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HOLE 1076A

Position: 5°4.1316′S, 11°6.0917′E 

Start hole: 2345 hr, 26 August 1997

End hole: 1830 hr, 27 August 1997

Time on hole: 18.75 hr

Seafloor (drill pipe measurement from rig floor, mbrf): 1415.7

Total depth (drill pipe measurement from rig floor, mbrf): 1620

Distance between rig floor and sea level (m): 11.5

Water depth (drill pipe measurement from sea level, m): 1404.2

Penetration (mbsf): 204.3

Coring totals: 
Type: APC
Number: 22
Cored: 204.3 m
Recovered: 217.47 m (106.45%)

Lithology:
Unit I: organic carbon–rich olive-gray and greenish gray clay

HOLE 1076B

Position: 5°4.1344′S, 11°6.0922′E 

Start hole: 1830 hr, 27 August 1997

End hole: 2255 hr, 27 August 1997

Time on hole: 4.42 hr

Seafloor (drill pipe measurement from rig floor, mbrf): 1413.6

Total depth (drill pipe measurement from rig floor, mbrf): 1474.5

Distance between rig floor and sea level (m): 11.5

Water depth (drill pipe measurement from sea level, m): 1402.1

Penetration (mbsf): 60.9

Coring totals: 
Type: APC
Number: 7
Cored: 60.9 m
Recovered: 25.87 m (42.48%)

Lithology:
Unit I: organic carbon–rich olive-gray and greenish gray clay

HOLE 1076C

Position: 5°4.1309′S, 11°6.1048′E 

1Wefer, 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.
Start hole: 2255 hr, 27 August 1997

End hole: 1155 hr, 28 August 1997

Time on hole: 13.00 hr

Seafloor (drill pipe measurement from rig floor, mbrf): 1413.9

Total depth (drill pipe measurement from rig floor, mbrf): 1617

Distance between rig floor and sea level (m): 11.5

Water depth (drill pipe measurement from sea level, m): 1402.4

Penetration (mbsf): 203.1

Coring totals: 
Type: APC
Number: 22
Cored: 203.1 m
Recovered: 216.8 m (106.75%)

Lithology:
Unit I: organic carbon–rich olive-gray and greenish gray clay

HOLE 1076D

Position: 5°4.1312′S, 11°6.1150′E
Start hole: 1155 hr, 28 August 1997

End hole: 0215 hr, 29 August 1997

Time on hole: 14.33 hr

Seafloor (drill pipe measurement from rig floor, mbrf): 1412.5

Total depth (drill pipe measurement from rig floor, mbrf): 1526

Distance between rig floor and sea level (m): 11.5

Water depth (drill pipe measurement from sea level, m): 1401

Penetration (mbsf): 113.5

Coring totals: 
Type: APC
Number: 12
Cored: 113.5 m 
Recovered: 118.41 m (104.33%)

Lithology:
Unit I: organic carbon–rich olive-gray and greenish gray clay

Principal results: Site 1076 is the shallow-water drill site on a depth transe
in the Lower Congo Basin. It is located in 1402 m deep water in a comp
environment dominated by (1) freshwater input from the Congo River, 
seasonal coastal upwelling and associated filaments and eddies mo
offshore, and (3) incursions of open-ocean waters, especially from 
South Equatorial Countercurrent. We expect a close tie-in of clima
records from the continent and the ocean in this area. In the fan-margin
posits, the intercalation of pelagic and terrigenous information provid
an excellent opportunity for studying cross-correlations of climatic effe
on land and at sea. Site 1076, in connection with Sites 1075 and 107
the Lower Congo Basin, will allow us to reconstruct the changing infl
ence of Congo River, coastal upwelling, and open-ocean contribution
the dynamics of the region.
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Four holes were cored with the advanced hydraulic piston corer (APC)
at Site 1076 to a maximum depth of 204.3 meters below seafloor (mbsf),
which recovered an apparently continuous hemipelagic sedimentary sec-
tion spanning the last 1.5–1.6 m.y of the Pleistocene. Hole 1076A w
cored with the APC to 204.3 mbsf. Seven APC cores were taken at H
1076B before the hole was abandoned because of lack of recovery. 
1076C was cored with the APC to 203.1 mbsf, and Hole 1076D to 11
mbsf.

The sediments form one lithostratigraphic unit composed of biot
bated organic carbon–rich olive-gray clay and greenish gray clay. Sm
shell fragments are present in many intervals. Above 150 mbsf, the ca
um carbonate concentration alternates between 3 and 16 wt% and is
ited below 150 mbsf to a maximum of 3.5 wt%. The biogenic portion 
the sediment contains rare to abundant diatoms with rare nannofossils
icoflagellates, siliceous sponge spicules, phytoliths, and traces of radio
ian and foraminifer fragments. Diatoms are abundant in both green
gray and olive-gray intervals. Authigenic components are dominated
the presence of glauconite, dolomite, and iron sulfides. Rare, friable n
ules, possibly phosphatic, are sometimes disseminated throughout ce
intervals. Sedimentation rates vary between 250 m/m.y. in the upperm
80 mbsf, 50 m/m.y. between 80 and 120 mbsf, and 210 m/m.y. betw
120 and 200 mbsf. 

Detailed comparisons between the magnetic susceptibility record g
erated on the multisensor track (MST) and the high-resolution color 
flectance measured with the Minolta spectrophotometer demonstra
complete recovery of the sedimentary sequence down to 140 meters c
posite depth (mcd). 

Calcareous microfossils show evidence of reworking. Their abu
dance and preservation deteriorates gradually between 100 and 200 m
Siliceous microfossils are relatively abundant, well preserved, and sh
no evidence of reworking. The calcareous nannofossil-based biostrati
phy disagrees with the paleomagnetic time frame for the lower half-int
val of Hole 1076A. We tentatively explain this discrepancy as a resul
both poor preservation and reworking of calcareous nannofossils. B
calcareous nannofossil and benthic foraminiferal assemblages sugg
discontinuity within the sedimentary record at a depth of 120 mbsf. Dow
core changes in planktonic foraminiferal and diatom assemblages are 
as indices of variable surface and subsurface hydrography, as we
proxies for coastal upwelling and fluvial input.

A magnetostratigraphy was determined after alternating-field (A
demagnetization at 20 mT. The Matuyama/Brunhes boundary occur
~138 mbsf, and the onset and termination of the Jaramillo Subch
(C1r.1n) was identified in the lower part of the section. A short rever
event in the Brunhes Chron (possibly the Blake event) occurs at all f
holes.

Interstitial water profiles record the complete consumption of d
solved sulfate within the uppermost 20 mbsf. In this interval, alkalin
and ammonium also increase sharply, recording the degradation of or
ic matter. The distributions of dissolved strontium, calcium, and mag
sium suggest two depth domains of carbonate dissolution a
reprecipitation reactions: the first from 0 to 50 mbsf and the deeper fr
120 to 200 mbsf.

The average concentration of total organic carbon (TOC) is 2 to
wt%, which is rather high for ocean margin areas and reflects a histor
elevated primary production in this area. The organic matter appears t
mostly marine in origin. Its microbial degradation in the sediments h
fueled a sequence of redox processes. One consequence of the degra
has been the production of moderate amounts of biogenic methane
carbon dioxide and additional dissolution of calcareous sediment com
nents within the sediment. 

Physical sediment properties were determined both by high-resolu
MST core logging and index properties measurements. Magnetic sus
tibility and gamma-ray attenuation porosity evaluator (GRAPE) sign
reveal pronounced cyclicities, which were used for high-quality stra
graphic correlation in conjunction with digital color data.
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Through its position within the domain of Congo River sedimentat
and its high-resolution continuous record back through much of the Q
ternary, Site 1076 will provide the basis for a tie-in of climatic records
west Africa, Congo River activity, coastal upwelling, and eastern trop
ocean dynamics. Of special interest are the competing source effec
land-derived materials, with some (most?) being brought directly by
river and the rest originating from reworked shelf sediments, espec
during low sea-level periods.

BACKGROUND AND OBJECTIVES

For a discussion of the background and objectives for Site 1076,
see “Background and Objectives” section, “Site 1075” chapter (
volume).

OPERATIONS

Hole 1076A (Proposed Site LCB-4)

The 64-nmi voyage from Site 1075 to Site 1076 was acco
plished at an average speed of 11.4 kt. As the vessel slowly
proached the location using Global Positioning System coordina
the beacon was deployed at 2338 hr on 26 August. Hole 1076A
spudded at 0440 hr on 27 August. The seafloor depth was establ
at 1404.2 meters below sea level (mbsl) by drill-pipe measurem
(DPM). APC Cores 175-1076-1H through 22H were taken from 0
204.3 mbsf (Table 1; also see expanded core summary table on
ROM, back pocket, this volume), with 204.3 m cored and 217.5 m
covered (106.3% recovery). Cores were oriented starting with 
The Adara heat-flow shoe was deployed at Cores 3H (23.8 mbsf)
(42.8 mbsf), 8H (71.3 mbsf), and 11H (99.8 mbsf). Headspace an
sis of the cores indicates the presence of biogenic methane 
minute amounts of ethane (<28 ppm) and no discernible amoun
heavier hydrocarbons. The methane concentration peaked at 66
(69,000 ppm) and gradually tapered off with depth. Although so
of the cores exuded a mild sulphurous smell, concentrations of hy
gen sulfide were always <1 ppm and could not be measured. The
string was pulled back with the bit clearing the seafloor at 1830 h
27 August, thereby ending Hole 1076A. 

