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5. SITE 1011t

Shipboard Scientific Party?

HOLE 1011A

Date occupied: 29 April 1996

Date departed: 29 April 1996

Timeon hole: 05 hr, 30 min

Position: 31°16.823\, 117°38.018N

Drill pipe measurement from rig floor to seafloor (m): 2032.5
Distance between rig floor and sea level (m): 10.9

Water depth (drill pipe measurement from sea level, m): 2021.6
Total depth (from rig floor, m): 2043.9

Penetration (m): 11.4

Number of cores (including cores having no recovery): 1
Total length of cored section (m): 9.5

Total corerecovered (m): 9.8

Corerecovery (%): 103.0

Oldest sediment cored:
Depth (mbsf): 9.50
Nature: Clayey silt
Age: Pleistocene

Comments: Missed the mudline

HOLE 1011B

Date occupied: 29 April 1996

Date departed: 1 May 1996

Timeon hole: 1 day, 19 hr, 45 min

Position: 31°16.817N, 117°38.008V

Drill pipe measurement from rig floor to seafloor (m): 2032.5
Distance between rig floor and sea level (m): 10.9

Water depth (drill pipe measurement from sea level, m): 2021.6
Total depth (from rig floor, m): 2314.0

Penetration (m): 281.5

Number of cores (including cores having no recovery): 31
Total length of cored section (m): 281.5

Total corerecovered (m): 271.1

Corerecovery (%): 96.0

Oldest sediment cored:
Depth (mbsf): 272.28
Nature: Siltstone and sandstone
Age: late Miocene

tLyle, M., Koizumi, |., Richter, C., et a., 1997. Proc. ODP, Init. Repts., 167: Col-

lege Station, TX (Ocean Drilling Program).

2Shipboard Scientific Party is given in the list preceding the Table of Contents.

Measured velocity (km/s): 1.61 at Section 28X-6, 889 cm
Hard rock:
Depth (mbsf): 272.28
Nature: Basalt

Basement:
Depth (mbsf): 281.50
Nature: Basalt

HOLE 1011C

Date occupied: 1 May 1996

Date departed: 2 May 1996

Timeon hole: 17 hr, 45 min

Position: 31°16.819N, 117°38.014NV

Drill pipe measurement from rig floor to seafloor (m): 2033.2
Distance between rig floor and sea level (m): 10.9

Water depth (drill pipe measurement from sea level, m): 2022.3
Total depth (fromrig floor, m): 2217.5

Penetration (m): 184.3

Number of cores (including cores having no recovery): 20
Total length of cored section (m): 184.3

Total corerecovered (m): 190.0

Corerecovery (%): 103.0

Oldest sediment cored:
Depth (mbsf): 184.30
Nature: Clayey nannofossil chalk, nannofossil chalk
Age: late Miocene

HOLE 1011D

Date occupied: 2 May 1996

Date departed: 2 May 1996

Timeon hole: 01 hr, 15 min

Position: 31°16.816N, 117°38.019V

Drill pipe measurement from rig floor to seafloor (m): 2031.1
Distance between rig floor and sea level (m): 10.9

Water depth (drill pipe measurement from sea level, m): 2020.2
Total depth (from rig floor, m): 2048.0

Penetration (m): 16.9

Number of cores (including cores having no recovery): 2
Total length of cored section (m): 16.9

Total corerecovered (m): 17.2

Corerecovery (%): 102.0



SITE 1011

Oldest sediment cored: through early Pleistocene. The late Pliocene to Quaternary assemblages
Depth (mbsf): 16.90 indicate cooler conditions with major sea-surface temperature changes re-
Nature: Clayey silt, silty clay lated to glacial-interglacial episodes.

Age: Pleistocene Diagenetic sulfate reduction in these highly organic-rich sediments

Date occupied: 2 May 1996

caused the dissolution of fine-grained magnetic minerals, which prevent-
ed the establishment of a magnetostratigraphy. Chemical gradients in the
interstitial waters reflect organic matter diagenesis via sulfate reduction,
an increase in dissolved sulfate at greater depth, the dissolution of biogen-
ic opal, and the significant influence of authigenic mineral precipitation.

HOLE 1011E

Date departed: 2 May 1996
Time on hole: 08 hr, 45 min BACK GROUND AND OBJECTIVES
Position: 31°16.821N, 117°38.015V

Drill pipe measurement from rig floor to seafloor (m): 2030.8
Distance between rig floor and sea level (m): 10.9 Site 1011 is the landward site of the Baja Transect, which crosses

Water depth (drill pipe measurement from sea level, m): 2019.9

General Description

the California Current at roughly 30°N. It is located about 100 km
from Ensenada, Mexico, in Animal Basin, one of the outer basins in

Total depth (from rig floor, m): 2173.1 the California Borderland (Fig. 2). Water depth at Site 1011 is 2022

Penetration (m): 142.3

mbsl, but the sill depth of the basin is about F30J®0 mbsl. The site
was surveyed in detail with tidaurice Ewing on cruise EW9504 in

Number of cores (including cores having no recovery): 16 1995 (Lyle et al., 1995a, 1995b; Fig. 3). Animal Basin has relatively
Total length of cored section (m): 142.3 uniform sedimentation over moderately rugged acoustic basement,

Total corerecovered (m): 148.5

which forms occasional outcrops. At Site 1011, the sedimentary sec-
tion can be divided into upper and lower sections. The upper section

Corerecovery (%): 104.0 has relatively few reflectors that basically conform to basement to-
Oldest sediment cored: pography, and thus it appears to be hemipelagic. The lower section,
. ' however, occasionally pinches and swells, and it appears to be rela-
Depth (mbsf): 142.30

tively early basin fill. The acoustic signature of basement is strong in

Nature: Nannofossil silty clay amplitude and is typical of crystalline rock.

Age: early Pliocene

Principal results: Site 1011 is the landward site of the Baja Transect, which Site Objectives
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crosses the California Current at ~30°N. Site 1011 was drilled to study
both surface-water properties and water-column structure for the late Mio-  Site 1011 was drilled to study both surface water properties and
cene to Quaternary interval. It was also drilled to sample a sedimentanwater column structure for the late Miocene to Holocene interval. It
section to acoustic basement to determine the nature of the basement awds also drilled to sample a sedimentary section to acoustic basement
to gather information on the opening and subsidence of Animal Basin. to determine the nature of the basement and to gather information on
Five holes were cored with the APC/XCB at Site 1011 to a maximunthe formation and subsidence of Animal Basin.
depth of 281.5 mbsf, recovering an apparently continuous interval of Qua- Deep water within Animal Basin at Site 1011 enters either
ternary to upper Miocene sediments (Fig. 1). Hole 1011A is a 9.5-m-longhrough sills to the west-northwest with a minimum depth of roughly
mudline core, Hole 1011B was cored with the APC to 137.9 mbsf and ext700 mbsl or through more local sills about 1500 m deep (Fig. 4).
tended with the XCB to 281.5 mbsf to basement. Hole 1011B was loggeBenthic foraminiferal isotope data at Site 1011 should therefore be
with the density-porosity combination tool and the combined sonic-Forconditioned by intermediate waters between 1500 and 1700 mbsl.
mation MicroScanner. Hole 1011C was cored with the APC to 136.6 mbsiNot only does Site 1011 provide an inshore comparison to Site 1010,
and deepened with the XCB to 184.3 mbsf. Hole 1011D was cored witht will also be used to model changes in intermediate-water composi-
the APC to 16.9 mbsf. Sixteen APC cores were taken at Hole 1011E dowiion and will be useful in determining changes in the general water
to 142.3 mbsf. Detailed comparisons between the magnetic susceptibiligolumn profile since about 5 Ma.
and GRAPE density record generated on the MST, and high-resolution Site 1011, the southernmost site of the coastal transect along the
color reflectance measured with the Oregon State University system, den@Galifornia Margin, preserves the record of coastal upwelling on the
onstrated complete recovery of the sedimentary sequence down to 15@®rthern Baja California continental margin. Because the water depth
mbsf. at this site is relatively shallow (2022 mbsl), calcium carbonate pres-
The uppermost part of the sedimentary section consists of ~25 m of servation should be good, and most intervals have foraminifers for pa-
liciclastic sediments with vitric ash layers and graded quartz sand beds ¢tdoceanographic study. It is the companion to Site 1010, comparing
upper Quaternary age (Fig. 1). The underlying (180 m thick) unit is charinshore conditions to those at the core of the California Current.
acterized by an increase in calcium carbonate and consists of silty clay and Site 1011 will also provide important new information about or-
nannofossil ooze with volcanic ash layers and graded sand beds of late Mjanic carbon diagenesis and about minor element geochemistry
ocene to Quaternary age. The section continues downward with about 88rough interstitial water profiles. The only long profiles that previ-
m of late Miocene clayey diatomites and nannofossil diatomites, undereusly existed from the California Margin are from DSDP Leg 63.
lain by 14 m of poorly recovered indurated siltstone and sandstone. THBuring that leg only a few samples above 100 mbsf were taken, pri-
oldest sedimentary is middle upper Miocene (9 Ma) and is underlain by marily because of difficulties in obtaining pristine samples with rota-
fine-grained vesicular basalt. Sedimentation rates throughout the sectiay cores. New interstitial water sampling at this site, especially within
range from 15 to 40 m/m.y., averaging 30 m/m.y. the upper 100 m, will better define the organic matter oxidation and
Biostratigraphic age control was provided by calcareous nannofossilthe removal of oxidants from the interstitial water and sediments.
and foraminifers and by siliceous diatoms and radiolarians (Fig. 1). The Another objective at Site 1011 was to sample the entire sedimen-
microfossil assemblages show evidence for strong upwelling conditiontary column to acoustic basement (Fig. 3) so that the nature of base-
during the late Miocene and warm temperate to cool subtropical condiment can be identified and the history of basin filling can be recon-
tions with a weakening of the upwelling system in the early late Pliocengtructed. Animal Basin has a small amount of sedimentary fill, so this



objective was achieved. The southern California Borderland basins
have little concrete data concerning their tectonic history so drilling
the sedimentary section and sampling the basement provides impor-
tant new information about the evolution of the California Border-
land province.

OPERATIONS
Site 1010to Site 1011

The 82.5-nmi transit from Site 1010 to Site 1011 was accom-
plished in 7.5 hr at an average speed of 11.5 kt. A 3.5-kHz precision
depth recorder (PDR) survey was performed while approaching Site
1011. A Datasonics 354M beacon was dropped on Global Position-
ing System coordinates at 1715 hr on 29 April.

Hole 1011A

Hole 1011A was spudded and a single APC Core 167-1011A-1H
was taken from 0 to 9.5 mbsf (Table 1; see Table 2-CD on CD-ROM
in the back pocket of this volume for amore detailed coring summa
ry). A full barrel prevented establishing an accurate mudline, and the
hole was abandoned.

Hole 1011B

The drill pipe was raised 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 167-1011B-1H
through 15H were taken from O to 137.9 mbsf with 103.8% recovery
(Table 1). XCB Cores 167-1011B-16X through 31X were taken
down to 281.5 mbsf with 89.1% recovery. Hole 1011B was terminat-
ed based on the 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 was encountered. The pipe was
raised to 78.5 mbsf and preparations for logging were made. Hole
1011B was logged with the density-porosity tool string from 2310 to
2113 mbrf (277.5-79.5 mbsf). The combined sonic-Formation Mi-
croScanner tool string was run from 2310 to 2128 mbrf (277-95
mbsf). 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 O to 136.6 mbsf with
103.8% recovery. XCB Cores 167-1011C-16X through 20X were
taken down to 184.3 mbsf with 101.2% recovery (Table 1). Adara
temperature measurements were taken on Cores 4H, 6H, 8H, 10H,

SITE 1011

The JOIDES Resolution was under way for the 7.5-hr transit to Site
1012 by 0145 hr, 3 May.

LITHOSTRATIGRAPHY
Introduction

A continuous late Miocene to Quaternary (~2.0 Ma) sedi-
mentary sequence was recovered at Site 1011. Sediments vary from
siliciclastic to interbedded mixtures of biogenic and siliciclastic com-
ponents (Fig. 5). Siliciclastic clay and silt are found throughout the
cored interval but are predominant in the upper portion. The lower
portion consists of sediments containing variable mixtures of biogen-
ic and/or siliciclastic components interbedded on a scale of 10 to 100
cm. Calcareous nannofossils dominate the calcareous component of
the sediments, whereas a mixture of diatoms and radiolarians com-
poses the siliceous fraction. Volcanic glass is abundant and occurs
disseminated throughout the dominant lithologies and as distinct ash
layers. Volcanic ash content decreases with depth, and discrete vitric
ash layers are common in the upper and lower parts of the sequence.

The sediments were divided into four lithostratigraphic units
based on visual core descriptions, smear-slide estimates, high-resolu-
tion GRAPE bulk density, and Formation MicroScanner data (Fig.
5). Unit | is a siliciclastic unit comprising mainly clays and silt. Unit
Il contains an interbedded mixture of calcareous nannofossils and si-
liciclastic material. Unit Il predominantly consists of siliceous com-
ponents interbedded and mixed with nannofossil and clay sediment.
Unit IV is a siliciclastic unit containing siltstone and sandstone. Base-
ment lithology at this site, designated Unit V, is vesicular basalt.

Description of Units
Unit |

Hole 1011A, interval 167-1011A-1H, 1.9 (top of core)-11.4 mbsf
(base of core);

Hole 1011B, interval 167-1011B-1H-1 through 3H-5, 0-25.4 mbsf;

Hole 1011C, interval 167-1011C-1H-1 through 3H-7, 0-22.3 mbsf;

Hole 1011D, interval 167-1011D-1H and 2H, 0-16.9 mbsf (base of
core);

Hole 1011E, interval 167-1011E-1H-1 through 3H-7, 0-24.2 mbsf.

