low-frequency source enables Stoneley waveforms to be ac-
quired as well.

We deployed the DSI in two passes of the FMS-Sonic tool string com-
bination, where the DSI replaced the more commonly used array sonic
tool. The DSI was run in conventional P and S modes, along with the
dipole recording modes.

The DSI tool consists of a transmitter sonde, a receiver sonde, and an
acquisition cartridge (see Fig. F13). The transmitter sonde consists of a
power amplifier and switching circuitry, which drive one dual-fre-
quency (14 and 1 kHz) monopole transmitter and two pair of dipole
(2.2 kHz) transmitters. Separate source functions with appropriate
shape and frequency content are used for compressional, Stoneley, and
dipole wave modes, respectively.

The receiver sonde houses eight receiver groups spaced every 15 cm,
each consisting of four orthogonal elements aligned with the dipole
transmitters. During acquisition, the output from these 32 individual
elements are differenced or summed appropriately to produce in-line
and cross-line dipole signals or monopole-equivalent (compressional
and Stoneley) waveforms.

Preliminary processing of DSI data by the Schlumberger Multitask
Acquisition and Imaging System (MAXIS 500) estimates monopole and
dipole mode velocities using waveform correlation of the digital signals
recorded at each receiver. In most instances, the shear-wave data should
be reprocessed postcruise to correct for the effects of dispersion, which
is caused by the variation of sound velocity with frequency. Processing
techniques must be applied to account for a dispersive model without
assumptions or to compute a bias correction to minimize any frequency
effects on the velocity.

In addition, information such as mode amplitudes, shear-wave polar-
ization, and Poisson’s ratio can be extracted postcruise to provide infor-
mation about lithology, porosity, and anisotropy. Amplitude processing
and stacking of Stoneley-wave reflections may also be used to identify
fractures, fracture permeability, and aperture in the vicinity of the bore-
hole. The DSI tool is particularly important for determining shear-wave
velocities for the upper parts of the basalt flow units. The V,/V, ratio in
basalts is typically 1.8-2.0. Thus, the part of the lava flow with V, of
<3.0 km/s will have a V; of <1.5 km/s, which cannot be determined
without using the dipole source of the DSI tool.

Long-Spaced Sonic Tool

The LSS measures the compressional wave velocity of the formation.
The LSS is configured with two acoustic sources 61 cm apart and two re-
ceivers also spaced 61 cm apart. The spacing between the upper receiver
pair and the transmitter pair is 2.44 m. The tool measures traveltime in
microseconds over a certain distance in the formation. The configura-
tion of the tool allows eight different traveltime measurements that
compensate for irregular borehole walls. The velocity data together
with the formation density can be used to generate a synthetic seismo-
gram.
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Formation MicroScanner

The FMS produces high-resolution images of borehole wall micro-
resistivity that can be used for detailed sedimentologic or structural in-
terpretation. This tool has four orthogonally oriented pads, each with
16 button electrodes that are pressed against the borehole walls. Good
contact with the borehole wall is necessary for acquiring good quality
data. Of a 25-cm borehole, ~30% is imaged during a single pass. Cover-
age may be increased by a second run. The vertical resolution of FMS
images is ~5 mm, allowing features such as burrows, thin beds, frac-
tures, veins, and vesicles to be imaged. The resistivity measurements are
converted to color or grayscale images for display. A histogram of image
data is used to subdivide the cumulative distribution in classes. During
Leg 183, local contrasts in an image of all FMS figures in the site chap-
ters were improved by applying dynamic normalization to the FMS
data. A linear transform is applied to the input data to keep a constant
mean and standard deviation within a sliding window (1 m was used).
When dynamic normalization is used, the values of color indicate rela-
tive changes in resistivity. Furthermore, the hole diameter was reduced
artificially from 25.1 to 15.2 cm to see more details in the pad tracks.
This in effect reduced the blank space between the pad tracks and
thereby enlarged the images produced by the FMS data proportionally.

FMS images are oriented to magnetic north using the GPIT (see be-
low). This allows the dip and strike of geological features intersecting
the hole to be measured from processed FMS images. FMS images can be
used to visually compare logs with the core to ascertain the orientations
of bedding, fracture patterns, sedimentary structures, and to identify
stacking patterns. FMS images have proved particularly valuable in in-
terpreting sedimentary structures, and they have been used to identify
cyclical stacking patterns in carbonates (Eberli, Swart, Malone, et al.,
1997), turbidite deposits (Lovell et al., 1998), cross-beds (Hiscott et al.,
1992), facies changes (Serra, 1989), and volcanic sequences (Demant et
al., 1995). Detailed interpretation of FMS images in combination with
other log and core data in the sense of core-log integration will be car-
ried out postcruise.

General Purpose Inclinometer Tool

The GPIT is included in the FMS-Sonic tool string to calculate tool ac-
celeration and orientation during logging. The GPIT contains a triple-
axis accelerometer and a triple-axis magnetometer. The GPIT records
the orientation of the FMS images, and it allows more precise determi-
nation of log depths than can be determined from cable length, which
may experience stretching and/or be affected by ship heave.

Well Seismic Tool

The WST is used to produce a zero-offset vertical seismic profile and/
or check shots in the borehole. The WST consists of a single geophone
used to record the full waveform of acoustic waves generated by a seis-
mic source positioned just below the sea surface. During Leg 183, a 300-
in3 air gun positioned at a water depth of 3-7 m, depending on wave
height, and offset from the borehole by 50 m on the port side of the
JOIDES Resolution, was used as the seismic source. The WST was
clamped against the borehole wall at 30- to 50-m intervals, and the air
gun was typically fired between five and 15 times at each station. The
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recorded waveforms were stacked and a one-way traveltime was deter-
mined from the median of the first breaks for each station, thus provid-
ing check shots for calibration of the integrated transit time calculated
from sonic logs. Check-shot calibration is required for the borehole to
seismic tie because compressional wave velocity derived from the sonic
log may differ significantly from seismic stacking velocities and veloci-
ties obtained via well-seismic surveys. This is caused by (1) differential
frequency dispersion (the sonic tool operates at 10-20 kHz; seismic data
is in the 50- to 100-Hz range), (2) difference in travel paths between
well-seismic and surface-seismic surveys, and (3) borehole effects caused
by formation alterations (Schlumberger, 1989). In addition, sonic logs
cannot be measured through pipe, and the traveltime to the uppermost
logging point has to be estimated by other means.