Hole 1076B

The vessel was offset 10 m to the east, and Hole 1076B was s
ded at 1908 hr on 27 August. The seafloor depth was establish
1402.1 mbsl by DPM. After seven APC cores (0–60.9 mbsf), the h
was abandoned because virtually no sediment was recovered in C
175-1076B-5H, 6H, and 7H. The drill string was pulled out of t
hole and cleared the seafloor at 2250 hr on 27 August, ending H
1076B. 

Hole 1076C

The vessel was offset 20 m to the east, and Hole 1076C was s
ded at 2325 hr on 27 August. APC Cores 175-1076C-1H through 
were taken from 0 to 203.1 mbsf (Table 1), with 203.1 m cored 
216.8 m recovered (106.8% recovery). Cores were oriented sta
with 4H. The drill string was pulled out of the hole with the bit clea
ing the seafloor at 1155 hr on 28 August.

Hole 1076D

The vessel was offset another 20 m to the east where the fo
and final hole of the site was spudded with the APC at 1230 hr o
August. The seafloor depth was established at 1401.0 mbsl by D
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Table 1. Coring summary for Site 1076.

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
is included on CD-ROM (back pocket, this volume).

Core

Date
(Aug
1997)

Time
(UTC)

Interval
(mbsf)

Length
cored
(m)

Length
recovered

(m)
Recovery

(%) 

175-1076A-
1H 27 0450 0.0-4.8 4.8 4.80 100.0
2H 27 0525 4.8-14.3 9.5 8.43 88.7
3H 27 0620 14.3-23.8 9.5 10.04 105.7
4H 27 0650 23.8-33.3 9.5 9.87 103.9
5H 27 0735 33.3-42.8 9.5 10.18 107.2
6H 27 0805 42.8-52.3 9.5 10.06 105.9
7H 27 0835 52.3-61.8 9.5 10.13 106.6
8H 27 0920 61.8-71.3 9.5 10.04 105.7
9H 27 0950 71.3-80.8 9.5 10.23 107.7
10H 27 1020 80.8-90.3 9.5 10.00 105.3
11H 27 1105 90.3-99.8 9.5 10.18 107.2
12H 27 1135 99.8-109.3 9.5 10.09 106.2
13H 27 1205 109.3-118.8 9.5 10.57 111.3
14H 27 1240 118.8-128.3 9.5 10.37 109.2
15H 27 1315 128.3-137.8 9.5 10.32 108.6
16H 27 1355 137.8-147.3 9.5 10.15 106.8
17H 27 1425 147.3-156.8 9.5 10.61 111.7
18H 27 1500 156.8-166.3 9.5 10.04 105.7
19H 27 1530 166.3-175.8 9.5 10.33 108.7
20H 27 1605 175.8-185.3 9.5 10.23 107.7
21H 27 1640 185.3-194.8 9.5 10.62 111.8
22H 27 1710 194.8-204.3 9.5 10.18 107.2

Coring totals: 204.3 217.47 106.5

175-1076B-
1H 27 1915 0.0-3.9 3.9 3.90 100.0
2H 27 1945 3.9-13.4 9.5 10.15 106.8
3H 27 2010 13.4-22.9 9.5 9.83 103.5
4H 27 2045 22.9-32.4 9.5 1.73 18.2
5H 27 2115 32.4-41.9 9.5 0.26 2.7
6H 27 2145 41.9-51.4 9.5 0.00 0.0
7H 27 2215 51.4-60.9 9.5 0.00 0.0

Coring totals: 60.9 25.87 42.5

175-1076C-
1H 27 2335 0.0-3.6 3.6 3.64 101.1
2H 28 0000 3.6-13.1 9.5 8.98 94.5
3H 28 0020 13.1-22.6 9.5 9.86 103.8
4H 28 0100 22.6-32.1 9.5 10.01 105.4
5H 28 0130 32.1-41.6 9.5 9.98 105.1
6H 28 0200 41.6-51.1 9.5 10.01 105.4
7H 28 0235 51.1-60.6 9.5 9.93 104.5
8H 28 0340 60.6-70.1 9.5 10.14 106.7
9H 28 0415 70.1-79.6 9.5 10.07 106.0
10H 28 0445 79.6-89.1 9.5 10.20 107.4
11H 28 0515 89.1-98.6 9.5 10.13 106.6
12H 28 0550 98.6-108.1 9.5 10.16 106.9
13H 28 0620 108.1-117.6 9.5 10.23 107.7
14H 28 0645 117.6-127.1 9.5 10.44 109.9
15H 28 0715 127.1-136.6 9.5 10.38 109.3
16H 28 0745 136.6-146.1 9.5 10.38 109.3
17H 28 0815 146.1-155.6 9.5 10.36 109.1
18H 28 0845 155.6-165.1 9.5 10.57 111.3
19H 28 0915 165.1-174.6 9.5 10.27 108.1
20H 28 0945 174.6-184.1 9.5 10.81 113.8
21H 28 1020 184.1-193.6 9.5 10.02 105.5
22H 28 1050 193.6-203.1 9.5 10.23 107.7

Coring totals: 203.1 216.80 106.8

175-1076D-
1H 28 1245 0.0-9.0 9.0 9.00 100.0
2H 28 1315 9.0-18.5 9.5 9.96 104.8
3H 28 1350 18.5-28.0 9.5 9.93 104.5
4H 28 1420 28.0-37.5 9.5 10.05 105.8
5H 28 1450 37.5-47.0 9.5 10.04 105.7
6H 28 1520 47.0-56.5 9.5 10.03 105.6
7H 28 1555 56.5-66.0 9.5 10.10 106.3
8H 28 1625 66.0-75.5 9.5 8.69 91.5
9H 28 1720 75.5-85.0 9.5 10.17 107.1
10H 28 1755 85.0-94.5 9.5 10.11 106.4
11H 28 1825 94.5-104.0 9.5 10.12 106.5
12H 28 2210 104.0-113.5 9.5 10.21 107.5

Coring totals: 113.5 118.41 104.3
ith
to-
s

APC Cores 175-1076D-1H through 12H were taken from 0 to 113.5
mbsf (Table 1), with 113.5 m recovered (104.3%). The hole was
aborted before the initial depth objective because of time constraints.
The bit cleared the seafloor at 2030 hr on 28 August. While the drill
string was being pulled out of the hole, the hydrophones and thrusters
were retracted and secured, and the beacon was released and recov-
ered at 2100 hr on 29 August, thereby ending operations at Site 1076.

SITE GEOPHYSICS

For a discussion of site geophysics at Site 1076, see “Site G
physics” section, “Site 1075” chapter (this volume).

LITHOSTRATIGRAPHY

Introduction

Three holes with a maximum penetration of 205 mbsf were drille
at Site 1076 (Fig. 1). The upper 30 cm of the first five cores at 
three holes were very disturbed and soupy and unsuitable for sa
pling. Severe core disturbances and large voids from gas release
core cutting of friable sediments occurred at the top and bottom s
tions of Cores 175-1076A-9H through 22H and 175-1076C-9H
through 22H.

Description of Lithostratigraphic Unit

The lithostratigraphic description for the sedimentary sequen
from Site 1076 is based on data from the following sources: (1) visu
core description, (2) smear-slide examination, (3) color reflectan
measurements, (4) bulk calcium carbonate measurements, and (5
ray diffraction (XRD) measurements.

Sediments from Site 1076 form one lithostratigraphic unit com
posed of organic carbon–rich olive-gray (5Y 3/2) to greenish gra
(5GY 5/1) clay. The variation in color between olive-gray and gree
ish gray intervals may result from variations in several paramete
(1) organic carbon contents, (2) the relative contribution of the cl
vs. the biogenic component, and (3) changes in the abundance
glauconitic clays and pyrite. Most of the sediments are bioturbate
which is most clearly seen in intervals with a pronounced change
sediment color. The clays progressively become more friable w
depth as a result of compaction. Many cores contain gas expans
voids that were produced by the release of carbon dioxide trapped
the sediment (see “Organic Geochemistry” section, this chapter)
3-cm-thick package of interlayered laminae of shell fragments a
olive-gray clay is present in interval 175-1076C-14H-5, 45–47 cm
Laminae range in thickness from 2 to 3 mm. Shell-rich laminae a
composed of broken pteropod shells and are discontinuous. T
package has sharp lower and upper contacts (Fig. 2) and is coincid
with the paraconformity described in the “Biostratigraphy and Sed
mentation Rates” section (this chapter). In addition, small shell fra
ments are present in many intervals throughout the sediment rec
ered from this site. Above 150 mbsf, calcium carbonate in sedime
alternates from a low of ~3 wt% to a maximum of 16 wt%. Below 15
mbsf, calcium carbonate preservation is poor and values are limi
to a maximum of 3.5 wt%.

