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ABSTRACT

Themain objectivesfor drilling Leg 167 wereto investigate the evol ution of oceanogaphic
conditions in the North Pacific Ocean and to document changesin flow of the California
Current system and associated changes in coastal upwelling. These datawill be used to re-
construct North Pacific climate conditions through the Neogene, concentrating upon the
time period since the advent of Northern Hemisphere glaciation, about 2.5 Mato the
present. Four of thedrill sites (Sites 1010, 1011, 1014, and 1016) sampled middle to upper
Miocene sediments to reconstruct a Neogene history of the California Current. The results
of Leg 167 drilling will also be used to better understand the links between climates of the
North Pacific Ocean and western North America, particularly in terms of temperature

change and changes in precipitation.

The 13 sitesare organized into three transects acrossthe California Current (Baja Transect,
~30°N; Conception Transect, ~35°N; and Gorda Transect, ~40°N) and one coastal transect
extending from northern Baja Californiato the California/Oregon border, 30°N to 42°N.

Each of thethreetransects acrossthe California Current compares deep-water sites near the
core of the California Current to coastal upwelling sites near shore. The coastal transect ex-
amined variations in upwelling and productivity along the CaliforniaMargin, and also in-

termediate-water propertiesin many of the basinsof the CaliforniaContinental Borderland.
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INTRODUCTION

The California Current system is probably the best investigated eastern boundary current
system in the world, with well-known physical dynamics, chemical structure, biological
standing stocks, and biogeochemical fluxes. Nevertheless, the response of the California
Current system and associated coastal upwelling systems to climate change is poorly doc-
umented. Climate models and available pal eoceanographic dataindicate that the California
Current system changed dramatically with the growth and decay of the North Americanice

sheets. The paleoceanographic records, however, remain too sketchy to test the models.

Ocean Drilling Program (ODP) Leg 167 (Fig. 1) represents the first time since 1978 that

the Pacific margin of North Americawas drilled to study ocean history. The leg collected
both high-resolution records appropriate for studying events with durations of a few thou-
sand years or less within the Pleistocene and Pliocene and lower-resolution records to ex-
amine much of the Neogeneinterval. Sitesweredrilled to collect sediments needed to study
the links between the evolution of North Pacific climate and the development of the Cali-
fornia Current system. The same material will also be used to study the climate links be-

tween the North Pacific Ocean and North America.

Only three other drilling legs, all part of the Deep Sea Drilling Project (DSDP), have sam-
pled the historical sediment record along the CaliforniaMargin. A single advanced hydrau-
lic piston core (APC) sitein the Santa Barbara Basin (Site 893) represents al of ODP
drilling before Leg 167. Thelast major drilling effort, DSDP Leg 63, occurred immediately
before the first deployment of the APC. Recovered core from the DSDP drilling is discon-
tinuous and very disturbed, so it isimpossible to use this material for modern, high-resolu-
tion, paleoceanographic studies. Reconnai ssance studies using DSDP cores have shown,
however, that the Leg 167 drilling region is highly sensitive to climate change and that new
ODP drilling would collect adetailed record of this variability.
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Significant contrasts in sedimentary environments occur along the CaliforniaMargin, in-
cluding the unique tectonic and sedimentary environments of the basinsin the California
Borderland. Site selection exploited these opportunities, constructing | atitudinal, longitudi-
nal, and depth transects. There are three east-west transects, with at least two sitesin each
transect, one located in the coastal upwelling zone (from 50 to 90 km offshore, 1000 to
2000 m water depth) and one in the core of the California Current proper (from 150 to 360
km offshore, 3500 to 4200 m water depth). The Gorda Transect (~40°N; Sites 1019, 1022,
1020, and 1021) isin aregion of strong summer upwelling. The Conception Transect
(~35°N; Sites 1017 and 1016) isinfluenced by year round upwelling with relatively cool
surface waters. The Baja Transect (~30°N; Sites 1011 and 1010) isinfluenced by year-
round upwelling with warmer surface waters. The oldest sediments from the inshore sites
are Pleistocene in age, and from the offshore sites, middle or late Miocene. Coastal up-
welling processes at the margin will be reflected in the nearshore sites, whereas nutrient

supply by California Current processes will be reflected in the deeper sites.

The north-south Coastal Transect covers the latitude range from 31° to 42°N (in order

from north to south: Sites 1019, 1022, 1018, 1017, 1014, 1013, 1012, and 1011). All sites
are within <160 km offshore, in water depths of 1000-2500 m. The oldest sediments from
al sitesare at least Pleistocenein age, and somerangeto late Miocene. The coastal transect

will detail the history of coastal upwelling and of continent-ocean interaction.

Sites also constitute two depth transects. The Northern Depth Transect (~37° to 42°N,
from 60 to 360 km offshore; Sites 1019, 1022, 1018, 1020, and 1021) covers 10004200 m
water depth. Oldest sedimentsfrom Site 1019 are Pleistocene, whereas the sediments from
the deepest-water site (Site 1022) range in age from latest middie Miocene to Quaternary
in age. The Southern Depth Transect (~30° to 35°N, from 30 to 210 km offshore; Sites
893 [Leg 146], 1015, 1017, 1013, 1014, 1012, 1011, 1010, and 1016) covers 475-3850 m
water depth. Thistransect takes advantage of the different sill depths within the California
Borderlands for detailed study of the shallow intermediate water column. The oldest sedi-
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ments from sites with the shallower water depths are at |east |ate Pleistocene in age, where-
as basal sediments from the sites with deeper water depths are typically late Miocene.
These depth transects will provide sediments to investigate hypotheses about water-depth
control of sedimentation processes and water column structure and its evolution through

time.

EXPECTED SCIENTIFIC RESULTSFROM LEG 167

The response of California Current structure and hydrography to insolation forcing and
Northern Hemisphere glaciation will be defined by Leg 167 studies, aswill thelonger-term
oceanographic evolution of the northeastern Pacific. The sediments collected on Leg 167
will provide one of thefirst direct opportunities to quantify the linkages between tropical
and polar climates over abroad spectrum of age scales. The Neogene histories of biogenic
carbonate and opal accumulation at these drill siteswill constrain their basinal and global
distributions. Results from the depth transect sites will shed light on questions about deep-
water hydrography, such asthe existence and significance of Pacific intermediate- or deep-
water formation and the linkages between deep Atlantic and Pacific circul ation and carbon-
ate burial. Significant advances in the understanding of regional biostratigraphy, of the or-
igin of physical property variations, of rock magnetic properties, and of lithologic cyclicity
will result as well. Modeling, ranging from simple box models to coupled ocean/atmo-
sphere models, will complement data interpretation. Diagenesis of organic matter and in-
organic components in sediments will be much better understood from the study of pore-
water and solid-phase composition from the variety of different environments drilled dur-

ing Leg 167.

Site 1010 (Proposed Site CA-14A)

One of the primary objectivesof Site 1010 (Fig. 1) wasto provide chronological control for
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biostratigraphic events in the California Current region through the middie Miocene. Be-
cause subtropic and subarctic floraand faunamix along the coast of California, the detailed
biostratigraphy fits imperfectly with schema developed for either the tropics or the subarc-
tic North Pacific. A second important goal is the Neogene pal eoceanography of the south-
ern region of the California Current. In the modern oceans, the California Current can be
distinguished by itstemperature and salinity characteristicsto the southern tip of BgjaCal-
ifornia. Site 1010 provides ameansto monitor this southern region becauseit islocated un-
derneath the approximate core of the current. Site 1010 will also be used to study organic
matter diagenesis. In addition, high-resolution stable isotope profiles of intersitial water
will be used to study ice volume at the last glacial maximum. A secondary goal wasto ob-
tain arepresentative sample of the basaltic basement for igneous petrology and geochem-

istry.

The sedimentary sequence at Site 1010 (Fig. 2) consists of an apparently continuous, 185-
m-thick interval of Quaternary to middle Miocene sediments. They are divided into four
lithologic units. Unit | (0-18.5 meters below seafloor [mbsf]) consists of siliciclastic sedi-
ments (silty clays and clayey silts) with abundant vitric ash layers and disseminated volca-
nic glass throughout. The top of Unit 11 (18.5-66.0 mbsf) is defined by increased
biogeneous sediment components and consists of interbedded units alternating between
nannofossil ooze and silty clay. Volcanic ash layers (both vitric volcanic ash and altered)
are abundant. Unit I11 (66.0-178.0 mbsf) represents increased siliceous components inter-
bedded throughout with clay and nannofossil sediments. Interbedding occurs on a scale of
20-80 cm. Unit IV (178.0-basement) is composed of alternating porcellanite, nannofossil
chalk, and clay. The tagged basement consists of basalt.

Core-core correlation between the 5 holes successfully established a continuous composite
record down to 110 mbsf. More detailed work isin progress for cores below this depth.
Scatter in bulk density values determined from discrete sediment samples matchesthe bulk

densities obtained using the gamma-ray attenuation porosity evaluator (GRAPE) well. Ve-
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locitiesincrease slowly downhole with very slight variation. High velocities correspond to

low porosity values.

The section includes an upper 60-m-thick sequence containing variable but often abundant
planktonic foraminifers and few diatoms, radiolarians, and cal careous nannofossils from
the Quaternary through the lowermost Pliocene and uppermost Miocene (Fig. 2). Thisis
underlain by a 70-m-thick sequence of late Mioceneto late middle Miocene age marked by
an almost compl ete absence of planktonic foraminifers and generally uncommon calcare-
ous nannofossils, diatoms, and radiolarians. Thisisunderlain by a55-m-thick sequence of
rapidly deposited diatom ooze of middle middle Miocene age (base: diatom Denticulopsis
hyalinaZone, 13.1-13.9 Ma; Nannofossil Zone CN4, 13.6 to 15.8 Ma). These diatom oozes
contain assemblages of diatoms, radiolarians, and planktonic foraminifersindicative of ex-
tensive upwelling of cool waters associated with the California Current. Theradiolarian as-
semblages are the best-preserved Miocene examples from an intense upwelling province,
and include numerous new species never observed before. Likewise, the planktonic fora-
minifer assemblages provide arareinsight into the characteristics of faunas associated with
intense Miocene upwelling. The sequence of changesin planktonic foraminifers suggests

the need to establish a new zonation for the southern California Current system.

A complete magnetostratigraphy was determined from Holes 1010C and 1010E (Fig. 2).
All chrons from the Brunhes to the top of Chron C3Bn (7 Ma) could be identified in the
upper 75 mbsf. The age-depth plot based on magnetic reversals shows three linear seg-
ments, representing 3 different sedimentation rates in the upper 75 mbsf. Below 75 mbsf,
the intensity of magnetization decreases. The drilling-induced remanent magnetization

dominates between 75 and 160 mbsf and prevents the identification of polarity reversals.

No significant amounts of gas were measured in the sediment column. Carbonate contents
vary strongly between 0 and 80 wt% in the upper 110 mbsf. Below this depth, carbonate

contents are generally higher than the upper section because of higher nannofossil concen-



Leg 167
Preliminary Report
Page 12

tration. Organic carbon values decrease with depth from about 0.4 to less than 0.2 wt%.

Interstitial water samplesfor shipboard analysiswere taken 1 per corefor thefirst 10 cores
and then 1 every third core to about 170 mbsf. A high-resolution suite of sampleswas also
taken from one hole at 1/section spacing (about 1.5 m) for shorebased study. Theinterstitial
water geochemistry istypical of an open ocean site, showing the influence of reactionsin
the underlying basalt viadiffusion, of the relatively low organic carbon content of the sed-
iments, and of the dissolution of biogenic silica. Chloride increases slightly with increasing
depth, from 559 to 569 mM at around 80 mbsf, then decreases again. Calcium increases
with increasing depth, with an average gradient of 4.2 mM/m, and magnesium decreases
with increasing depth, with an average gradient of —3.3 mM/m. Calcium and magnesium
are linearly correlated with each other. Alkalinity increases only dlightly to values over 4
mM at depths of 2060 mbsf. Sulfate indicates aminor amount of organic carbon oxidation
viasulfate reduction, with values between 24 and 29 mM throughout the section. Phosphate
has elevated values around 6 uM in the upper 10 m, with values between 2 and 3 uM at
greater depth. Ammoniaincreases with depth to values around 130 mM. Silicate increases

with increasing depth to values greater than 1000 uM by 75 mbsf.

Site 1011 (Proposed Site CAM-2A)

Site 1011 isthe landward site of the Baja Transect, which crossesthe California Current at
about 30°N (Fig. 1). Site 1011 wasdrilled to study both surface-water properties and water-
column structure for the upper Mioceneto Quaternary interval. It wasalso drilled to sample
a sedimentary section to acoustic basement to determine the nature of the basement and to

gather information on the opening and subsidence of Animal Basin.

The sedimentary sequenceat Site 1011 consists of an apparently continuous, 281.5-m-thick
interval of Quaternary to upper Miocene sediments. They are divided into four lithologic
units. Unit I (0.0-25.0 mbsf) consists of upper Quaternary (0.0-1.0 Ma) siliclastic sedi-
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ments, predominantly clays and silt, with vitric ash layers and graded quartz sand beds.
Unit 1l (25-204 mbsf) is characterized by an increase in cal cium carbonate and consists of
upper Mioceneto Quaternary (1.0-7.9 Ma) interbedded silty clay and nannofossil ooze on
adecimeter to meter scale. Vol canic ash layers occur above 118 mbsf and below 184 mbsf.
Graded sand beds occur above 98 mbsf. This unit is divided into three subunits. Subunit
[1A consists of interbedded nannofossil ooze and silty clay. Subunit 11B is defined by a
marked decrease in cal careous nannofossil content and increase in silty clay. Subunit [1C
reflects an increase in lithification and in calcareous nannofossils. In Unit [11 (204-262
mbsf) the dominant biogenic component changes from cal careous nannofossilsto siliceous
microfossils. Subunit I11A consists of upper Miocene (7.9-9.2 Ma) interbedded clayey di-
atomites and nannofossil diatomites. Subunit 111B is defined by alithologic change to a-
most pure diatomites (9.4-9.5 Ma). Unit IV (262—276 mbsf) was poorly recovered and
consists of indurated siltstone and sandstone. Basement was reached at 276 mbsf and re-

covered 1.89 m of fine-grained vesicular basalt.

Detailed comparisons between the magnetic susceptibility and GRAPE density records
generated using the multisensor track (MST), and high-resolution color reflectance mea-
sured using the Oregon State University system, demonstrated complete recovery of the
sedimentary sequence down to 150 mbsf.

The section includes an upper 132-m-thick sequence containing abundant planktonic fora-
minifers, calcareous nannofossils, few benthic foraminifers, and rare to absent diatoms and
radiolarians from the late early Pliocene to the Quaternary (Fig. 3). Thisisunderlain by a
48-m-thick sequence of |ate late Miocene to early Pliocene age characterized by rare and
sporadic assemblages of planktonic foraminifers, few to abundant cal careous nannofossils,
and generally uncommon diatoms and radiolarians. Below thisinterval, a 110-m-thick se-
guence of rapidly deposited diatom-rich sediments of late Miocene age was recovered.
These sediments contain abundant diatoms and radiolarians. Cal careous nannofossils and

planktonic foraminifers are rare or absent. Benthic foraminifers assemblages are less con-
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sistently present. The base of the sedimentary sequence is assigned to the middle late Mi-

ocene diatom Denticulopsis dimorpha Zone, indicating an age of approximately 9 Ma.

Dominant cold species of planktonic foraminifer, diatom, and radiolarian assemblages ex-
hibit evidence of strong upwelling conditions during the late Miocene. Domination of tem-
perate foraminiferal speciesin early late Pliocene through early Pleistocene assemblages,
and rare occurrences of diatoms and radiolarians, indicate warm temperate to cool subtrop-
ical conditions with aweakening of the upwelling system. The late Pliocene to Quaternary
planktonic foraminiferal assemblages indicate cooler conditions with major sea-surface
temperature changesrelated to glacial-interglacial episodes. Fewer occurrences of subtrop-

ical forms suggest generally cooler conditions than during the early and early late Pliocene.

A magnetostratigraphy could not be obtained. An interesting feature of the paleomagnetic
data at this site is the steplike reduction of magnetic intensity between 1.5 and 2.5 mbsf.
The intensity drop corresponds to the decrease in magnetic susceptibility in the sameinter-
val because of a strong decrease in concentration of magnetic minerals within 1 m. Disso-
lution of fine magnetic mineralsis caused by diagenetic sulfate reduction in these highly

organic sediments.

Significant amounts of biogenic methane gas were observed. Headspace methane concen-
tration increased with increasing depth and reached amaximum (6347 ppm) at 89 mbsf and
a high concentration (2505 ppm) at around 190 mbsf. No significant higher weight molec-
ular hydrocarbons were observed, indicating that the methane is of biogenic origin and not
significant for safety and pollution investigations. The carbonate content varies strongly
between 1 and 73 wt%, and isgenerally highin lithostratigraphic Unit 11 A. The organic car-
bon contentsis high (0.3%—6.6%) throughout the section. The correlation between organic
carbon and the C to N ratio suggests a predominantly terrigenous origin of to the organic
material.
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Chemical gradientsin the interstitial waters (Fig. 4) reflect organic matter diagenesisvia
sulfate reduction, an increase in dissolved sulfate at greater depth, the dissolution of bio-
genic opal, and the influence of authigenic mineral precipitation. The decreasein dissolved
calcium in the upper sediment, coincident with the sulfate decrease and the alkalinity in-
crease from sulfate reduction, and the nonlinear relationship of calcium and magnesium
suggest that authigenic mineral precipitation is significant in influencing the geochemical

profiles.

