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14. SITE 1020*

Shipboard Scientific Party?

HOLE 1020A

Date occupied: 1 June 1996

Date departed: 1 June 1996

Timeon hole: 6 hr, 30 min

Position: 41°0.051N, 126°26.065V

Drill pipe measurement from rig floor to seafloor (m): 3052.9

Distance between rig floor and sea level (m): 11.3

Water depth (drill pipe measurement from sea level, m): 3041.6

Total depth (from rig floor, m): 3062.9

Penetration (m): 10.0

Number of cores (including cores having no recovery): 1
Total length of cored section (m): 10.0

Total corerecovered (m): 10.0

Corerecovery (%): 100.0

Oldest sediment cored:
Depth (mbsf): 10.0
Nature: Clay with diatoms
Age: Quaternary

Comments: Missed the mudline.

HOLE 1020B

Date occupied: 1 June 1996

Date departed: 4 June 1996

Timeon hole: 2 days, 6 hr

Position: 41°0.051N, 126°26.064N

Drill pipe measurement from rig floor to seafloor (m): 3049.7

Distance between rig floor and sea level (m): 11.3

Water depth (drill pipe measurement from sea level, m): 3038.4

Total depth (from rig floor, m): 3328.5

Penetration (m): 278.8

Number of cores (including cor es having no recovery): 30
Total length of cored section (m): 278.8

Total corerecovered (m): 265.0

Corerecovery (%): 95.0

Oldest sediment cored:
Depth (mbsf): 278.8
Nature: Claystone with nannofossils, claystone
Age: early Pliocene

iLyle, M., Koizumi, I., 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): 1.723 at Section 30X-1, 33 cm

Comments: Tagged the basement. Approximately 5 cm of basalt was recov-
ered.

HOLE 1020C

Date occupied: 4 Junel996

Date departed: 5 June 1996

Timeon hole: 1 day, 2 hr, 45 min

Position: 41°0.051N, 126°26.063V

Drill pipe measurement from rig floor to seafloor (m): 3049.2
Distance between rig floor and sea level (m): 11.3

Water depth (drill pipe measurement from sea level, m): 3037.9
Total depth (from rig floor, m): 3282.4

Penetration (m): 233.2

Number of cores (including cores having no recovery): 25
Total length of cored section (m): 233.2

Total corerecovered (m): 239.5

Corerecovery (%): 102.0

Oldest sediment cored:
Depth (mbsf): 233.2
Nature: Clay with diatoms, nannofossil clay mixed sediment with diatoms
Age: late Pliocene

HOLE 1020D

Date occupied: 5 June 1996

Date departed: 6 June 1996

Timeon hole: 19 hr, 30 min

Position: 41°0.050N, 126°26.07W

Drill pipe measurement from rig floor to seafloor (m): 3049.1
Distance between rig floor and sea level (m): 11.3

Water depth (drill pipe measurement from sea level, m): 3037.8
Total depth (from rig floor, m): 3205.3

Penetration (m): 156.2

Number of cores (including cores having no recovery): 17
Total length of cored section (m): 156.2

Total corerecovered (m): 163.7

Corerecovery (%): 104.0

Oldest sediment cored:
Depth (mbsf): 156.2
Nature: Clay with diatoms
Age: late Pliocene




SITE 1020

Principal results: Site 1020 islocated on the east flank of the Gorda Ridge at

awater depth of 3038 mbsdl. It isabout 170 km west of Eureka, California,
and forms the deep-water drill site on the Gorda Transect. The siteis lo-
cated on an abyssal hill that trends northeast and rises ~50 m above the
surrounding seafloor on 5.1 Ma ocean crust. The primary objective of
drilling at this site was to study paleoceanographic conditions near the
core of the northern region of the California Current during the critical
time interval when the Northern Hemisphere glaciation developed. The
development of a correlation between biostratigraphy and the paleomag-
netic chronostratigraphy was another key objective at this site. Site 1020
will provideinformation about organic carbon diagenesis and about minor
element geochemistry through interstitial water profiles and through solid
phase analyses. Provided that stable paleomagnetic declinations can be
obtained, the rotation of the Gorda Plate can be monitored through time.
A secondary goal was to obtain arepresentative sample of the basalt base-
ment for igneous petrology and geochemistry.

Four holes were cored with the APC/XCB at Site 1020 (Fig. 1) to a
maximum depth of 278.8 mbsf, recovering an apparently continuous in-
terval of late early Pliocene to Quaternary age (0.0-3.8 Ma). Hole 1020A
isa 10-m-long failed mudline core. Hole 1020B was cored with the APC
to 169.3 mbsf and extended with the XCB to a depth of 278.8 mbsf. The
hole was logged with the density-porosity combination, sonic-Formation
MicroScanner, and the GHMT tool strings. Hole 1020C was cored with
the APC to 146.8 mbsf and deepened with the XCB to 233.2 mbsf. Sev-
enteen cores were taken at Hole 1020D with the APC down to refusal at
156.2 mbsf. Detailed comparisons between the magnetic susceptibility
and the GRAPE density record generated on the M ST, and high-resol ution
color reflectance measured with the Oregon State University system, dem-
onstrated complete recovery of the sedimentary sequence down to 242
mcd, with the exception of coring gaps at 126, 137, and 200 mcd, which
could not be covered by overlap.

The uppermost ~229 m of the sedimentary sequence consists of silici-
clastic clay with minor calcareous biogenic components (Quaternary to
late Pliocene) (Fig. 1). The uppermost part of this interval is calcareous
whereas the lower part is diatomaceous. Thin intervals of nannofossil
ooze occur throughout, and diatoms rarely exceed 30% of the sediment.
Turbidite deposition isrelatively unimportant at this site compared to pre-
vious sites, except for afew thin, graded beds. The underlying unit (50 m
thick) is characterized by interbeds of nannofossil clay and clayey nanno-
fossil chalk. The agerange of thisunit isearly to late Pliocene. The lowest
18 m at the site is composed of sparsely calcareous claystone that imme-
diately overlies approximately 5 cm of brecciated dark gray basalt that
was recovered at the base of the hole.

A well-constrained biostratigraphy and chronology are provided by a
combination of paleomagnetic reversals and calcareous nannofossil,
planktonic foraminifer, radiolarian, and diatom datums. All microfossil
groups are clearly dominated by cool, high-latitude elements throughout
the late Neogene. Radiolarians are entirely represented by subarctic
forms, and the assemblages exhibit noticeably lower diversity than at all
other sites cored during Leg 167. Diatoms are dominated by North Pacific
subarctic assemblages in addition to rare temperate elements. Planktonic
foraminifer assemblages are dominated by subarctic to cool temperate
forms, with subtropical elements absent. Radiolarians are represented
throughout the entire sequence by forms not characteristic of upwelling
regions. Likewise, diatoms are represented by open-ocean forms not char-
acteristic of coastal upwelling regions, except during the early late
Pliocene when upwelling forms are present in relatively low abundances.

Alternating field demagnetization at 20 mT revealed a complete mag-
netostratigraphic record between 0 and 130 mbsf, which allowed the iden-
tification of the Brunhes (C1n) and the Jaramillo (C1r.1n) normal polarity
intervals.

Calcium carbonate concentrations range between 1 and 20 wt% in the
upper 220 mbsf and increase up to 58 wt% below that depth. Organic car-
bon is of predominantly marine origin and varies around 0.7 wt%. Chem-

390

ica gradients in the interstitial waters reflect organic matter diagenesis,
the dissolution of biogenic opal and calcium carbonate, the influence of
authigenic mineral precipitation, and the diffusive influence of reactions
in underlying basalt.

Downhole temperature measurements yield a thermal gradient of
189°C/km. Using an average measured thermal conductivity of 0.899 W/
(m-K) provides a heat-flow estimate of 170 m\&/h Site 1020. The vi-
cinity of the Gorda Ridge explains this relatively high heat-flow value.

Overall log quality was excellent to very good below 170 mbsf, and
fair in the washed-out section above 170 mbsf. Core-log comparison sug-
gests that the cored sediment, and therefore the meters composite depth
scale, is expanded by about 10% relative to its true depth range.

BACKGROUND AND OBJECTIVES
General Description

Site 1020 islocated on the east flank of the Gorda Ridge at awater
depth of 3038 mbdl (Fig. 2). It isabout 170 km west of Eureka, Cal-
ifornia and is the high-resolution deep-water drill site on the 40°N
(Gorda) Transect. The age of the ocean crust is 5.1 Ma based upon
magnetic anomalies (base of Anomaly 3N; Atwater and Severing-
haus, 1989). The site is located on an abyssal hill that trends northeast
and rises ~50 m above the surrounding seafloor. To the east of Site
1020, the floor of the Gorda Basin is covered with thick Pleistocene
turbidite deposits, but the site itself has a hemipelagic sediment se-
quence. The site was surveyed in detail duringWeeoma cruise
W9406 in 1994 (Lyle et al., 1995a, 1995b; Fig. 3). The sediments at
Site 1020 are acoustically transparent with only faint layering. Base-
ment is at a depth of 345 ms TWT, or about-Z65% mbsf.

Site Objectives

Site 1020 is situated in deep water and has sedimentation rates
~100 m/m.y. in the upper 220 mbsf. Site 1020 was drilled to assess
paleoceanographic conditions within the northern region of the Cali-
fornia Current during the critical time interval when the Northern
Hemisphere glaciation developed. Site 1020 will also be used to de-
velop a correlation between biostratigraphy and the paleomagnetic
chronostratigraphy. In the modern oceans, Site 1020 is located be-
neath a region of high seasonal variability, where the local current re-
gime is strongly affected by the movement of the atmospheric North
Pacific high pressure regime (see “Introduction” chapter, this vol-
ume). The site is on the fringes of nutrient-enriched waters upwelled
along the coast and is not as strongly influenced by upwelling as other
sites. Geochemical indices of paleoproductivity and microfossil as-
semblages from Site 1020 will provide important data on nutrients in-
troduced from the subarctic gyre into the California Current at its
northern terminus.

Site 1020 has important geochemical objectives. Organic carbon
content varies between 0.3 and 1.3 wt%, and heat flow is relatively
high because of the young basement age. Diagenesis driven by mod-
erate thermal conditions may become apparent here. Inorganic
geochemical studies through interstitial water profiles and solid
phase studies will monitor the reactions of inorganic sediment con-
stituent phases. Site 1020 was drilled to oceanic basement, and 5 cm
of basalt was recovered for studies of igneous petrology and
geochemistry.

Because this site has high sedimentation rates with stable magnet-
ic mineral phases to at least 100 mbsf, another goal at Site 1020 was
to study the structure of paleomagnetic reversals in detail. Paleomag-
netic studies will also provide an avenue to study the deformation of
the Gorda Plate. The eastern flank of the Gorda Ridge has rotated 40
to 60 degrees in the last 5 million years during its slow incorporation
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Figure 1. Site 1020 master column.
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Figure 2. Location map for Site 1020, located on the east flank of the Gorda
Ridge, just above the turbidite plain that fills the Gorda Basin.

into the Pacific Plate (Riddihough, 1980; Wilson, 1989). Provided
that stable magnetic declinations can be obtained from Site 1020 sed-
iments, the rotation can be monitored through time.

OPERATIONS
Transit from Site 1019 to Site 1020

The 79.0-nmi transit from Site 1019 to Site 1020 was accom-
plished in 7.0 hr at an average speed of 10.9 kt. A 3.5-kHz precision
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depth recorder survey was performed while approaching Site 1020.
The JOIDES Resol ution arrived at Site 1020 at 1445 hr on 1 June.

Hole 1020A

Hole 1020A was spudded at 2030 hr on 1 June. A full barrel pre-
vented establishing an accurate mudline, and the hol e was abandoned.

Hole 1020B

The drill string was raised 5 m and Hole 1020B was spudded at
2115 hr on 1 June. APC Cores 167-1020B-1H through 18H were tak-
en down to 169.3 mbsf with 105.1% recovery (Table 1; see Table 2-
CD on CD-ROM in the back pocket of this volume for a more de-
tailed coring summary). Adara temperature measurements were tak-
en on Cores 167-1020B-4H, 6H, and 8H (see “Physical Properties”
section, this chapter). Oriented cores were obtained starting with
Core 167-1020B-3H. XCB Cores 167-1020B-19X through 30X were
taken down to 278.8 mbsf with 79.5% recovery. Hole 1020B was
logged with the density-porosity combination, sonic-Formation Mi-
croScanner, and GHMT tool strings with excellent results.

Hole 1020C

The vessel was offset 10 m to the south and Hole 1020C was
spudded at 0545 hr on 4 June. APC Cores 167-1020C-1H through
16H were taken down to 146.8 mbsf with 104.0% recovery (Table 1).
Sediments became increasingly indurated with Core 167-1020C-15H
(Fig. 4). Oriented cores were obtained again starting with Core 167-
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Figure 3. Seismic reflection profile through Site 1020 (Line EW9406 CA4-4; Lyle et a., 1995a, 1995b). The data are single channel, filtered between 30 and
200 Hz. The profile cuts across the abyssal hill on which Site 1020 islocated. On y-axis, (s) = milliseconds.

1020C-3H. XCB Cores 167-1020C-17X through 25X were taken Description of Units
down to 233.2 mbsf with 100.5% recovery.
Unit |
Hole 1020D
Hole 1020A, interval 167-1020A-1; 0-10.0 mbsf (base of hole);

The vessel was offset 10 m to the south and Hole 1020D was Hole 1020B, interval 167-1020B-1H-1 through 25X-1; 0-228.5 mbsf;
spudded at 0715 hr on 5 June. APC Cores 167-1020D-1H through Hole 1020C, interval 167-1020C-1H-1 through 25X-3; 0-226.8 mbsf;
17H were taken down to 156.2 mbsf with 104.8% recovery (Table 1). Hole 1020D, interva 167-1020D-1H-1 through 17H-CC; 0-156.2 mbsf

(base of hale).

Thedrill string wastripped back to the surface and secured for the 12- Age: Quaternary to late Pliocene, 0.0-2.9 Ma

hr trangit to Site 1021 by 0130 hr on 6 June.
Unit | is characterized by siliciclastic clay with small to moderate

LITHOSTRATIGRAPHY amounts of siliceous and cal careous biogenic components. Bioturba-
tion is variable throughout this unit with Chondrites and Zoophycos
Introduction trace fossils common. The sediments from Unit | are divided into two

subunits based on rel ative abundance of biogenous components (Fig.