Synthesis of Smear-Slide Analyses

Smear-slide analyses indicate that the clastic component is do
nated by clay minerals and minor amounts of quartz and feldspar. T
biogenic portions of sediments contain rare to abundant diatoms w
rare nannofossils, silicoflagellates, siliceous sponge spicules, phy
liths, and traces of radiolarian and foraminifer fragments. Diatom
89



SITE 1076
Hole

L
it

h
o

lo
g

y

U
n

it
s

S
er

ie
s

P
al

eo
-

M
ag

n
et

ic
s

T
o

ta
l

R
ef

le
ct

an
ce

M
ag

n
et

ic
S

u
sc

ep
ti

b
ili

ty

C
ar

b
o

n
at

e
(w

t%
)

N
an

n
o

fo
ss

ils

F
o

ra
m

in
if

er
s

R
ad

io
la

ri
an

s

D
ia

to
m

s

Zone

C
o

lo
r

R
ef

le
ct

an
ce

(6
50

n
m

/4
50

n
m

)

N
an

n
o

fo
ss

il-
b

ea
ri

n
g

 
D

ia
to

m
ac

eo
u

s 
C

la
y

N
an

n
o

fo
ss

il-
, D

ia
to

m
-,

 a
n

d
 G

la
u

co
n

it
e-

b
ea

ri
n

g
 C

la
y 

 o
r 

C
la

y

U
n

it
 I

ea
rl

y 
P

le
is

to
ce

n
e

P
le

is
to

ce
n

e 
p

la
n

kt
o

n
ic

 f
o

ra
m

in
if

er
 a

ss
em

b
la

g
es

D
is

so
lu

ti
o

n
 In

te
rv

al

B
ru

n
h

es
M

at
u

ya
m

a

N
N

21
b

N
N

21
a

N
N

20
N

N
19

N
T

D
 1

7

C
. t

u
b

er
o

sa
A

. a
n

g
el

in
u

m
   

25 45 0.9 1.4 2 17
D

ep
th

(m
b

sf
)

C
o

re

R
ec

o
ve

ry

1076A 1076B

C
o

re

R
ec

o
ve

ry

200

10

20

30

40

50

60

140

160

180

70

80

90

100

110

120

130

150

170

190

2H 

3H 

4H 

5H 

6H 

1H 

7H 

1076C

C
o

re

R
ec

o
ve

ry

2H 

3H 

4H 

5H 

6H 

1H 

7H 

8H 

9H 

10H 

11H 

12H 

13H 

14H 

15H 

16H 

17H 

18H 

19H 

20H 

21H 

22H 

1076D

C
o

re

R
ec

o
ve

ry

2H 

3H 

4H 

5H 

6H 

1H 

7H 

8H 

9H 

10H 

11H 

12H 

2H 

3H 

4H 

5H 

6H 

1H 

7H 

8H 

9H 

10H 

11H 

12H 

13H 

14H 

15H 

16H 

17H 

18H 

19H 

20H 

21H 

22H 

P
a

ra
c

o
n

fo
rm

it
y

U
n

it
 I

N
an

n
o

fo
ss

il-
, D

ia
to

m
-,

 a
n

d
 G

la
u

co
n

it
e-

b
ea

ri
n

g
 C

la
y 

 o
r 

C
la

y

N
o

 D
ia

to
m

 d
at

u
m

s 
b

el
o

w
 C

o
re

 1
07

5A
-1

3H
si

lic
o

fl
ag

el
la

te
s 

d
at

u
m

M
. q

u
ad

ra
n

g
u

la

0 15

m
id

d
le

 a
n

d
 la

te
 P

le
is

to
ce

n
e

Hole Hole Hole

A
. a

n
g

el
in

u
m

 

N
N

19

Figure 1. Composite stratigraphic section for Site 1076 showing core recovery in all holes, a simplified summary of lithology, age, total reflectance, color reflec-
tance (650 nm/450 nm), magnetic susceptibility, and calcium carbonate content.
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are abundant in both greenish gray and olive-gray intervals indepen-
dently of organic carbon contents.

Authigenic components are dominated by the presence of glauco-
nite, dolomite, and iron sulfides. Glauconite peloids, along with py-
ritized–worm casts, -diatoms and -radiolarians, are observed. S
dolomite rhombohedrons (6–100 µm) exist throughout. Iron sulfi
are present primarily in the form of disseminated pyrite and framb
dal pyrite, confirming the process of bacterial sulfate reduction. R
friable nodules, possibly phosphatic, are disseminated throug
certain intervals. Nodules range in diameter from 1 to 2 mm.

X-ray Diffraction Analysis

The XRD patterns of Hole 1076A document five major minera
smectite, kaolinite/illite, quartz, calcite, and pyrite. The smectites
generally poorly crystallized. Shipboard XRD spectra for Site 10
are not precise enough to determine the smectite crystallinity. 
clay-mineral association in the Congo Basin area is controlled ma
by the varying contribution of these poorly crystallized smecti
(van der Gaast and Jansen, 1984). As at Hole 1075A, low meas
smectite values may represent large contributions of this miner
the mineral association at this hole. 

Comparison of the K/(K+Sm) ratios with the original kaolini
and smectite intensities shows that the peaks in the ratio repr
high kaolinite counts that are not diluted by large amounts of lo
crystalline smectite (Fig. 3). There is only one clear exception: at 9

cm

50

45

40

Figure 2. Interlaminated clay and pteropod-rich shell layers in interval 175-
1076C-14H-5, 39–50 cm.
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mbsf, high kaolinite intensity coincides with high smectite intensit
Because kaolinite is a known product of chemical weathering of 
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Spectrophotometry

Color data were measured every 2 cm for Hole 1076A. Holes
1076C and 1076D were measured at 4-cm intervals. The light reflec-
tance data are in the range of 30% to 45% throughout the column re-
covered from Site 1076. The total reflectance (Fig. 4) and red/blue
(650 nm/450 nm) ratio (Fig. 5) were smoothed over nine points for
Hole 1076A and over five points for Holes 1076C and 1076D to re-
move smaller scale variability. Light reflectance records for Hole
1076A show marked intervals with higher reflectance values. The
significance of these intervals is not readily apparent. Presumably,
clay-rich sediments have a lower total reflectance (Mix et al., 1992),
while carbonate-rich and diatom-rich sediments are more highly re-
flective. Thus, a high proportion of biogenous components may be
indicated. The red/blue ratio presents no correlation with calcium
carbonate and shows a weak correlation with organic carbon (see Fig.
6). Using the age model provided by the “Biostratigraphy and S
mentation Rates” and “Paleomagnetism” sections (this chapter
Fig. 1), periodicity in the red/blue ratio seems to be dominated by
23-k.y. period.

BIOSTRATIGRAPHY AND SEDIMENTATION RATES

Sediment recovered from Site 1076 represents a relatively co
uous hemipelagic section spanning the last 1.5–1.6 m.y. of the P
tocene. The micropaleontological study was carried out on c
catcher samples from Hole 1076A. Additional samples from wit
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Figure 5. Stratigraphic variation in the ratio of the red (650 nm) to blue (450
nm) wavelengths at Holes 1076A, 1076C, and 1076D, displaying a pro-
nounced periodicity possibly corresponding to the 23-k.y. precession cycle.
Data have been smoothed over nine points for Hole 1076A and over five
points for Holes 1076C and 1076D.
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the cores were examined for calcareous nannofossil- and silicofla
late-based biostratigraphy.

Calcareous microfossil abundance and preservation deterio
gradually from Core 175-1076A-11H through 22H. All three calc
eous groups show evidence for common reworking in the majorit
the samples. In contrast, siliceous microfossil are abundant and
preserved throughout Hole 1076A. The calcareous nannofossil-b
biostratigraphy disagrees with the paleomagnetic time frame for
lower half of Hole 1076A. We tentatively explain this discrepancy
a result of both poor preservation and reworking of calcareous na
fossils.

Both calcareous nannofossil and benthic foraminiferal ass
blages suggest a discontinuity within the sedimentary record a
approximate depth of 120 mbsf. Downcore changes in plankto
foraminiferal and diatom assemblages are used as indices of var
surface and subsurface hydrography, as well as proxies of coasta
welling and fluvial input.

Calcareous Nannofossils

Nannofossil-derived biostratigraphy of Site 1076 is based o
high-resolution study of Hole 1076A. Table 2 indicates that most
cations of datum events at Hole 1076A were constrained with
maximum range of 8 m. Because of frequent occurrences of calc
ous nannofossil-barren samples toward the bottom part of H
1076A, there is a broader depth range (~11 m) in which the oldes
tum (last occurrence [LO] of Helicosphaera sellii) can occur.

Nannofossil assemblages are generally characterized by low
versity and moderate to poor preservation. Reworked specimen
common throughout the entire section. The overall abundance ra
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Figure 6. Relationship between the red/blue wavelength spectral ratio and the
concentrations of (A) organic carbon and (B) calcium carbonate at Hole
1076A.
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Table 2. Microfossil datums at Hole 1076A.

Notes: Fossil group: N = calcareous nannofossils; S = silicoflagellates; and R = radiolarians. FO = first occurrence and LO = last occurrence. * = lower isotopic Stage 15 (Weaver, 1993);
age interpolated from Imbrie et al. (1984). Zonal codes refer to the standard calcareous nannofossil zonations of (A) Martini (1971) and (B) Okada and Bukry (1980). 

