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10. SITE 1016*

Shipboard Scientific Party?

HOLE 1016A

Date occupied: 13 May 1996

Date departed: 17 May 1996

Timeon hole: 3 days, 9 hr, 30 min

Position: 34°32.415\, 122°16.594N

Drill pipe measurement from rig floor to seafloor (m): 3845.4
Distance between rig floor and sea level (m): 11.1

Water depth (drill pipe measurement from sea level, m): 3834.3
Total depth (fromrig floor, m): 4161.9

Penetration (m): 316.5

Number of cores (including cores having no recovery): 36
Total length of cored section (m): 316.5

Total corerecovered (m): 303.7

Corerecovery (%): 95

Oldest sediment cored:
Depth (mbsf): 316.5
Nature: Porcellanite and chert
Age: late Miocene

Measured velocity (km/s): 3.826 at Section 35X-1, 6 cm

Depth (mbsf): 210.8

Nature: Diatom clay, nannofossil ooze with diatoms, and diatom ooze

Age: late Miocene

HOLE 1016C

Date occupied: 18 May 1996

Date departed: 18 May 1996

Timeon hole: 2 hr, 15 min

Position: 34°32.292N, 122°16.59'W

Drill pipe measurement from rig floor to seafloor (m): 3846.3
Distance between rig floor and sea level (m): 11.1

Water depth (drill pipe measurement from sea level, m): 3835.2
Total depth (from rig floor, m): 3865.0

Penetration (m): 18.7

Number of cores (including cores having no recovery): 2
Total length of cored section (m): 18.7

Total corerecovered (m): 18.8

Corerecovery (%): 100.0

Oldest sediment cored:

Comments. Camera survey of the ocean bottom was conducted before spud- Depth (mbsf): 18.7

ding.

HOLE 1016B

Date occupied: 17 May 1996

Date departed: 18 May 1996

Timeon hole: 1 day, 2 hr, 30 min

Position: 34°32.31/MN, 112°16.57W

Drill pipe measurement from rig floor to seafloor (m): 3847.7
Distance between rig floor and sea level (m): 11.1

Water depth (drill pipe measurement from sea level, m): 3836.6
Total depth (from rig floor, m): 4058.5

Penetration (m): 210.8

Number of cores (including cores having no recovery): 23
Total length of cored section (m): 210.8

Total corerecovered (m): 218.1

Corerecovery (%): 103.0

Oldest sediment cored:

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.

Nature: N/A
Age: Quaternary

Comments: Cores were not split on ship

HOLE 1016D

Date occupied: 18 May 1996

Date departed: 19 May 1996

Timeon hole: 19 hr, 30 min

Position: 34°32.306N, 122°16.585V

Drill pipe measurement from rig floor to seafloor (m): 3845.5
Distance between rig floor and sea level (m): 11.1

Water depth (drill pipe measurement from sea level, m): 3834.4
Total depth (from rig floor, m): 3996.0

Penetration (m): 150.5

Number of cores (including cores having no recovery): 16
Total length of cored section (m): 150.5

Total corerecovered (m): 154.2

Corerecovery (%): 102.0

Oldest sediment cored:
Depth (mbsf): 150.5




SITE 1016

Nature: Nannofossil ooze with diatoms and foraminifers Calcium carbonate values vary from 1 to 62 wt%. Organic carbon con-
Age: late Pliocene centrations are high (average 0.93 wt%) compared to normal open ocean
environments. According to total organic carbon/total nitrogen ratios, the

- S organic material is mainly of marine origin. Chemical gradients in the in-
tion and forms the deep-water drill site (water depth 3834 mbsl) on the " . 8 A ) ; )
( v ) terstitial waters reflect organic matter diagenesis, the dissolution of bio-

Conception Transect (35°N). The site was chosen to provide material to . ; e . .
. : genic opal and calcium carbonate, the diffusive influence of reactions in
investigate the longer term Neogene record as well as to assess paleocean-

ographic conditions near the core of the California Current. Site 1016 oc- glﬁ] underlying basalt, and the influence of authigenic mineral precipita-
cupies an important transitional zone for modern flora and fauna and )

provides a good opportunity to develop a chronology for the biostratigra- refl:(;g:;ismoz-\;\;iv: ;eﬁc;n;gr;{dSﬁ:/gssede?jggo;rﬁ:piomnderV:rI]IC\;wtCP:m_
phy. Geochemical indices of paleoproductivity and microfossil assem- ) y ) P

blages obtained from this site will provide important data on nutrients trasts, which generate the reflections, correspond to sandy turbidite layers
carried by the California Current. Organic carbon deposition should be in the upper 70 mbsf of the section. The average thermgl conductivity of

. . . . - . . 0.838 W/(m-K) and the thermal gradient of 105°C/km vyield a heat-flow
relatively high compared to typical pelagic sedimentary sections in rela-

) } . . estimate of 88 mW/A
tively deep water. This environment provides one of the end-members . )
) ) o The log physical properties data closely matched the measured core

needed to study preservation of bulk organic matter and of specific organ- . . ; S
ic molecules density, porosity, and magnetic susceptibility over the core-log data over-

) . . . lap. Initial core-log comparisons suggest that decimeter-scale variations in

Four holes were cored with the APC/XCB at Site 1016 to a maximum . P . 9 P 99 . ; :
. ) . lithology are reliably recorded by the logging tools. This provides the op-

depth of 316.5 mbsf, recovering an apparently continuous interval of Qua- - .

. . - . portunity to assess the degree of rebound and deformation of the core ma-
ternary to upper Miocene sediments (Fig. 1). Hole 1016A was cored with terial and will be especially useful for putting together continuous records
the APC to 93.1 mbsf and extended with the XCB to 315.5 mbsf. Slow N

- : . even where material is missing at core gaps.
drilling and poor recovery were encountered in massive chert and porcel-
lanite layers starting at 298 mbsf. One core was taken with the Motor

Principal results: Site 1016 is located about 150 km west of Point Concep-

Driven Core Barrel down to 316.5 mbsf. The hole was logged with the BACKGROUND AND OBJECTIVES
density-porosity combination tool (density, neutron porosity, resistivity,
and natural gamma ray), the GHMT magnetic tool, and the sonic-Forma- General Description

tion MicroScanner. Hole 1016B was cored with the APC to 210.8 mbsf.  gjta 1016 is located about 150 km west of Point Conception and
Two APC cores were taken at Hole 1016C down to 18.7 mbsf and Holey s the deep water drill site on the Conception Transect (Fig. 2).
1016D was cored with the APC to 150.5 mbsf. Detailed comparisons berpe gte is located on an abyssal hill that trends northeast and rises
tween the magnetic susceptibility and GRAPE density records generategh_100 m above the surroundi ng seafloor. It is also located about 70
on the MST, and high-resolution color reflectance measured with the Oty \west of the toe of the continental slope in water 3835 m deep. On
egon State University system, demonstrated complete recovery of the se.g'regi onal scale, the site is surrounded by major submarine fans, a-
imentary sequence down to 245 meters composite depth (mcd), with tr{ﬁough the abyssal hill is covered with hemipelagic sediments. Just to
exception of a core gap at 172.6 med, which could not be covered by ovejpa north, lobes of the Monterey Fan fill low-lying topography, while
lap. . . __to the south the Arguello Fan extends from Arguello Canyon, near
Sediments are dominated by decimeter- to meter-scale alternations %i nt Conception. Basement is 22.5 Ma oceanic basalt, based on
carbonate, diatomaceous, and siliciclastic layers. Several ﬁne'grain%agnetic anomalies (Anomaly 6B; Atwater and Severinghaus,
sand layers and volcanic ash bands, each up to several centimeters thi(j_bgg)_ The site was surveyed in detail with the Maurice Ewing on
occur in the upper two-thirds of the sequence. The sedimentary section b@r’uise EW9504 in 1995 (Lyle et al., 1995a, 1995b; Fig. 3). The sur-
gins with approximately 70 m of clay and diatom oozes of Quaternary tQ/ey was designed to locate a good drilling target within hemipelagic
late Pliocene age (Fig. 1). It continues downward with a 92-m Iatesediments outside of an abandoned chemical munitions dumping area
Pliocene to early Pliocene sequence of interbedded nannofossil and diﬁfthe toe of the continental slope. The site was located about 10 km
tom ooze. The underlying lower Pliocene to upper Miocene unit (150 Myeqt of the dump boundary.
thick) is dominated by diatomite and diatom clay and contains several vol- The sediment column from the seismic reflection profile (Fig. 3)
canic ash layers and blebs of solid bitumen. The base of this unit consiséén be divided into upper and lower sedimentary sections. The upper
of poorly recovered porcellanite and chert resulting from diagenesis of thﬁart of the sediment column hasfew reflectorsand isvaguely layered.
diatomaceous sediments. The base of this unit is late Miocene age (She|ower section, in contrast, is marked by strong acoustic reflectors
Ma). Sedimentation rates are high, averaging 50 m/m.y. from the Q“atefhat obscure basement in some parts of the survey area. These strong
nary to the upper Pliocene, and are drastically lower during the early tpef| ectors may mark cherts. The depth to the transition is 350 ms
middle Pliocene (1815 m/m.y.), and average 30 m/m.y. in the late Mi- TWT, or about 275280 mbsf. Basement can be distinguished by a
ocene. _ _ ‘ _ strong but scattered return 520 ms TWT below the seafloor, or about
A well-constrained biostratigraphy and chronology are provided by aj50-440 mbsf. Site 1016 was chosen for drilling because the lower
combination of calcareous nannofossil, planktonic foraminifer, diatom.gadiment section had somewhat lower amplitude reflectors than el se-
and radiolarian datums for the upper Pliocene and Quaternary. The UpPBg&fere in the survey area (i.e., the site probably has fewer cherts than

Miocene to lower Pliocene (below 154 mbsf) is dated by calcareous narhverage) and becatise basement was well imaged
nofossils, diatoms, and radiolarians. Diatom and radiolarian assemblages

suggest two major episodes of strong upwelling during the late Miocene
and the late Pliocene through early Quaternary. These two episodes are
separated by an interval marked by decreased vertical advection of deep
waters during the Pliocene, resulting in a relatively low sedimentation Site 1016 issituated in deep water and has arelatively slow pelag-
rate. Cooling at thermocline depths is suggested after 3.0 Ma by Arctic rd¢ sedimentation rate (average of about 19 m/m.y. for the total sedi-
diolarian assemblages. This was followed at 2.5 Ma by major surface-wanent column) compared to other Leg 167 drill sites. It was drilled to
ter cooling. Lower bathyal benthic foraminifer assemblages appear tstudy thelonger term Neogene record as well as to assess pal eocean-
change little throughout the late Pliocene and Quaternary, including bedgraphic conditions near the core of the California Current. We also
tween glacial and interglacial episodes. hoped to develop a correlation between Neogene biostratigraphic
Magnetic intensities were below the noise level of the magnetometetiata from the northeastern Pecific and the paleomagnetic chrono-
and precluded the establishment of a magnetic polarity stratigraphgtratigraphy. Because subtropic and subarctic flora and fauna mix
aboard ship. along the coast of Cdifornia, the detailed biostratigraphy fitsimper-

Site Objective
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Figure 1. Site 1016 master column.

SITE 1016
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fectly with schema developed for either the tropics or the subarctic
North Pacific. Site 1016 occupies an important transitiona zone for
modern flora and fauna and provides a good opportunity to develop
abiostratigraphic chronology.

Site 1016 will also assess the paleoceanographic conditions with-
in the central region of the California Current. In the modern oceans,
an important transition between subtropical and subarctic fauna oc-
curs just south of the drill site (Roessler and Chelton, 1987). Site
1016 should therefore be sensitive to changes in California Current
strength. Because all the deep-water drill sites on Leg 167 penetrate
alarge proportion of the Neogene, they will monitor the long-term
evolution of the California Current system. Older studies from rota-
ry-cored DSDP drill sites and land sections indicate that significant
shifts in the strength, or at least the temperature, of the California
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Figure 2. Location map for Site 1016. The drill site is located on 22.5 Ma
oceanic crust about 70 km from the toe of the continental slope and about 150
km west of Point Arguello.

SITE 1016

Current have occurred in the past (Ingle, 1973), and Leg 167 drilling
will improve our ability to resolve these events. Geochemical indices
of paleoproductivity and microfossil assemblages obtained from Site
1016 will also provide important data on nutrients carried by the Cal-
ifornia Current.

Site 1016 has important geochemical objectives. Organic carbon
deposition isrelatively high compared to typical pelagic sedimentary
sections, yet the sedimentation rateis relatively low and the siteisin
deep water. This environment provides one of the end-members
needed to study preservation of bulk organic matter and of specific
organic molecules.

OPERATIONS
Transit from Site 1015 to Site 1016

The 190.0-nmi transit from Site 1015 to Site 1016 was accom-
plished in 16.75 hr at an average speed of 11.3 kt. A rendezvouswith
asmall vessel from University of Californiaat SantaBarbara (UCSB)
took place at 1045 hr on 13 May in the Santa Barbara channel. Five
boxes of sampleswere off-loaded to the rendezvous boat for transport
to UCSB. The JOIDES Resolution continued on and arrived at Site
1016 at 2230 hr on 13 May.

Hole 1016A

Site 1016 is located approximately 7 nmi outside of a former
chemical munitions dumping area. A subsea camera survey of the
seafloor was conducted for safety reasons within a 50-m perimeter of
the positioning beacon. The results of the camera survey were nega-

Shotpoints
3826 3788 3745 3711 3595
5000 v v v v v
Xline 4 Xline 1 Xline 2,5

Xline 3

: S'.t 101? 3600 m

5400 —

Two-way traveltime (s)

6200

Figure 3. Seismic reflection profile through Site 1016 (Line EW9504 CA11-7; Lyle et al., 1995a, 1995b). The summed 4-channel data were filtered between 30
and 200 Hz, with predictive deconvolution and Stolt F-K migration applied. On y-axis, (s) = milliseconds.
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SITE 1016

Table 1. Coring summary for Site 1016.