A continuous Quaternary to lower Pliocene (0.0-3.8 Ma) se- 5). Contacts between subunits are not strictly deflnaj ba:au&? of the )
quence was recovered at Site 1020. Siliciclastic clay is present gradational nature of changes between the major lithologies, thus “in-
throughout the cored interval and is the dominant component inthe ~ tervals” given below are only approximate.
upper part. The middle part is dominated by nannofossil clay with Subunit 1A
frequent interbedding of clayey nannofossil ooze. Diatoms are )
present in lesser amounts ranging between about 10% and 30% of the Hole 1020A, interval 167-1020A-1H; 0-10.0 mbsf (base of hole);
total sediment. Thelower part isdominated by interbeds of nannofos- Hole 10208, interval 167-1020B-1H-1 through 13H-CC; 0-121.8

: . . mbsf;
sl clay and clayey nannofossil chalk. Two beds of dolomitearefound Hole 1020C, interval 167-1020C-1H-1 through 14H-2, 70 cm; 0-

at about 78 mbsf and 188 mbsf. Compared to previous sites, turbidite 120.5 mbs:

deposition is insignificant in these sediments, except for a few thin, Hole 1020D, interval 167-1020D-1H-1 through 14H-2, 30 cm; 0-

graded beds in the uppermost portion and a slightly thicker bed at 120.0 mbsf.

about 68 mbsf. Pyrite nodules occur through most of the section but Age: Quaternary; 0.0-1.3 Ma

are more frequent and larger, occasionally with adiameter of upto 5

cm, in the lower portion. The sediments are divided into two units Subunit IA consists of gray to pale olive (5Y 5/1 to 10Y 6/1) clay
based on visual core descriptions and smear-slide estimates (Fig. 5). interbedded with nannofossil clay. Interbedding of these lithologies

Unit | is predominantly composed of clay-rich sediments mixed with is gradual and indistinct. The average content of calcareous microfos-
minor quantities of nannofossils and diatoms. Thin intervals (usually sils (nannofossils and foraminifers) ranges from about 0% to 10%,
<1 m) of nannofossil ooze occur throughout this unit, and diatoms with a few intervals containing up to 75% nannofossils. Several thin
rarely exceed 30% of the sediment. Unit Il chiefly consists of clayey beds of very fine sand occur near the top of this subunit, and a thicker
nannofossil chalk mixed sediments with abundant pyrite nodules. (25 cm), graded bed of feldspar quartz silt/sand occurs at about 68
Clay content increases to nearly 95% at the bottom of the sequence. mbsf in Section 167-1020C-8H-5,-517 cm. A thin layer of moder-
Approximately 5 cm of basalt was recovered at the base of Hole ately cemented dolomite is located between 75 and 78 mbsf (Sections
1020B. 167-1020B-9H-1, 5565 cm, and 167-1020C-9H-6,-60 cm) sur-
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SITE 1020

Table 1. Coring summary for Site 1020.

Length Length

Date Top Bottom cored recovered  Recovery
Core (June1996)  Time (mbsf) (mbsf) (m) (m) (%)
167-1020A-
1H 02 0345 0.0 10.0 10.0 10.02 100.2
167-1020B-
1H 02 0440 0.0 7.8 7.8 7.82 100.0
2H 02 0510 78 17.3 9.5 8.85 93.1
3H 02 0555 17.3 26.8 95 10.00 105.2
4H 02 0700 26.8 36.3 95 10.07 106.0
5H 02 0755 36.3 45.8 9.5 10.14 106.7
6H 02 0900 45.8 553 95 10.17 107.0
H 02 0945 55.3 64.8 9.5 10.17 107.0
8H 02 1055 64.8 74.3 9.5 10.11 106.4
9H 02 1150 74.3 83.8 9.5 10.10 106.3
10H 02 1250 838 933 95 9.95 105.0
11H 02 1350 933 102.8 95 10.13 106.6
12H 02 1450 102.8 112.3 95 9.99 105.0
13H 02 1545 112.3 121.8 9.5 10.07 106.0
14H 02 1640 121.8 131.3 9.5 9.93 104.0
15H 02 1735 131.3 140.8 9.5 9.98 105.0
16H 02 1830 140.8 150.3 95 10.07 106.0
17H 02 1925 150.3 159.8 9.5 10.20 107.3
18H 02 2005 159.8 169.3 9.5 10.18 107.1
19X 02 2130 169.3 178.9 9.6 9.63 100.0
20X 03 0220 178.9 188.5 9.6 137 14.3
21X 03 0310 188.5 198.1 9.6 9.75 101.0
22X 03 0355 198.1 207.7 9.6 9.83 102.0
23X 03 0440 207.7 217.3 9.6 9.81 102.0
24X 03 0545 217.3 227.0 9.7 0.00 0.0
25X 03 0630 227.0 236.6 9.6 9.74 101.0
26X 03 0755 236.6 246.3 9.7 9.67 99.7
27X 03 0915 246.3 255.9 9.6 9.96 104.0
28X 03 1045 255.9 265.3 9.4 9.88 105.0
29X 03 1245 265.3 274.7 9.4 412 43.8
30X 03 1505 274.7 278.8 4.1 331 80.7
167-1020C-
1H 04 1300 0.0 4.3 4.3 431 100.0
2H 04 1355 4.3 138 9.5 9.10 95.8
3H 04 1505 138 233 9.5 10.11 106.4
4H 04 1610 233 32.8 9.5 10.15 106.8
5H 04 1705 328 423 95 10.15 106.8
6H 04 1800 423 51.8 95 10.08 106.1
™ 04 1855 51.8 61.3 95 9.88 104.0
8H 04 1935 61.3 70.8 9.5 9.84 103.0
9H 04 2020 70.8 80.3 9.5 9.99 105.0
10H 04 2100 80.3 89.8 9.5 10.16 106.9
11H 04 2200 89.8 99.3 95 9.99 105.0
12H 04 2300 99.3 108.8 95 9.92 104.0
13H 04 2350 108.8 118.3 95 10.05 105.8
14H 05 0045 118.3 127.8 9.5 9.73 102.0
15H 05 0130 127.8 137.3 9.5 9.11 95.9
16H 05 0225 137.3 146.8 9.5 10.05 105.8
17X 05 0345 146.8 156.3 95 9.87 104.0
18X 05 0440 156.3 165.9 9.6 9.80 102.0
19X 05 0530 165.9 1755 9.6 9.89 103.0
20X 05 0615 1755 185.1 9.6 8.58 89.4
21X 05 0735 185.1 194.7 9.6 9.71 101.0
22X 05 0850 194.7 204.3 9.6 9.80 102.0
23X 05 0945 204.3 2139 9.6 9.80 102.0
24X 05 1045 2139 2235 9.6 9.73 101.0
25X 05 1145 2235 233.2 9.7 9.69 99.9
167-1020D-
1H 05 1425 0.0 9.4 9.4 9.43 100.0
2H 05 1520 9.4 18.9 9.5 10.04 105.7
3H 05 1605 18.9 28.4 9.5 10.02 1055
4H 05 1700 28.4 37.9 95 9.96 105.0
5H 05 1745 379 474 9.5 10.04 105.7
6H 05 1830 474 56.9 95 10.08 106.1
H 05 1915 56.9 66.4 9.5 10.11 106.4
8H 05 2015 66.4 75.9 9.5 9.97 105.0
9H 05 2050 75.9 85.4 9.5 10.17 107.0
10H 05 2135 85.4 94.9 9.5 10.14 106.7
11H 05 2215 94.9 104.4 9.5 9.98 105.0
12H 05 2300 104.4 1139 9.5 9.98 105.0
13H 05 2345 1139 118.2 4.3 4.29 99.7
14H 06 0040 118.2 127.7 9.5 9.67 102.0
15H 06 0130 127.7 137.2 9.5 10.10 106.3
16H 06 0215 137.2 146.7 9.5 9.81 103.0
17H 06 0310 146.7 156.2 95 9.95 105.0

Note: Table 2, on the CD-ROM in the back pocket, this volume, is amore detailed coring summary.
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SITE 1020

Unit I

Hole 1020B, interval 167-1020B-25X-2 through 30X-3; 228.5-278.8
mbsf (base of hole);

Hole 1020C, interval 167-1020C-25X-3, 30 c¢m, through 25X-CC;
226.8-233.2 mbsf (base of hole).

Age: late Pliocene to early Pliocene; 2.9-3.8 Ma.

The upper boundary of Unit Il is marked by an increase of nanno-
fossils. Unit 1l consists of light yellowish gray to light olive gray
(10Y 7/1 to 5Y 6/2) nannofossil chalk gradationally interbedded with
meter-scale intervals of grayish olive to light grayish olive (10Y 4/1
to 10Y 5/1) nannofossil clay. Nannofossil content decreases with
depth. Sediments below ~260 mbsf are predominantly very dark gray
to dark gray (5Y 3/1 to 5Y 4/1) claystone with or without minor nan-
nofossils. As in Unit |, large pyrite nodules and concretions are dis-
tributed throughout the sedimen@hondrites, Zoophycos, andPlan-
olites trace fossils are abundant throughout Unit 11.

Unit I11

Basement was reached at 278.9 mbsf and 5 cm of brecciated dark
gray (N3) amygdaloidal basalt was recovered.

Depositional History

The sedimentary sequence at Site 1020 consists of fine-grained si-
liciclastic clays with small to moderate amounts of siliceous and cal-
careous hiogenic components. Initial deposition of clay-rich sedi-
ments on basaltic crust (lower Unit 1l) took place during the early
Pliocene at lower middle bathyal water depths, which subsequently
deepened to lower bathyal depths (see “Biostratigraphy” section, this
chapter). During the late early Pliocene to early late Pliocene, nanno-
fossils dominated sedimentation, which is similar to the pattern re-
corded at other sites drilled during this leg (Sites 1010 through 1014,
1016, and 1018). During the late Pliocene to early Quaternary, dia-

Figure 4. Deformed core liner at top of Section 137-1020C-15H-2, 0-12 cmtoms and siliciclastic clays dominated sedimentation. After ~1.2 Ma,

rounded by a~1 minterval of dolomite clay. Pyrite occurs regularly
throughout this subunit as centimeter-sized nodul es/concretions and
finely disseminated grainsin dark gray (N4) patches and color bands.

Subunit IB

Hole 1020B, interval 167-1020B-13H-CC through 25X-1; 121.8-
228.5 mbsf;

Hole 1020C, interval 167-1020C-14H-2, 70 cm, through 25X-3;
120.5-226.8 mbsf;

Hole 1020D, interval 167-1020D-14H-2, 30 cm, through 17H-CC;
120.0-156.2 mbsf (base of hole).

Age: Quaternary to late Pliocene; 1.3-2.9 Ma.

The contact of Subunit A with Subunit IB is gradational and de-
fined by an increase in diatom content with depth (Fig. 5). This sub-
unit consists of grayish olive to dark gray (10Y 4/1 to 5Y 4/1) clay
and diatom clay. The diatom content ranges from 5% to 40%, where-
as content of calcareous microfossils is generally low, ranging from
0% to 20% based on smear-dlide estimates, except for a few meter-
scale beds of nannofossil-rich sediments at about 170-180 mbsf (see

fine-grained sedimentation alternated between nannofossil-rich and
clay-rich intervals. Although turbidite deposition (identified as nor-
mally graded, coarse-grained sediments) is relatively unimportant at
this site, sedimentation rates remain fairly high and constant through-
out the Quaternary (see “Biostratigraphy” section, this chapter), sug-
gesting increased input of siliciclastic material during this time.

BIOSTRATIGRAPHY

The sedimentary sequence recovered from the four holes at Site
1020 consists of a well-dated, apparently continuous 279-m-thick in-
terval of upper lower Pliocene to Quaternary sediments. A well-con-
strained biostratigraphy and chronology for all holes at Site 1020 is
provided by a combination of calcareous nannofossil, planktonic for-
aminifer, radiolarian, and diatom datums and paleomagnetic rever-
sals for the upper lower Pliocene and Quaternary. Calcareous nanno-
fossils indicate that the base of Hole 1020B is 3.79 Ma in age. An age/
depth plot for Hole 1020B (Fig. 6) suggests a slight upward increase
in sedimentation rate beginning in the latest Pliocene (1.9 Ma).

Most of the sequence contains common radiolarians and mostly

also “Organic Geochemistry” section, this chapter). A 6-cm-thickcommon to abundant diatoms. Diatoms and radiolarians are more
medium to very light gray (N5 to N8) layer of vitric ash with pyrite abundant below the lowest Quaternary (>140 mbsf), except in the
occurs in Section 167-1020C-20X-5,-%8. cm. A submeter bed of lower Pliocene below 255 mbsf where they are absent. Radiolarians
dolomite clay occurs at about 188 mbsfin Hole 1020C (not recovereate generally well preserved, and diatoms exhibit moderate to poor
in other holes). Large pyrite concretions and nodules are also comreservation throughout. Calcareous nannofossils are generally com-
mon in these sediments. The sediments are moderately to heavily bimon and are moderately well preserved, except in sediments imme-
turbated with abundanZoophycos and Planolites trace fossils diately overlying basement where they are absent. Planktonic fora-
throughout this subunit. minifers are generally common to abundant throughout and are mod-
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Figure 5. Site 1020 lithostratigraphic summary (0-278.8 mbsf).

Age (Ma)
2

0 T T T F1=LO of N. pachyderma
IRL (rounded)
F2 = Persistent N. pachyderma
- (sinistral)
2 R3 F3 = LO of N. humerosa
- = Brunhes/Matuyama 4 F4=LO of N. asanoi

N2\d Top Jaramillo F5 = FO of G. inflata
100 |__Bottom =,

Jaramillo \ 3 N1=LO of P. lacunosa

N2 = Re-entrance of medium
Gephyrocapsa

N3 = LO of large Gephyrocapsa

N4 = FO of large Gephyrocapsa

N5 = FO of Gephyrocapsa
oceanica s.l.

N6 = LO of R. pseudoumbilicus

R2
50 |24\t

Depth (mbsf)
I
ul
o

)

o

<]
I

D1 =LO of S. curvirostris
D2 = FO of S. curvirostris
D3 = LCO of A. oculatus
D4 = FO of P. doliolus
D5 = LO of N. koizumii
D6 = LO of T. convexa

250 -

300 1 | 1

R1 =LO of S. acquilonium

R2 =LO of S. universus

R3 = FO of L. nigriniae

R4 = FO of E. matuyamai

R5 = FO of L. neoheteroporos
R6 = FO of C. d. davisiana

Figure 6. Age/depth plot for Hole 1020B.

erately to well preserved. Benthic foraminifers are essentialy
continuousin the section and especially well preserved in the Quater-
nary and uppermost Pliocene.