 
Fossil 
group  Event

Age
(Ma)

Zone (base) Core, section, interval (cm) Depth (mbsf)

A B Top Bottom Top Bottom Mean

 176-1076A- 176-1076A-
N FO Emiliania huxleyi acme 0.09 NN21b 3H-1, 80 3H-4, 60 15.10 19.40 17.3
N FO Emiliania huxleyi 0.26 NN21a CN15 8H-5, 30 8H-CC 68.15 71.84 70.0
N LO Gephyrocapsa caribbeanica acme 0.26 NN21a CN15 8H-5, 30 8H-CC 68.15 71.84 70.0
N LO Pseudoemiliania lacunosa 0.46 NN20 CN14b 9H-CC 10H-5, 34 81.51 87.04 84.3
R LO Axoprunum angelinum 0.46 8H-CC 9H-CC 71.84 81.51 76.7
N LO Small Gephyrocapsa acme (Weaver, 1993) 0.60* 10H-CC 11H-3, 14 90.89 93.44 92.2
S LO Bachmannocena quadrangula 0.80 16H-CC 17H-CC 147.90 157.86 152.9
N LO Reticulofenestra asanoi 0.83 12H-2, 10 12H-4, 10 101.40 104.40 102.9
N LO Small Gephyrocapsa acme (Gartner, 1977) 0.96 CN14a 13H-3, 50 13H-CC 111.70 119.85 115.8

Paraconformity
N LO Small Gephyrocapsa acme (Gartner, 1977) 0.96 CN14a 14H-6, 3 14H-CC 126.30 129.12 127.7
N LO Helicosphaera sellii 1.25 20H-CC 21H-7, 10 185.98 196.34 191.2
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from abundant for Cores 175-1076A-1H through 10H and within
Cores 175-1076A-13H and 14H, to poor or barren for Cores 175-
1076A-11H and 12H and from Cores 175-1076A-15H through 22H.

The nannofossil biostratigraphy suggests that drilling at Site 1076
recovered a continuous stratigraphic record from the lower Pleis-
tocene (lower part of Zone NN19) to the Holocene (upper Zone
NN21b). Based on the identification of the LO of H. sellii datum near
the base of Hole 1076A, the oldest sediment recovered from Site
1076 has an approximate age of 1.3 Ma.

The biostratigraphic framework disagrees with the paleomagnetic
interpretations from 90 to 120 mbsf. Sedimentation rates calculated
from nannofossil datums are lower than those estimated from paleo-
magnetic boundary events (Fig. 7). Reasons for this discrepancy
probably include poor preservation and frequent reworking of nanno-
fossil assemblages within Cores 175-1076A-11H and 12H, which af-
fect primarily the LO datum events of individual species (i.e., LO of
Pseudoemiliania lacunosa and LO of Reticulofenestra asanoi). How-
ever, we do not believe that the depth locations of datum events based
on acme intervals (LO of Small Gephyrocapsa acme [sen. str. Weav-
er, 1993]; LO of Small Gephyrocapsa acme [sen. str. Gartner, 1977])
are affected by poor preservation or common reworked specimens. In
any case, nannofossil-based estimates of sedimentation rates should
be taken with extreme caution.

A major paraconformity was identified within the top part of Core
175-1076A-14H. This feature (see “Lithostratigraphy” section, th
chapter) has the effect of duplicating similar nannofossil assembl
successions and datums above and below ~120 mbsf. 

Zone NN21b

The uppermost three cores down to the mean depth of 17.3 m
(Sample 175-1076-3H-1, 80 cm, to Sample 175-1076-3H-4, 60 c
are ranged within Zone NN21b. Nannofossil assemblages within 
interval are dominated by Emiliania huxleyi.

Zone NN21a

Most of this interval ranges within the Gephyrocapsa aperta acme
Zone sen. str. Weaver (1993) and extends throughout isotope St
6, 7, and upper 8. The lower boundary marker for Zone NN21a w
identified within Core 175-1076A-8H at a mean depth of 70 mbsf

Zone NN20

The LO P. lacunosa event (which marks the lowermost boundar
of this zone) was difficult to constrain because of frequent rework
within Cores 175-1076A-9H and 10H. We tentatively located th
event between Samples 175-1076A-9H-CC and 10H-5, 34 cm.
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Zone NN19

Site 1076 did not penetrate the Zone NN19/NN18 boundary (u
permost Pliocene) but terminated slightly below the LO H. sellii
datum event (Samples 175-1076A-20H-CC to 21H-7, 10 cm). Oth
datums identified within the Zone NN19 interval were the LO of R.
asanoi at 102.9 mbsf and the LO of Small Gephyrocapsa acme sen.
str. Gartner (1977) at both 115.8 and 127.7 mbsf (see above disc
sion on paraconformity).

Planktonic Foraminifers 

The planktonic foraminifers at Site 1076 are affected by dissol
tion. In addition, there is evidence for reworking in the uppermo
sample. One specimen of Globorotalia tosaensis (LO at 0.65 Ma)
was identified in Sample 175-1076A-1H-CC. It is not present in th
underlying samples and agrees with calcareous nannofossil floral d
tributions that indicate reworking. 

Zonation schemes based on faunal changes within the Pleistoc
(e.g., Globorotalia menardii and G. truncatulinoides zonations based
on the presence/absence and the coiling direction, respectively) 
not readily applicable because of dissolution and the broad samp
interval (core catchers). 

The uppermost assemblage is dominated in the coarse frac
(>250 µm) by Orbulina universa (Fig. 8). Table 3 lists the dominant
species for Site 1076 by decreasing susceptibility to dissolution. Glo-
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Figure 7. Age-depth plot and sedimentation rates at Hole 1076A estimated
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ans).
93



SITE 1076

not
sin

e of

ell
C.

of
.
 is
se
A-
 as

ion.
,

ent

-
re

75-
d

75-
r-
un-
rva-
C

w).

rt of
 by

s a
lysis
ents

ated

hout

e
-
ole

76
 re-

4a,
n-
C
or

e-
C

at
ch

er
 N

um
be

r

O. universa
G. bulloides
G. ruber (pink)

0 0.5 1 1.5 2
G. crassaformis Dominant Species at Hole 1076A

1 = Abundant (10% - 30%)
2 = Dominant (>30%)

D
ep

th
 (

m
bs

f)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

186.0

24.3

33.6
43.4
52.8

62.5
71.8

90.9

100.6

109.9

119.8
129.1

138.6
157.9
176.6

195.9
204.9

4.8
13.2

0 1 2 3 4 5
A B

Figure 8. Planktonic foraminiferal abundances. A. Intervals where G. cras-
saformis is a dominant component of the assemblage. B. High abundances of
O. universa and G. bulloides suggest modern conditions, whereas increased
abundances of G. ruber (pink) indicate warm water or enhanced preservation
or both. Abundance index: 5 = very abundant, 4 = abundant, 3 = common, 2 =
few, 1= rare, and 0 = barren.

Table 3. The dominant and abundant planktonic foraminiferal species at
Hole 1076A. 

Notes: Species listed in decreasing susceptibility to dissolution, from left to right. The
positions of H. siphonifera and G. quadrilobatus have not been determined. A =
abundant (10%–30%); D = dominant (>30%); DISS = barren or very few specim
(dissolution interval). 
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bigerina bulloides and Globorotalia crassaformis are abundant com-
ponents. Other common species include Neogloboquadrina pachy-
derma (sinistral and dextral), Globorotalia inflata, and G. scitula.
This assemblage differs from the uppermost assemblage at Site 1075
in that Globigerinoides ruber (pink) is not abundant. O. universa has
been found in very high abundances south of the study area, in the
Benguela Current region (Bé and Tolderlund, 1971), but it was 
found in high abundances in a study performed in the Congo Ba
(Ufkes et al., in press). The high abundance of O. universa (Fig. 8),
in conjunction with the low abundance of G. ruber (pink), may be
representative of the surface-water conditions at the eastern edg
the gyre. The dominance of O. universa and absence of G. ruber
(pink) occurs in Samples 175-1076A-1H-CC through 5H-CC, as w
as in Samples 175-1076A-13H-CC, 17H-CC, 19H-CC, and 21H-C
The absence of G. ruber (pink) in these samples may be the result 
dissolution, however, and be unrelated to surface-water changes

G. crassaformis is abundant in the upper part of the section but
absent below Core 175-1076A-8H-CC (71.84 mbsf). Although the
samples are within the dissolution interval (Samples 175-1076
10H-CC through 22H-CC), dissolution-susceptible species such
G. ruber are present, suggesting that the absence of G. crassaformis
may be related to a hydrographic change and not just to dissolut
G. crassaformis is commonly found at depths >100 m in this region
in the oxygen minimum zone, and below the Equatorial Undercurr
(Bé and Tolderlund, 1971).

The presence of G. bulloides presumably indicates elevated pro
ductivity, possibly related to upwelling. The consistent downco
presence of both G. bulloides and O. universa suggests that condi-
tions similar to modern ones prevailed downcore in Samples 1
1076A-1H-CC, 4H-CC, 5H-CC, 7H-CC, 13H-CC, 17H-CC, an
19H-CC. 

