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3. EXPLANATORY NOTES'

Shipboard Scientific Party?

INTRODUCTION

In this chapter, we have assembled information that will help the
reader understand the basis for our preliminary conclusions and also
help the interested investigator select samples for further analysis. This
information concerns only shipboard operations and analyses
described in the site reports in the Leg 179 Initial Reports volume of the
Proceedings of the Ocean Drilling Program. Methods used by various inves-
tigators for shore-based analyses of Leg 179 data will be described in the
individual scientific contributions published in the Scientific Results vol-
ume and in publications in various professional journals.

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; no
seniority is implied):

Leg Summary: Casey, Miller

Operations: Holloway, Miller, Pettigrew

Igneous Petrology and Geochemistry: Casey, Guo, Miller, Shibata,
Thy

Metamorphic Petrology: Casey, Miller, Shibata

Structural Geology: Casey

Physical Properties: Miller, Rao

Downhole Measurements: Boissonnas, Einaudi, Hoskins, Myers

Seismic Experiments: Busby, Gerdom, Hoskins, Myers

Appendix: Shipboard Scientific Party

TExamples of how to reference the
whole or part of this volume.
2Shipboard Scientific Party
addresses.

Ms 1791R-103
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Numbering of Sites, Holes, Cores, and Samples

Drilling sites are numbered consecutively from the first site drilled by
the Glomar Challenger in 1968. A site refers to one or more holes drilled
while the ship was positioned over a single acoustic beacon. Multiple
holes are often drilled at a single site by pulling the drill pipe above the
seafloor (out of the hole), offsetting the ship some distance from the
previous hole (without deploying a new acoustic beacon), and drilling
another hole.

For all Ocean Drilling Program (ODP) drill sites, a letter suffix distin-
guishes each hole drilled at a single site. The first hole at a given site is
assigned the suffix A, the second hole is designated with the same site
number and assigned suffix B, and so on. Note that this procedure dif-
ters slightly from that used by the Deep Sea Drilling Project (Sites 1-
624) but prevents ambiguity between site- and hole-number designa-
tions. These suffixes are assigned regardless of recovery, as long as pene-
tration takes place. Distinguishing among holes drilled at a site is
important because recovered rocks from different holes, particularly
when recovery is less than 100%, are likely to represent different inter-
vals in the cored section.

The cored interval is measured in meters below seafloor (mbsf); sub-
bottom depths assigned to individual cores are determined by subtract-
ing the drill-pipe measurement (DPM) water depth (the length of pipe
from the rig floor to the seafloor) from the total DPM (from the rig floor
to the bottom of the hole; see Fig. F1). Water depths below sea level are
determined by subtracting the height of the rig floor above sea level
from the DPM water depth. The depth interval assigned to an individ-
ual core begins with the depth below the seafloor at which the coring
operation began and extends to the depth that the coring operation
ended for that core (see Fig. F1). Each coring interval is equal to the
length of the joint of drill pipe added for that interval (~9.4-10.0 m).
The pipe is measured as it is added to the drill string, and the cored
interval is usually recorded as the length of the pipe joint to the nearest
0.1 m. However, coring intervals may be shorter and may not be adja-
cent if separated by intervals drilled but not cored or washed intervals.

Cores taken from a hole are numbered serially from the top of the
hole downward. Core numbers and their associated cored intervals (in
mbsf) are usually 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. The maximum full recovery for a single core is 9.5 m of
rock contained in a core barrel (6.6 cm internal diameter; Fig. F2). Only
rotary core barrel bits were used for recovering core during Leg 179.

Cores are pulled from the core barrels in butylate liners, split into
~1.5-m sections, and transferred into split, 1.5-m butylate core liners for
curation and storage. The bottoms of oriented pieces (i.e., pieces that
clearly could not have rotated about a horizontal axis in the core barrel)
are marked with a red wax pencil to preserve orientation during the
splitting and labeling process. Contiguous pieces with obvious features
allowing realignment are considered to be a single piece. Plastic spacers
are used to separate the pieces. Each piece is numbered sequentially
from the top of each section, beginning with number 1; reconstructed
groups of pieces are lettered consecutively (e.g., 1A, 1B, 1C, etc.; see Fig.
F3). Pieces are labeled only on external surfaces, and, if oriented, a way-
up arrow is added to the label.

Recovery rates are calculated based on the total length of a core
recovered divided by the length of the cored interval (see Fig. F1). As
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hard-rock coring operations are characterized by <100% recovery, the
spacers between pieces can represent intervals of no recovery up to the
difference in length between a cored interval and the total core recov-
ered. Most cores are designated “R” (rotary drilled) for curatorial pur-
poses. In instances where coring intervals exceed the 9.5-m length of
the core barrel, cores are curated as wash intervals and given the desig-
nator “W.” Detailed descriptions of each core sampled, thin-section
descriptions, and photographs of each core are presented (see the “Core
Descriptions” contents list).

Summary Core Descriptions

As an aid to the interested investigator, we have compiled summary
information of core descriptions on a section-by-section basis and pre-
sented these on hard-rock visual core description (HRVCD) forms (see
the “Core Descriptions” contents list). These forms summarize the
igneous, metamorphic, and structural character of the core and present
graphical representations of the pieces recovered and the lithologic
units identified (Fig. F4). The far left side of these forms present an
image of the archive half of the core captured shortly after splitting. On
the right side of the image, several columns record information about
the core. In left-to-right sequence, these columns include archived
piece numbers and a graphic representation of piece shape with addi-
tional details (veins, fractures, etc.) added to help distinguish features in
the image. Next to these is a column indicating pieces that could be ori-
ented relative to way up. The next column indicates the location of
shipboard samples. For reference, the samples noted conform to the
sampling code in the JANUS database (XRF = X-ray fluorescence analy-
sis; TSB = polished thin section billet; PP = physical properties analysis;
and XRD = X-ray diffraction analysis). A graphic lithology column illus-
trates changes in lithologic units (see “Igneous Petrology and
Geochemistry,” p. 3); lithologies recovered are represented by the pat-
terns illustrated in Figure F5. A unit number corresponds to each litho-
logic unit and is recorded in the next column. Metamorphic intensity
intervals are represented by uppercase letters (see “Metamorphic
Petrology,” p. 7). We also present a graphic representation of structural
features in the core noting particular structural features (see “Structural
Geology,” p. 8). On the right side of these forms is a text summary of
observations from each section. The upper and lower contacts of each
lithologic interval are noted, as well as primary lithology and other
comments summarized from igneous descriptions. Text summaries of
metamorphic and structural description for each section are also com-
piled on these forms.

IGNEOUS PETROLOGY AND GEOCHEMISTRY

General Procedures

The procedures for describing igneous rocks during Leg 179, in gen-
eral, follow the outline presented in the “Explanatory Notes” chapters
for Leg 147 (Shipboard Scientific Party, 1993a), Leg 153 (Shipboard Sci-
entific Party, 1995) and Leg 176 (Shipboard Scientific Party, 1999). All
igneous petrography and petrology observations are stored in electronic
form in project-designed spreadsheets called the igneous-metamorphic
core log and are based on the following definitions given below. For a
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detailed discussion of core curation and handling, the reader is referred
to the “Introduction” section of this chapter. Standard ODP visual core
description (VCD) sheets were used to document the igneous rock cores
and include both a graphical representation and summaries of the dom-
inant macroscopic features. Descriptions of microscopic features were
archived on thin-section description forms. For both the macroscopic
and microscopic descriptions, see the “Core Descriptions” contents
list.

Igneous intervals were defined on the basis of primary igneous lithol-
ogies, textures, and contacts and do not necessarily imply intrusive
relationships. The nature of the igneous contacts was systematically
recorded together with igneous structures, mineralogy, and textures.
Mineral modes and grain sizes were visually estimated and textures and
tabric were evaluated based on macroscopic observations. The observa-
tions were recorded for each lithologic interval. A summary of the indi-
vidual measurements is given below.

Rock Classification

The classification of mafic and ultramafic plutonic rocks follows
International Union of Geological Sciences (IUGS) recommendations
(Le Maitre, 1989; Fig. F6) with minor modifications. We use the term
oxide gabbro if the mode exceeds 5% oxide minerals and the modifier
oxide-bearing if oxide minerals are present in abundances <5%. The
modifier troctolitic was used to describe olivine gabbro when pyroxene
represents 5% to 15% of the ferromagnesian assemblage. Lithologies
with high proportions (>65%) of mafic minerals were noted as melano-
cratic, and those with high proportions (>65%) of plagioclase were
noted as leucocratic. The modifier micro- was used to distinguish gab-
broic rocks with a dominant grain size <1 mm (e.g., microgabbro,
microtroctolite, and microgabbronorite). The modifier pegmatitic was
used when the average grain size of an interval exceeds 30 mm. Leuco-
cratic rocks with >20% quartz and <1% K-feldspar (a restricted part of
the tonalite field of the IUGS classification) were called trondhjemites
in keeping with previous usage in the ocean-crust literature.