All of the microfossil groups at Site 1020 are clearly dominated
by cool, high-latitude elements throughout the late Neogene. Radi-
olarians are entirely represented by subarctic forms and the assem-
blages exhibit noticeably lower diversity than at al other sites cored
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during Leg 167. Diatoms are dominated by North Pacific subarctic
assemblages in addition to rare temperate elements. Discoasters are
absent above the middle upper Pliocene (younger than 2.7 Ma) and
rare when present. Relative high abundances of Gephyrocapsa carib-
beanica may indicate cooler episodes within the Quaternary. Plank-
tonic foraminifer assemblages are dominated by subarctic to cool
temperate forms, with subtropical elements absent. Throughout the
entire sequence, radiolarians are represented by forms not character-
istic of upwelling regions. Likewise, diatoms are represented by
open-ocean forms not characteristic of coastal upwelling regions, ex-
cept during the early late Pliocene when upwelling forms are present
in relatively low frequencies.

Planktonic foraminifer assemblages are made up entirely of cool
temperate to subarctic taxa. The assemblages are distinctly cool
throughout, and the diversity within the faunasis generally low. Dis-
tinct changes in planktonic foraminifer assemblages in the latest
Pliocene and Quaternary (above ~170 mbsf) clearly reflect glacial to
interglacial oscillations, whereas radiolarians do not. At greater
depths in the section, short-term, climatically related faunal changes
are much less conspicuous. During the Quaternary, interglacial
planktonic foraminifer assemblages exhibit the effects of significant
dissolution compared with assemblages of glacial episodes, which
are well preserved.

Upper lower Pliocene planktonic foraminifers (~3.8 Ma) exhibit
the highest diversity in the sequence and are considered to reflect the
warmest surface-water temperatures. The first consistent occurrence
of mostly common to abundant populations of sinistrally coiled Neo-
globoquadrina pachyderma marks a distinct cooling step at ~1.14
Ma.

Benthic foraminifers in the upper Pliocene and Quaternary are
typical lower bathyal, deep-sea assemblages indicative of well-oxy-
genated bottom waters. The faunas exhibit little change throughout
the entire upper Pliocene and Quaternary and exhibit no clear oscil-



lations associated with glacia/interglacial change, asreflected in the
planktonic foraminifer assemblages. Well-oxygenated bottom waters
bathed Site 1020 throughout the entire late Neogene. In the lower-
most part of the section (~256 mbsf to basement depth of 279 mbsf)
the benthic foraminifer assemblages may represent deposition in
lower middle bathyal water depths as compared with lower bathyal
depthsin the sequence above. The changesin benthic foraminifer as-
semblages represent evidence for rapid tectonic subsidence in the
lower ~30 m of the sequence at Site 1020. According to the scheme
of Ingle (1967) the changes in benthic foraminifers would indicate
subsidence of 500 to 1000 m during thisinterval. No evidence for pa-
leodepth change is evident from benthic foraminifers above ~256
mbsf during the late early Pliocene through Quaternary.

Planktonic Foraminifers

Site 1020 contains a moderately good and apparently continuous
sequence of planktonic and benthic foraminifers of late early
Piocene (~3.8 Ma) through Quaternary age (Table 3). The base of
Hole 1020B (Sample 167-1020B-29X-CC) isaround the lower/upper
Pliocene boundary, based on the FO of Globorotalia inflata in Sam-
ple 167-1020B-25X-CC, and within the uppermost part of the range
zone of Globigerina decoraperta. Planktonic foraminifers are gener-
aly common to abundant throughout (Table 3) and are moderately to
well preserved. A number of barren intervals occur in the sequence.

SITE 1020

The planktonic foraminifer sequence at Site 1020 issimilar to that
found in the upper lower Pliocene through Quaternary of Site 1018
except that the bottom of the sequence is dlightly older. In Hole
1020B we arbitrarily place the base of the Quaternary at 150 mbsf
(between Samples 167-1020B-17H-CC and 16H-CC) between the
LO of Neogloboquadrina asanoi and before the LO of Neoglobo-
quadrina humerosa. We recognized a sequence of five datum levels
inthe Quaternary through upper Pliocene asfollows: (1) the LO of N.
pachyderma sp. (rounded form) at 0.8 Ma (Samples 167-1020B-8H-
CC, 167-1020C-8H-CC, and 167-1020D-7H-CC); (2) the FCO of
mostly abundant populations of sinistral N. pachyderma at 1.15 Ma
(Samples 167-1020B-11H-CC and 167-1020C-11H-CC); (3) the LO
of N. humerosa at 1.2 Ma (Samples 167-1020B-15H-CC and 167-
1020C-15H-CC); (4) the LO of N. asanoi at 1.9 Ma (Samples 167-
1020B-19X-CC and 167-1020C-19X-CC); and (5) the FO of G. in-
flata at 3.3 Ma (Samples 167-1020B-25X-CC and 167-1020C-23X-
CC). The LO of Neogloboquadrina sp. (rounded) at 2.25 Mawas ob-
served in Samples 167-1020B-25X-CC and 167-1020C-25X-CC.
Thisisauseful datum in the late Pliocene in other Leg 167 sites, but
not in Holes 1020B or 1020C because of barren intervals and coring
gaps in the immediately overlying sequence (Table 3).

Planktonic foraminifer assemblages at Site 1020 are made up en-
tirely of cool temperate to subarctic taxa. The assemblages are dis-
tinctly cool throughout, and the diversity within the faunas is gener-
ally low. Distinct changes in planktonic foraminifer assemblages in

Table 3. Distribution and relative abundances of planktonic foraminifersin Hole 1020B.
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1H-CC 8|A|G c Al A A A
2H-CC 17 |A |G F Al A A A R R
3H-CC 27/ Cc|G F A Al A A F
4H-CC 36| C|G R Al A
5H-CC 46 | C|M R Al A R
6H-CC 5 | A |G R A AlA F
7H-CC 65 | R| P R R| R R
N22/23| 8H-CC 74| A|G A Al A A
9H-CC 8 | A|G A Al A c
10H-CC 93 |A|G A Al A A
11H-CC 102 |R| P R R R|R
12H-CC 112 | R |PM R R R
13H-CC | 122 | B
14H-CC 131 [C | M R C C C R
15H-CC | 141 | R | M R F F C
16H-CC | 150 | C | M C C A A C R
17H-CC | 160 | C | M C C A F
18H-CC | 170 | C | M R C C A|A R
19X-CC | 179 | R | M cC F R R R
20X-CC | 189 | A | G A C A A A
N21 | 21X-CC 198 | A | G A F A A
22X-CC | 208 |R|M R R R
23X-CC | 217 | B
24X-CC | 227 |NCC
25X-CC | 237 [C | M C cC F|c F R R
26X-CC | 246 | F|M|R A A
27X-CC | 256 | B
N20 | 28X-CC | 265 | A | M F A F|A F A C A A F F C
20X-CC | 275 |A | M A A A A R C

Note: NCC = no core catcher. See “Explanatory Notes” chapter for abbreviations.
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the latest Pliocene and Quaternary (above ~170 mbsf) clearly reflect
glacial to interglacial oscillations. At greater depths in the section,
short-term climatically related faunal changes are much less conspic-
uous. During the Quaternary, interglacial planktonic foraminifer as-
semblages exhibit evidencefor significant dissolution compared with
those of glacia episodes, which are well preserved.

Benthic foraminifersin the upper Pliocene and Quaternary (above
Sample 167-1020B-28X-CC) are typical lower bathyal, deep-seaas-
semblages indicative of well-oxygenated bottom waters. Faunas
above ~256 mbsf (Sample 167-1020-28X-CC) usually contain, in
varying proportions, forms such as Uvigerina proboscidea, U. jun-
cea, Cibicidoides wuellerstorfi, Globobulimina affinis, Gyroidina
soldani, Melonis pompilioides, Pyrgo murrhina, Oridorsalis um-
bonatus, Hoeglundina elegans, Chilostomella ovoidea, Pullenia bul-
loides, and various nodosariids. The faunas exhibit little change
throughout the entire upper Pliocene and Quaternary and exhibit no
clear oscillations associated with glacial/interglacia change as re-
flected in the planktonic foraminifer assemblages. Well-oxygenated
bottom waters bathed Site 1020 throughout the entire late Neogene.
In the lowermost part of the section (~256 mbsf to basement depth of
279 mbsf), the benthic foraminifer assemblages distinctly differ from
those above. Assemblages within this interval are dominated by no-
dosariids such as Dentalina, Nodosaria, and Lenticulina, and contain
abundant Stilostomella, and Melonis parkerae, Eggerella, Karreriel-
la, and different species of Cibicidoides and Cassidulina. This as-
semblage appears to represent deposition in lower middle bathyal
water depths compared with lower bathyal depths in the sequence
above. We suggest that the changes in benthic foraminifer assem-
blages represent evidence for rapid tectonic subsidence in the lower
~30 mbsf of the sequence at Site 1020. According to the scheme of
Ingle (1967), the changesin benthic foraminiferswould indicate sub-
sidence of 500 to 1000 m. No evidence for paleodepth changeisin-
ferred from benthic foraminifers above ~256 mbsf during thelate ear-
ly Pliocene through Quaternary.

Calcareous Nannofossils

Calcareous nannofossils are generally common and moderately
well preserved through the Quaternary and upper lower Pliocene in
Holes 1020B, 1020C, and 1020D (Table 4). Discoasters in the upper
upper Pliocene are rare or absent, because of the cooler conditions at
this higher latitude location. Below this interval (~2.7 Ma), they are
few. The higher relative abundance of Gephyrocapsa caribbeanicain
some samples may be associated with cooler conditions. Hole 1020B
spans the early Pliocene Zone CN11 to the late Pleistocene Zone
CN15. Hole 1020C is dated from the late Pliocene Zone CN12 to the
late Pleistocene Zone CN15. Hole 1020D spans from the latest
Pliocene Zone CN13a to the late Pleistocene Zone CN15-CN14b.
Datums recognized within the Quaternary arethe LO of P. lacunosa,
the FO and the LO of large Gephyrocapsa, and the LO of Gephyro-
capsa oceanica s.l. In the Quaternary, calcareous hannofossil assem-
blages are marked by the presence of Emiliania huxleyi, Pseudoemil-
iania lacunosa, Calcidiscus leptoporus, Helicosphaera carteri, H.
sellii, and several morphotypes of Gephyrocapsa spp.

TheFO of G. oceanicas.l. placesthe Pliocene/Pl eistocene bound-
ary at 140.8 mbsf (Sample 167-1020B-15H-CC) in Hole 1020B, at
146.8 mbsf (Sample 167-1020C-16H-CC) in Hole 1020C, and at
146.7 mbsf (Sample 167-1020D-16H-CC) in Hole 1020D. The low-
er/upper Pliocene boundary is placed at 265 mbsf (Sample 167-1020-
29X-CC) by the LO of Reticulofenestra pseudoumbilicus, which
marks the base of Zone CN12a. Pliocene nannofossil assemblages
are marked by an association of Helicosphaera carteri, H. sellii, Dis-
coaster tamalis, D. pentaradiatus, D. surculus, Reticulofenestra
pseudoumbilicus, Ceratolithus spp., and severa morphotypes of
Reticul ofenestra.
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Diatoms

Except for abarren interval immediately above basaltic basement,
al samples from Site 1020 were readily placed within the subarctic
diatom zonation of the North Pacific (Tables 5, 6). Sparse occurrenc-
es of temperate taxa, such as Hemidiscus cuneiformis, Nitzschiarein-
holdii, N. marina, and Thalassiosira convexa, indicate the influence
of temperate water masses from the south during the late Pliocene
through early Quaternary.

In spite of the location of Site 1020 in relatively deep water
(>3000 m depth), diatom assemblages in the sequence above 140
mbsf are not typical of hemipelagic environments, but show consid-
erable resemblance to the assemblages encountered at nearshore Site
1019. Diatomsare few to common and poorly to moderately well pre-
served throughout the late Quaternary section recovered at Site 1020.
Abundant clay diluted the diatoms, and almost all are strongly etched
and fragmented by dissolution, except for robust forms of Stephano-
phyxisturris. In contrast, the early Quaternary through late Pliocene
interval below 140 mbsf is diatomaceous, and diatomsin thisinterval
are common to abundant and generally moderately to well preserved.

The boundary between the late Quaternary Neodenticula seminae
and Smonseniella curvirostris Zones (NPD 12/11) isindicated by the
LOof S curvirostrisin Samples 167-1020B-5H-CC and 167-1020C-
6H-CC, respectively. The LCO of Actinocyclus oculatus in Samples
167-1020B-16H-CC and 167-1020C-15H-CC marks the boundary
between the S curvirostris and A. oculatus Zones (NPD 11/10) in
these holes. This boundary is estimated to be between 1.00 and 1.44
Main the subarctic region. The FO of S. curvirostris with an age of
1.58 Ma is recognized between Samples 167-1020B-14H-CC and
15H-CC.

The norma-polarity Jaramillo Subchron (0.99 to 1.07 Ma) at
about 89 to 98 mbsf in Hole 1020B supports an age older than 1 Ma
for the LCO of A. oculatus at Site 1020. Koizumi (1992) proposed
that the LO of Neodenticula koizumii clearly defines the base of the
A. oculatus Zone (NPD 10) and top of the underlying N. koizumii
Zone (NPD 9). This latest Pliocene event at approximately 2.0 Ma
falls between Samples 167-1020B-18H-CC and 19X-CC, and be-
tween Samples 167-1020C-19X-CC and 20X-CC, respectively. The
occurrence of Pseudoeunotia doliolus in Samples 167-1020B-18H-
CC and 167-1020C-19X-CC supports the recognition of the NPD 10/
9 boundary, because the FO of that species has an estimated age of
1.9 Ma in the eastern equatorial Pacific (Baldauf and Iwai, 1995).
Continuous common occurrences of Neodenticula kamtschatica,
which verify the underlying N. koizumii-N. kamtschatica Zone (NPD
8), were not found at Site 1020.