Benthic Foraminifers

The upper 10 core-catcher samples of Hole 1076A (Samples 1
1076A-1H-CC through 10H-CC) contain well-preserved benthic fo
aminifers in relatively high abundance. Farther downcore, the ab
dance is lower and the preservation moderate to poor. The prese
tion displays a dual character in the interval 175-1076A-13H-C
through 14H-CC (perhaps down to Sample 175-1076A-16H-CC, but
the abundance of benthic foraminifers in those samples is very lo
Here well-preserved specimens of Hoeglundina elegans are present
with heavily eroded specimens of the same species. The upper pa
that interval is equivalent with the “paraconformity,” as suggested
the calcareous nannofossil assemblages.

The diversity of benthic foraminifers deteriorates downcore a
result of lower absolute abundance. This impedes a relevant ana
of faunal changes through time, even though some general comm
can be made. Bulimina aculeata is continuously present in high rela-
tive abundance throughout Hole 1076A. Its presence is associ
with high relative abundance of B. exilis and Uvigerina auberiana.
Other species that are present in high relative abundance throug
Hole 1076A are Bulimina mexicana, Cassidulina laevigata, Cibici-
doides pachyderma, fissurids, and the Praeglobobulimina/Globobu-
limina group (Fig. 9). The species Epistominella sp. 1 and Quadri-
morphina allomorphoides are restricted to the upper part of Hol
1075A, whereas Stilostomella spp. occurs in the lower part only. Rel
ative abundances of the benthic foraminiferal species found at H
1076A are presented in Table 4.

Most of the benthic foraminiferal species found at Site 10
(Table 4) are long-ranging, cosmopolitan species that have been
ported from the southeastern South Atlantic (Boersma, 198
1986b). The faunal composition is indicative of upwelling and e
hanced productivity; important species such as Bulimina aculeata

ens
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Figure 9. Relative abundances for selected benthic foraminiferal species. Absolute abundance (per ~20 cm3 of sediment) of benthic foraminifers is given as A =
abundant (>500 specimens); C = common (250–500 specimens); F = few (100–249 specimens); R = rare (50–99 specimens); T = trace (1–49 specimens); and B
= barren (no specimens). Note that very few specimens were found in Samples 1076A-15H-CC, 16H-CC, and 20H-CC and that no reliable percentage estimates
could be obtained.
and B. exilis are both reported to prefer such conditions. The species
B. aculeata is reported to have high tolerance to oxygen deficiency
and to prefer high nutrient abundance (Van der Zwaan, 1982); B.
exilis is often associated with sapropels and diatomites formed under
conditions of significant oxygen depletion (Jonkers, 1984). The spe-
cies B. mexicana is present in high relative abundances at Hole
1076A, and it is reported to be common in regions of coastal up-
welling and high productivity (Boersma, 1984b). This species is a
major component of the benthic foraminiferal assemblages at Deep
Sea Drilling Project (DSDP) Site 532, which was drilled on the south-
ern margin of the Angola Basin at approximately the same depth as
Site 1076.

Radiolarians

Radiolarians are present in all of the core-catcher samples from
Hole 1076A (Table 5). They are common to abundant in most of the
samples, but rare to few in some samples from the lower part of the
hole. Good preservation in all investigated samples suggests that the
low abundances are probably caused by low productivity and/or dilu-
tion by terrigenous sediments, rather than by enhanced dissolution.
No apparent reworking has been identified.

The radiolarian fauna indicates a Quaternary age for Site 1076.
The absence of Axoprunum angelinum indicates that the uppermost
cores (175-1076A-1H-CC through 8H-CC) are within either the
Pleistocene Collosphaera tuberosa Zone or the Pleistocene to Holo-
cene Buccinosphaera invaginata Zone of Moore (1995). A finer
zonal resolution could not be achieved because of the absence of B.
invaginata. 

The lower part of the section (Cores 175-1076A-9H-CC through
22H-CC) is assigned to the Pleistocene A. angelinum Zone or Am-
phirhopalum ypsilon Zone of Moore (1995) based on the presence of
A. angelinum and the absence of Lamprocyrtis neoheteroporos,
regardless of the absence of the diagnostic species Anthocyrtidium
angulare throughout Hole 1076A. The diagnostic species C. tubero-
sa, used to recognize the A. angelinum and A. ypsilon Zones, is ex-
tremely rare. The age-diagnostic species L. neoheteroporos, which
becomes extinct at 1.07 Ma in tropical oceans, was not found. The
oldest sediment could, thus, be younger than 1.07 Ma.

Diatoms

Diatom counts and identification were carried out on smear slides.
Opaline phytoliths and silicoflagellates also were counted. Diatoms
show marked fluctuations in abundance and preservation (Table 6). In
general, diatoms are abundant and well preserved throughout Hole
1076A, except for Samples 175-1076A-3H-CC, 4H-CC, 11H-CC,
14H-CC, 15H-CC, and 16H-CC (Table 6; Fig. 10). Examination of
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enthic foraminifers at Hole 1076A. 

Notes: The relative abu  of benthic foraminifers is given as A = abundant (>500 specimens); C = common (250–
500 specimens); 
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175-1076A-   
1H-CC 4 +  3 + 5 2 + 4 + 2 +  2 2 6 7 257
2H-CC 13 +  1 3 4 + + + + +  15 2 + 295
3H-CC 24 + 1 + 4 + + + + +  + + 212
4H-CC 33 +  2 + 7 4 + 6 + 5  7 2 5 5 302
5H-CC 43 + + + 1 + 1 1 2 + + + +  28 2 + 321
6H-CC 52 + 2 + 16 2 + 2 + 2 +  13 3 2 2 466
7H-CC 62 2 1 3 + 3 + + + 2 3  + 2 2 2 446
8H-CC 71 + 2 2 2 2 + 1 4 +  2 1 2 4 274
9H-CC 81 + 2 + 4 + 2 + + + 2 9 +  + 2 4 5 366
10H-CC 90 2  + 5 +  2 2 8 2 133
11H-CC 100 1 15 14 1 + + 4  3 6 3 6 177
12H-CC 109 3  + + 2 + 1 3  5 4 2 251
13H-CC 119 + + 1 2 + + + 1 2 4 + 2 + 3 1 5 301
14H-CC 129 2 1 2 + 3 2 + 2 13 2 3 1 12 2 7 198
15H-CC 138 P P P P P P P 23
16H-CC 147  P P P  P P 30
17H-CC 157 + 1 3 2 3 2 6 2 7 1 5 294
18H-CC 166 + 3 4 2 1 + + 6 + 6 + 3 234
19H-CC 176 3 5 3 3 2 3 2 5 8 11 63
20H-CC 185 P P P P P P P 32
21H-CC 195 + 1 4 2 2 2 5  25 3 261
22H-CC 204  3 2 7 2 3 45 5 2 3 58
Table 4. Relative abundance of benthic foraminiferal species and overall abundance of b

ndance of benthic foraminiferal species is given as a percentage, where + = <1%. Absolute abundance (per ~20 cm3 of sediment)
F = few (100–249 specimens); R = rare (50–99 specimens); T = trace (1–49 specimens); and P = present.
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.75 A 5 + 27 14  + 3 + 4 2 +  2 8 +
.21 A 25 2 3 12  + 3 12  1 + 3 +
.29 A + + 1 47 1 +  2 + + 4  + 1
.62 C + + + 3 2 + 2 + 4 + 2 5 + + + 2  6 + 2 + 2
.43 A + 18 15 + 1 + + 4 4 2 2 3 + +
.81 A + 13 24 + 2 2 + 3 5 +  2 3 + + + +
.46 A 2 34 4 4 7 6 + + 4 + + 1  2 + 4 + 3 + 2
.84 C + 24 3 3  7 5 19 + +  3 2 3 +
.52 C 2 6 2  9 + 2 12 +  4 2 3 5 + 5
.89 C 13 4 4 5 9 10 + 4 17 + +  4 2 8 + +
.58 F 14 14 4 + 2 1 4 1 +  1 2 1 +
.89 C 15 12 24 3  2 2 1 +  2 4 + 2 + +
.85 C 2 9 2 + 4 2 18 + 5 5 + 1 4 1 1 3 + 3
.12 F + 8 4  4 + + 7 + 6 2 5 13 1 + 3
.65 T P P  P P  P P
.90 T P  P P P P P P
.86 C 6 7 13 + 1 7 3 4 2 + 6 + + 4 1 1 + +
.79 F 35 + 3 9 3 5 8 +  3 2 2 3
.58 R 2 3 11  19 3  6 2 10
.98 T P  P  P
.87 F 33 + 5 4 3 + 3 2  + 4 + +
.93 R 2 2 3  1  9 2
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Table 5. Stratigraphic distribution of radiolarians at Hole 1076A.