Data Quality

Log data quality is largely determined by the state of the borehole
wall. It may be seriously degraded by rapid changes in the hole diame-
ter and in sections where the borehole diameter greatly decreases or is
washed out. Deep-investigation measurements, such as the resistivity
and sonic compressional wave velocity, are least sensitive to borehole
conditions. Nuclear measurements (density and neutron porosity) are
more sensitive because of their shallower depth of investigation and the
effect of increased drill-fluid volume on neutron and gamma-ray atten-
uation. Corrections can be applied to the original data to reduce these
effects. We cannot, however, correct for very large washout. By use of
the HNGS and the NGT on the strings, data can be depth correlated be-
tween logging runs. Logs from different tool strings may still, however,
have depth mismatches caused by either cable stretch or ship heave
during recording. Ship heave is minimized by a hydraulic wireline
heave compensator designed to adjust for rig motion during logging
operations.

Data Recording and Processing

Data for each logging run were recorded and stored digitally and
monitored in real time using the Schlumberger MAXIS 500 system. Af-
ter logging a hole, data were transferred to the shipboard Downhole
Measurements Laboratory for preliminary processing and interpreta-
tion. FMS image data were interpreted using Schlumberger’s Geoframe
3.1.4 software package. Well-seismic, sonic, and density data were inter-
preted using GeoQuest’s IESX software package to establish the seismic-
to-borehole tie. We plotted logs from the shipboard-processed data as
depth-related curves, or images, representing the physical and chemical
properties of the strata penetrated.

Log data were also transmitted to LDEO-BRG for processing using a
FFASTEST satellite high-speed data link, soon after each hole was
logged. Data processing at LDEO-BRG includes (1) depth-shifting all
logs relative to a common datum (i.e., mbsf), (2) corrections specific to
individual tools, and (3) quality control and rejection of unrealistic or
spurious values. Once processed at LDEO-BRG, log data were transmit-
ted back to the ship providing near real-time data processing. Log
curves of LDEO-BRG processed data were then replotted on board for
refining interpretations (see “Downhole Measurements” in each site
chapter). Further postcruise processing of the log data from the FMS is
performed at the Laboratoire de Mésures en Forage (LMF) in Aix-en-
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Provence, France. Mismatches of data sets can be related to ship heave,
which caused irregular tool motion.

Postcruise-processed data (acoustic, caliper, density, gamma-ray, mag-
netic, neutron porosity, resistivity, and temperature) are available in
ASCII format (see the “Related Leg Data” contents list). Access to the
log data is free. A summary of “logging highlights” is also posted on the
LDEO-BRG website at the end of each leg.

Downhole logging on board the JOIDES Resolution is provided by
LDEO-BRG in conjunction with Leicester University Borehole Research,
the LMEF, University of Aachen, University of Tokyo, and Schlumberger
Well Logging Services.

UNDERWAY GEOPHYSICS

Underway geophysical data were collected during all transits. On-
board instrumentation used included a precision echo-sounder (3.5
kHz), magnetometer, gyrocompass (Lehmkul LR40), and GPS naviga-
tion systems.

Navigation

The GPS was used throughout Leg 183. Three GPS systems were avail-
able for operation, with output provided to the underway geophysics
laboratory. A GPS from Ashtech GG24 was used as the primary naviga-
tion device throughout the leg. Older Omnistar and Magnavox GPS sys-
tems were available, but not used.

GPS fixes were available continuously (1-s updates) and were re-
corded at ~60-s intervals. Event data were recorded at 60-s intervals on
site and in transit. Navigation data were logged by the WINFROG soft-
ware system, mounted on a dedicated PC in the underway geophysics
laboratory. Subsequent processing and display of navigation data were
performed using the Generic Mapping Tools (GMT) software package
(Wessel and Smith, 1995) on shipboard Unix workstations.

Echo-Sounder

One 3.5-kHz echo-sounder (precision depth recorder) was used to ac-
quire bathymetric data as well as high-resolution reflection records of
the uppermost sediment layers. Data from the system were recorded on
an EPC 8082 analog line-scanning recorder. The 3.5-kHz system used a
Raytheon CESP III Correlator Echo-Sounder Processor driven by a Ray-
theon PTR105B transceiver with a 2-kW sonar transmitter and included
a single EDO-type 323c transducer. The transducers are mounted in a
sonar dome on the hull 40 m forward of the center of the moonpool.
This location was chosen to reduce ship-generated noise and signal at-
tenuation from aeration beneath the hull. The recorder was annotated
automatically at fixed intervals; ship speed and heading were marked
every 5 min, and position, every 30 min. Depth readings were taken
manually every 5 min and entered into an Excel spreadsheet.

Magnetometer

Total intensity measurements of the Earth’s magnetic field were ob-
tained with a Geometrics Model G-886 proton precession magnetome-
ter towed ~500 m astern. Magnetic data were recorded during transits at
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1-min intervals on navigation files produced by WINFROG navigation
software. The data were reduced to magnetic anomalies at ODP/TAMU
(Texas A&M University) after Leg 183.

SEISMIC STRATIGRAPHY

Correlation of borehole results with MCS reflection data requires re-
lating lithostratigraphy and physical properties of sediments and hard
rocks to seismic reflections. To do so, we use one-dimensional synthetic
seismograms created from density and velocity logs, MST data, and
downhole wireline logs. We treat the relatively noisy core and MST data
with a robust-mode filter employing a 5-m window, using GMT soft-
ware (Wessel and Smith, 1995). This filter is a maximum likelihood
probability estimator that calculates the mode (i.e., the most frequently
occurring data value) within the given data window. In addition, the
median of the filtered data is computed during filtering, and outliers
with values 2.5 times greater than the L1 scale are replaced with the me-
dian (“robust” filter option). The L1 scale is defined as 1.4826 times the
median absolute deviation (MAD), because, in a Gaussian distribution,
the expected value for the MAD is the standard deviation ¢/1.4826. Fil-
tering noisy index properties data with various filters with and without
the “robust” option shows that a robust-mode filter is the most efficient
way to smooth the data and remove outlying data points. In most
cases, a filter width of 3.5-5 m yields the best results.

If no check shots with the WST are available to determine transit
time directly, we sum log transit times to create a record of two-way
traveltime (TWT) vs. depth. The TWT log is linearly resampled using a
sampling interval of 0.1-0.5 ms, depending on the sampling of the raw
data. Downhole logs typically sample every 15 cm, whereas the sam-
pling interval of physical properties measurements varies highly, de-
pending on recovery. To avoid aliasing, linear resampling in TWT
oversamples the data; other resampling methods (e.g., splines and near-
neighbor) cause artifacts at data gaps. We then resample velocities and
densities, using the TWT array, and multiply to obtain impedance.