Age: Quaternary, 0.0-1.0 Ma.

Unit | is predominantly composed of dark gray (5Y 4/1 to 5Y 5/
1) to gray (10Y 6/1) siliciclastic clay and silt with scattered dark gray
to black (N2 to N4) vitric ashes and graded sand layers. Clay content
varies from 20% to 70% based on smear-slide observations. The silt
component consists mainly of feldspar (0% to 15%), quartz (0% to
28%), fresh and altered volcanic glass fragments (0% to 15%), and
varying but minor components of biotite and amphibole.

and 12H (see “Physical Properties” section, this chapter). The pipenit |1
was pulled clear of the seafloor at 1215 hr on 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 O to 16.9 mbsf with 102% recov-

Hole 1011B, interval 167-1011B-3H-6 through 22X-7, 25.4—-204.3 mbsf;

Hole 1011C, interval 167-1011C-4H-1 through 20X-7, 22.3-184.3
mbsf (base of core);

Hole 1011E, interval 167-1011E-4H-1 through 16H, 24.2-142.3 mbsf
(base of core).

Age: Quaternary to late Miocene, 1.0-7.5 Ma.

ery (Table 1). The pipe was pulled clear of the seafloor at 1330 hr on

2 May, ending Hole 1011D.

Hole 1011E

The transition from Unit | to Unit Il is marked by the first occur-
rence of abundant biogenic components as noted by a change in sed-
iment color to olive gray (10Y 6/2) and light olive gray (5Y 6/2). Unit
Il consists of moderately bioturbated, gradationally interbedded

Hole 1011E was spudded at 1345 hr on 2 May. APC Cores 167ithologies with varied mixtures of calcareous nannofossil and silici-

1011E-1H through 16H were taken down to 142.3 mbsf with 104.4%lastic components. Unit Il is divided into three subunits based on the
recovery (Table 1). The drill string was tripped back to the surfaceelative abundance of the major components. Contacts between sub-
and cleared the rotary table at 0130 hr on 3 May, ending Hole 1011Hnits are not strictly defined because of the gradational nature of in-

87



SITE 1011

88

Logging

Natural

units)
40 60 80
I T N

gamma
ray
(API

PP

GRAPE

bulk
density
(g/cm3)
1.61.8 2.0

swoelqg

M8} 0] usleg

q9ddN

sueliejolpey

nbuel s +rewefnjew ‘3

| uaueg I

eulbaiad'S

Biozones

slajlujwelo

TZN

6TN—0ZN usleg o

ualeg

uaueg o

s|issojouueN

BZINO

0IND BOTNO-6ND

46NO

uaueg [UENO

aby

duddold are|

auaoolld Aea

2uad0IN ale|

nungns

A

1B

nc

nun

ABojoyn

Hole

Alanooay
210D

Alanooay
210D

Hole
1011B |1011C| 1011E

Hole

Alanooay

A

Logging

Natural

gamma
ray
(API
units)
40 60 80
T I .

PP

GRAPE

bulk
density
(g/cm3)
| . . '

1.61.8 2.0

sworelq

M8} 0] ualleg

sueliejoipey

SNSIdAIUN S + Slieuojnbe g _

nbuey ‘s + rewefnew ‘3

Biozones

Slajulwe.od

22N

| T2ZN

s|IssojouueN

STND

uaieg

YIND _ 4EIND

ualreg PZINO

OCTINDO-BCIND

aby

2ud203sI9|d

28ua00l|d are|

nungns

nun

ABojoyy

Hole

Kianooay
810D

Hole

K1anoday
810D

Hole

Alanooay
210D

Hole

1011B| 1011C|1011D| 1011E

A1an029y
2100

1H

1H]

1H

2H

2H|

2H

3H

4H

HH
T

]
Ay

T
=i
—

3H

3H

4H

4H

5H
6H
7H
8H

I
[}

6H

9H
OH

1H
2H

20—

60—,

it
<
(Isqu) yidaag

-18H

80— 9H

—J10H
L1H

100 —

Figure 1. Site 1011 master column.
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Figure 2. Location map for Site 1011. Crusta ages from Lonsdale (1991).
Site 1011 is located about 100 km west of Ensenada, Mexico, in a basin of
late to middle Miocene age. Locations of ODP Site 1010 and DSDP Sites 469
and 470 are shown for reference.

crease in the silty clay component. This subunit corresponds to de-
creased porosity and void ratios (see “Physical Properties” section,
this chapter). The lithology consists of gradationally interbedded
grayish olive to olive gray (10Y 4/2 to 5Y 4/2) silty clay and light
gray to pale olive (5Y 7/2) silty clay with nannofossils. The overall
percentage of CaG@s low in this interval (see “Inorganic Geochem-
istry” section, this chapter).

Subunit 11C
Hole 1011B, interval 167-1011B-17X-1 through 22X-7, 146.5-204.3
mbsf;
Hole 1011C, interval 167-1011C-16X-7 through 20X-7, 145.8-184.3
mbsf (base of core).

The contact of Subunit IIC with Subunit II1B is gradational and de-
fined by increased lithification but is otherwise compositionally sim-

Hole1011B, interval 167-1011B-3H-6 through 14H-7, 25.4-131.9 mbsf;

Hole 1011C. interval 167-1011C-4H-1 through 14H-7, 22.3-126.8 mbsf: ilar to Subunit IIA. The boundary is coincident with the correspond-

Hole 1011E, interval 167-1011E-4H-1 through 16H, 24.2-142.3 mbsf ing change from APC to XCB coring. This subunit consists of grada-
(base of core). tionally interbedded pale olive (10Y 4/2 to 5Y 4/2) nannofossil chalk
Subunit 1A consists of interbedded olive gray (5Y 4/2 to 10Y 4/and olive gray to dark olive gray (5Y 4/2 to 5Y 3/2) nannofossil clay-
1) silty clay and light olive gray (5Y 6/2) nannofossil ooze on thestone on an ~1-m scale (Fig. 6). Ash and volcanic sand layers occur
decimeter to meter scale. The percentage of Ga@@eases down- below 184.0 mbsf.
core through this subunit inversely to silt content (see “Inorganic
Geochemistry” section, this chapter). Thin graded beds composed ohit 111
quartz feldspar sand occur throughout the subunit down to 97.0 mbsf.
Vitric ash layers occur down to 118 mbsf. Hole 1011B, interval 167-1011B-23X-1 through 28X-7, 204.3-262.1
mbsf.

Subunit 11B

Hole 1011B, interval 167-1011B-15H-1 through 16X-7, 131.9-146.5
mbsf;

Hole 1011C, interval 167-1011C-15H-1 through 16X-7, 126.8-145.8
mbsf.

Age: late Miocene, 8.5-7.5 Ma.

The contact between Unit Il and Unit Ill is marked by a change in
the biogenic component from calcareous nannofossils to siliceous di-
atoms and radiolarians and a change in color to dark olive gray (10Y

The upper contact of Subunit 1IB with the Subunit lIA is grada-5/2) diatomite with silty clay and dark grayish brown (2.5Y 4/2) di-
tional, marked by a decrease in calcareous nannofossils and an atemite with nannofossils. Based on smear-slide observations, dia-
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toms compose 50% to 70% of the sediment and nannofossils make up
between 0% and 15%. GRAPE bulk density decreases et this transi-

tion (see “Physical Properties” section, this chapter) and there is a
drop in the %CaCQ(see “Inorganic Geochemistry” section, this
chapter). Formation MicroScanner data also show a distinct change
between Units Il and 111 (see “Downhole Measurements” section, this
chapter). Unit lll is divided into two subunits; the upper part is com-
posed of less pure diatomite than the lower. GRAPE bulk density val-
ues also change at this boundary.

Subunit [HTA

Hole 1011B, interval 167-1011B-23X-1 through 27X-2, 204.3-245.8
mbsf.

Subunit 1A is composed of diatomite that contains between 60%
and 70% diatoms and from 0% to 15% of both nannofossils and clay.
The sediments are gradationally interbedded on-8@@m scale.
Sediments are well-bioturbated and contain aburidzoghycos and
Chondrites trace fossils (Fig. 7). Vitric ashes occur intermittently
throughout this subunit.

Subunit [11B

Hole 1011B, interval 167-1011B-27X-3 through 28X-7, 245.8-262.1
mbsf.

Figure 4. Flow paths for deep water into the Animal Basin. A deep sill of

1700 mbsl exists about 150 km to the west-northwest of the basin, while local

sillsare at depths of about 1500 mbsdl.
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Subunit 1B consists of dark grayish brown (2.5Y 3/2) diatomite
(composed of approximately 75% diatoms based on smear-slide ob-
servations) interbedded with minor grayish brown (2.5Y 5/2) diato-
mite with clay and silty clay layers.



Table 1. Coring summary for Site 1011.

Length Length
Date Top Bottom cored recovered  Recovery
Core (1996) Time (mbsf) (mbsf) (m) (m) (%)
167-1011A-
1H April 30 0520 19 11.4 9.5 9.84 103.0
167-1011B-
1H April 30 0600 0.0 8.4 84 8.40 100.0
2H April 30 0645 8.4 17.9 9.5 9.83 103.0
3H April 30 0730 17.9 274 9.5 9.94 104.0
4H April 30 0810 27.4 36.9 9.5 9.85 103.0
5H April 30 0850 36.9 46.4 9.5 9.90 104.0
6H April 30 0930 46.4 55.9 9.5 10.03 105.6
H April 30 1010 55.9 65.4 9.5 9.87 104.0
8H April 30 1045 65.4 74.9 9.5 9.82 103.0
9H April 30 1120 74.9 84.4 9.5 10.04 105.7
10H April 30 1220 84.4 93.9 9.5 9.98 105.0
11H April 30 1255 93.9 103.4 95 9.76 103.0
12H April 30 1335 103.4 112.9 95 9.72 102.0
13H April 30 1420 112.9 122.4 9.5 9.78 103.0
14H April 30 1515 122.4 131.9 9.5 9.96 105.0
15H April 30 1600 131.9 137.9 6.0 6.26 104.0
16X April 30 1755 137.9 146.5 8.6 8.09 94.0
17X April 30 1920 146.5 156.2 9.7 9.85 101.0
18X April 30 2035 156.2 165.7 9.5 9.95 105.0
19X April 30 2135 165.7 175.4 9.7 9.65 99.5
20X April 30 2235 175.4 185.0 9.6 9.58 99.8
21X April 30 2330 185.0 194.6 9.6 9.82 102.0
22X May 1 0035 194.6 204.3 9.7 9.76 100.0
23X May 1 0135 204.3 213.9 9.6 9.60 100.0
24X May 1 0230 213.9 2235 9.6 9.66 100.0
25X May 1 0330 2235 2332 9.7 9.91 102.0
26X May 1 0415 2332 242.8 9.6 9.87 103.0
27X May 1 0510 242.8 252.4 9.6 9.89 103.0
28X May 1 0630 252.4 262.1 9.7 9.69 99.9
29X May 1 0730 262.1 2717 9.6 0.36 38
30X May 1 0910 2717 276.4 47 0.62 13.2
31X May 1 1115 276.4 2815 51 161 315
167-1011C-
1H May 2 0215 0.0 33 33 3.34 101.0
2H May 2 0245 33 12.8 9.5 10.11 106.4
3H May 2 0325 12.8 223 9.5 9.53 100.0
4H May 2 0430 22.3 31.8 9.5 10.15 106.8
5H May 2 0500 31.8 41.3 9.5 9.88 104.0
6H May 2 0550 41.3 50.8 95 10.06 105.9
H May 2 0615 50.8 60.3 9.5 9.90 104.0
8H May 2 0700 60.3 69.8 9.5 10.03 105.6
9H May 2 0745 69.8 79.3 9.5 9.97 105.0
10H May 2 0845 79.3 88.8 95 10.01 105.3
11H May 2 0915 88.8 98.3 95 9.45 99.5
12H May 2 1025 98.3 107.8 95 9.99 105.0
13H May 2 1110 107.8 117.3 9.5 9.82 103.0
14H May 2 1145 117.3 126.8 9.5 9.35 98.4
15H May 2 1240 126.8 136.3 9.5 9.92 104.0
16X May 2 1430 136.3 145.8 95 9.63 101.0
17X May 2 1530 145.8 1555 9.7 9.70 100.0
18X May 2 1630 1555 165.0 95 9.69 102.0
19X May 2 1720 165.0 174.7 9.7 9.67 99.7
20X May 2 1820 174.7 184.3 9.6 9.77 102.0
167-1011D-
1H May 2 2000 0.0 74 74 7.38 99.7
2H May 2 2030 74 16.9 9.5 9.86 104.0
167-1011E-
1H May 2 2100 0.0 5.2 5.2 5.17 99.4
2H May 2 2130 5.2 14.7 9.5 9.63 101.0
3H May 2 2200 14.7 24.2 9.5 10.00 105.2
4H May 2 2230 24.2 33.7 95 9.85 103.0
5H May 2 2300 337 43.2 9.5 9.84 103.0
6H May 2 2330 43.2 52.7 9.5 9.98 105.0
H May 3 0000 52.7 62.2 9.5 10.07 106.0
8H May 3 0030 62.2 71.7 9.5 9.72 102.0
9H May 3 0100 71.7 81.2 9.5 10.07 106.0
10H May 3 0130 81.2 90.7 95 9.90 104.0
11H May 3 0145 90.7 100.2 9.5 10.11 106.4
12H May 3 0225 100.2 109.7 9.5 9.90 104.0
13H May 3 0250 109.7 119.2 9.5 10.05 105.8
14H May 3 0315 119.2 128.7 9.5 10.06 105.9
15H May 3 0345 128.7 138.2 95 10.06 105.9
16H May 3 0415 138.2 142.3 41 411 100.0

Note: Table 2, on the CD-ROM, back pocket, this volume, is amore detailed coring summary.