Notes: Occurrence is indicated by P = present and + = one specimen per slide. Abundance: A = abundant; C = common; F = few; and R = rare. Preservation: G = good. B. invaginata =
Buccinosphaera invaginata; C. tuberosa = Collosphaera tuberosa; A. angelinum = Axoprunum angelinum; A. ypsilon = Amphirhopalum ypsilon.
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175-1076A-  
Quaternary B. invaginata–C. tuberosa 1H-CC 4.75 A G P P P P P P P P P P  
Quaternary B. invaginata–C. tuberosa 2H-CC 13.21 C G P P P P P P P P P  
Quaternary B. invaginata–C. tuberosa 3H-CC 24.29 C G P P P P P P P  
Quaternary B. invaginata–C. tuberosa 4H-CC 33.62 A G  P P P P P P P P +
Quaternary B. invaginata–C. tuberosa 5H-CC 43.43 A G P P P P P P P P P P  
Quaternary B. invaginata–C. tuberosa 6H-CC 52.81 A G P P P P P P P P P P P  
Quaternary B. invaginata–C. tuberosa 7H-CC 62.46 A G P P P P P P P P P P P  
Quaternary B. invaginata–C. tuberosa 8H-CC 71.84 A G + P P P P P P P P P P P  P

Pleistocene A. angelinum–A. ypsilon 9H-CC 81.51 C G P P P P P P P P  +
Pleistocene A. angelinum–A. ypsilon 10H-CC 90.89 A G P P P P P P P P P P  P
Pleistocene A. angelinum–A. ypsilon 11H-CC 100.58 C G P P P + P P
Pleistocene A. angelinum–A. ypsilon 12H-CC 109.86 A G P P P P P P P  P
Pleistocene A. angelinum–A. ypsilon 13H-CC 119.85 F G P P P P P P P  P
Pleistocene A. angelinum–A. ypsilon 14H-CC 129.12 F G P P P P P  P
Pleistocene A. angelinum–A. ypsilon 15H-CC 138.65 R G  P P P P  P
Pleistocene A. angelinum–A. ypsilon 16H-CC 147.9 A G P P P P P P P P P P  P
Pleistocene A. angelinum–A. ypsilon 17H-CC 157.86 A G P P P P P P P P  P
Pleistocene A. angelinum–A. ypsilon 18H-CC 166.79 F G P P P P P P P  P
Pleistocene A. angelinum–A. ypsilon 19H-CC 176.58 R G P  P P P P P  P
Pleistocene A. angelinum–A. ypsilon 20H-CC 185.98 A G P P P P P P P P P P  P P
Pleistocene A. angelinum–A. ypsilon 21H-CC 195.87 C G P P P P P P  P P
Pleistocene A. angelinum–A. ypsilon 22H-CC 204.93 A G P P P P P + P  P P
,
o
or.
Table 6. Overall diatom abundance and relative contribution of the
dominant species or assemblages at Hole 1076A.

Notes: Includes diatom upwelling and freshwater assemblages, opaline phytoliths
silicoflagellates (in percentages). Abundance: A = abundant; T = trace; C = c
mon; F = few; and R = rare. Preservation: G = good; M = moderate; and P = po
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175-1076A-
1H-CC 4.75 A-C 2.0 33.3 25.8 T T 34.8 T
2H-CC 13.21 A 2.0 19.1 47.8 T R 16.5 T
3H-CC 24.29 T 1.0 T T
4H-CC 33.62 T 1.0 F R R
5H-CC 43.43 A 2.0 56.4 14.9 T T 18.8 T
6H-CC 52.81 C 2.5 37.9 29.5 21.1 T 5.2
7H-CC 62.46 A 2.5 52.5 32.5 T T 3.8 T
8H-CC 71.84 C 2.0 29.8 54.6 T T 9.2 T
9H-CC 81.52 A 2.0 53.9 20.9 T 10.4
10H-CC 90.89 A 2.0 36.7 33.3 11.9 R 8.1 T
11H-CC 100.58 T 1.0 T T
12H-CC 109.89 A 2.0 40.1 50.1 T R 3.2 T T
13H-CC 119.85 F-C 2.0 54.4 33.3 T 5.5 T
14H-CC 129.12 T 1.0 T
15H-CC 138.65 T 1.0 T T T
16H-CC 147.90 R 1.0 F T T
17H-CC 157.86 A 1.5 38.3 45.8 T T 9.3 T T
18H-CC 166.79 A 2.0 53.8 38.8 R 0.2 T
19H-CC 176.58 A 2.0 56.3 31.7 T R 6.7 T T
20H-CC 185.98 C 1.5 32.6 31.9 T 25.3 4.5 R
21H-CC 195.87 C 1.0 61.4 27.9 R 1.4 T T
22H-CC 204.93 C 1.0 45.1 37.0 T 6.4 3.3
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Figure 10. Diatom abundance (z-axis), and percent T. nitzschioides and fresh-
water diatoms (x-axis) at Hole 1076A. Abundance index: 5 = abundant, 4 =
common, 3 = few, 2 = rare, 1 = trace, and 0 = barren. T. nitzschioides is an
upwelling indicator in the Congo Fan area.
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the core-catcher samples from Hole 1076A indicates a Pleistocene
age for this hole. Samples 175-1076A-1H-CC through 10H-CC are
assigned to the Pseudoeunotia doliolus Zone. Diatom biostratigraphic
marker species are lacking downhole. However, the silicoflagellate
Mesocena quadrangula is present in Samples 175-1076A-17H-CC
(LO at 0.8 Ma) through 20H-CC (first common occurrence at 1.0 Ma;
Locker, 1996) and may be used as a biostratigraphic marker instead.

The diatom flora is dominated by upwelling-indicator species
(>60% of total diatom assemblage Thalassionema nitzschioides var.
nitzschioides and Chaetoceros resting spores and setae; see Table 6),
accompanied by freshwater taxa (e.g., Aulacoseira granulata, A.
islandica, and Cyclotella spp.), and neritic species (e.g., Actinopty-
chus senarius). Two distinct pulses of the coastal species Skeletonma
costatum are observed in Samples 175-1076A-6H-CC (~21%) and
10H-CC (~12%), respectively. Species characteristic of open-ocean
conditions (e.g., Alveus [= Nitzschia] marinus, Azpeitia spp., and
Rhizosolenia robusta) were less abundant than here than at Hole
1075A. In general, diatom assemblages characterize Hole 1076A as
a coastal upwelling site with variable freshwater input (Fig. 7; also
see “Site 1075” chapter, this volume).

As at Hole 1075A, the presence of freshwater diatoms at H
1076A is attributed to supply by the Congo River, and high ab
dances may be interpreted as signals for humid intervals on the 
can continent (e.g., Jansen et al., 1989). The average contributi
the freshwater assemblage is somewhat higher than at Hole 10
(6.4% vs. 3.5%). Peaks are seen in the upper 40 m (>15%) an
Samples 175-1076A-8H-CC through 10H-CC (8%–10%) and 1
1076A-17H-CC. Opaline phytoliths are present only sporadica
and in low numbers (Table 6); therefore, the ratio PhFD (phytoli
[freshwater diatoms + phytoliths] × 100) is not given.

PALEOMAGNETISM

The investigation of magnetic properties at Site 1076 included
measurement of bulk susceptibility of whole-core sections and
natural remanent magnetization (NRM) of archive-half sections. 
Tensor tool was used to orient Hole 1076A for Cores 3H throu
16H, Hole 1076B for Cores 4H through 7H, Hole 1076C for Co
18H through 22H, and Hole 1076D for Cores 3H through 5H (Ta
7). The remaining cores from each hole were not oriented becau
technical problems with the Tensor tool.

Natural Remanent Magnetization 
and Magnetic Susceptibility

Measurements of NRM were made on all archive-half core s
tions from Holes 1076A, 1076C, and 1076D. Cores 175-1076B
through 3H were measured, but the remaining cores from H
1076B were not measured because of pronounced sediment d
bance. Sections from Hole 1076A were demagnetized by alterna
field (AF) at 10 and 20 mT, and sections from Holes 1076B, 107
and 1076D were demagnetized by AF at 20 mT only.

Magnetic susceptibility measurements were made on whole c
from all four holes as part of the MST analysis (see “Physical Pr
erties” section, this chapter), except for Cores 175-1076B
through 7H, which were not measured because of technical diffi
ties with the MST. Magnetic susceptibility was relatively low, on t
order of 10–5 (SI volume units; Fig. 11).

The intensity of NRM after 20-mT demagnetization from the
three measured holes is similar in magnitude, ranging from ~10–5 to
~10–3 A/m (Fig. 12, left panel). Within the upper 50 mbsf of Holes
1076A and 1076C, the intensity is on the order of 10–3 to 10–4 A/m.
The NRM decreases gradually (from ~10–4 to ~10–5 A/m) between 40
and 90 mbsf, below which it increases rapidly to 10–3 A/m and once
98
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again decreases gradually with depth. A similar trend was observed
in the magnetic susceptibility, which increases rapidly below ~95
mbsf (Fig. 11).

A relatively stable magnetic component was preserved in sedi-
ments from all three holes, which allowed the determination of the
magnetic polarity. A magnetic overprint with steep positive inclina-
tions, which was probably acquired during drilling, was usually
erased by 20-mT demagnetization. Directions of the NRM below
~140 mbsf, however, show relatively large scatter. This suggests that
secondary magnetizations still remain and are probably a viscous rem-
anent magnetization and/or chemical remanent magnetization caused
by diagenetic growth or dissolution of magnetic minerals.

Magnetostratigraphy

We identified the polarity of the NRM from the declinations and
inclinations. Data from the Tensor orientation tool were available for
most of Hole 1076A, which facilitated interpretation of reversals in
terms of the geomagnetic time scale. Changes of inclination with po-
larity transitions were difficult to interpret because of the low latitude
of this site (an inclination of –10° is expected from the geocentric ax-
ial dipole model) and the magnetic overprint (Fig. 12, right panel).