Length Length

Date Top Bottom cored recovered
Core (May 1996) Time (mbsf) (mbsf) (m) (m) Recovery
167-1016A-
1H 14 2320 0.0 7.6 7.6 7.56 99.5
2H 15 0015 7.6 17.1 9.5 9.93 104.0
3H 15 0100 17.1 26.6 9.5 9.93 104.0
4H 15 0200 26.6 36.1 9.5 10.08 106.1
5H 15 0245 36.1 456 9.5 9.69 102.0
6H 15 0355 456 55.1 9.5 9.92 104.0
H 15 0430 55.1 64.6 9.5 9.70 102.0
8H 15 0530 64.6 74.1 9.5 10.13 106.6
9H 15 0610 74.1 83.6 9.5 10.10 106.3
10H 15 0700 83.6 93.1 9.5 10.08 106.1
11X 15 1000 93.1 96.3 3.2 2.82 88.1
12X 15 1050 96.3 106.0 9.7 9.13 94.1
13X 15 1145 106.0 115.6 9.6 9.68 101.0
14X 15 1235 115.6 1252 9.6 9.75 101.0
15X 15 1330 1252 134.8 9.6 9.57 99.7
16X 15 1420 134.8 1444 9.6 9.72 101.0
17X 15 1510 1444 154.0 9.6 9.64 100.0
18X 15 1610 154.0 163.6 9.6 9.69 101.0
19X 15 1700 163.6 1732 9.6 9.65 100.0
20X 15 1750 1732 182.8 9.6 9.73 101.0
21X 15 1935 182.8 1925 9.7 9.69 99.9
22X 15 2030 1925 202.1 9.6 9.68 101.0
23X 15 2120 202.1 2117 9.6 9.75 101.0
24X 15 2205 2117 2213 9.6 9.72 101.0
25X 15 2300 221.3 230.9 9.6 9.82 102.0
26X 15 2345 230.9 240.6 9.7 9.77 101.0
27X 16 0030 240.6 250.2 9.6 9.85 102.0
28X 16 0125 250.2 259.8 9.6 9.83 102.0
29X 16 0210 259.8 269.5 9.7 9.82 101.0
30X 16 0300 269.5 279.2 9.7 9.43 97.2
31X 16 0355 279.2 288.8 9.6 9.71 101.0
32X 16 0515 288.8 298.4 9.6 8.94 93.1
33X 16 0650 298.4 308.0 9.6 0.30 31
34X 16 0900 308.0 311.0 3.0 0.00 0.0
35X 16 1230 311.0 3155 45 0.40 8.9
36N 16 1515 3155 316.5 10 0.44 44.0
167-1016B-
1H 17 1735 0.0 18 18 1.82 101.0
2H 17 1830 18 11.3 9.5 9.98 105.0
3H 17 2050 11.3 20.8 9.5 9.74 102.0
4H 17 2140 20.8 30.3 9.5 9.86 104.0
5H 17 2230 30.3 39.8 9.5 9.85 103.0
6H 17 2310 39.8 49.3 9.5 9.59 101.0
™H 18 0000 49.3 58.8 9.5 9.85 103.0
8H 18 0130 58.8 68.3 9.5 9.86 104.0
9H 18 0215 68.3 77.8 9.5 9.28 97.7
10H 18 0310 77.8 87.3 9.5 9.85 103.0
11H 18 0400 87.3 96.8 9.5 10.00 105.2
12H 18 0510 96.8 106.3 9.5 9.87 104.0
13H 18 0600 106.3 115.8 9.5 9.82 103.0
14H 18 0650 115.8 1253 9.5 9.94 104.0
15H 18 0740 1253 134.8 9.5 9.35 98.4
16H 18 0830 134.8 144.3 9.5 10.08 106.1
17H 18 1000 144.3 153.8 9.5 9.86 104.0
18H 18 1050 153.8 163.3 9.5 9.88 104.0
19H 18 1140 163.3 172.8 9.5 9.84 103.0
20H 18 1235 172.8 182.3 9.5 9.93 104.0
21H 18 1330 182.3 191.8 9.5 9.96 105.0
22H 18 1420 191.8 201.3 9.5 9.98 105.0
23H 18 1545 201.3 210.8 9.5 9.91 104.0
167-1016C-
18 1900 0.0 9.2 9.2 9.16 99.5
2H 18 1945 9.2 18.7 9.5 9.60 101.0
167-1016D-
1H 18 2035 0.0 8.0 8.0 7.98 99.7
2H 18 2115 8.0 175 9.5 9.89 104.0
3H 18 2200 175 27.0 9.5 8.90 93.7
4H 18 2245 27.0 36.5 9.5 9.98 105.0
5H 18 2330 36.5 46.0 9.5 9.36 98.5
6H 19 0010 46.0 55.5 9.5 9.81 103.0
™ 19 0100 55.5 65.0 9.5 10.00 105.2
8H 19 0145 65.0 745 9.5 9.77 103.0
9H 19 0230 745 84.0 9.5 9.66 101.0
10H 19 0320 84.0 935 9.5 9.98 105.0
11H 19 0405 935 103.0 9.5 9.70 102.0
12H 19 0440 103.0 1125 9.5 9.28 97.7
13H 19 0530 1125 122.0 9.5 10.00 105.2
14H 19 0620 122.0 1315 9.5 9.74 102.0
15H 19 0710 1315 141.0 9.5 10.14 106.7
16H 19 0800 141.0 1505 9.5 9.97 105.0

Note: Table 2, on the CD-ROM in the back pocket, this volume, is amore detailed coring summary.
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Figure 4. Site 1016 lithostratigraphic summary (0 to 316.5 mbsf).
tive and Hole 1016A was spudded at 1600 hr on 14 May. APC Cores Hole 1016D
167-1016A-1H through 10H were taken from 0 to 93.1 mbsf with
.3% ; - i . -
104.3% recov! Table 1; see Table 2 on CD-ROM in the back Hole 1016D was spudded at 1315 hr on 18 May. APC Cores 167

pocket of thisvolumefor amore detailed coring summary). Cores 1H 1016D-1H through 16H were taken down to 150.5 mbsf with 102.8%
and 2H were run through the multisensor track and then split open to recovery (Table 1). The drill string was tripped back to the surface
search for artifacts. The search results were negative and APC coring and secured for the 5-hr transit to Site 1017 by 0815 hr on 19 May.
proceeded. Adara temperature measurements were taken on Cores

4H, 6H, and 8H (see “Physical Properties” section, this chapter).
XCB Cores 167-1016A-11X through 35X were taken down to 315.5 LITHOSTRATIGRAPHY

mbsf with 92.5% recovery. Slow drilling was encountered in a mas- Introduction

sive chert and porcellanite layer starting at approximately 298 mbsf.

One MDCB core, Core 167-1016A-36N, was taken down to 316.5 A nearly continuous 316.5-m-thick Quaternary to upper Miocene
mbsf with 1 m of advancement and 0.44 m of chert recovered. B0 to ~7 Ma) sequence of sediments was recovered at Site 1016.
cause of the slow progress from 298 to 316 mbsf with only fragmentBhree lithostratigraphic units are identified based on visual core de-
of chert recovered, the decision was made to stop coring at 316 misfription and sediment composition from smear-slide analysis. Unit |
and log the hole before reaching the planned depth of 440 mbsf. Haded Unit 1l are each dominated by diatomaceous and siliciclastic
1016A was logged with the sonic-Formation MicroScanner, and theomponents interbedded on a decimeter to meter scale, although con-

GHMT toolstrings from 313 to 60 mbsf with good results. taining different proportions of the two. They are separated by Unit
I, which is dominated by calcareous nannofossils and is divided into
HOLE 1016B two subunits at a level where carbonate content increases. Unit Ill is

also divided into two subunits based on the diagenetic transformation
The vessel was offset 10 m to the west and Hole 1016B was spuftem diatom ooze to diatomite, and by the occurrence of porcellanite
ded at 0800 hr on 17 May. APC Cores 167-1016B-1H through 23ldnd chert near the base of the sequence (Fig. 4). Fine-grained silici-
were taken from 0 to 210.8 mbsf with 103.5% recovery (Table 1)clastic sand layers occur intermittently through Unit |, and several
Oriented cores were obtained starting with Core 167-1016B-3H. volcanic ash bands, up to several centimeters thick, occur in Unit Il
and Unit 1.
HOLE 1016C o .
Description of Units
The vessel was offset 10 m to the west and Hole 1016C was spudnit |
ded at 1140 hr on 18 May. APC Cores 167-1016C-1H and 2H were
taken down to 18.7 mbsf with 100.3% recovery (Table 1). Hole 1016A, intervals 167-1016A-1H-1 through 8H; 0-74.1 mbsf;
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Figure 5. Styles of bioturbation at Site 1016. A. Cross-cutting Zoophycosin Subunit [1B (Sample 167-1016A-17X-4, 105-110). B. Chondritesin Unit I11 (Sam-

ple 167-1016B-19H-5, 89.5-94.5 cm).

Hole 1016B, intervals 167-1016B-1H-1 through 8H; 0-68.3 mbsf;

Hole 1016C, intervals 167-1016C-1H-1 through 2H; 0-18.7 mbsf
(base of hole);

Hole 1016D, intervals 167-1016D-1H-1 through 8H; 0-74.5 mbsf.

Age: Quaternary to late Pliocene, 0to 2.1 Ma.

Unit | consists of gradationally interbedded dark gray to dark
greenish gray (5Y 5/1to 5GY 4/1) diatom oozewith clay, grayish ol-
ive (10Y 4/1) diatom clay and clayey diatom ooze, and light greenish
yellow to light olive gray (10Y 4/2 to 10Y 5/2) diatom nannofossil
ooze with clay. Interbedding is on a decimeter to meter scale. From
smear-slide analysis, siliciclastic components (clay, quartz and feld-
spar) compose an average of 43% (5%—95%) of Unit I, and carbonate
grains compose 8%. Nannofossils and foraminifers are minor compo-
nents.

Six centimeter-scale, normally graded, dark gray (N3) sand beds
have sharp basal contacts upon scoured surfaces. The sand isfineto
very fine grained and contains quartz and feldspar and up to 5% am-
phibole. Bioturbation occasionally resultsin redistribution of sand up
to 50 cm below sand beds.

Overall, Unit | is highly bioturbated and includes abundant Zoo-
phycos, Chondrites and less common Skolithos and Planolites trace
fossils.

Unit 1l

Hole1016A, intervals 167-1016A-9H through 18X-CC; 74.1-163.6 mbsf;

Hole 1016B, intervals 167-1016B-9H through 18H-CC; 68.3-163.3 mbsf;

Hole 1016D, intervals 167-1016D-9H through 16H-CC; 74.5-150.5
mbsf (base of hole).

Age: late to early Pliocene, 2.1 to 5.0 Ma

Unit |1 predominantly consists of nannofossil coze gradationally
interbedded with diatomaceous sediments on a decimeter-to-meter
scale. From smear-dide analysis, clay formsan average of 15% of the
sediment (0%-78%), and quartz and feldspar occur in minor
amounts. Unit I isdivided into two subunits based on smear-didees-
timates of carbonate content. The contact between these subunits is
gradational.

Subunit A

Hole 1016A, intervals 167-1016A-9H through 13X-4; 74.1-112.0 mbsf;

Hole 1016B, intervals 167-1016B-9H through 13H-4, 120 cm; 68.3-112
mbsf;

Hole1016D, intervals 167-1016D-9H through 12H-CC; 74.5-112.5 mbsf.
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Age: late Pliocene, 2.1t0 2.8 Ma.

Subunit 1A consists of interbedded olive gray to light greenish

gray (10Y 5/2 to 10Y 7/1) diatom nannofossil ooze, olive to olive

gray (5Y 5/3to 5Y 4/2) foraminifer or clayey diatom ooze with nan-
nofossils and grayish olive to dark gray (10Y 4/1to 5Y 3/1) diatom

clay. Color and compositiona changes between these lithologies are
gradational. From smear-dlide analysis, Subunit IIA has an average

of 31% (0%—84%) biogenic carbonate (also see “Organic Geochem-
istry” section, this chapter). Clay contents decrease downward.

Subunit [1B

Hole 1016A, intervals 167-1016A-13X-5 through 18X; 112.0-163.6
mbsf;

Hole 1016B, intervals 167-1016B-13H-4, 120 cm through 18H-CC;
112.0-163.3 mbsf;

Hole 1016D, intervals 167-1016D-13H through 16H-CC; 112.5-150.5
mbsf (base of core).

Age: late to early Pliocene; 2.8 to 5.0 Ma.

Subunit 1IB consists of gradationally interbedded olive gray to
light greenish gray (5Y 6/2 to 10Y 7/1) nannofossil ooze with dia-
toms or foraminifers, light gray to greenish gray (5Y 7/2 to10Y 6/1)
nannofossil ooze, and gray to greenish gray (5Y 5/1 to 5GY 5/1) nan-
nofossil diatom ooze. The contact with Subunit IlA is gradational.
Carbonate content averages ~50% from smear-slide estimates. Four
discrete, centimeter-scale, normally graded, light gray (N6) vitric ash
layers occur at 133, 134, 135, and 139 mbsf (Fig. 5).

Unit 111

Hole 1016A, intervals 167-1016A-19X-1 through 36X; 163.6-316.5
mbsf (base of hole);

Hole 1016B, intervals 167-1016B-19H-1 through 23H; 163.3-210.8
mbsf (base of hole).

Age: early Pliocene to late Miocene; 5.0-~7.0 Ma.

Unit lll consists of gradationally interbedded diatom ooze, nanno-
fossil ooze, and diatom clay, resembling those of Unit |, except that
the siliceous microfossil content is higher, whereas carbonate and si-
liciclastic components are reduced. The contact of Unit Il with Unit
Il is gradational and characterized by a downward decrease in bio-
genic component. Unit 11l is heavily bioturbated, and some burrows
show well-developed reduction haloes. The appearance of porcellan-
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ite and chert at the base of Unit 111 marks the onset of silica diagene- is provided by a combination of calcareous nannofossil, planktonic

sis. foraminifer, diatom, and radiolarian datums for the upper Pliocene

) and Quaternary. The upper Miocene to lower Pliocene (below 154
Subunit 111A mbsf) is dated by calcareous nannofossils, diatoms, and radiolarians.
Hole 1016A, intervals 167-1016A-19X-1 through 25X; 163.6-230.9 The base of the sequence is upper Miocene (less than 7 Ma) in age.

mbsf;

Hole 1016B, intervals 167-1016B-19H-1 through 23H; 163.3-210.8
mbsf (base of hole).

Age: late Miocene, 5.0-6.4 Ma.

The Pliocene/Pleistocene boundary is placed between 55.1 and 55.8
mbsf, the lower/upper Pliocene boundary between 154.5 and 157.45
mbsf, and the upper Miocene/lower Pliocene boundary between
182.8 and 192.3 mbsf.

Age/depth plots for Hole 1016A and Hole 1016B (Figs. 6, 7)
show high sedimentation rates from the Quaternary to the upper
Pliocene and for the upper Miocene. Sedimentation rates were dras-
tically lower during the lower to middle Pliocene.

Subunit I11A consists of gradationally interbedded grayish olive
(10Y 4/2) diatom ooze with clay, dark grayish olive to olive gray
(10Y 4/1to 5Y 4/2) diatom clay, pale olive to light olive gray (10Y
6/2to 5Y 4/2) diatom nannofossil ooze and grayish oliveto dark olive
gray (10Y 4/1 to 5Y 3/2) clayey diatom ooze. Clay content ranges
from 0% to 60% (average 20%). A gray (N4) vitric ash is present at

interval 1016A-23X-5, 130-135 cm. The sediments are moderately Age (Ma)
bioturbated, with Zoophycos trace fossils being quite abundant, but Oo R ? . 10 F1 = FO of N. dutertrei
extensive coring-related fracturing makes observation of surfacefea- N1 2= 1O of AL humeresa
tures difficult. N SR 1 F3=LO of N. asanoi
D1YF2 F4 = LO of Neogloboquadrina
Subunit 111B SODZARS, 7 rounded
) F5=L0 of G. ticulat
Hole 1016A, intervals 167-1016A-26X-1 through 36X; 230.9-316.5 [ Dal\F3 ] o1 & punctiediaia
mbsf (base of core). D5\ pg N1 =LO of P. lacunosa
Age: late Miocene, 6.4 to ~7 Ma. 100 g4l RS -{ N2 =FO of Gephyrocapsa
E5)| oceanica s.l.