If a mafic plutonic rock exhibits the effects of dynamic metamor-
phism such that the assemblage consists of secondary hydrous minerals
that completely obliterate the protolith mineralogy and texture, or if
the rock is made up of recrystallized primary minerals such that the
original igneous protolith cannot be recognized, the appropriate meta-
morphic rock names were used. The textural terms mylonitic, schistose,
and gneissic were added to metamorphic rock names, such as green-
stone, amphibolite, or metagabbro, to indicate that the rocks exhibit
the effects of dynamic metamorphism.

Primary Minerals

The principal rock-forming minerals in the cores are plagioclase, oliv-
ine, clinopyroxene, orthopyroxene, Fe-Ti oxides, and sulfides. For each
of these minerals, the following data were recorded on the VCDs and in
electronic form on spreadsheets (igneous lithology and contacts log; see
Fig. F7):

1. Estimated modal percent of the primary minerals;
2. Smallest and largest size of mineral grains (measured along the
longest axis in millimeters);

F6. Classifications of ultramafic,
gabbroic, and silicic plutonic
rocks, p. 28.

F7. Example of igneous/metamor-
phic core-description spread-
sheets, p. 31.
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3. Average crystal size for each mineral phase; and
4. Percentage of primary minerals replaced by secondary phases.

From these data, a lithology name based on IUGS definitions was gen-
erated by a “Visual Basic for Applications” macro in the spreadsheet. An
overall grain size was assigned using the terms fine grained (<1 mm), me-
dium grained (1-5 mm), coarse grained (5-30 mm), and pegmatitic (>30
mm). Also recorded were descriptions of mineral shapes using terms
such as equidimensional, tabular, prismatic, platy, elongate, acicular,
skeletal, and amoeboidal, and descriptions of mineral habit using the
terms like euhedral, subhedral, anhedral, rounded, deformed, and frac-
tured.

Igneous Textures

Textures of the plutonic rocks were characterized on the basis of
grain shape, mutual contacts, and preferred mineral orientation. Rock
textures such as equigranular, inequigranular, intergranular, and granu-
lar were used to describe the overall texture of each lithologic interval.
Poikilitic, ophitic, subophitic, and interstitial textures were distin-
guished according to the predominant grain shapes in each interval. No
attempt was made to apply classic cumulus terminology (Wager et al.,
1960) during macroscopic rock descriptions, but these terms were used
in the thin-section descriptions where appropriate (see “Thin-Section
Description,” p. 6). Igneous fabrics that were distinguished include
lamination and lineation. These terms were reserved for rocks exhibit-
ing a clear preferred dimensional orientation of mineral grains that was
likely derived from magmatic processes.

Igneous Structures

In plutonic rocks, igneous structures can be especially important in
defining the mechanism of crystallization of the primary mineralogy
(Irvine, 1982). Igneous structures noted in the core description include
layering or lamination, igneous contacts, gradational grain-size varia-
tions, gradational modal variations, gradational textural variations, and
breccias. Layering was used to describe vertical changes in grain size,
mode, or texture within an interval. Grain-size variations were
described as normally graded if the coarser fraction is at the bottom and
reversely graded if the coarser fraction is at the top. Modal variations
were described as normal if mafic minerals are more abundant at the
bottom and reversed if mafic minerals are more abundant at the top.
Igneous breccia was noted if the breccia matrix appears to be of mag-
matic origin.

Contacts between Lithologic Intervals

The nature of igneous and lithologic contacts is an important obser-
vation as it provides clues to the origin of the downhole lithologic and
structural variation in the core. Attempts were made to distinguish
internal layer contacts within a single pluton, igneous intrusive con-
tacts between plutons, and/or structural contacts between intervals.
The most common types of contacts observed were those without
chilled margins. These were described as planar, curved, irregular, inter-
penetrative, sutured, or gradational. In many cases, contacts were
obscured by subsolidus or subrigidus deformation and metamorphism
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and were called sheared if an interval with deformation fabric is in con-
tact with an undeformed interval, foliated if both intervals have defor-
mation fabrics, or tectonic if the contact appears to be the result of
faulting or localized ductile shearing.

Thin-Section Description

Thin sections of igneous rocks were examined to complement and
refine the hand-specimen observations. In general, the same types of
data were collected from thin sections as from hand-specimen descrip-
tions. Cumulate terminology (Wager et al., 1960) was applied where
appropriate. Modal data were collected using standard point-counting
techniques or visual estimation. All data are summarized in ODP format
thin-section descriptions (see the “Core Descriptions” contents list).
Crystal sizes were measured using a micrometer scale and are generally
more precise than hand-specimen estimates. The presence of inclu-
sions, overgrowths, and zonation was noted, and the apparent order of
crystallization was suggested in the comment section for samples with
appropriate textural relationships. The presence and relative abundance
of accessory minerals such as Fe-Ti oxides, sulfides, apatite, and zircon
were noted. The percentage of alteration was also reported (see “Meta-
morphic Petrology,” p. 7).

Igneous Lithology, Interval Definitions, and Summary

For a complex sequence of plutonic rocks, interpretations of the
lithologic successions in the core are difficult because of overprinting of
synmagmatic, metamorphic, and tectonic processes. The lithologic
intervals adopted here are defined by vertical sections with consistent
internal characteristics and lithology and are separated based on geo-
logical contacts defined by significant changes in modal mineralogy,
grain size, or primary texture, as encountered downhole. To the extent
possible, boundaries were not defined where changes in rock appear-
ance were only the result of changes in the type or degree of metamor-
phism or the intensity of deformation. Both sharp and gradational
contacts occur between intervals. If the contact was recovered, its loca-
tion is recorded by the core, section, position (in centimeters), and
piece number. If the contact was not recovered, but a significant change
in lithology or texture was observed, the contact was placed at the low-
est piece of the upper interval. The information recorded for each sec-
tion of the core includes the rock type; igneous, metamorphic, and/or
deformational texture; evidence for igneous layering; extent, type, and
intensity of deformation; primary and secondary minerals present;
grain shape for each primary mineral phase; evidence of preferred ori-
entation; the position of quartzo-feldspathic veins (whether of igneous
or hydrothermal origin); and general comments. The description and
summary of each interval was entered on the standard ODP form where
the general lithological description and top and bottom of the interval
are recorded with reference to curated core, section, piece(s), depth, and
thickness.

Geochemistry

Samples considered by the Shipboard Scientific Party to be represen-
tative of the various lithologies cored were analyzed for major oxide
and selected trace element compositions with the shipboard ARL 8420
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wavelength-dispersive XRF apparatus. Full details of the shipboard ana-
lytical facilities and methods are presented in previous ODP Initial
Reports volumes (e.g., Leg 118, Shipboard Scientific Party, 1993a; Leg
140, Shipboard Scientific Party, 1992b; Leg 147, Shipboard Scientific
Party, 1993a; Leg 153, Shipboard Scientific Party, 1995). A list of the ele-
ments analyzed and the operating conditions for Leg 179 XRF analyses
are presented in Table T1.

After coarse crushing, samples were ground in a tungsten carbide
shatterbox. Then, 600-mg aliquots of ignited rock powder were inti-
mately mixed with a fusion flux consisting of 80 wt% lithiumtetrabo-
rate and 20 wt% heavy absorber La,0;. The glass disks for the analysis
of the major oxides were prepared by melting the mixture in a plati-
num mold in an electric induction furnace. Trace elements were deter-
mined on pressed powder pellets prepared from 5 g of rock powder
(dried at 110°C) mixed with a small amount of a polyvinyl alcohol
binder solution. The calibration of the XRF system was based on the
measurement of a set of reference rock powders. A Compton scattering
technique was used for matrix absorption correction for trace element
analysis. Loss on ignition for each sample was determined by the stan-
dard practice of heating an oven-dried (110°C) 20-mg sample to 1010°C
for several hours.

