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12. SITE 1084*

Shipboard Scientific Party?

HOLE 1084A

Position: 25°30.8345'S, 13°1.6668' E

Start hole: 0310 hr, 21 September 1997

End hole: 0315 hr, 24 September 1997

Timeon hole: 72.08 hr

Seafloor (drill pipe measurement from rig floor, mbrf): 2003.5
Total depth (drill pipe measurement from rig floor, mbrf): 2608.5
Distance between rig floor and sea level (m): 11.6

Water depth (drill pipe measurement from sealevel, m): 1991.9
Penetration (mbsf): 605

Coring totals:
Type: APC
Number: 17
Cored: 149.50 m
Recovered: 156.80 m (104.88%)

Type: XCB

Number: 48

Cored: 455.50 m

Recovered: 354.76 m (77.88%)

Lithology:

Subunit |A: foraminifer- and diatom-bearing nannofossil clay and fora-
minifer-bearing diatom-rich clayey nannofossil ooze

Subunit | B: nannofossil-rich diatomaceous clay, clayey nannofossil ooze,
and diatom-bearing clay

Subunit IC: nannofossil-rich diatomaceous clay and nannofossil diatoma-
ceous clay

Unit 1I: clay-rich nannofossil diatom ooze, diatomaceous nannofossil
ooze, and clay-rich nannofossil ooze

Unit I11: clay, nannofossil clay, and diatom-bearing nannofossil clay

Unit 1V: clayey nannofossil ooze, diatom-bearing clayey nannofossil
ooze, and diatom-rich clayey nannofossil ooze

HOLE 1084B

Position: 25°30.8206'S, 13°1.6665'E

Start hole: 0315 hr, 24 September 1997

End hole: 1750 hr, 24 September 1997

Timeon hole: 14.58 hr

Seafloor (drill pipe measurement from rig floor, mbrf): 2004.4
Total depth (drill pipe measurement from rig floor, mbrf): 2187.2

Distance between rig floor and sea level (m): 11.6

Water depth (drill pipe measurement from sea level, m): 1992.8
Penetration (mbsf): 182.8

Coring totals:

Type: 20

Number: 20

Cored: 182.80 m

Recovered: 186.60 m (102.08%)

Lithology:

Subunit |A: foraminifer- and diatom-bearing nannofossil clay and fora-
minifer-bearing diatom-rich clayey nannofossil ooze

Subunit IB: nannofossil-rich diatomaceous clay, clayey nannofossil ooze,
and diatom-bearing clay

HOLE 1084C

Position: 25°30.8037'S, 13°1.6670'E

Start hole: 1750 hr, 24 September 1997

End hole: 1230 hr, 25 September 1997

Timeon hole: 18.67 hr

Seafloor (drill pipe measurement from rig floor, mbrf): 2003.4
Total depth (drill pipe measurement from rig floor, mbrf): 2211
Distance between rig floor and sea level (m): 11.6

Water depth (drill pipe measurement from sea level, m): 1991.8
Penetration (mbsf): 207.6

Coring totals:

Type: APC

Number: 22

Cored: 207.60 m

Recovered: 217.82 m (104.92%)

Lithology:

Subunit 1A: foraminifer- and diatom-bearing nannofossil clay, and fora-
minifer-bearing diatom-rich clayey nannofossil ooze

Subunit | B: nannofossil-rich diatomaceous clay, clayey nannofossil ooze,
and diatom-bearing clay

Principal results: One of the main objectives of drilling at Site 1084 was to

document the northward migration of the Benguela Current system from
the Miocene to the Quaternary, as well as the shoreward and seaward mi-
grations of the upwelling center. Filaments of cold, nutrient-rich waters
from the coastal upwelling area extend well offshore and mix with low-
productivity oceanic water, forming azone of intermediate productivity at
Site 1084. This site is expected to provide a high-resolution record be-
cause of high sedimentation rates. The close vicinity to the Luderitz up-
welling cell should result in well-expressed organic carbgp)@iatom,

and coccolith cycles via cyclic productivity intensity. In addition, this site

is closest to the area with elevated primary production and should have the
best representation of coastal upwelling signals. A close tie-in between
pelagic and terrigenous sedimentation is expected within the slope record.

Wefer, G., Berger, W.H., Richter, C., et al., 1998. Proc. ODP, Init. Repts., 175:
College Station, TX (Ocean Drilling Program).
2Shipboard Scientific Party is given in the list preceding the Table of Contents.
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SITE 1084

Three holes were cored with the advanced hydraulic piston corer/ex-
tended core barrel (APC/XCB) at Site 1084 to amaximum depth of 605.0
meters below seafloor (mbsf), which recovered an apparently continuous
hemipelagic sedimentary section spanning the Holocene to lower
Pliocene (0-4.7 Ma). Hole 1084A was cored with the APC to 149.5 mbsf
and was extended with the XCB to a depth of 605.0 mbsf. Hole 1084A
was logged with a full suite of sensors (seismostratigraphic suite, litho-
porosity suite, Formation MicroScanner [FMS] suite, and the geological
high-sensitivity magnetic tool [GHMT]) from 601 to 90 mbsf. At Hole
1084B, 20 cores were taken with the APC to 182.8 mbsf. Hole 1081C was
cored with the APC to 202.0 mbsf. Detailed comparisons between the
magnetic susceptibility and the gamma-ray attenuation porosity evaluator
(GRAPE) density records generated on the multisensor track (MST) and
the color reflectance measured with the Minolta spectrophotometer dem-
onstrated complete recovery of the sedimentary sequence down to 175
meters composite depth (mcd).

Sediments form four lithostratigraphic units defined by the changes in
the major lithology between clay and ooze. The uppermost lithology is
composed of moderately bioturbated, intercalated intervals of clays that
contain varying abundances of diatoms, nannofossils, foraminifers, and
radiolarians. Three subunits are distinguished based on microfossil type
and abundance. The section continues downward with ~100 m of clay-
rich nannofossil diatom ooze, diatomaceous nannofossil ooze, and clay-
rich nannofossil ooze. The following 50-m-thick unit is composed of clay
with varying amounts of nannofossils and diatoms, underlain by a unit
consisting predominantly of clayey nannofossil ooze.

Several decimeter-thick intervals of dark, organic-rich clay layers are
present between 120 and 410 mbsf. Compared with the under- and over-
lying sediment layers, these horizons are characterized by lower carbonate
contents averaging just <10 wt% and higher organic carbon ranging be-
tween 8 and 18 wt%. The detrital component of the sediments consists of
clay with rare silt-sized, angular and subangular mono- and polycrystal-

line quartz grains. Subangular feldspar grains are present in trace amounts.

Authigenic minerals include framboidal pyrite and dolomite rhombs in
rare or trace amounts. The dark horizons generally contain slightly higher
abundances of pyrite and exhibit significant compositional variations in
the relative abundances of diatoms, foraminifers, and nannofossils. The
biogenic component of the dark layers is commonly dominated by diatom
resting spores.

Sedimentation rates range from 100 to 270 m/m.y., with the highest
values located within the last 1 m.y. A second episode of high sedimenta-
tion rate (170 m/m.y.) is associated with an upper Pliocene diatom-rich in-
terval.

An integrated biostratigraphic framework composed of both calcare-
ous and siliceous microfossils was established, resulting in a well-con-

hes (C1n) to the latter part of the Gilbert (~4.4 Ma) were identified. No
short polarity-reversal event during the Brunhes Chron was detected, de-
spite the high sedimentation rates.

Sediments from 1084 are notably rich in marine organic matter. Well-
developed light—dark sediment color cycles, in which concentrations of
calcium carbonate and organic carbon vary between 1 and 69 wt% and be-
tween 1.2 to 18 wt%, respectively, record fluctuations in the elevated ma-
rine production associated with the Benguela Current. Higher con-
centrations of organic carbon from 0 to 392 mbsf indicate that productiv-
ity was higher during the last 2 m.y. than earlier in the history of this up-
welling system.

Interstitial water chemistry profiles at this organic carbon-rich site
record some of the most extreme conditions of sediment diagenesis ever
recovered in the history of Deep Sea Drilling Project (DSDP) and Ocean
Drilling Program (ODP) drilling. Maximum values of alkalinity (172
mM) and ammonium (50 mM) are greater than those observed at any site,
except ODPSite 688, within the Peruvian upwelling system. Sulfate is
completely depleted within the uppermost 5 mbsf, which is much more
rapidly than at any other Leg 175 site and speaks to the availability of ox-
idizable organic matter. These changes are accompanied by calcite disso-
lution and dolomite precipitation, as recorded in the calcium, magnesium,
and strontium distributions.

Physical sediment properties were determined both by high-resolution
MST core logging and index properties measurements. Magnetic suscep-
tibility and GRAPE signals reveal pronounced cyclicities, which were
used for high-quality stratigraphic correlation in conjunction with digital
color data.

Hole 1084A was logged with a full suite of sensors to continuously
characterize the sedimentary changes through depth and to provide data
for core-log integration. Hole conditions above 170 mbsf are poor with a
regular increase in the hole size. Nineteen dolomitic layers and 114 anom-
alous, probably organic-rich, dark layers were identified from logging
data. Natural gamma-ray intensity can be used for detailed core-log corre-
lations and for correlation with Site 1082 in the Walvis Basin.

Based on pore-water chemistry anggQ&oncentrations, Site 1084
records by far the highest productivity of the Leg 175 sites. This was to be
expected because the site is close to the most active upwelling cell off
southwest Africa, the Luderitz Bay. The sediments recovered will allow
high-resolution documentation of the variability of coastal upwelling of
the last ~4.7 m.y.

BACKGROUND AND OBJECTIVES

Site 1084 documents the northward migration of the Benguela

strained age model for Site 1084. Calcareous nannofossils are abundddtirrent system from the Miocene to the Quaternary, as well as the
within the top 280 mbsf and between 410 and 600 mbsf and provided 1shoreward and seaward migrations of the upwelling center. The up-
biohorizons, which were constrained within an average depth interval ofvelling area of the Benguela Coastal Current (BCC) is fed from the
3 m. Planktonic foraminiferal zonation is difficult because of an absencéhermocline by South Atlantic Central Water, which originates at the
of marker species and the dissolution of planktonic foraminifers, particuSubtropical Convergence Zone by mixing and sinking of subtropical
larly in the lower Pleistocene to upper Pliocene sediments. It is difficult teand subantarctic surface water (Lutjeharms and Valentine, 1987).
determine whether the absence of marker species is caused by ecologiB#llaments of cold, nutrient-rich waters from the coastal upwelling
conditions or by selective dissolution. Both cool- and warm-water faunagreaextendswell offshore (as much as~600 km offshore; L utjeharms
are present in the same assemblages downcore and may indicate andnd Stockton, 1987; also see Fig. 1). Here, it mixes with low-produc-
creased contribution from cooler Southern Ocean waters. The benthic fotivity oceanic water and forms a zone of intermediate productivity.
aminifers are abundant and well preserved, and abundances correlate well Coastal upwelling within the Benguela Current system varies
with the different lithostratigraphic units. Radiolarians are abundant andavith the seasonal extremes of summer and winter (Shannon and Nel-
well preserved in almost all samples examined. Diatom preservation ison, 1996). The seasonal pattern is used to divide the system into a
moderate throughout Hole 1084A. In contrast to the other sites, diatornorthern Benguela Region (NBR) and a southern Benguela Region
abundances, although highly variable, remain moderately high througho{SBR; Dingle, 1995). This is seen in the modern-day planktonic for-
the Pleistocene. In addition to the “background” diatom assemblage conaminiferal distributions (Giraudeau, 1993; Fig. 2) and has been dem-
posed of a mixture of upwelling-indicator and oceanic species, we reenstrated using benthic ostracoda (Dingle, 1995) and satellite imag-
corded many more cold-water markers characteristic of the Southering (Lutjeharms and Meeuwis, 1987). The boundary between the
Oceans than were observed at Sites 1081, 1082, and 1083. NBR and SBR (Luderitz Boundary) is the site of maximum up-

A complete magnetostratigraphy was determined at Site 1084 after awelling intensity at 26-27°S, which has the coldest and the most
ternating-field (AF) demagnetization at 20 mT. All chrons from the Brun-persistent upwelling.
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0° 30°E

20°

30° Figure 1. Major upwelling regions off South Africa, with
the area of coastal upwelling (hatched pattern) and the
extension of the upwelling filaments in the mixing zone
between the Benguela Coastal Current (BCC) and the Ben-
guela Oceanic Current (BOC; dark gray pattern), during
Southern Hemisphere winter (August; from Wefer et al.,
1996; modified after Lutjeharms and Stockton, 1987). AC =
Angola Current; SAC = South Atlantic Current; AGC =

s g Agulhas Current. Bold numbers = locations of Geosciences
> T Bremen gravity cores.

40°S

Upwelling in the area north of the Luderitz Boundary (at the locavanced without incident to 149.5 mbsf (Cores 175-1084A-1H
tion of Site 1084) is typified by year-round high productivity and en-through 17H; see Table 1; also see the expanded core summary table
hanced accumulation of phytoplankton (Brown et al., 1991). Windbn CD-ROM, back pocket, this volume), which was considered re-
speeds are of medium intensity with a wide, oceanic, filamentoudusal depth for piston coring. The recovery for the APC at Hole
mixing domain (Lutjeharms and Stockton, 1987). Surface sedimentit084A was 104.9%. Cores were oriented starting with Core 4H.
are rich in organics with a maximum in the inner-shelf belt of diatoAdara heat-flow measurements were taken at 60.0 mbsf (7H), 79.0
maceous ooze (Bremner, 1983; Rogers and Bremner, 1991). Thebsf (9H), 117.0 mbsf (13H), and 136.0 mbsf (15H). Hole 1084A
SBR has a highly seasonal upwelling regime, with its maximum irwas extended with the XCB to 605.0 mbsf (175-1084A-65X), which
summer, and a restricted mixing domain (Lutjeharms and Meeuwisyas the depth objective for this site. The penetration with the XCB
1987; Giraudeau and Rogers, 1994). Sites 1085 and 1086 are locateas 455.5 m, with 77.9% recovery. The total recovery at Hole 1084A
within the SBR. was 84.6% of the cored interval.

Site 1084 is expected to provide a high-resolution record because
of high sedimentation rates. Its close vicinity to the Lulderitz upsLogging Operationsin Hole 1084A
welling cell should result in well-expressed organic carbon, diatom,
and coccolith cycles via cyclic productivity intensity. In addition, this  In preparation for logging, an aluminum go-devil was dropped to
site is closest to the area with elevated primary production and shoubisure the opening of the lockable float valve. After the hole was
have the best representation of coastal upwelling signals. Rapftished with a high-viscosity mud treatment, the drill string was
oceanographic changes in the Benguela upwelling system for the lamtlled back to 565.5 mbsf, where the top drive was set back. The drill
160,000 yr are indicated by fluctuating abundances of planktonic foistring was then placed at the logging depth of 89.7 mbsf.
aminifers (Little et al., 1997). The coincidence of increased up- Hole 1084A was logged with a full suite of sensors. For each run,
welling intensity with the movement of the Angola-Benguela Frontthe pipe was set at 89.7 mbsf and pulled back to 59.0 mbsf during log-
has been interpreted mainly by changes in strength and zonality of thég. The wireline logging heave compensator was started when the
trade-wind system. A close tie-in between pelagic and terrigenousgging tools reached the mudline. Logging operations began at 0715
sedimentation is expected to be present within the slope record. Pie-on 23 September. The first log was conducted with the seismo-
vious work in this area has documented anaerobic, in part varvesiratigraphic suite (25.8 m long). This suite was made up of the spec-
sedimentation in the upper margin regions (for a summary, see Ditral gamma-ray (NGT), long-spacing sonic (LSS), phasor dual-induc-
gle et al., 1987; Summerhayes et al., 1995). Phosphatic deposits atin (DIT), and Lamont-Doherty high-resolution temperature (TLT)
are abundant (Calvert and Price, 1983). sondes. The tool string was deployed in the pipe at 0905 hr and
logged the hole up from 601.0 mbsf. The tool string was recovered at
1330 hr. The second log was run with the lithoporosity suite (19.5 m

OPERATIONS long) and included the hostile environment gamma spectrometry
Hole 1084A (Proposed Site NCB-2B) (HNGS), accelerator porosity (APS), lithodensity (LDS), and TLT
sondes. The tool string was deployed at 1425 hr and logged the hole

The 294-nmi voyage to Site 1084 was accomplished at an averagpe from 601.0 mbsf. The tool string was retrieved at 1900 hr. The
speed of 9.3 kt. The vessel approached the Global Positioning Systénird log was made with the FMS suite (12.10 m long) and included
coordinates of the site, and a beacon was deployed at 0310 hr ontB& NGT, general purpose inclinometer, and FMS sondes. This tool
September. Hole 1084A was spudded with the advanced APC satring was deployed at 2310 hr and logged the hole up from 604.5
0810 hr. The seafloor depth was estimated from the recovery of thebsf. The tool string was recovered at 2245 hr. The fourth and last
first core at 1991.9 meters below sea level (mbsl). APC coring adeg was made with the magnetic susceptibility suite (11.8 m long) and
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17°S f | Table 1. Coring summary for Site 1084.
/ Date Length Length
Cape Fria Species Dominance (Sept  Time Interval cored  recovered Recovery
0,

- Neogloboquadrina Core 1997) (UTC) (mbsf) (m) (m) (%)

pachyderma (s)

o _ 175-1084A-
20 Globorotalia inflata 1H 21 0820 0.0-30 30 298 9.3
) 2H 21 0900 3.0-125 95 987 1039
|:| Neogloboquadrina 3H 21 0930 12.5-22.0 9.5 1006  105.9
pachyderma (d) 4H 21 1005 22.0-315 95 999 1052
" - . 5H 21 1100 31.5-41.0 95 10.28  108.2
(/A ronigerina buroides 6H 21 1130 410505 95 1013 1066
7H 21 1225 50.5-60.0 95 10.25  107.9
8H 21 1305 60.0-69.5 95 1012 1065
9H 21 1355 69.5-79.0 95 1015  106.8
Walvis Bay 10H 21 1435 79.0-885 95 1011 106.4
11H 21 1515 88.5-98.0 95 1029  108.3
12H 21 1555 98.0-107.5 95 1040  109.5
13H 21 1650  107.5-117.0 95 10.32  108.6
NAMIBIA 14H 21 1730  117.0-1265 95 1012 1065
25° |- — 15H 21 1825  126.5-136.0 95 1018  107.2
16H 21 1915  136.0-1455 95 7.17 755
17H 21 1955  1455-1495 40 438 1095
NBR 18X 21 2210  149.5-152.5 3.0 0.15 5.0
19X 21 2250  1525-162.2 9.7 6.01 62.0
20X 21 2330  162.2-171.8 9.6 5.68 59.2
Liderit 21X 22 0005  171.8-1815 9.7 8.58 88.5
uderitz 22X 22 0035  181.5-191.2 9.7 1.32 13.6
23X 2 0105  191.2-200.8 9.6 431 44.9
e 24X 2 0140  200.8-210.4 9.6 6.23 64.9
Loage 25X 22 0220  210.4-220.1 9.7 9.35 96.4
//\ 26X 22 0255  220.1-229.7 9.6 2.56 26.7
sndery 27X 22 0320  229.7-239.3 9.6 6.14 64.0
B0 28X 2 0355  239.3-248.9 9.6 9.37 97.6
SOUTH 29X 2 0430  248.9-2585 9.6 5.62 58.5
30X 2 0505  258.5-268.2 9.7 7.44 76.7
a0 AFRICA _| 31X 22 0540  268.2-277.8 9.6 359 374
32X 22 0615  277.8-287.4 9.6 5.43 56.6
33X 22 0645  287.4-297.0 9.6 7.34 76.5
34X 2 0715  297.0-306.6 9.6 7.42 77.3
35X 2 0745  306.6-316.3 9.7 6.64 68.5
36X 2 0815  316.3-325.9 9.6 6.52 67.9
37X 22 0850  325.9-335.6 9.7 9.68 99.8
38X 22 0920  335.6-345.2 9.6 9.29 9.8
39X 22 0950  345.2-354.8 9.6 9.15 95.3
40X 2 1020  354.8-364.4 9.6 9.56 99.6
41X 2 1050  364.4-374.1 9.7 9.60 99.0
42X 2 1120  374.1-383.7 9.6 8.39 87.4
43X 22 1150  383.7-393.3 9.6 997 1039
44X 22 1235  393.3-402.9 9.6 994 1035
45X 22 1315  402.9-412.6 9.7 996 1027
I 46X 2 1420 412.6-422.2 9.6 962 1002
47X 2 1500  422.2-431.9 9.7 6.94 715
15° 20°E 48X 2 1620  431.9-4416 9.7 7.77 80.1
49X 22 1700  441.6-451.2 9.6 9.42 98.1
) N ) - . 50X 22 1740  451.2-460.8 9.6 9.49 98.9
Flgure.z. Recent dlstrlbutlnon qf planktonic foraminifers in the Benguela 1% % 1815  460.8-470.0 92 913 092
upwelling system. The Luderitz Boundary represents the boundary betweers2x 22 1855  470.0-479.7 9.7 7.88 81.2
; ; 53X 2 1935  479.7-489.4 9.7 6.08 62.7
the northern and southern Benguela regions (NBR and SBR, respectlvely)54x % 2015 489.4.499.1 a7 733 756
From Giraudeau (1993). 55X 22 2050  499.1-508.7 96 4.49 46.8
56X 22 2130  508.7-518.3 9.6 513 53.4
; ; il 57X 22 2210  518.3-528.0 9.7 8.89 916
included the NGT, magnetic suscept'l bility, and the nucl'ear resonance zax 5 2950 52808377 07 Zon 746
magnetometer sondes. The tool string was deployed in the pipe at 50X 2 2330  537.7-547.3 9.6 6.43 67.0
i 60X 23 0010  547.3-557.0 9.7 8.23 84.8
2310 hr and logged the hole up fron_1 603.6_mbsf. It was_retneved a o o~ oose serooeed o6 e 835
0210 hr on 24 September. The logging equipment was rigged down 62X 23 0135  566.65762 96 1002 1044
by 0300 hr. The drill string was then pulled out of the hole, with the gf& gg gggg ggg-g—ggg-g 3'2 g-;%ll gg-;‘
bit clearing the seafloor at 0315 hr on 24 September. 65X 23 0355  595.5-605.0 05 919 06.7
Coring totals: 605 511.56 84.6
Hole 1084B 175-1084B-