Subunit I11B consists of gradationaly interbedded oliveto olive G [ N4 1 N3=ZLOof . brouweri
gray (5Y 4/3to 5Y 4/2) diatomite, grayish olive (10Y 4/1) clayey di- E150 R6Y. N5 - N5=L0 of R. pseudoumbilicus
atomite, light grayish olive (10Y 5/1) clayey nannofossil chalk with £ N6 N6 = FO of C. acutus
diatoms and greenish gray (5GY 4/1) to olive gray diatomite with g r 1 D1=L0of S. curvirostris
nannofossils or clay. The contact of Subunit I11A with Subunit 111B 00 R7 | D2=Range of R. matuyamai
grg;:daiond and characterized by the presence of lithified siliceous - D3=Loof & oculatus

3 4 D5 =LO of N. koizumii

Four centimeter-scale layers of white (N8) vitric ash, apaleolive gg = Iﬁg gff L convexa,
(10Y 6/2) dolomite clay with nannofossils, and four thin beds of dark 250 - . - ‘
gray chert and porcellanite occur in the basal part of Subunit 111B. | | R1=LO of S. universus
Bioturbation is observed on the fractured surfaces of porcellanite and . RZZFOOIL. T rosoros
chert, mainly Chondrites and Zoophycos. 300 - -| R4 =FO of E. matuyamai

R5 = FO of C. d. davisiana
.. . L 1 L R6 = LO of A. pliocenica
Depositional History R7 = LO of D. splendens
R8 = LO of L. n. nipponica
At Site 1016 diatomaceous sediments accumul ated rapidly (66 m/ Figure 6. Age/depth plot for Hole 1016A.
m.y.) during the late Miocene (~7.0-5.0 Ma; see “Composite Depths
and Sedimentation Rates” section, this chapter). These sediments
indicative of high primary productivity. At the base of the sedimen
tar ion, the formation of llanite and chert refi Age (Ma)
y succession, the formation of porcellanite and chert reflects t 0 5 10
silica diagenesis of upper Miocene diatomites. 0 T T T F1=LO of N. asanoi
After a -2 Ma depositional hiatus from the latest Miocene to th N1 F2 = LO of Neogloboquadrina
lowermost Pliocene (see “Biostratigraphy” section, this chapter), tt i 7 sp. (rounded)

; . . h . RIN N2 F3 = LO of G. puncticulata
sedimentation rate was deposited at 33 m/m.y. During the Plioce s0lR2NIZ o < Fa=FOof G inflata
(5.0-2.1 Ma), sedimentation was dominated by calcareous nannoft DI\ F1
sils, but at about 2.4 Ma terrigenous input began increasing. = I A 1 Nziod I’;g’e‘:‘(’;”e%sffymcapsa

From the latest Pliocene through the Quaternary (62Ma) ter- 2 1ok P2 IF3 _| N3=LO of D. brouweri
rigenous clay-rich sediments continued to accumulate at a rate of E D2NR5 N4 =LO of D. tamalis

- . . . ” . < N5 = LO of R. pseudoumbilicus
m/m.y. (see “Composite Depths and Sedimentation Rates” secti g r N4 1 N6 = FO of Ceratolithus spp.
this chapter). This indicates either an increased terrigenous sedim o F4 o
influx, low primary productivity, or a combination of these two pro- 1501 N5 7| D1=FOofS. curvirostris
D37 N6 D2 = LO of T. convexa )
cesses. L q 4 D3=LCO of N. kamtschatica
200 _ E% = ,ng 0; f universus
R7 = of L. nigriniae
BIOSTRATIGRAPHY \ | \ R3 = LO of L. heteroporos

The sedimentary sequence recovered from the four holes at £
1016 consists of a well-dated, apparently continuous, 308-m-thick i
terval ranging from the upper Miocene to the Quaternary. A wel
constrained biostratigraphy and chronology for all holes of Site 10:

R4 = FO of E. matuyamai
R5 = FO of C. d.davisiana
R6 = LO of A. pliocenica
R7 = LO of D. splendens

Figure 7. Age/depth plot for Hole 1016B.
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The late Pliocene through the Quaternary (0-154 mbsf) contains
common to abundant well-preserved cal careous nannofossils, plank-
tonic foraminifers, diatoms, and radiolarians. In the lower part of the
sequence (154 to 308 mbsf), planktonic foraminifers are absent,
while nannofossils, radiolarians, and diatoms are abundant and mod-
erately to well preserved.

Site 1016 offers much potential for paleoceanographic/pal eocli-
matic studies from about 6 Ma through the Quaternary. Diatom and
radiolarian assemblages suggest two major episodes of strong up-
welling during the upper Miocene and upper Pliocene through lower
Quaternary. These two episodes are separated by an interval marked
by decreased vertical advection of deep waters during the lower to
middle Pliocene, resulting in arelatively low sedimentation rate.

Cooling at thermocline depthsis suggested after 3.0 Maby Arctic
radiolarian assemblages. This was followed at 2.5 Ma by major sur-
face-water cooling indicated by the first common appearance of dom-
inant, sinistrally coiled Neogloboquadrina pachyderma. Lower
bathyal benthic foraminifer assemblages appear to change little
throughout the upper Pliocene and Quaternary, including between
glacial and interglacial episodes.

Planktonic Foraminifers

Site 1016 contains a moderate to good planktonic foraminifer se-
quence in the upper 154 m (from Samples 167-1016A-17X-CC and
167-1016B-18X-CC to the top of sequence) that extends from the
early late Pliocene (~2.9 Ma) through the Quaternary. Episodes of in-
tense dissolution of planktonic foraminifers are conspicuous in the
Quaternary and latest Pliocene. These are most frequent in Hole
1016B. Below 154 mbsf in Hole 1016A (Table 3) and 163 mbsf in
Hole 1016B, the sequence is completely barren of planktonic fora-
minifers. The assemblages are common to abundant throughout
much of the section and are moderate to well preserved. Benthic for-
aminifers are generally common and well preserved throughout the
upper 154 min Hole 1016A and 163 m in Hole 1016B, but are rare
and of low diversity at greater depths.

The sequence of planktonic foraminifer biostratigraphic datumsis
similar to that of Site 1014 of Tanner Basin for the lower upper
Pliocene through the Quaternary. However, the stratigraphic resolu-
tion of the datums is not as well constrained in Site 1016 using the
core catchers because of the lower sedimentation rates at this site as
compared with Site 1014. Asin Site 1014, we place the base of the
Quaternary (between Samples 167-1016A-7H-CC and 6H-CC) with-
in the upper range of Neogloboquadrina humerosa in the interval
above the L O of Neogloboquadrina asanoi. We recognize asequence
of five datum levelsin the Quaternary and upper Pliocene asfollows:
FO of Neogloboquadrina dutertrei at 1.0 Ma (Sample 167-1016A-
2H-CC); LO of N. humerosa at 1.2 Ma (Sample 167-1016A-5H-CC);
LO of N. asanai at 1.9 Ma (Sample 167-1016A-8H-CC); LO of Neo-
globoquadrina sp. (rounded) at 2.25 Ma (Sample 167-1016A-12X-
CC); and LO of Globorotalia puncticulata at 2.50 Ma (Sample 167-
1016A-14X-CC). As at Site 1014, the FO of consistent and often
abundant Neogloboguadrina pachyderma (sinistral) coincides with
the LO of G. puncticulata at 2.5 Ma (Table 4). Climatic conditions
suggested by these changes in planktonic foraminifers at Site 1016
are similar to that of Site 1014. As in that section, conspicuous and
large-scale cooling of surface waters occurred at ~2.5 Ma.

Benthic foraminifers in the lower upper Pliocene to Quaternary
(154 mbsf to the top of sequence) are typical lower bathyal assem-
blages from the deep sea, and include forms such as Uvigerina pere-
grina, Pyrgo, Oridorsalis, Gyroidina, Cibicidoides, Hoeglundina,
Melonis, Globobulimina, Chilostomella, and Laticarinina. The fau-
nas appear to change little throughout the upper Pliocene and Quater-
nary, including during glacial to interglacia oscillations. Below 154
mbsf, the diversity of benthic foraminifers is considerably reduced
and assemblages are usually dominated by afew robust species of no-

248

dosaridsincluding Dentalina and Nodosaria. Agglutinated forms are
a so conspicuous such as Eggerella and Martinottiella. These faunas
have probably resulted from extreme calcium carbonate dissol ution.

Hole 1016B

In Hole 1016B, using core-catcher samples, we were unable to
place the positions of the FO of Neogloboquadrina dutertrei and the
LO of Neogloboquadrina humerosa, as in Hole 1016A, because of
strong foraminifer dissolution in the upper part of the sequence. The
LO of Neoglobogquadrina asanoi at 1.9 Ma occurs in Sample 167-
1016B-8H-CC; the LO of Neogloboquadrina sp. (rounded) at 2.25
Ma is in Sample 167-1016B-11H-CC; and the LO of Globorotalia
puncticulata at 2.50 Mais in Sample 167-1016B-11H-CC. In Hole
1016B, the FO of Globorotalia inflata at 3.3 Ma is well defined in
Sample 167-1016B-15H-CC. As at Site 1014, in Tanner Basin, the
FO of G. inflataisimmediately underlain by adistinct but short range
zone marked by the appearance of Globorotalia cf. conomiozea. The
FO of conspicuous populations of sinistral Neogloboquadrina pachy-
dermaisin Sample 167-1016B-11H-CC, which is close to the level
exhibited in Hole 1016A.

Calcareous Nannofossils

Calcareous nannofossils are generally common to abundant and
well preserved through the Quaternary and upper Pliocene in Holes
1016A and 1016D. In the upper Miocene/lower Pliocene, cal careous
nannofossils are absent to common and preservation is poor. Speci-
mens often are broken and identificationisdifficult (Table5). InHole
1016B cal careous nannofossils are absent to common and poorly pre-
served through the Quaternary and the upper upper Pliocene. In the
middle upper Pliocene and upper Miocene/lower Pliocene they are
few to abundant and well preserved. An interval spanning the upper
Miocene/lower Pliocene Zone CN10a-CN9 to the upper Pleistocene
Zone CN15 wasrecognized in Holes 1016A and 1016B. Hole 1016D
represents an interval ranging from the upper Pliocene Zone CN12a
to upper Pleistocene CN15-CN14a

In the Quaternary, calcareous nannofossil assemblages are
marked by the presence of Emiliania huxleyi, Pseudoemiliania la-
cunosa, Calcidiscus leptoporus, Helicosphaera carteri, Heli-
cosphaera sellii, and several morphotypes of Gephyrocapsa spp. and
Ceratolithoides.

The FO of Gephyrocapsa oceanica s.l. places the Pliocene/Pleis-
tocene boundary at 55.10 mbsf (Sample 167-1016A-6H-CC) in Hole
1016A, at 55.80 mbsf (Sample 167-1016B-7H-CC) in Hole 1016B,
and at 55.50 mbsf (Sample 167-1016D-6H-CC) in Hole 1016D.

Pliocene nannofossil assemblages are marked by an association of
Helicosphaera carteri, Discoaster brouweri, D. tamalis, D. pentara-
diatus, D. surculus, Amaurolithis delicatus, A. primus, and severa
morphotypes of Reticulofenestra and Ceratolithus. The lower/upper
Pliocene boundary is recognized between 154.50 mbsf (Sample 167-
1016A-18X-1, 45 cm) and 157.45 mbsf (Sample 167-1016A-18X-3,
45 cm) in Hole 1016A, and between 153.80 mbsf (Sample 167-
1016D-17H-CC) and 163.30 mbsf (Sample 167-1016D-18H-CC) in
Hole 1016D, using the LO of Reticulofenestra pseudoumbilicus,
which marks the base of Zone CN12a. The presence of Amauroalithus
spp. and Ceratolithus spp. in Samples 167-1016A-18X-5, 45 cm, to
18X-6, 50 cm, and in Sample 167-1016D-18H-CC alows assign-
ment of this interval to the lower Pliocene Zone CN11/CN10b. The
FO of Ceratolithus acutus that occurs between Sample 167-1016A-
18X-6, 50 cm, and Sample 167-1016A-18X-7, 42 cm, marks the base
of the lower Pliocene Zone CN10b. From Samples 167-1016A-18X-
7, 42 cm, to 167-1016A-33X-CC and from Samples 167-1016D-
18H-CC to 167-1016D-22H-CC, calcareous nannofossil assemblag-
es contain Amaurolithus spp., which indicates the lower Pliocene—
upper Miocene Zones CN10aand CN9. However, the absence of Dis-
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Table 3. Distribution and relative abundances of planktonic foraminifersin Hole 1016A.
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2H-CC 171 C|G|R F A
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N22/23 4H-CC 36.1 C | M A
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7H-CC 64.6 B
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20X-CC 183.0 B
21X-CC 192.0 B
22X-CC 202.0 B
23X-CC 2120 B
? 24X-CC 2210 B
25X-CC 231.0 B
26X-CC 241.0 B
27X-CC 250.0 B
28X-CC 260.0 B
29X-CC 279.0 B
30X-CC 289.0 B
31X-CC 298.0 B
32X-CC 308.0 B

Note: See “Explanatory Notes” chapter for abbreviations.

Table 4. Coiling dominance of Neogloboquadrina pachyderma in the
upper Pliocenethrough Quaternary of Hole 1016B.

Core, section, Depth Neogloboquadrina pachyderma
interval (mbsf) coiling dominance
167-1016B-
1H-CC 1.8 Sinistral
2H-CC 11.3 Sinistral/Dextral
3H-CC 20.8 Sinistral/Dextral
4H-CC 30.3 Sinistral
5H-CC 39.8 Dextral
6H-CC 49.3 Dextral
7H-CC 58.8 —
8H-CC 68.3 —
9H-CC 77.8 —
10H-CC 87.3 Sinistral/Dextral
11H-CC 96.8 Sinistral/Dextral
12H-CC 106.3 Dextral
13H-CC 115.3 Dextral
14H-CC 125.3 Dextral
15H-CC 134.8 Dextral
16H-CC 144.3 Dextral
17H-CC 153.8 —
18H-CC 163.3 —
19H-CC 172.8 Barren
Note: — = inadequate number of specimens for analysis.

coaster quinqueramus/berggrenii (Zone CN9) does not allow certain
assignment of the latest Miocene age for thisinterval.

Diatoms

Diatoms are generally common to abundant and poorly to well
preserved in the upper Miocene through Pleistocene section above
290 mbsf at Site 1016.

Two kinds of the diatom zonal schemes were used to date thislate
Neogene through Quaternary sequence. Three zones of the north Pa-
cific diatom zonation were recognized in the Plei stocene assemblag-
esand standard north Pacific diatom datums were useful in dating the
interval from the late Pleistocene Neodenticula seminae Zone (NPD
12) to the late Pliocene Actinocyclus oculatus Zone (NPD 10). The
latest Miocene through Pliocene diatom assemblages are considered
within alocal biostratigraphic framework that reflects a transitional
provincialism of the diatom flora, extending along the eastern rim
temperate north Pacific.