METAMORPHIC PETROLOGY

The procedures and methods for metamorphic descriptions of the
core during Leg 179 generally follow those adopted during Leg 147
(Shipboard Scientific Party, 1993a), Leg 153 (Shipboard Scientific Party,
et al., 1995), and Leg 176 (Shipboard Scientific Party, 1999). VCDs of
metamorphic characteristics were compiled together with igneous and
structural documentation of the core. This information was recorded to
provide two types of information: (1) the extent of replacement of igne-
ous minerals by metamorphic or secondary minerals and (2) the extent
to which metamorphic or alteration minerals contribute to any subsoli-
dus fabric found in the core. These data were recorded together with
igneous descriptions in the igneous/metamorphic core log (see Table
AT2.XLS in the “Appendix” contents list) and are summarized in the
VCDs. To ensure accurate core descriptions, thin-section petrography of
representative samples was integrated into the VCDs. Identification of
mineral phases was, when possible, confirmed by XRD analyses accord-
ing to ODP standard procedures outlined in previous Initial Reports vol-
umes (e.g., Volume 118; Shipboard Scientific Party, 1989a).
Terminologies adopted for metamorphic rock types, metamorphic tex-
tures and fabrics, metamorphic facies, etc., follow conventional usage
(Williams et al., 1982). Metamorphic mineral assemblages and alter-
ation intensities are included in the comments column of the igneous/
metamorphic core log (see Table AT2.XLS in the “Appendix” contents
list). Alteration intensity was classified as negligible (<2%), slight (2%-
10%), moderate (10%-40%), high (40%-80%), and pervasive (80%-—
100%). Portions of pieces where primary textures were ambiguous or
obliterated by secondary minerals were termed patches. For those
patches where thin-section analysis was available, their mineralogies
are recorded (see the “Core Descriptions” contents list).

T1. XRF analytical conditions for ‘
Leg 179, p. 45.
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Description of Metamorphic Fabrics

Where metamorphic minerals are included in fabric elements such as
shear zones, cataclastic fabrics, foliations, textures and associated min-
erals were recorded in the structure log (see Table AT3.XLS in the
“Appendix” contents list). For samples affected by crystal-plastic defor-
mation, textural features noted included identities and abundances (in
volume percent) of porphyroclasts and their alteration products, neo-
blasts, and other minerals associated with and defining the fabric.

Breccias were defined as intervals of angular fragments in which clast
rotation could be documented. Portions of the core crosscut by dense
vein networks may appear to be brecciated; however, if adjacent clasts
separated by the veins were not visibly rotated, they were described as
net or mesh veined. Characterization of breccias included clast lithol-
ogy and secondary phase mineralogy, matrix mineralogy, and abun-
dances of clasts and mineral phases.

Thin-Section Description

Detailed petrographic descriptions were made aboard ship to aid in
identification and characterization of metamorphic and vein mineral
assemblages. Stable mineral parageneses were noted, as were textural
tfeatures of minerals indicating overprinting events (e.g., coronas, over-
growths, and pseudomorphs). Mineral abundances were visually esti-
mated. These data are recorded and summarized (see the “Core
Descriptions” contents list). The modal data allowed accurate charac-
terization of the intensity of metamorphism and aided in establishing
the accuracy of the macroscopic visual estimates of the extent of alter-
ation.

STRUCTURAL GEOLOGY

Conventions for structural studies established during previous hard-
rock drilling legs (e.g., Leg 118, Shipboard Scientific Party, 1989a; Leg
131, Shipboard Scientific Party, 1991; Leg 135, Shipboard Scientific
Party, 1992a; Leg 140, Shipboard Scientific Party, 1992b; Leg 141, Ship-
board Scientific Party, 1992¢; Leg 147, Shipboard Scientific Party, 1993a;
Leg 148, Shipboard Scientific Party, 1993b; Leg 153, Shipboard Scien-
tific Party, 1995; Leg 176, Shipboard Scientific Party, 1999) were gener-
ally followed during Leg 179. However, several minor changes in
nomenclature and procedure were adopted. These changes are
described below. Where procedures followed directly from previous
legs, references to the appropriate “Explanatory Notes” chapters are
given. Leg 179 was originally designed as an engineering leg, but
because of contingencies that developed before and during the cruise
that required core recovery, the leg was significantly understaffed,
based on the core recovered. Description efforts were concentrated,
therefore, on completing structural information for the VCDs (Fig. F4).
VCD information was entered as basic log sketches with positions of
measurements on the core. In addition, preliminary descriptions of
each core section were made and recorded in structural notebooks, and
the information was later transcribed into a word-processing program
and summarized for the VCD form. The positions of as many major
structural features as possible were also logged, and many of these fea-
tures were oriented on the core face. These data were entered into the
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structural log spreadsheet (Fig. F8). More detailed structural measure-
ments and descriptions of the core and thin sections will await shore-
based studies.

Overview of Macroscopic Core Description

Following procedures described in the Leg 153 Initial Reports volume
(Shipboard Scientific Party, 1995), data were entered onto a VCD form
(Fig. F4). The structural sketches drawn onto the VCD were designed to
present the most representative structures and crosscutting relation-
ships present on a core, in conjunction with the brief general descrip-
tions printed on the same form. Where no structures or fabrics were
present, the structural column was left blank. Six spreadsheet logs used
during previous legs (see Cannat, Karson, Miller, et al., 19935; Dick, Nat-
land, Miller et al., 1998) were combined into a single structure log
spreadsheet (Fig. F8) for identifying the positions and describing major
structural features, fabric zones, or structural unit boundaries.

Paper copies of the spreadsheet form were used for recording specific
structures and measurements during core description. The structural log
spreadsheet was used to record data on joints, veins, foliations, folds,
fault and magmatic breccias, faults and fault zones, cataclastic, mylo-
nitic and gneissic shear zones, crystal-plastic fabrics, sense of shear
indicators, magmatic fabrics, mineral lineations, slickenlines, composi-
tional layering, igneous plutonic contacts, and crosscutting relation-
ships. Each feature and structural zone has been logged into the
structure log with its position. Limited orientation data were gathered
because of the lack of sufficient time given the small number of scien-
tific personnel assigned to the leg. The description and orientation of
structural features were recorded using curated depth so that “structural
intervals” can easily be correlated with other lithologic intervals.
Descriptions and structural measurements were based on observations
on the working half of the core (see “Structural Measurements,” p. 9).

Nomenclature
Structural Identifiers

To maintain consistency of core descriptions of plutonic rocks during
previous legs, we used feature “identifiers” for structures similar to
those outlined during Leg 153 (Shipboard Scientific Party, 1995) and
Leg 176, (Shipboard Scientific Party, 1999) although some modifica-
tions should be noted in Figure F9. The characteristics of each structure
in the identifier list that were investigated are listed in Figure F10. For
major structural features, a planar and/or linear orientation, usually
limited to a single apparent dip (or plunge) on the core face, was
recorded, and the comments section in the structural log (Fig. F8) was
used for additional explanatory remarks.

Structural Measurements

Structural features were recorded relative to core section depths in
centimeters from the top of the core section. Depth was defined as the
point where the structure intersects the center of the cut face of the
working half of the core, as detailed in the Leg 153 Initial Reports
“Explanatory Notes” chapter (see fig. 15A in Shipboard Scientific Party,

F8. Example of structural log
spreadsheet, p. 37.

F9. Key to structural identifiers
used during Leg 179, p. 38.

F10. Table showing checklist used
for spreadsheet comments asso-
ciated with each structural
identifier, p. 39.
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1995). Crosscutting relationships were described in intervals delimited
by top and bottom depth.

Apparent fault displacements were recorded as they appeared on the
cut face of the archive half of the core and the end of broken pieces.
Displacements seen on the core face were treated as components of dip-
slip movement, either normal or reverse. Displacements of features visi-
ble on the upper and lower surfaces of core pieces were treated as com-
ponents of strike-slip and termed sinistral or dextral. Displacements
were measured between displaced planar markers, parallel to the trace
of the fault. Additional cuts and slickenside orientations were incorpo-
rated wherever possible to differentiate between apparent dip-slip,
oblique-slip, and strike-slip displacements.

The measurement of the orientations of observed structures was ori-
ented with respect to the core reference frame (working half). The con-
vention we used for the core reference frame is the same as detailed in
Shipboard Scientific Party (1995) and shown at the top of the com-
ments box in the structural data spreadsheets (see the “Appendix” con-
tents list). All spreadsheet orientations are given in the core reference
frame.

Planar structures were oriented using the techniques outlined during
Legs 131 (Shipboard Scientific Party, 1991) and 153 (Shipboard Scien-
tific Party, 1995). Apparent dip angles of planar features were measured
on the cut face of the working half of the core. To obtain a true dip
value, a second apparent dip reading will be obtained where possible
during postcruise investigations in a section perpendicular to the core
face (second apparent orientation). Apparent dips in the cut plane of
the working core were recorded as a two-digit number (between 00° and
90°) with a dip direction to 090° or 270°. In the second plane, apparent
dip directions will be recorded as either 000° or 180°. The dip and the
dip direction for the working half of the core were recorded on the
spreadsheet together with second plane measurements. If the feature
intersected the upper or lower surface of the core piece, measurements
were made directly of the strike and dip in the core reference frame.
Where broken surfaces exposed lineations or striations, the trend and
plunge were measured directly, relative to the core reference frame. All
structural measurements for each feature were entered into the struc-
tural log spreadsheet (Fig. F8).