1H 24 0425 0.0-4.1 41 415 1012
2H 24 0455 4.1-136 95 9.14 96.2
The ve@el was offset 30 m to the north, and Hole_10848 was 3H o 0530 136.231 05 017 6.5
spudded with the APC at 0415 hr. The recovery of the first core es- 4H 24 0605 231-326 9.5 998 1051
tablished the seafloor depth at 1992.8 mbsl. APC coring advanced o o e zea2d o2 0oL 14
without incident to refusal at 182.8 mbsf (Cores 175-1084B-1H 7H 24 0750 51.6-61.1 95 10.12  106.5
i 0 i 8H 24 0825 61.1-70.6 95 8.95 94.2
thrOl_Jgh ZQH), with 102.1% recovery (Table 1). Cores were oriented o o i 206801 9e 102 1078
starting with Core 4H. The bit cleared the seafloor at 1750 hr on 24 10H 24 0940  80.1-89.6 95 054 1004
September, thereby ending operations at Hole 1084B. 11H 24 1015 80.6-99.1 9.5 854 89.9
12H 24 1045 99.1-108.6 95 1001 1054
13H 24 1125  108.6-118.1 95 1020  107.4
14H 24 1200  118.1-127.6 95 10.22  107.6
Hole 1084C 15H 24 1240  127.6-137.1 95 1048  110.3
16H 24 1325  137.1-146.6 95 979 1031
17H 24 1400  146.6-156.1 95 8.29 87.3
The veﬁel_ was offset 30 m to the north, and Hole 1084C was o 4 190 1eeiiecs oe 0 e
spudded with the APC on 24 September. The recovery of the first 19H 24 1530  165.6-175.1 95 10.07 106.0

core established the seafloor depth at 1991.8 mbsl. APC coring ad-
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Table 1 (continued).

Date Length Length
(Sept  Time Interval cored  recovered Recovery
Core 1997) (UTC) (mbsf) (m) (m) (%)
20H 24 1605 175.1-182.8 7.7 7.42 96.4
Coring totals: 182.8 186.6 102.1
175-1084C-
1H 24 1840 0.0-8.1 8.1 8.16 100.7
2H 24 1910 8.1-17.6 9.5 8.80 92.6
3H 24 1950 17.6-27.1 9.5 9.92 104.4
4H 24 2030 27.1-36.6 9.5 10.08 106.1
5H 24 2105 36.6-46.1 9.5 9.95 104.7
6H 24 2140 46.1-55.6 9.5 9.77 102.8
7H 24 2215 55.6-65.1 9.5 10.12 106.5
8H 24 2255 65.1-74.6 9.5 10.13 106.6
9H 24 2335 74.6-84.1 9.5 10.10 106.3
10H 25 0010 84.1-93.6 9.5 10.59 1115
11H 25 0045 93.6-103.1 9.5 10.12 106.5
12H 25 0120 103.1-112.6 9.5 10.07 106.0
13H 25 0155 112.6-122.1 9.5 10.07 106.0
14H 25 0230 122.1-131.6 9.5 10.08 106.1
15H 25 0300 131.6-141.1 9.5 10.06 105.9
16H 25 0340 141.1-150.6 9.5 10.13 106.6
17H 25 0420 150.6-160.1 9.5 10.23 107.7
18H 25 0455 160.1-169.6 9.5 9.88 104.0
19H 25 0530 169.6-179.1 9.5 10.40 109.5
20H 25 0610 179.1-188.6 9.5 9.97 104.9
21H 25 0645 188.6-198.1 9.5 9.64 101.5
22H 25 0725 198.1-207.6 9.5 9.55 100.5
Coring totals: 207.6 217.82 104.9

Notes: UTC = Universal Time Coordinated. An expanded version of this coring sum-
mary table that includes lengths and depths of sections and comments on sampling
isincluded on CD-ROM (back pocket, this volume).

vanced to 202.0 mbsf (Cores 175-1084C-1H through 22H), with
104.9% recovery (Table 1). Cores were oriented starting with Core
3H. Thedrill string was retrieved with the bit clearing the seafloor at
0835 hr and the plane of the rotary table at 1225 hr on 25 September,
thereby ending operations at Site 1084.

SITE GEOPHYSICS
Introduction and Strategy

The distribution of drill sites adong the southwest African conti-
nental margin was chosen to reconstruct the latitudinal evolution of
the Benguela Current system in space and through time. The working
area in the Northern Cape Basin (NCB) lies directly seaward of the
currently most productive coastal upwelling cellsin the area. There-
fore, the drill sites are targeted to study the variability of the up-

SITE 1084

2067; see Fig. 4) at the downslope rim of a depositional basin. The
sedimentary structures are more complex than in the Walvis Basin,
but the uppermost sedimentary sequence (between CDPs 1200 and
3700) of 500-800 ms two-way traveltime (TWT) thickness appears
mostly undisturbed and unaffected by earlier mass movements.

Although the area is located more than 200 nmi south of the
Walvis Basin, the general seismic and depositional patterns appear to
be very similar. The upper seismic unit, which was not penetrated, is
characterized by numerous high-amplitude reflectors. The thickness
generally decreases seaward, except for at the center of the basin.

Upslope from Site 1084 (from CDP 2400 to 3200), a zone of high-
amplitude reflectors is identified beneath 300 ms TWT, which also
reveals a decrease in seismic frequency. This might be caused by gas
charges or intensified dolomitization, and, consequently, the area was
avoided for drilling. At ~700 ms TWT, a thin intercalated slump unit
can be identified by diffractions and acoustic transparency.

Several locations have disturbed sediment structures beneath the
upper unit (CDP 700-1000, 450 ms TWT; CDP 3200-3700, 800 ms
TWT; and CDP 0-800, 800 ms TWT), which seem to have no impact
on the integrity of the Neogene sediment cover.

Site 1084

Figure 5 shows a 10-km-long seismic section of Line GeoB/AWI
96-014 across Site 1084 at 1992 m water depth. The seismic pattern
reflects hemipelagic deposition without major disturbances or fault-
ing. Some indication for slumping was found at 700 ms TWT sub-
bottom depth. Seismic amplitudes are generally high for the upper
700 ms TWT. Several reflectors appear diffuse and patchy, indicating
either lateral inhomogeneities or interference.

Figure 6 shows a close-up of the seismic section, plotted against
TWT, for a 1-km-long interval near the drill site. Seismic reflectors
are compared with the sound velocity log (see “Downhole Logging”
section, this chapter), which was also used to recalculate logging
depth to TWT. Velocity peaks are associated either with dolomite
layers or lithified intervals at depth or with intervals of high organic
matter content (black layers; see “Lithostratigraphy” section, this
chapter). Black layers are not associated with an increase in logging
density, and, accordingly, the change in acoustic impedance is small.
The interval of velocity anomalies from 240 to 340 ms TWT is not
associated with a distinct increase in seismic energy, although be-
tween 200 and 390 ms TWT, amplitudes are generally higher than
above. Another interval of lower seismic energy from 390 to 550 ms
TWT goes parallel to a smooth velocity log. In the middle of litho-
logic Unit Il, ~570 ms TWT (440 mbsf), an increase in the velocity

welling system and mechanisms of “leakage” of upwelling sedimentgradient is associated with a higher variability, which may be related
into the hemipelagic realm and to analyze and date the onset and ea#lya change from diatomaceous sediments to nannofossil ooze and

stages of upwelling processes at this latitude.

clay. This directly affects the returned seismic energy, which shows

Two drill sites, NCB-1 and NCB-2, had been originally proposed 4 significant increase.

These sites were derived from Line AM-1 of Austin and Uchupi

Most lithologic changes and variations have a stronger impact on

(1982). Site NCB-1, in shallow water of 180 m depth, was not includthe density in shallow sediments, and it cannot be expected to find
ed in the final drilling plan because of the lack of Neogene sedimentgeir expression also in the velocity log. A decrease in logging sound

and the general problems of drilling in shelf areas.

The area was visited durirgpnne Cruise SO 86 (Bleil et al.,

velocity at 710 ms TWT sub-bottom depth might indicate undercom-
pacted sediments. This decrease coincides well with the observation

1994), when multichannel seismic data complementary to Line AMof a zone of low energy and diffraction, which was tentatively iden-
1 were collected (Fig. 3). After the survey of the shallow-water sitegified as a slump interval above and is confirmed by a disturbed unit

technical problems caused us to abandon the profile across the dee@fth cross-bedding, as described in the “Lithostratigraphy” section
site. DuringMeteor Cruise M34/1 (Bleil et al., 1996), three additional (this chapter).

seismic lines totaling 321 km in length were acquired (Fig. 3) to un-

derstand the local tectonic and depositional framework and its rela-
tionship to the continental shelf. Together with the previously col-
lected data, the area of the proposed site was now sufficiently studied

to precisely locate the drill site.

Seismostr atigraphy

LITHOSTRATIGRAPHY

Description of Lithostratigraphic Units
Sediments from Site 1084 form four lithostratigraphic units de-

fined by the changes in the major lithology between clay and ooze
(see Figs. 7, 8). Unit | is composed of moderately bioturbated, inter-

Site 1084 is located in 1992 m water depth on seismic Line Geaalated intervals of olive (5Y 4/3), olive-gray (5Y 4/2), dark olive-
sciences Bremen (GeoB)/AWI 96-014 (common depth point [CDPgray (5Y 4/1), and black (5Y 2.5/1) clays, which contain varying
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Figure 3. Map of seismic presite survey lines, proposed site locations, and ODP Leg 175 drill Site 1084 in the Northern Cape Basin. Bathymetry was derived

from Gebco Digital Dataset on CD-ROM.

abundances of diatoms, nannofossils, foraminifers, and radiolarians.
Three subunits are distinguished based on microfossil type and abun-
dance. Unit |1 iscomposed of olive (5Y 4/3) clay-rich nannofossil di-
atom ooze that grades into olive (5Y 4/3) diatomaceous nannofossil
ooze and clay-rich nannofossil ooze. Unit 11 comprises olive (5Y 4/
3and 5Y 5/3) and olive-gray (5Y 5/2) clay, nannofossil clay, and di-
atom-bearing nannofossil clay. Unit IV is composed of olive-gray
(5Y 4/2) and dark olive-gray (5Y 3/2) clayey nannofossil ooze and
diatom-rich clayey nannofossil ooze.

Unit |

Intervals: 175-1084A-1H-1, 0 cm, through 175-1084A-43H; 175-
1084B-1H-1, 0 cm, to bottom of hole; 175-1084C-1H-1, 0 cm, to
bottom of hole

Age: Holocene to late Pleistocene

Depth: 175-1084A: 0-393 mbsf; 175-1084B: 0-183 mbsf; 175-
1084C: 0-208 mbsf

Subunit A

Intervals: 175-1084A-1H-1, 0 cm, through 175-1084A-12H; 175-
1084B-1H-1, 0 cm, through 175-1084B-12H; 175-1084C-1H-1, 0
cm, through 175-1084C-13H;

Age: Holocene to Pleistocene

Depth: 175-1084A: 0-107.5 mbsf; 175-1084B: 0-109 mbsf; 175-
1084C: 0-122 mbsf

Subunit | A iscomposed of moderately bioturbated olive-gray (5Y
3/2to 5Y 4/2), very dark grayish brown (5Y 3/3), and olive (5Y 4/3)
foraminifer- and diatom-bearing nannofossil clay, and foraminifer-
bearing diatom-rich clayey nannofossil ooze. The abundance of mi-
crofossils, particularly nannofossils, increases downcore through this
subunit. Cores 175-1084A-7H through 11H contain intervals with
nannofossil abundances high enough to define the major lithology as
anannofossil ooze. Sedimentsin Subunit | A haverelatively high car-
bonate and organic carbon contents, which average 37 and 8.2 wt%,
respectively (see “Organic Geochemistry” section, this chapter). The
boundary between Subunits IA and IB is relatively sharp and occurs
between Cores 175-1084A-12H and 13H, 175-1084B-12H and 13H,
and 175-1084C-13H and 14H. The contact is marked by an increase
in diatom abundance from diatom-bearing and sporadically diatom-
rich to continuously diatomaceous clay and a decrease in nannofossil
abundance from ooze to nannofossil-rich. Subunit IA contains sever-
al intervals of dark olive-brown (5Y 3/3) and black (5Y 2.5/1 and
2.5Y 2.5/1) sediment. These intervals range in thickness between 30
cm and 9 m and are composed of clay, diatom-rich clay, and nanno-
fossil clay (intervals 175-1084A-3H-6, 0-90 cm, 4H-1, 90-98 cm,
5H-6, 0—70 cm, and 7H-4, 80 cm to 7H-5, 70 cm; 175-1084A-11H-
5, 0 cm, to 11H-8, 150 cm; 175-1084A-12H-1, 0 cm, to 12H-3, 150
cm; and 175-1084A-12H-6, 0 cm, to 12H-7, 50 cm; see Table 2). In
general, these horizons are characterized by lower carbonate con-
tents, which average just below 10 wt%, and higher organic carbon,
which range between 8 and 18 wt% (see “Organic Geochemistry”
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Figure 4. Seismic Line GeoB/AWI 96-014 with Site 1084. Vertical axis is given in TWT. CDP interval is 25 m for a shotpoigtaff2le m. Seismic data is
24-fold stacked and not migrated. Site 1081 is located at CDP 2067.

ing clay (e.g., Sections 175-1084A-29X-1 through 29X-2). Intervals

of theselithologiesrangein thicknessfrom 3.5t0 8 m (seevisua core
descriptions, Section 4, this volume). Concentrations of calcium car-
bonate and organic carbon average 26 and 7.0 wt%, respectively. Do-
lomitized clay nodules are present in Core 175-1084A-18X. In Sub-

unit 1B, the dark olive-brown (5Y 3/3) and black (5Y 2.5/1 and 2.5Y
2.5/1) layers are composed of nannofossil-bearing diatomaceous
clay, foraminifer-bearing diatom-rich nannofossil clay, diatom-rich
clay, and nannofossil-bearing diatom-rich clay (intervals 175-1084A-
14H-6, 130 cm, to 14H-7, 10 cm; 175-1084A-21X-6, 0-94 cm, 22X-
1, 22X-CC, and 24X-4, 0 cm, to 24X-CC, 30 cm; 175-1084A-25X-3,
130 cm, to 25X-4, 70 cm; and 175-1084A-29X-1, 0 cm, to 29X-2,
150 cm). The “dark” horizons in Subunit IB are generally more car-
bonate rich compared with those found in Subunit IA.

Subunit IC

Interval: 175-1084A-36X through 175-1084A-43X
Age: late Pliocene

section, this chapter) when compared to the under- and overlying sed-
iment layers.

Subunit 1B
Intervals: 175-1084A-13H through 175-1084A-36H; 175-1084B-13H
through the end of the core; 175-1084C-14H through the end of
the core
Age: Pleistocene to late Pliocene
Depth: 175-1084A: 107.5-325.9 mbsf; 175-1084B: 109-183 mbsf;
175-1084C: 122-208 mbsf

The contact between Subunit 1B and Subunit |A is defined by the
increase in diatom abundance from frequent and common to abun-
dant. Its boundary with Subunit IC is marked by a change from clays
that are nannofossil-rich clay to those that are diatomaceous. This
transition occurs between Cores 175-1084A-36X and 37X. Subunit
IB is characterized by frequent and irregular variations in color and
lithology over short depth intervals. A comparable variation in color

and lithology is not ohserved in the other subunits. Lithologies fre-
quently aternate between olive (5Y 4/3) nannofossil-rich diatoma-
ceous clay (e.g., Sections 175-1084A-13H-1 through 13H-4), olive
(5Y 4/3) clayey nannofossil ooze, and black (5Y 2.5/1) diatom-bear-

Depth: 175-1084A: 325.9-393.3 mbsf

Subunit |C contains moderately bioturbated, dark olive-gray (5Y
3/2) and olive (5Y 4/3) nannofossil-rich diatomaceous clay and nan-
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Figure 5. Seismic section of Line GeoB/AWI 96-014 at Site 1084. Vertical axis is given in TWT. CDP interval is 25 m fasiatstpatping of 25 m. Site 1084
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nofossil diatomaceous clay. This subunit is characterized by carbon- Unit Il contains olive (5Y 4/3) clay-rich nannofossil diatom ooze

ate and organic carbon contents that average 14 and 4.9 wt%, respec- that grades into olive (5Y 4/3) diatomaceous nannofossil ooze and

tively (see “Organic Geochemistry” section, this chapter). Subunit I@lay-rich nannofossil ooze. This subunit is characterized by carbon-

is a transitional unit between Subunit IB and Unit Il and is lithologi-ate and organic carbon contents, which average 28 and 3 wt%, re-

cally more homogeneous than Subunit IB. Its upper contact is chaspectively (see “Organic Geochemistry” section, this chapter). The
acterized by a change from diatomaceous clay to diatom ooze. Thi®undary between Units Il and Il is defined as the change in the ma-
transition occurs between Cores 175-1084A-36 and 37X and is gragr lithology from nannofossil and diatom ooze to nannofossil clay.
ual. The lithologic contact between Subunit IC and Unit Il occurs beThis gradual transition occurs between Cores 175-1084A-53X and
tween Cores 175-1084A-43X and 44X and marks a transition fror84X. Unit Il contains two intervals of black (5Y 2.5/1) nannofossil-
diatomaceous clay to clay-rich diatomaceous nannofossil ooze. Theearing diatom ooze at 175-1084A-43X-3, 0-70 cm, 46X-3, 0-94
absolute change in diatom abundance across this transition is smaléen, and 51X, 85-105 cm.

when compared with the change in diatom abundance observed be-

tween black and olive horizons within this subunit. This change igJnit I 11

gradual and occurs between Cores 43X and 44X. Subunit IC contains

only one interval (175-1084A-43X-4, 100-115 cm) of black (5Y 2.5/ Interval: 175-1084A-54X through 175-1084A-59X

1) diatomaceous clay. Age: late Pliocene
Depth: 175-1084A: 498.4-547.3 mbsf

Unit 11
Unit 111 contains moderately bioturbated olive (5Y 4/3and 5Y 5/3),
Interval: 175-1084A-43X through 175-1084A-53X paleclive(SY 6/3), and olive-gray (SY 5/2) clay, nannofossil clay, and
Age: late Pliocene diatom-bearing nannofossil clay. The unit contains few dark olive-
Depth: 175-1084A: 393.3-498.4 mbsf gray (5Y 3/2), 50- to 100-cm-thick clay and nannofossil-rich clay in-
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tervals. These intervals occur irregularly throughout the unit. Unit 111
ischaracterized by carbonate and organic carbon contentsthat average
42 and 4 wt%, respectively (see “Organic Geochemistry” section, this Interval: 175-1084A-60X through 175-1084A-65X
chapter). The contact between Units Ill and IV is defined as the change Age: early Pliocene

in the major lithology from clay to nannofossil ooze. This boundary

occurs between Cores 175-1084A-59X and 60X.

Pleistocene

late Pliocene

early Pliocene

NANNOFOSSIL CLAY and
NANNOFOSSIL OOZE

1084A-12H

1084A-13H

XXX DIATOM-BEARING CLAY TO
NANNOFOSSIL-RICH
DIATOMACEOQUS CLAY with
CLAYEY NANNOFOSSIL OOZE

1084A-36X

1084A-37X
DIATOMACEOUS
CLAY

1084A-43X

107 mbsf

- 325 mbsf

IC

CLAY-RICH 1084A-44X

NANNOFOSSIL
DIATOM OOZE

Y

CLAY-RICH
DIATOMACEOUS

NANNOFOSSIL OOZE | (0,1 say

498 mbsf

1084A-54X
NANNOFOSSIL
CLAY

1084A-59X

1084A-60X
NANNOFOSSIL
OOZE

547 mbsf

XXX dolomite horizon

200

300

400

500

600

BLACK
LAYERS

Depth (mbsf)

Figure 8. Description of the lithostratigraphic units at Site 1084 and the
approximate occurrence of the organic-rich black layers.