Radiolarians

Most of the sequence contains radiolarians except in the early
Pliocene below 255 mbsf where they are absent. They are common to
abundant and well preserved in the upper Pliocene and the upper
Quaternary. They are rare and poorly preserved in the early Quater-
nary (Table 7). For this reason, the Pliocene/Quaternary boundary
could not be placed. The FO of Cycladophora davisiana between
217.3 and 236.6 mbsf in Hole 1020B and between 223.5 and 233.2
mbsf in Hole 1020C gives an age of 2.9 Mato the oldest radiolarian
assemblages. The main radiolarian eventsare summarized in Table 8.

All assemblagesareindicative of cold subarctic conditionsand di-
versity is lower than in previous sites. Species characteristic of up-
welling conditions are very rare, suggesting that vertical advection of
deep waters was weak at this site during most of the upper Pliocene
and Quaternary. Representatives of the Lamprocyrtis heteroporos —
L. neoheteroporos — L. nigriniae are, thus, exceptionally rare, and the
transition from L. heteroporosto L. necheteroporos is not areliable
event at thissite (Fig. 6).



Table 4. Distribution and relative abundances of calcareous nannofossilsin Holes 1020A, 1020B, 1020C, and 1020D.
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CN15-CN14b| 3H-CC 233 R RR P
CN15-CN14b| 4H-CC 328 M F FIC ¢ P P c
CN15-CN14b| 5H-CC 23 G A g P A C
CN15-CN14b| 6H-CC 51.8) G A A A F
CN14a? 7H-CC 613 G A RR R A c
8H-CC 70.8 B
CNi14a 9H-CC 80.3| P RR R R R
10H-CC 89.8 B
11H-CC 99.3 B
CN14a-CN13h 12H-CC 108.§ MG € F A RIF
CN13b 13H-CC 118.3| G C/A C PR C P P C R
CN13b 14H-CC 1278/ P RR R P RR
CN13b 15H-CC 1373 P RR R P R
CN13b 16H-CC 146.8| PIM R R P P F P
17X-CC 1563 | P| RR R R R R
18X-CC 165.9 B
CN13a-CN12| 19X-CC 1755 PM F P R R F
CN13a-CN12| 20X-CC 185.1 G CIA C F P RF
CN13a-CN12| 21X-CC 1947 P RR R R
22X-CC 204.3 B
CN13a-CN12| 23X-CC 2139 M F R R R
CN12a-CN12h 24X-CC 2235 P RR R R
CN12a-CN12j 25X-CC 2332 G A c P R
167-1020D-
CN15-CN14b| 1H-CC 94| G A FIC A R
CN15-CN14b| 2H-CC 189/ R R P R
3H-CC 28.4 B
CN15-CN14b| 4H-CC 379] R R P
CN14a 5H-CC 474 G A C P A R
CN14a 6H-CC 569 M FIC RR A
7H-CC 66.4 B
CN14a 8H-CC 759 MIG A RR R R A C R P
CN14a-CN13h 9H-CC 85.4] G A R A F RIF
CN14a-CN130 10H-CC 949 P RR P
CN14a-CN13j 11H-CC 104.4 RIF P R
12H-CC 113.9| P| RR R R
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Table 4 (continued).

%2}
3 £
= 3
- 8 'E —
g 5|5 2 g 3 A
S 3 g5 9 |8 s 3 g T 3 g
§ £ = 8 2 3 3 5 B|B & o 8 2 g @
SRR R IR EEIEEREIS NS
x5 g cg|g 88 2 £ 8 3 g glg 2 € B g
c 2 £ § g 5 5|la 3 8 =
S| g € £ & & §' g §' §' SI€E 8 8 g g—
=4 < < < S T T T O T & O |= =
AENE R AN O O AL OO AN A
Core, section, | Depth % S |= % S S £5§ ¢ S 818 8 § 8 3|3 8 8 8 5
Zone imevalcm) | o) & 3 E B 2T T EEEEZLLL22L235 5883385
CN13b 13H-CC 1182 |PIM|RIF P P|P R R
CN13b 14H-CC 1277 | M |RIF R R| P R
CN13b 15H-CC 1372 |PIM|RR R R| P R
CN13b 16H-CC 1467 | M| F P P R
CN13a? 17H-CC 1562 |PM| R R P F F
PALEOMAGNETISM ing each of the two reversals, which is substantially longer than the 2

k.y. reported for the B/M transition (Kent and Schneider, 1995). Step-

We made magnetic measurements with the pass-through cryogen- wise AF demagnetization of single samples arid_—ohannels across
ic magnetometer on the archive halves of 18 APC cores from Hole the reversa_ls WI|! show whether the long duration c_Jf the re\_/ersal is
1020B. After measuring the natural remanent magnetization (NRM), caused by |r_13uff|C|ent removal of a normal magnetic overprint. '_I'he
the sections were demagnetized with a peak alternating field (AF) of high-resolution r_eversal records represen_t an excell_ent opportl_,lr_uty to
20 mT. At Hole 1020C, the working halves of the top 13 APC cores study the behavior of the I_Eart'h’s magnetic field during a transition.
were measured after demagnetization at 20 mT without measurement Th_e _rerr_lar_1ent magnetization afte_r AF t_reatment falls below the
of the NRM. At both holes, the intensity of NRM fluctuates strongly sensmvn_ty limit of the mggnetometer_ln the m_teryal fror_n 100 to 130
in the upper 50 mbsf (Figs. 7, 8), depending on the amount of mag- mbsf (Figs. 7, 8). Thg hlg_her but rapldly varying intensity below 130
netic mineralsin the sediment. A similar variation with depth was ob- mbsf_does _n_ot permit an ]nterpretatlon of the |r_10||nat|0n record. The
served for the magnetic susceptibility of these cores (see “Physicigh intensities occur at intervals of 1 to 2 m in Cores 167-1020B-
Properties” section, this chapter). Between 50 and 100 mbsf the NR&PH t0 18H, corresponding to spikes of the whole-core susceptibility
intensity varies little around 10 mA/m, and the intensity and directioflat@ (Fig. 10; see “Physical Properties” section, this chapter). These
after AF demagnetization can be determined reliably in this intervdltervals of high intensity of magnetization probably correspond to
for both holes. diagenetic formation of iron sulfide associated with pyrite nodules in

The positive inclinations above 78 mbsf in Holes 1020B andfiatom clfay of the lithostratigraphic Subunit IB (see “Lithostratigra-
1020C represent Chron C1n (Brunhes). The Brunhes/Matuyama (BY" section, this chapter).

M) transition is not as clearly defined in Hole 1020B (Fig. 7) as it is

in Hole 1020C (Fig. 8), where it occurs over a short interval at 78

mbsf. Assuming an age of 0.78 Ma for the B/M transition gives a sed- ANDCSCI%I\SIFI:/CI)IESII\JEECII?IEOPILIF :iTES

imentation rate of exactly 100 m/m.y. The reversed polarity interval
of Subchron C1r.1r is easily identified, based on the negative inclina-
tion between 79 and 89 mbsf in Hole 1020B. In the inclination record Multisensor track (MST) data collected at 4-cm intervals from
from Hole 1020C, this reversed polarity interval is not as well repreHoles 1020A through 1020D and color reflectance data collected at
sented because of the core disturbance at the top of Core 167-102@zecm intervals from Holes 1020B, 1020C, and 1020D were used to
10H and the very low intensity of magnetization around 83 mbsf. Thdetermine depth offsets in the composite section. On the composite
top and bottom boundaries of Subchron C1r.1n (Jaramillo) are relepth scale (expressed as mcd, meters composite depth), features of
solved in detail in Holes 1020B and 1020C. the plotted MST and color reflectance data present in adjacent holes

After orientation of the APC cores with the Tensor tool, the cor-are aligned so that they occur at approximately the same depth.
rected declinations of Cores 167-1020B-3H to 11H and Cores 16¥Working from the top of the sedimentary sequence, a constant was
1021C-3H to 12H (open circles in Figs. 7, 8) are distributed arounddded to the mbsf (meters below sea floor) depth for each core in
30° in the normal polarity intervals and around 220° in the reversedach hole to arrive at a mcd depth for that core. The depths offsets that
polarity intervals. The declination data support the interpretation ofompose the composite depth section are given in Table 10, also on
magnetic polarity zonation based on the inclination data. Our assig&D-ROM, back pocket. The continuity of the sedimentary sequence
ments of the magnetostratigraphic datums (Table 9) are consistemais documented for the upper 126 mcd. Between 126 and 242 mcd,
with biostratigraphic data from Hole 1020B (see “Biostratigraphy”there is continuity of the sedimentary sequence with the exception of
section, this chapter). The considerable offset of the corrected dectiore gaps at 137 and 200 mcd.
nations from the geographic north-south direction (Dec = 0°) by Color reflectance, magnetic susceptibility, and GRAPE density
about 40° and more could be caused by a clockwise rotation of theeasurement were the primary parameters used for interhole correla-
Gorda Plate. This speculation must be substantiated by comparistian purposes. Natural gamma-ray activity measurements were made
with stable directions from stepwise demagnetized single samples.throughout the entire section in Holes 1020A, 1020B, 1020C, and
more likely explanation for the offset could be a directional bias inL020D, but the sampling interval of 12 cm was insufficient for inter-
the Tensor tool measurement. hole correlation.

As shown in the enlarged section of the declination and inclina- The color reflectance, magnetic susceptibility, and GRAPE
tion records from Hole 1020C (Fig. 9), the inclination change at theecords used to verify core overlap for Site 1020 are shown on a com-
top and bottom of the Jaramillo magnetozone occurs approximatelyosite depth scale in Figures 11, 12, and 13, respectively. The
over a 2-m interval. The 8-m depth extent of the Jaramillo magnetdsRAPE data were used to identify intervals of voids and highly dis-
zone translates into a 20 k.y. duration for the inclination change duturbed sediments (values less than 1.50 §/and all MST and color
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Table 5. Distribution and relative abundances of diatomsin Hole 1020B.

L
7 g
£ 2 o
< 3 §
2 g - 2 5 =
%) S g o . 2. 1S ~ [%) o O
=] 0w ® & c 2|5 g £ |:= [ Q S 2 3
23 8 s 22 5583 E5§88 o 2= gfnoe
c 3 ° g 2|8 & e 83 s 5|85 2|3 g T &2 5
3 8 5 5 3|5 8 . a al|e 5 5 2 £ 8 s 4 8|5 57 5
c o o o 3 5|8 8 g 3 3|9 g £ % €|g £ < s 5|5 8 3 c (& 2 g
North 8|9 333 8 c|lg o 2 2 2|8 938 233333 ¢E|% 32885228
Pacific |Numeric Sample | & | € g & g § 2|s % g 8 8|3 £ g g 21§ § 8§ § 5|l = g 5 3 é @ 2
Geologic | diatom age |[Core, section,| depth é g £ £ £ £ 8 '<_§ 8 8 8 8 2 g £ = '§ ‘é '§ ‘é '§ g8 g ; g R g 8 5
age zone (Ma) interval | (mbsf) | & | £ Envionment| 8 & 8 8 |58 3 3 3 3|8 83 6 2 2|2 22228 L E E|S o6 &
167-1020B-
1H-CC 78 | F P F R R R A
NPD 12 2H-CC 173 | R | P R R F
3H-CC 268 | T | P R F
4H-CC 363 | T | P P
0.30 5H-CC 458 | F |[PIM F R F F
6H-CC 53| T P T R T R
TH-CC 648 | C |PM T R T R| T C
8H-CC 743 | F |PM Coastal R R R R R C
Quaternary 9H-CC 838 | F | P F R R R C
NPD 11 10H-CC 933 | C [PM R R R R C
11H-CC 1018 | F P R R R F
12H-CC 1123 | C |PIM R R| R C
13H-CC 1218 | T | P T
1.58 14H-CC 1313 | R P R F R R
15H-CC 1408 | A |PIM F F F R P C
16H-CC 1503 | A | M R R F F F R R C
NPD 10 17H-CC 1598 | F |PIM R R R R R R R R
1.90 18H-CC 169.3 | C |PIM R R R R R R R R R
2.00 19X-CC 1789 | A | M R C R F F R A
20X-CC 1815 | C |PM R R F R C F
21X-CC 1981 | A |PIM| Upwelling F R R A A
NPD 9 22X-CC 207.7 | A |M/G| Upwelling | R C F R C A
Pliocene 23X-CC 2173 | C |PIM R C R| R C F
240 25X-CC 2366 | A | M | Upwelling C R R A F
26X-CC 2462 | R | P C R F
27X-CC 2559 | B
Barren 28X-CC 265.3 | B
29X-CC 2747 | B

Note: See “Explanatory Notes” chapter for abbreviations.