The second stage of core orientation, involving a combination of two
apparent dips to calculate a true dip and rotating the azimuthal data to
fit with the paleomagnetic data, was not completed on board because
no paleomagnetist sailed during Leg 179. In this step, adding or sub-
tracting, as appropriate, the difference between the 000° reference
direction and magnetic north, the core measurements can be rotated
into a geographically correct orientation. This procedure is outlined in
steps in figure 6 of Shipboard Scientific Party (1991). Detailed measure-
ments will be completed onshore.

Fabric Intensities and Textural Terms

A key for fabric intensity (Fig. F11) and a list of textural abbreviations
(Fig. F12) were used to refine identifier descriptions. When feasible,
quantitative and semi-quantitative estimates of feature development
were used to define a five-category relative intensity scale. It is impor-
tant to recognize that this scale is based on different characteristics for
different types of structures and that not all of the identifiers could be
appropriately assigned an intensity value. We also emphasize that the

10

F11. Table showing intensity
scales applied to structural identi-
fiers for brittle and ductile defor-
mation, p. 40.

F12. Key to textural features
entered in structural VCDs and
summary spreadsheet, p. 41.
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intensity estimates were only semiquantitative at best and could not be
tully quantified during core description. Frequent cross-checks were
used between shipboard structural geologists to ensure consistency dur-
ing core description. The intensity scales are represented in Figure F11
and summarized below:

1. For joints and faults, the intensity scale relates to spacing (i.e.,
density) estimated by the linear intercept method along the cen-
tral divide of the core piece. If a piece was unoriented, then spac-
ing was estimated along the long axis of the piece. As no
stereological corrections were applied, these values remain at
best semiquantitative.

2. Vein intensity is related to an estimation of percentage of vein-
ing on the cut face of the archive half of the core. In contrast to
other intensity scales, the vein scale has been subdivided into
seven groups so the relatively low percentages encountered dur-
ing Leg 179 could be distinguished. The densities of vein arrays
were also recorded separately on the spreadsheet.

3. Brecciation intensity relates to the relative percentage of clasts to
matrix.

4. Foliation intensities broadly relate to the spacing of foliation
planes. In the case of an anastomosing foliation, the closer the
foliation planes and the more planar they become, the higher
the intensity value.

5. Crystal-plastic fabric intensities relate to the attenuation and de-
gree of preferred alignment of porphyroclasts and the degree of
preferred alignment of any mineral grains.

6. Fold intensity relates to the interlimb angle for individual or
multiple folds.

7. Layering intensity relates only to the layer width and was
applied to any repeated layers with discrete or gradational
boundaries. Such layers included primary magmatic layering, al-
teration, or grain-size variations.

8. Magmatic deformation intensity relates broadly to the degree of
shape preferred orientation of magmatic phases.

Nine textural classes were selected for the purpose of macroscopic de-
scription (Fig. F12). It must be stressed that these classes do not neces-
sarily directly relate to any single physical parameter such as stress or
strain. Moreover, some of these terms apply only to mafic rocks, others
to ultramafic rocks, and some to both of them. The primary reason for
selecting these classes was that they are relatively unambiguous textural
terms. The definitions below were designed primarily for hand-sample
observations where thin sections were not necessarily available. Coarse-
grained equigranular refers to a rock that has been deformed but shows
no marked grain-size reduction. Porphyroclastic refers to a polymodal
grain-size distribution; medium-grained (1-5 mm) elongated porphyro-
clasts are embedded in a relatively fine-grained (typically <<1 mm) ma-
trix. Gneissic refers to compositional banding in a ductilely deformed
rock, where porphyroclasts are commonly elongated parallel to the
banding. Schistose refers to the visibility of platy or prismatic metamor-
phic minerals that define a preferred dimensional orientation and typi-
cally a parallel fissility. Magmatic was used for those rocks displaying a
well-developed shape-preferred orientation, but where the magmatic
character of the individual crystals has not been destroyed by solid-state
deformation. The terms mylonitic, ultra-mylonitic, and cataclastic were
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used in accordance with the definitions presented by Twiss and Moores
(1992).

Thin-Section Descriptions

Thin sections were examined to characterize the microstructural
aspects of important mesoscopic structures in the core. Classes of infor-
mation that were obtained include deformation mechanisms on a min-
eral-by-mineral basis, kinematic indicators, crystallographic and shape
tabrics, qualitative estimates of the degree of crystallographic preferred
orientation along local principal finite strain axes, syn- and postkine-
matic alteration, and the relative timing of microstructures.

Thin sections were oriented, where possible, with respect to the core
axis and in the core reference frame described in “Structural Measure-
ments,” p. 9. Selected samples were cut perpendicular to the foliation
and parallel to any lineation to examine kinematic indicators and the
shape-preferred orientation of minerals (See fig. 15 of Shipboard Scien-
tific Party, 1995). We adopted and modified the thin-section description
form used by the structural geologists during Leg 140 (Shipboard Scien-
tific Party, 1992b) and 153 (Shipboard Scientific Party, 1995), and
microstructural information is reported in the thin-section report.

The terms used to describe microstructures generally follow those
used during Leg 153 and Leg 176. It is possible that superposition of dif-
ferent microstructures or deformation mechanisms may occur during
solidification and subsolidus cooling. Thus, the physical state of the
material during fabric development may span the transition from mag-
matic to solid state. Fabrics defined entirely by igneous minerals with
no crystal-plastic deformation microstructures, we term magmatic.
Where local crystal-plastic fabrics are associated with melt-enhanced
diffusion-related mechanisms including (1) melt-enhanced diffusion
creep (Hirth and Kohlstedt, 1995), (2) submagmatic microfracturing
(Bouchez et al., 1992), and/or (3) contact melting or pressure solution
(Means and Park, 1994; Nicolas and Ildefonse, 1996), we term the phys-
ical state crystal-plastic £ melt. Where fabric development is accommo-
dated entirely by dislocation climb/creep, we use the term crystal-
plastic to define the physical state of the rock. The other groups refer to
rocks with magmatic and/or crystal-plastic texture overprinted by brit-
tle deformation.

PHYSICAL PROPERTIES

Laboratory measurements of the physical properties of igneous and
metamorphic rocks are used to indicate major lithologic changes, to
help identify intervals of high magnetic susceptibility, to recognize
changes in paleomagnetic character, and to allow preliminary interpre-
tation of seismic velocity profiles. During Leg 179, when only gabbroic
rocks were sampled, measurements were made of magnetic susceptibil-
ity, rock magnetism, bulk density (wet and dry), porosity, compres-
sional wave (P-wave) velocity, and natural gamma-ray emission. We
made measurements on whole core sections (magnetic susceptibility
and gamma ray emission), split core (remanent magnetization), and on
discrete minicore samples (P-wave velocity at ambient pressure and
index properties).

12
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Whole-Core Multisensor Track Measurements

The multisensor track (MST) is an automated and rapid core-convey-
ing and positioning system with multiple in-line sensors/detectors that
allow a user-defined series of measurements. At preselected sampling
intervals, this system provides a display of measured values and allows
rapid data archiving in the ODP database for evaluation of these proper-
ties with depth. Inasmuch as the P-wave velocity and gamma-ray
attenuation porosity evaluator devices were designed for optimum per-
formance when core liners are completely full (as is common in sedi-
ment coring, but which never occurs with hard-rock recovery), these
measurements were not made during Leg 179. Additionally, although
we expected little response above baseline values for natural gamma
emission from the lithologies recovered, these measurements were
intermittently made as a systems check. During Leg 179, we routinely
sampled magnetic susceptibility at a constant 4-cm interval to optimize
time and minimize the potential of missing thin intervals of oxide-
bearing lithologies.

Magnetic Susceptibility

Magnetic susceptibility (k) is the ease or degree to which a material is
magnetized in an external field and is a measure of the concentration of
ferromagnetic grains. The Bartington MS2C susceptometer loop on the
ODP MST has a measurement range of 1 x 10-5 to 9999 x 10-° (SI, vol-
ume specific) or 1 x 10-8 to 9999 x 10-8 (SI, mass specific). This sensor
operates at a frequency of 0.565 KHz and an alternating field intensity
of 80 A/m. Temperature drift effects are less than 10-5 SI/hr and the res-
olution of the loop sensor is 2 x 10-6 SI at 9-s measurement intervals.

Natural Gamma Radiation

Gamma rays are spontaneously emitted by the atomic nuclei of ele-
ments during natural radioactive decay. In rocks, the elements of inter-
est are most commonly potassium (half-life = 1.3 x 10° years), thorium
(half-life = 1.4 x 101° years), and uranium (half-life = 4.4 x 10° years).
The emission of natural gamma radiation is routinely measured on
ODP cruises in electron volts (eV) or GAPI (gamma-ray, American Petro-
leum Industry) units for correlation with downhole logging measure-
ments. Details of the measurement system are available in ODP
Technical Note 26 (Blum, 1997). Natural gamma radiation measure-
ments were made for calibration and system-check purposes only dur-
ing Leg 179.