We then calculate reflection coefficients from impedance contrasts.
We compute a second time series of reflection coefficients including in-
terbed multiples and transmission losses based on a Fourier domain
method from Lavergne (1989), implemented using MATLAB. Both re-
flection coefficient time series are convolved with a Ricker wavelet with
a peak frequency of 40 or 30 Hz, depending on the frequency content
of the MCS data. We chose this wavelength by trial and error, as we
found that wavelets with higher or lower peak frequencies do not
match the MCS data as well.
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Figure F1. Examples of numbered core sections.
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Figure F2. Bathymetry of the Kerguelen Plateau. Solid stars = previous ODP drill sites that recovered igneous
basement; open stars = sites that bottomed in sediment. Circles = proposed drill sites (KIP) for Leg 183. Seis-
mic lines used to select the sites = black lines with cruise identifiers (GA = Gallieni; MD = Marion Dufresne;
RS = Rig Seismic). Contour interval is 500 m.

-45°

KIP-10D
KIP-10C,—0
-60° o Rs47-27
O
I @
NN
-65° [0 - T —

60° 65° 70°



SHIPBOARD SCIENTIFIC PARTY
CHAPTER 2, EXPLANATORY NOTES

57

Figure F3. Key to symbols used to represent lithology, sedimentary structures, accessories, bioturbation,

and drilling disturbance in the barrel sheets.
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Figure F4. A. Textural classification scheme for siliciclastic sediments modified from Shepard (1954) by sub-
division of the central triangular field into muddy sand and sandy mud; the term “mud” is used here for a
mixture of silt and clay (Shipboard Scientific Party, 1995). The sand-, silt-, and clay-sized fractions are de-
fined using the Wentworth (1922) grade scale. Symbols used on the Shepard triangle are the same as shown
in Figure F3, p. 57. B. Classification of sediments composed of mixtures of biogenic and siliciclastic com-
ponents. In this scheme the names shown for microfossil components and the siliciclastic fraction are ex-
amples only (i.e., placeholders), and can be replaced by any valid textural name (for siliciclastic fraction)

or microfossil name.
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Figure F5. Neogene time scale and biostratigraphic datums used during Leg 183 for Broken Ridge Site 1141
(after Kennett and Srinivasan, 1983; Berggren et al., 1995; Erba et al., 1995). The temperate Miocene plank-
tonic foraminifer zonation is adopted from Kennett and Srinivasan (1983). Dashed lines between zones rep-
resent uncertain datums scaled to the low-latitude zonation and time scale of Berggren et al. (1995). T =
top/last occurrence, B = base/first occurrence. (Figure shown on next page.)
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Figure F5. (Caption on previous page.)
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Figure F6. Holocene through Late Cretaceous time scale and biostratigraphic datums used during Leg 183
for the Kerguelen Plateau Sites 1135-1140 (modified from Berggren et al., 1995; Gradstein et al., 1994; Erba
et al., 19995). High-latitude zonations used on Leg 183 vs. low-latitude zonations are indicated under “Leg
183" and “Low Lat.,” respectively, for foraminifers and nannofossils. High-latitude biostratigraphic datum
and age correlations are indicated in bold type under “Biostratigraphic Datums”; foraminiferal datums are
underlined. Planktonic foraminifer zonations adopted from Berggren (1992: Neogene Kerguelen); Stott and
Kennett (1990: Antarctic Paleogene; modified by Huber, 1991, and Berggren, 1992); Cita et al. (1997: South-
ern Ocean Late Cretaceous [after Huber, 1992]). Nannofossil zonations adopted from Wise (1983: Antarctic
Oligocene to mid-middle Eocene; modified by Wei and Wise, 1990; and Wei and Thierstein, 1991, and cal-
ibrated against magnetostratigraphy by Wei, 1992); Wei and Pospichal (1991: Antarctic Paleocene [“NA”
zones]); Watkins et al. (1996: Austral Upper Cretaceous [see also Cita el al., 1997]); and Bralower (1992: Al-
bian [Lower Cretaceous]; also see Bralower et al., 1993, 1995). Note that some of the high-latitude datums
are only correlated to magnetic chrons in the literature. Dashed zonal boundaries indicate uncertain datum
levels. T = top/last occurrence, B = base/first occurrence. (Figure on next six pages.)
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Figure F6. (Caption on previous page.)
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Figure F6 (continued).
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Figure F6 (continued).
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Figure F6 (continued).
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Figure F6 (continued).
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Figure F6 (continued).
TIME CHRONS POLARITY EPOCH

(Ma)
100 —

101 —

102 —

103 —

104 —

105 —

106 —

107 —

108 —

109 —

110 —

111 —

112 —

113 —

114 —

115 —

116 —

117 —

118 —

119 —

120 —

121 {—

122 —

123 —

124 —

125 —

C34n

May contain
brief sub-chrons

C34n

MO,

AGE BIOZONES BIOSTRATIGRAPHIC
FORA- NANNO- Low DATUMS
MINIFERS FOSSILS LATITUDE
Rotalipora
| appenninica | I~ B Rotalipora appenninica (100.4)
Rotalipora
ticinensis N C 1 0 ch
B Eiffellithus turriseiffelii (101.7)
Rotalipora B Rotalipora ticinensis (101.8)
subticinensis B Ticinella praeticinensis (102.5)
N Cg B B Rotalipora subticinensis (102.5)
Ticinella
praeticinensis
— B Eiffellithus monechiae (~104)
C ;
S I— B Axopodorhabdus albianus (~106)
o Ticinella
Z primula
I~ BTranolithus phacelosus (108.4)
— B Ticinella primula (109.0)
» Hedbergella
3 planispira
(@]
() ) P
O I— B Hayesites albiensis (??)
9 NCsA B Prediscosphaera columnata (112.2)
9_) T Ticinella_bejaouaensis (112.2)
> Ticinella [~ T Assipetra intracretacea (113.0)
= bejaouaensis
L‘ﬁ B Ticinella bejaouaensis (114.0)
B Hayesites albiensis (114.0)
Hedbergella | T Micrantholihus hoschulzii,
gorbachikae Nannoconus steinmannii (114.2)
I—— T Globigerinelloides algerianus (115.0)
- Globigerinelloides
algerianus
8
= CccC7
2— I—— B Globigerinelloides algerianus (116.9)
Globigerinelloides
ferreolensis
— T Leupoldina cabri (118.0)
Leupoldina | B Braarudoshpaera africana,
cabri Stoverius achylosum (118.2)
B Leupoldina cabri(119.0)
B Eprolithus floralis (119.0)
I— B Rhagodiscus angustus (119.9)
T Nannoconid crisis (120.5)
L . B Rucinolithus irregularis,
Globig er:ngl loides Flabellites oblongus (121.1)
blowi
C
o
o CCé6
—
—
©
o I—— B Globigerinelloides blowi (123.9)
Globigerinelloides
duboisi