020t 3LIS



[40,4

Table 5 (continued).

o .
7 T z
£ 8 = s
2 i) I ©
3 k=] 8 _ 2 g S
. £l &8 & & g 7 =
G 2 ﬁ 2 g £ > < 35 .2
-~ E . =2 |l=2 2 B |la € 2 g @
e =2 8 S5 8 g S gl 2 % 5 %
. s ¢ ¢ §ls s s s|s FEEES
North g s 223 %#5(888%83% 3355 8§
Pacific | Numeric Sample .@ 8 S § S % g g g g g g g g e g ©
. . . o =
Geologic diatom age |Core, section,| depth | § % g ﬁ_ -§_ @ 2|8 8 8 8 B |8 @ ® ® ﬁ
age zone (Ma) interval (mbsf) '2 g Evionment| s &8 o35 & E | E F E E E|IFE E E A & ¢
167-1020B-
1H-CC 78 | F| P A R R R
NPD 12 2H-CC 173 | R | P F R R
3H-CC 268 | T | P F R R
4H-CC 363 | T | P P
0.30 | 5H-CC 458 | F |PIM F R
6H-CC 553 | T | P R T
7H-CC 648 | C |PM C F T R
8H-CC 743 | F |PIM| Coastal C R R
Quaternary 9H-CC 838 | F | P C R
NPD 11 10H-CC 933 | C |PM C F
11H-CC 1018 | F | P F F
12H-CC 1123 | C |PM C R
13H-CC 1218 | T | P R
1.58 14H-CC 1313 | R | P R
15H-CC 1408 | A |PIM P C F A
16H-CC 1503 | A | M C R A
NPD 10 17H-CC 159.8 | F |PIM R R R
1.90 | 18H-CC 1693 | C |PIM R
2,00 | 19X-CC 1789 | A | M R R C
20X-CC 1815 | C |PIM F
21X-CC 1981 | A |PIM| Upwelling A R A
NPD 9 22X-CC 207.7 | A |M/G| Upwelling A F A
Pliocene 23X-CC 2173 | C |[PIM F R
240 25X-CC 2366 | A | M | Upwelling F F R
26X-CC 2462 | R | P F
27X-CC 2559 | B
Barren 28X-CC 2653 | B
29X-CC 2747 | B
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Table 6. Distribution and relative abundances of diatomsin Hole 1020C.

g
4
<
3
[}
El 1%} E 8 = §
9 2 = O 8| o Q2 g E = )
8882y 5|8 _EGESE E
€ 5 B g |8 2 5 5 g 2o ] £ £ £ 5 5
s 3 = 38 5|12 8 & 3 é Sl s T g s = 5 5 s |2 3
é E é E ] 5 5 % 3 2 § s 3 © % E T © SE 8§ ¢
o 5 - = o -~ o B =
North 8|5 %%%%éesgﬁggﬁﬁgaaaaagiﬁg
Pacific Numeric | Core, | & | & & ¢ g ¢ § g2 g = 8 ole 3 g £18§ § 8§ § |5 = g
diatom | Depth age section, | § 5 £ £ £ £ £|8 & 3 § 213 % £ 8!8 8 8 8 218 © ;
Geologicage | zone | (mbsf) (Ma) interval | g | & Comments 3 3 8 % 8|3 2 2 8 81§ &85 &£ 222 2 2 35 |3 § &
167-1020C-
1H-CC 43 | R |PIM T T T| T T
2H-CC 138 | T P | Clay
NPD 12 3H-CC 233 | T P | Clay +silt T
4H-CC 3328 | T P | Clay T T
0.30 | 5H-CC 423 | T | P| Clay T T
6H-CC 518 | C | M | Clay C
7H-CC 613 | R | P | Dissolution R
8H-CC 70.8 F| P | Clay R R C
9H-CC 803 | C | P | Clay F R
Quaternary NPD 11 10H-CC 89.8 F| P | Clay F
11H-CC 99.3 F| P | Clay R
12H-CC 108.8 F| P | Clay R
13H-CC 1183 | R | P | Clay T R R | R
1.00 | 14H-CC 1278 | C | P | Dissolution R R R T R
15H-CC 137.3 F| P | Clay R R R R
16H-CC 146.8 | C | P | Dissolution R R R R
NPD 10 17X-CC 156.3 | R | P | Warm, littoral element R R|R R R
18X-CC 1659 | R | P | Warm, coastal, clay R R R
1.90 | 19X-CC 1755 | A | P | Clay + diatomaceous R R R R R R|R R
2.00 | 20X-CC 1851 | A P | Clay + diatomaceous R R T| T R
21X-CC 1947 | A | P | Upwelling R C R R R R R
late Pliocene | NPD 9 22X-CC 2043 | C | P R (3 R R
240 | 23X-CC 2139 | R | P R C R
24X-CC 2235 F| P C R
<2.63 | 25X-CC 2332 | A | M | Coasta upwelling A R | R R

Note: See “Explanatory Notes” chapter for abbreviations.
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Table 6 (continued).
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g g B
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9 ©° = 3|8 w = - T
[ . g © = | = 5 s B =
8 5 8 ® 2 g 8 5/ g 252
T 8 £ 7|s £ £ ¢ °1|8 2 g 5 2
.= 5 T elg 2 5 8 5|8 8 8 2 %
c 745 s S5 ¢ §F s s|s s s fES
2 s s |=s = = E
Morth g8 2 25 % % £ egcszegees E 3
ific Core, | 8 s 8 3 ] g % % @ g 2 g e o2
- - . = < =
diatom | Depth | Numeric age | section, | § 5 g g R g 218 f% T 8 W|lds 8 8 ® © %
Geologicage | zone | (mbsf) (Ma) intervel | £ | £ Comments P R E O OO| B 8 F E EIE E E E B &
167-1020C-
1H-CC 43 | R |PIM T F T
2H-CC 138 | T | P | Clay T C
NPD 12 3H-CC 233 | T | P | Clay+silt F
4H-CC 328 | T | P | Clay C
0.30 | 5H-CC 423 | T | P | Clay T
6H-CC 518 | C | M | Clay C A R
7H-CC 613 | R | P | Dissolution F
8H-CC 708 | F | P | Clay C c C
9H-CC 803 | C | P | Clay F C F F
Quaternary NPD 11 10H-CC 898 | F | P | Clay R R C
11H-CC 93 | F | P | Clay R R
12H-CC 1088 | F | P | Clay R C
13H-CC 1183 | R | P | Clay R T F
1.00 | 14H-CC 1278 | C | P | Dissolution R R F C
15H-CC 1373 | F | P | Clay R R F F
16H-CC 146.8 | C | P | Dissolution R R R A
NPD 10 17X-CC 1563 | R | P | Warm, littoral element R R R R
18X-CC 1659 | R | P | Warm, coasta, clay R R R
1.90 | 19X-CC 1755 | A | P | Clay + diatomaceous R R R A
2.00 | 20X-CC 1851 | A | P | Clay + diatomaceous R A A
21X-CC 1947 | A | P | Upwelling A c
late Pliocene | NPD 9 22X-CC 2043 | C | P C C
240 | 23X-CC 2139 | R | P C C R
24X-CC 2235 | F | P C C
<2.63 | 25X-CC 2332 | A | M | Coastal upwelling C F R
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Table 7. Distribution and relative abundance of radiolariansin Holes 1020A and 1020B.

o]
8
. 2
2 % a2 g s % € 3
g 8 | = S ko] > ] - Q S
c|E = 5 0|8 8 = . o & 8
= 2 2 5 B s Z
: 88 853 52 3|2 58 5 3 3 g 2 g |5 § 3
cls 3 8 g 3/3 & » T 8|/g £ ¢ g9 &g 2 8 8|8 o o
g8z S 2 5/83 835 2 5|8 8 B8 EE|EEEF olg £ E
8 g S| 8 d|le 8 & £ 3|3 3 3 glg & &
5 81 £ EEglg g 2885888 E5ss¢g8 8¢ 58
Core, sectior), Depth | § 5 g- £ £ § 2|2 &2 8 5|2 &£ 28 2 313 & & é g g' g g'
Zone interval (mbsf) | g 8 3 § B8 83853l a8 dlda o ad 8
< || < < m|m o O O O A ©O|om ©m @ © 4|3 3 34
167-1020A-
B. aquilonaris 1H-CC 10.0 Al G A R A R A A A A F R| F R R
167-1020B-
1H-CC 7.8 Al G| R F A R A R A A A A F R T R
B. aquilonaris 2H-CC 17.3 Cl G cC C (o4 A A A R T
3H-CC 26.8 Cl G F A T A A A A R R T T R
4H-CC 36.3 F| M A A C A R
5H-CC 45.8 Al G R F F A A A R R
6H-CC 55.3 Al G R F F A A A R R
S universus 7H-CC 64.8 R| M P P P P P P P P P
8H-CC 74.3 Al G R R C R A A R A R R T
9H-CC 83.8 F| G R R R T F R A R R
_ _ __ __|4oHCcCc | 9833 | Ff M _ _ _ _P_ P _ _ P _ B __ P_P__ _|__ __ __ __ __ L
11H-CC 101.8 R P P R P
12H-CC 112.3 Rl P P P P
Unzoned 13H-CC 121.8 R H
_ . _ |4A44cCc |13 |\ R P o L
15H-CC 140.8 Al G A A C A A R R R
E. matuyamai 16H-CC 150.3 Cl G R g R A R
17H-CC 159.0 Al G R A A R R C R A
18H-CC 169.3 Al G A F A R R A
19X-CC 178.9 Al G A F C A C R R T| A
20X-CC 181.5 Al G C F A R R A
21X-CC 198.1 Cl G C C T R T A
S langii 22X-CC 207.7 Cl G C C
23X-CC 217.3 Cl G C T A
25X-CC 236.6 Cl G C R T A
26X-CC 246.2 Cl G R C C R T R C
27X-CC 255.9 R| P
28X-CC 265.3 B
29X-CC 274.7 B

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

reflectance data were culled from these intervals. The cores from spliced records of color reflectance, magnetic susceptibility, and
Holes 1020A through 1020D provide nearly continuous overlap to GRAPE shown in Figure 15.

about 242 mcd. Core gaps occur at 126 mcd at the bottom of Cores

167-1020B-12H, 1020C-13H, and 1020D-13H; 137 mcd at the bot-

tom of Cores 167-1020B-13H, 1020C-14H, and 1020D-13H; and INORGANIC GEOCHEMISTRY
200 mcd at the bottom of Cores 167-1020B-20X and 1020C-20X.
The composite records suggest that up to 3 m of material may be We collected 13 interstitial water samples from Hole 1020B at

missing between cores down to about 242 mcd, although the average depths ranging from 4.45 to 260.30 mbsf, with samples covering the
gapis1-2m. Asthereareno datato fill possible core gaps below 242 two lithostratigraphic units defined at this site (see “Lithostratigra-
mcd, an assessment of core gap length below this depth is not possi- phy” section, this chapter). Chemical gradients in the interstitial wa-
ble. ters at this site (Table 13) reflect organic matter diagenesis, the dis-
Following construction of the composite depth section for Site solution of biogenic opal and calcium carbonate, the influence of au-
1020, a single spliced record was assembled from the aligned cores thigenic mineral precipitation reactions, and the diffusive influence
mainly using magnetic susceptibility and GRAPE data and, in some of reactions in the underlying basalt.
cases, color reflectance data. Cores from Hole 1020C were used as Chlorinity increases by 3.3% from 550 mM at 4.45 mbsf to 568
the backbone of the sampling splice. Cores from Holes 1020D were mM at 50.25 mbsf, then decreases with increasing depth 5536
used to splice across core gaps in Hole 1020C in the upper 127 m of mM from 164.25 to 231.40 mbsf (Fig. 16). Salinity, measured refrac-
the sedimentary section. Below approximately 127 mcd, cores from tively as total dissolved solids, ranges from 3280. Sodium con-
Hole 1020B were used to splice across core gapsin Hole 1020C. The centrations measured by flame emission spectrophotometry were on
composite depths were aligned so that tie points between adjacent average <1.0% lower than those estimated by charge balance (Table
holes occurred at exactly the same depths in meters composite depth. 13).

The Site 1020 splice (Table 11, also on CD-ROM, back pocket) can Alkalinity increases t@20 mM from 31.25 to 135.75 mbsf, then

be used as a sampling guide to recover asingle sedimentary sequence decreases with depth to 6.2 mM at 231.40 mbsf (Fig. 16). Sulfate con-
that is nearly continuous down to 242 mcd. Intervals having signifi- centrations decrease with depth, reaching values less than the detec-
cant disturbance or distortion were avoided if possible. tion limit (~0.2 mM) by 107.25 mbsf. The deepest sample at 260.30

A preliminary age model (Table 12) was constructed to estimate mbsf has a measurable sulfate concentration, but this may reflect con-
sedimentation rates (Fig. 14). The age model was applied to the tamination (~10%) by seawater drilling fluid in this harder material.
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Table 7 (continued).
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g812/s 5 = 5 Z|lg E & 2 2|24 8 £ 2 8|8 2 S
g|¥|g 8T § BlE § 8558 5% % 85 ¢ &8
Core, section,| Depth | § g g g g £ 515 g % e 21g 8 £ &g g’ 8 8 8
Zone iteva | mbs) (2 x| S S 3 2 E£E &l K E|E RS BB B H G
167-1020A-
B. aquilonaris | 1H-CC 100 |A|G A C T R C|A F R C R
167-1020B-
1H-CC 78 |A|G F T C C|A R R F C
B. aquilonaris | 2H-CC 173 | C| G T F C|A F c C
3H-CC %68 | C|G T T R C|F R T F|IR R
4H-CC %3 | F| M R F|F R
5H-CC 458 |A|G A C C|A R R C C F
6H-CC 553 | A| G A R C|A R R C R F
S. universus 7H-CC 64.8 R | M P P P P P|P
8H-CC 743 |A| G R Flc R R|R C
9H-CC 838 | F|G R R|F R R F
~__ _|lawwcc | @33 |F|/M| | .. P P P|P P P
1IH-CC 1018 [ R P P
12H-CC 123 | R | P P
Unzoned 13H-CC 1218 | R | P
14H-CC 1313 |R| P
- —|TmHCC [T 108 |A|G|F — — — — T R~ — — — | — T T R[] C R
E. matuyamai | 16H-CC 1503 | C| G R
17H-CC 1590 |A |G| C R R R F F
18H-CC 1693 |A |G| C C R R R
19X-CC 1789 | A |G| R T R R cC R R R R F
20X-CC 1815 | A | G T A R R R
21X-CC 191 |[C|G C c T R R R R R
S langii 22X-CC 2077 | C |G T R|C C C R
23X-CC 2173 | C | G R R
25X-CC 2366 | C | G R C C
26X-CC 2462 | C |G R R F
27X-CC 2559 | R | P
28X-CC 2653 | B
29X-CC 2747 | B
Table 8. Radiolarian events for Holes 1020B and 1020C. discrete silica-rich diagenetic phases were observed in the sediments
from this site (see “Lithostratigraphy” section, this chapter). Stron-
Hole 10208 Hole 1020C tium concentrations are approximately seawater values from 4.45 to
Top Base Top Base 50.25 mbsf, then increase with depth to 233 puM at 260.30 mbsf.
Event (mbsf)  (mbsf) (mbsf)  (mbsf) Calcium concentrations decrease to a minimum of 5.2 mM at
LO'S acquilonium 173 26.8 238 08 50.25 mbsf, then increase with increasing depth to 26.3 m_M in the_
LO S universus 36.3 458 328 423 deepest sample at 260.30 mbsf (Fig. 16). The average calcium gradi-
oL o s 8 s o3 ent below the calcium minimum is +11.4 mM/100 m. Magnesium
FO L. neoheteroporos 1789 1815 1755 1851 concentrations decrease throughout to 19.6 mM at 260.30 mbsf, with
FOC. d. davisiana 273 266 235 232 an average gradient below the depth of the calcium minimuilo8
A mM/100 m. The decrease in dissolved calcium in the upper sediment
Note: LO = last occurrenece, FO = first occurrence. indicates that authigenic mineral precipitation may be significant in

influencing this profile in this depth range, while both profiles appar-
ently reflect the diffusive influence of reactions in underlying basalt at
Phosphate concentrations increase steeply to 255 pM from 12.25to  deeper depths. At depthg8.75 mbsf, the calcium increase is linearly
50.25 mbsf, then decrease with increasing depth-tb| M from  correlated to the magnesium decrease, M@a/AMg of —0.82 (R =
192.95 to 260.30 mbsf. Ammonium concentrations increase with ind.94). Potassium concentrations generally decrease with increasing
creasing depth to >3 mM from 164.25 to 192.95 mbsf, then decreasepth to 4 mM at 260.30 mbsf (Fig. 16). Lithium concentrations are at
slightly in the two deepest samples. Manganese concentrations arebelow typical seawater values from 4.45 to 31.25 mbsf, then in-
>50 uM from 4.45 to 31.25 mbsf, then decrease sharply to values <tbease with increasing depth to 202 uM at 260.30 mbsf (Fig. 16).
UM from 50.25 to 260.30 mbsf, consistent with suboxic diagenesis
shallow in the sediments.
Dissolved silicate concentrations increase steadily with depth to ORGANIC GEOCHEMISTRY
1550 uM at 231.40 mbsf (Fig. 16), indicative of the dissolution of
biogenic opal. The dissolved silicate concentration in the deepest Organic geochemical analyses performed at Site 1020 include
sample at 260.30 mbsf is substantially lower than in shallower sanmeasurements of elemental composition and volatile hydrocarbons
ples, even when the effects of the contamination by seawater drillinor methods see “Organic Geochemistry” section, “Explanatory
fluid indicated by the sulfate data are taken into consideration. Nblotes” chapter, this volume).
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Figure 7. Plots of magnetic declination, inclination, and inten-
sity of APC cores from Hole 1020B. Small and large dots repre-
sent the data before and after AF demagnetization at 20 mT,
respectively. Open symbolsin the declination plots represent
the values corrected for orientation with the Tensor tool.