SITE 1011
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Figure 5. Site 1011 lithostratigraphic summary (0-278.3 mbsf).
Unit IV Monterey Formation of Californiaduring thistime (Ingle, 1981). Sil-

Hole 1011B, interval 167-1011B-29X and 30X, 262.1-276.4 mbsf.
Age: late Miocene, ~9.0-8.5 Ma.

The contact between Unit 11 and Unit 1V is marked by a change
from biogenic to indurated siliciclastic lithologies. The upper part of
the unit is composed of black (5Y 2.5/1) silicified siltstone interbed-
ded with olive gray (5Y 4/2) silty clay. The lower part of Unit IV is
composed of silicified siltstone and coarse-grained quartz feldspar
sandstone. Recovery of Unit |V was quite poor (13% to 31%), and the
recovered rock was highly fractured.

Unit vV
Hole 1011B, interval 167-1011B-31X, 276.4-281.5 mbsf.

Basement was reached at 276.4 mbsf, and 1.89 m of finely crys-
talline, vesicular basalt was recovered.

Depositional History

Sediments at Site 1011 consist of interbedded siliciclastic clays,
nannofossil ooze, and siliceous ooze. Vol canic ashes occur every 10—
15 m in the upper part of the sedimentary sequence, are absent be-
tween 118 and 184 mbsf, and occur intermittently in the lower part.
Siliceous sediments dominate the older portion of the sequence from
about 8.5t0 7.5 Ma. Thisinterval is characterized by decimeter-scale
interbedding of siliceous ooze dominated by diatoms with clay and
minor nannofossil ooze, similar to shoreward basin deposits of the
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iceous ooze deposition ceased in the late Miocene (7.5 Ma) and was
followed by an interval of interbedded nannofossil ooze and clay

from about 7.5 to 1.0 Ma. A marked decrease in nannofossil content

and increase in silt and clay content occurred between 4.6 and 3.8

Ma, accompanied by a decrease in sedimentation rate (~1.7 cm/k.y.;

see “Biostratigraphy” section, this chapter). This was followed by a
return to more rapid sedimentation rates (~4 cm/k.y.; see “Biostratig-
raphy” section, this chapter) and interbedded nannofossil ooze and
silty clay until ~1.0 Ma (Quaternary) when sedimentation changed to
siliciclastic clays and silt. The deposition of graded sand beds began
at about 3.23.1 Ma, which may reflect tectonism associated with the
onset of the tectonic uplift documented in the Santa Maria Basin area
of the central California Margin at this time (McCrory et al., 1995).

BIOSTRATIGRAPHY

The sedimentary sequence recovered from the five holes cored at
Site 1011 consists of an apparently continuous 281.5-m-thick interval
of upper Miocene to Quaternary sediments. The section includes an
upper 132-m-thick sequence containing abundant planktonic fora-
minifers and calcareous nannofossils, few benthic foraminifers, and
rare to absent diatoms and radiolarians from the late early Pliocene to
the Quaternary. This is underlain by a 48-m-thick sequence of late
late Miocene to early Pliocene age characterized by rare and sporadic
assemblages of planktonic foraminifers, few to abundant calcareous
nannofossils, and generally uncommon diatoms and radiolarians. Be-
low this interval, a 110-m-thick sequence of rapidly deposited dia-
tom-rich sediments of late Miocene age was recovered. These sedi-
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Figure 6. Cyclic interbedding of nannofossil chalk and nannofossil claystone
with gradational, burrowed transitions (Samples 167-1011C-19X-3, 0-55 cm,
19X-4, 0-55 cm, 19X-5, 0-55 cm, and 19X-6, 0-55 cm).

ments contain abundant diatoms and radiolarians. Cal careous nanno-
fossils and planktonic foraminifers are rare or absent. Benthic
foraminifers assemblages are less consistently present. The base of
the sedimentary sequence is assigned to the middle late Miocene di-
atom Denticulopsis dimorpha Zone, indicating an age of approxi-
mately 9 Ma (last occurrence of D. dimorpha between 252 and 262
mbsf).

A well-constrained biostratigraphy and chronology for Hole
1011B is provided by the combination of all microfossil groups (Ta-
bles 3-9). Assigned ages based on foraminifers, calcareous nanno-
fossils, diatoms, and radiolarians are similar between Holes 1011B
and 1011C. An age/depth plot at Hole 1011B (Fig. 8) shows an al-
most continuous sedimentation rate in the sequence, with no hiatuses.

Dominant cold species of planktonic foraminifers, diatom, and ra-
diolarian assemblages exhibit evidence of strong upwelling condi-
tions during the late Miocene. The predominance of temperate fora-
miniferal speciesin early |late Pliocene through early Pleistocene as-
semblages, and rare occurrences of diatomsand radiolarians, indicate
warm temperate to cool subtropical conditions with a weakening of
the upwelling system. Late Pliocene to Quaternary planktonic fora-
miniferal assemblages indicate cooler conditions with major sea-sur-
face temperature changes related to glacial-interglacial episodes.
Fewer occurrences of subtropical forms suggest generally cooler
conditions than during the early and early late Pliocene.

The sequence at Site 1011 offers good opportunities for pale-
oceanographic investigations on the weakening of the late Miocene

SITE 1011
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Figure 7. Splendid Zoophycos trace fossil in diatomite with clay (Sample
167-1011B-26X-5, 121-142 cm).

extensive upwelling of cool waters and the establishment of Pleis-
tocene glacia/interglacial variations of the California Current.

Planktonic Foraminifers

Site 1011 contains an excellent planktonic foraminiferal sequence
down to 132 mbsf of Quaternary to late early Pliocene age (Tables 3,
4). Below this, assemblages are sporadic and poor. Planktonic fora-
minifers are highly abundant to common throughout most of the Qua-
ternary and Pliocene (0 to 132 mbsf; Samples 167-1011B-1H-CC to
14H-CC), below which they are rare or absent. Preservation in gen-
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Table 4. Ranges of planktonic foraminifersin Hole 1011C.
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8H-CC 698 | A | G A C A A A A c
9H-CC 793 | A | M A C cC A C R A C R
10H-CC 88 |A |G C R|F A A F A
11H-CC 83 | F| P R R A A R R
12H-CC 1078 | A | G A F R A R R A R|R
13H-CC 173 |A | G A c A A R
14H-CC 1268 | A | G A A C R A
15H-CC 1363 |F| P A A A R
16X-CC 1458 | F| P c R R

Note: See “Explanatory Notes” chapter for abbreviations.

eral becomes worse with increasing depth in the sequence. Assem-
blagesare well preserved from the top of the sequenceto 37 mbsf, are
moderately well preserved from 37 mbsf to 122 mbsf, are consistent-
ly poorly preserved from 122 mbsf to 166 mbsf, and are often absent
or poorly preserved below this interval. Specimen fragmentation is
pervasive, and robust forms often dominate. The sequence at Site
1011 exhibits a series range change in a number of planktonic fora-
minifers from the late early Pliocene to the latest Quaternary.

Hole 1011B

An uppermost zone of Quaternary age is indicated by the co-oc-
currence of Globorotalia truncatulinoides and Neogloboquadrina
dutertrei (from top of sequence to Sample 167-1011B-2H-CC). This
zone correlates with Zone N22-N23 of tropical regions, based on the
FO of G. truncatulinoides. This zone is underlain by a zone marked
by the absence of G. truncatulinoides and N. dutertrei, and the spo-
radic concurrence of Globorotalia tosaensis, Neogloboquadrina hu-
merosa, Globorotalia inflata, and Globorotalia crassaformis. This
zone ranges from Samples 167-1011B-3H-CC to 7H-CC. G. tosaen-
siswas observed as a single specimen in 4H-CC. The presence of G.
tosaensis normally defines Zone N21 of upper Pliocene age, but at
higher latitudes in the northeastern Pacific, G. tosaensis was ob-
served within the lower Quaternary (Zellers, 1995). The base of this
zone ismarked by the LO of Neogloboquadrina asanoi.

The top of the underlying zone is marked by them LO of N.
asanoi, which occurs immediately above the LO of Globorotalia
puncticulata. This zone extends from Samples 167-1011B-8H-CC to
13H-CC. The base of the zone is marked by the FO of Globorotalia
inflata and Globorotalia puncticulata. This zone is of late Pliocene
age and is correlated with the lower part of Zone N21. Much of the
zone is marked by the concurrent range of N. asanoi and G. punctic-
ulata, aswell asthe presence of sporadic G. inflata and N. humerosa.

Thetop of the underlying zone is marked by the FO of G. inflata
and Globorotalia crassaformis. This zone is defined by the presence
of G. crassaformisand absence of G. inflataand G. puncticulata. The

base of this zone could not be defined because planktonic foramin-
iferal assemblagesin thisinterval were too rare.

Planktonic foraminiferal assemblages below Sample 167-1011B-
15H-CC are insufficiently abundant or absent to allow biostrati-
graphic subdivision. Sparse assemblages, when present, are dominat-
ed by Globigerina bulloides. No marker species were found.

Hole 1011C

The biostratigraphic sequence of planktonic foraminifersin Hole
1011Cissimilar to that of Hole 1011B with oneimportant exception.
In Hole 1011B, G. truncatulinoides was seen only in the uppermost
part of the sequence from 18 mbsf to the top (Samples 167-1011B-
1H-CC and 2H-CC). In Hole 1011C the FO of G. truncatulinoides
was observed much lower in the sequence at 50.8 mbsf (Sample 167-
1011C-6H-CC). At itsfirst appearance in Hole 1011C, G. truncatu-
linoides is a primitive form grading into G. tosaensis. Specimens of
G. truncatulinoides exhibit aweak peripheral keel and the keel isab-
sent on thefinal chamber. Thus, Hole 1011C has preserved theinitial
evolutionary appearance of G. truncatulinoides with an assigned age
of 1.77 Ma.

The upper Neogene planktonic foraminiferal assemblagesin Site
1011 definethreeintervalsthat are associated with pal eoceanograph-
ic-paleoclimatic change. Late Miocene assemblages from Sample
167-1011B-22X-CC to 15H-CC are associated with rich radiolarian
and diatom assemblages indicative of major upwelling conditions.
The planktonic foraminiferal assemblages are amost exclusively
represented by G. bulloides, a well-known upwelling species. Few
other taxa are present.

The early through lower upper Pliocene assemblages are relative-
ly diverse and are dominated by temperate forms, in addition to rare
occurrences of forms with subtropical affinity such as Globorotalia
tumida, Globigerinoides sacculifer, Globigerinoides obliquus, and
Sohaerodinellopsis seminulina. These assemblages generally lack
Neogloboquadrina pachyderma (dextral), a cool-temperate form in
thisregion. This assemblage indicates dominance of warm temperate
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Table 5. Abundance of calcareous nannofossils at Site 1011.
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3H-CC 27.4 B
CN14 4H-CC 36.9 G A C R A C C
CN13b 5H-CC 46.4 G A C R C R R
6H-CC 55.9 B
CN13a-CN12d 7H-CC 65.4 g A C C R R C
CN12d 8H-1, 40 65.8 M A C F F P
CN12d 8H-CC 74.9 G A F/IC F
CN12d 9H-CC 84.4 M C R R C C
CN12a-c 10H-CC 93.9 G Al C C RIF F C
CN12a-c 11H-CC 103.4 Gq C/A C FIC CIF C
CN12a 12H-CC 112.9 P dg C C C
CN12a 13H-CC 122.4 G| A C F/IC F/IC
CN12a 14H-CC 131.9 M A C R/IF C
CN10b—-CN10¢ 15H-CC 137.9 P/ F/IC C C R F C C
CN10a? 16X-CC 146.5 P/ FIC C C C
CN10a—-CN9 17X-CC 156.2 G A R F/IC C cf
CN9b? 18X-CC 165.7 G/ A R R C R
CN9b 19X-CC 175.4 P/M F/q C C RR
CN9b 20X-CC 185.0 M/IG A C R RIF
21X-CC 194.6 B
CN9a? 22X-CC 204.3 P (@ R/IF R/IF
23X-CC 213.9 B
24X-CC 223.5 B
CN8-CN9a 25X-1, 118 224.7 H H P
25X-2, 90 225.9 B
25X-3, 102 227.5 B
25X-4, 102 229.0 B
25X-5, 120 230.8 B
CNB8-CN9a 25X-6, 120 233.2 H q C R
CN8-CN9a 25X-CC 233.2 P| g C F
CN8-CN9a 26X-CC 242.8 Pl RIF F/IC
27X-CC 252.4 B
28X-CC 262.1 B
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167-1011C-
CN15 1H-CC 3.3 M| F/Q CIA R C R R
CN15 2H-CC 12.8 M/IG C P R R/ A R
CN14a 3H-CC 22.3 G A P R C R A F
CN14a 4H-CC 31.8 G A C C C C A R
5H-CC 41.3 P R P P R
CN13b 6H-CC 50.8 G A C C R F/ A F
CN13a? 7H-CC 60.3 G A C P C RR CIF
CN12d 8H-CC 69.8 G A R/IF F F R F
CN12d 9H-CC 79.3 G A R F C
CN12a-c 10H-CC 88.8 G Al R/IF R P FIR F F
CN12a-b 11H-CC 98.3 P R R FIC C
CN12a 12H-CC 107.8 G A P C C C R P
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Depth
(mbsf)

Core, section,
interval (cm)
13H-CC
14H-CC
15H-CC
16X-CC
17X-CC
18X-CC
19X-CC
20X-CC
167-1011D-
1H-CC
2H-CC
167-1011E-
1H-CC
2H-CC
3H-CC
4H-CC
5H-CC
6H-CC
7H-CC
8H-CC
9H-CC
10H-CC
11H-CC
12H-CC
13H-CC
14H-CC
15H-CC
16H-CC