67



SHIPBOARD SCIENTIFIC PARTY
CHAPTER 2, EXPLANATORY NOTES

68

Figure F7. Holocene to middle Miocene diatom zones and datums used during Leg 183 (fig. F10 from Ship-
board Scientific Party, 1999b). Geomagnetic time scale of Berggren et al. (1995). T = top/last occurrence, B

= base/first occurrence. Age references are from Harwood and Maruyama (1992).
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Figure F8. Leg 177 diatom zonation and stratigraphic ranges of key diatom species (fig. F9 from Shipboard

Scientific Party, 1999a).
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Figure F9. Drawing of cross sections of aa and pahoehoe lava flows.
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Figure F10. Example of structural geology description form.
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Figure F11. Orientation convention used to orient structures.
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Figure F12. Schematic illustration of the configurations of tool strings run during Leg 183.
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Figure F13. Diagram showing the DSI tool configuration (after Schlumberger, 1995). Distances are given in
centimeters. The DSI tool is divided into a transmitter sonde, a receiver sonde, and an acquisition cartridge.
The transmitter sonde drives one dual-frequency (14 and 1 kHz) monopole transmitter and two pair of di-
pole (2.2 kHz) transmitters. The receiver sonde houses an array of eight receiver groups with 15-cm spacing,
each consisting of four orthogonal elements that are aligned with the dipole transmitters. The output from
these 32 individual elements are differenced or summed appropriately to produce in-line and cross-line di-
pole signals or monopole-equivalent (compressional and Stoneley) waveforms.
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Table T1. Acquisition parameters of seismic reflection data used in selecting proposed drill sites on

the Kerguelen Plateau and Broken Ridge.

Rig Seismic
180

Marion Dufresne
109

Research vessel: Rig Seismic Marion Dufresne Robert Conrad Rig Seismic
Cruise number: 47 47 2708 179
Region: Kerguelen Plateau  Kerguelen Plateau  Broken Ridge Kerguelen Plateau
Year: 1985 1986 1986 1997
Designation: RS47 MD47 C2708 RS179
Navigation: Transit satellite Transit satellite Transit satellite Differential GPS
Source: 2 air guns 1 Flexichoc 2 water guns 20 sleeve air guns
Volume: 1000 in3 NA 160 in3 3000 in3

Shot interval: ~50m ~50 m ~65m ~50m

Sample interval: 2ms 4 ms 1 ms 2ms

Record length: 7 s + delay 4s 9s 16s

Streamer length: 1200 m 2400 m ? 3000 m

Number of groups: 48 48 1 240

Group interval: 25m 50 m NA 12.5m
Processing: Stack Stack NA F-x migration

Kerguelen Plateau
1997

RS180
Differential GPS
20 sleeve air guns
3000 in3

~50m

2ms

16s

3000 m

240

12.5m

F-x migration

Kerguelen Plateau
1998

MD109

GPS

10 Gl air guns
1050 in3
~50m

4 ms

17s

2400 m

96

25

F-k migration

Notes: GPS = Global Positioning System, Gl = Generator-Injector. NA = not applicable, ? = unknown. F-x = frequency-distance, F-k =

frequency-wave number.
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Table T2. Positions of diagnostic peaks used for the
identification of minerals in X-ray diffractograms and
for quantification of peak intensities.

Peak Peak
Mineral (20) A)

Quartz 26.65 3.34
K-Feldspar 26.93-27.52 3.31-3.24
Plagioclase 27.77-28.13 3.21-3.17
Hornblende 10.30-10.70 8.59-8.27
Calcite 29.45 3.03
Dolomite 30.94 2.89
Pyrite 33.05 2.71
Siderite 32.07 2.79
Opal-CT 21.94-21.67 4.05-4.10
Clinoptilolite 9.83 8.99

Note: Opal A shows a very broad peak around 4 A.
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Table T3. Volcaniclastic sediment description sheet.

Leg | site |Hole |core [Type |section Volcaniclastic sediment description sheet

183 | | | | | | Jobserver JRecorder
Interval Interval____Interval

Top Bottom  Clastmatrix Maximum size Average size Minimum size Sphericity Clast morphology Sedimentary Aggiweld  Notesfinterpretation

(cm) (om) (%) (mm) (mm) (mm) (HM.L) (E1,Eq/Shape) structure

Notes: Sphericity: H = high, M = medium, L = low. Angularity: A = angular, SA = subangular, SR = subrounded, R = rounded. Clast morphology: El = elongate, Eq = equant. Agg/weld = agglu-

tinated/welded.

STLON AMOLYNVIIXY ‘C YALdAVH)
ALIVJ DHILNAIDS AUVOddIHS

LL



Table T4. Volcaniclastic breccia grid information.

intermediate

long

Jigsaw fit/clast rotated

Sphericity

(H,M,L)

Angularity

(A,SA,SR,R)

Clast morphology

(ELEq)
polygonal
triangular
fluidal
subsperical
cuspate

tabular/oblate

comment

Sides

(number)
concave
convex
planar

irregular

comment

Devitrification/weathering

Sedimentary structure

composition

Leg Sub Site Hole Core Type Section
Volcaniclastic breccia
Grid information
Point I(number)
Clast/Matrix (%)
Clast size (mm)
short

Notes: Sphericity: H = high, M = medium, L = low. Angularity: A = angular, SA = subangular, SR = subrounded, R = rounded. Clast morphology: El = elongate, Eq = equant.

STLON AMOLYNVIIXY ‘C YALdAVH)

8L

ALIVd OHILNAIOS AAVOddIHS



Table T5. Vesicle description sheet.

Leg Sub Site Hole Core Type Section Vesicle description sheet
183 IObserver Recorder
Top Bottom Vesicularity Maximum size Average size Minimum size N Density Sphericity Angularity Grading Vesicle fill
(cm) (cm) (%) (mm) (mm) (mm) (N/cm2) (H,M,L) (A,SA,SR,R) (fine U/D) (%/material) Notesl/interpretation

Notes: N = number of vesicles. Sphericity: H = high, M = medium, L = low. Angularity: A = angular, SA = subangular, SR = subrounded, R = rounded, U = fining upward, D = fining downward.

STLON AMOLYNVIIXY ‘C YALdAVH)
ALIVJ DHILNAIDS AUVOddIHS
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Table T6. Instrument conditions during Leg 183 XRF analyses.