Figure 8. Plots of magnetic declination, inclination, and inten-
sity of APC cores from Hole 1020C obtained after AF demag-
netization at 20 mT (solid symbols). Open symbolsin the
declination plots represent the values corrected for orientation
with the Tensor tool.
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SITE 1020

Table 9. Magnetostr atigr aphic datum levelsin Holes 1020B and 1020C.

Upper limit Lower limit
Chronozone Age Level Depth Level Depth
boundary (Ma) Core, section (cm) (mbsf) Core, section (cm) (mbsf)
167-1020B-
C1n Brunhes (0) 0.780 9H-1 5 74.35 9H-4 25 79.05
C1r.1n Jaramillo (t) 0.990 10H-4 85 89.15 10H-4 145 89.75
C1r.1n Jaramillo (o) 1.070 11H-3 65 96.95 11H-4 75 98.55
167-1020C-
C1n Brunhes (0) 0.780 9H-5 75 77.55 9H-5 135 78.15
Clr.1n Jaramillo (t) 0.990 11H-3 115 93.95 11H-4 5 94.35
C1r.1n Jaramillo (0) 1.070 12H-2 115 101.95 12H-3 25 102.55

Notes: 0 = onset; t = termination; the assigned ages of the reversal boundaries are according to the time scale of Cande and Kent (1995). The upper and lower limits define the range

within which areversal occurs.

Hole 1020C
Declination (°) Inclination (°)
0 180 360 —90 0 90
Or—T— T T
L ) 1l L & 4
%, <
3 R
e
92 £ 1 F & —
o ° “ﬁo - - 0.. ... .
8, ..
8o MR
94— =1 F AN -
L 1 | i
o i
o8 » LA
=96 - v
o o pN
£ o T B 7
Z E 2 "o
§98 3., -4 3
& L 1L <
100f "% ., 4 F Y
4 o
- 8 - - . -
L ot
102 DR B R
%9 ¢ .'f
104 G2H F : -
L& . )

Figure 9. Plots of magnetic declination and inclination for the top and bottom
of the Jaramillo Subchron in Hole 1020C obtained after AF demagnetization
at 20 mT. Declination values were rotated to their in situ coordinates using
the Tensor tool data.

Volatile Hydrocar bons

As apart of the shipboard safety and pollution program, volatile
hydrocarbons (methane, ethane, and propane) in the sedimentsat Site
1020 were routinely measured by gas chromatography. Results are
presented in Table 14 and Figure 17. Headspace methane concentra-
tionswere at low values near the detection limit within the uppermost
68 mbsf. Methane content increased gradualy to a maximum of
about 8900 ppm around 150 mbsf, then gradually decreased to the
bottom of hole. Ethane and propane were detected only in traces.
Higher weight molecul ar hydrocarbon gaseswere not observed. High
methane/ethane ratios suggest that the methane is of biogenic origin.

Elemental Analysis

At Site 1020, 92 sediment sampleswere analyzed for total carbon,
inorganic carbon, total nitrogen, and total sulfur (Table 15, also on
CD-ROM, back pocket; Fig. 18).

The percentage of calcium carbonate (CaCOg) was calculated
from inorganic carbon concentrations by assuming that all carbonate
occurs in the form of calcite. CaCO; content varies between ~1 and

Magnetic
susceptibility Remanence intensity
(1078 s (mA/m)
100 0.010.1 1 10100
120 1 L Ll 1000
140 10 .
£ :
ey
a
(]
D —
160 — - = —
L L Ll 11l 5

Figure 10. Whole-core magnetic susceptibility and intensity of remanent
magnetization before (dashed line) and after (solid line) AF demagnetization
at 20 mT for theinterval between 120 and 170 mbsf in Hole 1020B. The high
peaks could represent horizons of diagenetic iron-sulfide formation that may
contain pyrrhotite.

raphy” section, this chapter; Fig. 18). Lithostratigraphic Unitd (0
229 mbsf) is characterized by low Cag@ntent, ranging between 1
and 10 wt%. Some single spikes of up to 20 wt% occur in this inter-
val. The poor preservation of nannofossils (see “Biostratigraphy”
section, this chapter) suggests that the low Ga@tent in the in-
terval between 60 and 220 mbsf is probably caused by carbonate dis-

58 wt%, and shows a good correlation to lithology (see “Lithostratigsolution. In lithostratigraphic Unit Il (22279 mbsf), the carbonate
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Table 10. Site 1020 composite depth section.

Hole, core, Depth Offset Depth
section (mbsf) (m) (mcd)
167-1020A-
1H-1 0 414 414
167-1020B-
1H-1 0 0.08 0.08
2H-1 7.8 -0.14 7.66
3H-1 17.3 0.26 17.56
4H-1 26.8 2.08 28.88
5H-1 36.3 3.16 39.46
6H-1 45.8 4.92 50.72
7H-1 55.3 5.92 61.22
8H-1 64.8 7.71 72.51
9H-1 74.3 10.19 84.49
10H-1 83.8 12.05 95.85
11H-1 93.3 11.27 104.57
12H-1 102.8 12.44 115.24
13H-1 112.3 14.88 127.18
14H-1 121.8 14.98 136.78
15H-1 131.3 14.98 146.28
16H-1 140.8 14.93 155.73
17H-1 150.3 15.81 166.11
18H-1 159.8 17.13 176.93
19X-1 169.3 17.89 187.19
20X-1 178.9 17.89 196.79
21X-1 188.5 19.81 208.31
22X-1 198.1 20.19 218.29
23X-1 207.7 22.03 229.73
25X-1 227 19.07 246.07
26X-1 236.6 19.07 255.67
27X-1 246.3 19.07 265.37
28X-1 255.9 19.07 274.97
29X-1 265.3 19.07 284.37
30X-1 274.7 19.07 293.77
167-1020C-
1H-1 0 0 0
2H-1 4.3 1.3 5.6
3H-1 13.8 1.16 14.96
4H-1 23.3 2.72 26.02
5H-1 32.8 3.82 36.62
6H-1 42.3 4.82 47.12
7H-1 51.8 4.68 56.48
8H-1 61.3 4.29 65.59
9H-1 70.8 491 75.71
10H-1 80.3 4.55 84.85
11H-1 89.8 571 95.51
12H-1 99.3 6.35 105.65
13H-1 108.8 7.88 116.68
14H-1 118.3 7.88 126.18
15H-1 127.8 10.21 138.01
16H-1 137.3 11.92 149.22
17X-1 146.8 13.67 160.47
18X-1 156.3 14.37 170.67
19X-1 165.9 14.37 180.27
20X-1 175.5 15.99 191.49
21X-1 185.1 15.99 201.09
22X-1 194.7 17.91 212.61
23X-1 204.3 18.45 222.75
24X-1 213.9 19.01 232.91
25X-1 2235 19.01 24251
167-1020D-
1H-1 0 -0.04 —0.04
2H-1 9.4 1.98 11.38
3H-1 18.9 2.18 21.08
4H-1 28.4 3.76 32.16
5H-1 37.9 4.48 42.38
6H-1 47.4 5.18 52.58
7H-1 56.9 5.68 62.58
8H-1 66.4 5.6 72
9H-1 75.9 5.96 81.86
10H-1 85.4 5.83 91.23
11H-1 94.9 6.69 101.59
12H-1 104.4 8.05 112.45
13H-1 113.9 8.77 122.67
14H-1 118.2 8.78 126.98
15H-1 127.7 10.97 138.67
16H-1 137.2 12.05 149.25
17H-1 146.7 14.13 160.83

Note: Thistable is also on CD-ROM, back pocket, this volume.
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Figure 11. Smoothed (15-cm Gaussian) color reflectance (% 450-500 nm
band) data for the upper 250 m from Site 1020 on the mcd scale. Holes
1020B, 1020C, and 1020D are offset from each other by a constant (3%).

record shows rapidly increasing values between 18 and 58 wt%. In
this interval, the nannofossil preservation is very good, which may
indicate that the carbonate fluctuation is caused by of changesin pri-
mary productivity.

The total organic carbon (TOC) content at Site 1020 varies be-
tween 0.32 and 1.28 wt% (Table 15; Fig. 18). Again, a dependency
on thelithology isapparent. In Unit I, the TOC content varies consis-
tently around an average value of 0.75 wt%. In lithostratigraphic Unit
11, organic matter concentration decreases downcore. The correlation
with the carbonate-rich interval pointsto dilution asthe reason for de-
creased TOC content.
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Figure 12. Smoothed (15-cm Gaussian) magnetic susceptibility data for the upper 250 m from Site 1020 on the mcd scale. Holes 1020A, 1020B, 1020C, and
1020D are offset from each other by a constant (20 x 1076 on 0-50 mcd panel and 10 x 107 on other panels). Note the different scale used for the 0-50 mcd
panel. Susceptibility datafor Hole 1012C were not plotted for the interval from 50 to 85 mcd, because the data were affected by intermittent noise that seriously

degraded the quality of the signal.

Total nitrogen content varies between 0.1 and 0.4 wt%, and total
sulfur content ranges from 0 to ~2 wt% (Table 15). To characterize
the type of organic matter in the sediments, total organic carbon/total
nitrogen (TOC/TN) ratios were used. Most of the TOC/TN ratios
range between 4 and 8, which indicates a predominantly marine ori-
gin of the organic material (Bordovskiy, 1965; Emerson and Hedges,
1988).

PHYSICAL PROPERTIES
Multisensor Track M easurements

The shipboard physical properties program at Site 1020 included
nondestructive measurements of bulk density, magnetic susceptibili-
ty, P-wave velocity, and natural gamma-ray activity on whole sec-
tions of all cores using the MST (Fig. 19). Magnetic susceptibility
was measured at 4-cm intervals at low sensitivity (1-s measuring
time). GRAPE bulk density measurements were made at 4-cm inter-
valson all Site 1020 cores. PWL velocity measurements were made
a 4-cm intervals on Cores 167-1020A-1H, 167-1020B-1H through
19X, 167-1020C-1H through 19X, and 167-1020D-1H through 17H.
Natural gamma-ray activity was measured with a15-s count every 12
cm on cores from Holes 1020A, 1020B, and 1020C.

Index Properties

Index properties measurements were made at one sample per
working section on all cores from Hole 1020B. Values of bulk densi-
ty and the index properties void ratio, porosity, water content, dry-
bulk density, and grain density (Fig. 20) were determined using
gravimetric Method C (Table 16 on CD-ROM in the back pocket of
this volume).

410

Compressional-Wave Vel ocity

Sonic velocity was measured with the Hamilton Frame (pair T3,
inthex-direction) at an average of one per corein Hole 1020B (Table
17 on CD-ROM in the back pocket of this volume).

Heat Flow

Thermal conductivity was measured to 82.55 mbsf in Hole 1020B
(Table 18 on CD-ROM in the back pocket of this volume). Three
downhole temperature measurements were taken with the APC
Adara temperature tool in Hole 1020B: 8.4°C at 36.3 mbsf, 11.7°C at
55.3 mbsf, and 15.5°C at 74.3 mbsf in Cores 167-1020B-4H, 6H, and
8H, respectively (Fig. 21). Bottom-water temperature was measured
on all runs, indicating a bottom-water temperature of 1#480CL°C.

The four data points yield a thermal gradient of 189°C/km (Fig. 22).
Using an average measured thermal conductivity of 0.899 W/(m-K)
provides a heat-flow estimate of 170 mV@AnSite 1020.

Color Reflectance

Color reflectance measurements were taken at 4- to 6-cm intervals
on cores from Holes 1020B, 1020C, and 1020D. The reflectance data
are consistent with the major lithostratigraphic units at this site. A
summary for the blue band (45800 nm) and the near infrared (850
900 nm) to blue ratio is given in Figure 23. Data from Hole 1020C
are used for the near infrared/blue ratio because instrumental noise
was lower than at Hole 1020B.

In lithostratigraphic Unit I, which is composed of clay mixed with
nannofossil clay (Subunit 1A) and diatom clay (Subunit IB), color re-
flectance is consistently low for the 48D0-nm band (average =
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Figure 13. Smoothed (15-cm Gaussian) GRAPE bulk density data for the
upper 250 m from Site 1020 on the mcd scale. Holes 1020B, 1020C, 1020D,
and 1020A are offset from each other by a constant (0.1 g/cmd).

10.6%, standard deviation = 1.2%). The peak in reflectance from 40
to 55 mbsf coincides with the relatively high nannofossil content of
thisinterval. Lithostratigraphic Unit I1, which is predominantly nan-
nofossil chalk mixed with clay, shows greater and more variable col-
or reflectance than lithostratigraphic Unit | (average = 13.9%, stan-
dard deviation = 3.7%). The high reflectance values in lithostrati-
graphic Unit Il generally match nannofossil-rich layers.