SITE 1084

Unit IV

Depth: 175-1084A: 547.3—-604.7 mbsf

Unit IV iscomposed of moderately bioturbated olive-gray (5Y 4/2
and 5Y 5/2), pale olive (5Y 6/3) clayey nannofossil ooze, diatom-
bearing clayey nannofossil ooze, and diatom-rich clayey nannofossil
ooze. Dark olive-gray (5Y 3/2) intervals, 20 to 50 cmin thickness, of
diatom-bearing clay-rich nannofossil ooze and diatom-bearing nanno-
fossil clay are present throughout thisunit. Unit IV is characterized by
high carbonate and organic carbon contents, which average 46 and 3
wt%, respectively (see “Organic Geochemistry” section, this chapter).
The contact between Units Il and IV is defined as the change in the
major lithology from clay to nannofossil ooze. This transition occurs
between Cores 175-1084A-59X and 60X.

Synthesis of Smear-Slide Analyses

Smear-slide analyses indicate that the detrital component of the
sediments in the four units consists of clay with rare silt-sized, angu-
lar and subangular mono- and polycrystalline quartz grains. Suban-
gular feldspar grains are present in trace amounts. Authigenic miner-
als include framboidal pyrite and dolomite rhombs in rare or trace
abundances. The dark horizons generally contain slightly higher
abundances of pyrite. Silt-sized cryptocrystalline carbonate grains
are generally rare to frequent in abundance and, at times, common.
Subunit IA contains trace and rare amounts of quartz and pyrite
throughout. Rare silt-sized, cryptocrystalline carbonate grains are
found in Subunit IA in Core 175-1084A-7H. Subunit IB contains py-
rite in increased abundance and trace amounts of silt-sized quartz
grains, feldspar, and mica. In the lower part of Subunit IB, between
Cores 175-1084A-25X and 36X, silt-sized cryptocrystalline carbon-
ate grains are consistently present in rare or few abundance. Subunit
IC and Unit I contain trace and rare amounts of silt-sized quartz and
pyrite grains throughout. Unit Il also contains silt-sized, subhedral
pyrite grains. Unit IV contains rare pyrite and trace amounts of both
silt-sized quartz and cryptocrystalline carbonate grains. Dark hori-
zons exhibit significant compositional variations in the relative abun-
dances of diatoms, foraminifers, and nannofossils (Table 2). Most of
the dark layers in Subunit IA have lower abundances of nannofossils
compared with Subunits IB and IC and Unit Il. The biogenic compo-
nent of the dark layers is commonly dominated by diatom resting
spores. Resting spores are present only in trace abundances in the
sediments under- and overlying the black layers.

Table 2. Lithologic summary of dark layersat Hole 1084A.

Core, section, Depth Organic Lithostratigraphic
interval (cm) (mbsf) Clay Pyrite Diatoms Foraminifers Nannofossils debris Sediment name units
175-1084A-
3H-6, 50 20.5 A R F R C R Nannofossil- and diatom-bearing clay Subunit 1A
4H-1, 50 22.5 A R F R C R Diatom-bearing, nannofossil-rich clay Subunit 1A
5H-1, 100 325 A F C T T A Organic-rich clay Subunit IA
5H-6, 80 39.7 A F C B B A Organic-rich clay Subunit IA
7H-4, 120 55.73 A R F R C F Diatom-bearing, nannofossil-rich clay Subunit IA
11H-6, 80 95.47 F B C F A B Diatom-rich nannofossil ooze Subunit 1A
12H-2, 80 99.06 A R R B C C Nannofossil clay Subunit 1A
14H-6, 144 126 A F A B B B Diatom-rich clay Subunit IB
21X-6, 40 179.7 A R F-C B A R Foraminifer-bearing nannofossil clay Subunit IB
22X-1, 40 181.9 A R C T F-C R Diatom-rich clay Subunit IB
24X-5, 40 206.1 A T Cc R-F C R Clay Subunit 1B
29X-2, 80 251.2 A T F B B C Diatom-bearing clay Subunit IB
33X-5, 70 294 A R C R C F Diatom-rich nannofossil clay Subunit IB
43X-4, 113 389.3 A T A B T R Diatomaceous clay Subunit IC
46X-3, 15 414.8 C F D B F R Nannofossil-bearing clayey diatom ooze  Unit I
51X-4, 100 466.3 A R F B R T Diatom-bearing clay Unit Il

Notes: D = dominant (>60%); A = abundant (30%—-60%); C = common (10%-30%); F = few (5%—10%); R = rare(1%-5%); T = trace(8l¥Haaren.

351



SITE 1084

siothrix antarctica and may represent mat deposits similar to the ones
discovered in the eastern equatorial Pacific during Leg 138.

Spectrophotometry

Color data were measured for al the cores from Holes 1084A,
1084B, 1084C. At Site 1084, totdl reflectance valuesrange from 20%
to 58% (Fig. 9), which represent the aternating carbonate-rich and
organic-rich black-colored sediment layers. The highest valuesin to- Calcareous nannofossils were studied in core-catcher samples
tal reflectance were observed in Subunit IA and UnitI1, which corre- from Hole 1084A. Additional samples from within the cores were ex-
spond to nannofossil ooze intervals (see “Description of the Lithoamined close to datum events to improve the stratigraphic resolution.
stratigraphic Unit,” this section). Low values of total reflectance corpyerall abundance ranges from abundant to very abundant within the
respond to the presence of black (5Y 2.5/1 and 2.5Y 2.5/1) clay hor{op 280 mbsf (Cores 175-1084A-1H through 32X) and the bottom 190
zons (Fig. 9; Table 2). The lowest values for total reflectance vary benpst (Cores 46X through base) of Site 1084. Nannofossil abundance
tween 20% and 25% and were observed in Subunits IA and IB. Thegggws minima within Cores 175-1084A-33X through 45X, a sedi-
sediments have very low calcium carbonate (0-10 wt%) and high Ofsentary section composed of diatom-rich clays (lithostratigraphic
ganic carbon concentrations (8-18 wt%; see “Organic Geochemig,pynit IC; see “Lithostratigraphy” section, this chapter) grading
try” section, this chapter; also see Fig. 10). Numerous gaps in the tgawncore to diatom oozes (upper part of Unit I1). Preservation within
tal reflectance record caused by poor core recovery, especially withifjis diatom-rich interval is moderate to poor, but improves in the over-
Subunit IB (between 150 and 300 mbsf), prevents the determinatiag,q underlying carbonate-rich sequences.
of the cyclicity of the black layers. The general trends in total reflec-  cgicareous nannofossils provided 13 biohorizons (Table 3).
tance can be cprrelateq to the Iithostratigraphic units and supunitsﬁ,ese datum events were constrained within an average depth inter-
Hole 1082A (Fig. 3, “Site 1082" chapter, this volume) and displaya| of 3 mbsf. Within the sampling resolution, the sedimentation ap-
well-defined cycles that may be used for high-resolution stratigrapears continuous throughout the entire section. Based on the young-
phy—except within Subunit IB. est identified datum (last occurrence [LOJGEphyrocapsa caribbe-
anica acme, 0.26 Ma), no sediments recovered from Site 1084 were
younger than 0.09 Ma (i.e., Zone NN21b is missing from the top
cores). Paleomagnetic evidence (see “Paleomagnetism” section, this
. . . .chapter) suggests that Site 1084 terminated within the lower Pliocene

Sediments recovered from Site 1084 represent a relatively contigegiment at 4.8 + 0.2 Ma. The oldest identified biostratigraphic da-
uous hemipelagic section spanning the last 4.7 m.y. Micropaleont¢ym event (LO ofAmaurolithustricorniculatus; 4.5 Ma, mean depth
logical studies were carried out on core-catcher samples from Holes70 7 mpsf) is offset from the C3n.1n paleomagnetic Chron by ~30

1084A. Additional samples from within the cores were examined tQnpsf, an indication of reworking of the nannofossil assembiages
improve the biostratigraphic resolution. An integrated biostrati-

Calcareous Nannofossils

BIOSTRATIGRAPHY AND SEDIMENTATION RATES

graphic framework composed of both calcareous and siliceous nr Hole 1084A
crofossils was established (Fig. 11), resulting in a well-constraine Ca'c'““(“wtc%bo"a‘e
age model for Site 1084. Sedimentation rates range from 10to 27 ¢ Black 0 20 40 60 80
k.y. with highest values located within the last 1 m.y. A second ep __ Layers RN 0
sode of high sedimentation rate (17 cm/k.y.) is associated with an u| _ ] L 4
per Pliocene diatom-rich interval. These sediments (at an approy| = | — = 1 r 1
mate age interval of 2-3 Ma.) are rich in the pennate didt@ias- 2 i ] i i
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Figure 9. Downcore variation in the total reflectance at Holes 1084A, 1084B,
and 1084C.
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Figure 10. Downcore variation in the tota reflectance, calcium carbonate
content (in weight percent), and organic carbon content (in weight percent) at
Hole 1084A. The position of the black layers and the lithostratigraphic units
are also indicated.
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Figure 11. Age-depth plot and sedimentation rates estimated from cal careous microfossil (open circles; F = planktonic foraminifers and N = cal careous nanno-
fossils) and siliceous microfossil (closed circles; D = diatoms, R = radiolarians, and S = silicoflagellates) datums at Hole 1084A.

Table 3. Microfossil datums at Hole 1084A.

Fossil Age Zone (base) Core, section, interval (cm) Depth (mbsf)
group Event (Ma) A B Top Bottom Top Bottom  Mean
175-1084A- 175-1084A-
N FO Emiliania huxleyi 0.26 NN21a CN15 6H-5, 110 6H-6, 110 47.90  49.40 48.65
N LO Gephyrocapsa caribbeanica acme 0.26 NN2la CN15 6H-5, 110 6H-6, 110 47.90  49.40 48.65
N LO Pseudoemiliania lacunosa 0.46 NN20 CN14b 9H-5, 110 9H-CC 7650  79.35 77.93
R LO Axoprunum angelinum 0.46 8H-CC 9H-CC 70.02  79.55 74.79
N LO Small Gephyrocapsa acme (Weaver, 1993) 0.60 11H-6, 100 11H-CC 95.67  98.69 97.18
D LO Nitzschia reinholdii 0.69 10H-CC 11H-CC 80.03  98.69 93.86
S LO Bachmannocena quadrangula 0.80 15H-CC 16H-CC 136.63 143.12 139.88
N L O Reticul ofenestra asanoi 0.83 16H-2, 130 16H-4, 140 138.80 14190 140.35
N LO Small Gephyrocapsa acme (Gartner, 1977) 0.96 21X-CC 22X-CC 180.33 182.33 181.33
N FO Reticulofenestra asanoi 1.06 24X-5, 40 24X-CC 206.13 206.98 206.56
R LO Lamprocyrtis neoheteroporos 1.07 21X-CC 22X-CC 180.33 182.33 181.33
N LO Helicosphaera sellii 1.25 27X-2, 140 27X-4, 140 231.52 23381 23267
N LO Calcidiscus macintyrei 1.67 32X-4, 40 32X-CC 282.14 28318 282.66
D LO Proboscia barboi 1.68 29X-CC 30X-CC 25447 26589 260.18
R LO Cycladophora pliocenica 1.83 32X-CC 33X-CC 283.18 294.69 288.94
D LO Fragilariopsis doliolus 1.88 30X-CC 31X-CC 265.89 271.74 268.82
N LO Discoaster brouweri 1.95 NN19 CN13a 34X-CC 36X-CC 304.37 32277 31357
D LO Thalassiosira kolbei 1.96 32X-CC 33X-CC 28318 294.69 28894
N LO Discoaster surculus 2.55 NN17 CN12c 46X-CC 47X-CC 42212 429.04  425.58
R FO Cycladophora davisiana 2.70 48X-CC 49X-CC 439.49 450.97 445.23
D FO Rhizosolenia praebergonii 312 51X-CC 52X-CC 469.88 477.83 473.86
N L O Reticulofenestra pseudoumbilicus 3.82 NN16 CN12a 60X-4, 108 60X-4, 114 552.88 552.94 55291
N LO Amaurolithus tricornicul atus 450 NN15 CN11 61X-CC 62X-CC 564.94 57657 570.76

Notes: Fossil group: N = calcareous nannofossils, R = radiolarians, D = diatoms, S = silicoflagel lates. FO = first occurrence and LO = last occurrence. Zonal codes refer to the standard
calcareous nannofossil zonations of (A) Martini (1971) and (B) Okada and Bukry (1980).

within the bottom part of the section. Despite the reworking of bot-
tom assemblages, the sedimentation rate pattern suggests that Site
1084 terminated within Zone NN14.

Zone NN21

Subzone NN21b, which describes the last 0.09 m.y., was not rec-
ognized in the uppermost core of Site 1084. The 0.26 Madatum event
(Zone NN21/NN20 boundary) was identified at the mean depth of
48.6 mbsf between Samples 175-1084A-6H-5, 110 cm, and 6H-6,
110 cm.

Zone NN20

The LO of Pseudoemiliania lacunosa, which defined the Zone
NN20/NN19 boundary, was constrained between Samples 175-
1084A-9H-5, 110 cm, and 9H-CC (mean depth = 77.9 mbsf).
Zone NN19

In addition to the zona boundary events, six biohorizons were

identified withinthisinterval. Theseinclude the top and bottom ranges
of Reticulofenestra asanoi, a species whose LO and first occurrence
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(FO) are close to the Brunhes/Matuyama boundary and the onset of
the Jaramillo Chron, respectively. Sedimentation rates within Zone
NN19 arethe highest recorded throughout Site 1084, with amaximum
of 27 cm/k.y. from 0.83 to 1.06 Ma. The LO of the Small Gephyro-
capsa acme (Weaver, 1993), dated at 0.6 Ma (middle oxygen-isotopic
Stage 15), wasidentified at the mean depth of 97.1 mbsf and can there-
fore be used to approximate the age of amajor lithologic change with-
in Hole 1084A (boundary between lithostratigraphic Subunits A and
IB; see “Lithostratigraphy” section, this chapter).

Zones NN18-NN17

The Zone NN19/NN18 boundary (1.95 Ma) was identified at the
mean depth of 313.5 mbsf with the LO of Discoaster brouweri be-
tween Samples 175-1084A-34X-CC and 36X-CC. Because of poor
preservation of the nannofossil assemblages as well as barren sam-
ples, the depth location of this zonal boundary event could not be
constrained further. Zone NN17 was lumped with Zone NN18 be-
cause of the sparse occurrence of D. pentaradiatus, whose LO datum
event defines the Zone NN18/NN17 boundary.

Zone NN16

The LO event of Reticul ofenestra pseudoumbilica, one of the few
non-Discoaster index species within the Neogene, was constrained
within the interval bounded by Samples 175-1084A-60X-4, 108 cm,
and 60X-4, 114 cm. This datum event defines the Zone NN16/NN15
boundary. The Zone NN17/NN16 boundary was identified at the
mean depth of 425.5 mbsf (LO of D. surculus between Samples 46X -
CC and 47X-CC).

Zone NN15

This short interval (0.68 m.y. in duration) wasidentified between
552.9 and 570.8 mbsf. The base of Zone NN15 is probably offset by
~30 mbsf because of possible reworking of the index species Amau-
rolithus tricorniculatus, whose LO event defines the Zone NN15/
NN14 boundary.

Planktonic Foraminifers

The uppermost Sample (175-1084A-1H-CC) is dominated by
Globigerina bulloides and contains abundant Globorotalia inflata
and Neogloboquadrina pachyderma. Other components of the as-
semblage include Globigerina umbilicata, Globorotalia hirsuta, G.
scitula, G. truncatulinoides, and N. dutertrei (Table 4). The assem-
blages are generally dominated by G. bulloides and G. inflata (Table
4). Sporadic occurrences of Globigerinoides ruber indicate an input
of a warmer fauna (Cores 175-1084A-7H-CC, 8H-CC, 14H-CC,
15H-CC, 25X-CC, 26X-CC, 38X-CC, 40X-CC, 41X-CC, 44X-CC,
48X-CC, and 50X-CC). The presence of G. ruber correlateswith in-
tervals of higher color reflectance values that are interpreted as prob-

able periods of interglacial sedimentation (see “Lithostratigraphy”

section, this chapter).

toms are found (Cores 175-1084A-6H-CC and 11H-CC through
50X-CC).

G. truncatulinoides is present consistently in Samples 175-
1084A-1H-CC through 17H-CC and in Sample 175-1084A-30X-CC.
Samples 175-1084A-19X-CC through 29X-CC and 31X-CC through
37X-CC are severely affected by dissolution, and so the exact posi-
tion of the Pliocene/Pleistocene boundary, which is defined on the
FO of G. truncatulinoides, could not be determined. It falls between
Samples 175-1084A-30X-CC and 38X-CC. The boundary between
Zones Ptlb and Ptla occurs at the LAGofosaensis (~0.65 Ma;
Sample 175-1084A-12H-CC) and is placed at 100 mbsf. Pliocene
Zones PL3-PL6 are undifferentiated because of the absence of index
species.

The specie&. crassaformisviola is restricted to the late Pliocene
and earliest Pleistocene. It is present in the interval between Samples
175-1084A-28X-CC through 55X-CC. A single specimefsofar-
garitae, which is restricted to the early Pliocene, is present in Sample
55X-CC. It is not present elsewhere in the core and may be reworked
because an early Pliocene age is in disagreement with calcareous nan-
nofossil age estimates. Calcareous nannofossils also show evidence
for reworking. AlthoughG. margaritae is a temperate species, it is
quite susceptible to dissolution.

Benthic Foraminifers

Benthic foraminifers were studied in core-catcher samples from
Hole 1084A. The overall abundance of benthic foraminifers at Hole
1084 is high with some exceptions: Samples 175-1084A-37X-CC
(335.53 mbsf) and 49X-CC (450.97 mbsf) were barren of benthic for-
aminifers, and Samples 175-1084A-22X-CC (182.77 mbsf), 46X-CC
(422.12 mbsf), and 52X-CC (477.83 mbsf) contained only traces or
rare benthic foraminifers (Table 5). The preservation was good
throughout Hole 1084A.

As at Site 1082 the benthic foraminiferal fauna studied at Hole
1084A correlates well with the different lithostratigraphic units rec-
ognized (see ‘“Lithostratigraphy” section, this chapter). The benthic
foraminiferal species dominating lithostratigraphic Subunit IA (nan-
nofossil clay and nannofossil ooze) &w&imina aculeata, B. exilis,
and Nonionella turgida (Table 5; Fig. 12). The speci8s exilis is
present in high relative abundance throughout Hole 1084A, except
for lithostratigraphic Unit IV, in which it is absent. The other two spe-
cies are more or less restricted to lithostratigraphic Subunit IA.

Lithostratigraphic Subunit IB (diatom-bearing clay to nannofos-
sil-rich diatomaceous clay with clayey nannofossil ooze) spans the
uppermost upper Pliocene and lower Pleistocene sediments; it is
dominated byB. exilis andUvigerina hispidocostata (Table 5; Fig.