Background Count time
Peak angle offset Total peak background
Element Line  Crystal Detector Collimator (°26) (°260) (s) (s)
SiO, Koo PET(002) FPC Coarse 109.21 0 40 0
TiO, Koo LiF(200)  FPC Fine 86.11 0 40 0
AlL,O; Ko PET(002) FPC Coarse 145.18 0 100 0
Fe,05* Ko LiF(200)  FPC Fine 57.47 0 40 0
MnO Koo LiF(200)  FPC Fine 62.93 0 100 0
MgO Koo TLAP FPC Coarse 45.17 +0.80 150 300
CaO Koo LiF(200)  FPC Coarse 113.12 0 40 0
Na,0 Ko  TLAP FPC Coarse 55.1 -1.2 150 150
K,0 Koo LiF(200)  FPC Coarse 136.69 0 100 0
P,0Os Koo Ge(111)  FPC Coarse 141.09 0 100 0
Nb Koo LiF(200)  Scint Fine 21.4 0.35 100 100
Zr Koo LiF(200)  Scint Fine 22.55 -0.35 100 100
Y Koo LiF(200)  Scint Fine 23.8 -0.4 100 100
Sr Koo LiF(200)  Scint Fine 25.15 -0.4 100 100
Rb Koo LiF(200)  Scint Fine 26.62 -0.6 100 100
Zn Koo LiF(200)  Scint Fine 41.81 -0.55 100 100
Cu Koo LiF(200)  Scint Fine 45.03 -0.4 100 100
Ni Koo LiF(200)  Scint Fine 48.67 -0.55 100 100
Cr Koo LiF(200)  FPC Fine 69.35 -0.5 100 100
TiO, Koo LiF(200)  FPC Fine 86.11 0.5 40 40
\% Koo LiF(220)  FPC Fine 123.06 -0.5 100 100
Ce LB  LiF(220)  FPC Medium 128.13 -1.5 100 100
Ba LB  LiF(220)  FPC Medium 128.78 -1.5 100 100

Notes: Total Fe as Fe,O;* FPC = flow proportional counter using P10 gas; Scint = Nal scintillation
counter. Trace elements analyzed under vacuum using goniometer 2 at generator settings of 60
kV and 50 mA; major elements analyzed under vacuum using goniometer 2 (1 for Na and Mg)
at generator settings of 30 kV and 80 mA.
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Table T7. Major element analytical precision determined during Leg

183.

BHVO-1

Published  Mean 1* 1 SD* Mean 2t 1 SDt Kilauea 1 SD**
Element  values (N =26) (%) (N=13) (%) 1919-1* (%)
Sio, 49.62 49.53 0.45 49.86 0.23 49.65 0.04
TiO, 2.70 2.75 2.51 2.70 0.39 2.804 0.003
Al,O5 13.67 13.65 1.04 13.60 0.61 13.56 0.03
Fe,O3 12.23 12.18 0.62 12.29 1.05 12.09 0.01
MnO 0.17 0.17 2.39 0.18 2.07 0.159 0.001
MgO 7.13 7.09 1.80 7.09 0.38 6.530 0.004
CaO 11.32 11.37 0.71 11.35 0.19 11.41 0.01
Na,O 2.27 1.99 6.11 2.08 4.29 2.44 0.02
K,O 0.54 0.54 1.64 0.54 5.77 0.537 0.002
P,04 0.27 0.26 1.91 0.28 1.88 0.286 0.001

Notes: * = analyses run through Site 1138 samples. SD = standard deviation. { = analyses
run after Site 1138 samples. Means (in weight percent) and standard deviations of
repeated analyses of the BHVO-1 reference standard are reported as two sets because
of recalibration after mechanical repairs during the leg. ** = samples from Sites 1141
and 1142 were analyzed postcruise at The University of Massachusetts. Kilauea 1919-1
is a sample collected from the same flow as BHVO-1 and is used as a standard at The
University of Massachusetts. The reported values are the average and standard devia-

tion of three replicate measurements.
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Table T8. Trace element analytical precision deter-
mined during Leg 183.

Published Mean 1* 1 SD* Kilauea
Element  values (N=13) (%) 1919-1%
TiO, 2.7 2.7 0.3 2.83
\% 317 324 3.1 279
Cr 290 295.4 1.8 299
Ni 121 120.1 0.7 114
Cu 137 1323 1.2
Zn 109 103.4 1.7 113
Rb 9 9.2 6.2 8.5
Sr 395 394.2 0.2 380
Y 26 25.5 3.4 25.1
Zr 179 176.6 0.7 186
Nb 19 18.5 6.7 18.7
Ba 132 131.9 4.3 133
Ce 39 32.8 13.4 33
u 0
Th 2
Pb 2
Ga 21
La 20

Notes: * = analyses run through January 21, 1999. Published values
and means (parts per million except for TiO,, which is in weight
percent) and standard deviations (in percent) of repeated analyses
of the BHVO-1 reference standard following Leg 183 calibration.
SD = standard deviation. Trace elements were not recalibrated
after mechanical repairs during the leg. ¥ = samples from Sites
1141 and 1142 were analyzed postcruise at The University of Mas-
sachusetts. Kilauea 1919-1 is a sample collected from the same
flow as BHVO-1 and is used as a standard at The University of Mas-
sachusetts. The reported values are the average and standard devi-
ation of three replicate measurements.
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Table T9. Abbreviations used in the Leg 183 alteration and vein/structure

logs.

Colors Minerals Mineral proportions Other
B = brown Am, Si = amorphous silica Tr = trace (<1%) Ox = oxidized
Bl = blue C = clay X+Y==50:50 x:y P = piece(s)
Bk = black CO; = calcium carbonate X>Y=70:30 xzy V = vertical
G =gray Cu = native copper X>>Y=90:10 x:y R =rubble
Gn = green Cp = chalcopyrite X>>>Y =99:1 xty Blank = same as above
Pk = pink FeOx = iron-oxyhydroxides -> = altered to
Pr = purple Go = goethite Bx = breccia
R=red He = hematite
Or = orange Ol = olivine
W = white Pl = plagioclase
G-Gn = gray-green, etc. Py = pyrite
Lt = light Gyp = gypsum
Dk = dark Z = zeolite

Note: All other minerals and colors are not abbreviated.
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Table T10. Example of alteration log used during Leg 183, Kerguelen Plateau. (Continued on next two pages.)