In contrast to Sites 1011 through 1015, typical Quaternary assem-
blages are well preserved and easily zoned from Cores 167-1016A-
1H through 10H (Table 6). The LO of the Smonseniella (Rhizosole-
nia) curvirostris (0.30 Ma) falls between Samples 167-1016A-3H-
CC and 4H-CC, where it differentiates the N. seminae Zone (NPD
12) from the underlying S curvirostris Zone (NPD 11). The zona
boundary between the NPD 12/11 Zones is aso determined at Holes
1016B and 1016D (Table 7).
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SITE 1016

Table 5. Distribution and relative abundances of calcareous nannofossils at Site 1016.
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zone interval(em)| mbsh) |x |2 |5 £ 2 2 8|8 8§ 8§ s o5 o056 a3 & 833838 %5888
167-1016A-
CN15 1H-CC 760 | G| C | P F P |C/F FIC R F R
CN15-CN14b| 2H-6, 100 16.10 P o
2H-7, 14 16.74 B
CN15-CN14b| 2H-CC 17.10 M/IG @ R C/A R R
CN15-CN14b| 3H-1, 95 18.05 P RR C
CN15-CN14b| 3H-2,95 19.55 P RR P
CN15-CN14b| 3H-3,95 21.05 G A A R
CN15-CN14b| 3H-4,118 22.78 G A P C
CN1l4a 3H-5, 118 2428 G A R q F
CN14a 3H-6, 40 25.00 C/IA C
CN14a 3H-7, 40 26.50, M/IG A P B C
CN14a 3H-CC 26.60f G A RIF R A R
4H-CC 36.10 B
CN13b 5H-CC 45.60 C A R P P
167-1016B-
CN13b 6H-CC 5510, M| C C R PR C
167-1016A-
7H-CC 64.60 B
CN13a-CN12d 8H-CC 74.1Q P F R R RR P P
CN12d 9H-CC 83.60 P| FI/IC P R R P P
CN12d 10H-CC 93.100 G A C P F R
CN12 11X-CC 96.30 P| RIF P
CN12b 12X-CC 106.00 P H C P P
CN12b 13X-CC 11560 G A F C F C
CN12a 14X-CC 125200 G C/A C cC P P
CN12a 15X-CC 134.80| M/IG Al c C C
CN12a 16X-CC 14440, G A R R R C R
CN12a 17X-4, 41 15081 G A C C R R o P C
CN12a 17X-CC 154.00 P R P P P
CN12a 18X-1, 45 15445 G A P
CN10b-CN12a 18X-2,45 155.95 5 A R R FIR F P
CN10b-CN11| 18X-3,45 157.45 G A
CN10b—-CN11| 18X-4,44 158.94 G A P C cC P P P
CN10b-CN11| 18X-5,45 160.45 G A R C P P P
CN10b-CN11| 18X-6,50 162.00 i o R C C R P
CN9-CN10a 18X-7, 42 163.42 PIM C C
CN9-CN10a 18X-CC 163.60 P RIF R P F cf R P
CN9-CN10a 19X-1, 63 164.23 G A C
CN9-CN10a 19X-2, 53 165.63 G A P A R P C
CN9-CN10a 19X-3, 48 167.08 P R P
CN9-CN10a 19X-CC 173.20 A C P P C R P P
CN9-CN10a 20X-CC 182.60 H T P P R R R
CN9-CN10a 21X-CC 192.30 R R R F R
CN9-CN10a 22X-CC 201.10 G q C R
23X-CC 211.70 B
24X-CC 221.30 B
25X-CC 230.90 B
26X-CC 240.60 B
CN9-CN10a 27X-CC 250.20 H F C
CN9-CN10a 28X-CC 259.80 P RR P
CN9-CN10a 29X-CC 269.50 P RIF R R
CN9-CN10a 30X-CC 279.20 P RR P
31X-CC 288.80 B
CN9-CN10a 32X-CC 298.40 P RR
CN9-CN10a 33X-CC 308.00 P RR
CN9-CN10a 35X-CC 315.50 P RR P
167-1016B-
CN15-CN14b| 1H-CC 1.80 R RIF P P
2H-CC 11.30 B
CN15-CN14b| 3H-CC 2080 G A q R A
CN15-CN14b? 4H-1, 136 22.1 o R P P
CN1l4a 4H-2, 60 22.90| M/G C F/IC FIR A
CN1l4a 4H-2, 136 23.66) G C F/IR o C/IA
CN14a 4H-3, 114 2494 G C/A F/IR T A
CN14a 4H-4, 74 26.04 F P P
4H-5, 95 27.75 B
CN1l4a 4H-6, 56 28.86 H P R C
4H-7, 65 30.45 B
4H-CC 30.30 B
CN14a 5H-CC 39.80| P/ R P R R
CN13b 6H-CC 49.30 P R R R R R R
CN13b 7H-CC 58.80 Pl RR R RR
CN13a 8H-CC 68.30 P G C R P R
CN13a-CN12d 9H-CC 77.8Q K F RR P
CN12d 10H-CC 87.30 P G F F K C F
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Table 5 (continued).

]
: £
% G o " 5 3
2 8 2 3 g w AR
i % :=%5c385 2 %s.8 &_.fss . 8%¢
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S8/ £ 2 £ 8§55 8% v o/s v v v 2|58 EEE £ 2 8 8
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Core, sectior}, Depth § S = 7 £ 2 §- f% é_ f% 8 818 8 8 8 3|2 g § g é § § 8 3
Zone interval cm) mbsh) (& (2 |5 & £ 2 3|8 8§ S s alcaasaad&3383 %5388
CN12c? 11H-CC 96.80 A R R C RR R R F P P
CN12b 12H-CC 10630 M ¢ c R C F
CN12b 13H-CC 11530, G A P RIF C F R
CN12b 14H-CC 12530 G A R C R R CF F F
CN12a 15H-CC 13480, G A R C P RIF R R C
CN12a 16H-CC 144.30f M/IG A P R P CIF cC C
CN12a 17H-CC 153.80, P/M FIC R R R RR R cC C
CN11-CN10b| 18H-CC 16330 P F R c R C R R F C C
CN10a-CN9 | 19H-CC 17280 P F R R P P F
CN10a-CN9 | 20H-CC 182.30 MIG A P P P
CN10a-CN9 | 21H-CC 191.80 MIG A R RR cC F
CN10a-CN9 | 22H-CC 20130 G A P R P P
23H-CC 210.80 B
167-1016C-
CN15-CN14b| 1H-CC 8.000 M/G (@ A P
CN15-CN14b| 2H-CC 17500 G G q A
167-1016D-
CN15-CN14b| 1H-CC 8000 @ FiC R A c
CN15-CN14b| 2H-CC 17500 G A F q A F F R
CNlda 3H-CC 2700, M C P A A P R
4H-CC 36.50 P| RR P P
5H-CC 46.00 Pl R P P P
CN13b 6H-CC 55.50| P/M C| C R R
7H-CC 65.00 B
CN13a 8H-CC 7450 G A C C P cC P
CN13a? 9H-CC 84.00 MP G c C P R
CN13a? 10H-CC 9350 G C P F C F F
CN12b 11H-CC 103.50| M/P A P R F cC C
CN12b 12H-CC 112.50, M/G A F R C P
CN12a 13H-CC 121000 G A P F FE FIC C FIC P R c
CN12a 14H-CC 13050 G A F F cC P C R cC F
CN1z2a 15H-CC 14100 G A P R c P P F
CN12a 16H-CC 15050, H F [ P FR F P

Note: See “Explanatory Notes” chapter for abbreviations.

A rare occurrence of Rhizosolenia matuyamai in Sample 167-
1016A-5H-CC is dated as 1.04 to 1.12 Ma and indicates a tight cor-
relation with a short interval spanning the normal-polarity Jaramillo
subchron (Barron, 1980; Barron and Gladenkov, 1995). Both the FO
of S curvirostrisin Sample 167-1016A-6H-CC and the last rare oc-
currence of A. oculatus in Sample 167-1016A-7H-CC have been
used to tentatively place the boundary betweenthe S curvirostrisand
A. oculatus Zones (NPD 11/10).

Following Koizumi (1992), the base of the A. oculatus Zone
(NPD 10) and top of the underlying Neodenticula koizumii Zone
(NPD 9) are defined by the LO of N. koizumii (2.0 Ma). The LO of
Thalassiosira convexa (2.4 Ma) occurs just below the LO of N. koi-
zumii (Barron and Gladenkov, 1995). These latest Pliocene events
were documented in Samples 167-1016A-12X-CC through 10X-CC,
but occurrences of these species are too sparse to provide high strati-
graphic reliability at Site 1016. In spite of an abundance of diatoms
in sediments between Samples 167-1016A-14X-CC (125.2 mbsf)
and 31X-CC (288.8 mbsf), the following three zones of the late
Pliocene through latest Miocene age: the N. koizumii Zone (NPD 9),
the underlying N. koizumii-N. kamtschatica Zone (NPD 8) and the
lowest N. kamtschatica Zone (NPD 7) could not be defined because
of the absence of zonal marker species N. koizumii and N. kamtschat-
ica. Barron and Baldauf (1986) reported that it isinappropriate to use
the N. kamtschatica Zone (NPD 7) in California and substituted two
zones defined by Barron (1981): the Nitzschia reinholdii Zone and
the overlying Thalassiosira oestrupii Zone.

The 160-m-thick diatomaceous interval from 125.2 to 288.8 mbsf
at Site 1016 includes abundant representatives of Coscinodiscus mar-

ginatus, Rhizosolenia barboi, and Thalassiothrix spp., which are
characteristic of oceanic-to-margina upwelling systems and are in-
dicative of high coastal productivity. The diatom assemblages con-
tain scattered and consistent representatives of Hemidiscus cuneifor-
mis, Thalassiosira convexa, Azpeitia nodulifer, and N. reinholdii (Ta-
bles 6, 7). These assemblages are typica of neither the subarctic
north Pacific nor the equatorial eastern Pacific, but rather therelative-
ly warm-temperate surface waters that extend along the northeastern
Pacific rim off California.

The presence of N. reinholdii in Sample 167-1016A-31X-CC
(288.8 mbsf) indicates that the base of the diatomaceous interval in
Hole 1016A may be younger than 7.3 Ma.

Surface waters at Site 1016 have maintained intermediate proper-
ties between subarctic cold waters and subtropical warm waters dur-
ing the latest Miocene through Pliocene. Oceanic-to-marginal up-
welling caused high diatom productivity between both fronts. An al-
most continuous absence of cold-water Neodenticula spp. suggests
warm conditions during the late Miocene through early Pliocene.

Radiolarians

Radiolarians are common to abundant and moderately to well pre-
served in Holes 1016A and 1016B. Sample 167-1016A-33X-CC,
above the chert layer (308 mbsf), is barren.

Consistent occurrence of Eucyrtidium matuyamai and the LO of
Lamprocyrtis heteroporos permits location of the Pliocene/Pleis-
tocene boundary between 45.6 and 55.1 mbsf in Hole 1016A and be-
tween 49.3 and 58.8 mbsf in Hole 1014B (Tables 8, 9). The Miocene/
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Table 6. Diatomsin Hole 1016A.
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167-1016A-
0 1H-CC 7.6 P|P P
NPD 12 2H-CC 171 | R | P T P
Quaternary 0.3 3H-CC 266 | F | P R F
4H-CC 36.1 F|P P P P F
NPD 11 5H-CC 45.6 F |PIM F
1.44 6H-CC 551 | C |PIM P P F
"""" 7H-CC 646 | C |PIM P F C
NPD 10 8H-CC 741 | C | M P P F P
Lo 2? 9H-CC 836 | C | P P P P
_NPD910| 24? | 10H-CC 931 | A |PIM A P
2.7? 11X-CC 9.3 | A |PIM A
NPD 9 12X-CC 1060 | A | M | Up A P P
L 13X-CC 1156 | A | M |Up R A R
14X-CC 125.2 F|P P P P P
15X-CC 1348 | R | P C P P F P
16X-CC 1444 | R | P F R
17X-CC 154.0 F |PIM| Up F P P P
Pliocene 18X-CC 1636 | R | P P P| P P P
19X-CC 173.2 F |PIM R P
NPD 9 20X-CC 1828 | A |PIM| Up C P P P|P P
21X-CC 1923 | C | P F
to 22X-CC 202.1 | A |PIM| Up R A C F R
23X-CC 2117 | A |[M/G| Up C A | R R
NPD 7a 24X-CC 2213 | A | P |Up
25X-CC 2309 [ A | P |Up P
26X-CC 2406 | A |PIM| Up A R P
27X-CC 2502 | A | P |Up C F R R
28X-CC 2598 | A | M |Up C
29X-CC 2598 | A | P |Up P
30X-CC 279.2 | A |M/G| Up P P
late Miocene 7.2? | 31X-CC 2882 | A |PIM| Up
- T T 7 32X-CC 2984 | B
33X-CC 3080 | B
34X-CC 311.0 | No sample
35X-CC 3155 | B | |
36N-CC 316.5
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Table 6 (continued).

0
8
= [
b >
= ’E? R % g
2 g S 3 _ « e
g . g 8 228 .88, - £E
s § s g 88 |e BHREZEEzzissg L.
~ S = Q = = = = = £ Q ® B = o . o | §
5 3 £ 8 8|, 888 g2 T 8%8 858528 T Lg%y
el |s 285528 fszg 2  FEElgscgEElss ¢ s EEg
North 8|8 | |3 © € © 9|8 T 2 5 5 £ & ¢ £ 2|/ @ ®W W BW|G BT T T T|IE 5 &
v . 22|18 8 @ © |83 O § s O |8 6 6 6|6 © © © ©o|o © © o© o |Bd B &
o | Cacte Numec o eesomoon |3 FEE R BB EERIAEESUIEBOUIEEDTELEY G
Geologic diatom age Co_re, section, Depth é g g § g g g g g S g LS §_ @ T 8 S|/ T T S S|ZE 8 8 8 E|T T <]
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167-1016A-
0 1H-CC 7.6 P P P
NPD 12 2H-CC 171 R P
Quaternary 0.3 3H-CC 26.6 K p P
4H-CC 36.1 F P P P P
NPD 11 5H-CC 45.6 F| P/ R C
1.44 6H-CC 55.1 C| PIM P F P P
________ 7H-CC 64.6 C| P/ P R F
NPD 10 8H-CC 74.1 Cl M P F F P
L — 2? 9H-CC 836| C| P R P C F C
L NEDE/ZLQ 2.47? 10H-CC 93.1 A PIM R A R A
2.7? 11X-CC 96.3 Al P/ A P
NPD 9 12X-CC 106.0 Al M| Up A P
] 13X-CC 1156 | A| M| Up A c F
14X-CC 125.2 F P P P
15X-CC 134.8 R P C
16X-CC 144.4 R P F R F
17X-CC 154.0 F| P/M Up C F
Pliocene 18X-CC 163.6 R P F F P
19X-CC 173.2 F| PIM
NPD 9 20X-CC 182.8 Al P/IM Ug F F F
21X-CC 192.3 cCl P F =
to 22X-CC 202.1 A| PIM Up
23X-CC 211.7 A| M/G Up F F C R F F R
NPD 7a 24X-CC 221.3 A P Up P P P P P
25X-CC 230.9 A| P| Up F F R P
26X-CC 240.6 A| PIM Up R R R
27X-CC 250.2 Al P| Up R R F
28X-CC 259.8 A| M| Up F A F R C
29X-CC 259.8| A| P| Up R R R
30X-CC 279.2| A|M/G Up P
late Miocene 7.2? 31X-CC 288.2 A P/M Up P P P
o T 7 32X-CC 2984 | B
33X-CC 308.0 B
34X-CC 311.0 No sample|
35X-CC 3155| B| |
36N-CC 316.5 No sample
L