Zone
CN12a
CN12a
CN10b-CN10:
CN10a—-CN9
CN10a—-CN9
CN10a—CN9
CN10a—CN9
CN10a—CN9
CN15
CN15
CN15
CN14a
CN1l4a
CN13
CN13b
CN13a?
CN13a?
CN12d
CN12
CN12a—
CN12
CN12a
CN12
CN12
CN10c

Note: See “Explanatory Notes” chapter for abbreviations.
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Table 6. Abundance of diatomsat Site 1011.
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g|6| B |z|2 2222|2257 3|58 58 5|28 8L 2R
Sample | Numeric .§§ gE§§§§%§§§§'§§§§§§‘8§‘8§§§9
Core, section, | depth | age Digom | 5 | & = §lc S £ £ S|S £ £ 88|58 888 8|88 : F EIE 2
interval (mbsh) | (M3 Geologic age oe 28] 2 (|58 3353|583 8388888 82882k8¢58|82
167-1011A-
1H-CcC 14 I ||
167-1011B-
1H-CC 8.4 ] ]
2H-CC 179
3H-CC 274
4H-CC 36.9
5H-CC 46.4
6H-CC 55.9 I
7H-CC 65.4 .
8H-CC 74.9
9H-CC 84.4
10H-CC 93.9
11H-CC 103.4
12H-CC 1129 I
13H-CC 1224 .
14H-CC 131.9
15H-CC 137.9
16X-CC 146.5
17X-CC 156.2 R P R
18X-CC 165.7 R| P R T
19X-CC 175.4 late Miocene-late Pleistocene F (M R T C F C F
20X-CC 185.0 late Miocene F|P T R T T T T
21X-CC 1946 |[71-847| laeMiocene ~ ~ <~ T[T NPD6b| C | M T T R R T T
22X-CC 2043 | 7.1-8.4 | late Miocene NPD6b | F | P T T T
23X-CC 2139 | 7.1-84 | late Miocene NPD6b | A | G | Upwelling T R T C T T T
24X-CC 2235 | 7.1-8.4 | late Miocene NPD6b | A | G T T C P F T P
25X-CC 2332 | 7.1-8.4 | late Miocene NPD6b | A | G | Upwelling A T T
26X-CC 2428 | 7.1-84 | late Miocene NPD6b | A | G T R C R C F|R
27X-CC 2524 | 84-9.0 | late Miocene NPD6a | A | G | Upwelling R C
28X-CC 262.1 | 9.0-9.8 | late Miocene NPD5d | A | G | Upwelling F C F F
29X-CC 271.7 | 9.0-9.8 | late Miocene NPD5d | A | G | Upwelling F A F
167-1011C-
1H-CC 33 I I I I ||
2H-CC 12.8
3H-CC 223
4H-CC 318
5H-CC 413 uaternary
6H-CC 50.8 P
7H-CC 60.3 P P P
8H-CC 69.8
9H-CC 79.3
10H-CC 88.8
11H-CC 98.3
12H-CC 107.8 | T | P | | R | ] ] — — I
13H-CC 117.3 ate Miocene R P
14H-CC 126.8 F P T C
15H-CC 136.3
Be B - - R
17X-CC 155.5
18X-CC 165.0 R| P F R
19X-CC 174.7 F |P-M F F F|F
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Table 6 (continued).
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Sample | Numeric .§ 5 §§o§§§o§oa§§§§§§§§§§§§2
Core, section, | depth age Diatom | § 5 ‘g 2| £ £ £ £|£ £ £ s s § g g g g g g g g g g 2
interval (mbsf) | (Ma) Geologic age zone |2 | & 5 r|8 2 8 8 2|8 8 8 E 218 8 18 &8 8 8§ 818 &
20X-CC 184.3 late Miocene F R F F F F
167-1011D-
1H-CC 74 I I I
2H-CC 16.9 I I I
167-1011E-
3H-CC 242
4H-CC 337
5H-CC 43.2
6H-CC 52.7 I I
7H-CC 62.2 I I
8H-CC 71.7
9H-CC 81.2
10H-CC 90.7
11H-CC 100.0 T
12H-CC 109.7 I I I
13H-CC 119.2 I I I
14H-CC 128.0
15H-CC 138.2
16H-CC 142.3

Notes: P = present; more detailed abundance information not available. See “Explanatory Notes” chapter for other abbreviations.
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Table 7. Biostratigraphic correlations using diatoms between Holes 1011B, 1011C, and 1011E.

Iy i) Iy i) T B
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g g | 5 3 2 [5|B| g =B ¢ |8|3lB| ¢ = B8 |58
3 5 2 o 5 |<|& & S g |2 5} & |< |& | S 5 |2 8|32 |83
167-1011B- 167-1011¢- 167-1011F-
1H-CC 8.4 T 1H-CC 3.3 T P 1H-CC B
2H-CC 17.9 B 2H-CC 12.8 B 2H-CC B
3H-CC 27.4 T 3H-CC 22.3 B 3H-CC R P
4H-CC 36.9 T 4H-CC 31.8] Quaternary T P 4H-CC T P
5H-CC 46.4 R P 5H-CC 41.8 Quaternar| R P 5H-C( T P
6H-CC 55.9 T 6H-CC 50.8] R P 6H-CC T P
7H-CC 65.4 T 7H-CC 60.3] R P 7H-CC T P
8H-CC 74.9 T 8H-CC 69.8] T 8H-CC T P
9H-CC 84.4 T P 9H-CC 79.3 T P 9H-CC B
10H-CC 93.9 T P 10H-CC 88.8 B 10H-CC R P
11H-CC 103.4 T 11H-CC 98.3 Pliocene T P 11H-CC R P
12H-CC 112.9 T P 12H-CC | 107.8 T P 12H-CC T P
13H-CC 122.4 T 13H-CC 117.3 late Miocerle R P 13H-CC T P
14H-CC 131.9 T P 14H-CC | 126.8 F P 14H-CC T P
15H-CC 137.9 B 15H-CC | 136.3 B 15H-CC T P
16X-CC 146.5 B 16X-CC 145.8 T 16H-CC B
17X-CC 156.2 R P 17X-CC 155/5 F P
18X-CC 165.7 R P 18X-CC 165/0 R P
19X-CC 175.4 late Pliocene F 19X-C( 174.7 F /M
185mbsf 20X-CC | 1850 | __ _| lateMiocene __ | F P 20X-C¢ 1843 late Miocene C M 185 mbsf
T 21X-CcC 194.6 7.1-8.4 late Miocene NPD|b C
22X-CC 204.3 7.1-8.4 late Miocehe NPD[6b F P
23X-CC | 213.9 7.1-8.4 late Miocehe NPD[6b A 5 Upwelling Diatomaceous sediments indicating
24X-CC 223.5 7.1-8.4 late Miocene NPD[6b A 5 high oceanic productivity
25X-CC | 233.2 7.1-8.4 late Miocene NPDb A £} Upwelling i iti
26X-CC | 2428 |_71-84 late Miocehe NPDISb A & and upwelling conition
27X-CC | 252.4 8.4-9. late Miocene  NPD[6a A 5 Upwelling
28X-CC | 262.1 9.0-9. late Miocepe NPDI[5d A 5 Upwelling
29X-CC | 271.7 9.0-9. late Miocepe NPD[5d A 5 Upwelling

Notes: Shaded areas represent zones where diatoms are absent or are in trace amounts. See “Explanatory Notes” chajatéorisr abbre
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SITE 1011

to cool subtropical conditions during the late early through early late Diatoms
Pliocene. The assemblages of |ate Pliocene through Quaternary age
indicate cooler conditions by the nearly consistent abundant occur- Diatoms are abundant to common and display excellent to good

rence of either or both sinistral and dextral N. pachyderma, beginning preservation in the lowermost nine cores of Hole 1011B (194.6 to
with Samples 167-1011B-7H-CC and 167-1011C-9H-CC and ex- 271.7 mbsf). Above 185 mbsf in all holes, throughout the uppermost
tending to the top of the sequence. Clear oscillations occur through- Miocene to Quaternary, diatoms are few to barren, and large quanti-
out this interval between assemblages dominated by sinistrally or ties of clay, clastic material, and calcareous nannofossils continuous-
dextrally coiled N. pachyderma. This provides evidencefor major os- ly dominate the lithostratigraphic succession.
cillations in sea-surface temperatures related to glacial/interglacial Diatom assemblages are typical of the subarctic region of the
episodes. We are surprised at the magnitude of the cooling during north Pacific and can be zoned readily using the Leg 167 north Pacif-
glacial episodesat thelatitude of Site 1011 suggested by the character ic diatom zonation (Table 6). Assemblages examined from Samples
of the planktonic foraminiferal assemblages. The Pliocene—Quatel-67-1011B-21X-CC through 26X-CC are commonly dominated by
nary planktonic foraminifer assemblages in Site 1011 also contai@oscinodiscus marginatus, a large, robust centric diatom that is resis-
distinctly fewer tropical to warm subtropical forms compared withtant to dissolution.This horizon falls just below Core 167-1011C-
those of Site 1010, indicating much reduced tropical influence. 20X.

Benthic foraminifers consistently occur throughout the Pliocene A complete sequence from tfidalassionema schraderi Zone
and Quaternary sequence in variable abundakbkégerina is con-  (NPD 6b) to theéDenticulopsis dimorpha Zone (NPD 5d) was recov-
sistently present. Other taxa that occur more sporadically in samplesed through Samples 167-1011B-21X-CC to 29X-CC, and wholly
of this age areéslobobulimina, Gyroidina, Oridorsalis, Cibicides, fall within the middle late Miocene (~%%.8 Ma; Tables 6, 7). The
Hoeglundina, andPyrgo. This assemblage suggests the presence dfCO of the Denticulopsis hustedtii group involvingDenticulopsis
relatively well-oxygenated bottom water during this interval. Benthickatayamae in Sample 167-1011B-27X-CC marks the boundary be-
foraminifers are less consistently present in the late Miocene, btween theThalassionema schraderi Zone (NPD 6b) and the underly-
most samples contain a small well-preserved assemblage. Aggluiirg Denticulopsis katayamae Zone (NPD 6a). The top of thzentic-
nated forms and nodosariids are more conspicuous than in the ovetepsis dimorpha Zone (NPD 5d) has been placed between Samples
lying Pliocene-Quaternary assemblages, and there is a suggestion #67-1011B-27X-CC and 28X-CC by the LO bf dimorpha. The

lower oxygenation of the benthic environment. presence oD. dimorpha in Sample 167-1011B-29X-CC indicates
that the base of the cored section at Site 1011 may be younger than
Calcareous Nannofossils 9.8 Ma, an assignment that is more consistent with that of the radi-

olarians (Tables 6, 7).

Nannofossils are generally common to abundant and well-pre- Persistent reworking of middle Miocene form$ohustedtii and
served through the Quaternary and Pliocene, but the preservationDs dimorpha occur in the Pliocene and Quaternary. The Pliocene—
poor and several samples are barren in the late Miocene. A time iQuaternary assemblages are dominated by cold-atelenticula
terval spanning late Miocene Zone CNG@3NS8 to late Pleistocene species of middle-to-high latitudes (Akiba, 1986; Koizumi and Tan-
Zone CN15 (Okada and Bukry, 1980) was recognized in Hole 1011Bnura, 1985; Barron, 1992). The scarcity of diatoms in the clay-rich,
(Table 5). The lowest zone recorded in Hole 1011C is Zone CN10aupper part of the sequence in Sites 1010 and 1011 results from eco-
CN9. Hole 1011E represents an interval ranging from the lowelogical exclusion from the relatively warm coastal waters or dissolu-

Pliocene Zone CN10 to the late Pleistocene CN 15. tion.
In the Quaternary, nannofossil assemblages are marked by the
presence oEmiliania huxleyi, Pseudoemiliania lacunosa, Calcidis- Radiolarians
cus leptoporus, Helicosphaera carteri, and several morphotypes of
Gephyrocapsa spp. andCeratolithoides spp. Rare and poorly preserved radiolarians were found in the sedi-

The Pliocene/Pleistocene boundary is placed by the Bepbiy- ments of the upper lithostratigrahic Unit | of Quaternary age. Rare to
rocapsa oceanica s.l. Pliocene nannofossil assemblages are marketew representatives of radiolarians were recognized in the lithostrati-
by an association dfielicosphaera carteri, Discoaster brouweri, graphic Unit Il. Rare to abundant and well-preserved radiolarians oc-
Discoaster tamalis, Discoaster pentaradiatus, Discoaster surculus, cur in the lower lithostratigraphic Unit Ill of late Miocene age. As-
Amaurolithus delicatus, and several morphotypeskdticul ofenestra semblages of this site are made up of mid-latitude and Arctic species.
andCeratolithus. The upper/lower Pliocene boundary is recognizedTropical forms were not found. Common to abundant species indic-
close to the LO ofReticulofenestra pseudoumbilicus (base of  ative of upwelling areas such @sllosphaera huxleyi, Eucyrtidium
CN12a), and occurs between Samples 167-1011B-14H-CC and 15k~ythromystax, andPhormostichoartus crustula suggest a persistent
CC, between 167-1011C-14H-CC and 15H-CC, and between 16Tpwelling system during the late Miocene to early Pleistocene at this
1011E-15H-CC and 16H-CC. PresenceAlofaurolithus spp. and  Site (Tables 8, 9).