12). Several species are present in high abundances in a pulse-like
manner in this intervaBolivina seminuda (Sample 175-1084-13H-

CC [117.72 mbsf], ~91%)Bulimina aculeata (24X-CC [206.98
mbsf], ~51%),Silostomella spp. (25X-CC [219.65 mbsf], ~52%),
Epistominella exigua (27X-CC [235.79 mbsf], ~20%), ardl aube-

riana (28X-CC [248.62 mbsf], ~21%; see Table 5; Fig. 12).
Lithostratigraphic Subunit IC (diatomaceous clay) is dominated
by Cibicidoides wuellerstorfi and Pullenia bulloides; several other

It is difficult to determine whether the absence of marker speciespecies are present, but in low relative abundances (Table 5; Fig. 12).

is caused by ecological conditions or by selective dissolution. For ex-ithostratigraphic Unit Il (clay-rich nannofossil diatom ooze to clay-
ample, the dominance @. inflata may be ecological and indicate rich diatomaceous nannofossil ooze) and Subunit IC are character-
oligotrophic waters (e.g., the assemblages identified in the Bengueized by the common occurrence of diatom mats. The benthic fora-
Current system by Little et al., 1997). It may also be a preservatiominifer fauna is much the same as in lithostratigraphic Subunit IC,
signal; dissolution-susceptible species suclGabulloides and G. with the addition of overall high abundanceBafiimina exilis and
margaritae, although expected, are commonly absent from the as9ridorsalis umbonatus and high abundance @fstrononion novo-
semblages. Both cool (e.@N, pachyderma (sinistral) and warmH. zealandicum andMelonis barleeanum in the lower part (Table 5; Fig.
siphonifera, G. ruber, andN. dutertrei) water faunas are present in 12).

the same assemblages downcore and may indicate an increased contithostratigraphic Unit Il (nannofossil clay) spans the lowermost
tribution from cooler Southern Ocean watéispachyderma (sinis-  late Pliocene and is dominated Byexilis together withEpistomin-

tral) is generally present during the interval where subantarctic dialla exigua andQOridorsalis umbonatus (Table 5; Fig. 12).
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Table 4. Dominant and abundant planktonic foraminiferal species at Hole 1084A.
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c tion| Depth T S22 8 8 3>2 55 8/888838 8=
ore, secton PR 1glels2 5 6 6 1§ S S S5 S 566658 g
interval (mbsh) 318|166 C O G 2|2 6000000 O 0|0 2
175-1084A-
1H-CC 29| 5/ 5 D A P P P
2H-CC 128 | 5/ & A A P
3H-CC 225 | 5/ & D
4H-CC 319| 5 5 A A A
5H-CC 47| 1 5 D
6H-CC 51 | 4| 4 A A P
7H-CC 60.7 | 5/ & A A P
8H-CC 70 | 4| 4 D D A P P P
9H-CC 796 | 4 4 A D P
10H-CC 89 | 4| 4 A P P
11H-CC 98.7| 2| 5 D
12H-CC 1084 | 1 4 D P P
13H-CC 117.7| 3 4 D P P P P P
14H-CC 127 | 4 3 D P P P
15H-CC 136.6 | 4 3 A A P PP P
16H-CC 1431 2 1 D P
17H-CC 1498 | 4 4 D P P P
19X-CC 1585 | 1| 1 A D P
20X-CC 167.8 | 4 3 P P P P
21X-CC 1803 | 1| 1 P
22X-CC 1828 | 1| 1
23X-CC 1955 | 1 1 P
24X-CC 207 | 2| & P
25X-CC 219.7 | 4 3 P P P
26X-CC 2226 | 1| 1 P
27X-CC 2358 | 1| 1 P P
28X-CC 2486 | 2| 4 P P
29X-CC 2545 | 0 1
30X-CC 2659 | 5 4 P P P
31X-CC 2717 | 1| 1
32X-CC 2832 | 1| 1
33X-CC 2947 | 0| 1
34X-CC 3044 | 0 1
35X-CC 3132 | 0 1
36X-CC 3228 | 1| 1
37X-CC 3355 | 0 1
38X-CC 3448 | 2| 3 P P P P
39X-CC 3543 | 0 1
40X-CC 3643 | 3| 4 P P
41X-CC 374 | 3| 3 D A P P P
42X-CC 3824 | 0 1
43X-CC 3036 | 0 1
44X-CC 4032 | 3| 4 P P P P
45X-CC 4128 | 1 1
46X-CC 4221 3| 5 P P P
47X-CC 429 | o] 1
48X-CC 4395 P P
49X-CC 451 | o| 1
50X-CC 4606 | 1| 1 P P
51X-CC 4699 | 3| 3 P P P
52X-CC 4778 | 3| 3 P P
53X-CC 4857 | 3| 3 P P
54X-CC 496.7 | 3| 2 PP P
55X-CC 5035 | 3| 3 A A P P P
56X-CC 5138 | 3| 3 A A P P
57X-CC 527.1 | 3| 4 A P
58X-CC 5349 | 2| 4 P
59X-CC 5441 | 4 4 A
64X-CC 5046 | 1| 1

Notes: D = dominant (>30%) and A = abundant (10%—-30%) components of the assemblage are shown. Presence (P) and abaksoceh@yrafer select species. Abundance is
classified as 2 = rare; 3 = few; 4 = common; and 5 = abundant. Dissolution is given as 2 = some dissolution; 4 = modietiate dis$® = no dissolution.
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Table 5. Relative abundance of benthic foraminiferal species and overall abundance of benthic foraminifersat Hole 1084A.
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1H-CC
2H-CC

14H-CC 127
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19X-CC |158
20X-CC | 167
21X-CC | 180
22X-CC |182
23X-CC | 195
24X-CC | 206
25X-CC | 219
26X-CC | 222
27X-CC |235
28X-CC | 248
20X-CC | 254
30X-CC | 265
31X-CC | 271
32X-CC | 283
33X-CC |294
34X-CC | 304
35X-CC |313
36X-CC |322

13H-CC

37X-CC |335

38X-CC |344.
39X-CC | 354
40X-CC | 364.
41X-CC |373
42X-CC | 382
43X-CC | 393
44X-CC | 403
45X-CC | 412
46X-CC | 422
47X-CC | 429
48X-CC | 439

49X-CC | 450

50X-CC |460
51X-CC | 469
52X-CC | 477



Table 5 (continued).
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present (the relative abundance was not cal culated because of small sample size). Absolute abundance (per ~20 cm?® of sediment)

common (250-500 specimens); F = few (100—249 specimens); R = rare (50-99 specimens); T = trace (1-49 specimens); B

<1%andP=

Notes: The relative abundance of benthic foraminiferal speciesis given as a percentage, where +

barren (npasmetithensijh-

abundant (>500 specimens); C

of benthicforaminifersisgiven asA

ified (not possible to count or classify benthic foraminifers).
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Figure 12. Relative abundances (in percentages) for selected benthic foraminiferal species. For description of lithostratigraphic units, see “Lithostratigraphy”

section (this chapter). Continued next page.

The lowermost section of Hole 1084A reaches the lower Pliocene
sediment and bel ongsto lithostratigraphic Unit IV (nannofossil 0oze).
The benthic foraminiferal assemblagein thisinterval isdominated by
Bolivina subaenarensis, M. barleeanum, O. umbonatus, P. bulloides,
and Uvigerina auberiana (Table 5; Fig. 12).

Radiolarians

Radiolarians are abundant and well preserved in ailmost all sam-
ples examined down to 175-1084A-53X-CC (Table 6). From Sample

358

175-1084A-54X-CC through 65X -CC, radiolarians are abundant and
generally moderately preserved. Radiolarian fauna indicates a Qua-
ternary to early Pliocene age for Hole 1084A. No apparent reworking
was identified.

The radiolarian zones used for this hole are those of Caulet (1991)
and Motoyama (1996). Moore’s (1995) tropical zonation, which has
been applied to previous holes from Sites 1075 to 1083, was not used
for this hole because of the complete absence of diagnostiBuexa
cinosphaera invaginata, Collosphaera tuberosa, Anthocyrtidium an-
gulare, andPterocanium prismatium, and because of the scarcity of
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Figure 12 (continued).

Lamprocyrtis neoheteroporos. There are some difficulties in apply-
ing the established Antarctic zonations (Caulet, 1991; L azarus, 1992)
to the whole sedimentary sequence at Hole 1084A because of the ab-
sence of index species, such as Prunopyletitan, Hel otholus vema, and
Amphymenium challenger ae, and because of apparent differencesin
stratigraphic ranges of Eucyrtidium calvertense and Stichocorys per-
egrina. The presence of Axoprunum angelinum and Cycladophora
pliocenica, however, allows usto use apart of the Antarctic zones of
Caulet (1991).

The absence of A. angelinum indicates that the uppermost cores
(175-1084A-1H-CC through 8H-CC) are assigned to Zone NR1 of
Caulet (1991).

Samples 175-1084A-9H-CC through 32X-CC belong to the Pleis-
tocene Zone NR2 or Zone NR3/NR4 of Caulet (1991). Since Phor-
mostichoartus pitomorphus was not identified, the zonal boundary
between Zone NR2 and Zone NR3/4 was not determined. Caulet
(1991) defined the bottom of the Zone NR3/NR4 by the last common
occurrence of C. pliocenica. Considering the inconsistent occurrence
of this species at Hole 1084A, the LO of the species in Sample 175-
1084A-33X-CC is correlated with the bottom of Zone NR3/NR4,
thereby approximating the Pliocene/Pleistocene boundary.

The FO of C. davisiana indicates an age of 2.7 Ma for Sample
175-1084A-48X-CC. Samples 175-1084A-33X-CC through 48X-
CC between the LO of C. pliocenica and the FO of C. davisiana can
be correlated with the P. prismatium zone of Moore (1995).

The presence of S pylomaticusindicatesthat the age of the lowest
sample (175-1084A-65X-CC) is no older than 5.2 Ma; thus, Samples
175-1084A-49X-CC through 65X-CC can be correlated to azonal se-
quence from the lower part of the Cycladophora sakaii Zonetothe S
pylomaticus Zone in the North Pacific (Motoyama, 1996).

Diatoms

Diatom counts and identifications were carried out using smear

1082, overall diatom abundances are low or zero in the lower Plio-
cene sediments. Diatom abundances reach a maximum in the late
Pliocene (Table 7; Fig. 13). In contrast to the other sites, diatom
abundances, although highly variable, remain moderately high (com-
mon to abundant) throughout the Pleistocene (Table 7).

In addition to the “background” diatom assemblage composed of
a mixture of upwelling-indicatorGhaetoceros resting spores and
Thalassionema hitzschioides var. nitzschioides) and oceanic species
(e.g.,Azpeitia nodulifer, A. tabularis, Hemidiscus cuneiformis, and
Thalassiothrix spp.), we recorded many more cold-water markers
characteristic of the Southern Oceans (&lgmidiscus karstenii,
Fragilariopsis kerguelensis, Proboscia barboi, Thalassiosira lentig-
inosa, andT. kolbel) than at Sites 1081, 1082, and 1083. The Antarc-
tic/subantarctic flora is present consistently between Samples 175-
1084A-50X-CC (~460 mbsf) and 30X-CC (~266 mbsf; Fig. 13) and
sporadically in Samples 175-1084A-6H-3, 80 cm, and 6H-CC.
Rhizosolenia hebetata, a cold-water indicator, is observed in Samples
175-1084A-11H-CC and 12H-CC, 16H-CC through 19X-CC, and
25X-CC (Table 7). The intervals of cold-water flora may indicate
periods of increased advection of subantarctic waters into the Ben-
guela Oceanic Current (BOC) and concomitant intensified northward
Benguela Current transport, an assumption that is also supported by
the presence of the Antarctic radiolari@npliocenica, and by the
sparse occurrence of the low—middle latitude nannofossil dgisus
coaster (Fig. 13).

Chaetoceros resting spores and setaeMftinctus, C. debilis, C.
diadema, C. lorenzianus, C. radicans, andC. constrictus/vanheurckii
are particularly abundant in Pleistocene sediments, and they may be
regarded as indicators of high coastal upwelling productivity from
the Lideritz upwelling cell (see Shannon and Nelson, 1996). They
are also abundant during highest overall abundance times in the late
Pliocene within Subunit IC and Unit Il (see “Lithostratigraphy” sec-
tion, this chapter; Fig. 13). Within the late Pliocene (at an approxi-
mate age interval of 2-3 Ma), core-catcher Samples 175-1084A-

slides and acid-treated, sieved (20 pm) material from core-catch87X-CC (~335 mbsf) through 51X-CC (470 mbsf) are rich in the
samples from Hole 1084A (Table 7). Diatom preservation is moderpennate diatoriThalassiothrix antarctica (and probably otheFhal-
ate throughout Hole 1084A. As has been the case at Sites 1081 asmdiothrix species as well), accompanied by lanceolate forrsabf
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Table 6. Stratigraphic distribution of radiolarians at Hole 1084A.
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175-1084A-
Quaternary | NR1 1H-CC 28 |A|G|P + P P P|+ P P P P|P
Quaternary | NR1 2H-CC 1277|A|G|+ + P P P|+ P + P P|P
Quaternary | NR1 3H-CC 251 |A|G|P P P PP P P PP P
Quaternary | NR1 4H-CC 3189 |A|G|P P+ P/PPPPP|IPP
Quaternary | NR1 5H-CC 4168 | A M| + P P P + P p
Quaternary | NR1 6H-CC 51.03 | A | G P +|P P P P PP + +
Quaternary | NR1 7H-CC 6065 |A|G|P + P PP P P P
Quaternary | NR1 8H-CC 7002 | A | G P P P/IPP PP P
Pleistocene | NR2-NR3/4 9H-CC 7955 A G + P P P + + P P P + + |+ o+
Pleistocene NR2-NR3/4 10H-CC 8903 |AIG + P P P|/P P P P + P R
Pleistocene| NR2-NR3/4 11H-CC 98.69 |A |G P + P + + |+ P P
Pleistocene NR2-NR3/4 12H-CC 108.35 (A |G + P P|+ P + P P + P P
Pleistocene NR2-NR3/4 13H-CC 117.72 |A |G P P +|P P P P P +
Pleistocene| NR2-NR3/4 14H-CC 127.04 |A |G P P PP + P + o+ o+ P
Pleistocene NR2-NR3/4 15H-CC 136.63 |C |G P + P + P Pl P P +
Pleistocene| NR2-NR3/4 16H-CC 14312 |[A |G + + P +|P P P P P P +
Pleistocene NR2-NR3/4 17H-CC 14983 |[A |G P P P P P P P R P P + P +
Pleistocene NR2-NR3/4 19X-CC 158.46 |R |G P P + P P + +
Pleistocene NR2-NR3/4 20X-CC 16783 |A |G + P +|P P P Pl P P P P
Pleistocene| NR2-NR3/4 21X-CC 180.33 |A |G P P|P P PP P P A
Pleistocene| NR2-NR3/4 22X-CC 182.77 |A |G P P|P P Pl P + + Pl +
Pleistocene NR2-NR3/4 23X-CC 19546 |[A |G + P P P P P +| P + P + P +
Pleistocene NR2-NR3/4 24X-CC 20698 A G + + P P|P + P + Pl P + P P
Pleistocene NR2-NR3/4 25X-CC 21965 A G P + P +|+ P P + P P P P
Pleistocene NR2-NR3/4 26X-CC 22261 A IG P P P +|P P P P P P R P
Pleistocene| NR2-NR3/4 27X-CC 23579 R |G + P P P P Pl P + +
Pleistocene| NR2-NR3/4 28X-CC 24862 |[A |G + P P P P P + + P + +
Pleistocene| NR2-NR3/4 29X-CC 254.47 |A |G + P P|P P + P| + + + P +
Pleistocene NR2-NR3/4 30X-CC 265.89 |A |G P P P|P P P Pl P R +
Pleistocene| NR2-NR3/4 31X-CC 271.74 |A |G P P/P P PP P P + + R P +
Pleistocene| NR2-NR3/4 32X-CC 283.18 |A |G P + |+ + P + |+ + P P
Pliocene P. prismatium 33X-CC 29469 C G P P P + P + H + P + + P
Pliocene P. prismatium 34X-CC 30437 AM P P P P P P P P P + + P +
Pliocene P. prismatium 35X-CC 31319 C G P P P P + P + + 2]
Pliocene P. prismatium 36X-CC 32262 A Gl + + P P P P P + P + P P + P
Pliocene P. prismatium 37X-CC 33553 A G P R F + P +
Pliocene P. prismatium 38X-CC 34479 Al G P P P P P P P + P P + p
Pliocene P. prismatium 39X-CC 3543 | Al G + + P P B P o +
Pliocene P. prismatium 40X-CC 36431 AAG P P + P P P P P P |P P P P P P
Pliocene P. prismatium 41X-CC 37395 A G + + P P P P =] +
Pliocene P. prismatium 42X-CC 38244 Al G P P + P P P P |+ + P + +
Pliocene P. prismatium 43X-CC 39357 A G P P + P + P P + +
Pliocene P. prismatium 44X-CC 403.19 ¢ G + P P P + + P + P =]
Pliocene P. prismatium 45X-CC 412.78 Al G| P P P P + P + P +
Pliocene P. prismatium 46X-CC 422,120 Al G P P B P P p p
Pliocene P. prismatium 47X-CC 429.04) Al G P P P P + + + P P P
Pliocene P. prismatium 48X-CC 439.49| Al G P P P + P + P P P P
Pliocene C. sakaii—S. pylomaticus 49X-CC 450.97| ¢ G P + B + b + P P
Pliocene C. sakaii—S. pylomaticus 50X-CC 460.64 A G P + P + P P P P P P
Pliocene C. sakaii—S. pylomaticus 51X-CC 469.88/ Al G| P P + o+ o+ P P P
Pliocene C. sakaii—S pylomaticus 52X-CC 477831 A G + P P P P + + P P P P P P +
Pliocene C. sakaii—S pylomaticus 53X-CC 485.73] Al G + P P P P P P + P P + P
Pliocene C. sakaii—S. pylomaticus 54X-CC 496.68) Al M[ + P P B + + P P + P
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Table 6 (continued).
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Pliocene C. sakaii—S. pylomaticus 55X-CC 50354 A M + P P P + P p
Pliocene C. sakaii—S. pylomaticus 56X-CC 513.78 A G P A R + P P + +
Pliocene C. sakaii—S. pylomaticus | 57X-CC 52714 | A [M | + + + P + P P P P
Pliocene C. sakait-S pylomaticus 58X-CC 53492 A M P P > P + P P H +
Pliocene C. sakaii—S. pylomaticus 59X-CC 544.08 A M P + + P + P 4+
Pliocene C. sakaii—S. pylomaticus 60X-CC 55548 A G + + P + P + P+ P +
Pliocene C. sakaii—S. pylomaticus 61X-CC 564.94 Al M P 4 + P + P P P P P P +
Pliocene C. sakaii—S. pylomaticus 62X-CC 576.57 A M P + P + P+ + + + P P P
Pliocene C. sakaii—S pylomaticus 63X-CC 585.69 A M P + P P P + P P+
Pliocene C. sakaii—S pylomaticus 64X-CC 594560 A M P P R + P P P P P
Pliocene C. sakaii—S. pylomaticus 65X-CC 604.64 C P R P P P P +

Notes: Occurrence isindicated by P = present and + = one specimen per dide. Abundance: A = abundant; C = common; and R = rare. Preservation: G = good and M = moderate. P. prismatium = Pterocanium prismatium; C. sakaii = Cycla-
dophora sakaii; and S. pylomaticus = Spongur us pylomaticus.
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Table 7. Overall diatom abundance estimated from smear slides for Hole 1084A.