Porosity decreases with depth in the upper 150 mbsf and shows an inverse correlation with
P-wave logger (PWL) velocity. Thelowest porosity values (55%) were measured in avery
clay-richinterval (140-150 mbsf). Porosity increases slightly from 55% to 70% below 150

mbsf. At about 204 mbsf, the grain density values drop from around 2.7 to 2.5 g/cm3, re-

flecting the transition from clay-rich sediments with well-preserved cal careous hannofos-
silsto siliceous sediments, marking the boundary between lithostratigraphic Units 1 and

1.

Color reflectance data allowed for real-time prediction of sedimentary opal content. Using
aregression equation generated from site-survey reflectance and opal measurements, we
were able to ssimulate major lithologic units. Low opal content coincided with lithostrati-
graphic Unitsl and 11, which included silty clay, and nannofossil ooze and chalk. Opal max-
imaand minima corresponded to interbedded diatomite and clay of lithostratigraphic Unit
I1IA. The highest predicted opal content matched Unit 111B, adiatomite. Opal levels were

low in the siltstone, silty clay, and sandstone of Unit V.
Coreimages were captured using the ODP color digital imaging system. Colors were mea-
sured and reported in the CIELAB system and appear to correlate with GRAPE density,

possibly reflecting the carbonate component.

Logging at Hole 1011B consisted of two full passeswith the Triple Combination tool string
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(density, neutron porosity, resistivity, and natural gammaray) and one full pass with the
Formation MicroScanner-Sonic (FM S-Sonic) tool string. Hole conditions were excellent,
so the recorded log data were of excellent quality. The log physical property data closely
matched the measured core density and porosity over the core-log data overlap; thelog son-
ic velocity datawere unfortunately not reliable because of the very high porosity sediments
and consequent low impedance contrast. Thelog variations clearly delineate the major and
minor lithologic boundaries. A sharp reversal to higher porositiesbelow 200 mbsf is caused
by an upper Miocene diatomite interval; this lithologic boundary represents a strong seis-
mic reflector that may be useful for regional correlations. The FM S datarevealed clear car-
bonate-clay interbedding that can be matched with the core M ST data, particularly over the
high sedimentation rate section below 200 mbsf.

Site 1012 (Proposed Site BA-1)

Site 1012 islocated in East Cortez Basin, within the middle band California Borderland ba-
sinsin awater depth of 1783 m (Fig. 1). The primary objective was to sample a high-reso-
lution section from the early Pliocene to Quaternary to study the evolution of the California
Current system and oceanographic processes in intermediate waters as Northern Hemi-
sphere glaciations expanded. Paleoceanographic proxies for surface-water properties will
be sampled at a high resolution, including those for sea-surface temperature, pal eoproduc-
tivity, and water mass. The site will a'so be important for high-resolution paleomagnetic
studies and will provide important new information about organic carbon diagenesis and

about minor-element geochemistry through pore-water profiles.

The sedimentary sequence recovered at Site 1012 consist of an apparently continuous, 264-
m-thick interval of upper lower Pliocene to Quaternary sediments. It consists of asingle
lithologic unit with two subunits. Lithologic Unit | consists of interbedded silty clay, nan-

nofossil mixed sediment, and nannofossil ooze, and their lithified equivalents. The sedi-
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ments are organic-rich throughout, and cyclic variation in organic matter content is
superimposed upon the carbonate/siliciclastic cycles. Subunit | A iscomposed of silty clay,
nannofossil mixed sediment, and nannofossil ooze. M ean carbonate composition increases
downcore from 15% to 50%. Subunit 1B is composed of silty clay, and lithified clayey nan-
nofossil mixed sediment and nannofossil chalk, along with isolated beds of dolostone.
Mean carbonate values remain approximately at 50%, although bed-to-bed variation is
great. Dolostone beds and the presence of glauconite are associated with an upper Miocene

to upper lower Pliocene hiatus or condensed interval at the base of the sequence.

Detailed comparisons between the magnetic susceptibility record generated usingthe M ST,
and high-resolution color reflectance measured using the Oregon State University system,
demonstrated complete recovery of the sedimentary sequence down to 94 mbsf. The corre-
lation between carbonate content and bulk density is excellent. The scatter reflects the al-
ternating carbonate-rich and carbonate-poor layers. Downhole temperature measurements

yield athermal gradient of 82°C/km. Using an average thermal conductivity of 0.905

W/(m-K) provides a heat-flow estimate of 74 mW/m?.

Uppermost Miocene planktonic foraminifers (5.6 to 6.2 Ma) at the bottom of Hole 1012A
suggest that much of the lower Plioceneismissing at Site 1012 or that thereisahighly con-
densed lower Pliocene sequence. Cal careous nannofossis are abundant and well preserved
in the Quaternary and upper Pliocene, and poorly preserved and fragmented in the upper

lower Pliocene and uppermost Miocene. Planktonic foraminifers are highly abundant and
very well preserved in the Quaternary, abundant to common and generally well preserved
throughout the Pliocene, and are few but well preserved in the uppermost Miocene. Radi-
olarians and diatoms are absent in the sequence except for conspicuous reworked middle

Miocene species.

A well-constrained biostratigraphy and chronology is provided by cal careous nannofossils

and planktonic foraminifer datums for the upper Pliocene and Quaternary. Extensive re-
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working of calcareous nannofossils in the upper lower Pliocene and uppermost Miocene

made bi ostratigaphi c determinations more difficult based on cal careous nannof ossils. L ow-
er upper Pliocene microfossil assemblages indicate relatively warm-temperate conditions,
which changein the latest Pliocene to Quaternary to cooler conditions with major sea-sur-

face temperature changes related to glacial/interglacial oscillations.

Paleomagnetic alternating field (AF) demagnetization at 20 mT revealed an excellent mag-
netostratigraphic record between 0 and 130 mbsf. The Brunhes (C1n), the Jaramillo
(C1r.1n), Cobb Mountain, and the Olduvai (C2n) normal polarity intervalswereidentified.
An age-depth plot based on the reversal boundaries gives a constant sedimentation rate of
65 m/m.y.

The calcium carbonate record is characterized by avery high fluctuation of values, ranging
from 5 to about 70 wt%. The carbonate concentration increases steadily downcore to 120
mbsf and reaches constant values around 50 wt%. Organic carbon contents are high

throughout the sediment column and dominated by marine organic matter according to low
Cto N ratios. Episodic input of terrigenous organic matter leads to increased organic car-
bon values. Volatile hydrocarbons are consistently very high, but are of no safety or pollu-

tion concern because of high C1 to C2 ratios.

Theinterstitial water geochemistry (Fig. 4) reflects the influence of organic carbon diagen-
esis by sulfate reduction, of biogenic opal dissolution, and of possible authigenic mineral-
ization reactions. Dissolved sulfate reaches concentrations <1 mM by 18 mbsf. Alkalinity
increasesto as high as 60 mM, dissolved phosphate to 120 uM, and ammonium to 14 mM.
Opal dissolution isindicated by the increase of dissolved silicate to values >1000 uM by

130 mbsf. Nonconservative profiles of calcium and magnesium suggest the importance of

authigenic mineralization.

A multiple linear regression was used to construct an empirical relationship between calci-
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um carbonate and reflectance measurements gathered at Site 1011. Using this regression
eguation, carbonate content was predicted at Site 1012. The predicted values matched lab-
oratory datawell. Fluctuations are highly cyclic—preliminary spectral analysis of reflec-
tance data in a crude age model framework show power in the Milankovitch frequencies.
The high-resolution reflectance dataimply calcite variations not resolved by the lower res-

olution carbonate samples.

Site 1013 (Proposed Site BA-2B)

Site 1013 islocated in San Nicolas Basin, within the middle band of basins of the California
Borderlandsin water depth of 1575 m (Fig. 1). The primary objective of drilling at thissite
was to sample a high-resolution section from the early Pliocene to Quaternary to study the
evolution of the California Current system and to study oceanographic processes in inter-
mediate waters as Northern Hemisphere glaciations expanded. Site 1013 will also provide
information about organic carbon diagenesis and about minor-element geochemistry
through pore-water profilesand through solid-phase anal yses. Because of itslocation, away
from the turbiditesthat fill the inner Borderland basins, we expect most of the organic mat-

ter in the basin to be marinein origin.

The sedimentary sequence recovered from the three holes at Site 1013 consists of an appar-
ently continuous, 146-m-thick interval of upper upper Pliocene (2.7 Ma) through Quater-
nary sediments. Sediments gradually change from mixtures of siliciclastic and biogenic
components to mixtures of biogenic and minor siliciclastic components. Interbedding of
the sedimentsis on a scale of |ess than a meter to several meters. Siliciclastic clay and silt
are found throughout the cored interval, but strongly decrease downhole. Calcareous nan-
nofossils and to alesser extent foraminifers strongly increase downhole, and dominate the
calcareousfraction of the sediments. The biosiliceous component isnegligible. Thinterrig-

enoussiliciclastic sand layers occur in the upper part of the sequence and distinct ash layers
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throughout the lower part of the sequence.

Detailed comparisons between the magneti c susceptibility record generated usingthe M ST,
and high-resolution color reflectance measured using the Oregon State University system,

demonstrated complete recovery of the sedimentary sequence down to 97 mbsf.

Cal careous nannofossils are abundant throughout and preservation is moderate to good.
Planktonic foraminifers are abundant and well preserved in the Quaternary, and abundant
to rare and moderately well preserved in the uppermost Pliocene. Radiolarians and diatoms
are absent in the sequence except for conspicuous reworking of middle Miocene species.
Reworked cal careous nannofossils of middle Miocene and Eocene age occur in the Quater-
nary. A well-constrained biostratigraphy and chronology is provided by cal careous nanno-

fossil and planktonic foraminifer datumsfor the upper part of the Pliocene and Quaternary.

Latest Pliocene through Quaternary planktonic foraminifer assemblages indicate large-
scale oscillations in sea-surface temperatures associated with glacial/interglacial episodes.
Benthic foraminifer assemblages suggest relatively low oxygen concentrationsin the basin
during the late Neogene. Near suboxic to suboxic basinal conditions occurred during the

latest Pliocene to earliest Quaternary.

AF demagnetization at 20 and 25 mT reveal ed a complete magnetostratigraphic record be-
tween 0 and 95 mbsf. The Brunhes (C1n), the Jaramillo (C1r.1n), possibly the Cobb Moun-
tain, and the top of the Olduvai (C2n) normal polarity intervals were identified. An age-
depth plot based on the reversal boundaries gave a sedimentation rate of 65 m/m.y around
the Jaramillo and alower sedimentation rate below the Cobb Mountain.

Headspace volatile hydrocarbons rapidly increase at about 20 mbsf and stay consistently
high throughout the sedimentary column. Methane to ethane ratios, however, arein the nor-

mal range of biogenic methanogenesis. The calcium carbonate record from O to 50 mbsf
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shows dlightly increasing values between 5 and 30 wt% with alow fluctuation. Below 50
mbsf, the fluctuation increases to about 40 wt%, and highest values occur in the deepest
part of the hole. Organic carbon ranges from 1 to 6 wt% (to a maximum of 9 wt%). The
ratios of organic carbontototal nitrogen rangefrom 8to 12, indicating amarine provenance

of the organic matter at this site.

Theinterstitial water geochemistry (Fig. 4) reflects the influence of organic carbon diagen-
esis by sulfate reduction, of biogenic opal dissolution, and of possible authigenic mineral-
ization reactions. Dissolved sulfate reaches concentrations <1 mM by 19 mbsf. Alkalinity
increasesto as high as 60 mM, dissolved phosphate to 150 uM, and ammonium to 13 mM.
Opal dissolution isindicated by the increase of dissolved silicate to values >1000 uM by
76 mbsf. Nonconservative profiles of calcium and magnesium suggest the importance of

authigenic mineralization.

Physical properties show very little variation downhol e corresponding to the sedimentol og-
ical findings. Thefew variations most likely correspond to fluctuating amounts of clay and
carbonate. Three downhole temperature measurements were taken using the Adaratool,

and gave ageothermal gradient of 72°C/km (Fig. 5). The heat-flow estimate at Site 1013 is

65 mW/m?.

The ODP Digital Color Video images correlate very well with those obtained using the Or-
egon State University Color Reflectance tool. Additionally, there appears to be arelation-
ship between color and discrete index properties, in particular, density. Thisis probably a
result of the color variations associated with carbonate concentration, and the strong corre-
lation between density and carbonate content. Reflectance data were used to predict high-

resol ution carbonate concentrations in real time.
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Site 1014 (Proposed Site CA-15A)

Site 1014 islocated in Tanner Basin, within the outer band of California Borderland basins
(Fig. 1). The primary objective was to sample a high-resolution section from the late Mi-
ocene to Quaternary to study the evolution of the California Current system and to study
oceanographic processes in intermediate waters as Northern Hemisphere glaciations ex-
panded. The site will also provide important information about organic carbon diagenesis
and about minor-element geochemistry through pore-water profiles and through solid-
phase analyses. Pore-water sampling especially within the upper 100 m will be used to de-
fine the rates of organic matter oxidation and the removal of oxidants from the pore waters
and sediments, whereas organic geochemical analysiswill provide data on organic matter

preservation in alow oxygen environment.

The sedimentary sequence recovered from the 4 holes at Site 1014 consists of awell-dated,
apparently continuous, 325-m-thick interval of upper Pliocene to Quaternary sediments,
underlain by arelatively poorly dated, 124-m-thick sequence of early Plioceneto possible
latest Miocene age.

The sediments are homogeneous throughout the entire sequence, and consist dominantly of
calcareous nannofossils and foraminifers and siliciclastic clays. The sequence is divided
into two lithologic subunits. Subunit |A (0—140 mbsf) contains interbedded clay with for-
aminifers and nannofossil ooze with foraminifers and clay. Subunit 1B (140-449 mbsf)
contains an increased amount of calcareous nannofossils, and is composed of nannofossil
ooze and nannofossil chalk alternating with clay-rich intervals. Discrete ash layersand thin

dolostone beds occur in the lower part of the sequence.

Detailed comparisons between the magneti c susceptibility record generated usingthe M ST,
and high-resolution color reflectance measured using the Oregon State University system,

demonstrated complete recovery of the sedimentary sequence down to 160 mbsf.
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Biostratigraphic age control was provided by a combination of calcareous nannofossil,
planktonic foraminifer, and radiolarian datumsfor the upper Pliocene and Quaternary. The
base of the sequenceis not well dated, but cal careous nannofossils suggest a late Miocene

age of between 5 and 7 Ma.

Diatom and radiolarian assemblages suggest weak to strong upwelling cycles during the
late Pliocene leading to high-productivity episodes on the continental margin. Middle to
upper Miocene diatom and radiolarian species suggest a persistent input of reworked ma-
terial throughout this sequence. Planktonic foraminifer and radiolarian assemblages indi-
caterelativewarmth from the early Pliocenethrough thelate Plioceneuntil 2.5 Ma. Cooling
at thermocline depthsis suggested after 3.0 Maby cooler radiolarian assemblages. Thiswas
followed at 2.5 Maby amajor surface-water cooling. Low oxygen concentrationsin basinal
bottom waters during the earliest Quaternary through latest Pliocene coincided with strong
upwelling conditions. During the Quaternary, benthic foraminifer assemblages change in
association with glacial-interglacial oscillations. This suggests changesin upper intermedi-

ate water circulation during late Quaternary climatic cycles.

AF demagnetization at 20 mT revealed a good magnetostratigraphic record between 0 and
100 mbsf. The Brunhes (C1n) and the Jaramillo (C1r.1n) normal polarity intervals were
identified. An age-depth plot based on the reversal boundaries gives a constant sedimenta-
tion rate of 79 m/m.y. for the past 2.6 m.y.

Methane to ethane ratios determined from vacutainer and headspace samples are high
throughout the sediment column. Average values of calcium carbonate contents steadily in-
crease from 30 wt% at the top of the core to about 55 wt% at 250 mbsf and decrease again
at the bottom. The pattern show a high-amplitude fluctuation ranging from 20 to 35 wt%.
Organic carbon values are very high (2 to 9 wt%). According to low C to N ratios, the or-

ganic material is mainly of marine origin.
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Theinterstitial water geochemistry (Fig. 4) reflects the influence of organic carbon diagen-
esis by sulfate reduction, of biogenic opal dissolution, and of possible authigenic mineral-
ization reactions. Dissolved sulfate reaches concentrations <1 mM by 17.05 mbsf.
Alkalinity increasesto values>100 mM, dissolved phosphate to >200 uM, and ammonium
to40mM. Opal dissolutionisindicated by theincrease of dissolved silicateto values>1000
MM by 136.6 mbsf. Nonconservative profiles of calcium and magnesium indicate the po-

tential importance of authigenic mineralization.

Index properties show arapid increasein density and associated decreasesin void ratio, po-
rosity, and water content to about 50 mbsf, where coring was switched from the APC to the
extended core barrel (XCB) system. Below this depth, the downhole physical property
changes are dow, with few fluctuations, most likely corresponding to changing amounts of
clay and carbonate. However, at approximately 140 mbsf, densities shift to higher values,
whereasvoid ratio, porosity, and water content values drop. At thisdepth anincreasein car-

bonate content occurs and is marked as the change from lithologic Unit |A to IB.

Thermal conductivity islow, 0.842 W/(m-K) on average, and provides aheat-flow estimate
of 40 mW/m? (Fig. 5).

Color reflectance datawere used to predict high-resol ution carbonate measurements aboard
ship. Two separate regression equations were used, one based on Site 1012 reflectance and
carbonate data and the other based on a combined data set from Sites 1012 and 1013. The
combined equation was an effort to compensate for the effect of high organic carbon con-
tent at Site 1014. Carbonate content was simulated well by both equations, generally

matching the laboratory measurements in both amplitude and phase.

L ogging was conducted at Hole 1014A from the base of pipe set at 80 mbsf to a sub-bottom

depth of 445 mbsf. Hole conditions were excellent, with the exception of afew washouts.
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The log physical property data closely matched the measured core density, porosity, and
susceptibilty (Fig. 6) over the core-log data overlap.