The Brunhes/Matuyama polarity transition (0.78 Ma; Berggren 
al., 1995) occurs between 132 and 138 mbsf at Hole 1076A and 
tween 136 and 140 mbsf at Hole 1076C; the Brunhes/Matuyam
boundary was not identified at Hole 1076D (Fig. 12, middle pane
The thickness of sediments, which records a polarity transitio
should be ~1.5 m at these holes, assuming that the sedimentation
is ~150 m/m.y. and a polarity transition completes within 10 k.
However, the large scatter of the remanent directions and the inco
plete Tensor data made it difficult to determine the exact position
the boundary. The termination and beginning of the Jaramillo Su
chron (C1r.1n), the ages of which are 0.99 and 1.07 Ma (Berggren

Table 7. Tensor tool–orientation data for cores from Holes 1076A,
1076B, 1076C, and 1076D.

Notes: The orientation parameter (MTF) is the angle in degrees between magnetic north
and the double line marked on the center of the working half of the core. The local
declination anomaly is 6°W.

Core, section
MTF
(°)

Inclination
angle

175-1076A-
3H 206 2.38
4H 124 2.33
5H 16 2.11
6H 29 2.14
7H 231 2.12
8H 231 2.15
9H 277 1.86
10H 191 1.88
11H 26 1.87
12H 357 1.78
13H 39 1.85
14H 69 1.76
15H 81 1.84
16H 98 1.83

175-1076B-
4H 68 0.72
5H 295 1.14
6H 297 2.00
7H 293 1.62

175-1076C-
18H 222 0.67
19H 74 0.68
20H 173 0.71
21H 187 0.69
22H 247 0.52

175-1076D-
3H 273 1.20
4H 237 1.49
5H 173 1.53
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Figure 11. Magnetic susceptibilities from MST data 
(volume corrected) for Holes 1076A, 1076B, 
1076C, and 1076D.
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al., 1995), respectively, occur at ~156–158 and 167–170 mbsf at 
1076A and at about 165–167 and 175–178 mbsf at Hole 1076C.

We observed a possible short reversal event in the Brunhes C
It occurs at all four holes: 16–22 mbsf at Hole 1076A (the bottom
not clear because of a gap); 20 mbsf to the bottom of Hole 1076B
mbsf); 20–26 mbsf at Hole 1076C; and 20–25 mbsf at Hole 107
Figure 13 displays this record from Cores 175-1076D-2H throu
4H. All holes except Hole 1076C show declinations of almost 1°
opposite the average Brunhes declination. This is possibly the B
event, considering the calcareous nannofossil age of 90 ka at 16
at Hole 1076A (see “Biostratigraphy and Sedimentation Rates” 
tion, this chapter). The Blake event is considered to have occu
during the earlier part of the δ18O Stage 5, at ~120 ka (Tric et al
1991; Tucholka et al., 1987). The duration of the Blake event is
well constrained, but it is probably 10 k.y. or less. The occurrenc
the event through several meters in the sediments suggests a
tremely high sedimentation rate (~500 m/m.y.) during Stage 5 at
site.

Another rapid change in declinations was observed in Core 1
1076A-8H (74 mbsf). It is, however, uncertain whether this is of g
magnetic field origin or whether it reflects a coring disturbance. O
anomalous directions, shown in Figure 12, occur at core bound
and are thus considered to be caused by sediment disturbance.

COMPOSITE SECTION

MST physical properties data on magnetic susceptibil
GRAPE, and P-wave velocity were measured at 2- to 4-cm interva
and discrete measurements of spectral reflectance were made a
4-cm intervals for Holes 1076A, 1076C, and 1076D. Quantitat
and graphic correlation of features present in the physical param
measurements of adjacent holes were used to establish depth co
ity of the stratigraphic sequence. This process was used to deter
intercore depth offsets of adjacent holes and to establish a comp
depth scale (in mcd) for Site 1076 (Table 8). The stratigraphic
quence was demonstrated to be continuous to 129 mbsf. Cores
Holes 1076A and 1076D, drilled between 129 and 204 mbsf, w
largely at equal depths, obfuscating the determination of depth c
nuity below 129 mbsf.
ole
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High gas content in the sediments caused expansion, disturba
and numerous voids in the recovered cores. These voids gene
considerable noise in the MST measurements, particularly in t
GRAPE density and magnetic susceptibility data, where the volum
reduction caused by voids and cracks reduces the amplitude. P-wave
measurements were too noisy to be useful in determining compo
depths. Extensive filtering of the measured parameters (GRAP
magnetic susceptibility, and spectral reflectance) was necessary
fore constructing a composite section. Filtering procedures are 
same as those used at Site 1075 (see “Composite Section” sec
“Site 1075” chapter, this volume).

Magnetic susceptibility and color reflectance (red/blue ratio [65
nm/450 nm]) were the primary records used for establishing the de
composite record (Fig. 14). GRAPE density and color reflectan
(chromaticity b*) parameters were also used for control and refin
ment.

Relative correlation of the sedimentary sections was very goo
however, stretching and core compression are observed on len
scales <9.5 m and lead to locally observed intercore disagreeme
Additional processing is required to correct for these distortions. B
low 137 mcd, some relative core-to-core adjustments could be ma
with adjacent Holes 1076A and 1076C. Following construction of th
composite depth section for Site 1076, a single spliced record was
sembled from the aligned cores (Fig. 15). The Site 1076 splic
record can be used as a sampling guide to recover a single sedim
tary sequence. Tie points for these splices are given in Table 9. C
relations below 140 mcd are tentative. Growth of the mcd compos
depths relative to the mbsf drilled was ~11% (Fig. 16).

INORGANIC GEOCHEMISTRY

Sixteen interstitial water samples were collected from Ho
1076A and analyzed (Table 10). The sampling protocol called f
gathering one 10-cm-long whole-round interval from each core fro
the surface to ~100 mbsf and one 10-cm-long whole-round interv
from approximately every third core thereafter. The shallowest sa
ple was taken from 1.4 mbsf and the deepest from 202.2 mbsf, en
ing coverage of diagenetic processes throughout the complete sec
cored. Headspace samples (see “Organic Geochemistry” section,
99
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Figure 12. NRM intensity, declination, inclination, and 
magnetostratigraphic interpretation after 20-mT demag-
netization. Black symbols = Tensor corrected; gray sym-
bols = uncorrected. Polarity shading: black = normal and 
white = reversed. A. Hole 1076A. B. Hole 1076C. (Con-
tinued on next page.)
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chapter) were taken immediately adjacent to each interstitial water
whole-round sample, thereby providing a comparable high-resolu-
tion data set for volatile hydrocarbons.

Alkalinity, Sulfate, and Ammonium

Downcore profiles of alkalinity, sulfate, and ammonium (Fig. 17)
reflect the degradation of organic matter. The high total organic car-
bon concentrations at this site (see “Organic Geochemistry” sect
this chapter) are responsible for the very steep decline in dissol
sulfate as well as the sharp increase in alkalinity below the seaflo
Concomitant with the sulfate decrease and alkalinity increase, am
nium also increases rapidly through the uppermost 5–10 mbsf 
continues to increase to the bottom of the hole, recording both s
low and deep degradation of organic matter. Below the initially rap
increase in alkalinity, there is a gradual increase to a broad maxim
of ~35 mM from 30–70 mbsf, a pronounced minimum centered n
100
n,
ed
or.
o-
ut
al-
id
m

ar

150 mbsf, and a clear increase in the deepest section of the sedim
tary succession. The deep alkalinity increase will be discussed be
in the context of the distributions of dissolved Ca2+, Mg2+, and Sr2+.

The depletion of dissolved sulfate within the uppermost 20 mb
(Fig. 17) occurs at a shallower depth than was observed at Site 1
reflecting the higher sedimentation rate at Site 1076. The effec
higher sedimentation rate is to hasten the isolation of the sedime
organic matter from overlying oxygenated seawater and, thus, to p
mote anaerobic degradation.

Calcium, Magnesium, and Strontium

As at Site 1075, organic degradation also drives carbonate dis
lution and precipitation, recorded in the distributions of dissolve
Ca2+, Mg2+, and Sr2+ (Fig. 18). The strong decreases in Ca2+ and Mg2+

initially occur at depths shallower than at Site 1075. Likely phas
responsible for the decreases in dissolved Ca2+ and Mg2+ include
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authigenic carbonates (e.g., dolomite), clays, and authigenic apatite.
Keeping in mind that the uppermost three data points in the dissolved
Sr2+ profile are within analytical precision, the dissolved Sr2+ in-
creases over the uppermost 50 mbsf reflect diagenetic dissolution of
biogenic calcite.

As we propose for Site 1075, there may be more than one distinct
sink of dissolved Mg2+ at Site 1076. Extrapolating the deeper trend of
Mg2+ depletion, presumably caused by authigenic clay mineral for-
mation (at depths >50 mbsf), to stratigraphically shallower levels up
to the bottom-water value of 53 mM (Fig. 18), we infer that the addi-
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Figure 13. Possible Blake event from Cores 175-1076D-2H through 4H 
25 mbsf).
tional Mg2+ drawdown (see uppermost shaded region in Fig.18) is
caused by dolomite formation. Stoichiometrically, the precipitation
of dolomite should cause equal consumption of dissolved Ca2+ and
Mg2+. The preliminary observations here suggest that the excess de-
crease of Mg2+ approximately balances the decrease in dissolved Ca2+

(note the different horizontal axis scales in Fig. 18). Postcruise mass
balance calculations of the Ca2+, Mg2+, and Sr2+ budgets will provide
further information about these hypothesized authigenic processes.