Overall

Core, section, Depth abundance | Depth

interval (cm) | (mbsf) |(smear dides)| (mbsf) Dominant assemblage Cold-water marker species Diatom and/or silicoflagellate datums
175-1084A-

1H-CC 2.88 30 2.88 Upw. + oceanic

2H-CC 12.77 45 12.77 Upw. + oceanic

3H-CC 2251 35 2251 Upwelling

4H-CC 31.89 4.0 31.89 Upw. + oceanic

5H-CC 41.68 35 41.68 Upw. + oceanic

6H-2, 10 42.50 25 42.50

6H-3, 80 44.70 6.0 44.70 Upwelling F. kerguelensis, H. karstenii

6H-5, 110 47.90 6.0 47.90 Upwelling

6H-6, 110 50.90 2.0 50.90

6H-CC 51.03 35 51.03 Upw. + oceanic F. kerguelensis, H. karstenii

7H-CC 60.65 2.0 60.65

8H-CC 70.02 3.0 70.02 Upw. + oceanic

9H-CC 79.55 35 79.55 Upwelling

10H-CC 89.03 4.0 89.03 Upw. + oceanic

11H-CC 98.69 4.0 98.69 Upw. + neritic + oceanic R. hebetata f. hebetata << LO N. reinholdii (0.65 M&?) 0.69 Ma”

12H-CC 108.35 4.0 108.35 Upw. + oceanic R. hebetata + F. kerguelensis

13H-CC 117.72 6.0 117.72 Upwelling

14H-CC 127.02 3.0 127.02 Oceanic

15H-CC 136.63 4.5 136.63 Upw. + oceanic

16H-CC 143.12 45 143.12 Upw. + neritic + oceanic R. hebetata f. hebetata << LO B. quadrangula 0.8 Ma°

17H-CC 149.83 3.0 149.83 R. hebetata f. hebetata

19X-CC 158.46 45 158.46 Upwelling R. hebetata f. hebetata

20X-CC 167.83 3.0 167.83 Upw. + oceanic

21X-CC 180.33 4.0 180.33 Upw. + neritic + oceanic

22X-CC 182.77 25 182.77

23X-CC 195.46 4.0 195.46 Upw. + oceanic

24X-CC 206.98 3.0 206.98 Upw. + oceanic

25X-CC 219.65 35 219.65 Upw. + neritic + oceanic R. hebetata f. hebetata

26X-CC 222.61 3.0 222.61 Upw. + oceanic

27X-CC 235.79 5.0 235.79 Upw. + oceanic

28X-CC 248.62 5.0 248.62 Upw. + oceanic

29X-CC 254.47 2.0 254.47

30X-CC 265.89 35 265.89 Upw. + oceanic P. barboi << LOP. barboi (1.58 M&) 1.68 M&®

31X-CC 27174 4.0 271.74 Upwelling H. karstenii, P. barboi

32X-CC 283.18 5.0 283.18 Upwelling H. karstenii, P. barboi

33X-CC 294.69 4.0 294.69 Upwelling H. karstenii, P. barboi, T. kolbei, T. lentiginosa <<7LOT. kolbei (1.89 Ma?)1.96 MaP

34X-CC 304.37 3.0 304.37 H. karstenii, P. barboi

35X-CC 313.19 4.5 313.19 Upw. + oceanic P. barboi

36X-CC 322.77 4.0 322.77 Oceanic P. barboi

37X-CC 335.53 6.0 335.53 | Upwelling (spores + setae) H. karstenii, P. barboi

38X-CC 344.79 6.0 344.79 | Thalassionemataceae + spores H. karstenii, P. barboi

39X-CC 354.30 6.0 354.30 |Thalassionemataceae + spores H. karstenii, P. barboi

40X-CC 364.31 6.0 364.31 |Thalassionemataceae + spores P. barboi

41X-CC 373.95 6.0 373.95 Thalassionemataceae P. barboi

42X-CC 382.44 6.0 382.44 | Upwelling (spores + setae) P. barboi

43X-CC 39357 6.0 393.57 | Thalassionemataceae + spores P. barboi

44X-CC 403.19 5.0 403.19 | Thalassionemataceae + spores P. barboi

45X-CC 412.78 6.0 412.78 | Thalassionemataceae + spores H. karstenii

46X-CC 422.12 6.0 422.12 | Thalassionemataceae + spores P. barboi

47X-CC 429.04 6.0 429.04 | Upwelling (spores + setag) H. karstenii

48X-CC 439.49 6.0 439.49 |Thalassionemataceae + spores| P. barboi

49X-CC 450.97 5.0 450.97 | Thalassionemataceae + spores P. barboi

50X-CC 460.64 5.0 460.64 | Thalassionemataceae + spores| P. barboi

51X-4,70 466.00 5.0 466.00 | Thalassionemataceae + spores

51X-4, 100 466.30 45 466.30 | Thalassionemataceae + spores

51X-CC 469.88 45 469.88 Upw. + oceanic << FOR. praebergonii (3.0 M&?) 3.12 Ma®

52X-CC 477.83 3.0 477.83 | Thalassionemataceae + spores

53X-CC 485.73 3.0 485.73 Oceanic

54X-CC 496.68 25 496.68 Oceanic P. barboi

55X-CC 503.54 25 503.54 Oceanic P. barboi

56X-CC 513.78 2.0 513.78 P. barboi

57X-CC 527.14 15 527.14

58X-CC 535.19 2.0 535.19 P. barboi

59X-4, 40 542.60 2.0 542.60

59X-CC 544.08 0.0 544.08

60X-4, 100 552.80 25 552.80 Oceanic

60X-CC 555.48 0.0 555.48

61X-4, 85 562.35 35 562.35 Upw. + oceanic

61X-CC 564.94 15 564.94

62X-CC 576.57 2.0 576.57

63X-3, 120 580.40 35 580.40 Upw. + oceanic

63X-CC 585.69 1.0 585.69

64X-CC 594.56 1.0 594.56

65X-CC 604.64 0.0 604.64

Notes: For each sample, the dominant assemblage and the cold-water and biostratigraphic marker species are given. FO = first occurrence and LO = |ast occurrence.
3Ages adjusted to Berggren et al. (1995).
bAges converted to Shackleton et a. (1995), as published in Wei (1994).

362



SITE 1084

assionema nitzschioides. Most of the Thalassiothrix group specimens cells in the plankton and, consequently, greater downward flux
arefragmented. Species of the genus Thalassiothrix are characterized through the water column (see Kemp et al., 1995, and references
by narrow (1.5-6 pum), long (400 um to 4 mm), straight to twistedherein). Alternatively, silicate-rich subsurface waters were advected
cells. They form an interlocking meshwork (this could readily befrom the Southern Ocean, or by poleward undercurrents, or both.
seen under a binocular scope) within which abun@hattoceros Because of the mixture of warm, temperate, and Southern Ocean
sporesThalassionema nitzschioides, and calcareous nannofossils are species and the occasional lack of biostratigraphic markers from ei-
found. In addition, scattered specimensAdtinocyclus curvatulus, ther oceanographic regime, diatom biostratigraphic zonations are dif-
A. octonarius, Actinoptychus senarius, Azpeitia nodulifera, Coscino- ficult to apply to Hole 1084A; consequently, they are not given here.

discus spp, Hemidiscus cuneiformis, H. karstenii, Nitzschia reinhol - Instead, biostratigraphic events, such as the FO or LO of a species,
dii, N. fossilis, Proboscia barboi, and Sephanopyxis spp. are ob- have been assigned to the sample containing the first or last observed
served. specimens (Table 7; Fig. 11).

Site 1084 is located within the area of extension of the upwelling
filaments in the frontal zone between the BCC and the BOC. The in-

tervals of greatest diatom abundances in the late Pliocene are record- PALEOMAGNETISM
ed by a mixedrhalassiothrix-rich assemblage representative of two
different oceanographic regimes that meet over Site 108&héE The investigation of magnetic properties at Site 1084 included the

toceros spores and setae as a proxy of colder upwelling waters transieasurement of bulk susceptibility of whole-core sections and of the
ported by the BCC and (2) mixed warm oceanic (&giodulifera natural remanent magnetization (NRM) of archive-half sections and
andH. cuneiformis) and Southern Ocean species (&.gantarctica discrete samples. The Tensor tool was used to orient Cores 175-
andP. barboi) as proxies of BOC waters. These intervals apparentil084A-4H through 17H, Cores 175-1084B-16H through 20H, and
represent mat deposits, which may be similar to the ones discover&wres 175-1084C-16H through 22H (Table 8). Cores 175-1084B-4H
in the eastern equatorial Pacific during Leg 138 (Kemp and Baldauthrough 15H and 175-1084C-4H through 15H were not oriented be-
1993). The fact that the3bal assiothrix-rich sediments occur during cause of technical problems with the Tensor tool.

persistent subantarctic water-mass influence at Site 1084 (Fig. 13)

may relate to more vigorous surface circulation leading to the devel-

opment of stronger frontal systems (among the BCC, the upwelling

filaments, and the BOC), facilitating the concentration of diatom

measur ements
of polarity
Lithostratigraphic
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jgg 1 18 |8 bt Systems s} g | jgg graphic units are given on the right-hand side. Thetime
40 | :% g =2 83 1 ano interval of subantarctic influencein the late Plioceneis
w601 I3 C = 3 | 460 exemplified by the presence of Proboscia barboi (diatom)
480 1| :v 3 1 480 and Cycladophora pliocenica and by the sparse occur-
5001 | © —1 4 500 rence of Discoaster nannofossil species. We believe that a
5201 . ) I | 1520 strong coastal upwelling system dominated over Site 1084
540 § 3 earlyflate Pliocene 1 540 in the Pleistocene, whereas strong frontal systems (among
560 7 —_— k3 T 560 the BCC, the up-welling filaments, and the BOC) domi-
580 1 1 5 IV | 1580 nated the late Pliocene, as exemplified by Chaetoceros
600 4 | 1600 resting spores and Thalassiothrix-rich sediments, respec-
Site 1084 tively.
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Natural Remanent M agnetiza’[ion, M agnetic Table 8. Tensor tool-orientation data for cores from Holes 1084A,
Susceptibility, and M agnetic Overprint 10848, and 1084C.

Measurements of NRM were made on all archive-half core sec- Core 'VET)F '”Ca'l':;‘lte')"”
tions from Holes 1084A, 1084B, and 1084C. APC sections from
Hole 1084A were demagnetized by AF at 10 and 20 mT. XCB sec- 175-1084A-
tions from Hole 1084A and all sectionsfrom Holes 1084B and 1084C o Er oo
were demagnetized by AF a 20 mT only. All discrete samples, one 6H 241 0.73
per section from Hole 1084A, were demagnetized by AF at 10, 20, ;: 2212 %-g;
25, and 30 mT. Magnetic susceptibility measurements were made on oH 280 1.27
whole cores from all holes as part of the MST analysis (see “Physical 10H 253 0.64
Properties” section, this chapter). e g s

Magnetic susceptibility ranges between 0 axdl8> (S| volume 13H 31 0.62
units), and intensity of NRM after 20-mT demagnetization ranges be- i 09 g2
tween ~10-2 and ~10* A/m (Fig. 14). Long-term changes of the re- 16H 104 1.68
manent intensity are similar to those of the magnetic susceptibility; 1H 89 182
highs occur from ~220 to 330 mbsf and from ~500 to 600 mbsf. The 175-1084B-
exception is in the upper 100 mbsf where the remanent intensity is 1en 2 988
high, but the magnetic susceptibility islow. 18H 299 0.64

A magnetic overprint was generally removed by 20-mT demagne- o 59 982
tization, and a primary NRM was recovered for all APC cores (Fig. 175-1084C- )
14). For XCB cores, however, a significant magnetic overprint re- 16H 333 0.24
mained after AF demagnetization. Declinations of archive-half cores 17H 305 0.52
cluster around —20independent of the orientation of the sediments, %SE igg 8:;3
even where the sediments are extensively biscuited (Figs. 14A, 15A). 20H 79 0.56
This phenomenon is similar to that observed at Sites 1081 and 1082 o o3 926

(see “Paleomagnetism” sections, “Site 1081” and “Site 1082" chap-
ters_, this volume), Wh‘?re t.he magngnc overprint was attributed to th@ote: The orientation parameter (MTF) is the angle in degrees between magnetic north
coring process. Declinations of discrete samples taken from the  and the double line marked on the center of the working half of the core. The local
working halves cluster around 18(Figs. 14A, 15B). This direction declination anomaly is 17°W.
is nearly opposite to declinations from the archive halves, indicating
a magnetic overprint of a nearly radial-inward direction. Clustering
of declinations is weaker in discrete samples than in half-core sam- In spite of the high sedimentation rate of ~200 m/m.y., no short
ples, suggesting that a primary magnetization was preserved in pgelarity-reversal event was detected during the Brunhes Chron. Most
of the center of cores. In contrast, inclinations showed distinct pola@nomalous directions of NRM seen in Figure 14 were caused by
ity biases after 20-mT demagnetization. The inclinations are deflecphysical disturbance of the sediments that occur at core or section
ed downward from the downward-oriented magnetic overprint, caudoundaries. Some anomalous directions occur in the middle of sec-
ing upward inclinations to be shallower than expected and downwartipns, but they do not duplicate between holes.
inclinations to be steeper than expected. The groupings of normal and
reversed polarities are more distinct in the discrete samples (Fig. 16).
The inclinations from APC half-core measurements are steeper
than those from discrete samples (Figs. 14, 16). The average inclina-
tion of discrete samples during the Brunhes Chron agrees with that Three holes were cored at Site 1084 with the APC/XCB to a max-
expected from the geocentric axial dipole model {-a#4this site), imum depth of 604 mbsf. MST measurements of magnetic suscepti-
with the correction for the inclination anomaly ¢}8aused by non-  bility and GRAPE density were taken at 4-cm resolution for all cores,
dipole components (Merrill and McElhinny, 1983). The steeper incli-except the upper 11 cores of Hole 1084A, which were measured at 2-
nations from half-core measurements may be related to deformati@m intervals. Measurements of spectral reflectance using the Minolta
of sediments along the rim of cores (see “Paleomagnetism” sectiospectrophotometer were done using the same intervals. Quantitative

COMPOSITE SECTION

“Site 1083” chapter, this volume). and graphic correlation of the physical parameter measurement of ad-
jacent holes were used to establish depth continuity of the stratigraph-
M agnetostr atigraphy ic sequence. This process is used to determine intercore depth offsets

of adjacent holes and to establish a common composite depth scale

We identified the polarity of the NRM from the declinations and (expressed as meters composite depth, or mcd). The stratigraphic se-
inclinations of APC cores and from the inclinations of XCB cores.quence was demonstrated to be a continuous from the core top to 175
All major polarity chrons from the Brunhes to the latter part of themcd (Fig. 17; Table 10).
Gilbert (~4.4 Ma) were identified at Hole 1084A. Magnetostrati- Cores recovered from Site 1084 show a high number of small
graphic interpretation is summarized in Table 9. The time scale ofoids of a few centimeters in size, beginning with Cores 175-1084A-
Berggren et al. (1995) was used. The identification of the Jaramill8H, 175-1084B-8H, and 175-1084C-8H. The abundance of voids be-
Subchron in XCB cores from Hole 1084A at depth was aided by itoow 75 mcd is reflected in the MST data collected (see “Physical
identification in the APC cores from Hole 1084C, which containedProperties” section, this chapter). The scatter introduced in the physi-
less magnetic overprinting, and supports the polarity interpretationsal properties logs partly masks features suitable for interhole corre-
based on inclinations from XCB cores. lation. Thus, total color reflectance (lightness L*) was primarily used

Transitional records of the Brunhes/Matuyama polarity changéo construct the composite section. Magnetic susceptibility and
were obtained from Holes 1084B and 1084C. At Hole 1084A, th&sRAPE density were also used to supplement the correlations. To es-
transition record was unfortunately missing because of a gap in réablish the composite depth record, Gaussian smoothing was applied
covery between cores. to the data over a 31-cm window.
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Figure 14. Magnetic susceptibility (volumetric SI) and NRM intensity, declination, inclination, and magnetostratigraphic interpretation after 20-mT demagneti-
zation for (A) Hole 1084A, (B) Hole 1084B, and (C) Hole 1084C. Black symbols = Tensor corrected; gray symbols = uncorrected; open diamonds = discrete
samples. Polarity shading: black = normal, white = reversed, and gray = ambiguous.
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caused by nondipole components (+3°; Merrill and McElhinny, 1983).

Table 9. Magnetostratigraphic inter pretations for Site 1084.

Depth (mbsf)
Polarity Age Hole Hole Hole Polarity
chron (Ma) 1084A 1084B 1084C epoch
Cln/Clr.1r 0.78 147 145 147 Brunhes/Matuyama
Clr.1n 0.99-1.07  185-200 189-203  Jaramillo
C2n 1.77-1.95  293-315 Olduvai
C2An.1n (top) 258 430 Gauss
C2Ar (top) 358 535 Gilbert
C3n.1n 418429  575-585 Cochiti

Note: Time scale used is that of Berggren et al. (1995).
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Once converted to the med scale, a compl ete spliced sedimentary
sequence of magnetic susceptibility and color reflectance was con-
structed (Fig. 18). On the mcd scal e, features of the magnetic suscep-
tibility appear to be inversely related to features in the color reflec-
tance data. By using Table 11 as areference, a chronologically com-
plete downcore record can be constructed by sampling adjacent holes
and filling intercore gaps documented in the primary sampling hole.

Documentation of the composite section was generally good to
very good; however, the noisein the deeper portions of the hole made
parts of the composite section more speculative. Growth of the med
scale relative to the mbsf scale drilled was ~17% (Fig. 19).
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Figure 17. Composite section for Site 1084. Magnetic susceptibility and the total color reflectance (lightness L*) data are plotted for Holes 1084A (solid black
line), 1084B (gray line), and 1084C (dashed line). The downhole logs are shown in meters composite depth (mcd). Offsets of integer multiples 1.5 times the
standard deviation of the Hole 1084A data have been applied to Holes 1084B and 1084C for clarity in viewing the composite sections.

INORGANIC GEOCHEMISTRY

Thirty interstitial water samples were gathered from Hole 1084A
between 1.4 and 599.90 mbsf. Whole-round sampleswere sampled at
a frequency of one sample per core to 101.1 mbsf, and every third
core thereafter to total depth (Table 12). The interstitial water chem-
istry at this site is dominated by the extremely high organic carbon
concentrations in the sediment, which results in the generation of un-
usual chemical profiles. At this site we recorded the second highest
concentrations of alkalinity and ammonium ever measured in the his-
tory of ocean drilling. Only Site 688 (Leg 112, Peruvian margin) re-
corded more extreme interstitial water variations; the akalinity and
ammonium values found here at Site 1084 exceed those found in the
Santa Barbara Basin, Saanich Inlet, Oman Margin, and any other
high organic region cored by DSDP or ODP.

Alkalinity, Sulfate, and Ammonium

Downcore profiles of akalinity, sulfate, and anmonium (Fig. 20)
through the upper 100 mbsf reflect the degradation of organic matter.
Because of the extremely high total organic carbon (TOC) values at

graphic Subunits 1A and IB; see “Lithostratigraphy” section, this
chapter) and remains at values >150 mM to ~220 mbsf before de-
creasing to the bottom of the hole. Within the uppermost 5.9 mbsf,
sulfate is completely consumed. This is the shallowest depth of com-
plete sulfate removal observed so far on this leg. Ammonium reaches
a maximum of ~50 mM through the depth range of 130 to 250 mbsf
before decreasing to the bottom of the hole. At previous sites on this
leg we noted a more or less linear increase of dissolved ammonium
with depth, a trend we attributed to the combined processes of organ-
ic matter degradation and clay mineral exchange. At Site 1084, in
contrast, a broad ammonium maximum at depths between 100 and
300 mbsf reflects the continuing vigorous degradation of organic
matter down to ~150-200 mbsf.

Calcium, Magnesium, and Strontium

The concentration of dissolved?Sincreases within the upper-
most 10 mbsf from a value near that of average seawater to ~125 uyM
(Fig. 21). This slight and shallow increase suggests that biogenic cal-
cite dissolution is occurring only to a minor extent. Through litho-
stratigraphic Subunit IA (see “Lithostratigraphy” section, this chap-

this site (see “Organic Geochemistry” section, this chapter), the rater) from 10 to 131 mbsf, dissolved?Sconcentrations stay approx-
of increase is very high. Alkalinity increases to a maximum value ofmately constant, suggesting no further dissolution. Through the
172 mM at 93 mbsf (approximately the boundary between lithostratiremainder of lithostratigraphic Unit | and continually through Units
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Table 10. Offsets applied to cores from Holes 1084A, 1084B, and 1084C.

Depth Offset Composite depth Depth Offset Composite depth
Core (mbsf) (m) (mcd) Core (mbsf) (m) (mcd)
175-1084A- 59X 537.7 29.00 566.70
1H 0.0 0.00 0.00 60X 547.3 29.00 576.30
2H 3.0 1.18 418 61X 557.0 29.00 586.00
3H 125 1.24 13.74 62X 566.6 29.00 595.60
4H 22.0 3.38 25.38 63X 576.2 29.00 605.20
5H 315 6.92 38.42 64X 585.9 29.00 614.90
6H 41.0 5.29 46.29 65X 595.5 29.00 624.50
B 800 1057 o7 175-10848-

' - : 1H 0.0 0.09 0.09
9H 69.5 11.10 80.60 n a1 577 et
10H 79.0 12.44 91.44 : : -
TH 885 1481 10331 3H 136 2.85 16.45

- . - 4H 231 3.73 26.83
12H 98.0 16.26 114.26

5H 326 533 37.93
13H 107.5 18.08 12558
14H 17,0 2027 137.27 6H 421 ror 49.17
15H 1265 271 14921 ™ 516 781 5941
1o 1360 5360 159.60 8H 61.1 10.09 71.19
17H 1455 23.99 169.49 9H 706 1.1 8111
18X 1495 1029 159.79 10H 80.1 13.94 94.04

g : . 11H 89.6 16.54 106.14
19X 1525 26.27 178.77
0% 1692 5737 189.37 12H 99.1 17.04 116.14
S1x 1718 59.00 200,80 13H 108.6 19.6 128.2
Sox 1815 59.00 51050 14H 181 2247 140.57

g . g 15H 127.6 2372 151.32
23X 191.2 29.00 220.20

16H 137.1 2557 162.67
24X 200.8 29.00 229.80 171 1466 5723 17413
25X 210.4 29.00 239.40 g g .
o 5201 59.00 549,10 18H 156.1 28.69 184.79
T 507 59.00 553,70 19H 165.6 31.05 196.65

g ' g 20H 175.1 3052 205.62
28X 239.3 29.00 268.30
29X 248.9 29.00 277.90 175-1084C-
30X 258.5 29.00 287.50 1H 0.0 0.13 0.13
31X 268.2 29.00 297.20 2H 8.1 2.09 10.19
32X 277.8 29.00 306.80 3H 17.6 271 20.31
33X 287.4 29.00 316.40 4H 27.1 467 3177
34X 297.0 29.00 326.00 5H 36.6 511 4171
35X 306.6 29.00 335.60 6H 46.1 6.95 53.05
36X 316.3 29.00 345.30 7H 55.6 7.85 63.45
37X 325.9 29.00 354.90 8H 65.1 10.23 75.33
38X 335.6 29.00 364.60 9H 74.6 11.74 86.34
39X 345.2 29.00 374.20 10H 84.1 13.64 97.74
40X 354.8 29.00 383.80 11H 93.6 15.71 109.31
41X 364.4 29.00 393.40 12H 103.1 16.66 119.76
42X 374.1 29.00 403.10 13H 112.6 19.15 131.75
43X 383.7 29.00 412.70 14H 122.1 22.21 144.31
44X 393.3 29.00 422.30 15H 1316 2454 156.14
45X 402.9 29.00 431.90 16H 141.1 2477 165.87
46X 412.6 29.00 441.60 17H 150.6 26.38 176.98
47X 4222 29.00 451.20 18H 160.1 29.13 189.23
48X 431.9 29.00 460.90 19H 169.6 29.79 199.39
49X 441.6 29.00 470.60 20H 179.1 29.79 208.89
50X 451.2 29.00 480.20 21H 188.6 29.79 218.39
51X 460.8 29.00 489.80 22H 198.1 29.79 227.89
52X 470.0 29.00 499.00 21H 188.6 19.20 207.80
53X 479.7 29.00 508.70 22H 198.1 19.20 217.30
54X 489.4 29.00 518.40
55X 499.1 29.00 528.10 ]
56X 508.7 29.00 537.70 Note: The offsets transform ODP standard depth values in meters below seafloor (mbsf)
57X 518.3 29.00 547.30 to meters composite depth (mcd).
58X 528.0 29.00 557.00

Site 1084 Offsets [m] I1, 111, and IV from 131 mbsf to the bottom of the hole, dissolved Sr?*

increases to a maximum of 464 uM. This deep increase records the

0 0!'0 . |5 — '1I0' — ,1|5, . ,ZIO, — ,2|5, — ,3:0, — ,35 dissolution of biogenic calcite, which release% 8&r the interstitial
L '49.3\ e Hole 1084A ] waters.
i *&il O Hole 10898 ] Thus, through Subunit IA there appears to be calcite dissolution
50 - @\& 7] only in the uppermost 10 mbsf. From the seafloor to 73 mbsf, the con-
—_ C OZg- 1 centration of dissolved Cadecreases sharply, whereas that of*Mg
B 10 B‘s,i@ ] increases through the same region. This is unlike observations at the
S r * 0 ] previous Leg 175 sites, where?Cand Mg@* decreased in approxi-
= C Qs 1 mately equal proportions because of dolomitization. We interpret the
‘g- 150 | . /,‘4\4\0 o 7 Ca* profile at Site 1084 as recording precipitation of calcium carbon-
@] r 179% Offset \.A&oo 1 ate driven by the high alkalinity. Below this depth, from 100 mbsf to
200 [ ol ] the bottom of the hole, the increase in dissolve#f Gaconsistent
r e 1 with the similar increase in dissolve®Sboth of which are caused
r e ] by deep dissolution of biogenic calcite. We are unsure about the
250 b e e e e cause of the initial increase in KtgWe hypothesize that the deeper

decrease in My reflects ion exchange by clay minerals. The shallow
Figure 18. Core offsets applied to Site 1084 cores plotted againgt standard increase in dissolved Mgmay also record ion exchange, or perhaps
ODP meters below seafloor (mbsf). A linear 17% growth of meters compos- complexation of the cations with bicarbonate (J. Gieskes, pers.
ite depth (mcd) compared with mbsf isindicated by aline. comm., 1997).
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Table 11. List of splice tie points used to create the continuous “spliced” stratigraphic sequence for Site 1084.