SITE 1020

The near infrared/blue ratio is analogous to the near infrared over
red (650-700 nm) ratio used to detect diatomaceous sedimentsin the
eastern equatorial Pacific (Mix et al., 1992). We choseto use near in-
frared/blue at Site 1020 because it shows greater variance (mean =
1.0, standard deviation = 0.07) than near infrared/red (mean = 0.99,
standard deviation = 0.03). Thisratio is also sensitive to diatom con-
tent at Site 1016 (see “Physical Properties” section, “Site 1016” chap-
ter, this volume). In lithostratigraphic Subunit IA at Site 1020, where
clay predominates, near infrared/blue is low. As lithostratigraphic
Subunit IA grades into Subunit IB, the proportion of diatoms increas-
es, as does the mean value and variability of the near infrared/blue ra-
tio.

Digital Color Video

Cores from all Site 1020 holes were imaged with the ODP color
digital imaging system at 20-cm intervals downcore, providing a
0.25-mm pixel. Intensity of color CIELAB L* from the digital color
video system from Holes 1020B, 1020C, and 1020D is shown in Fig-
ure 24,

DOWNHOLE MEASUREMENTS
L ogging Operations and L og Quality

Hole 1020B was logged with the density-porosity combination,
sonic-FMS, and GHMT tool strings after the hole was flushed of debris
and the drill pipe was set at 56 mbsf (Table 19). Two full passes of the
density-porosity combination tool string (pass @8 mbsf; pass 2:
90-275 mbsf), two full passes of the FMS-sonic tool string (pass 1:
100-275, with one pause at 200 mbsf; pass 2:-286 mbsf), and two
passes of the GHMT tool string (pass 1=Z60 mbsf; pass 2: 6@72
mbsf) were conducted. Sea-state conditions were calm (<1-m swells),
and the wireline heave compensator was used on all passes.

Borehole caliper measurements conducted during the density-po-
rosity combination and sonic-FMS passes indicate that the borehole
was moderately washed out from the bottom of the hole to 170 mbsf
and significantly washed out from 170 mbsf to the base of the pipe at
56 mbsf (Fig. 25). Overall log quality at this site is excellent to very
good below 170 mbsf and fair in the washed-out section above 170
mbsf.

The TLT was run during both passes of the density-porosity com-
bination tool. The temperature logs were linked to the actual logging
depths using the time-depth log recorded at the logging unit. The raw
TLT results show a minimum thermal gradient of 56°C/km (Fig. 26);
this is an underestimate because of the cooling by seawater circula-
tion. In situ temperature measurements using the Adara probe indi-
cate a thermal gradient near 189°C/km at this site (see “Physical
Properties” section, this chapter).

One way that log quality can be assessed is by comparing separate
log passes to determine how well measurements are reproduced. The
high-resolution photoelectric effect can be related to variation in the
calcium carbonate percentage (see “Downhole Measurements” sec-
tion, “Explanatory Notes” chapter, this volume, for an explanation of
the photoelectric factor). Both passes in Hole 1020B, where hole con-
ditions are very good, reproduced the photoelectric effect in detail
(Fig. 27), suggesting that the photoelectric factor can be a reliable
lithologic proxy if quantitative calibrations to lithologic composition
are calculated. High-resolution conductivity records from the FMS
tool string are clearly reproduced both on the meter to decimeter scale
and on the centimeter scale (Fig. 28). The quality of the FMS data is
poor above 170 mbsf, where the caliper reaches its maximum exten-
sion at 15 cm. However, detailed comparisons of the interval below
170 mbsf (example given in Fig. 28) demonstrate that the data are of
excellent quality. Comparison of the magnetic susceptibility logs
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Table 11. Site 1020 splice tie points.

Hole, core, section, ____ Depth Hole, core, section, _____ Depth
interval (cm) (mbsf)  (mcd) interval (cm) (mbsf)  (mcd)

1020C-1H-2, 135 2.85 2.85 tieto 1020D-1H-2, 139 2.89 2.85
1020D-1H-5, 35 6.35 6.31 tieto 1020C-2H-1, 71 5.01 6.31
1020C-2H-5, 59 10.89 12.19 tieto 1020D-2H-1, 81 10.21 12.19
1020D-2H-3, 135 13.75 15.73 tieto 1020C-3H-1, 77 14.57 15.73
1020C-3H-7, 39 23.19 24.35 tieto 1020D-3H-3, 27 22.17 24.35
1020D-3H-5, 11 25.01 27.19 tieto 1020C-4H-1,117  24.47 27.19
1020C-4H-6, 67 31.47 34.19 tieto 1020D-4H-2, 53 30.43 34.19
1020D-4H-4, 59 33.49 37.25 tieto 1020C-5H-1, 63 3343 37.25
1020C-5H-6, 135 41.65 4547 tieto 1020D-5H-3, 19 41.09 45.57
1020D-5H-4, 75 43.15 47.63 tieto 1020C-6H-1, 51 42.81 47.63
1020C-6H-7, 7 51.37 56.19 tieto 1020D-6H-3, 61 51.01 56.19
1020D-6H-4, 51 52.41 57.59 tieto 1020C-7H-1,111 5291 57.59
1020C-7H-6, 139 60.69 65.37 tieto 1020D-7H-2,129  59.69 65.37
1020D-7H-3, 123 61.13 66.81 tieto 1020C-8H-1,122  62.52 66.81
1020C-8H-7, 39 70.69 74.98 tieto 1020D-8H-2, 148  69.38 74.98
1020D-8H-3, 139 70.79 76.39 tieto 1020C-9H-1, 68 71.48 76.39
1020C-9H-6, 47 78.77 83.68 tieto 1020D-9H-2, 32 71.72 83.68
1020D-9H-3, 123 80.13 86.09 tieto 1020C-10H-1,24 8154 86.09
1020C-10H-6,139  89.19 93.74 tieto 1020D-10H-2, 101  87.91 93.74
1020D-10H-4, 99 90.89 96.72 tieto 1020C-11H-1,121  91.01 96.72
1020C-11H-6, 99 98.29 104 tieto 1020D-11H-2,91 9731 104
1020D-11H-4, 27 99.67  106.36 tieto 1020C-12H-1,71  100.01  106.36
1020C-12H-6, 115 107.95 1143 tieto 1020D-12H-2,35 106.25 1143
1020D-12H-4,91  109.81  117.86 tieto 1020C-13H-1, 118 109.98  117.86
1020C-13H-7,63 11843 126.31 tieto 1020C-14H-1,15 11845 126.31
1020C-14H-7,59  127.89 135.75 tieto 1020B-13H-7,47 121.77  136.75
1020B-14H-6,59  129.89  144.87 tieto 1020D-15H-5,20 13390 144.87
1020D-15H-6,95 136.15 147.12 tieto 1020B-15H-1,84 13214  147.12
1020B-15H-3,35 134.65 149.63 tieto 1020C-16H-1,41 137.71  149.63
1020C-16H-6, 75 14558 157.5 tieto 1020B-16H-2,27 14257 157.5
1020B-16H-6,55 148.85 163.78 tieto 1020C-17X-3,31 150.11  163.78
1020C-17X-7,11 15591  169.58 tieto 1020B-17H-3,47 153.77  169.58
1020B-17H-5, 7 15597 17178 tieto 1020C-18X-1, 111 157.41 171.78
1020C-18X-6, 111  164.91  179.28 tieto 1020B-18H-2,85 162.15 179.28
1020B-18H-4,47 164.77 1819 tieto 1020C-19X-2,13  167.53  181.90
1020C-19X-6,23  173.63 188 tieto 1020B-19X-1,81 170.11  188.00
1020B-19X-4,99 17479 192.68 tieto 1020C-20X-1, 119 176.69  192.68
1020C-20X-5,74 18231  198.30 tieto 1020C-20X-6,31 183.31  198.30
1020C-21X-6,83  193.43  209.42 tieto 1020B-21X-1, 111 189.61 209.42
1020B-21X-4,67 193.67 21348 tieto 1020C-22X-1,87 19557 21348
1020C-22X-6, 127 203.47  221.38 tieto 1020B-22X-3,9 20119 221.38
1020B-22X-5,15  204.25 224.44 tieto 1020C-23X-2,19 20599 224.44
1020C-23X-6, 75 21255 231 tieto 1020B-23X-1, 127 208.97 231
1020B-23X-6,47  215.67 237.7 tieto 1020C-24X-4,31 21871 237.72
1020C-24X-7,39 22329 2423 tieto 1020C-25X-1,7 22357 242.58
1020C-25X-6, 111 23211 251.12 tieto 1020B-25X-4,55 23205 25112
1020B-25X-7,79  236.29  255.36 tieto 1020C-23X-2,19 20599 224.44

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

Table 12. Site 1020 sedimentation rate age control points. Sedimentation rate (mcd/m.y.)
Depth Age 0 0 R 7|5 . . 150
Event (mcd) (Ma)
T P. lacunosa 51.30 0.46 L _
B Brunhes 84.83 0.78
T Jaramillo 100.68 0.99
B Jaramillo 108.81 1.07 . |
T large Gephyrocapsa spp. 125.01 124
B large Gephyrocapsa spp. 144.69 144
B G. oceanica 160.48 1.69
T T. convexa 238.27 2.40 B 7]
B C. davisiana 248.17 2.80 =
T R pseudoumbilicus 289.07 3.79 =
° 2
(=2}
Note: T = top, B = bottom. <

from the two separate passes of the GHMT tool string also demon-

strates that the data are reproduced in detail with the exception of the 3 7]
interval above 170 mbsf (Fig. 29).
Lithology
4 T T T AN N N |

The transition from interbedded clays and nannofossil clays to

sediment with more siliceous components (lithostratigraphic Subunit Figure 14. Sedimentation rate vs. age based on the age control points from
IA/Subunit IB transition) at about 120 mbsf is not marked by a sig- Table 12.
nificant change in the logging data (Fig. 25). Thereis a gradual de-
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creasein porosity and resistivity and an increase in density and gam-
macray activity from 80 to 170 mbsf that may reflect changesin bore-
hole conditions from alarger diameter above 170 mbsf to a narrower
borehole below 170 mbsf. There is a transition to higher density, re-
sistivity, and gamma-ray activity values and to lower porosity values
from 210 mbsf toward the bottom of the hole. Thistransition reflects
the observed small increase in lithification and in carbonate content

ed as a peak in resistivity and density and as lower porosity.

SITE 1020

Figure 15. Spliced records of Site 1020 color reflectance, mag-
netic susceptibility, and GRAPE bulk density vs. age based on
age control points from Table 12. High-frequency, relatively
high-amplitude variations between 0.45 and 0.75 Ma are caused
by high instrument noise in Hole 1020C data.

Comparison of Coreand Log Data

The core and log measurements of sediment bulk density are sim-
ilar over their common interval. The largest deviations between the
log and core data occur above 170 mbsf in intervals where the bore-
hole is washed out (Fig. 30). Between 170 and 210 mbsf the core den-
sity measurement is slightly lower than the log (neutron) measure-
near the bottom of lithostratigraphic Subunit IB (see “Lithostratigra-ments, in part because of core disturbance during XCB drilling. As
phy” section, this chapter). A more distinctive decrease in porositpbserved at Holes 1014A and 1016A, the log (neutron) porosity data
and increase in density and resistivity mark the transition from lithoare also higher than the core density measurements because the neu-
stratigraphic Subunit IB, a diatom clay with nannofossils, to litho-tron log porosity data tend to overestimate porosity in very clay-rich
stratigraphic Unit Il, a nannofossil chalk. The relatively large peak irformations such as at Hole 1020B.
the gamma-ray log at about 187 mbsf (Fig. 25) reflects a 5-cm-thick Comparison between the log natural gamma-ray and the core nat-
layer of ash. A sub-meter-thick dolomitic clay at 190 mbsf is recordural gamma-ray data, between the log density and the core GRAPE
density data, and between the log magnetic susceptibility and the core
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SITE 1020

Table 13. Inter stitial water geochemical data, Hole 1020B.

Core, section,  Depth Alkalinity cl- Na SO HPOZ NH, Mn* HSO, Ca&* Mg?* Sz Li* K*
interval (cm) (mbsf) pH (mM)  Sdinity (mM) (mM) (mM) (uM) (mM)  (uM) (uM) (mM) (mM) (UM) (UM) (mM)
167-1020B-
1H-3, 145-150 4.45 7.50 9.29 35.0 550 474 23.6 50 0.13 59 688 9.72 50.8 85 19 11.
2H-3, 145-150  12.25 7.42 15.4 35.0 555 480 18.4 74 0.71 54 775 8.92 49.4 85 20 10.
3H-3, 145-150 21.75 7.34 19.0 35.0 562 487 15.9 66 1.28 63 775 8.37 49.1 85 24 11.
4H-3, 145-150 31.25 7.32 20.7 35.0 566 489 13.2 59 1.52 53 838 7.73 49.0 85 28 10.
5H-3, 145-150 40.75 7.26 21.1 34.5 566 489 10.5 56 1.82 28 927 6.43 47.9 85 35 10.
6H-3, 145-150  50.25 7.13 21.2 34.0 568 489 8.1 55 2.04 959 5.18 47.7 89 41 10.
9H-3, 145-150  78.75 7.22 20.3 33.0 563 486 2.5 38 2.53 13 1161 5.50 41.1 111 58 9.
12H-3, 145-150 107.25 7.31 ND 33.0 560 ND <0.2 38 2.76 19 1280 6.09 41.3 133 69 8.
15H-3, 145-150 135.75 7.25 21.9 33.0 563 483 <0.2 21 2.87 12 1409 7.88 39.0 152 105 8
18H-3, 145-150 164.25 7.17 18.3 33.0 556 478 <0.2 16 3.12 12 1452 10.2 34.0 174 145 7
21X-3, 145-150 192.95 7.30 12.9 32.0 556 477 <0.2 4 3.07 9 1394 13.6 28.8 196 183 7.
25X-3, 140-150 231.40 7.18 6.17 32.0 557 476 <0.2 3 2.84 7 1549 18.8 22.1 215 205 5.
28X-3, 140-150 260.30 ND ND ND 550 ND 2.8 2 1.95 15 789 26.3 19.6 233 202 4.0
Note: ND = value not determined.
CF (mM) Alkalinity (mM) S0,2- (MM) HPO,2- (uM) NH4* (mM)
520 560 0 10 20 O 20 0 40 80 0 2 4
0 T T T T T T T T T T
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Figure 16. Interstitial water geochemical data, Site -
1020. Solid circles = Ca, open circles = Mg. L Lo L | | L
magnetic susceptibility data demonstrates that the logs can reliably SUMMARY

reproduce first-order features of the records generated from measure-
ments of the sediments on the MST track, particularly in the interval
below 170 mbsf, where hole conditions are very good. The magnetic
susceptibility log (Fig. 29) is particularly useful in determining the
zone of pyritization at 135-165 mbsf and in providing a detailed
record of variation in the interval below 170 mbsf, where the core
magnetic susceptibility and GRAPE data are noisy because of distur-
bances during XCB drilling. Comparison of the core magnetic sus-
ceptibility splice record and the logging data suggests that there is
about 10% expansion of the recovered sediment, and therefore the
mcd scale, relative to the drilled mbsf depth scale (Fig. 29).