Split-Core Magnetic Measurements

Archive halves of the split core were processed in the 2-G Enterprises
pass-through magnetometer. With this instrument, sensors measured
intensity and direction of natural remanent magnetization at stepped
demagnetization intervals to 20 mT.

Discrete Sample Measurements

One-inch diameter minicore samples were extracted from the work-
ing half of the core on a routine basis for measurements of physical
properties. Measurement techniques for index properties (bulk density,
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grain density, water content, porosity, and dry density) are documented
in ODP Technical Note 26 (Blum, 1997), and specific techniques for
hard-rock measurements were applied as described in Shipboard Scien-
tific Party (1999).

P-wave velocity at ambient pressure was determined by the pulse
transmission method utilizing piezoelectric transducers as sources and
detectors in a screw-press modified Hamilton Frame, as described by
Boyce (1976). All measurements were made on seawater-saturated mini-
cores cut perpendicular to the axis of the core (diameter = 2.54 cm;
approximate length = 2 cm) at zero confining pressure.

Minicores used for the P-wave velocity measurements were resatu-
rated with seawater in a vacuum for 24 hr before measurement. Flat
ends of the minicores were carefully smoothed with 240 carbide grit on
a glass plate to ensure parallel faces. The length of each minicore was
checked using a caliper along its circumference, and grinding contin-
ued until all length measurements were within 0.02 mm. Before mea-
surement, the grit was removed by thoroughly cleaning the samples in
an ultrasonic bath. Distilled water was used to improve the acoustic
contact between the sample and the transducers.

Calibration measurements were performed during the cruise using
polycarbonate standard minicores of varying lengths in order to deter-
mine the zero-displacement time delay inherent in the measuring sys-
tem. Results were output in meters per second.

DOWNHOLE MEASUREMENTS

Introduction

Downhole logs are used to directly determine the physical, chemical,
and structural properties of formations penetrated by drilling. Where
core recovery is incomplete, logging data may serve as a proxy for phys-
ical properties and sedimentological and petrological data. These data
complement the discrete measurements obtained from cores and offer
advantages over core-based analyses in that they are collected rapidly
and represent continuous, in situ measurements of the formation. Logs
also provide a link between core and the seismic measurements. Sonic
velocity logs improve traveltime-to-depth conversion. During Leg 179,
four standard logging strings were deployed at Site 1105.

Logging Tool Strings

Logging tools are joined together in tool strings (Fig. F13) and are
run sequentially into the hole on a seven-conductor cable. Tool strings
deployed during Leg 179 included the dual induction/array sonic/
gamma ray/temperature tool string, Formation MicroScanner/gamma
ray tool string, density/porosity/gamma tool string, and the borehole
compensated sonic/gamma tool string (Fig. F13). Every Schlumberger
tool and tool measurement used during Leg 179 has an associated
three- or four-letter acronym. These are shown in Table T2. Specifica-
tions for each tool are presented in Table T3.

Principles and Uses of the Tools

The principles of operation and uses of the tools are described in
detail in Serra (1984, 1986), Timur and Tokso6z (1985), Ellis (1987), Rider
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(1996), in the “Explanatory Notes” chapter of the Leg 176 Initial Reports
volume (Shipboard Scientific Party, 1999), and briefly below.

Dual Induction/Array Sonic/Gamma/Temperature Tool
String

The dual induction tool (DIT) provides three different measurements
of electrical resistivity, each of which penetrates the formation to a dif-
terent depth and has a different vertical resolution (Table T2; Fig. F13).
Values are recorded every 0.1524 m. Water content and salinity are the
most significant factors controlling the resistivity of rocks. Resistivity is
therefore primarily related to the inverse square root of porosity
(Archie, 1942). The other main factors influencing the resistivity of a
formation include the concentration of hydrous and metallic minerals,
hydrocarbons and gas hydrates, and the abundance, distribution, and
geometry (tortuosity) of interconnected pore spaces. The DIT is a valu-
able tool in defining lithologic boundaries.

The array sonic digital tool (SDT) is aimed at maximizing the infor-
mation obtained from measured sonic waveforms by acquiring a digi-
tized full-sonic waveform downhole. This is achieved by using two
transmitters and receivers with a 1-m spacing in addition to a linear
array of eight receivers spaced at 15 cm (Fig. F13). The addition of a lin-
ear array in place of two discrete receivers is the main change in the
SDT from earlier tools. The digitally recorded full-wave form is used
postcruise to determine shear-wave (S-wave) and Stoneley wave veloci-
ties in addition to the real time compressional wave (P-wave) velocity.
Standard vertical resolution is 60 cm, although special array processing
can produce a 15-cm resolution.

The natural-gamma spectrometry tool (NGT) measures the natural
radioactivity of the formation using a Nal scintillation crystal mounted
inside the tool. In formations, gamma rays are emitted by the radioac-
tive isotope #°K and by the radioactive isotopes of the U and Th decay
series. Measurements are analyzed by dividing the incident gamma-ray
signature into five discrete energy windows, which correspond to the
main spectral peaks for each element. The total counts recorded in each
window, for a specified depth in the well, are inverted to give the ele-
mental abundances of K (wt%), U (ppm), and Th (ppm). The NGT also
provides a measure of the total gamma-ray signature (SGR or K + U +
Th) and a uranium-free measurement (CGR or Th + K). Values are
recorded every 0.1524 m, and the vertical resolution of the NGT is on
the order of 46 cm (Table T2). The natural gamma-ray measurement is
commonly used to estimate the clay or shale content because there is a
relatively high abundance of radioactive elements in clay minerals.
There are rock matrices, however, for which the radioactivity ranges
from moderate to extremely high values because of the presence of vol-
canic ash, potassic feldspar, or other radioactive minerals.

The Lamont-Doherty Earth Observatory (LDEO) temperature-logging
tool (TLT) is a self-contained, high-precision, low-temperature tool for
recording borehole temperature. Because drilling and circulation opera-
tions disturb the temperature conditions in the borehole, the data
recorded by the TLT are unlikely to match equilibrated formation tem-
peratures. Nevertheless, the spatial temperature gradient is useful in
identifying abrupt gradient changes that commonly indicate localized
fluid seepages from the formation.
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FMS/Gamma

The Formation MicroScanner (FMS) produces high-resolution images
of the resistivity of the borehole wall. The tool has four orthogonally
oriented pads, each having 16-button electrodes that are pressed
against the borehole wall (Serra, 1989). The tool works by emitting cur-
rent from the four pads into the formation. The current intensity varia-
tions are measured by an array of receptors on each of the four pads.
Roughly 30% of a 25-cm diameter borehole is imaged. The vertical reso-
lution is ~5 mm, allowing features such as clasts, thin beds, fractures,
and veins to be imaged. The images are oriented so that both strike and
dip can be obtained for the formation fabric.

Porosity/Density/Gamma

The hostile-environment natural gamma-ray sonde (HNGS) measures
the natural gamma radiations from isotopes of K, Th, and U in the for-
mation surrounding the tool. As opposed to the NGT, the HNGS uses
larger bismuth germanate crystals, which detect a higher number of
emitted photons. High K and Th values indicate greater clay concentra-
tions.

The accelerator porosity sonde (APS) emits fast neutrons, which are
slowed by hydrogen in the formation, and the energy of the rebounded
neutrons is measured at detectors spaced along the tool. Abundant
hydrogen is in the pore water, hence porosity may be derived. However,
hydrogen bound in minerals such as clays also contributes to the mea-
surement. As a consequence, the true porosity value is often overesti-
mated. The neutrons slowed to thermal energies are captured by nuclei,
especially those of chlorine and the heavier elements; this effect is mea-
sured by the APS as the neutron capture cross section.

The litho-density sonde (HLDS) emits high-energy gamma rays,
which are scattered by the electrons in the formation. The electron den-
sity, and hence the bulk density, is derived from the energy of the
returning gamma rays. Porosity may also be derived from this bulk den-
sity, if the matrix density is known. In addition, the HLDS measures the
photoelectric effect (absorption of low-energy gamma rays), which var-
ies according to the chemical composition of the formation.

Borehole Compensated Sonic/Gamma

The borehole compensated sonic measures the traveltime of sound
waves along the borehole wall between two transmitters and two
receivers over distances 3 ft and S ft. The sonic velocity increases with
compaction and lithification and will decrease in zones of higher poros-
ity. An impedance log (density vs. velocity) can be used to generate syn-
thetic seismograms for comparison with the seismic survey sections.