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

9T0T 3LIS



)
£ Table 7. Diatomsin Holes 10168, 1016C, and 1016D.
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age zone (Ma) interval [ (mbs) | £ & |58 8 8 2 R|8 2 8 8 8§ 8 8 ada dlca sz |2 2 2 2 2|2 5 5 =
167-1016B-
1H-CC 18| T P P
2H-CC 113 T P F
NPD 12 3H-CC 208 T P
Quaternar 4H-CC 303 T| P
________ 032 | 5H-CC 398 T P T A
6H-CC 493 R| P T T T T T R
NPD 11/10 1.58? 7H-CC 51.8 A M|G Up F C
8H-CC 68.3] A|M/G Up R F| R
NPD 9 2.0? 9H-CC 77.8 C B Up F +
10H-CC 873/ C| P Up T T
11H-CC 96.8| A| M/G Up C R
12H-CC 106.3] A| M| Up R A T F| R
NPD 9 2.4? 13H-CC 1158 ( P Up A
14H-CC 125.3| F| P/ T R T
Pliocene 15H-CC 134. @ B C
16H-CC 1443 F P F
17H-CC 153.8) C| P/M Ug (3
2.63? 18H-CC 1633 H R
NPD 8/7b 2.73? 19H-CC 1728 A M|G Up F R
20H-CC 182.3] F P F
21H-CC 191.8) A| M/G Up A R T
22H-CC 201.3] A| M/G Up A
23H-CC 210.8) A| M/G Up R A R
167-1016C-
1H-CC 92| T P
2H-CC 187 T P
167-1016D-
1H-CC 80| R| P T F
NPD 12 2H-CC 175 T P T
Quaternary 0.3? 3H-CC 270 T o T
1.44 4H-CC 36.5 F| PIM R C
NPD 11 5H-CC 46.0 F P H
,,,,,,, | | 158 6H-CC 555 F| P E
7H-CC 65.0/ R| P R
8H-CC 745 A|MI/IG Up T R T F
NPD 10/9 9H-CC 840 A PM U R
10H-CC 935/ A|PM Up R F
Pliocene | 2.4? 11H-CC 1030 A Up A C
2.7? 12H-CC 11253 C PM C q
NPD 8 13H-CC 121.0 C P/M C q
= 7 7 14H-CC 130.5| R| P (3
NPD 8/7a 15H-CC 141. T R
16H-CC 150.5| A| M/G Up F

Note: See “Explanatory Notes” chapter for abbreviations.
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Table 7 (continued).
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12H-CC 1063 | A | M |Up T F F C
NPD 9 2.4? 13H-CC 1158 | C | P | Up C T F
14H-CC 1253 | F |PIM C R C
Pliocene 15H-CC 1348 | C | P F C F R
16H-CC 1443 | F | P R
17H-CC 1538 | C |PIM| Up C F cC
2.63? | 18H-CC 1633 | F | P F R T
NPD 8/7b 2.73? | 19H-CC 172.8 | A |M/G| Up R T T F F
20H-CC 1823 | F | P T R R
21H-CC 191.8 | A |M/G| Up C R F C F A
22H-CC 2013 | A [M/G| Up F R c C
23H-CC 2108 | A [M/G| Up R F A
167-1016C-
1H-CC 92| T | P T R R
2H-CC 87| T | P T T R
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1H-CC 80| R| P F
NPD 12 2H-CC 75| T | P R R
Quaternary 0.3? 3H-CC 210 | T | P T
144 4H-CC 365 | F |PM F T T T R C
NPD 11 5H-CC 460 | F | P F F
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10H-CC 935 | A |[PM| Up A F R R A
Pliocene | | 247 | 11H-CC 1030 | A | M | Up A R c A
2.7? 12H-CC 1125 | C |PIM R
NPD 8 13H-CC 1210 | C |PM C F F C
- 14H-CC 1305 | R| P R R F
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Table 8. Radiolariansin Hole 1016.
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3H-CC 26.6 Al G| R F F T C A R T T R A T
S universus 4H-CC 36.1 Al G F C C R A A R T T A AT
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E. matuyamai | 7H-CC 64.5 Al G F| A C A C R R T R A
8H-CC 74.1 Al G A R C R F CcC A
9H-CC 83.6 Al G R A C F C Al R T R R F A C
S langii 10H-CC 931 | Al G R c Al R R F F C
11X-CC 96.3 Al G| R F (¢f T T| T A F
12X-CC 1060 | A| G c A cl R R A
13X-CC 115.6 Al G| T R A R R T R A
14X-CC 125.2 Cl G R R T R R F
15X-CC 134.8 Al G R C C R C R cC A
16X-CC 144.4 C| G T C R T A
17X-CC 154.0 C| G R R| R R
18X-CC 163.6 R M R R
19X-CC 173.2 F| G C T T R
20X-CC 1828 | A| G C c R R T F A
21X-CC 192.3 Al G R F R T T R A
S peregrina 22X-CC 202.1 C| G (3 R
23X-CC 211.7 F| G C R
24%-CC 2213 | ¢c| G R F R R
25X-CC 2309 | C| G R c F
26X-CC 2406 | F| G c F
27X-CC 250.2 R| G R|
28X-CC 259.8 F| G C Cl C R
29X-CC 269.5 F| G C C| R
30X-CC 2192 | ¢| G c c R F R R
31X-CC 2888 | Al G A A R T F
32X-CC 2984 | R| M
33X-CC 308.0 B

Note: See “Explanatory Notes” chapter for abbreviations.

Pliocene boundary is located above the top of Dictyophimus splen-
dens between Samples 167-1016A-20X-CC and 21X-CC (Table 8).

The main radiolarian events are summarized in Table 10. Abun-
dant and well-preserved assemblages contain species that are indica

was lower than the sensitivity of the magnetometer (<1 mA/m). We
did not find an interval of negativeinclination (reverse polarity) in ei-
ther Hole 1016A or 1016B, athough the bi ostrati graphic data suggest
that the top of the Matuyama Chron (C1r) should be located approx-

tive of upwelling conditions throughout all the sequence. Persistent
occurrence of many subtropical species in assemblages below Sam-
ples 167-1016A-13X-CC (115.6 mbsf) and 167-1016B-13H-CC
(115.8 mbsf) suggest warmer conditions during the late Miocene
through early Pliocene and an age dightly younger than 3 Mafor the
beginning of major thermocline-water cooling at Site 1016.

imately in Core 167-1016A-5H (see “Biostratigraphy” section, this
chapter).

A significant drop of the remanence intensity was observed be-
tween 0 and 2 mbsf with a decrease in magnetic susceptibility in the
same interval. A similar strong decrease was reported at Site 1011,
representing diagenetic dissolution of magnetic minerals (see “Pale-
omagnetism” section, “Site 1011” chapter, this volume). The pelagic
sediment of Site 1016 is characterized by magnetic susceptibilities
smaller than the ones of Site 1011 (see “Physical Properties” section,
this chapter). Reduction diagenesis of the diluted magnetic grains
probably leads to the weak intensity of remanent magnetization,
which is too low for measurement by the shipboard magnetometer.

PALEOMAGNETISM

We made magnetic measurements on the archive halves of APC
cores from Holes 1016A and 1016B with the pass-through cryogenic
magnetometer. After measuring the natural remanent magnetization
(NRM), 10 cores from Hole 1016A were demagnetized with a peak
dternating field (AF) of 25 mT. We measured six APC cores from
Hole 1016B after AF demagnetization at 20 mT. The NRM intensity
of Cores 167-1016A-1H to 10H ranged between 1 and 10 mA/m, and
after the AF cleaning it was reduced to values around 0.3 mA/m (Fig.
8). After AF demagnetization, the magnetization of most sections

COMPOSITE DEPTHS
AND SEDIMENTATION RATES

Multisensor track (MST) data collected at 4-cm intervals from
Holes 1016A through 1016D, and color reflectance data collected at
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Table 8 (continued).
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167-1016A
1H-CC 7.6 CcC|G T R F F F F R | R
B. aquilonaris| 2H-CC 17.7 A|G|R R R R F C C R C R R R
3H-CC 26.6 A |G| F R R A F R C R C F F
S universus 4H-CC 36.1 A |G| F R R R R C F R F
5H-CC 45.6 A |G R F F C F R|R
6H-CC 55.1 C|G|F R R C F R
E. matuyamai | 7H-CC 64.5 A | G R C F R R R
8H-CC 74.1 Al G T R R C R R R A|C
9H-CC 83.6 A|G|R R R F F C A|A
S langii 10H-CC 93.1 A |G R R F C F|C
11X-CC 96.3 A |G T C F F
12X-CC 106.0 A |G R R R R R R|R
13X-CC 115.6 A|G|T T T F R R C|F
14X-CC 125.2 C| G T R T T C F|F
15X-CC 134.8 A|G|R C R R T C R
16X-CC 144.4 C|G|R R R cC C
17X-CC 154.0 C| G F R C c|C
18X-CC 163.6 R | M R R
19X-CC 173.2 F| G R T R R | R
20X-CC 182.8 Al G R R A R R
21X-CC 192.3 Al G R R R R R
S peregrina 22X-CC 202.1 C| G T T F
23X-CC 211.7 F| G T R F F
24X-CC 221.3 C| G R R R F R F|/ R T
25X-CC 2309 C| G F R T C R R|R
26X-CC 240.6 F| G C R T
27X-CC 250.2 R |G R R R
28X-CC 259.8 F| G T R R R A
29X-CC 269.5 F| G R A R C
30X-CC 279.2 C| G R R R R R
31X-CC 288.8 A |G F A A R R R |C
32X-CC 298.4 R | M R R
33X-CC 308.0 B

6- to 10-cm intervals from Holes 1016A, 1016B, and 1016D were
used to determine depth offsetsin the composite section. On the com-
posite depth scale (expressed as med, meters composite depth), fea
tures of the plotted MST and color reflectance data present in adja-
cent holes are aligned so that they occur at approximately the same
depth. Working from the top of the sedimentary sequence, a constant
was added to the mbsf (meters below sea floor) depth for each core
in each hole to arrive at amcd depth for that core. The depths offsets
that compose the composite depth section are givenin Table 11, also
on CD-ROM, back pocket. Except for a core gap of unknown length
at 172.6 mcd, continuity of the sedimentary sequence was document-
ed for the upper 245 mcd.

GRAPE and col or reflectance measurements were the primary pa-
rameters used for interhole correlation purposes. Magnetic suscepti-
bility measurements were used in afew intervalsto provide addition-
al support for composite construction athough, in general, these
measurements were not as useful because of thelow variability of the
signal. Natural gammaray activity measurements were made
throughout the entire section in Holes 1016A and 1016B, but the
sampling interval of 12 cm was insufficient for interhole correlation.

The GRAPE, color reflectance, and magnetic susceptibility
records used to verify core overlap for Site 1016 are shown on acom-
posite depth scalein Figures 9, 10, and 11, respectively. The GRAPE
datawere used to identify intervals of voidsand highly disturbed sed-

iments (values less than 1.45 g/cmq), and all MST and color reflec-
tance data were culled from these intervals. The cores from Holes
1016A, 1016B, and 1016D provide nearly continuous overlap to
about 245 mcd. There is a core gap of unknown length beginning at
172.6 mcd (between the bottom of Core 167-1016B-17H and the top
of Core 167-1016A-18X). Although cores from Holes 1016A and
1016B were placed into composite depths over the interval from
173.2 to 244.8 mcd, the correlation between cores was poor in many
cases (e.g., seethe interval from 180-200 med in Fig. 9). The com-
posite records suggest that up to 2.5 m of material may be missing be-
tween cores down to about 245 mcd, although the average gap isless
than one meter. As there are no datato fill possible core gaps below
245 mcd, an assessment of core gap length below this depth is not
possible.

Following construction of the composite depth section for Site
1016, a single spliced record was assembled from the aligned cores.
Cores from Hole 1016B were used as the backbone of the sampling
splice. Coresfrom Holes 1016A were used to splice across core gaps
inHole 1016B from 0to 100 mcd and 160 to 245 med, and coresfrom
Hole 1016D were used to splice across core gaps in Hole 1016B be-
tween 100 and 160 mcd. The composite depths were aligned so that
tie points between adjacent holes occurred at exactly the same depths
in meters composite depth. Intervals having significant disturbance
or distortion were avoided if possible. The Site 1016 splice (Table 12,

257



SITE 1016

o |efr|euouu<O O
SNSJBAIUN SNIoR IR AS

wniuo|inboe wnifeuode |As

T Xy oo
eulibeed sA1000Yd15

[
SISUBIUOLL B SAI020YD IS

- ¢} xx

esngol a Adoseyds e« =
x|loex 14

116ue| 8 Adosseyds « < o

winjrine wniuedo.Rld

24 X o —F
1US 1 /em SNQNoopnasd

B|NISN JO Sn}feoyo isow Ioyd
feyes "U ewouedouydA]
aelulIbiu sniAooidure] < <=

< <
soJodoseleyoau s niAdodwe] = LS <

L x| OqcOxO0<«<
soJodoJelpy s niAd0.dwre ] << < <

[ 24 O
soJpey se [pAdodwe

[®)
rewreAnzew wnipiAon3 eOr
xesAoIyIA e wnipniAong

asUBLaARd WP IAoNg

suapus |ds snwiiydoAo1g

58 o =
sesiosnuydokplg | X OF|w et o

euUesIAep eUR K INep eioydopeoAD << AR RIAS S

©UunIq eIoydope pAD <«<x) < 0o |

6} LO ©
SiuJ021q SsejAdolyreD <O |0 ©O<OO|0000

Table 9. Radiolariansin Hole 1016B.
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Table 10. Radiolarian eventsin Holes 1016A and 1016B. Table 11. Site 1016 composite depth section.
Hole 1016A Hole 1016B Depth Offset Depth
Top Base Top Base Core, section (mbsf) (m) (mcd)
Event (mbsf)  (mbsf) (mbsf)  (mbsf) 167-1016A-
LO'S universus 177 266 208 303 e % oo o0
FOL. nigriniae 36.1 456 39.8 493 3H1 1710 120 1830
LO L. heteroporos 456 55.1 49.3 58.8 AH-L 26,60 160 2820
LO E. matuyamai 36.1 456 39.8 493 5H-1 36.10 282 2862
FO E. matuyamai 74.1 83.6 68.3 77.8 BH-1 1560 574 1834
FOC.d. davisana 1060  115.6 106.3 115.8 701 5510 394 58.34
LOA. pliocenica 1444 1540 153.8 162.3 8H-1 6450 254 69.14
LOD. splendens 1828  192.3 1918 201.3 oH-1 7410 5100 79.10
LOL. n.nipponica  211.7 221.3 10H-1 83.60 6.62 90.22
11X-1 93.10 9.24 102.34
o= — i 12X-1 96.30 9.78 106.08
Note: LO = last occurrence, FO = first occurrence. 13X1 106.00 054 11554
14X-1 115.60 12.43 128.03
Hole 1016A 15X-1 125.20 14.31 139.51
Intensity (mA/m) Inclination (°) 16X-1 134.80 17.15 151.95
01 1 10 100 -90 17X-1 144.40 19.05 163.45
e 18X-1 154.00 19.05 173.05
19X-1 163.60 21.20 184.80
20X-1 173.20 23.96 197.16
11 21X-1 182.80 25.70 208.50
22X-1 192,50 28.56 221.06
23X-1 202.10 29.70 231.80
24X-1 211.70 29.70 241.40
1t 25X-1 221.30 28.40 249.70
26X-1 230.90 28.40 259.30
27X-1 240.60 28.40 269.00
28X-1 250.20 28.40 278.60
1T 29X-1 259.80 28.40 288.20
30X-1 269.50 28.40 297.90
31X-1 279.20 28.40 307.60
1t 32X-1 288.80 28.40 317.20
[
g 167-1016B-
£ 1H-1 0.00 0.00 0.00
= 4 + 2H-1 1.80 1.90 3.70
= 3H-1 11.30 2.86 14.16
g 4H-1 20.80 2.94 23.74
5H-1 30.30 422 3452
1T 6H-1 39.80 514 44.94
7H-1 49.30 5.76 55.06
8H-1 58.80 6.28 65.08
1t 9H-1 68.30 7.40 75.70
10H-1 77.80 7.88 85.68
11H-1 87.30 8.18 95.48
12H-1 96.80 9.24 106.04
1 13H-1 106.30 9.56 115.86
14H-1 115.80 12.26 128.06
15H-1 125.30 15.28 140.58
1t 16H-1 134.80 16.97 151.77
17H-1 144.30 18.76 163.06
18H-1 153.81 22.92 176.73
| . | 19H-1 163.31 24.61 187.92
100 it ' : 20H-1 172.81 26.78 199.59
21H-1 182.31 29.56 211.87
i ici i inclinati 22H-1 191.81 3234 224.15
Figure 8. Plots of magnetic intensity and |nc||na1|.on.of AEC coresfrom lee Sl 0151 359 Sa25
1016A. Small and large dots represent magnetic intensity and inclination 167-1016C
before and after AF demagnetization at 25 mT, _rapectlvely. The measure- 1H-1 0.00 _0.32 —0.32
ments of the upper 6 cores from Hole 1016B confirmed the results from Hole 2H-1 9.20 1.20 10.40
1016A. 167-1016D-
1H-1 0.00 0.00 0.00
2H-1 8.00 0.28 8.28
. ) 3H-1 17.50 1.12 18.62
also on CD-ROM, back pocket) can be used as a sampling guide to 4H-1 27.00 1.80 28.80
recover asingle continuous sedimentary sequence between 0 and 245 a 3050 3.2 e
mcd (with the exception of a core gap at 172.6 mcd). 7H-1 55.50 4.66 60.16
A preliminary age model (Table 13) was constructed to estimate g:—% gi-gg 2-38 ;g-gg
sedimentation rates (Fig. 12). The age model was applied to the 10H-1 84.01 7.00 91.01
spliced records of GRAPE bulk density, magnetic susceptibility, and 11H-1 93.51 7.02 100.53
color reflectance shown in Figure 13 120-2 104.51 r78 1229
g - 13H-1 112,51 10.72 123.23
14H-1 122.01 11.78 133.79
15H-1 131.51 12.61 144.12
INORGANIC GEOCHEMISTRY 16H-1 14101 16.35 157.36