Ceratolithus acutus allows assignment of the lower Pliocene to Zone  Presence of morphotypes transitional betweamprocyrtis ni-
CN10c/CN10b. The Miocene/Pliocene boundary was placed beagriniae andL. neoheteroporos gives an early Pleistocene age (1.2 to
tween Samples 167-1011B-17X-CC and 18X-CC by the LDisf 0.9 Ma) to Sample 167-1011B-3H-CC (27.4 mbsf). Samples 1011B-
coaster quinqueramus/berggrenii. The co-occurrence ddiscoaster 1H-CC to 3H-CC (8.4 to 27.4 mbsf) are thus placed inBthagui-
quinqueramus/berggrenii and Amaurolithus spp. in Samples 167- lonarisandS universusZones, although the LO & matuyamai at 1.0
1011B-18X-CC to 167-1011B-23X-CC allows the assignment of thidvia was not observed. Samples 167-1011B-4H-CC to 13H-CC (55.9 to
interval to Zone CN9b. In Hole 1011C, the Miocene/Pliocene bound122.4 mbsf) are tentatively placed in thematuyamai andS langii

ary was not recognized becaiBiscoaster quinqueramus/berggrenii Zones since consistent occurrenceSgberegrina was not observed.

is absent. In the interval, calcareous nannofossils are strongly etch€dnsistent occurrence &fperegrina places the interval between Sam-
and a precise biostratigraphic assignment is difficult. Only a fewles 167-1011B-18X-CC and 23X-CC (165.7 to 213.9 mbsf) in the late
specimens oMinylitha convallis, which is characteristic of Zones Miocene to early Pliocer® peregrina Zone. The evolutionary transi-
CN8 and CN9a, were observed in sediments between Samples 18i6n betweerS demontensis and S peregrina, which indicates the
1011B-25X-1, 118 cm, and 167-1011B-26X-CC. base of theS peregrina Zone, was observed in Sample 167-1011B-
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Table 8. Range of stratigraphically important radiolariansin Hole 1011B.
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|2 2 32 8 89|89 84 v s 2|8 8 & & £ |98 o =
s|E|EEEcg|gg 2|2 2737 2ELE S
g8l 5588|2825 58|88 5§ 2/8¢8¢c¢
Core,section] Depth |S (B2 2 £ 2 g 2 £ 8 & & § S £ & £|8 _% s 5
Zone nterval | (mbsh 1€ x5 £ 2 8 8§18 8 6835|6655 6|6add
167-1011B-
B. aquilonaris 1H-CC 8.40 Rl P
+ 2H-CC 17.40 Rl P
S universus 3H-CC 27.40 R| G P P) P
4H-CC 55.90 F| G P P
5H-CC 46.40 R| P
6H-CC 55.90 R| P
E. matuyamai 7H-CC 49.60 F| G P P P
+ 8H-CC 74.90 F| G P
S langii 9H-CC 84.40 R| M
10H-CC 93.90 R| P
11H-CC 103.40 C| M P P A P
12H-CC 112.90 R| P Pi
_____ 13H-CC | 12240 | B P _  _  _  _ | _ - _ _ |\ - - _ = - _ _ _
14H-CC 131.90 Rl P P P P
15H-CC 137.90 B
Unzoned 16X-CC 145.60 =
17X-CC 156.20 B
18X-CC 165.70 F| M P
19X-CC 175.40 C|l M P P
S peregrina 20X-CC 185.00 Al G P P P P P
21X-CC 194.60 Al G P P P
22X-CC 204.30 Al G P P P P P
23X-CC 213.90 Al G P
24X-CC 223.50 Al G P P P P P P
25X-CC 233.20 Al G P P P
D. penultima 26X-CC 242.80 Al G| P P P P
27X-CC 252.40 Al G
D. antepenultima | 28X-CC 262.10 Al G P Pl P
29X-CC 271.70 Al G P P Pi P P

Notes: P = present; more detailed abundance information not available. See “Explanatory Notes” chapter for other abbreviations.

23X-CC (213.9 mbsf). The base of the D. penultima Zone (late Mi-
ocene) iswell defined by the FO of D. hughes in Sample 167-1011B-
28X-CC (262.1 mbsf). Samples 167-1011B-28X-CC and 167-1011B-
29X-CC are placed in the D. antepenultima Zone since D. petter ssoni
was not found. Occurrence of rare representatives of C. cornuta within
thisinterval areinterpreted as reworking. The LO of L. n. magnacor-
nuta at 8.8 Ma is also located in this interval. The interval between
1011C-11H-CC and 14-CC (98.3 to 126.8 mbsf) is tentatively placed
inthe early Pleistocene E. matuyamai and S. langii Zones asindicated
by the presence of Lamprocyrtis neoheteroporos, L. heteroporos, and
S universus. The interva between Samples 167-1011C-18H-CC and
20H-CC (165 to 184.3 mbsf) was placed in the S. peregrina Zone,
based on the presence of rare and poorly to well-preserved S peregrina
and the absence of L. neoheteroporos.

PALEOMAGNETISM
Laboratory Procedures

We measured the remanent magnetization of archive halves of
APC cores from Site 1011 with the pass-through cryogenic magne-
tometer. After measuring natural remanent magnetization (NRM), 15
cores from Hole 1011B were demagnetized with a peak alternating
field (AF) of 20 mT. Because the demagnetization at 20 mT reduced
the magnetic intensity of most sectionsin Hole 1011B to lessthan 1
mA/m, we demagnetized four APC cores from the topmost part of
Hole 1011C at 10 mT AF. A few discrete samples from Hole 1011B
were stepwise AF demagnetized using the Schonstedt Alternating
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Field Demagnetizer (GSD-1) and measured with the Minispin mag-
netometer.

Results and Discussion

The NRM intensity of the APC coresfrom Hole 1011B was on the
order of 10 mA/min most cores (Fig. 9). Thedirection of NRM isin-
clined steeply downward with declinations around 0°. This compo-
nent suggests a drilling-induced remanence, as noticed already at the
previous site (see “Paleomagnetism” section, “Site 1010” chapter,
this volume). After AF demagnetization at 20 mT, the magnetic in-
tensities were reduced to about 10% of their NRM values, and the in-
clinations became shallower. Stepwise AF demagnetization of five
discrete samples showed that the almost vertical component resides
in the coercivity range mostly below 5 mT (Fig. 10).

Although the bulk of the drilling-induced remanence was re-
moved by AF demagnetization, a magnetostratigraphy could not be
determined for Hole 1011B from the magnetic inclinations (Fig. 9).
According to the nannofossil and planktonic foraminiferal biostratig-
raphy, the Pleistocene/Pliocene boundary is located at about 50 mbsf
(see “Biostratigraphy” section, this chapter). This suggests that an in-
terval above 50 mbsf should correspond to Chron C1r. Cores 1H to
5H, however, had positive inclinations except for a few dispersed ho-
rizons with negative inclinations. Below 50 mbsf, a few short re-
versely magnetized horizons were found at around 56, 72, 74, 82, and
121 mbsf. These data suggest deposition during reversed polarity
chrons, but the few reversals are not sufficient to be correlated to the
standard polarity time scale.
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Table 8 (continued).
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Zone interval msh 21|88 8 8 353|338 & 3886853 6|68 6 &5 ¢
167-1011B-
B. aquilonaris 1H-CC 8.40 R| P
+ 2H-CC 17.40 R|P
S universus 3H-CC 27.40 R| G P P
4H-CC 55.90 F|G P P P
5H-CC 46.40 R|P
6H-CC 55.90 R|P
E. matuyamai 7H-CC 49.60 F|G P P
+ 8H-CC 74.90 F|G P P
S langii 9H-CC 8440 | R | M P P P
10H-CC 93.90 R|P
11H-CC 103.40 C | M P P P P
12H-CC 112.90 R|P P P P
13H-CC 122.40 B|P P P P| P
14H-CC 131.90 R|P =]
15H-CC 137.90 B
Unzoned 16X-CC 145.60 B
17X-CC 156.20 B
18X-CC 16570 | F | M Pl P P
19X-CC 175.40 C | M P P P
S peregrina 20X-CC 185.00 A|G|P P P P P P P
21X-CC 19460 | A | G P P P P P
22X-CC 204.30 A[G|P P P P P P P P
23X-CC 213.90 A|G|P P P P P P
24X-CC 223.50 Al G P P P P P
25X-CC 233.20 A[G|P P P P P
D. penultima 26X-CC 242.80 Al G P P P P P P P P P
27X-CC 252.40 Al G P P P P P
D. antepenultima| 28X-CC 262.10 Al G P P P P P
29X-CC 271.70 A|G|P P P P P P P

Aninteresting feature of the paleomagnetic dataat Site 1011 isthe are aligned so that they occur at approximately the same depth.
steplike reduction in magnetic intensity from 1.5 to 2.5 mbsf (Fig. Working from the top of the sedimentary sequence, a constant was
11). The intensity drop of remanent magnetization corresponds to a added to the mbsf (meters below seafloor) depth for each core in each
decrease in magnetic susceptibility in the same interval (see “Phygiole to arrive at a mcd depth for that core. The depths offsets that
cal Properties” section, this chapter; Fig. 11), because of a strong dmmpose the composite depth section are given in Table 10 (also on
crease in concentration of magnetic minerals within one meter. TheD-ROM, back pocket, this volume). Continuity of the sedimentary
destruction of fine magnetic minerals has often been reported for cosequence was documented only for the upper 150 mcd. Below about
tinental margin sediments characterized by high sedimentation ra0 mcd, the cores were placed into composite depth, but continuity
and high organic matter content; the cause has been attributed to dduld not be verified.
agenetic change of magnetite with sulfate reduction (e.g., Karlin and Magnetic susceptibility was the primary parameter used for inter-
Levi, 1983; Canfield and Berner, 1987). Leslie et al. (1990) and Lun#iole correlation purposes. Color reflectance measurements and
et al. (1992) demonstrated that dissolution of magnetic material o066RAPE bulk density were used in a few intervals, particularly at the
curs in the deep basins of the California Borderland where the watbpttom of the section to provide additional support for composite
depths range between 500 and 1500 m. Our data suggest that simganstruction. Natural gamma-ray activity measurements were made
diagenetic processes possibly occur in the Animal Basin at a depth tifroughout the entire section at all holes, but the sampling intervals
2000 m, explaining the unclear magnetostratigraphy at Site 1011. of 12-15 cm were insufficient for interhole correlation.

The magnetic susceptibility, color reflectance, and GRAPE bulk
density records used to verify core overlap for Site 1011 are shown

COMPOSITE DEPTHS on a composite depth scale in Figures 12, 13, and 14, respectively.
AND SEDIMENTATION RATES The cores from Holes 1011B and 1011C provide continuous overlap
to about 150 mcd. The composite records suggest that up to 2 m of

Multisensor track (MST) data, collected at 4- to 6-cm intervalsmaterial is missing between cores in all holes down to about 150 mcd.
from Holes 1011A through 1011E, and color reflectance data, colas there are no data to fill possible core gaps below Cores 167-
lected at 6-cm intervals from Holes 1011B and 1011C, were used t@11B-15H, 1011C-15H, and 1011E-15H, an assessment of core gap
determine depth offsets in the composite section. On the composiength below about 150 mcd is not possible.
depth scale (expressed as mcd, meters composite depth), features oFollowing construction of the composite depth section for Site
the plotted MST and color reflectance data present in adjacent holgg11, a single spliced record was assembled from the aligned cores.
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Table 9. Range of stratigraphically important radiolariansin Hole 1011C.

g < g s @ E
§ 2 % [%) 0 8 3 |.= 3 2 o g
E . g 2 E|2 EEBEl: o35|F EFGEElgs g
582 g2 §Ls|lEgygeileg §3ElfEFoeos
t 8 3 2 8|E 2 2£|8 2 5 § 3% 2 2 glg 8 ¢ 2
E 8 E ¢ 2/ B 8 5|8 5 7 5 S § 3 3|8 E § 3
c & =2 8 89139 £ 4 s 8 o o g g &2 ©|la 5 53 ¢
g|Elg g S 8882 E£ 55|52t tlgp 22 2l2f 8 e
Core E|T|E E S %5 5|8 53 5 3 3|3 &8 8§ 8 8lg 1 2 5/§ £ 8 8
) S|z |g & § S 9/ 2 g £ £ € _g S 9o 9o |g 32 g g|lg g & 2
section,Depthggg.g5§=§§§§~§§cg&gggabﬁﬁﬂﬁg
Zone interval [(mbsh) (& |x |2 & £ 8 8|8 @ 6 @ d|d 8 8§ 8 8|8 3 £ &€ 6| & & &
167-1011C-
1H-CC 33| R P| P P T T
2H-CC 12.8| B
3H-CC 223| B
4H-CC 318 Rl P P P P
Unzoned 5H-CC 31.4 H
6H-CC 50.8| B
7H-CC 60.3| B
8H-CC 69.8| B| P
9H-CC 793 R| P P P P
] 10H-CC 88| Rl P_ _ __ _p | | | F P
11H-CC 98.3| F M P P P H P P P
E. matuyamai/ 12H-CC 107.8] R| P
S langii 13H-CC 117.3] C P A H
_____ 14HCC | 1268 ¢ M _ | e, R _ PP ®_ 0
15X-CC 136.3] R| P
Unzoned 16X-CC 145.§ =
17X-CC 155.5| B
_____ 18X-CC 650 R P — — — — ~~FH — — — 1 — — — 7P — — — — 1 — — P~
S peregrina 19X-CC 1747\ R| P P P
20X-CC 1843 A| G P Pl P A P P P P P P P P

Note: P = present; more detailed abundance information not available. See “Explanatory Notes” chapter for other abbreviations.
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Figure 8. Age/depth plot for Hole 1011B. FO = first occurrence, LO = last
occurrence, LCO = last common occurrence.

The Site 1011 splice (Table 11, also on CD-ROM, back pocket) can
be used as a sampling guide to recover a single sedimentary se-
quence. The spliced record consists entirely of Hole 1011B and
1011C cores. Hole 1011B was used as the backbone of the sampling
splice. The composite depths were aligned so that tie points between
adjacent holes occurred at exactly the same depthsin meters compos-
ite depth. Intervals having significant disturbance or distortion were
avoided if possible.