The log gammarray values exhibit very high values between 100 and 160 mbsf. The gam-
marray activity throughout the hole is predominantly caused by variations in the uranium
content, which is strongly correlated to measured variations in sediment organic carbon
content. The uranium-organic carbon linkage appearsto reflect authi genic uranium fixation
in these strongly reduced sediments. High sedimentation rates at Site 1014 provide an op-
portunity to examine the core and log resolution of orbital and millennial-scale bedding cy-
cles(Fig. 6). Comparison of the FM S record (averaged to 2 mm resol ution) with the digital
video brightness (L*) channel data (decimated to 4 mm resolution) suggests that periodic
variability in carbonate composition at the 20-30 cm scale (equivalent to 2-3 k.y.) can be
faithfully resolved in the log data.

Site 1015 (Proposed Site BA-4D)

Site 1015 islocated in Santa Monica Basin in water depth of 912 meters below sealevel
(mbdl) (Fig. 1). Itistheonly Leg 167 drill site within an inner borderland basin. Thisbasin
goes periodically anoxic, because the source of deep water is very near the oxygen mini-

mum. Distal turbidites from the Hueneme Fan extend to Site 1015.

The primary objective for drilling here was to sample a very high-resolution sediment sec-
tion for comparison with ODP Site 893 in the Santa Barbara Basin. Hemipelagic sections
between turbidites should be sufficiently large to study upper Pleistocene and Holocene pa-
leoceanographic processes. The site should aso prove useful for sedimentological study of
turbidite deposition and the development of Hueneme Fan. Organic carbon diagenesis will
be studied, through detailed pore-water analysisin the upper 100 mbsf geochemical analy-

ses of the solids, in a sedimentary section that has been quickly deposited and that contains
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alarge terrigenous organic component.

The sedimentary sequence recovered from the two holes at Site 1015 consists of a 150-m-
thick interval of upper Quaternary (60 ka) sediments. Sediments consist of one lithologic
unit, which is dominated by quartz feldspar sand and clayey silt interbedded at decimeter
to meter scale. Sand layers with sharp basal contacts, frequently with wood fragmentsin
the upper part, grading upwards into clayey silt are interpreted as turbidite deposits. Thin
layers of laminated hemipel agic nannofossil clay and disseminated vol canic glass occur be-
tween the turbiditic sediments. Authigenic pyrite isaminor but common constituent. Cal-
careous nannofossils and, to alesser extent, foraminifers dominate the cal careous fraction

of the sediments. The biosiliceous component is negligible.

Detailed comparisons between the magnetic susceptibility generated using the MST and

high-resol ution color reflectance measured using the Oregon State University system at the
two holes, demonstrated complete recovery of the sedimentary sequence down to 36 mbsf.
The existence of gasvoids, turbidites, and coring disturbances below that depth precluded

an interhole correlation.

Calcareous nannofossil and planktonic foraminifer data indicate that the 150-m sequence
of turbidites and hemipelagic sediments are of |atest Quaternary age, younger than 60 ka.
Sand layersin the sequence are barren of microfossilsexcept for very rare, moderately well
preserved, calcareous nannofossils in some intervals. Hemipel agic sediments contain

abundant to few, well-preserved planktonic foraminifers, common to abundant, well-pre-
served benthic foraminifers, and abundant to rare, well-preserved cal careous nannofossils.

Radiolarians and diatoms are essentially absent, except for reworked Miocene taxa.

Changesin planktonic foraminifer assemblagesin this sequence exhibit evidence of large-
scale Quaternary glacia-interglacial oscillations. The Holocene is well marked by inter-

glacial planktonic foraminifer assemblages. Planktonic and benthic foraminifer assem-
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blages suggests that the glacial-interglacial episodes are associated with changesin
circulation of upper intermediate waters affecting changes in oxygen levels of the basins

of the California Borderland.

Gasvoids, turbidites, and coring disturbances precluded the measurement of most physical
properties and the determination of a paleomagnetic reversal stratigraphy. Furthermore,

the sequence is too young to contain magnetic field reversals.

Carbonate values range from 2 to 7 wt%. L owest values occur in the turbiditic sequences.
The organic carbon record shows hemipelagic background values of about 1 to 1.5 wt%.

In the turbidites, organic carbon isbelow 0.5 wt%. Spikes up to 2.3 wt% result from wood
fragments in the sediment. Methane concentrations are high throughout the sediment col -

umn, however, no significant amounts of ethane were observed.

Although the chemical composition of the 9 interstitial water samples from this site indi-
catesthat organic matter diagenesis, biogenic opal dissolution, and authigenic mineral pre-
cipitation and/or ion exchange reactions are significant influences, the nature of the
sediments and the effects of drilling and recovery on them make distinguishing primary
geochemical signals from contamination of interstitial water samples by seawater drilling
fluid problematic.

Site 1016 (Proposed Site CA-11E)

Site 1016 islocated about 150 km west of Point Conception, and formsthe deep-water site
on the Conception Transect (35° N). The siteislocated on anortheast trending abyssal hill
and rises 50-100 m above the surrounding seafloor (Fig. 1) in water 3846 m deep. Base-

ment is 22.5-Ma oceanic basalt. The site was chosen to provide materia to investigate the

longer term Neogene record as well as to assess paleoceanographic conditions near the
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core of the California Current. Site 1016 occupies an important transitional zone for mod-
ern flora and fauna, and provides a good opportunity to link magnetochronology and bio-
stratigraphy. Geochemical indices of paleoproductivity and microfossil assemblages
obtained from this site will provide important data on nutrients carried by the California
Current. Organic carbon deposition should be relatively high compared to typical pelagic
sedimentary sections, yet the sedimentation rate islow. This environment provides one of
the end members needed to study preservation of bulk organic matter and of specific or-

ganic molecules.

The sedimentary sequence recovered fromthe4 holesat Site 1016 consists of awell-dated,
apparently continuous, 308-m-thick interval ranging from Quaternary to late Miocene age.
Sediments are dominated by decimeter to meter scale alternations of carbonate and silici-
clastic layers. Several fine-grained sand layers and vol canic ash bands, each up to several
centimeters thick, occur in the upper two thirds of the sequence. The base consist of por-
cellanite and chert horizons of unknown thickness. The sediments are divided into three
lithologic units. Unit | (0—71 mbsf) is characterized by the relative abundance of clay and
the prevalence of diatom ooze with clay, diatomite, and diatomswith clay. Unit |1 (71-163
mbsf) contains an increased amount of cal careous nannofossils and is composed of nanno-
fossil ooze with diatoms. Thisunit is subdivided in two subunits on the basis of carbonate
content. Unit 111 (163-316 mbsf) isdominated by diatomite and diatom ooze, and contains
severa volcanic ash layers and blebs of solid bitumen. The base of thisunit consists of por-
cellanite and black chert. Sedimentation rates are high, averaging 50 m/m.y. from the Qua-
ternary to the upper Pliocene, aredrastically lower during the early to middle Pliocene (10—

15 m/m.y.), and average 30 m/m.y. in the late Miocene.

Detailed comparisons between the magnetic susceptibility and GRAPE density record gen-
erated using the MST, and high-resolution color reflectance measured using the Oregon
State University system, demonstrated complete recovery of the sedimentary sequence

down to 245 meters composite depth (mcd), with the exception of acoregap at 172.6 mcd,
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which could not be covered by overlap (Fig. 7).

A well-constrained biostratigraphy and chronology is provided by acombination of calcar-
eous nannofossil, planktonic foraminifer, diatom, and radiolarian datums for the upper
Pliocene and Quaternary. The upper Mioceneto lower Pliocene (below 154 mbsf) isdated
by cal careous nannofossils, diatoms, and radiolarians. The base of the sequenceislate Mi-
ocene (lessthan 7 Ma) in age. Diatom and radiolarian assemblages suggest two major ep-
isodes of strong upwelling during the upper Miocene and the upper Pliocene through lower
Quaternary. These two episodes are separated by an interval marked by decreased vertical
advection of deep waters during the lower to middle Pliocene, resulting in relatively low
sedimentation rate. Cooling at thermocline depths is suggested after 3.0 Maby Arctic ra
diolarian assemblages. Thiswasfollowed at 2.5 Maby major surface-water cooling. Low-
er bathyal benthic foraminifer assemblages appear to change little throughout the upper

Pliocene and Quaternary, including between glacial and interglacial episodes.

A magnetic polarity stratigraphy could not be obtained because magnetic intensities were

below the noise level of the magnetometer.

Calcium carbonate values vary from 1 to 62 wt%. Between about 2 and 6 Ma (75 to 165

mbsf), the CaCO3 values are distinctly higher. Organic carbon concentrations are high

compared to normal open ocean environments (average 0.93 wt%). According to organic
carbon to total nitrogen ratios, the organic material is mainly of marine origin. Headspace
methane values are very low throughout the sediment column, indicating that no signifi-

cant methanogenesis occurred.

Chemical gradientsin theinterstitial waters reflect organic matter diagenesis, the dissolu-
tion of biogenic opal and calcium carbonate, the diffusive influence of reactionsin the un-
derlying basalt, and the influence of authigenic mineral precipitation. Alkalinity increases

to peak values >17 mM, phosphate to nearly 60 UM, and ammonium to >2 mM. Calcium
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decreaseswith depth to aslow as5.2 mM, then increasesto 13.2 mM. Magnesium decreas-
es throughout the section to 26.1 mM, with the decrease in the lower part of the section

linearly correlated to the increase in calcium.

The porosity profiles can be divided into three units corresponding to the three lithol ogi cal
units. The upper 100 mbsf with high porosities around 70%—75% in sediments composed
of claysand diatomite, aninterval of low porosities oscillating around 60%—70% from 100
to 200 mbsf, in carbonate-rich sediments, followed by an increase of porosity downhole
with values between 70% and 80%, in the diatomite-rich unit. Highsin PWL velocity and
GRAPE density correspond well with reflectionson the 3.5-kHz seismic site-survey record
(Fig. 8). The impedance contrasts that generate the reflectors correspond to the sandy tur-
bidite layersin the upper 70 mbsf of the section.

Three good-quality temperature measurements were obtained: 4.9°C at 36.1 mbsf, 7.0°C
at 55.1 mbsf, and 9.0°C at 74.1 mbsf. Using an average measured thermal conductivity of

0.838 W/(m-K) provides a heat-flow estimate of 88 mW/m?.

Major lithologic unitswere identified using color reflectance data. In Unit | reflectancefor
the 450-500 nm (blue) band is generally low. As Unit | gradesinto Unit I1, the proportion
of nannofossils increases, as does blue band reflectance. Subunit [1B, which is predomi-
nantly nannofossil ooze interbedded with diatom ooze, has the highest reflectance of any
stratigraphic unit at Site 1016. The signal of Unit 11B is variable: high reflectance values
generally match nannofossil-enriched layers, and low values match more diatomaceous
zones. In Unit 111, diatoms replace nannofossils as the dominant microfossil component,
and reflectance islow. The near infrared (nIR; 850-900 nm) to blue (450-500 nm) ratio is
generally greatest when the diatom content is greatest and lowest, where clays and nanno-
fossils predominate. These results imply that color reflectance is sensitive to the spectral
character of diatom-rich sediments, or a sedimentary component that covaries with the di-

atom content.
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Logging at Hole 1016B consisted of two full passes with the Triple Combination

tool string, one full pass with the FM S-sonic tool string, and two full passes with the mag-
netic susceptibility-total moment tool string. Hole conditions were fair from 220 to 300
mbsf, and excellent above 220 mbsf and up to the base of pipe at about 60 mbsf. The log
physical property data closely matched the measured core density, porosity, and magnetic
susceptibility over the core-log data overlap. Thelog variations clearly delineate the major
and minor lithologic boundaries, particularly the transition to diatomites. Initial log-core
comparisons suggest that decimeter-scale variations in lithology are reliably recorded by
thelogging tools. This provides the opportunity to assess the degree of rebound and defor-
mation of the core material, and will be especially useful for putting together continuous

records even where material is missing at core gaps.

Site 1017 (Proposed Site CA-9D)

Site 1017 islocated about 50 km west of Point Arguello on the continental slopejust south
of Santa LuciaBank in water 966 m deep (Fig. 1). It is the shallow-water site in the Con-
ception Transect (35°N). The mgjor objective for drilling was to sample a high-resolution,
upper Pliocene to Holocene sediment section to compare with Santa Barbara Basin (Site
893). Site 1017 isnear animportant upwelling center off Point Conception and will be used
to definethe history and cyclicity of upwelling near 35°N. The oxidation-reduction history
at thissitewill be affected by changesin the oxygen minimum depth through time. Waters
drawn into Santa Barbara Basin also come from this vicinity, and data from Site 1017
should confirm whether Santa Barbara Basin oxygenation is being driven by changesin
intermediate-water source. The site will also provide important new information about or-
ganic carbon diagenesis and about minor-element geochemistry through pore-water pro-
filesand through solid-phase analyses. Pore-water sampling will be used to definetherates

of organic matter oxidation and the removal of oxidants from the pore waters and sedi-



Leg 167
Preliminary Report
Page 32

ments, whereas organic geochemical analysis will provide data on organic matter preser-

vation in alow-oxygen environment.

The sedimentary sequence recovered from the five holes at Site 1017 consists of awell-
dated, apparently continuous, 204-m-thick interval of Quaternary (1.2-1.4t0 0.0 Ma) age.
The sediments consist almost entirely of silty clay to clayey silt with minor, variable quan-
tities of intermixed foraminifers, nannofossils, and siliciclastic sand. Thin, discrete layers
of quartzofeldspathic or foraminiferal sand turbidites are afrequent, but volumetrically mi-
nor, component of the upper two thirds of the sequence. Cemented limestone and dol ostone
occur at only afew horizons. Bedding isindistinct, gradational, and very thick (about 1 cy-
cle/20 m) until becoming more distinct and thinner (several meter scale) below approxi-
mately 125 mbsf. The stratigraphic sequence is grouped into a single lithologic unit, with
two subunits. Subunit 1A is composed of silty clay to clayey silt. Subunit 1B is composed
of silty clay to clayey silt, and nannofossil clay mixed sediment, all containing minor
amounts of foraminifers and diatoms. Sedimentation rates are around 100-120 m/m.y. on

average.

Detailed comparisons between the magnetic susceptibility and GRAPE density records
generated using the M ST, and high-resolution color reflectance measured using the Ore-
gon State University system, showed that a continuous sedimentary sequence may exist
down to about 130 mcd. However, exact tie points between adjacent holes could not be es-

tablished in most cases and precluded the construction of a spliced section.

Calcareous nannofossils are of highly variable abundance and quality of preservation
throughout the sequence. The section above 175 mbsf is marked by mostly abundant to
common and well-preserved planktonic and benthic foraminifers. Below 175 mbsf to the
base of the hole, the section isessentially barren of planktonic foraminifersand benthic for-
aminifers are either absent or occur in low abundances. Diatoms are ailmost exclusively

limited to reworked forms and radiolarians are absent to rare in the sequence. Changesin
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planktonic foraminifers indicate strong glacial to interglacial oscillations throughout.
Overdl, bothinterglacial and glacial planktonic foraminifer assemblagesreflect relatively
cooler conditionsthan in al earlier drilled sequences of Leg 167. Thisis amost certainly
because of the sites |ocation in the heart of the coastal upwelling zone off Point Concep-

tion.

Benthic foraminifer assemblages exhibit large differences between glacial and interglacial
episodes. Assemblages associated with glacial episodes reflect relatively higher oxygen
concentrations of bottom waters, whereas those associated with interglacial episodes re-
flect distinctly lower oxygen concentrationsin bottom waters, asin Santa Barbaraand Tan-

ner Basins.

Other materials observed in the sand-sized fraction of many of the core-catcher samples

include prominent fish debris, including fish scales, charcoal fragments, sponge spicules,
and echinoid spines. Also observed were large numbers of tar (asphalt) globules that have
glued together avariety of biogenic materials, especially sponges spicules. The tar was al-

most certainly derived from natural oil seepsin the region during the entire Quaternary.

After AF demagnetization, the magnetization of most cores was just around the sensitivity
limit of the magnetometer. With the exception of one single section, there was no interval
of reverse polarity in Hole 1017B. The positive inclinations of the top 110 mbsf represent
most likely the Brunhes Chron C1n. Below the normal polarity interval, an interpretation
of the inclination record was not possible because of the low magnetic intensity and core

disturbance by XCB coring.

Sediments at Site 1017 are characterized by carbonate values ranging from 2 to 12 wt%.
At 130 mbsf, anincrease in the concentration and fluctuation can be observed. The organic
carbon concentration shows asimilar increase with depth from average values of about 1.5
to 2.7 wt% at 170 mbsf. The C to N ratio record displays a remarkably low fluctuation
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around the average value of 10. A good correlation between UX 57, C57 alkenone abun-
dance, and total organic carbon content (Fig. 9) exists. Both C7 alkenone abundance and

total organic carbon content show higher concentrations in warmer (interglacial) thanin

cooler (glacial) periods.

Volatile hydrocarbons are high throughout the sediment column, but no significant

amounts of ethane could be detected, indicating that no thermogenic hydrocarbons occurs.

Chemical gradientsin the interstitial waters (Fig. 4) reflect organic matter diagenesis, the
dissolution of biogenic opal and calcium carbonate, and theinfluence of authigenic mineral
precipitation reactions. Alkalinity increases to peak values >40 mM, whereas sulfate con-
centrations decrease to values bel ow the detection limit (approximately 1.4 mM) by 19.25
mbsf. Phosphate concentrations increase to values >100 uM and ammonium concentra-
tionsincrease to an average of 8.5 mM. Dissolved silicate increasesto concentrations near
1000 puM, and strontium increasesto >150 pM . Calcium concentrations decrease to around
2.4 mM, then increase with increasing depth to 5.3 mM. Magnesium concentrations gen-

erally decrease throughout the section.