We collected 14 interstitial water samples from Hole 1016A at
depths ranging from 4.45 to 273.95 mbsf, with samples covering the
three lithostratigraphic units defined at this site (see “Lithostratigra-
phy” section, this chapter). Chemical gradients in the interstitial wa-
ters at this site (Table 14) reflect organic matter diagenesis, the disso-
lution of biogenic opal and calcium carbonate, the diffusive influence

SITE 1016

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

259



SITE 1016

GRAPE GRAPE
bulk density (g/cm®) bulk density (g/cm®)
1.4 1.7 2.0 1.4 1.7 2.0
0 1 125 T ] ’r% T

? % Egi%

|| &=
§§ ;

T L _ L
[}
E
e L — L
=
[
a
75 — 200~ -
100 [~ - 2251 —

i
%%% |

125 1 ] = | 250§i_‘_1_1_‘—

Figure 9. Smoothed (15-cm Gaussian) GRAPE bulk density data for the
upper 250 m from Site 1016 on the mcd scale. Holes 1016A, 1016B, 1016D,
and 1016C are offset from each other by a constant (0.1 g/cmd).

of reactionsin underlying basalt, and the influence of authigenic min-
era precipitation.

Chlorinity increases by 1.3% to a broad plateau from 31.05 to
100.75 mbsf, then decreases to values similar to those in the shall ow-
est two samples by 129.65 mbsf (Fig. 14). Salinity, measured refrac-
tively astotal dissolved solids, ranges from 31.5 to 35. Sodium con-
centrations measured by flame emission spectrophotometry were on

Reflectance Reflectance
(% 650-700 nm) (% 650 700 nm)
2
05 5 |9 T 1255
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Figure 10. Smoothed (5-point running mean) color reflectance (% 650-700
nm band) data for the upper 250 m from Site 1016 on the mcd scale. Holes
1016A, 1016B, and 1016D are offset from each other by a constant (10%).

Alkalinity increases to peak values >17 mM from 40.55 to 50.05
mbsf, then decreasesto 11.2 mM by 129.65 mbsf, with a further de-
creaseto 6.8 mM at 273.95 mbsf (Fig. 14). Sulfate concentrations de-
crease to vaues below the detection limit (approximately 1 mM) by
78.55 mbsf. The two deepest samples at 245.05 and 273.95 mbsf
have sulfate concentrations exceeding the detection limit, but these
may be caused by slight contamination with drilling fluid. Phosphate
concentrations increase to a maximum of 57 uM at 34055

average <4% higher than those estimated by charge balance (Table mbsf, then decrease steeply with increasing depth to 6 pM by 129.65
14). mbsf, with values of 23 UM at greater depth. The highest phosphate
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Figure 11. Smoothed (15-cm Gaussian) magnetic susceptibility data for the
upper 250 m from Site 1016 on the mcd scale. Holes 1016A, 1016B, 1016C,
and 1016D are offset from each other by a constant (10 x 1078 9.

125

concentrations are found just shallower than or coincident with the al-
kalinity maximum, with the steep declines in akalinity and phos-
phate occurring over similar depth ranges. Ammonium concentra-
tions increase with increasing depth to an average of 2.3 mM from
78.55 to 273.95 mbsf. Dissolved manganese concentrations are

SITE 1016

Dissolved silicate concentrations are relatively high (>800 uM) in
the shallowest samples and increase with depth to vall@0 uM
by 78.55 mbsf (Fig. 14), indicative of the dissolution of biogenic
opal. Strontium concentrations increase with depth to >160 uM by
129.65 mbsf, consistent with the influence of the dissolution and/or
recrystallization of calcium carbonate especially in the relatively cal-
cium carbonaterich lithostratigraphic Unit I1.

Calcium concentrations decrease to 5.2 mM at 78.55 mbsf, with
this minimum just below the zone of maximum alkalinity values,
then increase with increasing depth to 13.2 mM in the deepest sample
at 273.95 mbsf (Fig. 14), with an overall gradient of +4.1 mM/100 m.
Magnesium concentrations decrease throughout the section to 26.1
mM at 273.95 mbsf, with an overall gradient-&.9 mM/100 m.

From 78.55 mbsf and deeper, the decrease in magnesium is linearly
correlated with the increase in calcium, with@a/AMg value of-

0.80 (R = 0.92), suggesting conservative behavior of these elements
reflecting the diffusive influence of reactions in the underlying ba-
salt. The decrease in dissolved calcium in the upper sediment, with a
weaker positive correlation of calcium and magnesium decreases in
this interval, indicates that authigenic mineral precipitation is signif-
icant in influencing the Ca profile in this depth range. Potassium de-
creases from values of around 11.0 mM in the shallowest samples to
8.6 mM at 273.95 mbsf (Table 14). Lithium concentrations increase
with depth to 100 uM or greater from 158.45 to 273.95 mbsf (Fig.
14).

ORGANIC GEOCHEMISTRY

The organic geochemistry analyses performed at Site 1016 in-
clude measurements of elemental composition and volatile hydrocar-
bons (for methods see “Organic Geochemistry” section, “Explanato-
ry Notes” chapter, this volume).

Volatile Hydrocar bons

As a part of the shipboard safety and pollution program, volatile
hydrocarbons (methane, ethane, and propane) were routinely mea-
sured by gas chromatography in the sediments at Site 1016. Results
are presented in Table 15. Headspace methane concentrations were
near the limit of detection within the entire hole. Higher weight mo-
lecular hydrocarbons were not observed. The overall low methane
content in these sediments indicates that environmental conditions
were not favorable for methanogenesis.

Elemental Analysis

At Site 1016, 109 sediment samples were analyzed for total car-
bon, inorganic carbon, total nitrogen, and total sulfur (Table 16, also
on CD-ROM, back pocket; Fig. 15).

The percentage of calcium carbonate (CgC&as calculated
from the inorganic carbon concentrations by assuming that all car-
bonate occurs in the form of calcite. CaQ@ntent varies between
~1 and 62 wt%, depending on the lithology (see “Lithostratigraphy”
section, this chapter; Fig. 15). Lithostratigraphic Unit | {{6f mb-
sf) and Unit lll (165299 mbsf) show low CaC@ontent, while Unit
Il (70-165 mbsf) is characterized by higher content-@bwt%).
Within the Pliocene section (Unit Il), the carbonate is mainly com-
posed of nannofossils and foraminifers. In this interval, the fluctua-
tion of the carbonate record is probably caused by extensive dissolu-

above the detection limit (2 uM) in only the four shallowest samplesiion of calcareous microfossils (see “Biostratigraphy” section, this
decreasing from 18 pM at 4.452.05 mbsf to 8 uM at 21.55 mbsf chapter).
and 4 uM at 31.05 mbsf, consistent with suboxic organic carbon di- Total organic carbon (TOC) content varies between 0.20 and 2.79

agenesis shallow in the section.

wt% with high-amplitude fluctuation (Table 16; Fig. 15). The aver-
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Table 12. Site 1016 splice tie points.

Hole, core, section, Depth Hole, core, section, Depth

interval (cm) (mbsf)  (mcd) interval (cm) (mbsf)  (mcd)
1016A-1H-5, 65 5.15 5.15 tieto 1016B-2H-1, 145 3.25 5.15
1016B-2H-6, 133 10.63 1253 tieto 1016A-2H-3, 145 12.05 12.53
1016A-2H-7, 13 16.73 17.21 tieto 1016B-3H-3, 6 14.36 17.21
1016B-3H-7, 5 20.35 2321 tieto 1016A-3H-4, 41 22,01 23.21
1016A-3H-6, 49 25.09 26.29 tieto 1016B-4H-2, 105 23.35 26.29
1016B-4H-6, 93 29.23 3217 tieto 1016A-4H-3, 97 30.37 32.17
1016A-4H-6, 63 34.75 36.35 tieto 1016B-5H-2, 33 32.13 36.35
1016B-5H-7, 17 39.47 43.69 tieto 1016A-5H-4, 57 41.17 43.12
1016A-5H-5, 101 4311 45.63 tieto 1016B-6H-1, 69 40.49 45.63
1016B-6H-6, 133 48.63 53.77 tieto 1016A-6H-4, 93 51.13 53.77
1016A-6H-6, 56 53.65 56.41 tieto 1016B-7H-1, 135 50.65 56.41
1016B-7H-6, 107 57.87 63.63 tieto 1016A-7H-4, 79 60.39 63.63
1016A-7H-5, 117 62.27 65,51 tieto 1016B-8H-1, 43 59.23 65.31
1016B-8H-6, 137 67.67 73.95 tieto 1016A-8H-4, 31 69.41 73.95
1016A-8H-6, 5 72.15 76.69 tieto 1016B-9H-1, 99 69.29 76.69
1016B-9H-6, 29 76.09 8349 tieto 1016A-9H-3, 139 78.59 83.49
1016A-9H-6, 5 81.65 86.65 tieto 1016B-10H-1, 97 78.77 86.65
1016B-10H-7, 9 86.89 94.77 tieto 1016A-10H-4, 15 88.15 94.77
1016A-10H-5, 137 90.97 97.59 tieto 1016B-11H-2, 61 89.41 97.59
1016B-11H-7, 5 96.35 10453 tieto 1016D-11H-3, 101 9751 104.53
1016D-11H-5, 88 100.37 107.39 tieto 1016B-12H-1, 135 98.15 107.39
1016B-12H-6, 65 10495 114.19 tieto 1016D-12H-3, 41 10641  114.19
1016D-12H-5, 15 109.15 116.93 tieto 1016B-13H-1, 107 107.27 116.93
1016B-13H-6,101 114.81 124.37 tieto 1016D-13H-1, 115 113.65 124.37
1016D-13H-5, 35 11885 129.57 tieto 1016B-14H-2, 1 117.31  129.57
1016B-14H-6, 5 12335 13561 tieto 1016D-14H-2, 33 12383 135.61
1016D-14H-6, 35 129.85 141.63 tieto 1016B-15H-1, 105 126.35 141.63
1016B-15H-5,137 132.67 147.95 tieto 1016D-15H-3, 84 135.34 147.95
1016D-15H-6, 115 140.15 15276 tieto 1016B-16H-1, 99 165.78 152.76
1016B-16H-6,105 143.35 160.32 tieto 1016D-16H-2, 147 14397 160.32
1016D-16H-5, 15 147.15 16350 tieto 1016B-17H-1, 44 14474  163.50
1016B-17H-7, 49 15379 17255 append 1016A-18X-1,0 154.00 173.05
1016A-18X-4, 47 15897 178.02 tieto 1016B-18H-1, 130 155.10 178.02
1016B-18H-6, 143 162.73 185.65 tieto 1016A-19X-1,110 164.70 185.65
1016A-19X-4,131 169.41 190.36 tieto 1016B-19H-2, 95 165.75 190.36
1016B-19H-7, 11 17241 197.02 tieto 1016A-20X-1, 89 17409 197.02
1016A-20X-5,101 180.21 203.14 tieto 1016B-20H-3, 56 179.36 203.14
1016B-20H-7, 47 182.27 209.05 tieto 1016A-21X-1, 55 183.35 209.05
1016A-21X-4,107 188.37 214.07 tieto 1016B-21H-2, 70 18451 214.07
1016B-21H-7, 53 191.83 221.39 tieto 1016A-22X-1, 33 19283 221.39
1016A-22X-7, 11 201.61 230.17 tieto 1016B-22H-5, 3 197.83 230.17
1016B-22H-7, 59 201.39 23373 tieto 1016A-23X-1, 34 20245  233.73
1016A-23X-3, 77 205.87 237.15 tieto 1016B-23H-2, 43 203.23 237.15
1016B-23H-7, 62 210.92 244.84

Note: Thistableis also on CD-ROM, back pocket, this volume.

Table 13. Site 1016 sedimentation rate age control points.

Composite

depth Age

Event (mcd) (Ma)

T P. lacunosa 24523 0.460
T R matuyamai 43.370 0.975
B G oceanica 69.770 1.690
T D. brouweri 84.765 1.960
T T. convexa 117.340 2.400
T A pliocenica 174.610 3.360
T R. pseudoumbilicus 178.235 3.790
B Ceratolithus spp. 192.660 5.025
T D. splendens 221.070 5.900
T L. n. nipponica 246.200 6.250

Note: T = top, B = bottom.

age vaue of TOC at thissiteis 0.93 wt%, which is much higher than
that of normal open ocean sediment (~0.3 wt%). The high TOC value
at 154 mbsf is attributed to a high proportion of terrigenous organic
matter, based on itsrelatively high TOC/TN ratio (Table 16). In con-
trast, the organic matter in the high TOC interval between 36 and 93
mbsf shows low TOC/TN ratio, indicating a predominantly marine
origin (Bordovskiy, 1965; Emerson and Hedges, 1988).

Total nitrogen contents vary between 0.07 and 0.39 wt%. Total
sulfur content ranges from 0 to ~2.02 wt% (Table 16). To character-
ize the type of organic matter in the sediments, total organic carbon/
total nitrogen (TOC/TN) ratios were used. Most of the TOC/TN ra-
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Figure 12. Sedimentation rate vs. age at Site 1016 based on the age control

points from Table 13.
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Figure 13. Spliced records of Site 1016 color reflectance, magnetic suscepti-
bility, and GRAPE bulk density vs. age based on age control points from
Table 13.

tios range between 3 and 10, which indicates a predominantly marine
origin of the organic material (Bordovskiy, 1965; Emerson and
Hedges, 1988). However, the downcore increasing fluctuation of the
TOC/TN valueslikely pointsto amore heterogeneous organic matter
composition.