414

Site 1020 is the high-resolution offshore site on the eastern flank
of the Gorda Ridge (Fig. 31) drilled to complement Sites 1019 (Eel
River Basin) and 1022 (Delgada Slope). The Gorda Transect is com-
pleted by Site 1021 on the Delgada Fan, which provides alonger but
lower resolution sedimentary section. Besidesamissed mudline core,
Site 1020 was triple cored to 156 mbsf (~1.8 Ma) and double cored
t0 233 mbsf (~2.8 Ma). A continuous spliced section was demonstrat-
ed to a depth of 118 mbsf (~1.2 Ma), and only three core gaps exist
between 118 mbsf and 223 mbsf (~2.6 Ma). The deepest hol e touched
basement that had a paleomagnetic age of 5.1 Ma, and ~5 cm of basalt
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SITE 1020

Table 14. Concentrations of methane (C,), ethene (C,.), ethane (C,), propene (C,.), and propane (C;) obtained by the headspace technique from Hole

1020B.
Core, section, Depth C, Co- C, (o C;
interval (cm) (mbsf) (ppm) (ppm) (ppm (ppm) (ppm CJC,
167-1020B-
1H-4,0-5 453 64 2 4 2 5 16
2H-4,0-5 12.33 1
3H-4,0-5 21.83 13
4H-4, 0-5 31.33 9
5H-4, 0-5 40.83 9
6H-4, 0-5 50.33 13
7H-3,0-5 58.33 7
8H-3, 0-5 67.83 36
9H-4, 0-5 78.83 113
10H-7,0-5 92.83 213
11H-6,145-150  102.28 325
12H-4, 0-5 107.33 633
13H-6, 145-150  121.28 4891
14H-6,145-150  130.78 3892
15H-4, 0-5 135.83 4497
16H-6, 0-5 149.78 8879 2 1 4440
17H-7,145-150  159.33 5242 2 2621
18H-4, 0-5 164.33 8889 2 2 4445
19X-4, 0-5 173.83 4808 2 1 2404
21X-4,0-5 193.03 3040
22X-4,0-5 202.63 5412 2 2706
23X-4,0-5 212.23 2687
25X-4, 0-5 231.53 1316
26X-4,0-5 241.13 654
27X-4,0-5 250.83 470
28X-4,0-5 260.43 398
29X-2,0-5 266.83 120
Cy (ppm) pearance of siliceous microfossils below 255 mbsf are probably
o 1 100 10000 caused by diagenesis resulting from the high heat flow.
I I
B REFERENCES
- Atwater, T., and Severinghaus, J.,, 1989. Tectonic map of the northeast
| Pacific Ocean. In Winterer, E.L., Hussong, D.M., and Decker, RW.
= (Eds.) The Eastern Pacific Ocean and Hawaii. Geol. Soc. Am., Decade
3 - of North Am. Geol., Vol. N.
5150 - Headspace Baldauf, J.G, and lwai, M., 1995. Neogene diatom biostratigraphy for the
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Figure 17. Depth variation of methane;Y@oncentration obtained by the

headspace technique from Hole 1020B.

was collected. A significant hiatus exists just above basement, and
the basal sediments have an age of 3.8 Ma. Age control at thesitewas
provided by excellent pal eomagneticsto adepth of ~105 mbsf and by
biostratigraphy from all microfossil groups. The sediment column is
primarily aluminosilicates, with variable but usually low nannofossil
and foraminifer contents in the upper Pleistocene section. Diatom
contents are higher downsection, whereas calcareous microfossil
contents are lower, especialy in the lower Pleistocene and upper
Pliocene sediments. Lower Pliocene sediments are marked by a
strong enrichment in calcium carbonate compared to the rest of the
sediment column and also are more lithified. Site 1020 has the high-
est heat flow of any of the Leg 167 sites and, unsurprisingly, lies
above the youngest oceanic basement. Both the transition from ooze
to chalk marking lithostratigraphic Unit 11 (228 mbsf) and the disap-

Res., 100:6093-6095.
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Mix, A.C., Rugh, W., Pisias, N.G, Veirs, S., Leg 138 Shipboard Sedimentol- Wilson, D.S., 1989. Deformation of the so-called Gorda Plate. J. Geophys.
ogists (Hagelberg, T., Hovan, S., Kemp, A., Leinen, M., Levitan, M., Res., 94:3065-3075.
Ravelo, C.), and Leg 138 Scientific Party, 1992. Color reflectance spec-
troscopy: a tool for rapid characterization of deep-sea sediments. In
Mayer, L., Pisias, N., Janecek, T., et a., Proc. ODP, Init. Repts., 138 (Pt.
1): College Station, TX (Ocean Drilling Program), 67-77.
Riddihough, R.P,, 1980. Gorda Plate motions from magnetic anomaly analy-
sis. Earth Planet. Sci. Lett., 51:163-170. Ms167IR-114

NOTE: For all sites drilled, core-description forms (“barrel sheets”) and core photo-
graphs can be found in Section 3, beginning on page 499. Smear-slide data can be found
in Section 4, beginning on page 1327. See Table of Contents for material contained on
CD-ROM.

Table 15. Concentrations of inorganic carbon, calcium carbonate, total carbon, total organic carbon, total nitrogen, and total sulfur in weight percent
(wt%) in Hole 1020B.

Depth Inorganic CaCO;  Tota carbon Total organic carbon Total nitrogen  Total sulfur  Total organic carbon/
Core (mbsf) carbon (wt%)  (Wt%) (Wt9%0) (Wt%) (Wt%) (Wt9%0) Total nitrogen
167B-1020-
1H-3, 29-30 3.29 0.49 4.1 1.18 0.69 0.14 0.00 4.93
1H-5, 29-30 6.29 0.40 3.3 1.19 0.79 0.14 0.00 5.64
2H-2, 29-30 9.59 0.39 3.2 1.23 0.84 0.16 0.00 5.25
2H-4, 29-30 12.59 0.14 1.2 1.42 1.28 0.19 0.00 6.74
2H-6, 29-30 15.59 0.49 4.1 1.51 1.02 0.16 0.00 6.38
3H-2, 30-31 19.10 0.41 34 1.13 0.72 0.10 0.00 7.20
3H-4, 30-31 22.10 0.11 0.9 0.66 0.55 0.10 0.30 5.50
3H-6, 30-31 25.10 0.28 2.3 0.69 0.41 0.08 0.00 5.13
4H-1, 29-30 27.09 2.32 19.3 2.95 0.63 0.13 0.00 4.85
4H-3, 28-29 30.08 0.11 0.9 0.69 0.58 0.11 0.00 5.27

Only part of thistableisreproduced here. The entiretable appearson CD-ROM (back pocket).

Lith.
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Figure 18. Depth variation of calcium carbonate, total organic carbon (TOC), and total organic carbon/total nitrogen (TOC/TN) in sediments of Hole 1020B.
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Figure 19. MST data from Hole 1020B.
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Figure 20. Index property data from Hole 1020B.
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Figure 21. Hole 1020B downhole temperature vs. record number (5-srecord-
ing frequency) for each measurement run, showing the intervals fitted to

determine the downhole temperature.
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Figure 22. Downhole temperature gradient for Hole 1020B.
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Figure 23. Summary of color reflectance data for Site 1020. A. Percent
reflectance for 450-500-nm band average (blue) of Hole 1020B compared to
major lithostratigraphic units. B. Ratio of 850-900-nm band average (near

infrared) to blue for Hole 1020C.
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Figure 24. Digital color video data for CIELAB L* from Holes (A) 1020B,

(B) 1020C, and (C) 1020D. Data were decimated at 2-cm intervals.
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Table 19. Downhole measurementsin Hole 1020B.

Date, time Description
3 June 1996
1100 Set pipe at 56 mbsf, rig up wireline, rig up density-porosity combination tool string, sea state calm.
1200 RIH density-porosity, wireline heave compensator on.
1310 At TD, begin density-porosity pass 1 at 300 m/hr (275-95 mbsf).
1400 At TD, begin density-porosity pass 2 (275-90 mbsf), continue logging to mudline.
1500 POOH, rig down density-porosity, rig up sonic-FMStoal string, RIH.
1845 At TD, begin sonic-FMS pass 1 at 300 m/hr (275-100 mbsf), pause at 200 mbsf because of winch problem, close/reopen calipers.
2000 At TD, begin sonic-FMS pass 2 (275-100 mbsf).
2200 POOH sonic-FMS, rig down, rig up GHMT tool string, RIH.
4 June 1996
0000 At TD, begin GHMT pass 1 a 1000 m/hr (260-75 mbsf).
0040 At TD, begin GHMT pass 2 (272-60 mbsf).
0200 POOH GHMT, rig down, end logging operations.

Note: RIH =runin hole, TD = total depth, FM'S = Formation MicroScanner, POOH = pull out of hole, GHMT = geologica high-sensitivity magnetic tool.

Caliper (in) Gamma ray (API) Resistivity (ohm-m) Density (g/cm3) Porosity (fraction) Lith.
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’ | - | E N
160 - -1 -1 %

I 1 T 1T 1 |1

Depth(mbsf)

200

240

Figure 25. Downhole log data from the density-porosity combination tool string (pass 1) and a lithostratigraphic summary column of Hole 1020B (see “Litho-
stratigraphy” section, this chapter).
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Figure 26. Borehole temperature measurements from the Lamont-Doherty
temperature logging tool. The results suggest a downhole temperature gradi- Figure 27. Hole 1020B photoelectric factor from pass 1 and pass 2 of the

ent of 56°C/km. density-porosity combination tool string.
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Figure 28. FMS data from pass 1 and pass 2 of the sonic-FMS tool string. On the left, the two orthogonal caliperraecor@ (m pass 2 are shown. The
washouts above 170 mbsf are where the FMS data are of poor quality. Below 170 mbsf, the hole is generally in fair to tjmraditenckliper suggests that
there is an interval of swelling at 190 mbsf, where a dolomitic clay was observed in the core. The middle two curvesldF&Beetords from the two
passes (20-point smoothing). On the right are the unsmoothed FMS data from the two passes in a 10-m interval.
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Log magnetic susceptibility

Core magnetic susceptibility
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Figure 31. Comparison of the lithostratigraphic column at Site 1020 and a seismic reflection profile through it (Line W9406 CA4-4; Lyle, et a., 19953, 1995b).
Ties are calculated from shipboard seismic velocity measurements (see “Physical Properties” section, this chapter). Bés{M&uyaima boundary. On y-
axis, (s) = milliseconds.
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SITE 1020

SHORE-BASED L OG PROCESSING

HOLE 1020B
Bottom felt: 3049.7 mbrf (used for depth shift to seafloor) the seafloor (-049.7 m). Pass 1 of the GHMT and FMS tool strings
Total penetration: 278.8 mbsf have been depth shifted with reference to Pass 2 of the same tool
Total corerecovered: 265 m (95%) string, by using caliper and magnetic data for correlation.

Gamma-ray and environmental corrections: Corrections for
Logging Runs borehole size and type of drilling fluid were performed on the NGT
data from the FMS/GPIT/SDT/NGT and GHMT/NGT tool strings.

Logging string 1: DIT/HLDT/APS/HNGS (2 passes) HNGS data from the DIT/HLDT/APS/HNGS tool string were cor-
Logging string 2: FMS/SDT/GPIT/NGT (2 passes) rected in real-time during the recording.
Logging string 3: GHMT/NGT (2 passes) Acoustic data processing: The array sonic tool was operated in
Wireline heave compensator was used to counter ship heave. standard depth-derived, borehole compensated, long spacing (8-10-
10-12 ft) and short spacing (3-5-5-7 ft) mode. Because of an offset
Bottom-Hole Assembly the transit times, no standard processing has been performed. An un-

compensated velocity value has been computed from the edited
The following bottom-hole assembly depths are asthey appear on LTT4 (10-ft spacing) channel from Pass 2.

the logs after differential depth shift (see “Depth shift” section) and

depth shift to the seafloor. As such, there might be a discrepancy with Quality Control

the original depths given by the drillers on board ship. Possible rea-

sons for depth discrepancies are ship heave, use of wireline heave Data recorded through bottom-hole assembly, such as the HNGS,

compensator, and drill string and/or wireline stretch. NGT, and APS data above 60 mbsf, should be used qualitatively only
DIT/HLDT/APS/HNGS: Recorded open hole (pass 1). because of the attenuation on the incoming signal.
DIT/HLDT/APS/HNGS: Bottom-hole assembly at ~60 mbsf  Hole diameter was recorded by the hydraulic caliper on the HLDT
(pass 2). tool (CALI) and on the FMS string (C1 and C2).
FMS/GPIT/NGT: Recorded open hole (pass 1). Note: Details of standard shore-based processing procedures are
FMS/GPIT/NGT: Bottom-hole assembly at ~60 mbsf (pass 2). found in the “Explanatory Notes” chapter, this volume. For further
GHMT/NGT: Recorded open hole (pass 1). information about the logs, please contact:

GHMT/NGT: Bottom-hole assembly at ~60 mbsf (pass 2).

Processing Cristina Broglia Zhiping Tu
Phone: 914-365-8343 Phone: 914-365-8336
Depth shift: Original logs have been interactively depth shifted Fax: 914-365-3182 Fax: 914-365-3182

with reference to HNGS from DIT/HLDT/APS/HNGS pass 2 and toE-mail: chris@Ideo.columbia.edu E-mail: ztu@Ideo.columbia.edu
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SITE 1020

Hole 1020B: Natural Gamma Ray-Density-Porosity Logging Data-Pass 2 (cont.)
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Hole 1020B: Natura Gamma Ray-Resistivity-Sonic Logging Data-Pass 2
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Hole 1020B: Natural Gamma Ray-Resistivity-Sonic Logging Data-Pass 2 (cont.)
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Hole 1020B: Natural Gamma Ray Logging Data-Pass 2
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Hole 1020B: Natural Gamma Ray Logging Data-Pass 2 (cont.)
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