A preliminary age model (Table 12) was constructed to estimate
sedimentation rates (Fig. 15). The age model was applied to the
spliced records of GRAPE, magnetic susceptibility, and color reflec-
tance as shown in Figure 16.
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INORGANIC GEOCHEMISTRY

We collected 13 interstitial water samples from Hole 1011B at
depths ranging from 4.45 to 247.25 mbsf. Interstitial water samples
are from lithostratigraphic Units | through Il (see “Lithostratigra-
phy” section, this chapter). Chemical gradients in the interstitial wa-
ters at this site (Table 13) reflect organic matter diagenesis via sulfate
reduction, an increase in dissolved sulfate at greater depth, the disso-
lution of biogenic opal, and the influence of authigenic mineral pre-
cipitation.

Chlorinity increases by >2% from 4.45 to 12.85 mbsf, with rela-
tively constant values after this initial increase (Fig. 17). Salinity,
measured refractively as total dissolved solids, ranges from 32 to 35.
Sodium concentrations measured by flame emission spectrophotom-
etry were on average <4% higher than those estimated by charge bal-
ance (Table 13).

Alkalinity increases from 8.3 mM at 4.45 mbsf to values >20 mM
from 30 to 90 m (lithostratigraphic Subunit 11A), then decreases to
5.0 mM at 247.25 mbsf (Fig. 17). Sulfate concentrations decrease
rapidly in the uppermost sediments to values below the detection lim-
it (approximately 1 mM) by 41.35 mbsf and persisting to 136.35
mbsf, with maximum alkalinity values in the depth zone of this sul-
fate minimum. Sulfate concentrations then increase again to 23.5 mM
at 247.25 mbsf. Phosphate concentrations reach a maximum >40 uM
from 10 to 60 m, then decrease with increasing depth to values <10
UM by 150 m. Ammonium concentrations increase with increasing
depth to plateau values >2500 pM from 50 to 150 m, then decrease
with increasing depth to 974 pM at 247.25 mbsf. Dissolved manga-
nese concentrations decrease from 16.5 uM at 4.45 mbsf to values be-
low the detection limit (<5 pM) at 31.85 mbsf (Table 13).

Dissolved silicate concentrations increase with depth to values
>1000 uM by 100 m (Fig. 17), indicative of the dissolution of biogen-
ic opal. Strontium concentrations increase to a broad maximum >170
UM from 50 to 110 m, then decrease to 105 pM at 247.25 mbsf.

Calcium concentrations decrease to values <4 mM from 30 to 40
m, then increase with increasing depth to 16.5 mM at 247.25 mbsf
(Fig. 17). Magnesium concentrations decrease from 50.0 mM at 4.45
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Figure 9. Plots of magnetic intensity and inclination of cores from Hole
1011B. Small and large dots represent magnetic intensity and inclination
before and after AF demagnetization at 20 mT, respectively.
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Figure 10. Orthogona vector projection (left) and equal-area projection
(right) of AF demagnetization of two discrete samples of normal polarity.
The intensity of magnetization decreases rapidly when a 10 mT AF is
applied. J, is the magnetization before AF treatment.

mbsf to 31.6 mM at 136.35 mbsf, then increaseto 44.9 mM at 247.25
mbsf. The decrease in dissolved calcium in the upper sediment is co-
incident with the sulfate decrease and the alkalinity increase from sul-
fate reduction. This, combined with the nonlinear relationship of cal-
cium and magnesium, suggests that authigenic mineral precipitation
may be significant in influencing these profiles. Lithium concentra-
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Figure 11. Comparison of theintensity of magnetization before (open circles)
and after AF demagnetization (solid symbols) in the upper 10 mbsf of Holes
1011B and 1011C. Magnetic susceptibility (left) shows a similar depth
dependence to magnetic intensity, dropping sharply between 1.5 and 2.5
mbsf.

m, then decrease to 39 uM at 247.25 mbsf (Fig. 17). Potassium con-
centrations increase slightly to 13.1 mM at 31.85 mbsf, then general-
ly decrease with increasing depth.

ORGANIC GEOCHEMISTRY

We measured elemental compositions and volatile hydrocarbons
of sediments from Site 1011 (for methods see “Organic Geochemis-
try” section, “Explanatory Notes” chapter, this volume).

Volatile Hydrocarbons

Concentrations of methane, ethane, and propane were routinely
monitored at Hole 1011B according to shipboard safety and pollution
prevention considerations. The results are displayed in Figure 18 and
Table 14. Between 0 and 41 mbsf headspace methane concentration
is near the detection limit of the HP 5890 gas chromatograph. At
about 41 mbsf the concentration increases rapidly, reaching a maxi-
mum value of 6347 ppm at 89 mbsf, and decreases again to near zero
at about 150 mbsf. One single sample at 190 mbsf displayed a higher
concentration (2505 ppm). No significant amounts of higher molec-
ular weight hydrocarbons were observed, indicating that the methane
was derived from biogenic organic matter degradation and is not sig-
nificant for safety and pollution investigations.

Elemental Analysis

The concentrations of inorganic carbon, total carbon, total nitro-
gen, and total sulfur are presented in Table 15 (also on CD-ROM,
back pocket) and Figure 19.

The percentage of calcium carbonate (Cg@®@@s calculated from
the inorganic carbon concentrations by assuming that all carbonate oc-
curs in the form of calcite. The concentration of Ca@ies between
0 and 60 wt% and depends on lithology. Lithostratigraphy Unit I, Sub-
units IlIA and 11IB, and Unit IV (see “Lithostratigraphy” section, this
chapter) generally show low carbonate concentrations, while Subunits
IIA and IIB are characterized by higher values. High CaGttents
of Subunit IIA coincide with abundant well-preserved nannofossils
(see “Biostratigraphy” section, this chapter). Compared to Subunit II1A,

tions increase to a broad maximum around 100 uM from 110 to 160aCQ contents are lower in Subunit IIB and display a higher ampli-

105



SITE 1011

Table 10. Site 1011 composite depth section.

Depth Offset Depth
Core, section (mbsf) (m) (mcd)
167-1011A-
1H-1 19 -0.34 1.56
167-1011B-
1H-1 0 0 0
2H-1 8.4 0.53 8.93
3H-1 17.9 3.24 21.14
4H-1 27.4 4.04 31.44
5H-1 36.9 4.58 41.48
6H-1 46.4 5.28 51.68
7H-1 55.9 6.52 62.42
8H-1 65.4 6.32 71.72
9H-1 74.9 6.22 81.12
10H-1 84.4 6.92 91.32
11H-1 93.9 7.04 100.94
12H-1 103.4 8.24 111.64
13H-1 112.9 8.96 121.86
14H-1 122.4 10.3 132.7
15H-1 131.9 10.94 142.84
16X-1 137.9 10.94 148.84
17X-1 146.5 10.56 157.06
18X-1 156.2 10.56 166.76
19X-1 165.7 12.12 177.82
20X-1 175.4 14.44 189.84
21X-1 185 14.44 199.44
22X-1 194.6 14.44 209.04
23X-1 204.3 14.44 218.74
24X-1 213.9 14.44 228.34
25X-1 223.5 14.44 237.94
26X-1 233.2 14.44 247.64
27X-1 242.8 14.44 257.24
28X-1 2524 14.44 266.84
167-1011C-
1H-1 0 0 0
2H-1 3.3 -0.07 3.23
3H-1 12.8 0.6 13.4
4H-1 22.3 2.43 24.73
5H-1 31.8 3.76 35.56
6H-1 41.3 4.13 45.43
7H-1 50.8 5.7 56.5
8H-1 60.3 6.84 67.14
9H-1 69.8 7.76 77.56
10H-1 79.3 8.1 87.4
11H-1 88.8 9.06 97.86
12H-1 98.3 9.98 108.28
13H-1 107.8 10.9 118.7
14H-1 117.3 11.26 128.56
15H-1 126.8 12.72 139.52
16X-1 136.3 12.42 148.72
17X-1 145.8 12.52 158.32
18X-1 155.5 12.56 168.06
19X-1 165 12.46 177.46
20X-1 174.7 12.5 187.2
167-1011D-
1H-1 0 0.15 0.15
2H-1 7.4 0.61 8.01
167-1011E-
1H-1 0 0.15 0.15
2H-1 5.2 0.33 5.53
3H-1 14.7 1.8 16.5
4H-1 24.2 2.13 26.33
5H-1 33.7 3.22 36.92
6H-1 43.2 3.42 46.62
7H-1 52.7 4.31 57.01
8H-1 62.2 4.76 66.96
9H-1 717 4.89 76.59
10H-1 81.2 4.3 85.5
11H-1 90.7 53 96
12H-1 100.2 6.17 106.37
13H-1 109.7 6.59 116.29
14H-1 119.2 7.61 126.81
15H-1 128.7 9.06 137.76
16H-1 138.13 10.72 148.85

Note: Thistable isalso on CD-ROM, back pocket, this volume.

tude variation. Thisis probably the result of increased carbonate disso-
lution, as indicated by strongly corroded calcareous microfossils (see

“Biostratigraphy” section, this chapter).

Organic carbon concentrations are generally high throughout the Total organic carbon/total nitrogen ratios were used to character-
sediment column, varying with high amplitude between 0.5 and 2.%&e the type of organic matter in the sediments. Most of the TOC/TN
wt% (Table 15; Fig. 19). Some single spikes of up to 6 wt% occurvalues are below 12, indicating a predominance of marine organic
Variation of organic carbon occurs on a meter scale which is also visaatter (Figs. 19, 20; Bordovskiy, 1965; Emerson and Hedges, 1988).
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Figure 12. Smoothed (30-cm Gaussian) magnetic susceptibility data for the
upper 200 m from Site 1011 on the mcd scale. Holes 1011A through 1011E
are offset from each other by a constant (10 x 107 SI).

ible in the color of the sediment. Dark greenish intervals display high-
er organic carbon contents, whereas lighter intervals are carbonate
rich and organic-carbon lean. Further detailed investigations on the
quality of the organic matter will shed light on whether these sedi-
mentary cycles correlate changes in the composition of organic car-
bon.

Total nitrogen values at Site 1011 vary between 0.04 and 0.39
wt%. Total sulfur content ranges from 0 to about 3.5 wt% (Table 15).
The majority of sulfur occurs as authigenic pyrite, which is finely dis-
seminated in the sediment (see “Lithostratigraphy” section, this chap-
ter).
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Figure 13. Smoothed (30-cm Gaussian) color reflectance (% 650-700 nm
band) data for the upper 200 m from Site 1011 on the mcd scale. Holes
1011B and 1011C are offset from each other by a constant (10%).

A positive correlation between total organic carbon and TOC/TN ra-
tio (Fig. 21) indicates that episodic supply of terrigenous organic
matter likely resulted in enhanced TOC values. Estimates of the
amounts of marine and terrestrial organic carbon still have to be con-
firmed by shore-based elemental and microscope analyses.

PHYSICAL PROPERTIES
Multisensor Track M easurements

The shipboard physical properties program at Site 1011 included
nondestructive measurements of GRAPE bulk density, magnetic sus-
ceptibility, P-wave velocity, and natural gammaray activity on
whole sections of all cores using the MST (Fig. 22). Magnetic sus-
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Figure 14. Smoothed (30-cm Gaussian) GRAPE data for the upper 200 m
from Site 1011 on the mcd scale. Holes 1011A through 1011E are offset from
each other by a constant (0.1 g/cmd).

2-cm intervals for bulk density and velocity, respectively. Natural
gammea-ray activity was measured with a 10-s count every 12 cm.

Index Properties

Index properties measurements were made, on average, at one
sampl e per working section in al cores of Hole 1011B and one sam-
ple every 10 cm in Core 167-1011E-13H for a high-resolution cali-
bration study of shipboard porosity with the downhole logging data.
Samples usually were taken at intervals where color reflectivity mea-
surements were made and where samples were collected for calcium
carbonate analysis with the objective of determining mass accumula-
tionrates. Index properties were determined by the gravimetric meth-

ceptibility was measured at 2-cm intervals at low sensitivity (1-s
measuring time). GRAPE and PWL measurements were measured at

od using Method C (see “Explanatory Notes” chapter, this volume).
Index property data are presented in Table 16 on CD-ROM in the
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Table 11. Site 1011 splicetie points.