SITE 1084

Hole, core, section, Depth Compositedepth ~ Whether Hole, core, section, Depth Composite depth Offset
interval (cm) (mbsf) (mcd) tied interval (cm) (mbsf) (mcd) (m)

1084A-1H-2, 16 1.66 1.66 Tieto 1084C-1H-2, 2.5 1.53 1.66 0.13
1084C-1H-4, 32 4.82 4.95 Tieto 1084A-2H-1, 76.5 3.77 4.95 1.18
1084A-2H-7, 24 12.24 13.42 Tieto 1084C-2H-3, 22.5 11.33 13.42 277
1084C-2H-3, 124 12.34 14.43 Tieto 1084A-3H-1, 68.5 13.19 14.43 -0.11
1084A-3H-6, 54 20.54 21.78 Tie to 1084C-3H-1, 147 19.07 21.78 1.67
1084C-3H-5, 68 24.28 26.99 Tie to 1084A-4H-2, 10.5 23.61 26.99 2.75
1084A-4H-6, 84 30.34 33.72 Tie to 1084C-4H-2, 43.5 29.05 33.72 3.37
1084C-4H-5, 100 34.10 38.77 Tie to 1084A-5H-1, 34.5 31.85 38.77 3.57
1084A-5H-6, 118 40.08 47.00 Tie to 1084C-5H-4, 78.5 41.89 47.00 4.79
1084C-5H-5, 4 42.64 47.75 Tie to 1084A-6H-2, 6 42.46 47.75 6.55
1084A-6H-7, 68 50.48 55.77 Tie to 1084C-6H-2, 121 48.82 55.77 5.03
1084C-6H-6, 48 54.08 61.03 Tie to 1084A-7H-2, 122 53.22 61.03 5.43
1084A-7H-5, 124 57.22 65.03 Tie to 1084C-7H-2, 8 57.18 65.03 7.07
1084C-7H-6, 84 63.94 71.79 Tie to 1084A-8H-2, 1 61.52 71.79 7.29
1084A-8H-7, 64 69.54 79.81 Tie to 1084C-8H-3, 148 69.58 79.81 7.79
1084C-8H-4, 128 70.88 81.11 Tie to 1084A-9H-1, 50.5 70.01 81.11 7.75
1084A-9H-7, 12 78.52 89.62 Tie to 1084C-9H-3, 28 77.88 89.62 10.21
1084C-9H-7, 76 84.36 96.10 Tie to 1084A-10H-4, 16 83.66 96.10 9.75
1084A-10H-7, 56 88.56 101.00 Tie to 1084C-10H-4, 12 87.36 101.00 10.59
1084C-10H-6, 36 90.60 104.24 Tie to 1084A-11H-2, 76 89.43 104.24 12.23
1084A-11H-6, 44 95.11 109.92 Tie to 1084C-11H-1, 59.5 94.21 109.92 12.53
1084C-11H-6, 104 101.73 117.44 Tie to 1084A-12H-3, 142 101.18 117.44 12.99
1084A-12H-8, 64 107.90 124.16 Tie to 1084C-12H-3, 140 107.50 124.16 13.92
1084C-12H-5, 40 109.50 126.16 Tie to 1084A-13H-1, 57 108.08 126.16 14.98
1084A-13H-7, 12 116.62 134.70 Tie to 1084C-13H-2, 145 115.55 134.70 16.33
1084C-13H-6, 24 120.34 139.49 Tie to 1084A-14H-2, 72 119.22 139.49 17.31
1084A-14H-6, 144 125.97 146.24 Tie to 1084C-14H-2, 42.5 124.03 146.24 16.41
1084C-14H-5, 84 128.94 151.15 Tie to 1084A-15H-2, 44 128.44 151.15 19.50
1084A-15H-6, 44 134.54 157.25 Tie to 1084C-15H-1, 110.5 132.74 157.25 19.87
1084C-15H-6, 136 140.46 165.00 Tie to 1084A-16H-4, 89 141.40 165.00 22.46
1084A-16H-4, 100 141.50 165.10 Tie to 1084B-16H-3, 40 139.53 165.10 22.86
1084B-16H-6, 56 143.36 168.93 Tie to 1084C-16H-3, 5 144.16 168.93 24.54
1084C-16H-7, 80 150.90 175.67

Note: Thetie points are listed in standard ODP meters below seafloor (mbsf) and meters composite depth (mcd).
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Figure 19. Spliced records for magnetic susceptibility and total color reflectance (lightness L*) plotted in meters composite depth (mcd). Cores from all three
holes at Site 1084 have been used for the spliced record: solid black line = Hole 1084A, gray line = Hole 1084B, and dashed line = Hole 1084C.
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SITE 1084

Table 12. Inter stitial water composition for Hole 1084A.

SOZ  Na-  Mg*  Cca&* K* HSO, NHf PO  sp
(mM)  (mM)  (mM)  (mM)  (mM) (™M) (mM) (M) (M)

Core, section, Depth Alkalinity CI~(titr) CI=(1C)
interval (cm) (mbsf) pH (mM)  Sainity (mM) (mM)
175-1084A-
1H-1, 140-150 1.40 7.48 4.068 35.5 553 589
2H-2, 140-150 5.90 8.02 56.721 36.0 553 563
2H-5, 140-150 10.40 7.14 37.0 548 593
3H-3, 140-150 16.90 7.85 91.901 38.5 544 596
4H-3, 140-150 26.40 7.72 114.024 40.0 541 581
5H-3, 130-140 35.80 7.45 123.262 40.5 538 575
6H-3, 130-140 45.20 7.30 136.298 41.0 540 567
7H-4, 135-145 55.88 7.64 138.974 41.0 540 556
8H-3, 130-140 64.30 8.29 152.985 41.0 536 572
9H-3, 130-140 73.80 7.52 154.244 42.0 537 579
10H-5, 140-150 86.40 7.43 160.224  42.0 535 549
11H-4, 140-150 93.07 8.21 171.667 42.5 537 578
12H-3, 140-150 101.16 7.45 162.526 42.5 537 579
15H-3, 140-150 130.90 7.45 155.389 41.5 537 585
19X-2, 140-150 155.40 7.63 162.109 42.0 532 589
23X-2, 118-128 193.88 7.85 166.144 415 531 578
26X-1, 140-150 221.50 7.92 159.546 415 540 581
29X-3, 140-150 253.30 7.95 144.675 40.5 540 565
32X-3, 140-150 281.64 7.21 131.575 39.0 538 570
35X-3, 140-150 310.91 7.97 115.721 38.0 541 552
38X-3, 140-150 340.00 7.96 102.146 38.0 542 551
41X-3, 140-150 368.80 7.03 94.875 36.5 544 546
44X-3, 140-150 397.70 7.16 77.983 36.0 544 553
47X-4, 140-150 427.05 7.95 75.788 35.5 547 550
50X-4, 140-150 457.10 6.84 63.928 35.0 548 551
53X-3, 140-150 483.19 6.29 57.204 35.0 549 557
56X-2, 140-150 511.60 7.01 48.215 35.0 553 568
59X-2, 140-150 540.60 7.95 34.0 549 548
62X-4, 140-150 571.30 6.84 38.290 34.0 556 560
65X-3, 140-150 599.90 6.83 28.067 335 559 564

29.27 472 55.22 10.76 11.86 466 0.34 8 93
0.05 476 56.09 5.12 11.32 740 5.98 155 110
0.00 406 61.00 4.32 11.39 762 8.56 254 126
0.07 488 63.94 3.94 12.73 818 13.80 341 128
0.00 493 70.18 4.11 13.23 840 15.60 435 124
0.88 496 72.36 4.19 13.82 808 19.86 546 123
0.38 507 74.27 4.11 13.70 901 23.75 534 128
0.00 513 73.01 2.74 14.29 835 27.94 435 111
0.00 511 78.96 3.08 14.19 823 30.64 482 126
0.00 523 74.44 2.27 14.64 808 35.85 417 102
0.00 530 72.53 2.63 14.70 850 36.21 441 113
0.00 537 75.38 2.86 14.66 845 38.42 540 122
0.00 540 68.71 3.15 15.35 765 42.44 499 128
0.00 543 63.62 2.41 16.68 855 47.95 400 111
0.40 555 59.92 2.46 14.94 959 49.03 376 147
0.00 549 62.75 3.41 15.91 995 50.40 423 160
0.00 556 58.79 4.54 16.87 1003 49.81 295 187
0.00 556 52.25 4.02 15.78 1010 48.55 207 205
0.00 554 45.47 4.53 15.92 1117 45.01 172 228
0.00 550 41.33 4.90 14.90 1066 43.22 148 246
0.00 548 35.96 4.84 14.70 1180 41.54 123 254
0.00 552 31.23 5.35 14.06 1328 39.26 112 201
0.03 536 30.33 6.03 13.80 1350 32.67 61 264
0.06 543 26.74 6.52 13.58 1413 34.16 47 312
0.00 540 23.63 5.85 13.24 1440 33.86 36 330
0.11 535 23.14 6.51 12.38 1316 31.01 24 337
0.00 533 21.59 6.64 12.31 1273 29.90 15 365
0.11 483 20.28 7.34 11.06 1263 26.85 10 401
0.00 528 19.13 8.37 10.65 1328 24.42 10 453
0.20 525 18.41 8.10 9.84 1387 22.63 10 464

Notes: CI- (titr) = analyzed by titration and CI~ (IC) = analyzed by ion chromatography. Empty cells = not analyzed.
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Figure 20. Downcore profiles of dissolved alkalinity, sulfate, and ammonium
at Site 1084. Lithostratigraphic subunits shown on right-hand bar. Arrows =
mean ocean-bottom-water values taken from Millero and Sohn (1992).
Notice change in scale of ammonium axis (in mM) compared with previous
Leg 175 sites (in uM).

Silica and Phosphate

Dissolved silicais present in interstitial waters from Site 1084 at
concentrations greater than representative bottom-water values (Fig.
22), indicating dissolution of biogenic opal. The concentration of dis-
solved silica continues to increase slightly with depth. Most notably,
alocal increase through lithostratigraphic Subunit 1C and Unit 11 cor-
respondswell with theincreasein diatoms through this depth interval
(see “Biostratigraphy and Sedimentation Rates” section, this

a

S

2

Ca2* (mM) Mg2* (mM) Sr2* (uM) 3

£

2 4 6 8 10 129 29 40 &50 g0 0 100 200 300 400 500 —

0 T T T T T T T T 1

50 g-i ,r 1 F F /% 1A
100 £ J-F J--—F =
150 1 F F E
200 | 1 F F E

1B

Figure 21. Downcore profiles of Ca?*, Mg?*, and Sr?* at Site 1084. Litho-
stratigraphic subunits shown on right-hand bar. Arrows = mean ocean-bot-
tom-water values taken from Millero and Sohn (1992).

is similar to the rate through the nondiatomaceous lithostratigraphic
units.

Because of remineralization of organic matter, dissolved phos-
phate concentrations increase with depth through Subunit 1A and
reach a maximum of nearly 50 uM at several intervals in this unit
(Fig. 22). Through the remainder of the sequence, dissolved phos-
phate decreases to extremely low concentrations (~10 pM) reflecting
the strong uptake of dissolved phosphate into diagenetic phases.

Sodium and Potassium
chap-

ter), as shown in the shaded region of Fig. 22. Below these diatoma- Concentrations of dissolved Nand dissolved Kboth increase
ceous sequences (see “Lithostratigraphy” section, this chapter), dfom seawater values to maximum values at depth in lithostratigraphic
though dissolved silica continues to increase, the rate of the increaSebunit 1B before decreasing with depth to the bottom of the hole
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Figure 22. Downcore profiles of dissolved silica and phosphate at Site 1084.
Lithostratigraphic subunits shown on right-hand bar. Shaded region = zone of
increased dissolved silica caused by the greater abundance of diatoms
through the interval. Arrows = mean ocean-bottom-water values taken from
Millero and Sohn (1992).

(Fig. 23). These profiles are broadly similar to those of alkalinity, am-
monium, and, to alesser extent, phosphate. In thiscontext, itisimpor-
tant to recall that the Na* concentration is not directly measured but is
determined by charge balance. Because ammonium has the sameion-

600

SITE 1084

Figure 23. Downcore profiles of dissolved Na* and K* at Site 1084. Litho-
stratigraphic subunits shown on right-hand bar. Arrows = mean ocean-bot-
tom-water values taken from Millero and Sohn (1992).
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ic charge as Na* and K*, itsrole may prove particularly relevant, and
these positively charged species may all be responding to ion ex-
change with clay minerals. E E

> ‘ Lith. subunits

200 [ T E E

Salinity and Chloride

Because of the large increases in akalinity, anmonium, Mg?,
phosphate, Na*, and K* through the upper 100 mbsf, as described
above, salinity valuesincreaseto amaximum of 42.5from ~90to 100
mbsf (Fig. 24). Concentrations of dissolved CI- show adowncore pat-
tern that is different from the previous Leg 175 sites; they exhibit a
strong decrease from the seafloor down to a minimum of 531 mM at
~200 mbsf. Below this depth, dissolved Cl-increases to a maximum
value at the bottom of the hole. We are unsure of the processes con-
trolling this distribution, although water exclusion during clay min-
eral formation may play arole. The decrease in dissolved Cl- is not
caused by clathrate dissolution during coring and recovery because
such dissolution would also decrease the salinity, and thereisno other
independent evidence of clathrate presence (see “Organic Geochem-
istry” and “Lithostratigraphy” sections, this chapter). and (2) more gradual downhole increases and decreases (Fig. 25).
Sediments at this site are divided into four lithostratigraphic units
(see “Lithostratigraphy” section, this chapter). Unit | is further divid-
ed in three subunits. Subunit IA comprises Pleistocene nannofossil
clays and oozes and averages 39 wt% Ga@Dbunit IB is a

Calcium carbonate and organic carbon concentrations were meRBliocene—Pleistocene diatom-bearing clayey nannofossil ooze that
sured on sediment samples from Hole 1084A (Table 13). Organiaverages 26 wt% CaGCSubunit IC is a Pliocene diatomaceous clay
matter atomic carbon/nitrogen (C/N) ratios and Rock-Eval pyrolysighat contains an average of 14 wt% Cadanit Il, a Pliocene clay-
analyses were employed to determine the type of organic matter comeh nannofossil diatom ooze, averages 29 wt% Ga0@it Il is a
tained within the sediments. Elevated amounts of gas were encouRlocene nannofossil clay in which Cageédncentrations average 42
tered, and routine monitoring of the sedimentary gases was done fat%. Unit IV is a Pliocene nannofossil ooze averaging 46 wt%
drilling safety. CaCQ. The variations in concentrations reflect varying combina-
tions of changes in delivery of calcareous material, dilution by non-
calcareous components, and carbonate dissolution fueled by oxida-
tion of organic matter.

Concentrations of carbonate carbon in Site 1084 sediments range TOC determinations were done on selected samples from Hole
between 8.2 and <0.1 wt%, corresponding to 68.7 and 0.5 wt%084A sediments to estimate the amounts of organic matter in the dif-
CaCQ (Table 13). The carbonate concentrations vary in two waysferent lithostratigraphic units (Table 13). Like Ca&0ncentrations,

(1) closely spaced changes related to light—dark color fluctuationS§OC concentrations change in both short-term and longer term pat-
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Figure 24. Downcore profiles of salinity and dissolved CI- at Site 1084.
Lithostratigraphic subunits shown on right-hand bar. Arrow = mean ocean-
bottom-water value taken from Millero and Sohn (1992).

ORGANIC GEOCHEMISTRY

I norganic and Organic Carbon Concentrations
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SITE 1084

Table 13. Percentages of inorganic and total carbon, total nitrogen, and total sulfur in sediment samplesfrom Hole 1084A.