PHYSICAL PROPERTIES
Multisensor Track M easurements

The shipboard physical properties program at Site 1016 included
nondestructive measurements of bulk density, magnetic susceptibili-
ty, P-wave velocity, and natural gamma-ray activity on whole sec-
tions of al cores using the MST. Magnetic susceptibility was mea-
sured at 4-cm intervals at low sensitivity (1-s measuring time) on all
Site 1016 cores. GRAPE bulk density measurements were made at 4-
cm intervals on all Site 1016 cores. PWL velocity measurements
were made at 4-cm intervals on cores from Holes 1016A through
1016C. The PWL was not run on cores from Hole 1016D. Natural
gammarray activity was measured with a 15-s count every 12 cmon
cores from Holes 1016A through 1016C but not run on cores from
Hole 1016D.

High values of PWL velocity and GRAPE density correspond
well with reflections from the 3.5-kHz precision depth recorder

SITE 1016

(PDR) profile acquired aboard JOIDES Resolution during the Site

1016 survey (Fig. 16). Abrupt changesin PWL velocity and GRAPE
density (Fig. 16), which correspond to some nannofossil-rich zones

and several sandy turbidite layers (see “Lithostratigraphy” section,
this chapter), appear to generate the reflectors seen in the 3.5-kHz
PDR site-survey record.

Index Properties

Index properties measurements were made at one sample per
working section from Hole 1016A and every 4 cm throughout Core
167-1016B-17H. Index properties of bulk density and the index prop-
erties void ratio, porosity, water-content, dry bulk density, and grain
density were determined by the gravimetric Method C (see “Physical
Properties” section, “Explanatory Notes” chapter, this volume) and
are presented in Figure 17 (Table 17 on CD-ROM in the back pocket
of this volume). At about 140 mbsf there is a marked increase in
GRAPE density (Fig. 18B) that corresponds to an increase in calcium
carbonate content. At about 180 mbsf density and magnetic suscepti-
bility values begin fluctuating because of the interbedded diatoma-
ceous and nannofossil-rich sediments (see “Lithostratigraphy” sec-
tion, this chapter). To better determine the validity and cause of the
geophysical signals measured by the MST, Core 167-1016B-17H
was sampled for index properties every 4 cm (Table 17) at the inter-
vals chosen to coincide with GRAPE density and magnetic suscepti-
bility measurements. This core was chosen because it corresponds to
a depth interval that displays a great range in amplitude in many
physical properties. There is an excellent correlation between
GRAPE and index property bulk density and between porosity and
intensity of color CIELAB L* (Fig. 19).

Compressional-Wave Vel ocity

DiscreteP-wave velocity measurements were made in each sec-
tion of Hole 1016A cores to approximately 33 mbsf and three per
core from 33 mbsf to the base of the hole. The digital sound veloci-
meter was used to measure sonic velocity parallel to bedding in the
first four cores of Hole 1016A by using both the insertable probes
(T2, in the y-direction) and the Hamilton Frame (T3, in the z-direc-
tion). Velocity values from T2 measurements range from 1494 to
1524 m/s, averaging 1509 m/s, whereas velocity measurements from
T3 range from 1510 to 1548 m/s, averaging 1531 m/s (Table 18 on
CD-ROM in the back pocket of this volume). Average velocity val-
ues measured using the Hamilton Frame (T3) are more than 20 m/s
higher than those from the T2 probes. This increase is most likely due
to sediment compression from applying pressure between the trans-
ducers and sediment in order to achieve the contact necessary to
propagate energy.

Heat Flow

Thermal conductivity was measured to 91.85 mbsfin Hole 1016A
(Table 19 on CD-ROM in the back pocket of this volume). Three
downhole temperature measurements were taken with the APC
Adara temperature tool in Hole 1016A: 4.9°C at 36.1 mbsf, 7.0°C at
55.1 mbsf, and 9.0°C at 74.1 mbsf in Cores 167-1016A-4H, 6H, and
8H, respectively (Fig. 20). Bottom-water temperature was measured
on all runs, indicating a bottom-water temperature of 188CL°C.

The four data points yield a thermal gradient of 105°C/km (Fig. 21).
Using an average measured thermal conductivity of 0.838 W/(m-K)
provides a heat-flow estimate of 88 m\#/mSite 1016.

Color Reflectance
Reflectance measurements were made at 4- to 6-cm intervals in

Holes 1016A, 1016B, and 1016D. Using band averages of reflec-
tance, we were able to simulate the lithostratigraphic units (see
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Table 14. Interstitial water geochemical data, Hole 1016A.

Core, section, Depth Alkdinity cl- Na* SO~ HPO#% NH,# H,SO0, cC& Mg?* Sz Li* K*
interval (cm) (mbsf) pH (mM)  Sdinity (mM) (mM) (mM) (uM) (mM) (UM) (mM) (mM) (UM) (UM) (mM)
167-1016A-

1H-4, 135-140 4.45 7.53 6.41 34.5 553 479 25.7 27 0.34 804 10.0 50.4 84 23 10.8
2H-3, 145-150 12.05 7.46 10.6 35.0 549 473 19.8 53 0.81 848 8.93 48.8 89 24 11.0
3H-3, 145-150 21.55 7.60 13.7 34.0 555 480 14.7 51 1.23 858 7.26 46.6 94 27 10.8
4H-3, 145-150 31.05 7.53 15.9 34.0 558 482 10.3 57 1.45 875 6.64 44.3 98 27 10.6
5H-3, 145-150 40.55 7.66 17.1 34.0 558 481 7.1 57 1.68 949 6.02 42.9 108 30 10.3
6H-3, 145-150 50.05 7.70 17.3 33.0 554 478 4.9 49 1.78 993 5.55 41.1 112 34 10.2
9H-3, 145-150 78.55 7.30 15.5 32.0 558 480 <1 26 2.20 1000 5.15 36.7 136 49 10.3
12X-3, 145-150 100.75 7.25 13.8 32.0 556 481 <1 15 2.33 1033 6.38 33.3 154 68 9.6
15X-3, 145-150 129.65 7.13 11.2 32.0 554 478 <1 6 2.41 1125 7.81 30.7 164 87 9.9
18X-3, 145-150 158.45 7.26 10.3 32.0 548 473 <1 3 2.29 1174 8.84 29.4 164 99 9.1
21X-3, 145-150 187.25 7.24 9.51 31.5 553 475 <1 3 2.40 1174 10.2 29.0 164 103 9.2
24X-3, 145-150 216.15 7.33 9.66 32.0 547 469 <1 4 2.16 1318 11.8 27.6 168 104 9.0
27X-3, 145-150 245.05 7.43 8.88 32.0 552 475 1.3 3 2.38 1433 12.8 26.8 168 100 9.0
30X-3, 145-150 273.95 7.30 6.84 35.0 547 470 15 3 2.30 1482 13.2 26.1 173 98 8.6

“Lithostratigraphy” section, this chapter). A summary for the-450 tion data set spanning a broad range of opal values, similar to the cal-
500 nm (blue) band from Hole 1016A is given in Figure 22A. Incium carbonate data used for the calcite predictions at Sites 1012,
lithostratigraphic Unit I, which consists of interbedded silty clay, di-1013, and 1014.
atom ooze, and diatom clay mixed sediments, color reflectance is
generally low. As lithostratigraphic Unit | grades into Unit 11, the pro- Digital Color Video
portion of nannofossils increases, and so does percent reflectance.
Lithostratigraphic Subunit 11B, which is predominantly nannofossil ~ All Site 1016 cores were also imaged with the ODP color digital
ooze interbedded with diatom ooze, has the highest color reflectangmaaging system 20-cm intervals, providing a 0.25-mm pixel. The
of any stratigraphic unit at Site 1016. The signal of lithostratigraphiwideo images from Holes 1016A, 1016B, and 1016D show (Fig. 24)
Subunit 1IB is variable, however, with high reflectance values generole-to-hole correlation of dark and light sediment color CIELAB L*
ally matching nannofossil-enriched layers and low values matchin¢see “Physical Properties” section, “Explanatory Notes” chapter, this
more diatomaceous zones. In lithostratigraphic Unit 1ll, diatoms revolume).
place nannofossils as the dominant microfossil component, and color
reflectance is low. The dark color of the diatom oozes and diatomites
appears related to organic matter/pigmentation. DOWNHOLE MEASUREMENTS
As at Site 1011, an attempt was made to predict opal content using L ogging Operationsand L og Quality
a multiple linear regression equation generated from Leg 167 site-
survey color reflectance and opal data. Unlike Site 1011, the results Hole 1016A was logged with the density-porosity combination
from the opal prediction are not consistent with the major lithostratitool string, sonic-FMS, and GHMT tool strings after the hole was
graphic units. This is most likely caused by the different spectra of dflushed of debris with a sepiolite pill and the drill pipe was set at 70
atomaceous sediments at the two sites. At Site 1011, diatomites showbsf (Table 20). One full pass (pass 1:-43E8 mbsf) and two repeat
an absorbance peak near 650 nm and a steep positive reflectapesses (pass 2: 15810 mbsf; pass 3-195 mbsf) of the density-po-
slope in the red to infrared range (Fig. 30C, “Site 1011” chapter, thisity combination tool string, one full pass of the FMS-sonic tool
volume). The diatomites in lithostratigraphic Subunit IlIB at Site string (75292 mbsf), and two passes of the GHMT tool string (pass
1016, although displaying a subtle absorbance peak at 650 nm, hale65-285 mbsf; pass 2: 4282 mbsf) were conducted (Table 20).
a much weaker positive reflectance slope in the longer wavelengtt®ea-state conditions were strong (3-m swells), and the wireline heave
(Fig. 23C) than at Site 1011. Interbedded diatom nannofossil chalkompensator was used on all passes.
of lithostratigraphic Subunit I1IB have a spectra with a negative slope Borehole caliper measurements conducted during the density-po-
and a curved pattern at wavelengths shorter than 600 nm (Fig. 23Bhsity combination and FMS-sonic passes indicate that the borehole
In an effort to better quantify diatom-rich zones at Site 1016, weavas significantly washed out from the bottom of the hole to about 230
created a ratio using the 88D0-nm band (near-infrared) and the mbsf and moderately washed out from 230 to about 210 mbsf (Fig.
450-500-nm (blue) band (Fig. 22B). This is analogous to the ratio be25). Overall log quality at this site is good, with the exception of the
tween the near-infrared and 65M0-nm (red) bands used to detect FMS data in the washed-out section below about 220 mbsf.
diatomaceous sediments in the eastern equatorial Pacific (Mix et al., The TLT was run with the density-porosity combination tool
1992). We chose to use near-infrared/blue at Site 1016 becausesiting. The temperature logs were linked to the actual logging depths
showed greater variance (mean = 1.13, standard deviation = 0.183ing the time-depth log recorded at the logging unit. The raw TLT
than near-infrared/red (mean = 0.99, standard deviation = 0.06). Thesults show a minimum downhole thermal gradient of 27.5°C/km
near-infrared/blue ratio is generally greater where the diatom contelfEig. 26); this is an underestimate because of the cooling effect of
is greatest (e.g., in lithostratigraphic Subunit IIA and Unit 1ll). In seawater circulation. In situ temperature measurements using the
lithostratigraphic Unit | and Subunit 1B, where clays and nannofosAdara probe indicate a thermal gradient near 105°C/km at this site
sils predominate, the near-infrared/blue ratio is low. From 240 to 26(see “Physical Properties” section, this chapter).
mbsf, the near-infrared/blue values correlate well with the composi-
tional trends of interbedded diatomite and diatom nannofossil chalk Lithology
(Fig. 23A). This result shows that color reflectance is sensitive to the
spectral character of diatom-rich sediments or a sedimentary compo- A decrease in density and increase in porosity downhole, starting
nent that covaries with the diatom content at Site 1016. at about 150 mbsf, mark the transition from the more carbonate-rich
The near-infrared/blue ratio therefore provides a means by whickediments of lithostratigraphic Subunit 1I1B to the less carbonate-rich
the frequency and relative intensity of the opal signal can be detesediments of Subunit IlIA (Fig. 25; see “Lithostratigraphy” section,
mined. To quantitatively predict opal content will require a calibra-this chapter). The lowest density and highest porosity values occur
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Table 15. Concentrations of methane (C,) obtained by the headspace
technique from Hole 1016A.

Core, section, Depth C,
interval (cm) (mbsf) (ppm)
167-1016A-

1H-5, 0-5 6.03 113
2H-4,0-5 12.13 16
3H-4,0-5 21.63 12
4H-4,0-5 3113 6
5H-4, 0-5 40.63 10
6H-4, 0-5 50.13 5
7H-4, 0-5 59.63 9
8H-4, 0-5 69.13 9
9H-4, 0-5 78.63 11
10H-4, 0-5 88.13 10
11X-2,0-5 94.63 7
12X-4, 0-5 100.83 9
13X-4, 0-5 110.53 9
14X-4, 0-5 120.13 12
15X-4, 0-5 129.73 14
16X-4, 0-5 139.33 15
17X-4,0-5 148.93 11
18X-4, 0-5 158.53 10
19X-4, 0-5 168.13 14
20X-4, 0-5 177.73 6
21X-4,0-5 187.33 8
22X-4,0-5 197.03 9
23X-4,0-5 206.63 7
24X-4,0-5 216.23 6
25X-4, 0-5 225.83 6
26X-4,0-5 235.43 7
27X-4,0-5 245.13 6
28X-4, 0-5 254.73 4
29X-4,0-5 264.33 4
30X-4, 0-5 274.03 4
31X-4,0-5 283.73 5
32X-4,0-5 293.33 4

below 200 mbsf, where the highest relative amount of biogenic opal
was found, particularly in Subunit [11B. The chert layer at the bottom
of the holeisreflected by high density and resistivity values and low
porosity values below 290 mbsf. Gamma-ray peaks are centered at
165 and 225 mbsf, coincident with intervals of highest clay content
as described in the “Lithostratigraphy” section (this chapter).

Comparison of Coreand Log Data

The core and log measurements of sediment bulk density are sim-
ilar over their common interval, particularly below 230 mbsf, where
the sediments are predominantly diatomites. Above 230 mbsf the
core density data are lower than the log densities (Fig. 27). As ob-
served at Hole 1014A, the core porosity data are significantly lower
than the log (neutron) measurements because of elastic rebound
caused by the release of lithostatic overburden during core recovery,
and because the neutron log porosity data tend to overestimate poros-
ity in clay- or opal-rich formations such as at Hole 1016A due to min-
eral-bound waterComparison between the log natural gamma-ray
activity and the core natural gamma-ray activity, between the log
density and the core GRAPE density data, and between the log mag-
netic susceptibility and the core magnetic susceptibility data demon-
strates that the logs can reliably reproduce first- and second-order
features of the records generated from measurements of the sedi-
ments on the MST (Fig. 28). Detailed log-core comparison indicates
that the log depth (mbsf) scale is offset from the core depth (mbsf)
scale by ~23 m and that meter- and sub-meter-scale variations in the
two sets of data are compressed or expanded relative to each other.
Because log and core data appear highly correlated, the logs can be
used to assess the degree of sediment elastic rebound and to quantify
core gaps. For example, comparison of the log density record to the
core GRAPE density splice record suggests that there is a2ll%%b6
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expansion of the sediment, and therefore of the med depth scale, rel- (Eds.) The Eastern Pacific Ocean and Hawaii. Geol. Soc. Am., Decade
ative to its true depth range on the mbsf scale (Fig. 29). In the core of North Am. Geal., Vol. N. . _ _
gap in the 150-175 mbsf section (see “Composite Depth and SediBaron, JA., 1980. Upper Pliocene and Quaternary diatom biostratigraphy of

mentation Rates” section, this chapter), 17% of the sedimentary se- gesp ﬁ(afg: ”lg P;?jaledlhig 34' gog%%e_'cvg?‘:c'o': Eoga‘ggh't’
quence appears to be missing. -+ TEKnian, ., & &, Tt Repis. » 54 Washington (U.S. Govt.