Hole, core, section, _ Depth Hole, core, section, _ Depth
interval (cm) (mbsf)  mcd interval (cm) (mbsf)  mcd

1011B-1H-1,0 0 0.00
1011B-1H-5, 52 6.52 6.52 tieto 1011C-2H-3,29 6.59 6.52
1011C-2H-5, 95 1025 10.18 tieto 1011B-2H-1, 125 9.65 10.18
1011B-2H-4, 82 1372 1425 tieto 1011C-3H-1, 85 1365 14.25
1011C-3H-6, 91 2121 2181 tieto 1011B-3H-1, 67 1857 2181
1011B-3H-6, 43 2583 29.07 tieto 1011C-4H-3,134 2664 29.07
1011C-4H-6, 7 29.87 32.30 tieto 1011B-4H-1, 86 2826 32.30
1011B-4H-5, 83 3423 3827 tieto 1011C-5H-2, 121 3451 3827
1011C-5H-6, 63 39.93 43.69 tieto 1011B-5H-2, 71 3911  43.69
1011B-5H-6, 99 4539 4997 tieto 1011C-6H-3, 149 4584  49.97
1011C-6H-6, 31 49.16 53.29 tieto 1011B-6H-2, 11 4801 53.29
1011B-6H-6, 139 5529 60.57 tieto 1011C-7H-3, 107 5487 60.57
1011C-7H-5, 91 5771 6341 tieto 1011B-7H-1,99 56.89 6341
1011B-7H-7, 11 65.01 7153 tieto 1011C-8H-3, 139 6469 7153
1011C-8H-6, 139 69.19 76.03 tieto 1011B-8H-3, 131 69.71  76.03
1011B-8H-7, 15 7455 80.87 tieto 1011C-9H-3, 31 7311 80.87
1011C-9H-5, 31 76.11 83.87 tieto 1011B-9H-2, 125 7765 83.87
1011B-9H-6, 139 8379 9001 tieto 1011C-10H-2,111 81.91 90.01
1011C-10-H-5,119 86.49 94.59 tieto 1011B-10H-3, 27 87.67 94.59
1011B-10H-5, 143 91.83 98.75 tieto 1011C-11H-1, 89 89.69 98.75

1011C-11H-4,135  94.65 103.71 tieto
1011B-11H-6,71  102.11 109.15 tieto

1011B-11H-2,127  96.67 103.71
1011C-12H-1, 87 99.17 109.15

1011C-12H-3,87  102.17 112.15 tieto 1011B-12H-1,51 10391 112.15
1011B-12H-6,51  111.41 119.65 tieto 1011C-13H-1,95 108.75 119.65
1011C-13H-3,63 11143 122.33 tieto 1011B-13H-1,47 11337 122.33
1011B-13H-6, 115 12155 130.51 tieto 1011C-14H-2,45 119.25 130.51
1011C-14H-4,75 12255 133.81 tieto 1011B-14H-1,111 12351 133.81

1011B-14H-5, 123
1011C-15H-7, 51

129.63 139.93 tieto
136.31 149.03

1011C-15H-1, 41  127.21 139.93

Note: Thistable isalso on CD-ROM, back pocket, this volume.

Table 12. Site 1011 sedimentation rate age control points.

Depth Age

Event (mcd) (Ma)
T P. lacunosa 20.897 0.460
B large Gephyrocapsa spp. 60.343 1.440
T D. pentaradiatus 92.673 2.500
T R. pseudoumbilicus, B C. acutus 145773 4.385
T D. quinqueramus 167.040 5.560
LCO D. hustedtii 252.440 8.600
T D. dimorpha 271.690 9.160

Note: T = top, B = bottom, LCO = last common occurrence.
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Figure 15. Sedimentation rate vs. age based on the age control points from
Table 12.
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back pocket of this volume. Uncorrected GRAPE density and index
property density produce remarkably similar trends (Fig. 23). Below
138 mbsf, where coring switched from APC to X CB, the uncorrected
GRAPE valuesarelower than theindex property density val ues, most
likely because of the addition of drilling slurry lowering the measured
density. In addition to bulk density, theindex properties of void ratio,
porosity, water content, dry-bulk density, and grain density were de-
termined (Fig. 24). Notice that at about 204 mbsf the grain density
vaues drop from about 2.7 to 2.5 g/cm?, reflecting a transition from
cal careous nannofossil-rich sediments to more siliceous diatom- and
radiolarian-rich sediments, marking the boundary between lithostrati-
graphic Units 1l and Il (“Lithostratigraphy” section, this chapter).

Compressional-Wave Velocity

P-wave velocity measurements were made, on average, once per
section in Hole 1011B. The sonic transducer pair of the digital sound
velocimeter (pair T1), which are inserted parallel to the core axis (z-
direction), were used to a depth of only 26 mbsf in Hole 1011B. The
sediment is too consolidated below this depth to use insertable trans-
ducers, so the Hamilton Frame (pair T3) was used for sonic measure-
ments in the x-direction while the core was still in the liner. Velocity
values (Table 17 on CD-ROM in the back pocket of this volume)
show an inverse correlation with porosity values (Fig. 25). Discrete
values of velocity show a marked shift to higher values when the dig-
ital sound velocimeter tools were changed from insertable (T1) to
Hamilton Frame (T3) (Fig. 26). This most likely corresponds to the
added pressure generally required to produce a detectable signal.

Heat Flow

Thermal conductivity was measured in the sediment cores of Hole
1011C (Table 18 on CD-ROM in the back pocket of this volume)
about every 2 m down to 107.8 mbsf. Five good-quality measure-
ments were made in Hole 1011C: 5.3°C at 31.8 mbsf, 8.1°C at 50.8
mbsf, 9.6°C at 69.8 mbsf, 11.8°C at 88.8 mbsf, and 14.3°C at 107.8
mbsf in Cores 167-1011C-4H, 6H, 8H, 10H, and 12H, respectively
(Fig. 27). In addition to these data, the bottom-water temperature was
measured during the run for Core 167-1011C-4H, leaving the tool at
the mudline for approximately 12.6 min before piston coring. The
data indicate a bottom-water temperature of 2FZW@1°C. The six
data points yield a thermal gradient of 108°C/km (Fig. 28). Using an
average measured thermal conductivity of 1.023 \WJprovides a
heat-flow estimate of 111 mWPFat Site 1011.

Color Reflectance

In general, color reflectance values average 10%, significantly
lower than at Site 1010. This is primarily the result of a higher terrig-
enous component at Site 1011. Despite this dilution effect, cyclical
variations in microfossil content were detected throughout the sec-
tion. Nannofossils appear to be the primary agent of color change in
lithostratigraphic Unit I, whereas diatoms are predominant in lithos-
tratigraphic Unit lll. Data from 25 to 70 mbsf (lithostratigraphic Unit
II) of Hole 1011C are presented in Figure 29A. Nannofossil-enriched
clays in this section have color reflectance values ranging from 10%
to 15% and a broad spectral peak from 500 to 600 nm (Fig. 29B),
whereas more barren clays have lower reflectance levels (5% to 10%)
and a flatter spectrum (Fig. 29C). A white-gray volcanic ash layer at
29 mbsf of Hole 1011C displayed reflectance values near 25%, great-
er than the ~10% values for ash layers at Site 1010 (Fig. 29D). The
spectra are also different, with the Site 1011 ash showing reflectance
minima in the infrared and ultraviolet ranges and a maximum near
650 nm.

Color reflectance data from Hole 1011B were used to predict sed-
imentary opal content in real time aboard ship. Using a regression
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Figure 16. Spliced records of color reflectance, magnetic susceptibility, and GRAPE bulk density vs. age based on age control points from Table 12.

equation generated from the Leg 167 site-survey reflectance and opal
data, we were able to simulate the major lithostratigraphic unitsiden-
tified at Site 1011. Low opal content coincideswith lithostratigraphic
Units | and |1, which include silty clay and nannofossil ooze and
chalk (Fig. 30A). Peaks and lowsin opal inlithostratigraphic Unit 111
correspond to interbedded diatomite and clay, respectively. Opal lev-
els are low in the siltstone, silty clay, and sandstone of lithostrati-
graphic Unit 1V. The highest predicted opa content at Site 1011
(from 245 to 255 mbsf) matches the portion of lithostratigraphic Unit
Il classified as a diatomite (Fig. 30B). Preliminary results indicate
that opal-rich sediments display a unique reflectance spectrum, with
an absorbence peak near 650 nm and a steep positive slopein thered
to infrared range (Fig. 30C). In contrast, sediments with low predict-
ed opal content display amuch flatter spectrum (Fig. 30D). Figure 30
is qualitatively similar in shape, although not in absolute brightness,
to thereflectance spectra of siliceous sedimentsat Leg 138 sitesinthe
eastern equatoria Pacific (Mayer, Pisias, Janecek, et a., 1992).

Digital Color Video

Images from the ODP color digital imaging system at Holes
1011B, 1011C, and 1011E were taken over 20-cm intervals to pro-
vide a0.25-mm pixel. Theintensity of colors CIELAB L*, a*, and b*
(“Explanatory Notes” chapter, this volume) shows a good correlation
between Holes 1011B and 1011C (Fig. 31).

DOWNHOLE MEASUREMENTS
L ogging Operations and L og Quality

Hole 1011B was logged with the density-porosity combination
and sonic-FMS tool strings after the hole was flushed of debris and
the drill pipe was set at 77 mbsf (Table 19). Two full passes of the
density-porosity combination tool string (pass 1=B07 mbsf; pass
2: 96-278 mbsf) and one full pass of the sonic-FMS tool string (99
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SITE 1011

Table 13. Inter stitial water geochemical data, Hole 1011B.

Core,seetition,  Deyptifn Alkalinity cl- Na* SOZ HPOZ NH,t H,Si0, Mn* Ca&* Mg? Sz Li* K*

interval (@) (mbsf) i (mM)  Sdiinity (mM) (mM) (mM) (M) (M)  @M) (M) (mM)  (MM)  (uM) (M) (MM)
167-11EB-
1H-3, 140-145 445 764 8.28 35.0 549 475 232 37 472 494 165 887  50.0 80 27 11.3
2H-3, 145-150 12.85 770 140 34.0 561 486 149 41 1148 500 70 614 473 88 33 11.8
3H-3, 145-150 2235 772 177 34.0 563 488 80 49 1664 646 55  4.67 439 103 36 12.1
4H-3, 145-150 3185 772 195 325 560 485 42 49 1933 678 <5 3.96 410 121 39 131
5H-3, 145-150 4135 772 20.1 32.0 561 486 <1 45 2209 791 <5 336 384 144 43 11.2
6H-3, 145-150 50.85 7.64  21.6 32.0 559 485 <1 47 2471 823 <5 416 377 174 51 1.7
9H-3, 145-150 7935 736 226 32.0 559 488 <1 30 2842 840 <5 593 357 191 74 10.6
12H-3,145-150  107.85 7.30  19.2 32.0 556 485 <1 20 2587 1028 <5 6.61  33.6 174 98 9.5
15H-3,145-150  136.35 7.26  14.9 32.0 558 486 <1 11 2616 918 <5 718 31.6 155 10 9.8
18X-3,145-150  160.65 7.34 113 32.0 560 488 6.6 6 2195 1103 <5 9.15 348 144 99 8.7
21X-3,145-150  189.45  7.24 8.62 33.0 556 487  16.1 5 1890 1216 <5 120 38.7 128 73 8.7
24X-3,145-150  218.35  7.49 6.95 34.0 557 480 195 3 1345 1367 <5 148 429 13 54 8.1
27X-3,145-150  247.25 741 5.05 345 559 478 235 2 974 1457 <5 165 449 105 39 9.9

282 mbsf) were conducted. The wireline heave compensator was
used on al passes although seas were calm.

Borehol e caliper measurements conducted during the density-po-
rosity combination and sonic-FM S passes indicate that the borehole
was nearly at drill-bit diameter (12-13 in.; Fig. 32) with few wash-
outs. Overall log quality at this site was very good with the exception
of the sonic velocity log, which was unable to measure formation ve-
locities because of the unusually high porosity of the sediments and
consequent low-impedance contrast with respect to the boreholefluid
(seawater). Shipboard processing of the sonic waveform data to ex-
tract formation compressional wave velocities was al so unsuccessful.
Sonic velocity data from this hole are therefore considered unreli-
able.

The TLT was run during both passes of the density-porosity com-

ment porosity as well, using the assumption that pore spaces are wa-
ter filled. Because this tool uses a different method for investigating
formation density (gamma-ray emission frof¥’&s source), it pro-
vides an alternative method to evaluate porosity. The log neutron po-
rosity and litho-density porosity measurements are compared with
the core porosity data in Figure 35. Note the closer match between the
log litho-density porosity measurements and core porosity data.

Comparison of Core and Log Data

Core MST measurements and log measurements of natural gam-
ma ray and bulk density shown in Figure 36 exhibit comparable
large-scale variability, although fine-scale (<1 m) correlation be-

bination tool string. The temperature logs were linked to the actual tween the core and log data sets is difficult because of the fine-scale
logging depths using the time-depth log recorded at the logging unit. nature of the bedding cycles, lower vertical resolution of the log data,
The TLT results show a downhole thermal gradient of 31°C/km (Fig.2nd core disturbance resulting from gas expansion. Gas expansion
33), although this is an underestimate resulting from the cooling ef&nd XCB coring disturbance particularly affected the volume-depen-
fect of open-hole circulation during drilling. In situ temperature mea- d€nt MST core measurements of bulk density and natural gamma ray
surements using the Adara probe indicate a thermal gradient ne&ctivity. The switch from APC to XCB coring (~138 mbsf) and the

108°C/km at this site (see “Physical Properties” section, this chaptergonsequent development of sediment slurry in core liners are appar-
ent as a sharp decrease in the GRAPE measurement of sediment bulk

density (Fig. 36).