Core, section, Depth IC CaCO, TC TOC TN TS CIN
interval (cm) (mbsf)  (wt%)  (Wt%)  (Wt%)  (wt%)  (Wt%)  (wt%)  (atomic)
175-1084A-
Subunit |A - Pleistocene nannofossil clay and ooze
1H-2, 46-47 1.96 5.3 443 11.15 5.84 0.66 0.73 104
2H-2, 46-47 4.96 1 94 16.2 8.87 6.93 0.72 131 113
2H-4, 46-47 7.96 0.57 4.7 8.92 8.35 0.84 1.45 11.6
2H-6, 46-47 10.96 312 26.0
3H-2, 46-47 14.46 3.98 331
3H-4, 46-47 17.46 5.20 433 10.67 547 0.56 1.08 115
3H-5, 4-5 18.54 3.83 31.9 11.77 7.94 0.73 150 12.7
3H-5, 4445 18.94 4.24 353 12.06 7.82 0.73 1.32 12.6
3H-5, 79-80 19.29 2.96 247 12.63 9.67 0.87 1.68 13.0
3H-5, 119-120 19.69 2.76 230 1251 9.75 0.87 1.82 131
3H-6, 4-5 20.04 1.75 14.6 13.39 11.64 1.04 2.00 13.0
3H-6, 29-30 20.29 1.06 8.8 14.29 13.23 114 213 135
3H-6, 69-70 20.69 1.46 12.2 12.75 11.29 1.02 233 13.0
3H-6, 109-110 21.09 414 345 12.45 8.31 0.77 153 12.6
3H-6, 144-145 21.44 4.85 404 12.44 759 0.70 1.30 12.8
3H-7,4-5 2154 4.60 383 12.40 7.80 0.70 1.38 13.0
3H-7, 34-35 21.84 5.78 481 11.79 6.01 0.56 11 12.6
3H-7, 66-67 22.16 476 39.7 12.17 741 0.66 1.32 13.0
4H-2, 46-47 23.96 416 347 11.67 751 0.65 1.42 135
4H-4, 46-47 26.96 5.06 422
5H-6, 46-47 39.36 0.62 5.2 18.63 18.01 1.39 325 15.2
6H-2, 46-47 42.86 417 348
6H-4, 46-47 45.76 241 20.1 10.12 7.72 0.60 1.88 15.0
6H-6, 46-47 48.76 6.25 52.1
TH-2, 46-47 52.46 7.05 58.7
TH-4, 46-47 54.99 4.36 36.3 12.75 8.39 0.67 1.76 14.6
7H-6, 46-47 57.94 7.88 65.6
8H-2, 46-47 61.96 6.78 56.5
8H-4, 46-47 64.86 6.37 53.1 11.06 4,69 0.45 1.07 12.2
8H-6, 46-47 67.86 6.59 54.9
9H-2, 46-47 71.46 6.76 56.3
9H-4, 46-47 74.36 8.25 68.7 11.70 345 0.31 0.49 12.9
9H-6, 46-47 77.36 6.95 57.9

10H-2, 46-47 80.96 6.43 535
10H-4, 46-47 83.96 6.83 56.9 13.32 6.48 0.51 1.07 15.0
10H-6, 46-47 86.96 6.35 52.9
11H-2, 46-47 89.13 6.70 55.8
11H-4, 46-47 92.13 797 66.4 11.80 3.83 0.33 0.61 135
11H-6, 46-47 95.13 6.77 56.4
12H-2, 46-47 98.72 6.75 56.2
12H-4, 46-47 101.72 434 36.2 14.38 10.04 0.71 175 16.6
12H-6, 46-47 104.72 112 9.3

Subunit IB - Pliocene-Pl eistocene diatom- bearl ng clayey nannofossil ooze
13H-2, 46-47 109.46 248 0.7
13H-4, 46-47 112.46 345 28 7 8.62 517 042 1.38 14.3
13H-6, 46-47 115.46 2.99 24.9
14H-2, 46-47 118.96 347 28.9
14H-4, 46-47 121.96 481 40.1 10.58 577 0.48 1.32 141
14H-5, 83-84 123.86 3.93 32.7 9.68 5.75 051 1.32 131
14H-5, 137-138  124.40 342 285 11.80 8.38 0.64 159 15.3

14H-6, 46-47 124.99 5.09 424 13.01 792 0.61 117 151
15H-2, 46-47 128.46 4.44 37.0
15H-4, 46-47 131.56 4.94 411 11.04 6.10 0.49 1.36 14.6
15H-6, 46-47 134.56 4.27 35.6
16H-2, 53-54 138.03 2.05 171
16H-4, 46-47 140.96 2.60 21.6 8.43 5.83 0.44 1.07 154
17H-2, 46-47 147.46 8.10 67.5 11.64 354 0.26 0.14 15.9
19X-2, 46-47 154.46 6.26 52.1
19X-4, 46-47 157.46 3.94 32.8 11.80 7.86 0.57 1.29 16.2
20X-2, 46-47 162.94 155 12.9
20X-4, 46-47 164.84 3.43 285 8.64 522 0.56 0.90 10.8
21X-2, 46-47 173.76 294 245
21X-4, 46-47 176.76 3.95 329 .77 3.82 0.32 0.79 139
21X-5, 50-51 178.30 4.19 34.9 8.78 4.59 0.42 1.08 12.7
21X-5, 85-86 178.65 313 26.0 8.46 533 0.53 1.96 11.8
21X-5,120-121  179.00 245 204 8.79 6.33 0.55 1.75 135
21X-6, 29-30 179.59 3.03 25.2 8.76 5.74 0.53 140 127
21X-6, 46-47 179.76 261 218
21X-6, 59-60 179.89 2.59 21.6 8.86 6.27 0.55 161 134
21X-6, 80-81 180.10 3.07 25.6 8.85 5.78 0.58 1.62 11.8
22X-1, 14-15 181.64 0.10 0.9 10.67 10.57 0.84 2.02 14.7
22X-1, 44-45 181.94 0.38 32 10.40 10.02 0.79 201 14.9
22X-1, 48-49 181.98 0.73 6.1 10.80 10.07 0.80 1.78 14.7
22X-1,93-94 182.43 0.41 34 12.60 12.19 0.93 1.96 153
23X-2, 46-47 193.16 231 19.3 10.01 7.70 0.52 132 173
24X-2, 46-47 202.76 4.78 39.8
24X-4, 46-47 204.69 212 17.6 9.81 7.69 0.62 1.88 14.6
25X-2, 46-47 212.36 1.70 141
25X-2,148-149  213.38 0.96 8.0 13.14 12.18 0.87 2.46 16.4
25X-4, 46-47 215.36 1.58 131 16.43 14.86 1.06 247 16.4
25X-6, 46-47 218.33 4.66 38.8
26X-2, 46-47 222.06 1.96 16.3 7.82 5.86 0.56 1.80 123
27X-2, 46-47 230.58 517 431
27X-4, 46-47 232.87 2.81 234 7.88 5.07 0.52 154 115
28X-2, 46-47 241.26 4.59 38.2
28X-4, 46-47 244.26 454 37.9 9.72 5.18 0.45 121 133
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Table 13 (continued).

Core, section, Depth IC CaCO;, TC TOC TN TS CIN
interval (cm) (mbsf)  (wt%)  (Wt%)  (Wt%)  (Wt%)  (Wt%)  (wt%) (atomic)
28X-6, 46-47 247.26 2.65 221
29X-2, 46-47 250.86 1.36 114
29X-4, 46-47 253.86 118 9.9 9.94 8.76 0.71 176 145
30X-2, 46-47 260.46 5.66 47.2
30X-4, 46-47 263.17 3.24 27.0 10.56 7.33 0.65 135 132
31X-2, 46-47 270.16 4.98 415
32X-2, 46-47 279.35 4.18 348
32X-4, 46-47 282.20 212 17.6 7.27 5.15 047 124 12.8
33X-2, 46-47 289.36 157 131
33X-4, 46-47 292.23 113 9.4 9.10 7.97 0.64 2.32 14.6
34X-2, 46-47 298.96 3.07 256 6.28 321 0.31 0.86 12.2
34X-4, 46-47 301.56 1.63 13.6
35X-2, 46-47 308.56 291 242
35X-4, 46-47 31147 0.99 8.2 7.26 6.27 0.52 1.68 14.2
36X-2, 46-47 318.26 5.77 481
36X-4, 46-47 321.17 4.60 383 8.46 3.86 041 1.45 111
Subunit I1C - Pliocene diatomaceous clay
37X-2, 46-47 327.86 157 131
37X-4, 46-47 330.86 0.11 0.9 7.58 7.47 0.55 1.85 15.9
37X-6, 46-47 333.86 0.15 13
38X-2, 46-47 337.56 0.35 2.9
38X-4, 46-47 340.56 3.03 252 8.24 522 0.44 127 13.8
38X-6, 46-47 343.47 3.35 279
39X-2, 46-47 347.16 0.14 12
39X-4, 46-47 350.16 0.54 45 5.57 5.03 0.38 101 15.6
39X-6, 46-47 353.16 1.64 13.6
40X-2, 46-47 356.76 1.05 8.8
40X-4, 46-47 359.76 4.62 385 7.27 2.66 0.23 0.31 13.6
40X-6, 46-47 362.59 227 18.9
41X-2, 46-47 366.36 0.06 0.5
41X-4, 46-47 369.36 222 185 594 3.72 0.31 0.94 13.9
41X-6, 46-47 372.36 2.80 233
42X-2, 46-47 376.06 3.38 28.1
42X-4, 46-47 379.06 1.18 9.8 4.90 3.72 0.40 0.83 11.0
42X-6, 46-47 381.94 1.60 133
43X-4, 46-47 388.66 0.51 4.2 7.13 6.62 0.56 1.88 13.7
43X-6, 46-47 391.66 249 20.7
Unit I1 - Pliocene clay-rich nannofossil diatom ooze and diatomaceous nannofossil ooze
44X-2, 46-47 395.26 217 X
44X-4, 26-27 398.06 237 19.7 5.63 3.26 0.25 0.52 15.1
44X-6, 46-47 401.26 2.86 238
45X-2, 46-47 404.86 0.90 75
45X-4, 46-47 407.86 157 131 534 3.77 0.37 1.58 118
46X-2, 46-47 413.64 2.95 24.6
46X-4, 46-47 416.64 4.65 38.7 7.18 253 0.25 0.87 117
46X-6, 46-47 419.64 4.69 39.1
47X-2, 46-47 423.11 5.62 46.8
A47X-4, 46-47 426.11 274 229 6.49 3.75 0.33 0.84 133
47X-6, 46-47 428.19 1.68 14.0
48X-2, 46-47 433.86 2.82 235
48X-4, 46-47 436.86 1.49 12.4 4.23 274 0.28 0.94 11.6
49X-2, 46-47 443.56 3.70 30.8
49X-4, 46-47 446.56 1.33 111
49X-6, 46-47 449.56 3.70 30.9 6.47 277 0.28 0.90 11.7
50X-2, 46-47 453.16 157 131 6.07 451 041 1.43 12.9
50X-4, 46-47 456.16 403 336
50X-6, 46-47 457.95 6.53 54.4 7.76 1.23 0.34 0.58 4.3
51X-2, 46-47 462.76 531 443
51X-4, 46-47 465.76 2.05 17.1 5.86 381 0.36 124 125
51X-6, 46-47 468.76 711 59.3
52X-2, 46-47 471.96 4.80 40.0
52X-4, 46-47 474.96 542 451 7.56 214 0.22 044 11.2
53X-2, 46-47 480.75 3.56 29.7 9.99 6.43 0.74 1.67 10.2
53X-4, 46-47 483.75 5.20 434
Unit 111 - Pliocene nannofossil clay
54X-2, 46-47 490.72 3.60 30.0 712 3.52 0.37 1.01 11.2
54X-4, 46-47 493.72 5.28 43.9
55X-2, 46-47 501.06 4.16 34.7 7.92 3.76 0.36 1.02 12.1
56X-2, 46-47 510.66 297 247 7.73 4,76 043 1.28 12.9
57X-2, 46-47 520.26 6.48 54.0
57X-4, 46-47 523.26 4.32 36.0 11.66 7.34 0.58 1.65 14.8
57X-6, 46-47 526.26 5.77 48.0
58X-2, 46-47 529.96 6.78 56.5
58X-4, 46-47 532.96 5.82 485 7.65 183 0.26 0.54 84
59X-2, 46-47 539.66 5.58 46.4
59X-4, 46-47 542.66 512 427 11.23 6.11 0.49 141 14.6
Unit IV - Pliocene nannofossil ooze
60X-2, 46-47 549.26 5.18 43.1
60X-4, 46-47 552.26 5.46 455 7.37 191 0.36 0.63 6.2
61X-2, 46-47 558.96 497 414
61X-4, 46-47 561.96 4.10 34.2 8.36 4.26 0.53 1.39 9.5
62X-2, 46-47 567.36 5.90 49.2
62X-4, 46-47 570.36 4.26 355 6.98 272 0.48 0.90 6.6
62X-6, 46-47 573.36 5.18 43.2
63X-2, 46-47 578.16 5.02 418
63X-4, 46-47 581.16 5.91 49.2 8.75 2.84 0.39 0.58 85
63X-6, 46-47 584.16 7.22 60.2

SITE 1084
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SITE 1084

Table 13 (continued).

Core, section, Depth IC CaCO, TC TOC TN TS CIN
interval (cm) (mbsf)  (wt%)  (Wt%)  (Wt%)  (Wt%)  (Wt%)  (wt%)  (atomic)

64X-2, 50-51 587.90 6.72 56.0
64X-4, 46-47 590.86 541 45.1 8.38 297 0.30 121 114
64X-6, 46-47 593.86 3.90 325
65X-2, 46-47 597.46 3.74 312
65X-4, 46-47 600.46 6.91 575 9.45 254 0.26 0.52 11.3
65X-6, 46-47 603.46 7.87 65.5

Notes: IC = inorganic carbon; CaCO; = calcium carbonate; TC = total carbon; TOC = total organic carbon; TN = total nitrogen; TS = total sulfur; and C/N = carbon/nitrogen ratio.
TOC concentrations are calculated from the difference between IC and TC concentrations. C/N ratios are calculated from TOC and TN concentrations and are given as atom/atom
ratios.
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Figure 25. Concentrations of CaCO; in sediments from Hole 1084A. Varia- Figure 26. Concentrations of TOC in sedimentsfrom Hole 1084A. Variations
tions reflect light—dark color cycles and different lithologic units. reflect light—dark color cycles.

terns (Fig. 26). Dark-col ored sediments have higher TOC valuesthan
light-colored layers. TOC concentrations also differ in Hole 1084A 20
lithostratigraphic units, averaging 8.21 wt% in Subunit A, 7.00 wt%

in Subunit IB, 4.92 wt% in Subunit IC, 3.36 wt% in Unit |1, 4.55 wt% L ° .

in Unit 111, and 2.87 wt% in Unit IV. The high TOC concentrations r * 4, ¢

in the subunits of Unit | are a consequence of the elevated pal eopro- I ° ‘ -* % ]
ductivity of the Benguela Current upwelling system, which has deliv- L e ’!’ ". o e °® ,
ered abundant organic matter to the sediments, and the high accumu- ,‘: o ®

lation rate of sediments (see “Biostratigraphy and Sedimentatic I ° i
Rates” section, this chapter), which enhances preservation of the
ganic matter.
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Organic Matter Source Characterization 5L _

Organic C/N ratios were calculated for sediment samples from tt L ,
different Site 1084 lithostratigraphic units using TOC and total nitro- - g
gen concentrations (Table 13). The C/N ratios vary from 17.3 to 4. . ‘ ‘ !3 ‘ ‘ 1‘0 ‘ ‘ 1‘5 ‘ ‘ 20
(Fig. 27). Most of these C/N ratios are intermediate between une TOC (Wi%%)
tered algal organic matter (5-8) and fresh land-plant material (253
e.g., Emerson and Hedges, 1988; Meyers, 1994). The means of the Figure 27. Comparison of organic matter C/N ratios and TOC concentrations
N ratios are Subunit 1A, 13.1; Subunit IB, 14.0; Subunit IC, 14.0 of sediments from Hole 1084A. The correspondence between increases in
Unit Il, 11.5; Unit Ill, 12.3; and Unit 1V, 8.9. Because of their setting both parameters indicates that preservation of marine organic matter during
under a major upwelling system and offshore from a coastal desert early diagenesis is important to enhancing the organic carbon richness of
is likely that these organic carbon-rich sediments contain mostly m. sediments on the Walvis Ridge.
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rine-derived organic matter with only aminor contribution of detrital
continental organic matter. The C/N ratios that are higher than fresh
agal organic matter indicate that preferential loss of nitrogen-rich,
proteinaceous matter and consequent elevation of C/N ratios oc-
curred during settling of organic matter to the seafloor. Such early di-
agenetic alteration of C/N ratiosis commonly seen under areas of €l-
evated marine productivity such as upwelling systems (Meyers,
1997).

SITE 1084

high HI values (Peters, 1986); these values can be lowered by micro-
bial oxidation (Meyers, 1997). Hole 1084A sediments deviate from
the pattern observed at other Leg 175 sites in which lower HI values
correlate with lower TOC values (Fig. 29). Because oxidation typi-
cally lowers both HI and TOC values (Meyers, 1997), the absence of
this relationship suggests that, in addition to aerobic and anaerobic
degradation, the marine organic matter has been subject to variable
amounts of dilution. Evidence of substantial amounts of in situ organ-

A Van Krevelen—type plot of the hydrogen index (HI) and oxygenic matter degradation exists in the rapid depletion of sulfate and the
index (Ol) values indicates that the sediments contain type Il (algagxceptionally large increases in alkalinity and ammonia in the inter-
organic matter (Fig. 28) that has been altered by microbial processisgjtial waters of Site 1084 sediments (see “Inorganic Geochemistry”
during early diagenesis. Well-preserved type Il organic matter hasection, this chapter).

The sediment samples have low Rock-Evgl, Values (Table
14), showing that their organic matter is thermally immature with re-

800 C T T T T T T L L T T T ‘ T T T L L ] . ; )
I , spect to petroleum generation (Peters, 1986) and therefore is unlikely
a 4 to contain much detrital organic matter derived from erosion of an-
700 L 1 cient, thermally mature sediments from Africa.
r ] ]
600 [ . - Headspace Gases
L o 4
< 500 E 4 High amounts of hydrogen sulfide, methane, and @&e found
3 r ° °. ] in sediments from Site 1084. The odor of hydrogen sulfide was noted
i [ 0 © ° ] through most of the sequence, and detectable concentrations of this
S 400 [ ° ‘.. ° B gas were found in upper parts of Hole 1084A (Table 15). Much of the
,3 r ol $ * i sedimentary sequence had an offensive odor, which may have result-
T o0 F i ® o ] ed from microbial organo-sulfur gases such as dimethyl sulfide and
[ ° ] CS,. Total gas pressures became great enough in sediments below
200 . =
r ° ] Table 14. Results of Rock-Eval pyrolysis analyses of sediments from
S ] Hole 1084A.
100 [ 7
E E Core, section, Depth TOC Tinax
0\\H\HH\HH\HH\HH\HH interval (cm)  (mbsf) (wt%) S S, S, (°C) HI ol
0 50 100 150 200 250 300
Oxygen Index 175-1084A-
1H-2, 46-47 196 584 334 2171 725 406 371 124
3H-4, 46-47 17.46 547 349 2284 686 409 417 125
Figure 28. Rock-Eval Van Krevelen—type diagram of sediments from Hole §E§ 21215_45 11%'.31 77'_98‘; 33';% 33?1'_%% 88'_%93 ‘;%33 ﬁ% 11%%
1084A. Organic matter appears to be type Il algal material that has been vari3H-5, 79-80 19.29 967 445 39.64 1042 404 409 107

ably oxidized. HI = milligrams of hydrocarbons per gram of organic carbon

Ol = milligrams of CQ per gram of organic carbon.
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Figure 29. Comparison of Rock-Eval HI vaues and TOC concentrations of
sediments from Hole 1084A. The correspondence between increases in both
parameters (in the center of the scatter plot) indicates that preservation of
marine organic matter is important to enhancing the organic carbon richness
of sediments on the Walvis Ridge. The outliers cal for additional explana
tion.