Curatorial data Groundmass Breccia
Dark Blue-

Basement Length Depth  Alteration Vesicles Filled green Black green White Am Matrix Clast
unit Core Section Piece (cm) Subpiece (mbsf) (%) Color (%) (%) clay Quartz clay clay clay silica Calcite Siderite Volcanic Tectonic (%) (%)
14 67 1 1 17 633.10 H/C Bk to 0 X 65 35

2 13 633.27 brown
3 33 633.40
14 67 2 1 139 633.73 H/C Bk to 0 X 65 35
brown
14 67 3 1 150 635.12 H/C Bk to 0 X 30 70
brown
14 67 4 1 920 636.62 H Pk/gray 0 X 15 85
M Green 0 X
2 46 637.52 S/IM Lt gray 0.1 100 100
14 67 5 1 24 637.98 S/IM Gray 0.1 100 10 90
2 2 638.22
3 27 638.24
4 13 638.51
5 7 638.64
6 13 638.71
7 7 638.84
8 4 638.91
9 5 638.95
10 8 639.00
11 7 639.08
12 11 639.15
13 2 639.26
14 68 1 1 101 642.60 C Green 0 X X 50 50
15 2 24 643.61 C Red 0 X X 80 20
3 14 643.85 0
15 68 2 1 150 643.99 M/H Green 0 X 20 80
15 68 3 1 126 645.49 M/H Gray to 0 X
green
C Red to 0 X
black
M/H Green 3 80 70 30 X X 4 16
15 68 4 145 646.75 M Lt green 1 100 95 5
16 C Red to X 70 30
black
16 68 5 1 17 646.75 H/C Dkredto 0 X 60 40
black

STLON AMOLYNVIIXY ‘C YALdAVH)
ALIVJ DHILNAIDS AUVOddIHS

Note: See Table T9, p. 83, for abbreviations.
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Table T10 (continued).

Curatorial data

Red/
brown Green

clay  clay Siderite silica oxides Sediment Calcite

Primary Proportion Secondary

Comments

Ig. Length Depth
Unit Core Section Piece (cm) Sub (mbsf)
14 67 1 1 17 633.10
2 13 633.27
3 33 633.40
14 67 2 1 139 633.73
14 67 3 1 150 635.12
14 67 4 1 90 636.62
2 46 637.52
14 67 5 1 24 637.98
2 2 638.22
3 27 638.24
4 13 638.51
5 7 638.64
6 13 638.71
7 7 638.84
8 4 638.91
9 5 638.95
10 8 639.00
11 7 639.08
12 1N 639.15
13 2 639.26
14 68 1 1 101 642.60
15 2 24 643.61
3 14 643.85
15 68 2 1 150 643.99
15 68 3 1 126 645.49
15 68 4 1 145 646.75

64

64

10

30

97

19

10

Brecciated flow top. Slicks everywhere on all coherent clasts. Matrix (65%) is clasts
+ black/green clay (98%) and carbonate (2%). Clasts altered to dark brown clay.

Same as above, with some blue clay.

Breccia, clasts altered to clay. Lots of slicks.

0-68 cm: flow top breccia, 5% zeolite, 1% carbonate, remainder clasts + clay.

68-104 cm: tectonic breccia, highly angular clasts, sheared green clay and ground
up clasts (30%), carbonate (10%), rest is clasts.

104-141: coherent flow interior. Mesostasis altered to siderite (90%) and
carbonate (10%). Some resorbed clasts.

Massive flow interior.

Volcanic + tectonic breccia. 50% clasts altered to clay. 50% matrix. For interval: 2%
carbonate, 0.1% siderite, rest = clast and clay. Clay rich zones are highly sheared
and polished. Clasts from red alteration zone below in this interval.

Clast and matrix altered to clay. Green slicks noted.

Clast and matrix altered to clay. Green slicks noted.

Breccia. 20% matrix = 95% green clay, 2% carbonate, 2% siderite, 1% am si, all
recalculated for total section percent. Locally silicified. Some slicks in matrix rich
areas. Some tectonic brecciation. Not all primary igneous brecciation.

040 cm: Tectonic breccia. Numerous hydrothermal carbonate veins. Angular
clasts (bottom most clast highly sheared). Clasts broken and rotated. Matrix +
vesicles = 7% carbonate, 5% siderite, 2% clay.

40-66 cm: Highly altered and sheared glassy volcanic breccia. Clasts = 30%, matrix
=70% (altered to clay). Total interval = 10% siderite. Slicks noted.

66-126: Brecciated in places (down to 98 cm) where there is a sharp contact with
vesicular basalt below. Breccias = 20% of interval and are composed of matrix
(20%) and clast (80%).

Oxidized patches = 30% of rock. Resorbed vesicular clast from 82-100 cm.

STLON AMOLYNVIIXY ‘C YALdAVH)
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Table T10 (continued).

Curatorial data

Breccia

Phenocrysts

16 68 5 1 17

646.75

98

This breccia begins at 100 cm in section. Breccia is green and brown clays. 70%
matrix yields 2% siderite in interval with the rest = clay. 30% clasts altered to clay.
Some slicks.

Volcanic breccia. 60% clasts 40% matrix. In section: 0.5% siderite and 0.1%
carbonate, rest = clay + clasts. Clasts are highly oxidized to brick red from 043
cm. Rare slicks. Magmatic flow textures in some clasts.

STLON AMOLYNVIIXY ‘C YALdAVH)
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Table T11. Example of the vein-structure log used during Leg 183, Kerguelen Plateau. (See table note. Continued on next three pages.)

Vein-structure log for igneous rocks recovered from Hole 1138A

Curatorial data (mbsf) Vein intersections Minerals
Depth  Basement L T B Pos w w
(mbsf) unit Core  Section P Ori?  (cm) (cm) (cm) Id (cm)  DkGnC LtGnC BkC BGnC BIC wcC CO3 z (mm) Oriv? Halo (mm)
746.38 3 80R 1 2 Y 8 9 Vi 8 100 5.0
746.37 3 80R 1 2 Y 7 15 V2 9 100 3.0 \
746.40 3 80R 1 2 Y 10 1 v3 11 100 0.2
746.41 3 80R 1 2 Y 11 13 V4 12 100 0.6
746.44 3 80R 1 2 Y 14 15 V5 14 100 0.2
746.55 3 80R 1 4 Y 25 26 V6 25 100 0.5
746.56 3 80R 1 4 Y 26 27 V7 26 5 95 1.0
746.87 3 80R 1 9 Y 57 59 V9 58 100 0.3
746.93 3 80R 1 9 Y 63 66 V10 64 5 95 1.2
746.87 3 80R 1 9 Y 57 57 V8 57 100 0.3
747.05 3 80R 1 10 Y 75 76 V11 75 100 0.2
747.07 3 80R 1 10 Y 77 87 V12 78 40 60 0.2 \ bgn 2.0
747.06 3 80R 1 10 Y 76 84 V13 76 100 0.5
747.10 3 80R 1 10 Y 80 81 V14 81 100 1.0
74711 3 80R 1 10 Y 81 8 V15 80 100 0.5 \%
74712 3 80R 1 10 Y 82 87 V16 85 50 50 0.5
747.17 3 80R 1 11 N 87 94 V17 91 100 0.5
747.23 3 80R 1 12 N 93 93 100 0.3
747.26 3 80R 1 13 Y 96 101 V18 100 100 0.2
747.42 3 80R 1 15 N 112 118 V19 112 100 0.5 \
747.50 3 80R 1 16 N 120 126 V20 120 50 50 1.0
747.90 4 80R 2 3 Y 33 38 Vi 30 70 0.5
747.94 4 80R 2 3 Y 37 44 V2 1 929 0.5
748.22 4 80R 2 7 Y 65 73 V3 100 0.2
748.36 4 80R 2 9 N 79 84 V4 100 0.2
748.36 4 80R 2 9 N 79 84 100 0.1 \%
748.42 4 80R 2 10 Y 85 89 V5 100 0.2
748.46 4 80R 2 10 Y 89 95 V6 100 0.2
748.56 4 80R 2 11 Y 99 104 V7 50 50 0.4
748.61 4 80R 2 11 Y 104 104 V8 100 0.2
748.64 4 80R 2 12 Y 107 114 V9 60 40 0.8
748.64 4 80R 2 12 Y 107 116 V10 40 60 0.8
748.72 4 80R 2 12 Y 115 118 V11 100 0.2
748.76 4 80R 2 13 Y 119 124 V12 100 0.2
748.78 4 80R 2 13 Y 121 131 V13 100 0.1
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Table T11 (continued).