Velocities shallower than 10 mbsf were high, ranging from 1586 to 1607 m/s. Below this
depth, gas expansion attenuated the signal and precluded the determination of further ve-
locity measurements. Downhole temperature measurements gave athermal gradient of

74°C/km (Fig. 5). Using an average thermal conductivity of 0.937 W/(m-K) yields a heat-

flow estimate of 70 mW/m? at Site 1017.
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Site 1018 (Proposed Site CA-8A)

Site 1018 is located about 75 km west of Santa Cruz, California, on a sediment drift just
south of Guide Seamount at awater depth of 2477 mbsl (Fig. 1). The primary objectives at
this site were to sample a high-resolution upper Miocene to Hol ocene sediment section
from the central CaliforniaMargin to study evolution of the California Current, aswell as
the history of upwelling and productivity. It provides continuity between the Gorda
Transect at 40° N and the southern California Transects. The site also provides a dipstick
to sample midwaters during the time in which the Northern Hemisphere ice sheets were
formed. It will aso be used to collect new data on organic carbon diagenesis and minor-
element geochemistry through pore-water profiles and solid-phase analyses. Organic car-
bon contents and terrestrial organic matter input should be moderately high. Pore-water
sampling will be used to define the rates of organic matter oxidation and the removal of
oxidants from the pore waters and sediments, whereas organic geochemical analysiswill

provide data on organic matter preservation underneath a well-oxygenated water column.

The sedimentary sequence recovered from the 4 holesat Site 1018 consists of awell-dated,
apparently continuous, 426-m-thick interval of uppermost lower Pliocene to Quaternary
(3.5-0.0 Ma) sediments. Sediments vary from siliciclastic to interbedded mixtures of bio-
genic and siliciclastic components. Siliciclastic clays are found throughout the cored inter-
val, but are predominant in the upper part. The middle part is dominated by diatom clay
and diatom clay mixed sediment with frequent interbedding of clayey nannofossil ooze,
whereas the lower part is dominated by interbeds of nannofossil clay and clayey nannofos-
sil chalk. Diatomaceous layers tend to correspond to darker and less bioturbated intervals
compared to nannofossil-rich layers. Fine-grained feldspar quartz sand occurs as thin nor-
mally graded layers (possibly turbidites), especialy in the upper part of the sequence,
whereas glauconite occurs both as discrete layers and disseminated in the clay matrix in
the lower part of the sequence. Vitric volcanic ash layers are rare except in the lowermost

part of the sequence.
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The sediments are divided into two lithologic units. Unit | isasiliciclastic unit composed
mainly of clays with varying amounts of diatoms and sporadical occurrence of nannofos-
sils. Unit Il is characterized by continuous and slightly increasing content of nannofossils

and dlightly decreasing content of diatoms.

Detailed comparisons between the magnetic susceptibility and the GRAPE density record
generated using the M ST, and high-resolution color reflectance measured using the Ore-
gon State University system, demonstrated complete recovery of the sedimentary sequence
down to 193 mcd. Sedimentation rates range from 100 to 200 m/m.y. and average 130

m/m.y.

A well-constrained biostratigraphy and chronology is provided by acombination of calcar-
eous nannofossil, planktonic foraminifer, radiolarian, and diatom datums for the upper
Pliocene and Quaternary. Planktonic foraminifers suggest that the base of the section is
about 3.4 Main age. All microfossil groups are clearly dominated by cool, high-latitude
elements throughout the late Neogene. Site 1018 is sufficiently far north in the California
Current to exclude most to all subtropical elements even during interglacial episodes. Ra-
diolariansare entirely represented by subarctic forms. Diatoms are dominated by subarctic
formswith the addition of much less abundant temperate elements. Planktonic foraminifer
assembl ages are dominated by subarctic to cool temperate forms, and subtropical elements
are absent, except during warmest interglacial episodes. Planktonic foraminifers exhibit
glacial to interglacial oscillations throughout. Radiolarians, however, do not exhibit such

changes, almost certainly because they largely live at greater water depths.

Changes in microfossil assemblages provide evidence of progressive cooling during the
late Neogene. The first consistent occurrence of mostly common to abundant populations
of sinistrally coiled Neogloboquadrina pachyderma marks adistinct cooling step at about

1.3 Ma. Likewise, changesin radiolarian assemblages indicate afurther step towards cool-
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er conditions at about 1.0 Ma. Diatoms are dominated by oceanic forms, but during the
Quaternary includeasmall but distinct littoral assemblagethat typically liveson seagrass.
These forms were reworked from shallow waters, and appear to be most abundant during

times of higher input of terrigenous sediments.

Positive paleomagnetic inclinations of the top 88 mbsf most likely represent the Brunhes
Chron C1n. Below the normal polarity interval, an interpretation of the inclination record

was not possible because of the low magnetic intensity and core disturbance by XCB cor-

ing.

Calcium carbonate contents are very low, ranging from 0 to 5 wt% in the upper 350 mbsf.
Spikes of high values up to 17 wt% frequently occur. In the lower part of the column,

CaCO4 concentrations distinctly increase to values between 5 and 25 wt%. Total organic

carbon variation is very stable around an average value of 1.2 wt%. The organic material
ismainly of marine origin, asindicated by low C to N ratios of about 6 to 8. Thisisalso
supported by very high methane concentrations throughout the sediment column. No sig-

nificant amounts of ethane or propane were observed in the headspace samples.

Chemical gradientsin the interstitial waters (Fig. 4) reflect organic matter diagenesis, the
dissolution of biogenic opal and calcium carbonate, the influence of authigenic mineral

precipitation reactions, and the diffusive influence of reactionsin underlying basalt. Alka-
linity increases to peak values >50 mM, whereas sulfate concentrations decrease to values
bel ow the detection limit (approximately 1.3 mM) by 9.35 mbsf. Phosphate concentrations
increase to values >160 yuM, and ammonium concentrations increase to maximum values
>7 mM. Dissolved silicate increases to concentrations >1000 UM, and strontium increases
to >250 uM. Calcium concentrations decrease to aslow as 3.6 mM, then increase with in-
creasing depth to 11.5 mM. Magnesium concentrations generally decrease throughout the

section to values as low as 22 mM.
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The porosity decreases downhole to 70 mbsf, scatters around a constant value until about
345 mbsf, and then continues to decrease downhole. This trend corresponds well with the
lithological boundaries. The diatom-rich unit between 200 and 345 mbsf represents an in-
terval of low grain densities. The increase of bulk and grain densities and decrease of po-
rosity at 345 mbsf correspond to the increase in carbonate concentration in the nannofossil-
rich unit. High-resolution opal content was predicted using a multiple linear regression
equation generated from site-survey color reflectance and opal data (Fig. 10). Results are
consistent with the major lithologic units, and indicate an average opal content of 1.96
wit%.

In situ temperature measurements at Site 1018 gave a thermal gradient of 32°C/km (Fig.
5). Using an average measured thermal conductivity of 0.847 W/(m-K) yields a heat-flow

estimate of 27 mW/m?.

Logging conditions at Hole 1018A were poor. A ledge at approximately 220 mbsf was en-
countered, and one pass with the Triple Combination tool string was made from 220 mbsf
to the mudline. Pipe was then set at 240 mbsf and a second pass with the Triple Combina-
tion tool string was made from 350 mbsf, where another ledge was found, up to the base

of pipe at 240 mbsf. Because of poor hole conditions with many washouts, and difficulties
with lowering the tool string past ledges in the borehole, logging with the FM S and Geo-

logical High-Sensitivity Magnetic Tool (GHMT) string was not attempted.

Site 1019 (Proposed Site CA-1D)

Site 1019 islocated about 60 km west of Crescent City, California, in the Eel River Basin
at awater depth of 983 mbdl (Fig. 1). It is the nearshore site of the Gorda Transect. The

primary drilling objective wasto sample a high-resolution Plei stocene sediment section as
part of the coastal transect from 30° to 40° N and as part of the Gorda Transect across the
CdliforniaCurrent at 40° N. Site 1019 should will provide important information about the
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development of coastal upwelling as glaciation expanded in the Northern Hemisphere. 1t
will provide important new information about organic carbon diagenesis and about minor-
element geochemistry through pore-water profiles and through solid-phase analyses. One
of theimportant objectives at this site wasto study the formation of the bottom-simulating
reflector (BSR) and to sample gas hydrates. A high-resolution pore-water sampling pro-
gram was carried out to detect evidence of gas hydrate formation. A logging program was

added to measure the extent of gas hydrate formation in situ.

A 247-m-thick sequence of upper Quaternary (1.0-0.0 Ma) sediment wasrecovered at Site
1019. The sediments consist of one single lithological unit that is subdivided into two sub-
units. Subunit 1A (0-30 mbsf) isamixed siliciclastic and biogenic unit composed mainly
of claysand silt with varying amounts of diatoms and nannofossils. Abundant laminae and
thin sand beds occur throughout the middle to lower parts of this subunit. Subunit IB (30—
246.4 mbsf) is composed predominantly of siliciclastic clays and siltswith aminor diatom
component and absent or rare nannofossils. Laminae and thin sand beds occur only in the
middle part of thissubunit. Sedimentation rates are extremely high (400-1000 m/m.y.) un-
til about 800 ka. After this, rates of sedimentation drastically decreased (to about 150
m/m.y.), and further decreased to about 100 m/m.y. following 450 ka. The decreased rate
of sedimentation after 800 ka probably resulted from the tectonic devel opment of the bank
immediately to the east of Site 1019. Once this bank was of sufficient elevation, it would
have blocked the sediment transport from the adjacent continental shelf. Conspicuous
glauconite also began to be deposited at 800 ka at the time of reduction in sedimentation
rates, and probably reflects its formation on the developing bank. If thisis correct, 250 m
of bank uplift occurred in 800 k.y., which is 3 cm/100 yr; avery rapid rate of uplift rate

associated with the well-known regional neotectonism.

Detailed comparisons between the magnetic susceptibility and the GRAPE density record
generated using the M ST, and high-resolution color reflectance measured using the Ore-
gon State University system, demonstrated completerecovery of the sedimentary sequence

down to 86 mcd.
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Biostratigraphy provides limited age control for the sequence at this site. The base of Hole
1019C isdated at about 1 Ma. The middle part of the sequence is dated using the onset of
the prominent 100-k.y. paleoclimatic oscillations at 800 ka (at 113 mbsf) and the upper part
by a combination of calcareous nannofossil, radiolarian, and diatom datums. Planktonic
foraminifer assemblages reflect oscillations between glacial and interglacial episodes.
These faunas are marked by cooler elements during both glacial and interglacial episodes,
compared to previous Leg 167 sites to the south (Sites 1010 to 1018). Radiolarians are
completely dominated by subarctic forms, whereas diatoms are dominated by cool, high-
latitude, North Pacific assemblages, with limited subtropical forms. Radiolarian and dia-
tom taxacharacteristic of upwelling areinconspicuous at thissite, and diatom assemblages
contain rare but pervasive coastal planktonic forms. Benthic foraminifer assemblagesin-
dicate the presence of relatively low oxygen concentrations in bottom waters throughout
the entire sequence. Intervals marked by particularly low oxygen levels occur in the upper-

most part of the sequence, younger than 250 ka (above 27.3 mbsf).

Positive paleomagnetic inclinations of the top 75 mbsf most likely represent the Brunhes
Chron C1n. Below the normal polarity interval an interpretation of the inclination record

was not possible because of core disturbance by XCB coring.

The methane concentration increased in the second core to maximum values and caused
frequent gas voidsin the recovered cores. Although the gas pressure was very high, no sig-
nificant amounts of higher hydrocarbons were found. Calcium carbonate concentrations
are generally low, and show afluctuation between 0 and 9 wt%. Total organic carbon var-
iesfrom 0.5 to 1.5 wt% throughout the sediment section. According to the C to N ratios,

the organic fraction is mainly consisting of marine-derived material.

The most striking feature of the chemical gradientsin the interstitial waters (Fig. 4), sam-

pled at 1 per corethroughout the site, isa pronounced decreasein chlorinity, from 551 mM
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at 4.45 mbsf to an average of 357 mM at >150 mbsf. The smooth shape of the profile and
the lack of dilution in other elemental concentrations are not consistent with the low chlo-
rinity resulting from an artifact of methane hydrate dissociation, instead indicating there
must be a source of low-chlorinity fluid in contact with the site. Other chemical gradients
reflect organic matter diagenesis, the dissolution of biogenic opal, the influence of ion ex-
change and authigenic mineral precipitation reactions, and the diffusive influence of reac-
tionsin underlying basalt. Alkalinity increases to peak values >95 mM, whereas sulfate
concentrations decrease to values below the detection limit (ca. 0.5 mM) by 12.75 mbsf.
Phosphate concentrations increase to strikingly high values >340 uM, and dissolved sili-
cate increases to concentrations >1000 M. Calcium concentrations decrease to a mini-
mum <1 mM at 41 mbsf, then increase with increasing depth to 4.0 mM at 242 mbsf.
Magnesium concentrations decrease to aminimum of 25 mM, coincident with the Camin-
imum, then increase with increasing depth to 37-39 mM, subsequently decreasing to 31.5
mM at 242 mbsf. There are no apparent changes in the interstitial water profiles at the es-
timated depth of the BSR.

The 4 Adaratemperature measurements yield athermal gradient of 57°C/km (Fig. 5). Us-

ing an average measured thermal conductivity of 0.989 W/(m-K) provides a heat-flow es-

timate of 57 mW/m?. The index properties data show a sharp decrease in bulk density
values down to about 30 mbsf, which coincides with the lithostratigraphic Subunit | A and
IB boundary. Below this, index properties values are fairly constant, with occasional fluc-

tuations generally corresponding to lithologic variations.

Color reflectance was generally low, averaging 10% in the visible wavelengths. Downhole
variability in the reflectance signal was minimal (standard deviation of 1%). A prediction
of opal content was made using amultiplelinear regression equation derived from site-sur-
vey reflectance and opal measurements. The results were consistent with the lithologic
subunits described at Site 1019, showing higher opal content in Subunit IA than in Subunit
IB.
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Hole 1019C was logged with one full pass of the Triple Combination tool string, two FM S
Sonic passes, and two GHMT passes. Caliper measurements indicated that the borehole
was in poor condition, with broad, irregular washouts throughout the logged interval. The
holewas highly elliptical in shape with the long axis oriented north-south, consistent with
borehole breakout resulting from the regional east-west maximum compressive stress ori-
entation. The poor hole conditions adversely affected those measurements requiring good
contact with the borehole wall (e.g., density, porosity, and FMS), athough comparision
with core-based physical property datademonstrated that the log measurementswerevalid
over most of the hole where good contact was established. The log data were intended to
determine the origin of the BSR observed in the seismic profiles of this site. The log data
did not indicate any corresponding increases in sonic velocity or density reductions that
typically characterize clathrate occurrances. There was, however, an anomalously high-re-
sistivity layer at ca. 100 mbsf (about 5 m thick) that was not associated with corresponding

density or velocity increases.

Site 1020 (Proposed Site CA-4A)

Site 1020 is located on the east flank of the Gorda Ridge at a water depth of 3040 mbsl
(Fig. 1). Itisabout 170 km west of Eureka, California, and forms the high-resol ution, deep-
water site on the Gorda Transect. The siteislocated on an abyssal hill which trends north-
east and rises 50-100 m above the surrounding seafloor on 5.1-Maocean crust. The prima-
ry objective of drilling at this site was to study pal eoceanographic conditions near the core
of the Northern California Current during the critical time interval when the Northern
Hemisphereice sheets began to form. The devel opment of acorrelation between biostratig-
raphy and the pal eomagnetic chronostratigraphy was another key objective at thissite. Site
1020 will provide information about organic carbon diagenesis and about minor-element

geochemistry through pore-water profiles and through solid-phase analyses. Paleomagnet-
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ic studieswill provide an avenueto study the deformation of the Gorda Plate. Provided that
stable magnetic declinations can be obtained, the rotation of the Gorda Plate can be moni-
tored through time. A secondary goal was to obtain a representative sample of the basalt

basement for igneous petrology and geochemistry.

The sedimentary sequence recovered fromthe 4 holesat Site 1020 consists of awell-dated,
apparently continuous, 275-m-thick interval of upper lower Pliocene to Quaternary (3.79—
0.0 Ma) sediments. Siliciclastic clay isfound throughout the cored interval and isthe dom-
inant component in the upper part of the sequence. The middle part is dominated by nan-
nofossil clay with frequent interbedding of clayey nannofossil ooze. Diatoms are also
present, but only as a minor component ranging from 10% to 30% of the total sediment.
The lower portion is dominated by interbeds of nannofossil clay and clayey nannofossil
chalk. Two thin (decimeter-scale) intervals of dolomite arefound at 78 mbsf and 178 mbsf.
Turbidite deposition isrelatively unimportant at this site compared to previous sites except
for afew thin, graded bedsin the uppermost portion and aslightly thicker interval at about
68 mbsf. Lithostratigraphic Unit | is predominantly composed of clay-rich sediments
mixed with minor quantities of nannofossils and diatoms. Thin intervals of nannofossil
00ze occur throughout this unit, and diatoms rarely exceed 30% of the sediment. Unit |1
consistsof clayey nannofossil chalk mixed sedimentsinwhich pyrite nodules are abundant
and scattered throughout. Clay content increases to nearly 95% near the bottom. Approxi-

mately 5 cm of basalt was recovered at the base of the hole.

Detailed comparisons between the magnetic susceptibility and the GRAPE density record
generated using the M ST, and high-resolution color reflectance measured using the Ore-
gon State University system, demonstrated completerecovery of the sedimentary sequence
down to 242 mcd, with the exception of coring gapsat 126, 137, and 200 mcd, which could
not be covered by overlap. Bulk densities in the upper part of the section slowly increase
downhole with some scatter corresponding to the interbedding of clay and nannofossil

clay. Densities are constant between 120 and 220 mbsf and increase sharply at 220 mbsf.
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Theincreaseis caused by higher carbonate content, corresponding to the top of the nanno-

fossil chalk mixed with clay.