. 3H-5, 119-120 19.69 9.75 4.87 3847 10.10 410 394 103
'’ 3H-6, 4-5 20.04 11.64 523 44.04 1220 404 378 104
3H-6, 29-30 20.29 1323 181 1891 869 415 142 65
3H-6, 69-70 20.69 1129 9.03 4566 12.08 399 404 106
3H-6, 109-110 21.09 831 332 3054 1082 411 367 130
3H-6, 144-145 2144 759 261 26.13 1010 410 344 133
3H-7, 4-5 2154 780 4.42 2516 1047 400 322 134
3H-7, 34-35 21.84 6.01 4.09 2359 864 407 392 143
3H-7, 66-67 2216 741 572 3366 9.28 399 454 125
4H-2, 46-47 2396 751 321 2749 914 402 366 121
5H-6, 46-47 39.36 18.01 863 7754 14.01 407 430 7
8H-4, 46-47 6486 4.69 207 1716 7.09 410 365 151
9H-4, 46-47 7436 345 124 9.89 6.08 411 286 176

13H-4, 46-47 11246 517 191 1659 599 412 320 115
15H-4, 46-47 131.56 6.10 1.88 20.73 7.02 410 339 115
21X-4, 46-47 176.76 3.82 1.14 1049 538 411 274 140
21X-5, 50-51 178.30 459 115 1510 521 415 328 113
21X-5, 85-86 178.65 533 150 19.69 6.18 412 369 115

21X-5,120-121 179.00 6.33 1.68 2055 6.28 409 324 99

21X-6, 29-30 17959 574 140 1886 6.06 415 328 105
21X-6, 59-60 179.89 6.27 212 2277 6.51 400 363 103
21X-6, 80-81 180.10 578 137 1898 6.56 411 328 113
22X-1, 14-15 181.64 1057 3.84 4595 6.97 405 434 65
22X-1, 44-45 181.94 10.02 0.93 12.07 4.92 412 120 49
22X-1, 48-49 181.98 10.07 5.11 38.82 841 399 385 83
22X-1,93-94 182.43 1219 341 39.09 856 407 320 70
23X-2, 46-47 193.16 7.70 439 4896 9.78 408 635 127
25X-4, 46-47 21536 14.86 169 19.76 6.88 412 132 46
35X-4, 46-47 31147 6.27 166 2758 6.62 414 439 105
40X-4, 46-47 359.76 266 237 2054 586 398 772 220
45X-4, 46-47 407.86 3.76 0.68 774 478 411 205 126
50X-2, 46-47 453.16 450 1.12 1393 4.82 402 570 197
55X-2, 46-47 501.06 3.75 154 1830 4.61 399 487 122
60X-4, 46-47 552.26 191 0.62 10.78 444 422 563 220
65X-4, 46-47 600.46 254 0.44 756 3.69 417 297 145

Notes: TOC = total organic carbon; HI = hydrogen index; and Ol = oxygen index. Units
of the various Rock-Eval parameters are given in the “Organic Geochemistry” sec-
tion of the “Explanatory Notes” chapter (this volume).
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SITE 1084

Table 15. Results of headspace gas analyses of sediments from Hole 1084A.

o H,S Cs Cs
(ppmv)  (ppmv)  (ppmv)  (ppmv)  Cy/C,

Core, section,  Depth C, CO, C=
interval (cm)  (mbsf)  (ppmv)  (ppmv)  (ppmv)
175-1084A-

1H-2,0-5 1.50 32 2,111
2H-3,0-5 6.00 3248 24,605

2H-6, 0-5 1050 26,991 63,842 0.2
3H-4,0-5 17.00 45,832 59,528 0.2
4H-4,0-5 26.50 64,469 82,735 0.2
5H-4, 0-5 3590 27,032 107,765 0.7
6H-4, 0-5 4530 68458 135,912

7H-5, 0-5 5598 12536 133,617 12
8H-4, 0-5 6440 27,128 209,240 0.3
9H-4, 0-5 7390 13,600 193,132 0.6
10H-6, O- 86.50 9520 177,778 11
11H-5, 0- 9317 20,142 213,686 0.7
12H-4, 0- 101.26 4,277 221,269 0.7
13H-4, 0- 112.00 13,617 248,365 04
14H-4, O- 12150 9,722 273,365 0.9
15H-4, O- 131.10 3,852 172,859 0.6
16H-5, O- 14200 3,783 206,605 04
17H-3, 0- 14850 1,862 201,350

19X-3, 0- 15550 1,605 161,340 0.2
20X-4, 0- 16438 1,403 138,253 0.5
21X-3, 0- 17480 2,573 229,659 0.2

PP PP PP PP P PP PPOPPOPPPOPPPPPPOP OO

-b(AJU'IU'Iwwwwhwwbbbmm@@(ﬂm@bmhbbb}l}bwhbl\)bNwhmwl\)hl\)w}—‘whwwmbbhh(ﬂm‘

GhOOGEO OGO GGOOGGOGGOOGGTO OGO GGOOGGEOGGOOTGEOOHGEOGHOOGEHOG

WNNNNNNNN
CCRXINUTEWN
XXXX XXX XX

-3,0- 23162 1,745 216,887 0.8
-5,0- 24530 4,088 286,378 0.7
-4, 0- 25340 3515 282457 1.0
-3, 0- 26150 3,321 218,533 0.5
31X-2, 0- 269.70 3,205 154,546 0.5
32X-4, 0- 281.74 5548 270,856 0.6
33X-2, 0- 28890 5246 303,662 0.7
34X-4, 0- 301.10 3,038 138,190 0.3
35X-4, 0- 311.01 5673 209,037 0.5
36X-3, 0- 31921 2,850 155,885 11
37X-4,0- 33040 5165 153,465 0.6
38X 340.10 4,612 200,821 0.6
39X- 34970 2,837 143,251 0.2
40X-4, 0- 35930 4581 186,819 0.4
41X-4, 0- 368.90 5115 211,704 0.4
42X-4, 0- 378.60 14502 322,698 14
43X-6, 0- 391.20 3,081 126,581 0.2
44X-4, 0- 397.80 2131 72,718
45X-6, 0- 41040 2,730 110,027 0.4
46X-6, 0- 419.18 3563 138,629 0.3
47X-5, 0- 42715 3320 95,049 0.3
48X-6, 0- 439.07 2,203 78,686

49X-6, 0- 449.10 850 47,283 0.5
50X-5, 0- 457.20 4,412 127,188 0.4
51X-5, 0- 466.80 8,057 102,932 0.4
52X-4, 0- 47450 1,928 72,465 0.3
53X-4, 0- 48329 7,040 180,890 13
54X-4, 0- 49326 3,747 107,424 11
55X-3, 0- 502.10 1,520 50,263 0.8
56X-3, 0- 511.70 5,033 106,451 21
57X-4, 0- 52280 1,828 60,902 13
58X-3, 0- 531.00 2,080 54,816 13
59X-3, 0- 540.70 1,701 47,267 0.8
60X-3, 0- 550.30 7,219 87,005 2.0
61X-3, 0- 560.00 2,632 36,135 0.6
62X-5, 0- 57140 6439 102,691 13
63X-5, 0- 58220 6,383 104,360 13
64X-3, 0- 588.90 3,485 73,508 15
65X-4, 0- 600.00 9,105 69,502 11

18150 8311 117,098 2.5
19398 2964 157,018 0.3
20230 2,590 220,395 0.4
21490 2,336 298,177 25
22160 2387 226,388 0.6

0.5 26 53,982
0.8 27 0.2 0.6 57,290
1.0 64,469
2.8 0.7 2.2 9,654
13 12 52,660
4.6 12 3.7 2,725
17 23 13 15,958
2.2 0.3 16 6,182
3.8 11 3.0 2,505
2.0 0.7 1.6 10,071
3.2 0.5 3.0 1,337
14 0.4 14 9,726
24 2.5 4,051
17 19 2,266
14 0.3 18 2,702
0.5 3,724
0.6 0.6 2,675
15 18 935
0.8 0.8 3,216
59 2.2 6.7 1,409
10 0.2 10 2,964
13 0.3 15 1,992
9.8 2.0 11.8 238
2.5 0.5 3.2 955
2.7 0.4 2.7 646
4.4 0.4 3.9 929
4.9 4.4 717
3.9 0.2 2.3 852
3.6 0.2 1.0 890
5.7 0.2 2.8 973
4.6 6.0 1,140
3.0 16 1,013
6.4 3.4 886
14.0 2.3 28.5 204
6.7 43 771
4.6 29 1,003
24 15 1,182
3.3 21 1,388
43 2.6 1,190
17.3 0.2 10.9 838
34 2.1 906
15 0.9 1,421
31 2.3 881
34 18 1,048
24 1.6 1,383
0.7 0.7 3,147
14 0.1 14 607
3.0 18 1,471
59 29 1,366
20 15 964
14.2 0.3 9.9 496
6.4 0.1 4.8 585
4.5 0.2 3.7 338
15.7 13 13.8 321
5.7 4.7 321
6.7 0.9 6.0 312
7.3 0.5 6.0 233
12.3 13 10.0 587
3.8 0.3 31 693
14.3 0.6 12.2 450
9.4 0.6 8.0 679
9.5 0.8 9.3 367
12.3 0.5 10.2 740

Notes: C, = methane; CO, = carbon dioxide; C,= = ethene; C, = ethane; H,S = hydrogen sulfide; C;= = propene; and C; = propane. Dominance of C, over C, indicates that the gases

originate from in situ microbia degradation of organic matter.

Core 175-1084A-2H (6 mbsf) to require perforating the core liner to
relieve the pressure and prevent excessive core expansion.

Methane (C,) concentrations increase rapidly with depth in head-
space gas samples from Hole 1084A sediments. Concentrations be-
come significant in sediments below 6 mbsf (Fig. 30). High methane/
ethane (C,/C,) ratios and the absence of major contributions of higher
molecular weight hydrocarbon gases (Table 15) indicate that the gas
is biogenic, as opposed to thermogenic, in origin. The origin of the
methane is probably from in situ microbial fermentation of the ma-
rine organic matter present in the sediments. Similar microbia pro-
duction of methane from marine organic matter has been inferred
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from high biogenic gas concentrations in Pliocene—Pleistocene sedi-
ments from DSDP Site 532 nearby on the Walvis Ridge (Meyers and

Brassell, 1985), Sites 897 and 898 on the Iberian Abyssal Plain (Mey-
ers and Shaw, 1996), and also in middle Miocene sediments from Site
767 in the Celebes Sea (Rangin, Silver, von Breymann, et al., 1990).
A biogenic origin of the methane is supported by the disappearance
of interstitial sulfate at approximately the same sub-bottom depth

where methane concentrations begin to rise (see “Inorganic Geo-
chemistry” section, this chapter), inasmuch as Claypool and Kven-

volden (1983) observe that the presence of interstitial sulfate inhibits

microbial methanogenesis in marine sediments.
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Figure 30. Headspace methane concentrations in sediments from Hole
1084A.

Natural gas analyses determined that the most abundant gas was
CO, and that headspace concentrations of this gas remained high
deep in Hole 1084A (600 mbsf; Fig. 31). Cragg et a. (1992) report
the existence of viable microbes to depths of ~500 mbsf in the sedi-
ments of the Japan Sea. The abundance of biogenic gases in sedi-
ments at Site 1084 suggests the presence of viable microbial commu-
nities to similar sub-bottom depths in the Walvis Basin.

PHYSICAL PROPERTIES

Shipboard physical properties measurements conducted at Hole
1084A included nondestructive, high-resolution measurements of
GRAPE density, magnetic susceptibility, P-wave velocity, and natu-
ral gamma radiation on most recovered whole-round core sections.

Index properties data (gravimetric wet bulk density, porosity, and
moisture content) were collected at discrete locations on split sec-
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Figure 31. Headspace CO, concentrations in sediments from Hole 1084A.

4 cm for all MST sensors. Compressional velocities were recorded at
an amplitude threshold of 100 incremental units to avoid erroneous
determinations of first-arrival times. The M&fwave logger did not
record any signals below 18 mbsf (Fig. 33), which confirms the very
high gas content in the sediments.

Magnetic susceptibility (Figs. 34A, 35A) and GRAPE density
(Fig. 32) show a good correlation over the entire depth range of 600
m. Both profiles correspond well to the identified lithostratigraphic
units (see “Lithostratigraphy” section, this chapter).

Index properties wet bulk and GRAPE densities display a high de-
gree of similarity. A majority of discrete wet bulk density values are
higher than the GRAPE data. This can be associated with voids and
cracks within the recovered sediments, which reduce the effective
sediment volume for GRAPE measurements.

All physical properties data sets reveal pronounced cyclicities,
which give rise to further detailed analyses after correcting for sedi-
ment distortion and combining parallel holes. Intervals of anomalous
lithologies will be further studied and compared with results from

tions. Method C was used at this site (see “Explanatory Notes” chapownhole logging and sediment analyses (see “Lithostratigraphy”

ter, this volume).

and “Downhole Logging” sections, this chapter).

Within all APC sections and where sediment properties permitted,

such as intact biscuits from XCB cores, undrained vane shear strength

was determined.

Velocities

CompressionalR-wave) velocity measurements were made at a Discrete velocities recorded between 0 and 37 mbsfincrease from
resolution of one or two discrete sampling points per section. For dig€540 to 1570 m/s. The-wave logger of the MST recorded system-
creteP-wave velocity measurements the modified Hamilton Frameatically lower values between 0 and 18 mbsf (Fig. 33). Density and

was used on split sections of cores from <38 mbsf.

velocity profiles correspond to each other to a certain degree (Figs.

Thermal conductivity was obtained on every second unsplit se@2A, 33), but because of the high gas content of the sediments (see
tion in every core by inserting a thermal probe into the sediment (sé®rganic Geochemistry” section, this chapter), velocity data are not

“Explanatory Notes” chapter, this volume).

Multisensor Track

GRAPE density (Fig. 32R-wave velocity (Fig. 33), and magnet-

considered to be very reliable.
Index Properties

Data from discrete measurements of wet bulk density, porosity,

ic susceptibility (Figs. 34A, 35A) were determined every 2 cm beand moisture content are displayed in Figures 36A, 36B, and 36C, re-
tween 0 and 98 mbsf. MST data are included on CD-ROM (backpectively (also see Table 16 on CD-ROM, back pocket, this vol-
pocket, this volume). Below 98 mbsf, the resolution was reduced tome). The density values vary between 1200 and 170G kgith a
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with discrete wet bulk density values (solid circles).

single peak of almost 5000 kg/m? at 395 mbsf (not displayed in Figs. chapter, this volume). Direct contact with the sediments in the core
32, 36A-C). liner of Hole 1084A was sometimes difficult to establish because of
The overall trend of the wet bulk density profile shows an increasthe presence of many voids and cracks, which were difficult to iden-
from 5 to 70 mbsf and a decrease downhole to 140 mbsf. Wet butify through the liner. The profile is similar to wet bulk and GRAPE
density shows very little variation and few excursions between 166@ensity profiles over some depth intervals at Hole 1084A (Fig. 32).
and 380 mbsf. Below 380 mbsf, the data show a higher level of vari- In Hole 1084A, the Adara tool was deployed to measure forma-
ation and gradually increase because of compaction down to the etidn temperature. A preliminary analysis provided three data points,
of the sampling depth at 585 mbsf. The most prominent changes which were used to estimate a geothermal gradient &CA8n, but
wet bulk density coincide with the lithostratigraphic boundaries (seéurther analyses will be required to confirm this result.
“Lithostratigraphy” section, this chapter).
In general, porosity and moisture profiles are inversely correlated.
Porosities decrease from 90% in the top section to 55% at 585 mbsf, Vane Shear Strength
indicating the high clay content of these sediments (Fig. 36B). Mois- - ndrained vane-shear measurements were performed in the bot-
ture content varies between 80% at the top of Hole 1084A and 3094y, part of each core section between 0 and 300 mbsf (Figs. 34D,
at 585 mbsf (Fig. 36C). The overall variation between higher andspy The profile for Hole 1084A shows an overall increase in vane
lower values corresponds to the observed and identified lithostratihear strength between 0 and 300 mbsf. Below 255 mbsf, vane-shear

graphic units (see “Lithostratigraphy” section, this chapter). data show higher scatter, and local maxima generally decrease.
As noticed at other Leg 175 sites, local maxima in shear strength
Thermal Conductivity and Geothermal Gradient are usually observed in the middle of each core at Site 1084. Lower

shear-strength values coincide mostly with the top and the bottom of
The thermal conductivity profile (Figs. 34B, 35B) at Hole 1084A each core, where gas expansion may have changed the sediment
was measured in every second core section (see “Explanatory Notestfucture significantly.
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Figure 33. Discrete velocity profile (solid circles) compared with MST
velocity data (solid line) measured at Hole 1084A.

DOWNHOLE LOGGING

Hole 1084A waslogged with afull suite of sensorsto continuous-
ly characterize the sedimentary changes and structures, to correlate
and compare the lithostratigraphy with that for previous holes, and to
provide data for core-log integration.

L ogging Operations

Hole 1084A was logged with four different tool strings. Thefirst
tool string (seismostratigraphy) included the NGT, DIT, and TLT
sondes. The second tool string (lithoporosity) included the NGT, neu-
tron porosity, gammadensity, and TLT sondes. The third tool string
(FMS, 1 pass) included the NGT, inclinometry, and FM S sondes. The
fourth tool string (GHMT) included the NGT, magnetic susceptibili-
ty, and vertical component magnetometer sondes. The logs were run
uphole from 605 mbsf (total depth) to pipe at 59 mbsf; the two first
runs were logged to the seafloor. The natural gammaray is the only
parameter measurable through the pipe, but it should be interpreted
only qualitatively in this interval. The pipe was set at 89 mbsf and

SITE 1084

pulled up to ~59 mbsf during logging for the first three runs and be-
fore logging for the fourth run (GHMT). The wireline logging heave
compensator was started immediately upon entering the hole.

Data Quality and General Results

Hole 1084A is characterized by aregular hole size (~9- to 11-in
diameter) with numerous small enlargements from the bottom to 170
mbsf (see caliper measurements; Fig. 37). Above this interval, the
hole conditions are degraded and show aregular increase in the bore-
hole size, with critical washout zones at the top of thelogged interval
(above 130 mbsf). The downhole measurements are affected by ex-
treme enlargements at the top of the hole, and thus only the logging
datain the 600- to 130-mbsf interval are of good quality.

The lithologic succession recovered from Hole 1084A is con-
trolled mainly by changesin the nature and intensity of biogenic pro-
duction vs. the type and amount of detrital input and is characterized
by large changes in sediment composition and compaction, which
should be reflected in the log physical properties measurements. The
lithostratigraphic boundaries defined from core observation and
smear-slide studies (see “Lithostratigraphy” section, this chapter)
compare well with the main features observed in the downhole mea-
surements.

Lithologic Unit IV is characterized by increasing magnetic sus-
ceptibility and decreasing uranium (U) content, with very steady den-
sity and acoustic velocity, which might be explained by changes of
the ratio between lithic and organic components in the detrital input.
The top of Unit IV is marked by an overall increase in resistivity,
acoustic velocity, and density. The boundary between lithologic
Units Il and Il at 498 mbsf is identified in the log data as a shift in
all of the physical measurements (Fig. 37), which reflects the change
in the nature and intensity of the biogenic production.

The top of lithologic Unit Ill is marked by a higher U content and
small peaks of gamma-ray, resistivity, density, and magnetic suscep-
tibility measurements. The top of the unit marks the FO of the organic-
rich levels that were identified as black layers in the cores (see
“Lithostratigraphy” section, this chapter). Above this depth, similar
“black” layers with high gamma-ray, resistivity, acoustic velocity,
and magnetic susceptibility dominate the downhole measurements
signals, particularly between 270 and 170 mbsf. The distribution of
the “black” layers is restricted to 410-150 mbsf, as shown by the de-
tailed analysis of the FMS images (Fig. 38). The U content is highest
between 270 and 170 mbsf (Fig. 37). Because of the presence of
“black” layers, the lower part of lithologic Subunit IB is marked by a
regular increase in gamma-ray, resistivity, and magnetic susceptibili-
ty, and the middle part shows higher amplitudes of the resistivity and
the acoustic velocity (Fig. 37). The upper part of lithologic Subunit IB
(between 150 and 130 mbsf) shows high resistivity, acoustic velocity,
and density, but low U content. This pattern permits the identification
of several “dolomitic” layers at this depth, confirmed by the mapping
of the FMS images (Fig. 38). The velocity exhibits a regular decrease
uphole, with a sharp change at 450 mbsf caused by compaction of the
sediment.

Nineteen dolomitic layers and 114 “black” layers (or “organic-
rich” layers) were tentatively identified in the logged interval (Fig.
37), both characterized by very high velocity, resistivity, and density,
and by low gamma-ray intensity for the dolomites and high gamma-
ray intensity for the “black” layers. Because of their high resistivity,
the position and thickness of these layers can be identified on the
FMS images (Fig. 38). Only one dolomitic layer was visually verified
in cores recovered with the extended core barrel, and only 17 black
layers were explicitly described in the cores (see “Lithostratigraphy”
section, this chapter). These black layers were defined by being dark
(e.g., 5y 2.5/1). They had a total reflectance between 20% and 25%.
Numerous dark layers were not included in the visual core descrip-
tion, but are identified in Figure 38 based on the resistivity contrast
of the FMS images.
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The temperature tool measures borehole fluid temperature. The units. Detailed correlations between the core and log data sets (Fig.

results suggest a downhole thermal gradient of 28.5°C/km, an esti- 40) promise to be reliable because of the high sedimentation rate at
mate which islow because of the cooling effect of circulation during this site and the limited coring disturbance, except in the organic-rich
drilling. interval (270-170 mbsf). The main trend observed in the gamma-ray

. ] log is not exhibited as clearly by the gamma-ray intensity measured
Correlation Between Holes 1084A (Northern Cape Basin) on the cores, which is noisier. In Hole 1084A, log depth is close to
and 1082A (Walvis Basin) core depth.

The downhole measurements of the two neighboring holes are REFERENCES
very similar, despite the higher sedimentation rate observed at Site
1084 in the NCB. Both general trends and details can be correlated Austin, JA., Jr., and Uchupi, E., 1982. Continental-oceanic crustal transition
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Figure 35. Plots of (A) magnetic susceptibility and (B) natural gamma radiation from M ST measurements compared with discrete values of (C) thermal conduc-
tivity and (D) undrained vane shear strength between 0 and 600 mbsf for Hole 1084A.

382



Depth (mbsf)

SITE 1084

A Wet bulk density (kg/ma) B Porosity (%) c Moisture (%)
0 [Tyl G S@® @ [ TTTT[TTT T TTT T TTTT T T T T T T T e T LgTg T T —rﬁﬁhﬁﬁhﬁm—ﬁ—
< ‘.% 3 APC cores APC cores o s‘“ ¥ APC cores }‘, oA
L]
100 7
1495 — — —&8— — — — — — —
200 7
z
E
< 300 7
2
a
400 7
500 7
& Figure 36. Gravimetric (A) wet bulk density, (B)
JUS TN IO TR TP AT .| porosity, and (C) moisture content derived from
2 8 &8 § & & R 8 & index properties measurements at Hole 1084A.
) . Magnetic
Caliper Gamma Ray Resistivity Velocity DenS|t3y Susceptibility Uranium
Lith. (in) (AP1) (Qm) (m/s) (g/cm?) (uncalibrated) (ppm)
0 Units 8 1012 14160 30 04 06 081 1500 1875 1 1.6 260 320 0 4 8 12
1A
100 A = 1
=
= L
=
= L
i
=
£ £
200 HE+ 1 =
IB & e
i 2
=
300F 4 HE =
fu
¢ =
= J—
Ic ] =
.;4 :}
400F 4 H
b
=
I B
500 F—— .
% }
I 3 =
v [
600 1 il

Figure 37. Downhole logs of caliper, natural gamma-ray, resistivity, velocity, density, magnetic susceptibility, and uranium content for Hole 1084A.
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