- . - . Printing Office), 455-485.

Discrete, hlgh-re_solutlon (eve_ry 4 cm) index property measure- _____ "19g1. Late Cenozoic diatom biostratigraphy and paleoceanogra-
ments of bulk density and porosity were made on Core 167-1016B- phy of the middle-latitude eastern North Pacific, Deep Sea Drilling
17H and compared with GRAPE bulk-density measurements and log Project Leg 63In Yeats, R.S., Hag, B.U., et alnit. Repts. DSDP, 63:
density measurements from the same interval (Fig. 30). The discrete Washington (U.S. Govt. Printing Office), 56538.
and GRAPE measurements clearly covary. The log data capture tBerron, J.A., and Baldauf, J.G., 1986. Diatom stratigraphy of the lower
main trends and variations measured in the discrete density and po- Pliocene part of the Sisquoc Formation, Harris Grade section, California.

rosity measurements in the core, but the core is expanded relative to Micropaleontology, 32:357371.

; 0 . h.freBarron, J.A., and Gladenkov, A.Y., 1995. Early Miocene to Pleistocene dia-
the log mbsf scale by approximately 15%. In addition, the high-fre tom stratigraphy of Leg 1450 Rea, D.K.. Basov, I.A., Scholl, D.W., and

quency variations seen in the high-resolution log density record ap- Allan, J.F. (Eds.)Proc. ODP, Sci. Results, 145: College Station, TX
pear to correlate to the discrete, high-resolution core measurements, (Ocee’m .Dfilling F.>rogra.m),—3119. ' ' ' '
demonstrating that the log reliably records the variations measured yrdovskiy, O.K., 1965. Accumulation and transformation of organic sub-
the sediments. stances in marine sediment, 2. Sources of organic matter in marine
basinsMar. Geol., 3:5-31.
Emerson, S., and Hedges, J.I., 1988. Processes controlling the organic carbon
SUMMARY content of open ocean sedimerRaleoceanography, 3:621-634.
Ingle, J.C., Jr., 1973. Summary comments on Neogene biostratigraphy, phys-

Site 1016, the seaward site of the Conception transect, was intend- i@ stratigraphy, and paleo-oceanography in the marginal northeastern

. Pacific Oceanln Kulm, L.D., von Huene, R., et alnit. Repts. DSDP,
ed to collect an almost complete Neogene sedimentary sequence 18: Washington (U.S. Govt. Printing Office), 9450,

while also providing paleoceanographic data near the core of the,, mi'| 1992, Diatom biostratigraphy of the Japan Sea: Leglais-
modern Cgllfornla Current. Late Mlqcene-age massive cherts en- iotto, K.A., Ingle, J.C., Jr., von Breymann, M.T., Barron, J., ePabc.
countered in the lower half of the sediment column prevented further ODP, ci. Results, 127/128 (Pt. 1): College Station, TX (Ocean Drilling
drilling, however, and restricted our recovery to about the last 7.3 Program), 249289.

m.y. (Fig. 31). Four holes were drilled at the site to a maximum depthyle, M., Gallaway, P.J., Liberty, L.M., Mix, A., Stott, L., Hammond, D.,

of 317 mbsf. Site 1016 was quadruple cored to 19 mbsf (~0.4 Ma), Gardner, J., Dean, W., and the EW9504 Scientific Party, 1995a. Data sub-
triple cored to 151 mbsf (~3.2 Ma), and double cored to 211 mbsf mission. WS_)406 and EW9504 site_surveys of the Cali_fornia margin pro-
(~6.2 Ma). Continuous section could only be demonstrated to 154 posed drillsites, Leg 167 (Vol. 1): site maps and descriptions. Boise State

. Univ., CGISS Tech. Rep., 95-11.
mbsf, but this was the only core gap found throughout the double- % o551, "1 o4 submission. W9406 and EW9504 site surveys of the

cored seCtic_m' . . . . California margin proposed drillsites, Leg 167 (Vol. 2): seismic profiles.
The sediment column is marked by the transition from silica-rich  goise State Univ.CGISS Tech. Rep., 95-12.

sediments at the Miocene/Pliocene boundary to a more calcium cawix, A.C., Rugh, W., Pisias, N.G., Veirs, S., Leg 138 Shipboard Sedimentol-
bonate-rich Pliocene, similar to the sedimentary sequence at Site ogists (Hagelberg, T., Hovan, S., Kemp, A., Leinen, M., Levitan, M.,
1010. It also has a condensed lower Pliocene sediment column, sim- Ravelo, C.), and Leg 138 Scientific Party, 1992. Color reflectance spec-
ilar to those at Sites 1012 and 1014. In addition, the Quaternary is troscopy: a tool for rapid characterization of deep-sea sedimients.
typically much more rich in aluminosilicate and poor in calcium car-  Mayer, L., Pisias, N., Janecek, T., et Broc. ODP, Init. Repts., 138 (Pt.

; ; ; ; 1): College Station, TX (Ocean Drilling Program)67.
bonate. This also is a typical feature of the other Leg 167 sites. Roessler, C.S., and Chelton, D.B., 1987. Zooplankton variability in the Cali-

REFERENCES fornia Current, 19511982.CalCOFI Rep., 28:59-96.

Atwater, T., and Severinghaus, J., 1989. Tectonic map of the northeast
Pacific Ocean. In Winterer, E.L., Hussong, D.M., and Decker, R.W. Ms167IR-110

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.
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Table 16. Concentrations of inorganic carbon, calcium carbonate, total carbon, total organic carbon, total nitrogen, total sulfur in weight percent
(Wt%) in Hole 1016A.

Core, section, Depth Inorganic CaCo, Total Total organic ~ Total nitrogen Total organic carbon/total Total sulfur
interval (cm) (mbsf) carbon (wt%) (Wt%)  carbon (wt%) carbon (wt%) (Wt%) nitrogen (wt%o) (wt%)
167-1016A-

1H-1, 115-116 1.15 0.38 3.17 1.61 1.23 0.23 5.35 0.77
1H-3, 29-30 2.79 0.13 1.08 1.35 1.22 0.22 5.55 0.34
1H-5, 29-30 4.79 0.46 3.83 1.74 1.28 0.36 3.56 0.53
2H-1, 28-29 7.88 0.81 6.75 1.83 1.02 0.22 4.64 0.41
2H-3, 28-29 10.88 0.12 1 1.19 1.07 0.24 4.46 0.55
2H-5, 28-29 13.88 0.36 3 1.45 1.09 0.21 5.19 0.52
2H-7, 28-29 16.88 0.12 1 0.98 0.86 0.19 453 0.46
3H-2, 29-30 18.89 0.27 2.25 1.21 0.94 0.21 4.48 0.68
3H-4, 29-30 21.89 1.53 12.74 2.23 0.7 0.16 4.37 0.35
3H-6, 29-30 24.89 0.59 4.91 1.39 0.8 0.18 4.44 0.26

Only part of thistableis produced here. The entiretableison CD-ROM, back pocket, thisvolume.
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Figure 15. Depth variations of calcium carbonate, total organic carbon contents, and total organic carbon/total nitrogen ratio in sediments of Hole 1016A.
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Figure 16. A. Shipboard 3.5-kHz PDR record acquired
during the Site 1016 presite survey. The arrow marks
the location where the beacon was dropped. Changes N
in (B) GRAPE bulk density and (C) PWL velocity — -
from Hole 1016A mapped to seismic reflectors.
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Figure 17. Index property data from Hole 1016A. 3001 ol o 1, R lo . T - L 1oy |
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Figure 19. Correlation of index properties measured at 4-cm intervalsin Core
167-1016B-17H. A. GRAPE bulk density (dashed line) with bulk density
; L i (solid line). B. Porosity (solid line) with intensity of color CIELAB L*

(dashed line) smoothed over a 160-point running window.
Figure 18. MST data from Hole 1016A.
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Figure 20. Hole 1016A 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. Summary of color reflectance data at Hole 1016A. A. Percent
reflectance for 450-500-nm band average (blue) compared to major lithos-
tratigraphic units. B. Ratio of 850-900-nm band average (near infrared) over

450-500 nm (blue).
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Figure 21. Downhole temperature gradient for Hole 1016A.
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Figure 23. A. Ratio of near-infrared over blue reflectance from 240 to 260
mbsf compared to lithostratigraphic descriptions of Subunit I11B. D = diato-
mite, ND = diatom nannofossil chalk. B. Spectra of diatom nannofossil

chalk. C. Characteristic spectra of diatomite.
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Figure 24. Intensity of color CIELAB L* from the digital color video datafor Holes (A) 1016A, (B) 1016B, and (C) 1016D. Data were decimated at 2-cm inter-
vals.

Table 20. Downhole measurements at Hole 1016A.

Date, time Description
May 16, 1996
1300 Set pipe at 77 mbsf, start wirelinerig up, seas strong (3-m swell).
1400 Finish wireline rig up, RIH density-porosity combination tool string.
1600 At TD (317 mbsf), wireline heave compensator on, start density-porosity pass 1 (313—-109 mbsf); 300 m/hr, stopped at base of pipe.
1700 At TD (317 mbsf), wireline heave compensator on, start density-porosity pass 2 (310-158), 300 m/hr; stopped because of temporary minitron failure.
1730 Begin pass 3 (195-70 mbsf), 300 m/hr, continue logging to mudline.
2000 POOH, rig down density-porosity, rig up and RIH with sonic-FM S tool string.
2230 Begin sonic-FM pass 1 (292-75 mbsf) at 300 m/hr, wireline heave compensator on.
2330 End sonic-FM pass 1, POOH.
May 17, 1996
0130 Rigup GHMT
0430 At TD with GHMT, begin pass 1 (285-65 mbsf) at 2000 m/hr.
0505 At TD with GHMT, begin pass 2 (282-47 mbsf) at 1000 m/hr.
0525 End GHMT pass 2, POOH GHMT, rig down.

Note: RIH =runin hole, TD = total depth, FM S = formation microscanner, POOH = pull out of hole, GHMT = geological high-sensitivity magnetic tool.
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Figure 25. Downhole log data from the density-porosity tool string (pass 1) and a lithostratigraphic summary column at Hole 1016A (see “Lithostratigraphy”
section, this chapter).
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Figure 26. Borehole temperature measurements from the Lamont-DohertyFigure 27. Density and neutron porosity log data for pass 1 (lines) compared
temperature logging tool. to measured index properties (symbols).

271



SITE 1016

Natural gamma-ray 3 Magnetic susceptibility
activity (API) Density (g/cm®) (arbitrary units)
1 1.4 1.8 300 500
100~
150+ |
Core
%
fe)
E 200l -
<
a
[
O - -
250 —
i Log
(HSGR)
300 1 |
10 20 30 40 1.3 1.7 2.1 0 20 40
Natural gamma-ray GRAPE density (g/cm3) Magnetic susceptibility
activity (cps) (x10” e)

Figure 28. Comparison of core (MST) and log natural gamma ray, density, and magnetic susceptibility data at Hole 1016A using pass 1 of the density-porosity
tool string and pass 1 of the GHMT tool string.
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Figure 29. Comparison of the core GRAPE bulk density splice record and the log density record. Five tie points were made by matching major features found in
both records, and the relative core expansion was cal culated.
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Figure 30. High-resolution index properties measurements of bulk density and porosity from Core 167-1016B-17H compared with GRAPE bulk density, log

density, and porosity measurements.
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Figure 31. Comparison of the lithostratigraphic column at Site 1016 and a seismic profile through the site (Line EW9504 CA11-7; Lyle et al., 1995a, 1995bh).
Ties are calculated from shipboard velocity measurements (see “Physical Properties” section, this chapter). On y-alise¢resni
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SITE 1016

SHORE-BASED L OG PROCESSING

HOLE 1016A
Bottom felt: 3845.4 mbrf (used for depth shift to seafloor) Processing
Total penetration: 316.5 mbsf ] o ] ) )
Total corerecovered: 303.7 m (95%) Depth shift: Original logs have been interactively depth shifted
with reference to NGT from DIT/HLDT/APS/HNGS pass 1, and to
) the seafloor<{3845.4).
Logging Runs Gamma-ray and environmental corrections: Corrections for
borehole size and type of drilling fluid were performed on the NGT
Logging string 1: DIT/HLDT/APS/HNGS (3 passes) data from the FMS/GPIT/SDT/NGT and GHMT/NG'_I' tool strings.
Logging string 2: FMS/GPIT/SDT/NGT HNGS.data frqm the DIT/HLDT/APS/HNGS tool string were cor-
Logging string 3: GHMT/NGT (2 passes) rected in real-time during the recording. _
Wireline heave compensator was used to counter ship heave. Acoustic data processing: The array sonic tool was opera_lted in
standard depth-derived, borehole compensated, long-spacing (8-10-
10-12 ft) and short-spacing (3-5-5-7 ft) mode. Because of the poor
Bottom-Hole Assembly quality of the transit times no processing has been performed.
Thefollowing bottom-hole assembly depths are asthey appear on Quality Control

the logs gfter differential depth shift (see “l?epth Shiﬁj’ section) anql Data recorded through bottom-hole assembly, such as the HNGS
depth shift to the seafloor. As such, there might be a discrepancy W'H'éta above 50 mbsf (pass 3) should be used qualitatively only be-
the original depths given by the drillers onboard. Possible reasons feéuse of the attenuation on the incoming signal.

depth discrepancies are ship heave, use of wireline heave COMPeNnsaoia diameter was recorded by the hydraulic caliper on the HLDT
tor, and drill string and/or wireline stretch.

. tool (CALLI) and the caliper on the FMS string (C1 and C2).
DIT/SDT/HLDT/APS/HNGS: Did not reach bottom-hole assem- "\ yte Details of standard shore-based processing procedures are

bly (pass 1). : « ,, :
DIT/SDT/HLDT/APS/HNGS: Did not reach bottom-hole assem-Ig%?gqgiézea&xﬂ?ﬁ: tlgrgys Nﬁ;e;ecsgﬁttaeé’t.thls volume. - For further

bly (pass 2). ' '
DIT/SDT/HLDT/APS/HNGS: Bottom-hole assembly at ~49.5 Cristina Broglia Amal Chakraborty

mbsf (pass 3). _ Phone: 914-365-8343 Phone: 914-365-6490
FMS/GPIT/SDT/NGT: Did not reach bottom-hole assembly. Fax: 914-365-3182 Fax: 914-365-3182
GHMT/NGT: Did not reach bottom-hole assembly (passes 1 ané-mail: chris@ldeo.columbia.edu E-mail: amal c@Ideo.columbia.edu

2).
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SITE 1016

Hole 1016A: Natural Gamma Ray-Density-Porosity Logging Data-Pass 1 (cont.)
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Hole 1016A: Natural Gamma Ray-Density-Porosity Logging Data-Pass 3 (cont.)
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Hole 1016A: Natural Gamma Ray-Resistivity-Sonic Logging Data-Pass 3 (cont.)
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