A well-constrained biostratigraphy and chronology is provided by acombination of calcar-
eous nannofossil, planktonic foraminifer, radiolarian, and diatom datums, and paleomag-
netic reversalsfor the upper lower Pliocene and Quaternary. Most of the sequence contains
common radiolarians and mostly common to abundant diatoms. All of the microfossil
groups are clearly dominated by cool, high-latitude elements throughout the late Neogene.
Radiolarians are entirely represented by subarctic forms, and the assemblages exhibit no-
ticeably lower diversity than at all other sitescored during Leg 167. Diatoms are dominated
by North Pacific subarctic assemblages in addition to rare temperate elements. Relative
high abundances of Gephyrocapsa carribeanica may indicate cooler episodes within the
Quaternary. Planktonic foraminifer assemblages are dominated by subarctic to cool tem-
perate forms, with subtropical elements absent. Radiolarians are represented by forms not
characteristic of upwelling regions throughout the entire sequence. Likewise, diatoms are
represented by open-ocean forms not characteristic of coastal upwelling regions, except
during the early late Pliocene when upwelling forms are present in relatively low frequen-

cies.

Planktonic foraminifer assemblages are made up entirely of cool temperate to subarctic
taxa. Distinct changes in planktonic foraminifer assemblages in the uppermost Pliocene
and Quaternary clearly reflect glacial to interglacial oscillations. In contrast, radiolarians
do not. At greater depthsin the section, short-term, climatically related faunal changesare
much less conspicuous. Late early Pliocene planktonic foraminifers (3.8 Ma) exhibit the
highest diversity in the sequence, and are considered to reflect the warmest surface-water
temperatures. The first consistent occurrence of sinistrally coiled Neogloboquadrina

pachyderma marks a distinct cooling step at 1.14 Ma.

Benthic foraminifersin the upper Pliocene and Quaternary are typical lower bathyal, deep-
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sea assemblages indicative of well-oxygenated bottom waters. The faunas exhibit little
change throughout the entire upper Pliocene and Quaternary, and exhibit no clear oscilla-
tions associated with glacial/interglacial change. In the lowermost part of the section, the
benthic foraminifer assemblages may represent deposition in lower middle bathyal water
depths as compared with lower bathyal depthsin the sequence above. The changesin
benthic foraminifer assemblages represent evidence for rapid tectonic subsidence in the
lower 30 m of the sequence. The changesin benthic foraminifers would indicate subsid-
ence of 500 to 1000 m during thisinterval. No evidence for paleodepth change is evident
from benthic foraminifers above 256 mbsf during the late early Pliocene through Quater-

nary.

AF demagnetization at 20 mT reveal ed a compl ete magnetostratigraphic record between 0
and 130 mbsf that allowed the identification of the Brunhes (C1n) and the Jaramillo
(C1r.1n) normal polarity intervals. Reorientation of the magnetic declination using the
Tensor tool supports the interpretation of magnetic polarity zonation based on the inclina-
tion data.

Headspace volatile hydrocarbon concentrations range from 5 to 8900
ppm methane. Ethane or propane gases are near the detection limit. Low calcium carbonate
concentrations between 1 and 20 wt% were found in the upper 220 mbsf. Below this depth,

CaCO4 concentrations increase up to 58 wt%. Organic carbon contents vary around 0.7

wit%, and show glightly decreased values where carbonate content is high. Low total or-
ganic carbon to total nitrogen ratios between 4 and 9 indicate a marine dominance of the

organic material.

Chemical gradientsin the interstitial waters reflect organic matter diagenesis, the dissolu-
tion of biogenic opal and calcium carbonate, the influence of authigenic mineral precipita-
tion reactions, and the diffusive influence of reactions in underlying basalt. Alkalinity

increases to peak values of >20 mM, whereas sulfate concentrations decrease to val ues be-
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low the detection limit (approximately 0.2 mM) by 107.25 mbsf. Phosphate concentrations
increaseto values >55 uM, and ammonium concentrationsincrease to maximum values >3
mM . Dissolved silicate increases to concentrations >1000 pM, and strontium increases to
230 uM. Calcium concentrations decrease to aslow as5.2 mM, then increase with increas-
ing depth to 26.3 mM at 260.30 mbsf. Magnesium concentrations generally decrease
throughout the section to 19.6 mM at 260.30 mbsf.

The 4 Adaratemperature measurements yield athermal gradient of 189°C/km. Using an

average measured thermal conductivity of 0.899 W/(m-K) provides aheat-flow estimate of

170 mW/m? at Site 1020 (Fig. 5). The vicinity of the Gorda Ridge explains this relatively
high heat-flow value.

Reflectance data are consi stent with the major lithological units. In lithostratigraphic Unit
| reflectance is consistently low for the 450-500 nm band. Unit 11 shows greater and more
variable reflectance than Unit I. A ratio of the 850- to 900-nm (nIR) band to the 450- to
500-nm (blue) band was used as a qualitative proxy for opal content. In Subunit A, where
clay predominates, the nIR/blue is generally low. As Subunit IA gradesinto Subunit 1B,
the proportion of diatoms increases, as does the mean value and variability of the ratio of
niR to blue.

Hole 1020B was|ogged with the Triple Combination, FM S/Sonic, and GHMT tool strings
from 86 to 275 mbsf. Overall log quality at this site was excellent to very good below 170
mbsf, and fair in the washed out section above 170 mbsf. Comparison between thelog and
core MST data demonstrate that the logs can reliably reproduce first-order features of the
records generated from measurements of the sediments using the MST track particularly

intheinterval below 170 mbsf where hole conditions are very good. Core-log comparison
suggests that the cored sediment, and therefore the mcd scale, is expanded by about 10%
relative to its true depth range.
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Site 1021 (Proposed Site CA-5A)

Site 1021 isthe deep-water site of the Gorda Transect (Fig. 1). It islocated about 100 km
south of the Mendocino Fracture Zone, more than 360 km from the California Coast, and
iIssituated on an abyssal hill at 4240 mbsl on 29.6-Macrust. The primary drilling objective
was to sample the longer term Neogene record, and to devel op a correlation between Neo-
gene biostratigraphic data from the northeastern Pacific and the paleomagnetic chronos-
tratigraphy. Because subtropic and subarctic flora and fauna mix along the coast of
California, the detailed biostratigraphy fits imperfectly with schema developed for either
thetropics or the subarctic North Pacific. Site 1021 will aso be used to study preservation
of bulk organic matter and, if reliable paleoproductivity indices can be generated, to relate

organic matter preservation to flux in low sedimentation rate environments.

The sedimentary sequence recovered from the 4 holesat Site 1021 consists of awell-dated,
apparently continuous, 310-m-thick interval of uppermost middie Miocene to Quaternary
(11.8-0 Ma) sediments. Sediments are dominated either by homogenous clay-rich inter-
vals or by submeter-scale alternation of carbonate/biosiliceous and siliciclastic strata. All
sediments contain biogenic assemblages, mainly cal careous nannofossils, diatoms, fora-
minifers, and radiolarians, in general order of decreasing abundance. Dominant lithologies
areclay, clay with nannofossils/nannofossil ooze, and clayey diatomite/diatom clay mixed
sediment. The upper part of the sequence is characterized by a dominance of calcareous
nannofossils, whereas diatoms form the main biogenic component in the lower part. Fine-
grained volcanic ash layers, and thin clay-rich laminationsinterpreted as altered ash, serve
as potential marker horizons throughout the sequence. The sediments are slightly to mod-
erately bioturbated, with increasing intensity downhole. The sedimentary succession con-
sists of two distinct units (Units | and 11) as determined by visual core descriptions and
smear-dide estimates. Subunits A, IB, IC, and I1A and |1B are distinguished by different
levels of clay, carbonate, and biogenic silica. Sedimentation ratesfor the last 10 m.y. were
remarkably constant at 30 m/m.y., and decreased during the late middle Miocene (10 to
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11.8 Ma).

Index properties correspond well with lithological variations. High grain densities are typ-
ical in the nannofossil-rich interval in the upper 110 mbsf and, lower grain densities and

higher porositiesin siliceous, diatom-rich parts of the sequence (110-310 mbsf).

Detailed comparisons between the magnetic susceptibility and the GRAPE density record
generated using the M ST, and high-resolution color reflectance measured using the Ore-
gon State University system, demonstrated complete recovery of the sedimentary sequence
down to 185 mcd.

A well-constrained biostratigraphy and chronology is provided by acombination of calcar-
eous nannofossil, planktonic foraminifer, radiolarian, and diatom datums, and paleomag-
netic reversals. Radiolarians indicate that the base of Hole 1021B is11.8 Main age.

The microfossil groups at Site 1021 are clearly dominated by cool, high-latitude elements
from the latest Miocene through the Quaternary. Planktonic foraminifer assemblages are
especially cool during Quaternary glacial episodes and the latest Miocene. Radiolarian as-
semblages suggest relatively warmer conditions during the middle and early late Miocene.
Radiolarian species characteristic of upwelling environments are scarce throughout most
of the sequence, suggesting weak and episodic vertical advection of deep waters at thislo-
cation. However, both radiolarians and diatoms indicate that upwelling was stronger dur-
ing the middle through late Miocene and especially strong during the latest Miocene.
Benthic foraminifers indicate that well-oxygenated bottom waters bathed Site 1021

throughout the entire late Neogene.

A complete magnetostratigraphy was determined at Holes 1021B and 1021C after AF de-
magnetization at 20 mT (Fig. 11). All chrons from the Brunhes (C1n) to the onset of
C3n.4n (Thvera subchron) at 5.23 Ma could be identified in the upper 160 mbsf. This sec-
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tion will serve as awell-dated reference for the calibration of biostratigraphic datums.

Organic carbon contents are very low, varying between 0.05 and 0.6 wt%. Concentrations
are decreasing downholeto valuesthat aretypical for pelagic sediments. Thetotal nitrogen
contents varies between 0.06 and 0.17 wt%, and the total sulfur content ranges from 0 to

about 0.3 wt%. Thelow C/N ratiosindicate a predominant marine origin of the organic ma-
terial. Two intervals (86—105 mbsf and 222—275 mbsf) show high CaCOs5 concentrations

of up to 60 wt%. Low CaCOs concentrations are observed in intervals (0-86 mbsf and

105-275 mbsf) of carbonate dissolution.

Chemical gradientsin the interstitial waters reflect organic matter diagenesis, the dissolu-
tion of biogenic opal, and possibly the diffusiveinfluence of reactionsin underlying basalt.
Alkalinity increasesto peak values of >9 mM, whereas sulfate concentrations decrease to
plateau values around 20 mM by 107.45 mbsf. Phosphate concentrations are greater than
15 pm from 2.96 to 78.95 mbsf, and ammonia concentrations increase to maximum values
>500 uM. Dissolved silicate increases to concentrations >1000uM . Calcium concentra-
tions decrease to 8.7 mM at 107.45 mbsf, then increase with increasing depth to 12.5 mM
at 304.95 mbsf. Magnesium concentrations gradual ly decrease throughout the section to 47
mM at 304.95 mbsf.

Downhol e temperature measurements yield athermal gradient of 54°C/km (Fig. 5). Using
an average measured thermal conductivity of 0.849 W/(m-K) providesahest-flow estimate

of 46 mW/m2.
Site 1022 (Proposed Site CA-2B)
Site 1022 is situated on the continental slope just south of the Mendocino Fracture Zone

about 90 km from Cape Mendocino. The siteislocated at adepth of 1950 mbsl on adliver

of continental crust apparently carried seaward along the Mendocino Fracture Zone (Fig.
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1). Themain objectivefor drilling at Site 1022 was to obtain arecord of surface- and deep-
water properties from the Miocene through the Quaternary. Because this site is located
only 90 km from the coast, the sediments should provide a good record of coastal up-
welling. Site 1022 has important geochemical objectives. Organic carbon deposition
should be relatively high, yet the geothermal gradient should be relatively low. This envi-
ronment provides one of the end members needed to study preservation of bulk organic
matter and of specific organic molecules. Geochemical indices of paleoproductivity and
microfossil assemblages obtained from Site 1022 will also provide important data on nu-
trients carried by the California Current and upon how the carbon cycle can be affected by

changesin productivity and climate.

The sedimentary sequence recovered from the three holes at Site 1022 consists of a 388-m-
thick interval of Quaternary to early Pliocene (0.0-5.0 Ma) age. The sequenceis divided
into three parts. an upper nannofossil-dominated interval, a middle siliciclastic-clay-dom-
inated interval, and alower biosiliceousinterval. These lithostratigraphic units are further
divided into subunits based on minor changesin composition or diagenesis. The uppermost
part of the sequence is marked by a 1- to 3-m-thick bed of glauconitic clay with silt and
diatoms that represents the entire Quaternary. Below this layer, the upper part of the se-
guenceisdominated by nannofossil clay to nannofossil ooze and diatom clay. Thisunit in-
cludes minor volcanic ash and barite-cemented horizons. The middle part of the sequence
is dominated by clay to diatom clay with infrequent interbeds of clayey nannofossil ooze.
Diatom content gradually increases from the middle part to the lower unit which is domi-
nated by diatomite and clayey diatomite. A diagenetic boundary occurs at 360 mbsf where
diatomite is transformed into interbedded siliceous mudstone and chert. Infrequent, deci-

meter-thick, dolostone beds occur in all parts of the sequence.

Detailed comparisons between the magnetic susceptibility and the GRAPE density record
generated using the M ST, and high-resolution color reflectance measured using the Ore-

gon State University system, demonstrated completerecovery of the sedimentary sequence
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down to 170 mcd. The bulk densities decrease downhole with some scatter caused by vary-
ing clay content. This corresponds to the transition of sediments from nannofossil rich in
the upper part to more diatom rich in the bottom of the section. Clay-rich intervals are in-

dicated by high natural gamma radiation activity.

Hole 1022A consists of 166 m of upper Pliocene through possible uppermost lower
Pliocene sediments. The Quaternary is represented only by avery thin (<1 m) veneer of
sediments overlying the upper Pliocene. The total age range of the sedimentary sequence
recovered from Holes 1022A and 1022B is not well constrained. Planktonic foraminifers
indicate that the top of the sequence is >2.25 Ma and that the base of Hole 1022A is older
than 3.3 Ma. Calcareous nannofossils indicate that the age of the base of Hole 1022A is
<3.8 Ma. Because the sequenceisrelatively thick, each of the 4 groups examined are rep-

resented by only one or two biozones and few datums are recognized.

All of the microfossil groupsin Holes 1022A and 1022B are represented by cool, relatively
high-latitude assemblages. Radiolarians are entirely represented by subarctic forms. Dia-
tomsare dominated by North Pacific subarctic assembl ages. Planktonic foraminifer assem-
blages are dominated by subarctic to cool temperate forms, with subtropical elements
absent. Both diatoms and radiolarians show evidence of strong upwelling throughout the
Pliocene. The sequence at Site 1022 is the most diatomaceous of |ate Pliocene age of all
Leg 167 sites. Radiolarians indicate a prevalence of strong coastal upwelling; whereas the
diatoms reflect oscillations between strong coastal upwelling and oceanic upwelling.
Benthic foraminifers throughout are typical middle bathyal, deep-sea assemblages indica-

tive of well-oxygenated bottom waters.

L ow magnetic intensities and adrilling-induced overprint precluded the establishment of a

magnetic chronostratigraphy.

Volatile hydrocarbon concentrations were very high. Gases up to C6 occurred at about 100
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mbsf in the sediment, probably derived from thermogenic degradation of organic material.
Although methane/ethane ratios are decreasing with depth, no indication of migrated hy-
drocarbons was observed. Calcium carbonate values increased within the upper 100 mbsf
to amaximum of about 30 wt%, and decreased again to minimum values of 5 wt% at the
bottom of Hole 1022A. Organic carbon concentrations varied between 0.5 and 1.5 wt%,
showing dlightly increased valuesin lithological Unit I1. According to the C to N ratios,

organic matter is mainly of marine origin.

Chemical gradientsin the interstitial waters reflect organic matter diagenesis, the dissolu-
tion of biogenic opal and calcium carbonate, the influence of authigenic mineral precipita-
tion reactions, and the diffusive influence of reactions in underlying basalt. Alkalinity
increases to >15 mM, whereas sulfate concentrations decrease to values below the detec-
tion limit (approximately 0.4 mM) by 37.45 mbsf. Phosphate concentrations increase to
values >65 pM increase to 5.7 mM. Dissolved silicate increases to concentrations >1000
MM, and strontium increases to 182 uM. Calcium concentrations decrease to aslow as4.1
mM, then increase with increasing depth to 6.4 mM at 160.95 mbsf. Magnesium concen-
trations generally decrease throughout the section to 23.4 mM at 160.95 mbsf.

The 4 Adara downhole temperature measurements yield a thermal gradient of 88°C/km

(Fig. 5). Using an average measured thermal conductivity of 0.950 W/(m-K) provides a
heat-flow estimate of 84 mW/m? at Site 1022.