Operations

After coring operations ceased, the borehole was filled with fresh-
water gel mud, and the base of the drill pipe raised to ~33 mbsf. Each
tool string was run sequentially in each hole, typically at logging speeds
between 900 and 1800 ft/hr. After reaching the total depth of penetra-
tion, the tools were pulled upward at a constant rate to acquire the log
data. The wireline heave compensator was used to minimize the effect
of the ship’s motion on the tool position.
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Incoming data for each logging run were recorded and monitored in
real time on the Schlumberger Maxis 500 logging computer. After log-
ging, data were given preliminary interpretation. Schlumberger’s Geo-
Frame software was used for processing the FMS images. The data were
also transferred via high-speed data satellite link (Inmarsat B) to LDEO,
where each logging run was shifted to a common depth scale and the
NGT logs were recomputed. The processed data were then returned to
the ship via the same satellite link and used in the site chapter report.

Vertical Seismic Profile

A two-ship vertical seismic profile (VSP) experiment was scheduled to
be conducted by the Woods Hole Oceanographic Institution at Site 757
using their third-party three-component VSP tool. Because of the signif-
icant time shortage, the VSP experiment was canceled.

Data Quality

The principal influence on data quality is the state of the borehole
wall. If the borehole width varies significantly over short intervals, or is
more than 15 in wide, results from those tools (density, porosity, and
FMS) that require good contact with the wall may be degraded. Very
narrow sections will also cause irregular log results. The quality of the
borehole is helped by minimizing the circulation of fluid during drill-
ing and by logging a young hole.

Measurements that penetrate deeply into the formation, such as
resistivity, are less sensitive to borehole conditions. Sonic velocity is
more reliable in more compacted sediment or hard rocks. The maxi-
mum extent of the FMS pads is 15 in. Boreholes wider than this cannot
be imaged adequately. Of the two natural-gamma tools, the HNGS has
the more sensitive detector, and the data are corrected for borehole
width in the tool itself; the NGT data requires shore-based reprocessing.

Log Depth Scales

The depth of the logged measurements is calculated from the length
of cable minus the cable length to the seafloor (seafloor is identified by
the step reduction in gamma-ray activity at the sediment/water bound-
ary). Differences between the core depth and the log depth are due to
factors such as core expansion, incomplete core recovery, and nonre-
covery of the mudline. Drill-pipe depth, as measured by the logs, may
be slightly different as a result of incomplete heave compensation,
cable stretch (~1 m/km), and cable slip. There is also an effect from
tides. All of these factors should be taken into account when using the
logs.

SEISMIC MEASUREMENTS

Seismic While Drilling

Seismic while drilling (SWD; Rector et al., 1991) is a technique (Fig.
F14) that uses an array of receivers on the seafloor to record seismic
waves generated at the drill bit as drilling is under way. Its objective is
similar to that of the more familiar VSP, in which a receiver is clamped
at intervals down a borehole and a source fired at the sea surface. In an
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SWD-VSP experiment, the position of the source and receiver are
reversed. Depending on the distribution of the receivers on the seafloor,
wide-angle reflection information can also be obtained.

There are two significant advantages:

1. Measurements can be made without taking substantial rig time.
Unlike a conventional VSP that uses borehole seismometers and
generally takes 6-12 hr away from drilling time, a SWD-VSP ex-
pends ~1-2 hr for deployment and recovery of the seismometers.
These can generally be accomplished during pipe trips requiring
almost no additional ship time to accomplish the VSP. For this
reason SWD-VSPs could allow seismic measurements to be made
more frequently during future ODP legs.

2. With a suitable telemetry link and on-line processing, measure-
ments can be made in near-real time, providing useful informa-
tion to both drillers and scientists as the hole is being drilled.

Logistically, there are several factors that need to be addressed:

1. The seismic signal generated by the drill bit varies depending on
bit type, weight on bit, rate of rotation, formation, and hole con-
ditions.

2. Monitoring the output of the bit cannot be accomplished direct-
ly as with surface-fired sources. Source sensors are generally at-
tached to the drill string well above the bit, in this case at the top
of the drill string just below the top drive motor. The drill string
is torsionally and longitudinally compliant and lengthens as
stands of pipe are added.

3. Processing the data is considerably more complex, being based
on long correlation sequences.

4. Although the shock induced by the bit as it penetrates the sub-
strate is the major signal source, there are contributions to signal
noise along the length of the drill string.

5. An array of receivers disposed on a flat seafloor cannot readily
distinguish between the upward-moving sound generated by the
drill bit and the downward-moving sound from the drilling ship.
There is need to discriminate against the ship noise.

The experiment on this leg seeks to delimit the contributions of the
various sound sources, how well the bit noise can be monitored from top
of the drill string, the spectral distribution of the signals, and sources of
noise.

The experimental set-up for this pilot experiment consists of one
three-axis accelerometer (Summit Instruments, model 34103A)
clamped on a short sub mounted directly below the 850-HP top-drive
motor. The accelerometer’s response is 1-80 Hz, dynamic range is 16
bits, and full scale is 5 g. The accelerometer signals are sampled 400
times per second. The data are telemetered from the rotating drill string
to the lab using a FreeWave, model DGRO-115 902-928 MHZ spread
spectrum radio. The module clamped on the sub is battery powered.
Two ocean-bottom seismometer (OBS) systems, consisting of a three-
axis seismometer (Mark Products, model L15B), a hydrophone, Onset
Tattletale data recorder with an 800-MB disk, Benthos acoustic release,
and battery pack are also included. These are housed in a 2-ft diameter
aluminum sphere with an expendable 40-in diameter steel-plate
anchor. One OBS is placed within 100 m of the hole, and the other
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placed about four times the offset of the first seismometer. Additional
OBSs would be useful, but only two were available for this feasibility
study. The geophones (a velocity sensor) are gimbal mounted in a vis-
cous oil bath. Their outputs are amplified 44 dB and 75 dB and band-
pass filtered from 4.5 to 64 Hz. The signals are digitized with 12-bit
resolution at two levels 30 dB apart, and the greater non-overdriven
channel is recorded. Each channel is digitized at 200 samples per sec-
ond. The locations of the OBSs with respect to the hole were deter-
mined by ranging on them while the drillship was maneuvering to
spud in.

Leg 179 represented the first ocean drilling attempt to initiate and
stabilize hard-rock holes on the seafloor with hammer bits before rotary
coring. Thus, the leg provided the unique opportunity to record two
quite different seismic sources, that of a hammer drill bit and the con-
ventional rotary drill bit.

Offset Seismic Experiment

During Leg 179 an offset seismic experiment (OSE) was planned at
Site 1107, the future Indian Ocean site in the International Ocean Net-
work at the Ninetyeast Ridge. This experiment was designed as a two-
ship experiment in collaboration with the German ship Sonne, which
conducted a variety of seismic measurements at the Ninetyeast Ridge
during its cruise SO 131 to determine the detailed crustal structure in
that area (Flueh and Reichert, 1998). While the Sonne was acting as the
shooting ship, a three-component borehole seismometer was to be
deployed from the JOIDES Resolution. The receiver is a Geospace Wall-
Lock Seismometer with a three-channel preamplifier, which can be
remotely stepped through six gain settings in increments of 12 dB. Its
sensing package consists of three sets of two 4.5-Hz geophones wired in
series and aligned vertically and horizontally in two orthogonal direc-
tions. This instrument was used previously during Legs 102, 118, 123,
146, and 164. A detailed description of the tool can be found in the Leg
118 Initial Reports volume (Shipboard Scientific Party, 1989b). Two OBSs
were deployed: one within 100 m of the drill hole; the other, within 500
m. In addition, 30 ocean-bottom hydrophones (OBHs, Flueh and Bialas,
1996) and OBSs, together with a newly constructed intraocean hydro-
phone, were deployed from the Sonne. Also, a three-channel mini-
streamer, with a total length of 200 m and an active length of 50 m, was
used to record the air gun shots. Within a distance of 8 km from the
borehole, the shot spacing was ~75 m; for greater distances, it was ~150
m. Because of the irregular distribution of anisotropy, the shots were
made along several profiles with a nonequidistant distribution of azi-
muths and on circles with different radii. The planned layout of the
OSE is shown in Figure F15.

The borehole seismometer would have complemented the OBH/OBS
recordings. It has some advantages compared with a receiver at the
ocean floor because of its position within the upper oceanic crust, the
layer being studied (Swift et al., 1988). The borehole seismometer has
(1) no direct water-wave arrival that obscures arrivals from shallow
crust at short range, (2) a better signal-to-noise ratio because of the
direct coupling to basement rocks, and (3) reduced uncertainty in the
receiver location. Additionally, it is possible to determine the interval
velocities in the vicinity of the borehole and to compare these velocities
with results from other borehole and core measurements. Combined

19

F15. Planned radial and circumfer-
ential tracks of the shooting ship
Sonne for the Leg 179 OSE,

p. 44.