A more detailed comparison of core and log measurements of nat-

The lithologic succession recovered at Hole 1011B is charactertral gamma-ray activity and bulk density is shown in Figure 37 for
ized by large shifts in sediment composition and compaction that arée 186-200 mbsf interval in Hole 1011B, spanning the lithostrati-
reflected clearly in the log physical property measurements. In pardraphic Subunit IC/Subunit IIIA boundary. The core and log data
ticular, the increased lithification and reduced carbonate content asthow similar large-scale variability, but finer scale correlation is
sociated with the lithostratigraphic Subunit 1A/Subunit 11B bound- More difficult to establish. Significantly, the log data appear highly
ary near 130 mbsf (Fig. 32) is identified in the log data as a sharp intepeatable both in absolute depth and value between the two separate
crease in bulk density and resistivity and a reduction in porosity PaSS€s.
Similarly, the sharply increased diatom content of lithostratigraphic
Subunit 1A is reflected by a reduction of density and resistivity and
an increased porosity below 200 mbsf. Although the velocity log
measurements are not reliable at this site, these two lithologic bound-
aries must have strong seismic impedance signatures. Fine-scale (~1 Site 1011, in the Animal Basin of the California Borderland, is the
m) interbedding is apparent in the SFL data and the processed FMshoreward site of the Baja Transect located 85 km west of Baja Cal-
imagery in the portions of lithostratigraphic Subunit I1IA with a high- ifornia. Although the water depth at this site is 2033 mbsl, the basin
er sedimentation rate (26860 mbsf). sill depth is ~1600 mbsl. The bottom waters within Animal Basin are
relatively pristine intermediate waters from offshore that have trav-
eled only a short distance from the open ocean. We achieved our ob-
jective to drill the entire 276-m-thick sediment column to acoustic

The core and log measurements of sediment bulk density are simbasement, which turned out to be basalt (Fig. 38). Oldest sediments
ilar over their common interval, whereas the core porosity data (seare upper Miocene sandstones with an age of ~9.3 Ma. The sediment
“Physical Properties” section, this chapter) are significantly lower column was triple cored to 142 mbsf (~4.4 Ma), and double cored to
than the log (neutron) measurements (Fig. 34). The log porosity (neut84 mbsf (~6.7 Ma). A continuous section could only be verified for
tron) data are significantly higher because the data reflect the influthe triple-cored section. Paleomagnetic measurements are poor at
ence of molecularly bound water associated with abundant clay an8ite 1011, and the only time control is provided by biostratigraphy.
opal in Hole 1011B sediments, which contribute additional apparenDistinctive features to note within the lithostratigraphic column are
porosity in the log porosity measurement. Density measurements dhe basalt basement, which may reflect volcanism associated with the
the litho-density logging tool (HLDT) can be used to estimate sedi-formation of the borderland basins, the terrigenous clastic basal unit

Lithology

SUMMARY

Comparison of Core and Log Physical Property Data
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L L Loy L 1011. Solid circles = Ca, open circles= Mg.
C, (ppm) Lith. Table 14. Concentrations of methane (C,) and ethane/ethylene (C,)
o0 5000  Uunit obtained by the headspace technique from Holes 1011A and 1011B.
T T 1 | T 1
I
— Core, section, Depth C, C,
) interval (cm) (mbsf) (ppm) (ppm) C,/C,
167-1011A-
1A 1H-4, 0-5 6.425 3
& 100~ ] 167-1011B-
o 1H-4, 0-5 4.525 4
E 2H-4, 0-5 12.925 6
s f 1 3H-4,0-5 22.425 5
2 4H-4, 0-5 31.925 11
fa B 5H-4, 0-5 41.425 49
> 6H-4, 0-5 50.925 424
200 - 7H-4, 0-5 60.425 1505
] 8H-4, 0-5 69.925 3269
A 9H-4, 0-5 79.425 2857
10H-4, 0-5 88.925 6347
r T ue 11H-4, 0-5 98.425 4334
Ly oy v 12H-4, 0-5 107.93 2226
13H-4, 0-5 117.43 2954
Figure 18. Concentration of methane (C;) vs. depth (mbsf) obtained by the }g‘ﬂiﬁ; o e Ye
headspace technique from Holes 1011A and 1011B. 16X-4, 0-5 142.43 27
17X-4, 0-5 151.03 1
18X-4, 0-5 160.73 6
19X-4, 0-5 170.23 7
older than 8.5 Ma, the abrupt change from diatomaceous to calcare- g(&j 8:2 i;g:gg 250‘}, 6 439
ous sediments at about 7.5 Ma (~2 m.y. older than at Site 1010), and gg((j g—g %gg%g sg
the abrL_th drop in calcium carbonatg buria younger than the Mlc_)- 2a%.4. 0-5 51843 pd 1 6
cene/Pliocene boundary (~4.6 Ma, lithostratigraphic Unit 11B/Unit 25X-4, 0-5 228.03 7
I1C transition). The Unit [1B/Unit |IC transition appears seismically 26X-4,0-5 237.73 7
- . 27X-4,0-5 247.33 6
as the boundary between the acoustically transparent sediments 28X-4. 0-5 256.93 g

above and the more distinctively layered sediments below (Fig. 38).
High calcium carbonate content returns between 3.8 and 1.0 Ma, but

SITE 1011
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Table 15. Depth variationsin concentration of inorganic carbon, calcium carbonate, total carbon, total organic carbon, total nitrogen, and total sulfur

in weight percent (wt%) in Hole 1011B.

Total Total
Total organic  organic
Inorganic Total  organic  Tota Total  carbon/  carbon/
Core, section, Depth  cabon CaCO; carbon carbon nitrogen  sulfur total total
interval (cm) (mbsf)  (Wt%) (Wt%) (Wt%)  (Wit%)  (wt%) (Wt%) nitrogen  sulfur
167-1011B-
1H-1, 29-30 0.29 2.00 16.7 3.54 1.54 0.18 0.37 8.6 4.2
1H-2, 29-30 1.79 0.71 5.9 2.19 1.48 0.17 0.46 8.7 3.2
1H-3, 29-30 3.34 0.77 6.4 2.26 1.49 0.17 0.38 8.8 3.9
1H-4, 29-30 4.79 0.13 1.1 2.38 2.25 0.25 0.59 9.0 3.8
1H-5, 29-30 6.29 0.55 4.6 1.81 1.26 0.16 0.31 7.9 4.1
1H-6, 29-30 7.79 2.11 17.6 3.10 0.99 0.11 1.53 9.0 0.6
2H-2, 30-31 10.20 0.18 1.5 1.82 1.64 0.18 0.40 9.1 4.1
2H-3, 30-31 11.70 1.40 11.7 231 0.91 0.10 0.17 9.1 54
2H-4, 30-31 13.20 0.37 3.1 1.83 1.46 0.17 0.53 8.6 2.8
2H-5, 30-31 14.70 1.00 8.3 1.95 0.95 0.11 0.18 8.6 5.3

Only part of thistableis produced here. The entiretableison CD-ROM, back pocket, thisvolume.

the subsequent upper Pleistocene sediment is very clay-rich and mi-
crofossil-poor.
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NOTE: For all sites drilled, core-description forms (“barrel sheets”) and core photographs can

be found in Section 3, beginning on page 499. Smear-slide data can be found in Section 4, be-
ginning on page 1327. Thin section data can be found in Section 5, beginning on page 1375. See
Table of Contents for material contained on CD-ROM.
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Figure 19. Calcium carbonate and total organic carbon datain weight percent
(wt%) and TOC/TN vs. depth (mbsf) from sediments of Hole 1011B.
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Figure 20. Total nitrogen (TN) vs. total organic carbon (TOC) from sedi-
ments of Hole 1011B. TOC/TN values below 10 suggest a predominance of
marine organic matter. TOC/TN values above 10 suggest a predominance of
terrigenous organic matter.
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Figure 23. GRAPE bulk density (line) and index property bulk density (cir-
o cles) data from Hole 1011B.
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Figure 21. Total organic carbon (TOC) vs. total organic carbon/total nitrogen
values (TOC/TN) in sediments of Hole 1011B. Arrow indicates correlation of
higher TOC values with increased TOC/TN ratios.

113



SITE 1011

Figure 24. Index properties data from Hole 1011B.
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Figure 25. PWL velocity (line) and index property porosity (dashed line) data

from Hole 1011B.
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Figure 26. Discrete velocity values from Hole 1011B determined using two
different transducer pairs. Pair T1 was used above 26 mbsf (solid horizontal
line) and pair T3 was used at greater depths.
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Figure 27. Hole 1011C downhole temperature vs. record number (5-s record-
ing frequency) for each measurement run, showing the interval fitted to deter-
mine the downhol e temperature.
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Figure 28. Downhole temperature gradient for Hole 1011C.
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Figure 29. Summary of color reflectance data for Hole 1011C. A. Percent
reflectance of two band averages (450-500 and 650—700 nm) from 25 to 70
mbsf. B. Characteristic spectra of nannofossil ooze with silty clay. C. Spectra
of aclayey silt with nannofossils. D. High-reflectance ash layer.
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Figure 30. Summary of weight-percent opa prediction for Hole 1011C. A.
Complete downhole opal prediction and corresponding major lithostratigraphic
units. B. Close-up of opal prediction for 240-260 mbsf. C. Characteristic spec-
traof aclayey diatomite at the 248.25-mbsf opal peak. D. Relatively flat spec-
trafrom opal low at 246.27 mbsf.
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Figure 31. Digital color video datafrom Holes 1011B
and 1011C. A. Intensity of color CIELAB L* from
Hole 1011B. B. Intensity of color CIELAB L* from
Hole 1011C. C. Intensity of color CIELAB a* from
Hole 1011B. D. Intensity of color CIELAB a* from
Hole 1011C. E. Intensity of color CIELAB b* from
Hole 1011B. F. Intensity of color CIELAB b* from
Hole 1011C. CIELAB data decimated to 2-cm inter-
vals.
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Table 19. Downhole measurements at Hole 1011B.

Date, time Description
1 May 1996
0700 Set pipe at 77 mbsf, start wirelinerig up, seas calm.
0815 Finish wirelinerig up, RIH density-porosity combination tool string.
0950 At TD (277.5 mbsf), wireline heave compensator on, start density-porosity pass 1 (277—-80 mbsf); 300 m/hr.
1110 At TD (277.5 mbsf), wireline heave compensator on, start density-porosity pass 2 (278-96 mbsf), 300 m/hr continue log recording to mudline.
1400 Rig down density-porosity combination tool string, rig up and RIH with sonic-FM S tool string.
1500 At TD, wireline heave compensator on, begin sonic-FMS pass 1 (282-99 mbsf).
1600 End sonic-FMS pass 1. FM S calipers not closing, circulate with mudpumps.
1715 POOH sonic-FMS, rig down.

Note: RIH =runin hole, TD = total depth, FMS = Formation MicroScanner, POOH = pull out of hole.
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Figure 32. Downhole log data from the density-porosity combination tool string (pass 1) and a lithostratigraphic summary column at Hole 1011B (see “Litho-
stratigraphy” section, this chapter).

Temperature (°C)
0 5 10 15

OIIIIlIIIIlIIII

150 —

Depth (mbsf)

goolet b leny

Figure 33. Borehole temperature measurements from the Lamont-Doherty temperature logging tool.
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Figure 34. Comparison of core (open symbols) and log (line) physical property data.
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Figure 35. Neutron and litho-density log measurements of formation porosity (lines) compared to core porosity (open symbols) measurements.
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Figure 36. Comparison of core (MST) with log natural gamma-ray and bulk density data at Hole 1011B. Note the reduced core bulk densities associated with
the switch from APC to XCB coring at ~138 mbsf.
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Figure 37. Detail of the core and log natural gamma-ray and bulk density data at Hole 1011B, 180-220 mbsf.
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Figure 38. Comparison of the lithostratigraphic column at Site 1011 and a seismic profile through the site (Line EW9504 CAM2-2; Lyle et d., 1995b). Tiesare
estimated from the depth to basement and measured seismic velocities (see “Physical Properties” section, this chapigr{sPn yiliseconds.

120



SHIPBOARD SCIENTIFIC PARTY

SHORE-BASED L OG PROCESSING

Hole 1011B
Bottom felt: 2032.5 mbrf (used for depth shift to seafloor) Gamma-ray and environmental corrections: Corrections for
Total penetration: 281.5 mbsf borehole size and type of drilling fluid were performed on the NGT
Total corerecovered: 271.1 m (96%) data from the FMS/GPIT/SDT/NGT tool string. HNGS data from the
) DIT/HLDT/APS/HNGS tool string were corrected in real-time dur-
Logging Runs ing the recording.

Acoustic data processing: The array sonic tool was operated in
standard depth-derived, borehole compensated, long spacing (8-10-
10-12 ft) and short spacing (3-5-5-7 ft) mode. The sonic logs from the
long spacing mode have been processed to eliminate some of the
Bottom-Hole Assembly noise and cycle skipping experienced during the recording.

Logging string 1: DIT/HLDT/APS/HNGS (2 passes)
Logging string 2: FMS/GPIT/SDT/NGT
Wireline heave compensator was used to counter ship heave.

The following bottom-hole assembly depths are asthey appear on
the logs after differential depth shift (see “Depth shift” section) and
depth shift to the sea floor. As such, there might be a discrepancy
with the original depths given by the drillers on board. Possible rea- Data recorded through bottom-hole assembly, such as the HNGS
sons for depth discrepancies are ship heave, use of wireline heaf@ta above 50 mbsf (pass 1) should be used qualitatively only be-

Quality Control

compensator, and drill string and/or wireline stretch. cause of the attenuation on the incoming signal.
DIT/HLDT/APS/HNGS: Did not reach bottom-hole assembly. Hole diameter was recorded by the hydraulic caliper on the HLDT
DIT/HLDT/APS/HNGS: Bottom-hole assembly at ~49.5 mbsf tool (CALI) and the caliper on the FMS string (C1 and C2).
(pass 2). Note: Details of standard shore-based processing procedures are

FMS/GPIT/SDT/NGT: Did not reach bottom-hole assembly. ~ found in the “Explanatory Notes” chapter, this volume. For further
information about the logs, please contact:

Processing
. - . . . Cristina Broglia Zhiping Tu
Depth shift: Original logs have been interactively depth shifted ppone: 914_365_8343 %0?16;9914_365_8336
with reference to NGT from DIT/SDT/HLDT/APS/HNGS pass 2 and Fax: 914-365-3182 Fax: 914-365-3182
to the seafloor (—2032.5 m). E-mail: chris@ldeo.columbia.edu E-mail: ztu@Ideo.columbia.edu
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Hole 1011B: Natural Gamma Ray-Density-Porosity Logging Data-Pass 2
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Hole 1011B: Natural Gamma Ray-Density-Porosity Logging Data-Pass 2 (cont.)
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Hole 1011B: Natural Gamma Ray-Resistivity-Sonic Logging Data-Pass 2 (cont.)
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Hole 1011B: Natural Gamma Ray Logging Data-Pass 2
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Hole 1011B: Natural Gamma Ray Logging Data-Pass 2 (cont.)
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