CONCLUSIONS

Leg 167 drilled 13 sites along the climatically sensitive CaliforniaMargin: Sites 1010—

1022. These sitesare arrayed in aseries of depth and | atitudinal transectsto reconstruct the
Neogene history of deep, intermediate, and surface ocean circul ation, and to understand the
pal eoclimatic and geochemical history of thisregion. Leg 167 sites provide an opportunity

to address pal eoceanographic questions about the evolution of the California Current and
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thelinks between high and low latitudes from millennial and orbital to tectonic time scales.
Shipboard results document the suitability of these sediments for addressing these ques-
tions. Sites have continuous records of sedimentation at high sedimentation rates, with cal-
cium carbonate present throughout the records, and foraminifers for oxygen- and carbon-
isotopic studies are generally abundant. Pioneering biostratigraphy will refine the chronos-
tratigraphic control for this otherwise poorly constrained oceanic regime. Magnetostratig-
raphy constrains the age models at many sites, and advances in understanding magnetic
reversals and the effects of sediment diagenesis on magnetic signalswill be possible from
these sediments. Significant variations occur in sediment properties on all time scales, as
seen in high-resolution nondestructive shipboard measurements (e.g., bulk density, mag-
netic susceptibility, natural gamma-ray activity, all from the multisensor track, and color
reflectance and color video imaging), high- to intermediate-resol ution downhole log mea-
surements (e.g., bulk density, resistivity, and magnetic susceptibility), and lower-resolu-
tion discrete shipboard measurements (e.g., physical properties and carbon geochemistry).
Key topicsfor investigation include variationsin productivity, upwelling, sea-surface tem-
perature, hydrography, sedimentation fluxes, and carbon and nutrient budgets.
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FIGURE CAPTIONS

Figure 1. Location map of Leg 167 California Margin sites.

Figure 2. Site 1010 master columns showing examples of core recovery, simplified lithol-
ogy, biostratigraphic and magnetostratigraphic zonations, and GRAPE density records.
Figure 3. Agevs. depth plot for Hole 1011B.

Figure 4. Interstitial water geochemistry of Coastal Transect sites (symbols from north to
south: solid square, Site 1019; solid triangle, Site 1022; solid diamond, Site 1018; solid cir-
cle, Site 1017; open square, Site 1014; open triangle, Site 1013; open diamond, Site 1012;
open circle, Site 1011). Alkalinity shows interplay of organic carbon diagenesis and inter-
actions with the sediments. Calcium and magnesium show nonconservative profilesin the
upper portion from authigenic mineral formation and ion exchange reactions. Deeper pro-
filesare often conservative (linear correlation between Caincrease and Mg decrease), sug-
gesting primary control by the diffusive influence of reactions in the underlying basalt.
Silicate values are shown vs. depth and vs. temperature. The much narrower spread of val-
ues vs. temperature suggests biogenic opal solubility with temperature as primary control
on concentration of dissolved silicate.

Figure5. Thermal gradients at Leg 167 sites.

Figure 6. Hole 1014A magnetic susceptibility log datafor passes 1 and 2. Vaue differenc-
es between the two passes are real and reflect changes in internal tool temperature as the
tool warmsin the borehole, an effect that can be corrected after processing. Broad-scale
susceptibilty variations (2- to 3-m scale) are very similar to the core-based susceptibility
measurements and can be used for core-log correlation purposes.

Figure 7. Obtaining a composite section. Smoothed (15 cm Gaussian) GRAPE bulk densi-
ty datafor the upper 250 on the med scale. Holes 1016A (lowermost) through Hole 1016D

(uppermost curve) are vertically offset from each other by a constant (0.15 g/cm3). Cores
are aligned relative to characteristic features.
Figure8. A. Shipboard 3.5-kHz precision depth recorder (PDR) record acquired during the

Site 1016 presite survey; arrow marksthelocation where the beacon was dropped. Changes
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in (B) PWL velocity and (C) GRAPE density from Hole 1016A mapped to seismic reflec-
tors.

Figure9. Depth variations of (A) C37 alkenone abundance, (B) Uk'37 value, and calculated
sea-surface temperature (SST), and (C) total organic carbon (TOC) contents in sediments
of Hole 1017B.

Figure10. A. Predicted opal content for Hole 1018A based on site-survey reflectance and
opal data. Characteristic reflectance spectra of (B) diatom clay with silt, (C) clay with silt,
and (D) nannofossil chalk with diatoms and clay.

Figure1l. Magnetostratigraphy (after 20-mT AF demagnetization) of sedimentsfrom Site
1021 (Delgada Fan). A complete magnetostratigraphy is obtained for the past 5.2 m.y.
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Magnetostratigraphy of sediments from the outer Delgada fan
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The ODP Operations and Engineering personnel aboard JOIDES Resolution for Leg 167
were

Operations Manager: Scott McGrath

Schlumberger Engineer:Raymond Faust
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Leg 167 Operations were highly successful and met or exceeded all scientific objectives.
Two new ODP recordswere set during theleg, with atotal of 7501.54 m of core recovered
and 52 holes drilled. The overall core recovery percentage for the leg was 97.3% for 840
coresover 13 sites. Outstanding resultswere obtained from both the advanced piston coring
(APC) and extended core barrel (XCB) coring systems during the leg. The motor driven
core barrel (MDCB) was aso deployed successfully to obtain afresh basalt sample at the
conclusion of an APC/XCB hole. A total of 7 different sites were logged with excellent re-
sults obtained from the Triple Combination (density, neutron porosity, resistivity, and nat-
ural gammaray), Formation MicroScanner (FMS), and Geological High-Sensitivity
Magnetic Tool (GHMT) strings. The Adaratemperature tool was deployed 44 times, ob-
taining 40 good data points.

A subseatelevision camera survey wasrun at two different sites: Site 1016 (proposed Site
CA-11E) and Site 1018 (proposed Site CA-8A). Site 1016 was 5 nmi outside a former
chemical munitions dumping area, and Site 1018 was 7 nmi outside of aformer explosives
dumping area. The survey at Site 1016 was negative, and coring proceeded normally. A
small round artifact was discovered at Site 1018, the vessal was offset 150 m, and another
survey was conducted with negative results allowing coring to commence normally. An ex-

amination of the first two cores at both sites was conducted with normal results.

A half-day port call was madein San Diego, California, on 7 May to unload approximately
1500 m of core. The port call was planned before the leg because the pre-leg estimate of
7300 m of core recovered exceeded the capacity of 6200 m for the refrigerated storage on
board the vessal.

A rendezvous with asmall boat from the University of California, Santa Barbara (UCSB),
occurred in the Santa Barbara channel on 12 May. The rendezvous allowed 5 small boxes

of core to be sent to UCSB for immediate isotope analysis and biostratigraphy studies.
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TRANSIT FROM ACAPULCO TO SITE 1010

The 1346 nmi transit from Acapulco to Site 1010 (proposed Site CA-14A) was accom-
plished in 119 hr at an average speed of 11.3 kt. A 3.5-kHz precision depth recorder (PDR)
survey was performed while approaching the site. A Datasonics 354M beacon was dropped
on Global Positioning System (GPS) coordinates at 1045 hr (local time=GMT —7) on 25
April.

SITE 1010 (PROPOSED SITE CA-14A)

Hole 1010A

Hole 1010A was spudded at 1845 hr on 25 April with an APC/XCB/MDCB coring assem-
bly. A single APC core (Core 167-1010A-1H) was taken from 0 to 9.5 meters below seaf -
loor (mbsf). A full barrel prevented the establishment of an accurate mudline and the hole

was abandoned.

Hole 1010B

The drill pipe wasraised 4 m and Hole 1010B was spudded at 1945 hr on 25 April. The
water depth was established at 3475.3 meters below rig floor (mbrf) based on recovery of
the mudline core. APC Cores 167-1010B-1H through 3H were taken from O to 23.2 mbsf
with 102.2% recovery. A sudden power failure in the auxiliary 480-V transformer tempo-
rarily caused a generator to drop offline. The drill pipe was pulled above the seafl oor, end-

ing Hole 1010B while repairs were made to the generator.

Hole 1010C

The vessel was offset 10 m to the north and Hole 1010C was spudded at 0200 hr on 26
April. The water depth was established at 3476.5 mbrf based on recovery of the mudline
core. APC Cores 167-1010C-1H through 17H were taken from 0 to 157.5 mbsf with
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103.9% recovery. Oriented cores were obtained starting with Core 3H. XCB Cores 18X

through 23X were taken down to 209.4 mbsf with 55% recovery. Excellent recovery was
obtained on XCB Cores 18X through 20X, but a chert layer found on Core 21X broke off
several of the tungsten carbide inserts on the XCB cutting shoe, resulting in ajammed core
liner. Theinserts were recovered in the core catcher. XCB Cores 22 through 23X were tak-
en with a carbonado diamond shoe. Core 22X suffered from core jamming, and Core 23X
penetrated basalt, and was terminated after 5.6 m advancement in 45 min. One MDCB core
was taken down to 213.9 mbsf, and a solid section of basalt was recovered (cored 4.5 m,

recovered 0.91 m).

Hole 1010D

Hole 1010D was spudded at 0600 hr on 27 April. Thewater depth was established at 3477.5
mbrf. APC Cores 167-1010D-1H through 6H were taken from 0 to 51.5 mbsf with 106%
recovery. Adara heat-flow measurements were performed on Cores 3H through 6H. Fol-
lowing Core 6H, the coring wireline became wrapped around the sinker bar assembly, trap-
ping the core barrel in the BHA. Attempts to free the core barrel were unsuccessful. The
Kinley cutter was dropped, and the coring line was sheared immediately above the core bar-
rel allowing the coring lineto be retrieved. The drill string was pulled clear of the seafloor
at 1645 hr on 27 April.

Hole 1010E

After pulling the drill pipe and bottom-hole assembly (BHA) to the surface, the core barrel
was dislodged from the BHA, and the pipe was tripped back to bottom. Hole 1010E was
spudded at 0430 on 28 April. The water depth was established at 3476.5 mbrf. APC Cores
167-1010E-1H through 16H were taken from O from 151.5 mbsf with 103.1% recovery).
XCB Cores 17X to 19X were taken to 180.2 mbsf with 100.1% recovery. The pipe was
pulled clear of the seafloor at 2200 hr 28 April, ending Hole 1010E.
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Hole 1010F

The vessel was offset 10 m to the south and Hole 1010F was spudded at 2300 hr 28 April.
The water depth was established at 3476.3 mbrf. APC Cores 1H through 6H were taken
down to 55.7 mbsf with 102.3% recovery. The drill string was tripped back to the surface
and secured for the 8-hr transit to Site 1011 by 0945 29 April.

SITE 1011 (PROPOSED SITE CAM-2A)

Site 1010to Site 1011

The 82.5-nmi transit from Site 1011 to Site 1011 (proposed Site CAM-2A) was accom-
plished in 7.5 hr at an average speed of 11.5 kt. A 3.5-kHz PDR survey was performed
while approaching Site 1011. A Datasonics 354M beacon was dropped on GPS coordinates
at 1715 hr on 29 April.

Hole 1011A

Hole 1011A was spudded, and asingle APC core (Core 167-1011A-1H) was taken from O
t0 9.5 mbsf. A full barrel prevented the establishment of an accurate mudline, and the hole
was abandoned.

Hole 1011B

Thedrill pipewasraised 3 m, and Hole 1011B was spudded at 2245 hr on 29 April. The
water depth was established at 2032.5 mbrf based on recovery of the mudline core. APC
Cores 1671011B-1H through 15H were taken from 0 to 137.9 mbsf with 103.8% recovery.
XCB Cores 16X through 31X were taken down to 281.5 mbsf with 89.1% recovery. Hole
1011B was terminated after recovery of several sections of vesicular basalt. A wiper trip
was made from 281.5 mbsf up to 78 mbsf and back to the bottom of the hole where 3 m of
fill wasfound. The pipewasraised to 78.5 mbsf and preparations for logging were made.
Hole 1011B was|ogged with the Triple Combination tool string (density, neutron porosity,
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resistivity, and natural gamma ray) from 2310 to 2113 mbrf (277.5 to 79.5 mbsf). The
FM S/Sonic/Gamma Ray (GR) tool string was run from 2310 to 2128 mbrf (277 to 95 mb-
sf). Both logging runs obtained excellent results. The pipe was pulled clear of the seafloor
at 1830 hr 1 May, ending Hole 1011B.

Hole 1011C

Hole 1011C was spudded at 1900 hr on 1 May. APC Cores 167-1011C-1H through 15H
were taken from 0 to 136.6 mbsf with 103.8% recovery. XCB Cores 1011C-16X through
20X were taken down to 184.2 mbsf with 101.2% recovery. The pipe was pulled clear of
the seafloor at 1215 hr 2 May, ending Hole 1011C.

Hole 1011D

Hole 1011D was spudded at 1245 hr on 2 May. APC Cores 167-1011D-1H and 2H were
taken from 0 to 16.9 mbsf with 102% recovery. The pipe was pulled clear of the seafloor
at 1330 hr 2 May, ending Hole 1011D.

Hole 1011E

Hole 1011E was spudded at 1345 on 2 May. APC Cores 1011E-1H through 16H were tak-
en down to 142.3 mbsf with 104.4% recovery. The drill string was tripped back to the sur-
face and cleared the rotary table at 0130 hr 3 May, ending Hole 1011E. The JOIDES
Resolution was underway for the 7.5-hr transit to Site 1012 by 0145 hr 3 May.

SITE 1012 (PROPOSED SITE BA-1)

Transit from Site 1011 to Site 1012

The 69.0-nmi transit from Site 1011 to Site 1012 (proposed Site BA-1) was accomplished
in 5.75 hr at an average speed of 11.5 kt. A 3.5-kHz PDR survey was performed while ap-
proaching Site 1012. A Datasonics 354M beacon was dropped on GPS coordinates at 0800
hr on 3 May.
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Hole 1012A

Hole 1012A was spudded at 1145 hr on 3 May. APC Cores 167-1012A-1H through 13H
weretaken from 0 to 118.7 mbsf with 105.7% recovery. Oriented cores were obtained start-
ing with Core 3H. XCB Cores 14X through 30X were taken to 273.5 mbsf with 93.2% re-
covery. Headspace methane concentration increased with increasing depth, but no
significant higher weight molecular hydrocarbons other than C1 and C2 were observed, in-
dicating that the methane is of biogenic origin and not significant for safety and pollution
investigations. The hole was displaced with heavy mud at the completion of coring opera-

tions.

Hole 1012B

Hole1012B was spudded at 1530 hr on 4 May. APC Cores 167-1012B-1H through 14H
were taken from 0 to 132.3 mbsf with 99.2% recovery. Adara temperature measurements
were taken on Cores 4H, 6H, 8H, and 10H.

Hole 1012C

Hole 1012C was spudded at 0115 hr on 5 May. APC Cores 167-1012C-1H through 9H
were taken down to 82.6 mbsf with 105.2% recovery. The drill string was tripped back to
the surface and secured for the 3.25-hr transit to Site 1013 by 0945 hr on 5 May.

SITE 1013 (PROPOSED SITE BA-2B)

Transit from Site 1012 to Site 1013

The 38.0-nmi transit from Site 1012 to Site 1013 (proposed Site BA-2B) was accomplished
in 3.25 hr at an average speed of 11.7 kt. The JOIDES Resolution arrived at Site 1013 at
1345 hr on 5 May. A 3.5-kHz PDR survey was performed while approaching Site 1013. A
Datasonics 354M beacon was dropped on GPS coordinates at 1345 hr on 5 May.
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Hole 1013A

Hole 1013A was spudded at 1730 hr on 5 May. APC Cores 167-1013A-1H through 10H
were taken from 0 to 90.6 mbsf with 100.8% recovery. Oriented cores were obtained start-
ing with Core 3H. XCB Cores 11X through 16X were taken to 146.1 mbsf with 82.2% re-

covery.

Hole 1013B

Hole 1013B was spudded at 0730 hr on 6 May. APC Cores 167-1013B-1H through 10H
weretaken from 0to 94.1 mbsf with 104.8% recovery. XCB Core 167-1013B-11X wastak-
en down to 103.8 mbsf with 96.8% recovery. Hole 1013B was originally scheduled to pen-
etrate to 150 mbsf, but was cut short because of the constraint of having to arrivein San
Diego at 0500 hr on 7 May.

Hole 1013C

Hole 1013C was spudded at 1430 hr 6 May. APC Cores 167-1013C-1H through 8H were
taken down to 72.2 mbsf with 102.4% recovery. Adara temperature measurements were
taken on Cores 4H, 6H, and 8H. The time for Site 1013 expired and the drill string was
tripped back to the surface and secured for the 8-hr transit to San Diego by 2115 hr 6 May.

SITE 1014 (PROPOSED SITE CA-15A)

Transit from San Diego to Site 1014

The 151.0-nmi transit from San Diego to Site 1014 (proposed Site CA-15A) was accom-
plished in 15.5 hr at an average speed of 10.4 kt. A 3.5-kHz PDR survey was performed

while approaching the site. The JOIDES Resolution arrived at Site 1014 at 0530 hr on 8

May.

Hole 1014A
Hole 1014A was spudded at 0900 hr on 8 May. APC Cores 167-1014A-1H through 6H
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were taken from 0O to 50.6 mbsf with 100.8% recovery. Oriented cores were obtained start-
ing with Core 3H. APC refusal was reached at 50.6 mbsf when 70,000 Ib of overpull was
required to free the barrel. XCB Cores 7X through 50X were taken down to 449.0 mbsf

with 88.7% recovery. Hole 1014A waslogged with the Triple Combination, the FM S/Son-
ic/GR, and the GHMT tool strings from 443 to 58 mbsf with good results. The vessel was

offset 100 m to the east in an attempt to find an area more conducive to APC coring.

Hole 1014B

Hole 1014B was spudded at 1915 hr on 10 May. APC Cores 167-1014B-1H through 13H
were taken from 0 to 114.7 mbsf with 100.8% recovery. Apparently, the 100-m offset was
enough to allow the piston coring to continue deeper than at Hole1014A before APC refus-
a. Adaratemperature measurements were taken on Cores 3H through 6H and on Core 8H,
and three good data points were acquired. While pulling the core liner from the core barrel
following Core 13H, the first meter of the liner exploded. The remaining liner was still in-
side the core barrel and shattered, but remained intact enough to be pulled out of the core
barrel. The portion of the liner that exploded caused part of the core to fall on therig floor.
XCB coring continued with Cores 167-1014B-14X through 27X, and was taken down to
245.0 mbsf with 83.6% recovery.

Hole 1014C
Hole 1014C was spudded at 1315 hr on 11 May. APC Cores 167-1014C-1H and 2H were
taken down to 19.5 mbsf with 102.8% recovery.