SHIPBOARD SCIENTIFIC PARTY
CHAPTER 3, EXPLANATORY NOTES 20

OBH/OBS and borehole seismometer recordings make it possible to
determine a detailed velocity structure.
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Figure F1. Diagram illustrating terms used in the discussion of coring operations and core recovery.
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Figure F2. Diagram illustrating hard-rock core division procedures.
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Figure F3. This figure illustrates core curation procedures for hard rocks. Letters designating pieces as re-
moved from core barrel are for illustrative purposes only. Pieces A, B, C, D, E, and F become interval XXX-
YYYZ-1R-01, Piece 1 to Piece 6 (where XXX is the leg, YYY is the site, and Z is the hole designator, respec-
tively). Since pieces G and H can be reoriented to fit along a fracture, they are curated as a single piece. In
this case, the reassembled single piece is too long to fit in the bottom of Section 1R-01, so it is shunted to
the top of Section 1R-02 and curated as interval XXX-YYYZ-1R-02, (Pieces 1A and 1B). Similarly, pieces L
and M are too long to fit in the bottom of Section 1R-02 after realignment and are shunted to the top of
Section 1R-03. Spacers between pieces also artificially add length to the core when measured for archiving
and curation. For example, pieces L and M represent an interval from 2.17 to 2.63 m down from the top of
the core as removed from the core barrel but are archived as interval XXX-YYYZ-1R-03 (Pieces 1A and 1B,
0.0-46.0 cm).
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Figure F4. Example of gabbro hard-rock visual core description (HRVCD) form.
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Figure F5. Graphic lithology patterns used during Leg 179.
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Figure F6. A. Classification of ultramafic and gabbroic rocks composed of olivine, clinopyroxene, orthopy-

roxene, and plagioclase (after Le Maitre, 1989). (Continued on next two pages.)
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Figure F6 (continued). B. Classification of gabbroic rocks composed of plagioclase, hornblende, and py-
roxene (after Le Maitre, 1989).
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Figure F6 (continued). C. Classification of silicic plutonic rocks composed of quartz, plagioclase, and alkali

tfeldspar (after Le Maitre, 1989).
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Figure F7. Example of the spreadsheets used during Leg 179 for igneous/metamorphic core description. (Continued on next five pages.)

Leg 179 I gneous/metamor phic core log

L ower contact Rock type
Lithol. Depth Depth Interval Grain Modifier Rock Specia
Interv. |Leg-Hole Core Sec. |cur. mbsf Thickn. |Type Form Size Name Modifier
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Figure F7 (continued).

Leg 179 Mineralogy log: mode Miner alogy
and grain-size ‘ ‘
Plagioclase Clinopyroxene Olivine Opx/Pig
Interval| Leg-Hole |Core |Sect. |Piece |% |Max |[Min|Avg |Alt%|% |Max [Min Avg |Alt%% |Max |Min|Avg|Alt%|% |Max |Min|Avg |Alt%
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Figure F7 (continued).

Leg 179 Mineralogy log: mode

and grain-size (con't)
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Figure F7 (continued).

Leg 179 Textures

equant, tabular, platy, elongate, accicular, amoeboidal, angular, globular,

Mineral shape

interstitial

Interval

Leg-Hole

Core

Sect.

Piece

plagioclase

clinopyroxene

olivine

orthopyroxene

opaques

sulfides

STLON AMOLVNVIIXY ‘S HALIVH))
ALAVJ DHLINAIDS AAVOAJIHS

ve



Figure F7 (continued).

Leg 179 Textures

euhedral, subhedral, anhedral, chadacrystic, oikocrystic, rounded, deformed, fractured, disseminated, matrix,

(con't)

Mineral habit

concordant seams, discordant seams, disseminated in oxides, disseminated in silicates, massive, interstitial

Interval

Leg-Hole
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Sect.

Piece
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Figure F7 (continued).

Leg 179 Textures

igneous lamination, schlieren, clusters, subophitic

(con't) ophitic, poikilitic, equigranular, intergranular
Fabrics \ MM Facies Comments
Interval| Leg-Hole |Core |Sect. |Piece |type dist (uniform, variable)
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Figure F8. An example of the structural log spreadsheet devised for computer storage and manipulation of structural data derived from the core
description.
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Figure F9. Key to structural identifiers used during Leg 179. See text for discussion.

Leg 179 Structural Identifiers

o Planar Feature Linear Feature

2

5
J Joints
SHM | Drilling Induced Sub-horizontal Microcracks
AV Alteration Veins Mineral Growth Direction
MV  |Magmatic Veins Mineral Growth Direction
DC Igneous Dike Contact Mineral Lineation
IPC |lgneous Pluton Contact
F Faults Slickenlines
B Fault Breccias Slickenlines
MB  |Magmatic Breccias
CB Cataclastic Breccias
BFZ |Brittle Fault Zone Slickenlines
CSZ |Cataclastic Shear Zone
MSZ |Mylonitic Shear Zone Mineral Lineation
DSZ |Ductile Gneissic Shear Zone Mineral Lineation
AF Anastomosing Foliation Mineral Lineation
DF Disjunctive Foliations Mineral Lineation
CPF |Crystal-Plastic Shape Fabric Mineral Lineation
FO Folds Fold Hinge
MF Magmatic Fabric Mineral Lineatiom
ILC |lgneous Layer Contact
ILZ |Zone of Fine Scale Igneous Layering
TI Boundary Between Tectonite and Igneous Textured Rock
B Bedding
UNC |Unconformities
VFB |Volcanic Flow Boundaries

38



Figure F10. Table showing checklist used for spreadsheet comments associated with each structural identifier.

STRUCTURAL IDENTIFIERS AND
COMMENTS CHECKLIST

LEG 179

STRUCTURAL GEOLOGY

The following is a checklist of structural characteristics
(modified from Cannat, Karson, Miller et a., 1995) that
were searched for in macroscopic core samples. These
characteristics supplement the information required by the
spreadsheet and were noted in the comments section of the
Structural Log spreadsheet (Fig. F8) and Structural
Notebook.

The feature-identifier code and a number corresponding
to the nth feature in the each piece of the core are entered
in the Identifier column of the spreadsheet and in the
comments column if needed (i.e.,V3). The feature identifier
is cross-referenced to the sketch in the visua core
description.

Subhorizontal Microcracks (SHM)

- Drilling induced fractures.

Joints (J)

- Joint density;

- Orientation; and

- Plume structures on joint surface.

Alteration Veins (AV) / Magmatic Veins (MV)
- Orientation of veins and vein-array boundaries;
- Magnitude and nature of offset;

- Density of vein network;

- Array characteristics:

~ Sense of shear,

~ Angle between new vein segments and array

boundary (measure of array dilatation);

- Internal structure of fibers;

- Crack-seal structures and number of vein-opening events;
- Wall-rock alteration and shape;

- Vein terminations (splayed or tapered); and

- Vein mineralogy.

Faults (F) and Fault Zones (FZ)

- Fault-zone thickness, orientation and density;

- Movement sense (r,n,d,s), reverse, normal, dextral
sinistral;

- Slickenlines,

- Matrix material (gouge or secondary minerals);

- Overprinting of pre-existing fabric; and

- Semi-brittle.

Semi-Brittle and Ductile Shear Zones: Cataclastic
(CSz), Mylonitic (MSZ), Ductile Gneissic (DSZ).

- Intensity of cataclastic, mylonitic or crystal

plastic fabric;

- Movement sense (r,n,d,s), reverse, normal, dextral
sinistral; and

- Change in orientation of foliation and direction of
intersection of shear zone margin and foliations.
Breccias: Fault Breccias (FB)

Magmatic Breccias (MB), Cataclastic Breccia (CB)

- Clast size and shape, matrix composition, relative
proportions.

Foliations: Anastomosing (AF), Disunctive (DF)

- Style of foliation (e.g., crenulation (Cc), spaced (Cs));
- Spacing or wavelength; and

- Angle between folaition and earlier fabrics, noting
directions of larger-scale fold closures.

Crystal-Plastic Fabrics (CPF)

- Intensity of fabric;

- Intensity of retrograde fabric (PrR);

- Orientation of foliation (Sp) and lineation (Lp);

- L-, LS and S-tectonite; and

- Shear sense indicators: block-rotated porphyroclasts,
asymmetric augen, SC fabrics, discrete shear bands, mica,
fish, and tension-gash arrays; (r,n,d,s), reverse, normal,
dextral sinistral;- mineralogical segregation or banding.
Folds (FO)

- Inter-limb angle;

- Estimate of hinge curvature (e.g., kink vs. round);

- Asymmetry of hingeline relative to other fabrics (e.g.,
stretching lineations, etc.);

- Other geometrical aspects preserved in core (e.g.,
wavelength, amplitude, etc.); and

- Number of folds, if more than one.