Vein-structure log for igneous rocks recovered from Hole 1138A

Curatorial data (mbsf) Structural (measurements) Calculated
Depth Basement L App-1 Dir-1 App-2  Dir-2 Strike Dip DipDir
(mbsf) unit Core Section P Ori?  (cm) ©) ©) ©) ©) ©) ©) ©) Comments
746.38 3 80R 1 2 Y 3 920 7 180 67 -8 -23
746.37 3 80R 1 2 Y 85 270 75 0 18 85 -72
746.40 3 80R 1 2 Y 4 270 7 180 120 -8 30
746.41 3 80R 1 2 Y 16 270 7 180 157 -17 67
746.44 3 80R 1 2 Y 4 270 4 0 45 6 —45
746.55 3 80R 1 4 Y 9 90 8 180 42 -12 -48
746.56 3 80R 1 4 Y 17 90 2 180 7 -17 -83
746.87 3 80R 1 9 Y 17 270 1 180 177 -17 87
746.93 3 80R 1 9 Y 31 90 15 180 24 -33 -66
746.87 3 80R 1 9 Y 7 90 8 180 49 -1 -41
747.05 3 80R 1 10 Y 8 90 7 180 41 -11 -49
747.07 3 80R 1 10 Y 76 90 30 180 8 -76 -82
747.06 3 80R 1 10 Y 55 270 50 0 40 62 -50
747.10 3 80R 1 10 Y 16 270 15 0 43 21 -47 Connects vesicle
747.11 3 80R 1 10 Y 85 60 True dip
74712 3 80R 1 10 Y 50 90 41 0 144 56 54
74717 3 80R 1 11 N
747.23 3 80R 1 12 N
747.26 3 80R 1 13 Y 85 920 True dip
747.42 3 80R 1 15 N
747.50 3 80R 1 16 N
747.90 4 80R 2 3 Y 75 270 55 0 21 76 -69
747.94 4 80R 2 3 Y 60 270 5 180 177 -60 87
748.22 4 80R 2 7 Y
748.36 4 80R 2 9 N
748.36 4 80R 2 9 N
748.42 4 80R 2 10 Y 60 270 2 180 179 -60 89
748.46 4 80R 2 10 Y 50 0 64 0 60 67 -30 3 mesostasis trails like this one
748.56 4 80R 2 11 Y 40 270 42 180 133 -51 43
748.61 4 80R 2 11 Y 5 90 70 180 88 -70 -2
748.64 4 80R 2 12 Y 77 90 35 0 171 77 81
748.64 4 80R 2 12 Y 80 90 17 0 177 80 87
748.72 4 80R 2 12 Y 35 270 20 0 27 38 -63
748.76 4 80R 2 13 Y 60 90 20 0 168 61 78
748.78 4 80R 2 13 Y 60 90 55 180 40 -66 -50
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Table T11 (continued).

Vein-structure log for igneous rocks recovered from Hole 1138A

Curatorial data (mbsf) Vein intersections Minerals

Depth  Basement L T B Pos w w
(mbsf) unit Core  Section P Ori?  (cm) (cm) (cm) Id (cm)  DkGnC LtGnC BkC BGnC BIC wcC CO3 z (mm) Oriv? Halo (mm)
748.85 4 80R 3 1 Y 0 0o Vi 0 99 1 1.0

749.06 4 80R 3 2 Y 21 25 V2 22 100 0.1
749.17 4 80R 3 3 N 32 34 100 0.2 \%
749.22 4 80R 3 4 Y 37 42 V3 37 100 0.1
749.45 5 80R 3 8 Y 60 63 V4 60 60 30 5 0.5
750.27 5 80R 4 1 Y 12 14 Vi 100 0.5
750.69 5 80R 4 2 Y 54 57 V2 100 0.1
750.69 5 80R 4 2 Y 54 58 V3 100 0.5
750.76 5 80R 4 2 Y 61 63 V4 100 0.5
750.94 5 80R 4 3 Y 79 82 V5 100 1.0

750.95 5 80R 4 3 Y 80 83 V6 100 0.5
751.20 5 80R 4 5 Y 105 109 V7 100 0.2
751.30 5 80R 4 6 Y 115 118 V8 100 0.2
751.43 5 80R 4 7 Y 128 129 V9 100 0.2
751.65 5 80R 5 1 Y 2 4 Vi 2 100 0.2
751.67 5 80R 5 1-3 Y 4 20 V2 4 100 0.2
751.89 5 80R 5 4 N 26 27 V3 26 100 0.2
751.90 5 80R 5 4 N 27 28 V4 27 100 0.2

Notes: P = piece, Ori? = orientation measured (Y = yes, N = no), T = top (upper) intersection, B = bottom (lower) intersection, Id = identifier, Pos = position measured, W = vein or
halo width, OriV? = vertical vein, App-1 = first apparent dip, Dir-1 = first dip direction, App-2 = second apparent dip, Dir-2 = second dip direction, DipDir = calculated dip
direction. See Table T9, p. 83, for other abbreviations.

STLON AMOLYNVIIXY ‘C YALdAVH)
ALIVJ DHILNAIDS AUVOddIHS

68



Table T11 (continued).