Hole 1014D

Hole 1014D was spudded at 1400 hr on 11 May. APC Cores 167-1014D-1H through 10H
weretaken down to 92.0 mbsf with 104.5% recovery. XCB Cores 167-1014D-11X through
13X weretaken down to 120.9 mbsf with 83.8% recovery. Thedrill string wastripped back
to the surface and secured for the 8-hr transit to Site 1015 by 2145 hr on 11 May.
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SITE 1015 (PROPOSED SITE BA-4D)

Transit from Site 1014 to Site 1015

The85.0-nmi transit from Site 1014 to Site 1015 (proposed Site BA-4D) was accomplished
in7.75 hr at an average speed of 11.0 kt. A 3.5-kHz PDR survey was performed while ap-
proaching Site 1015. The JOIDES Resolution arrived at Site 1015 at 0530 hr on 12 May.

Hole 1015A

Hole 1015A was spudded at 0815 hr on 12 May. APC Cores 167-1015A-1H through 16H
were taken from 0 to 149.5 mbsf with 93.1% recovery. Oriented cores were obtained on
Cores 3H through 9H. An Adara temperature measurement was run on Core 4H. Further
Adara measurements were canceled because of overpull and the slow drilling advance-
ment. Advancement of the APC bit was very slow through the entire APC sequence. The
recovered core exhibited multiple turbidites, which contributed to the slow drilling condi-
tions. The vessel was offset 100 m to the east in an attempt to find an area more conducive

to APC coring.

Hole 1015B

Hole 1015B was spudded at 2000 hr on 12 May. APC Cores 167-1015B-1H through 12H
were taken from 0 to 97.8 mbsf with 83.2% recovery. The APC coring system encountered
refusal in Core 12H, and the hole was terminated. The drill string was tripped back to the
surface and secured for the 16-hr transit to Site 1016 by 0545 hr on 13 May.
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SITE 1016 (PROPOSED SITE CA-11E)

Transit from Site 1015 to Site 1016

The 190.0-nmi transit from Site 1015 to Site 1016 (proposed Site CA-11E) was accom-
plished in 16.75 hr at an average speed of 11.3 kt. A rendezvous with asmall vessel from
UCSB occurred at 1045 hr on 13 May in the Santa Barbara channel. Five boxes of samples
were offloaded to the rendezvous boat for transport to UCSB. The JOIDESResol ution con-
tinued on and arrived at Site 1016 at 2230 hr on 13 May.

Hole 1016A

Site 1016 islocated approximately 7 nmi outside of aformer chemical munitions dumping
area. A subsea camerasurvey of the seafloor was conducted for safety reasons within a 50-
m perimeter of the positioning beacon. The results of the camera survey were negative and
Hole 1016A was spudded at 1600 hr on 14 May. APC Cores 167-1016A-1H through 10H
were taken from 0 to 93.1 mbsf with 104.3% recovery. Cores 1H and 2H were run through
the MST and then split open to search for artifacts. The search results were negative, and
APC coring proceeded. Adaratemperature measurementswere taken on Cores4H, 6H, and
8H. XCB Cores 11X through 35X were taken down to 315.5 mbsf with 92.5% recovery.
Drilling was slow in a massive chert and porcellanite layer starting at approximately 298
mbsf. One MDCB Core 167-1016A-36N was taken down to 316.5 mbsf with 1 m of ad-
vancement and 0.44 m of chert recovered. Because of the slow progress from 298 to 316
mbsf with only fragments of chert recovered, the decision was made to stop coring at 316
mbsf and log the hole before reaching the planned depth of 440 mbsf. Hole 1016A was
logged with the Triple Combination, the FM S/Sonic/GR, and the GHMT tool strings from
313 to 60 mbsf with good results.

HOLE 1016B
The vessel was offset 10 m to the west and Hole 1016B was spudded at 0800 hr on 17 May.
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APC Cores 167-1016B-1H through 23H were taken from 0 to 210.8 mbsf with 103.5% re-

covery. Oriented cores were obtained starting with Core 3H.

HOLE 1016C
The vessel was offset 10 m to the west and Hole 1016C was spudded at 1140 hr on 18 May.
APC Cores 167-1016C-1H and 2H were taken down to 18.7 mbsf with 100.3% recovery.

Hole 1016D

Hole 1016D was spudded at 1315 hr on 18 May. APC Cores 167-1016D-1H through 16H
were taken down to 150.5 mbsf with 102.8% recovery. The drill string was tripped back to
the surface and secured for the 5-hr transit to Site 1017 (proposed Site CA-9D) by 0815 hr
on 19 May.

SITE 1017 (PROPOSED SITE CA-9D)

Transit from Site 1016 to Site 1017

The58.0-nmi transit from Site 1016 to Site 1017 (proposed Site CA-9D) was accomplished
in 5.25 hr at an average speed of 11.2 kt. The JOIDES Resolution arrived at Site 1017 at
1330 hr on 19 May.

Hole 1017A

Hole 1017A was spudded at 1615 hr on 19 May. Core 167-1017A-1H was taken from O to
9.5 mbsf with 100% recovery. A full barrel prevented the establishment of an accurate
mudline and the hole was abandoned.

Hole 1017B
Thedrill pipewasraised 5 m, and Hole 1017B was spudded at 1645 hr on 19 May. APC
Cores 167-1017B-1H through 13H were taken from 0 to 119.1 mbsf with 96.7% recovery.
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Adara temperature measurements were taken on Cores 4H, 6H, and 8H. While extracting
the coreliner following Core 13H, thelower end of theliner fragmented. Safety procedures
for handling overpressurized core liners were in place, and no injuries occurred. XCB

Cores 167-1017B-14X through 23X were taken down to 204.2 mbsf with 92.4% recovery.

Hole 1017C

The vessel was offset 10 m to the west and Hole 1017C was spudded at 1045 hr on 20 May.
APC Cores 167-1017C-1H through 8H were taken from 0 to 73.8 mbsf with 105.2% recov-
ery. Oriented cores were obtained starting with Core 3H. XCB Cores 167-1017C-9X
through 19X were taken down to 174.3 mbsf 97.2% recovery. While retrieving Core 14X,
the sinker bars hit the crown sheave, parting the coring line. The sinker bars and the oil sav-
er fell totherigfloor. No injuries occurred as aresult of thisincident, but additional safety
equipment wasinstalled on the coring winch unit. Thewinch unit now comesto acomplete
stop automatically at 10 mbrf and must be reset to continue advancing upward. Coring re-

sumed with the forward coring line.

Hole 1017D

Thevessel wasoffset 10 mto thewest, and Hole 1017D was spudded at 0045 hr on 21 May.
APC Cores 1017D-1H through 9H were taken down to 80.1 mbsf with 105.7% recovery.

XCB Cores 167-1017D-10X through 12X were taken down to 107.9 mbsf with 78.8% re-

covery.

Hole 1017E

Thevessel was offset 10 m to thewest, and Hole 1017E was spudded at 0945 hr on 21 May.
APC Cores 167-1017E-1H through 3H were taken down to 24.9 mbsf with 103.3% recov-
ery. Thedrill string was tripped back to the surface and secured for the 18-hr transit to Site
1018 (proposed Site CA-8A) by 1330 hr on 21 May.
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SITE 1018 (PROPOSED SITE CA-8A)

Transit from Site 1017 to Site 1018

The 180.0-nmi transit from Site 1017 to Site 1018 was accomplished in 18.5 hr at an aver-
age speed of 9.7 kt. A 3.5-kHz PDR survey was performed while approaching Site 1018.
The JOIDES Resolution arrived at Site 1018 at 0815 hr on 22 May.

Hole 1018A

Site 1018 islocated approximately 6 nmi outside an area marked “ Explosive Dumping
AreaDisused’. A subsea camera survey of the seafloor was conducted within a 50-m pe-
rimeter of the coordinates for Site 1018. One object with approximately the size and shape
of a55-gallon drum was found approximately 50 m south of Site 1018. The vessel was off-
set 100 m to the northeast of the Site 1018 coordinates, or 150 m from the object. There-
sults of the camera survey at the new position were negative. Hole 1018A was spudded at
1830 hr 22 May. APC Cores 167-1018A-1H through 10H were taken down to 90.4 mbsf
with 104.4% recovery. Cores 1H and 2H were run through the M ST, and then split open to
search for artifacts. The search results were negative. Adara temperature measurements
weretaken on Cores4H, 6H, 8H, and 10H. XCB Cores 167-1018A-11X through 45X were
taken down to 426.2 mbsf with 99.0% recovery. A 30-barrel sepiolite mud pill was circu-
lated, and awiper trip was performed in preparation for logging. Hole 1018A was logged
with the Triple Combination. The logging tool string would not pass below 225 mbsf, and
was run from 225 to 80 mbsf. The logging tools were rigged down and another wiper trip
to bottom was made. The Triple Combination was run from 341 to 232 mbsf. The caliper

log indicated alarge hole diameter, and further logs were cancel ed.

Hole 1018B
Hole 1018B was spudded at 1530 hr on 23 May. APC Cores 167-1018B-1H through 2H
were taken from 0 to 19.2 mbsf with 101.3% recovery.
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Hole 1018C

Hole 1018C was spudded at 1645 hr on 23 May. APC Cores 167-1018C-1H through 10H
weretaken down to 88.5 mbsf with 104.3% recovery. Oriented coreswere obtained starting
with Core 3H. XCB Cores 167-1018C-11X through 28X were taken down to 262.2 mbsf

with 97.6% recovery.

Hole 1018D

The vessel was offset 10 m to thewest, and Hole 1018D was spudded at 1700 hr on 26 May.
APC Cores 167-1018D-1H through 11H were taken from 0 to 104.3 mbsf with 101.5% re-
covery. XCB Cores 167-1018D-12X through 18X were taken down to 167.7 mbsf with
96.9% recovery. The drill string was tripped back to the surface and secured for the 48-hr
transit to Site 1019 by 1130 hr on 27 May.

SITE 1019 (PROPOSED SITE CA-1D)

Transit from Site 1018 to Site 1019

The 298.0-nmi transit from Site 1018 to Site 1019 (proposed Site CA-1D) was accom-
plished in 43.25 hr at an average speed of 6.8 kt. The transit was made in the face of agale
force 8 storm with 16- to 18-ft seas and against a prevailing 3-kt current. A 3.5-kHz PDR
survey was performed while approaching Site 1019. The JOIDESResolution arrived at Site
1019 at 0730 hr on 29 May.

Hole 1019A
Hole 1019A was spudded at 1100 hr on 29 May. A full barrel prevented the establishment

of an accurate mudline, and the hole was abandoned.

Hole 1019B
Hole 1019B was spudded at 1145 hr on 29 May. Again, afull barrel prevented the estab-
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lishment of an accurate mudline, and the hole was abandoned.

Hole 1019C

Hole 1019C was spudded at 1230 hr on 29 May. APC Cores 167-1019C-1H through 8H
were taken down to 74.8 mbsf with 107.1% recovery. Adara temperature measurements
were taken on Cores 4H, 6H, and 8H. The temperature profile was linear, with a gradient
of 0.057°C/m. XCB Cores 167-1019C-9X through 26X were taken down to 247.8 mbsf
with 77.4% recovery. Gas expansion caused significant gaps in the core, resulting in less
than 100% core recovery. The gaswas biogenic in origin and consisted mainly of methane.
A 20-barrel sepiolite mud pill was circulated and awiper trip was performed in preparation
for logging. Hole 1019C was|ogged with the Triple Combination, FM S/Sonic, and GHMT

tool strings.

Hole 1019D

Thevessal was offset 10 m south, and Hole 1019D was spudded at 0245 hr on 31 May. APC
Cores 167-1019D-1H through 7H were taken down to 60.6 mbsf with 101.3% recovery.
Oriented cores were obtained starting with Core 3H. XCB Cores 167-1019D-8X through
24X weretaken down to 223.8 mbsf with 74.5% recovery. The reduced core recovery was

caused by gas expansion similar to Hole 1019C.

Hole 1019E

The vessel was offset 10 m south, and Hole 1019E was spudded at 2145 hr 31 May. APC
Cores 167-1019E-1H through 12H were taken down to 109.5 mbsf with 102.4% recovery.
Thedrill string was tripped back to the surface and secured for the 8-hr transit to Site 1020
by 0730 hr on 1 June.
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SITE 1020 (PROPOSED SITE CA-4A)

Transit from Site 1019 to Site 1020

The 79.0-nmi transit from Site 1019 to Site 1020 (proposed Site CA-4A) was accomplished
in 7.0 hr at an average speed of 10.9 kt. A 3.5-kHz PDR survey was performed while ap-
proaching Site 1020. The JOIDES Resolution arrived at Site 1020 at 1445 hr on 1 June.

Hole 1020A
Hole 1020A was spudded at 2030 hr 1 June. A full barrel prevented the establishment of an

accurate mudline, and the hole was abandoned.

Hole 1020B

Thedrill string was raised 5 m and Hole 1020B was spudded at 2115 hr on 1 June. APC
Cores 167-1020B-1H through 18H were taken down to 169.3 mbsf with 105.1% recovery.
Adara temperature measurements were taken on Cores 4H, 6H, and 8H. Oriented cores
were obtained starting with Core 3H. XCB Cores 167-1020B-19X through 30X weretaken
down to 278.8 mbsf with 79.5% recovery. Hole 1020B was |ogged with the Triple Combi-
nation, FMS/Sonic, and GHMT strings with excellent results.

Hole 1020C

Thevessel was offset 10 m to the south, and Hole 1020C was spudded at 0545 hr on 4 June.
APC Cores 167-1020C-1H through 16H were taken down to 146.8 mbsf with 104.0% re-
covery. Oriented coreswere obtained again starting with Core 3H. XCB Cores 167-1020C-
17X through 25X were taken down to 233.2 mbsf with 100.5% recovery.

Hole 1020D

The vessel was offset 10 m to the south and Hole 1020D was spudded at 0715 hr on 5 June.
APC Cores 167-1020D-1H through 17H were taken down to 156.2 mbsf with 104.8% re-
covery. Thedrill string was tripped back to the surface and secured for the 12-hr transit to
Site 1021 by 0130 hr on 6 June.
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SITE 1021 (PROPOSED SITE CA-5A)

Transit from Site 1020 to Site 1021

The 131.0-nmi transit from Site 1020 to Site 1021 (proposed Site CA-5A) was accom-
plished in 11.75 hr at an average speed of 10.9 kt. A 3.5-kHz PDR survey was performed
while approaching Site 1021. The JOIDES Resolution arrived at Site 1021 at 1315 hr on 6

June.

Hole 1021A
Hole 1021A was spudded at 2000 hr on 6 June. A full barrel prevented the establishment

of an accurate mudline, and the hole was abandoned.

Hole 1021B

Hole 1021B was spudded at 2100 hr on 6 June. APC Cores 167-1021B-1H through 18H
were taken down to 169.5 mbsf with 104.6% recovery. Adara temperature measurements
were taken on Cores 4H, 6H, and 8H. Oriented cores were obtained starting with Core 3H.
XCB Cores 167-1021B-19X through 33X were taken down to 310.1 mbsf with 96.1% re-

covery.

Hole 1021C
Thevessel was offset 10 m to the south, and Hole 1021C was spudded at 1545 hr on 8 June.
APC Cores 167-1021C-1H through 18H were taken down to 164.1 mbsf with 103.8% re-

covery. Oriented cores were obtained again starting with Core 3H.

Hole 1021D

The vessel was offset 10 m south, and Hole 1021D was spudded at 1330 hr on 9 June. APC
Cores 167-1021D-1H through 15H were taken down to 138.5 mbsf with 103.9% recovery.
Thedrill string was tripped back to the surface and secured for the 12-hr transit to Site 1022
by 1530 hr on 10 June.
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SITE 1022 (PROPOSED SITE CA-2B)

Transit from Site 1021 to Site 1022
The 128.0-nmi transit from Site 1021 to Site 1022 (proposed Site CA-2B) was accomplished in 13.5
hr at an average speed of 9.5 kt. The JOIDES Resolution arrived at Site 1022 at 0500 hr on 11 June.

Hole 1022A

Hole 1022A was spudded at 1015 hr on 11 June. APC Cores 167-1022A-1H through 18H weretaken
down to 166.0 mbsf with 103.4% recovery. Adara temperature measurements were taken on Cores
4H, 6H, and 8H. Oriented cores were obtained starting with Core 3H.

Hole 1022B
The vessel was offset 10 m to the south, and Hole 1022B was spudded at 0215 hr on 12 June. APC
Cores 167-1022B-1H through 11H were taken down to 101.2 mbsf with 105.7% recovery.

Hole 1022C

The vessal was offset 10 m to the south and Hole 1022C was spudded at 1115 hr on 12 June. APC
Cores 167-1022C-1H through 17H were taken to 159.5 mbsf with 103.3% recovery. XCB Cores
167-1022C-18X through 42X weretaken down to 387.7 mbsf with 93.9% recovery. Hole 1022C was
logged with the Triple Combination, FM §Sonic, and GHMT tool stringswith excellent results. The
drill string was tripped back to the surface and secured for the 18-hr transit to San Francisco by 1030

hr on 15 June.