Magmatic Fabrics (MF)

- Intensity and orientation of foliations (Sm) and lineations
(Lm);

- Minerals that define the shape and/or crystallographic
preferred orientations;

- Angle between crystallographic and shape fabrics; and
- Orientation of subfabrics.

Compositional Layering (Cl)/Gradational Boundaries
(Gb)

- Type of layering (e.g., sedimentary, igneous cumulate,
alteration etc.);

- Orientation, thickness and density of layers.

Igneous Contacts: Dike Contact (DC)

Non-Tabular Pluton Conatct (PC)

- Orientation and density; and

- Concordant or discordant.

Igneous Layer Contact (ILC)

Zone of Fine-Scale Igneous Layering (ILZ)

- Type of layering;

- Orientation;

- Contact type;

- Scale and thickness of layers; and

- Sharp or gradational.

Cross-Cutting Relationships

- Intrusive relationships, relative chronology of the different
fabrics; and

- Angle between compositional layering and magmatic or
crystal-plastic fabric.

Boundary Between Tectonites and Igneous Textured
Rock (T1)

- Nature of contact.

Volcanic Flow Boundary (VFB)

- Upper or lower;

- Extent of chilled margin;

- Regularity; and

- Orientation.

Unconformity (UNC)

- Relief;

- Weathering zone thickness; and

- Orientation.

Bedding (B)

- Orientation.
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Figure F11. Table showing intensity scales applied to structural identifiers for brittle and ductile deforma-
tion (from Shipboard Scientific Party, 1995). The intensity of joints and faults is related to spacing esti-
mated by the linear intercept method along the central divide of the core piece. If a piece was unoriented,
then spacing was estimated along the long axis of the piece. Vein intensity is related to an estimation of
percentage of veining on the cut face of the archive half of the core. This scale has been subdivided into
seven groups so that the relatively low percentages encountered during Leg 153 could be distinguished.
Brecciation intensity relates to the relative percentage of clasts to matrix. Foliations and crystal-plastic fab-
rics broadly relate to the attenuation of porphyroclasts and/or the spacing of foliation planes. Fold intensity
relates to the interlimb angle for individual or multiple folds. Layering intensity relates only to the layer
width and was applied to any layers with discrete or gradational boundaries. Such layers included primary
magmatic layering, alteration, or grain-size variations. Magmatic deformation intensity relates broadly to
the degree of shape preferred orientation of magmatic phases.
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Figure F12. Key to textural features entered in structural VCDs and summary spreadsheet.

Textures Code Abreviation
Protogranular 1 PG
CG Equigranular 2 CGE
Porphyroclastic 3 PC
Elongate Porphyroclastic 4 EPC
Mylonitic 5 MYL
UltraMylonitic 6 UMYL
Cataclastic 7 CAT
Equigranular Gneiss 8 EG
Augen Gneiss 9 AG
Schistose 10 SCH
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Figure F13. Downhole logging tool strings used for Leg 179.
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Figure F14. Geometry of the seismic while drilling experiment for Leg 179.
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Figure F15. Planned radial and circumferential tracks of the shooting ship Sonne for the Leg 179 OSE.
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Table T1. XRF analytical conditions for Leg 179.

Background Count time Count time on Analytical

Oxide Peak angle offset on peak background error Detection
or element Line Crystal Detector Collimator (°20) (°26) (s) (s) (rel %) limit
SiO, Ka PET FPC Medium 109.21 40 0.30 0.03
TiO, Ka LIF200 FPC Fine 86.14 40 0.37 0.01
Al,O, Ka PET FPC Medium 145.12 100 0.40 0.01
Fe,0, Ka LIF200 FPC Fine 57.52 40 0.20 0.01
MnO Ka LIF200 FPC Fine 62.97 100 0.10 0.005
MgO Ka TLAP FPC Medium 45.17 +0.80 150 150 0.60 0.01
CaO Ka LIF200 FPC Medium 113.09 40 0.30 0.005
Na,O Ka TLAP FPC Medium 54.10 -1.20 150 150 3.8 0.03
K,O Ka LIF200 FPC Medium 136.69 100 0.40 0.01
P,Os Ka GE111 FPC Medium 141.04 100 0.40 0.01
Rh Ka Compton  LIF200 Scint Fine 18.58 60
Nb Ka LIF200 Scint Fine 21.40 +0.35 200 100 0.2 0.5
Zr Ka LIF200 Scint Fine 22.55 -0.35 100 50 0.5 0.6
Y Ka LIF200 Scint Fine 23.80 -0.40 100 50 1.0 0.6
Sr Ka LIF200 Scint Fine 2515 -0.40 100 50 0.3 0.6
Rb Ka LIF200 Scint Fine 26.62 -0.60 100 50 3.6 0.6
Zn Ka LIF200 Scint Medium 41.81 -0.55 100 50 1.0 1.0
Cu Ka LIF200 Scint Fine 45.03 -0.55 100 50 1.5 1.2
Ni Ka LIF200 Scint Medium 48.67 -0.60 100 50 0.6 1.2
Cr Ka LIF200 FPC Fine 69.35 -0.50 100 50 1.3 2.0
\ Ka LIF220 FPC Fine 123.06 -0.50 100 50 2.0 3.0
Ti Ka LIF200 FPC Fine 86.14 +0.50 40 20
Ce La LIF220 FPC Medium 128.13 -1.50 100 50
Ba LR LIF220 FPC Medium 128.78 -1.50 100 50

Notes: All major elements measured using a Rhodium X-ray tube operated at 30 kV and 80 mA. Trace elements are measured using
a Rhodium X-ray tube operated at 60 kV and 50 mA. Detector: FPC = flow proportional counter (P10 gas); Scint = Nal Scintilla-
tion counter. Detection limit units = weight percent for major elements, parts per million for trace elements.
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Table T2. Schlumberger tool and measurement acronyms.

Tool Output Explanation Units
HNGS Hostile environment natural gamma sonde
HSGR Standard (total) gamma ray gAPI
HCGR  Computed gamma ray (HSGR minus uranium contribution) gAPI
HFK Formation potassium Percent million
HTHO  Thorium Parts per million
HURA Uranium Parts per million
NGT Natural gamma tool
SGR Standard (total) gamma ray gAPI
CGR Computed gamma ray (SGR minus uranium contribution) gAPI
POTA Potassium Percent million
THOR  Thorium Parts per million
URAN Uranium Parts per million
APS Accelerator porosity sonde
APLC Near/array porosity (limestone corrected) Fraction
FPLC Near/far porosity (limestone corrected) Fraction
SIGF Neutron capture cross section of the formation Capture units
STOF Tool standoff (computed distance from borehole wall) Inches
HLDS High temperature litho-density sonde
RHOM  Bulk density (corrected) Grams per cubic centimeter
PEFL Photoelectric effect Barns per electron
LCAL Caliper - measure of borehole diameter Inches
DRHO  Bulk density correction Grams per cubic centimeter
DIT Dual induction tool
IDPH Deep induction phasor-processed resistivity Ohm-meter
IMPH Medium induction phasor-processed resistivity Ohm-meter
SFLU Spherically focused resistivity Ohm-meter
SDT Digital sonic tool
LTT1-4  Transit times (10-, 8-, 12-, 10-ft transmitter-receiver spacings)  Microsecond
DTLF Slowness (12 minus 10 ft traveltimes) Microsecond per foot
DTLN Slowness (10 minus 8 ft traveltimes) Microsecond per foot
BHC Borehole compensated sonic tool
LTT1-4  Transit times Microsecond
DT Slowness Microsecond per foot
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Table T3. Specifications of the downhole tools deployed during Leg 179.

Approximate

Sample vertical resolution
Tool string Tool Measurement interval (cm) (cm)
Resistivity/Sonic SDT Sonic velocity 15 120
DIT* Resistivity 2.5and 15 200/150/75
NGT* Natural gamma 15 45
TLT Borehole fluid temperature 1/s —
FMS-sonic (total length ~12 m) NGT* Natural gamma 15 45
GPIT* Tool orientation 15 —
FMS* Resistivity image 0.25 0.5
Porosity/Density (total length ~19.5 m)  HNGS* Natural gamma 15 45
APS* Porosity 5and 15 30
HLDS* Bulk density, PEF 2.5and 15 15/45
BHC (total length ~14 m) NGT* Natural gamma 15 45
BHC* Borehole compensated sonic 15 61

Notes: * = trademarks of Schlumberger. See Table T2 for explanations of the acronyms.
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