Vein-structure log for igneous rocks recovered from Hole 1138A

Curatorial data (mbsf) Structural (measurements) Calculated
Depth Basement L App-1 Dir-1 App-2  Dir-2 Strike Dip DipDir
(mbsf) unit Core Section P Ori?  (cm) ©) ©) ©) ©) ©) ©) ©) Comments
748.85 4 80R 3 1 Y 4 270 13 180 107 -14 17
749.06 4 80R 3 2 Y 15 270 18 0 50 23 -40
749.17 4 80R 3 3 N
749.22 4 80R 3 4 Y 50 270 30 0 26 53 -64
749.45 5 80R 3 8 Y 30 90 24 0 142 36 52 5% black clay
750.27 5 80R 4 1 Y 11 90 33 180 73 -34 -17
750.69 5 80R 4 2 Y 30 90 28 180 43 -38 -47
750.69 5 80R 4 2 Y 31 90 4 180 7 -31 -83
750.76 5 80R 4 2 Y 16 90 5 180 17 -17 -73
750.94 5 80R 4 3 Y 70 30 True dip, vein equivalent of 10 veins
750.95 5 80R 4 3 Y 26 270 15 0 29 29 -61
751.20 5 80R 4 5 Y 20 270 20 180 135 =27 45 Mesostasis trail with vesicles
751.30 5 80R 4 6 Y 13 270 10 180 143 -16 53 Mesostasis trail with vesicles
751.43 5 80R 4 7 Y 9 270 25 0 71 26 -19 Mesostasis trail with vesicles
751.65 5 80R 5 1 Y 13 90 14 180 47 -19 -43
751.67 5 80R 5 1-3 Y 80 90 10 0 178 80 88 Connects vesicles
751.89 5 80R 5 4 N 15 90 44 0 106 45 16
751.90 5 80R 5 4 N 14 270 20 0 56 24 -34
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SHIPBOARD SCIENTIFIC PARTY
CHAPTER 2, EXPLANATORY NOTES

Table T12. Structural geology checklist used during
Leg 183.

Structural geology checklist

Fractures:
Fracture density per section (1.5 m)

Veins:
Vein orientation
Average vein width
Mineral infilling
Vein fabric
Crack seal events (number of events)
Vein density per section
Wall rock alteration (width and characteristics of halo)
Crosscutting relations of veins
Vein array
Array thickness
Number of veins in array
Composition of veins
Orientation

Shear Zones:
Shear zone thickness
Lineations
Deformation bands
Color
Thickness
Mineral composition
Number of bands within array

Faults:
Orientation of fault zone
Fault zone thickness
Shear sense (offset, Riedel shears, mineral lineation)
Amount of offset
Nature of gouge
Composition of mineral infilling
Slickenside orientation

Cataclasites:
Clast size
Clast shape
Clast composition
Matrix composition (gouge or secondary minerals)

Breccias:
Matrix or clast supported
% matrix
Matrix composition
Clast size
Angular vs. rounded clasts
Clast composition
Origin (hydraulic vs. fault)

Sedimentary structures:
Layering (spacing between laminae)
Clastic dikes

Igneous contacts:
Chilled margins
Dike width

Crosscutting relations




SHIPBOARD SCIENTIFIC PARTY
CHAPTER 2, EXPLANATORY NOTES

Table T13. Specifications of the logging tools deployed during Leg 183.

Typical Approximate
logging Sample vertical
speed interval resolution
Tool strings (m/hr) Tools Measurement (cm) (cm)
Run 1 - Triple combination =~ 250-275 HNGS Natural gamma ray 15 45
(total length = ~30.4 m) APS Porosity 5and 15 30
HLDS Bulk density, PEF 15 38
DLL, DITE-SFR  Resistivity 15 61, 200-76
TAP Temperature One per second NA
Tool acceleration Four per second NA
Pressure One per second NA
Run 2 - FMS-Sonic 250-275 NGT Natural gamma ray 15 45
(total length = ~33.4 m) GPIT Magnetic orientation 0.25 0.5
DSI, LSS Sonic velocity 15 120, 61
FMS Resistivity image 0.25 0.5
Run 3 - WST Stationary ~ WST Sonic traveltime 3000-5000 NA

Note: See Table T14, p. 93, for explanations of the tool and measurement acronyms. NA = not applicable.
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SHIPBOARD SCIENTIFIC PARTY
CHAPTER 2, EXPLANATORY NOTES

Table T14. Logging tool and measurement acronyms and units of mea-
surement.

Tool Output Explanation Units
HNGS Hostile environment natural gamma-ray sonde
HSGR Standard (total) gamma ray gAPI
HCGR Computed gamma ray (HSGR minus uranium contribution) gAPI
HFK Formation potassium %
HTHO Thorium ppm
HURA Uranium ppm
NGT Natural gamma-ray tool
SGR Standard total gamma ray gAPI
CGR Computed gamma ray (SGR minus uranium contribution) gAPI
POTA Potassium %
THOR Thorium ppm
URAN Uranium ppm
APS Accelerator porosity sonde
APLC Near array porosity (limestone corrected) %
FPLC Far array porosity (limestone corrected) %
SIGF Neutron capture cross section of the formation (Sf) cu (capture units)
STOF Tool standoff (computed distance from borehole wall) in
HLDS High temperature lithodensity sonde
RHOM Bulk density (corrected) g/cm3
PEFL Photoelectric effect factor barn/e~
LCAL Caliper measure of borehole diameter in
DRH Bulk density correction g/cm3
DLL Dual laterolog
LLD Deep laterolog om
LLS Shallow laterolog Qm
DITE-SFR Dual induction tool-spherically focused resistivity tool
IDPH Phasor deep induction Qm
IMPH Phasor medium induction Qm
SFLU Shallow spherically focused log Qm
TAP High resolution temperature/acceleration/pressure tool
T, A P Temperature/acceleration/pressure °C, mm/s?, psi
DN] Dipole shear sonic imager
A Compressional wave velocity m/s
A Shear wave velocity m/s
LSS Long-spaced sonic tool
A Compressional wave velocity m/s
FMS Formation MicroScanner
Resistivity image
GPIT General purpose inclinometer tool
Hazi Hole azimuth °
FNOR Intensity of the total magnetic field oer (oersted)
WST Well seismic tool

At Acoustic arrival time us




SHIPBOARD SCIENTIFIC PARTY
CHAPTER 2, EXPLANATORY NOTES

Table T15. LDEO-TAP tool specifications (memory

mode).

TAP tool specifications (memory mode)

Acceleration measurement range
Acceleration resolution
Acceleration sampling rate
Low-resolution mode (LR)
High-resolution mode(HR)
Temperature measurement range
Temperature resolution
Pressure measurement range
Pressure resolution
Pressure measurement precision
Temperature/pressure sampling rate
Total data recording time
in high-resolution mode (HR)
in low-resolution mode (LR)
Power source
Total operation time (1 set of batteries)

from —2g to +2g

1 mm/s?

4 Hz

8 Hz

from -4°C to +85°C
+0.005°C

from 0 to 10, 000 psi
1 psi

0.1% FS

1 Hz

5 hr

8 hr

8 alkaline batteries (D type)
~40 hr
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