Preliminary Report
Page 76
OPERATIONSRESUME
LEG 167
Total Days (19 April 1996 to 16 May 1996)
Total Daysin Port
Total Days Underway
Total Dayson Site
days
Coring 30.85
Tripping Time 7.49
L ogging/Downhole Science 4.27
Mechanical Repair Time (Contractor) 0.18
Stuck pipe/Hole Trouble 0.15
Reentry Time 0.00
W.O.W. 0.00
Drilling 0.00
Other 0.00

Total Distance Traveled (nmi)

Average Speed Transit (kt):

Number of Sites

Number of Holes

Number of Cores Attempted

Total Interval Cored (m)

Total Core Recovery (m)

% Core Recovery

Total Interval Drilled (m)

Total Penetration

Maximum Penetration (m)

Minimum Penetration (m)

Maximum Water Depth (m from drilling datum)
Minimum Water Depth (m from drilling datum)

Leg 167

58.00
1.60

12.85
43.40

3102
10.3
13.0
52.0
840.0
7709.5
7501.5
97.30
0.0
7709.5
449.0
9.2
4226.4
911.9
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SITE SUMMARY
Leg 167

Hole Latitude Longitude Water Total Interval Core Percent Drilled Total Time Time

depth No. cored recov- recovered (meters) penetra- on hole on site

(mbrf) cores (meters) ered (percent) tion (hours) (days)

(meters) (meters)

1010A 29°57.9020'N 118°06.0466'W 3475.3 1 9.2 9.15 99.5% 0.0 9.2 9.00 0.4
1010B 29°57.8984'N 118°06.0436'W 3476.3 3 232 2371 102.2% 0.0 232 450 0.2
1010C 29°57.9050'N 118°06.0473' W 3476.5 24 2139 192.94 90.2% 0.0 2139 28.50 12
1010D 29°57.9012'N 118°06.0387'W 34775 6 515 54.47 105.8% 0.0 515 12.00 0.5
1010E 29°57.9045'N 118°06.0322'W 3476.5 19 180.2 185.23 102.8% 0.0 180.2 29.25 1.2
1010F 29°57.8966'N 118°06.0337'W 3476.3 6 55.7 56.76 101.9% 0.0 55.7 11.25 05
1010 SITE TOTALS: 59 533.7 522.26 97.9% 0.0 533.7 94.50 39
1011A 31°16.8229'N 117°38.0178' W 2032.5 1 9.5 9.84 103.6% 0.0 95 5.50 0.2
1011B 31°16.8172'N 117°38.0080'W 2032.5 31 281.5 271.05 96.3% 0.0 281.5 43.75 18
1011C 31°16.8186'N 117°38.0135'W 2033.2 20 184.3 189.87 103.0% 0.0 184.3 17.75 0.7
1011D 31°16.8161'N 117°38.0189'W 2031.1 2 16.9 17.24 102.0% 0.0 16.9 1.25 0.1
1011E 31°16.8209'N 117°38.0148'W 2030.8 16 142.3 148.52 104.4% 0.0 142.3 8.75 0.4
1011 SITETOTALS: 70 634.5 636.52 100.3% 0.0 634.5 77.00 32
1012A 32°16.9698'N 118°23.0243' W 1784.2 30 2735 269.74 98.6% 0.0 2735 30.50 13
1012B 32°16.9506'N 118°23.0300W 1782.7 14 132.3 131.26 99.2% 0.0 132.3 9.75 0.4
1012C 32°16.9695'N 118°23.0391'W 1782.9 9 82.6 86.89 105.2% 0.0 82.6 9.50 04
1012 SITE TOTALS: 53 488.4 487.89 99.9% 0.0 488.4 49.75 21
1013A 32°48.0398'N 118°53.9222'W 1575.4 16 146.1 137.1 93.8% 0.0 146.1 16.00 0.7
1013B 32°48.0593' N 118°53.9271'W 1574.4 11 103.8 107.97 104.0% 0.0 103.8 7.50 0.3
1013C 32°48.0609'N 118°53.9172'W 1575.8 8 722 73.96 102.4% 0.0 722 7.25 0.3
1013 SITETOTALS: 35 322.1 319.03 99.0% 0.0 322.1 30.75 13
1014A 32°49.9937'N 119°58.9031'W 1175.8 50 449.0 404.35 90.1% 0.0 449.0 61.25 26
1014B 32°50.0454'N 119°58.8737'W 1177.7 27 245.0 224.69 91.7% 0.0 245.0 18.00 0.8
1014C 32°50.0438'N 119°58.8811'W 1176.4 2 19.0 19.53 102.8% 0.0 19.0 1.25 0.1
1014D 32°50.0457'N 119°58.8784'W 1177.0 13 120.9 118.96 98.4% 0.0 120.9 7.75 0.3
1014 SITETOTALS: 92 833.9 767.53 92.0% 0.0 833.9 88.25 37
1015A 33°42.9254'N 118°49.1852'W 911.9 16 149.5 139.12 93.1% 0.0 149.5 14.00 0.6
1015B 33°42.9213N 118°49.1186'W 912.6 12 97.8 81.32 83.1% 0.0 97.8 9.75 0.4
1015 SITETOTALS: 28 247.3 220.44 89.1% 0.0 247.3 23.75 1.0
1016A 34°32.3149N 122°16.5944'W 3845.4 36 316.5 303.65 95.9% 0.0 316.5 81.50 34
1016B 34°32.3133N 122°16.5772'W 3847.7 23 210.8 218.1 103.5% 0.0 210.8 26.50 11
1016C 34°32.2917'N 122°16.5913' W 3846.3 2 18.7 18.76 100.3% 0.0 18.7 225 0.1
1016D 34°32.3056'N 122°16.5851'W 3845.5 16 150.5 154.16 102.4% 0.0 150.5 19.50 0.8
1016 SITETOTALS: 7 696.5 694.67 99.7% 0.0 696.5 129.75 54
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Hole Latitude Longitude Water Total Interval Core Percent Drilled Total Time Time

depth No. cored recov- recovered (meters) penetra- on hole on site

(mbrf) cores (meters) ered (percent) tion (hours) (days)

(meters) (meters)
1017A 34°32.0850'N 121°06.4217'W 966.7 1 9.8 9.85 100.5% 0.0 9.8 3.25 0.1
1017B 34°32.0920'N 121°06.4145'W 966.2 23 204.2 188.74 92.4% 0.0 204.2 17.00 0.7
1017C 34°32.0934'N 121°06.4183' W 967.2 19 174.3 169.37 97.2% 0.0 174.3 14.25 0.6
1017D 34°32.0904'N 121°06.4272'W 966.4 12 107.9 85.01 78.8% 0.0 107.9 9.00 0.4
1017E 34°32.0985'N 121°06.4304'W 966.6 3 249 2571 103.3% 0.0 249 4.50 0.2
1017 SITE TOTALS: 58 521.1 478.68 91.9% 0.0 521.1 48.00 20
1018A 36°59.3901'N 123°16.5332’W 2488.6 45 426.2 426.85 100.2% 0.0 426.2 78.25 33
1018B 36°59.3920'N 123°16.5323 W 2486.8 2 19.2 19.45 101.3% 0.0 19.2 2.00 0.1
1018C 36°59.3882'N 123°16.5375W 2488.0 28 262.2 261.44 99.7% 0.0 262.2 2350 1.0
1018D 36°59.3918'N 123°16.5438'W 2487.2 18 167.7 167.35 99.8% 0.0 167.7 18.50 0.8
1018 SITE TOTALS: 93 875.3 875.09 100.0% 0.0 875.3 122.25 51
1019A 41°40.9686'N 124°55.9804'W 991.4 1 10.1 10.11 100.1% 0.0 10.1 4.25 0.2
10198 41°40.9764'N 124°55.9827'W 995.4 1 10.1 10.08 99.8% 0.0 10.1 0.75 0.0
1019C 41°40.9723N 124°55.9758'W 988.2 26 247.8 213.97 86.3% 0.0 247.8 37.25 1.6
1019D 41°40.9685'N 124°55.9790W 988.9 24 2238 183.03 81.8% 0.0 223.8 19.25 0.8
1019E 41°40.9634'N 124°55.9793' W 989.5 12 109.5 112.17 102.4% 0.0 109.5 10.50 0.4
1019 SITE TOTALS: 64 601.3 529.36 88.0% 0.0 601.3 72.00 30
1020A 41°00.5090'N 126°26.0654'W 3052.9 1 10 10.02 100.2% 0.0 10.0 6.50 0.3
1020B 41°00.5101'N 126°26.0642'W 3050.1 30 278.8 265 95.1% 0.0 278.8 54.00 23
1020C 41°00.5051'N 126°26.0631'W 3049.2 25 233.2 239.49 102.7% 0.0 2332 26.75 11
1020D 41°00.5011'N 126°26.0671'W 3049.1 17 156.2 163.74 104.8% 0.0 156.2 19.50 0.8
1020 SITE TOTALS: 73 678.2 678.25 100.0% 0.0 678.2 106.75 4.4
1021A 39°05.2498'N 127°46.9926'W 4226.4 1 95 9.86 103.8% 0.0 9.5 7.75 0.3
1021B 39°05.2476'N 127°46.9848'W 42229 33 310.2 311.62 100.5% 0.0 310.2 41.75 1.7
1021C 39°05.2462'N 127°46.9815'W 4224.3 18 164.1 170.39 103.8% 0.0 164.1 21.75 0.9
1021D 39°05.2401'N 127°46.9833 W 4223.8 15 138.5 143.84 103.9% 0.0 138.5 27.00 11
1021 SITETOTALS: 67 622.3 635.71 102.2% 0.0 622.3 98.25 41
1022A 40°04.8506'N 125°20.5588'W 1938.4 18 166.0 171.57 103.4% 0.0 166.0 19.00 0.8
1022B 40°04.8500'N 125°20.5614'W 1937.3 11 101.2 105.69 104.4% 0.0 101.2 10.25 0.4
1022C 40°04.8417'N 125°20.5580'W 1937.5 42 387.7 378.85 97.7% 0.0 387.7 71.25 30
1022 SITE TOTALS: 71 654.9 656.11 100.2% 0.0 654.9 100.50 4.2
LEG 167 TOTALS: 840 7709.5 7501.54 97.3% 0.0 7709.5 1041.5 434
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10%
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TOTAL TIME DISTRIBUTION

1.6 Total Days in Port
3%

12.7 Total Days Underway
22%

43.4 Total Days on Site
5%

Total days of leg = 57.9
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The ODP Technica and Logistics personnel aboard JOIDES Resolution for Leg 167 were:
John DykeMarine Lab Specialist (Store Keeper)
John EastlundMarine Computer Specialist
Tim FultonMarine Lab Specialist (Photographer)
Edwin GarrettMarine Lab Specialist (Paleomagnetics)
Dennis GrahamMarine Lab Specialist (Chemistry)
Thilo GrebMarine Lab Specialist
Michiko HitchcoxMarine Lab Specialist (Y eoperson)
Rich JohnsonMarine Computer Specialist
Brad JulsonL aboratory Officer
John LeeMarine Lab Specialist (Chemistry)
Kevin MacKillopMarine Lab Specialist (Physical Properties)
Eric MeissnerMarine Electronics Specialist
Dwight MossmanMarine Electronics Specialist
Chieh PengMarine Lab Specialist (Chemistry)
Thomas PollaertMarine Lab Specialist
Rebecca RobinsonMarine Lab Specialist
Don SimsMarine Lab Specialist (X-ray)
Lorraine SoutheyMarine Lab Specialist (Curatorial)
Joel SparksMarine Lab Specialist (X-ray)
Nancy SmithMarine Lab Specialist (Curatorial)
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GENERAL LEG INFORMATION

Leg 167 drilled 52 holes at 13 sites and recovered over 7500 m of core. Thisisanew ODP
core recovery record. Leg 167 officially began on April 20 in Acapulco, Mexico. Many of
the technical staff boarded the ship 10 days earlier in Panamafor the transit to Acapul co.
The transit was mainly devoted to the development and testing of the data models for the
JANUS database. Most of the TRACOR development staff, the JANUS Steering Commit-
tee, and the technical staff met daily to developed the data models. The ship arrived in
Acapulco in the afternoon on 19 April, 1996. The crew arrived on the ship the morning of
the 20 April, and the ship sailed that afternoon. Two Mexican observers also sailed from
Acapulco. Transit to thefirst site off Northern Baja, Mexico, took 4 days. A port call in San
Diego was scheduled on the morning of 7 May to unload over 200 boxes of coreto alleviate
the anticipated core storage problemsin the refrigerators from the expected deluge of core.
One of the Mexican observerswas replaced by a second curatorial representative. The ship
received a shipment of fresh fruits and vegetables, and left the afternoon of the same day
for the 8-hr transit to the next site. The ship slowly worked its way up the coast, drilling
13sites. A rendezvous with asmall boat from the University of California, Santa Barbara
(UCSB), occurred in the Santa Barbara channel on 12 May. The rendezvous allowed 5
small boxes of coreto be sent to UCSB for immediate i sotope analysis and biostratigraphy
studies. The leg ended as the ship pulled into San Francisco on 16 June, 1996.

Port call (Acapulco)

All the oncoming shipments were loaded in Panama, and cores and samples from the pre-
vious leg were offloaded. During the transit, the saws and drill presses on the bench on the
aft bulkhead in the core laboratory were removed to install the color reflectance track and
system. A digital image track and system was installed on the starboard bench. The TRA-
COR JANUS development team sailed along with members of the JANUS Steering Com-
mittee during the transit. There were intense meetings trying to define the data models for

the laboratories. Other existing data-entry screens were tested and modified as necessary.
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Underway geophysics
Routine 3.5-and 12-kHz precision depth recorder (PDR) and magnetometer data were col-
lected on all surveys. Seismic datawere not collected this leg because of the excellent seis-

mic data already existing for these sites and the slipping of the schedule

Corelaboratory

During the transit, two people sailed from Oregon State University and installed the color
reflectance track and system. The saws and drill presses were removed from the bench in

the aft end of the core laboratory because they were not expected to be needed in the soft

APC/XCB sediments. The color reflectance system was set up on thisbench. Also, adigital
imaging track and system wasinstalled during the transit on the starboard bench in the core

laboratory.

Core flow through the laboratory was intricate and choreographed. After the whole-round
cores went through the M ST track, the cores were split. The archive half of the core was
scraped, run through the color reflectance system, the cryomagnetometer, and finally the
digital imaging system before being described, photographed, and archived. Working
halves were analyzed for velocity measurements before being sampled and finally packed

away.
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Paleomagnetism laboratory

There was very little time to spend on projects in the paleomagnetism laboratory. Fortu-
nately all of the equipment worked well during the leg. About 1500 sections were run
through the magnetometer. The Tensor orientation tool wasrun at every site, and it wasrun
ontwo holes at Site 1020. Thiswas also anticipated asthe last leg for the current cryogenic
magnetometer, which will be replaced at the end of the leg.

Chemistry laboratory

A total of 218 interstitial water samples were tested for salinity, alkalinity, pH, and major-
element geochemistry. Headspace gas was measured for safety and pollution prevention
purposes. A new method of taking vacutainer gas samples was successfully employed, us-
ing 50-ml syringes and small, three-way, stopcock valves. This method saves time, yields
more sample volume, and allows more control of samples than previous methods. Lipids
and high-molecular-weight hydrocarbons were extracted and measured. Large numbers of
carbonate tests were run on the coulometer and CNS tests on the Carlo Erba elemental an-
alyzer for inorganic and organic carbon. Tota organic carbon, Tmax, S1, S2, and S3 were

measured using the Rock-Eval.

X-ray laboratory

A total of 192 sediment sampleswere analyzed by X-ray diffraction (XRD). Thesewereall
simple bulk-mineral identificationsin which no special preparation wasrequired. Based on
XRD results, 99% of all analyzed samples consisted of varying proportions of quartz, cal-
cite, plagioclase, clays, and minor sulfide minerals. Dolomite, barite, and opal were occa-

siondly identified. The X-ray fluorescence (XRF) unit was not used.



Leg 167

Preliminary Report
Page 84
LABORATORY STATISTICS: LEG 167
General statistics:
S (=SS 13
HOIES. .. e 2
Cored Interval (IM)......coovereiireeeee e 7,709.50
Core RecoVEred (IM)......occveeieeeiieiie et see e 7,501.54
Percent RECOVEIEd..........cceveeieiieneee e 97.30
Total Penetration (IM).......ccccuveveeriieeieesie e 7,709.50
TimME ON SItE (AAYS).. . eeueeeereeierierie e 43.44
NUMDEN Of COIES..... oot 840
Number of SaMPIES........ccoovveeireriee e 22,812
WhOole ROUNGS........cooiiiiiienieieeee s 243
BOXES Of COTE......eveeeeiieeie et 1,088
Samples analyzed:
Inorganic Carbon (CaCOg3).......ccccvvreeriniienee 1624
Total Carbon (NCHS).......oooiceeeeceeee e 1624
Water Chemistry (the suite includes pH,

Alkalinity, Sulfate, Calcium, Magnesium,

Chlorinity, Potassium, Silica, Salinity)........cccceeeeveenennenne 218
Pyrolysis Evaluation (Rock Eval and GHM)..........c.ccceueeee. 100
GasS SAMPIES.....coeeeeeee s 513
EXIFaCiONS......coviiiiirie s 63
THIN SECIONS.......ciiieieee s 8
ST 0
D L TSP 200
MST RUNS.......oiiei e 5,389
Cryomagnetometer RUNS...........ccceiieiienieieree e 1,220
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OreNted CONES......ccueruerieriieeeeerie ettt 55
Physical Properties VEIOCItY.........ccoevieiieeiieciece e, 423
Thermal ConAUCEIVITY.........coovriieiiireereeeee e 380
INAEX PrOPErties.......ccuviiviecieciee e 2,184
RESISHIVITY ..o 0
Shear Strength:........c.cooeeie e 0
Under Way geophysics:
Bathymetry (NMi).....ccoveiieeeeeee e 2,958
SeiSMIC SUNVEY (NMI)...eeiiieiiiecie e 0
XBTS1aUNCNED........oiiiiiieeeee e 48
DownHole tools:
WWST P .. e 0
AGBIaL. ... 44
Additional:
Close-up Photographs:..........ccoceeieeiiieiie e 120
Whole Core Photographs:..........ccoeveverenenenieeeee e 822
Rolls of Photomicrographs............ccceevveieeviiniiiesie e 0
ColOr TranNSPareNCIES........ccouervirierierierieeeeeesee e 822

Black-and-Whit@ PrintS........eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeneaenennes 3233
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