The increases in alkalinity (Fig. 17), dissolved Ca2+, and dissolved
Sr2+ that occur below 130–150 mbsf suggest additional dissolution
biogenic calcite at this greater depth. Because there also appears
a region of increased Mg2+ uptake through this depth range (see dee
er shaded region in Fig. 18), dolomitization may also be occurri
This hypothesis is consistent with the observation that the Mg2+ gra-
dient at Site 1076 (a decrease of 27 mM/200 m) is stronger than
at Site 1075 (19 mM/200 m) where we considered only authige
clay mineral formation as a sink for Mg2+.

Silica and Phosphate

Dissolved silica concentrations increase very rapidly through 
uppermost 5 m of sediment (Fig. 19), recording the dissolution
biogenic opal. Concentrations continue to gradually increase do
core. The maximum in dissolved silica at ~150 mbsf correspond
an interval in which diatoms are rare or absent (see “Biostratigra
and Sedimentation Rates” section, this chapter).

Dissolved phosphate increases very rapidly to a maximum va
of ~110 µM within the uppermost 20 mbsf. The rate of increase is
greater than that observed at Site 1075; this is consistent with
sharper increase in alkalinity at Site 1076 and the sharp decrea
dissolved sulfate, as described above, all of which reflect intense d
radation of organic matter in the shallowest buried sediments. 
decrease in dissolved phosphate with depth reflects the presence
phosphate sink, which is most likely the formation of authigen
apatite.

Sodium and Potassium

Concentrations of both dissolved Na+ and K+ increase with depth
downcore (Fig. 20). The behavior of these components most lik
reflects reactions with clay minerals throughout the sequence.

20–
101
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Salinity and Chloride

The initial downcore decrease of salinity through the upper 30
mbsf (Fig. 21) appears to be caused by the decrease in dissolved sul-
fate, Ca2+, and Mg2+ through this interval. The increase below 150
mbsf reflects the increase in many of the dissolved constituents
through these deeper sections. The concentration of dissolved Cl– in-
creases relatively smoothly downcore. The cause of this increase re-
mains unclear at this time, but the gradual increase at Site 1076 is dif-
ferent from the sharp increase at Site 1075 (for which we call on a dif-
fusional glacial signal).

Neither the salinity nor the dissolved Cl– profile suggests the pres-
ence of gas hydrate at any interval within the uppermost 200 mbsf.

Table 8. Offsets applied to cores from Holes 1076A, 1076C, and 1076D.

Note: The offsets transform ODP standard depth values in meters below seafloor (mbsf)
to meters composite depth (mcd). 

Core
Depth
(mbsf)

Offset
(m)

Composite depth
(mcd)

175-1076A-
1H 0.0 0.00 0.00
2H 4.8 2.86 5.72
3H 14.3 5.93 9.00
4H 23.8 4.46 2.99
5H 33.3 6.22 7.98
6H 42.8 5.52 4.82
7H 52.3 6.61 7.70
8H 61.8 7.81 9.01
9H 71.3 8.74 9.67
10H 80.8 9.44 10.14
11H 90.3 10.26 11.08
12H 99.8 11.40 12.54
13H 109.3 12.26 13.12
14H 118.8 11.84 11.42
15H 128.3 11.48 11.12
16H 137.8 11.48 11.48
17H 147.3 11.48 11.48
18H 156.8 11.48 11.48
19H 166.3 12.12 12.76
20H 175.8 12.12 12.12
21H 185.3 12.12 12.12
22H 194.8 12.12 12.12

175-1076C-
1H 0.0 0.24 0.24
2H 3.6 0.98 1.72
3H 13.1 1.64 2.30
4H 22.6 2.56 3.48
5H 32.1 2.70 2.84
6H 41.6 4.00 5.30
7H 51.1 5.46 6.92
8H 60.6 6.29 7.12
9H 70.1 7.66 9.03
10H 79.6 9.30 10.94
11H 89.1 9.46 9.62
12H 98.6 11.3 13.14
13H 108.1 11.88 12.46
14H 117.6 11.74 11.60
15H 127.1 11.74 11.74
16H 136.6 12.34 12.94
17H 146.1 12.34 12.34
18H 155.6 11.98 11.62
19H 165.1 11.98 11.98
20H 174.6 11.98 11.98
21H 184.1 11.98 11.98
22H 193.6 11.98 11.98

175-1076D-
1H 0.0 0.12 0.12
2H 9.0 1.66 3.20
3H 18.5 1.72 1.78
4H 28.0 2.66 3.60
5H 37.5 3.60 4.54
6H 47.0 5.98 8.36
7H 56.5 5.43 4.88
8H 66.0 8.36 11.29
9H 75.5 9.20 10.04
10H 85.0 10.70 12.20
11H 94.5 10.74 10.78
12H 104.0 12.16 13.58
102
There is no chemical evidence of dilution by H2O that would have
been released by hydrate dissolution during recovery.

ORGANIC GEOCHEMISTRY

Calcium carbonate and organic carbon concentrations were mea-
sured on sediment samples from Hole 1076A (Table 11). Organic
matter atomic carbon/nitrogen (C/N) ratios and Rock-Eval pyrolysis
analyses were employed to determine the type of organic matter con-
tained within the sediments. High headspace gas contents were mea-
sured, and routine monitoring of the sedimentary gases was done for
drilling safety.

Inorganic and Organic Carbon Concentrations 

Concentrations of carbonate carbon are low in Site 1076 sedi-
ments. They vary between 1.9 and 0.1 wt% (Table 11). The maxi-
mum carbonate carbon concentration is equivalent to 16 wt% sedi-
mentary CaCO3, and most sediment samples contain <5 wt% CaCO3.
These generally low concentrations agree with the paucity of cocco-
liths and the high abundances of opaline and continental clastic ma-
terial at this site (see “Biostratigraphy and Sedimentation Rates” 
tion, this chapter). The range in concentrations reflects a vary
combination of changes in biological production of calcareous ma
rial, dilution by noncalcareous components, and carbonate diss
tion fueled by oxidation of organic matter.

TOC determinations were done on a smaller number of H
1076A sediment samples than carbonate determinations becau
the generally uniform lithology. TOC values range from 4.32 to 0.
wt% (Table 11) and average 2.56 wt%. The concentrations are 
times greater than the average of 0.3 wt% given by McIver (19
based on DSDP Legs 1–33, a value that can be considered repr
tative of typical deep-sea sediments. The high TOC concentration
this site may be ascribed to a combination of high supply from e
vated paleoproductivities and a high rate of accumulation enhanc
preservation of the organic matter. 

Organic Matter Source Characterization

Organic C/N ratios were calculated for Site 1076 samples us
TOC and total nitrogen concentrations to help identify the origin
their organic matter. Site 1076 C/N ratios vary from 17.2 to 4
(Table 11). The C/N ratios average 13.9, a value that is intermed
between unaltered algal organic matter (5–8) and fresh land-p
material (25–35; e.g., Emerson and Hedges, 1988; Meyers, 1994
is likely that these organic carbon–rich sediments contain a mixt
of partially degraded algal material and detrital continental orga
matter. Preferential loss of nitrogen-rich, proteinaceous matter 
elevate the C/N ratios of algal organic matter during settling to 
seafloor (Meyers, 1997).

A Van Krevelen–type plot of the hydrogen index (HI) and oxyge
index (OI) values indicates that the sediments contain a mixture
type II (algal) and type III (land-derived) organic matter (Fig. 22
This source assignment for the organic matter is consistent with
intermediate C/N ratios for these samples, which also suggests
the organic matter is a mixture of marine and continental material.
equally likely possibility, however, is that the sediments principa
contain algal-derived organic matter that has been altered by mi
bial processing during early diagenesis. Well-preserved type II 
ganic matter has high HI values (Peters, 1986), which can be lowe
by microbial oxidation (Meyers, 1997). The low HI values of fres
type III organic matter, however, cannot become elevated by p
depositional alteration. In general, Hole 1076A sediments hav
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Figure 14. Composite section for Site 1076. Magnetic susceptibility and color reflectance (red/blue ratio [650 nm/450 nm]) are plotted for Holes 1076A (thin
black line), 1076C (gray line), and 1076D (thick black line). Downhole logs are shown in meters composite depth (mcd). Offsets have been applied for clarity.
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higher Rock-Eval TOC values also have higher HI values (Table 12).
This relationship is consistent with partial oxidation of algal organic
matter. Further evidence of substantial amounts of in situ organic
matter degradation exists in the large increases in alkalinity and de-
creases in sulfate in the interstitial waters of Site 1076 sediments (see
“Inorganic Chemistry” section, this chapter).

Variable Tmax values (Table 12) reflect poorly defined S2 peaks
and not actual thermal maturities of organic matter. Those sampl
which the geometry of S2 peaks was sharp have relatively low Tmax

values, showing that organic matter is thermally immature with
spect to petroleum generation (Peters, 1986) and therefore con
little detrital organic matter derived from erosion of ancient se
ments and transported to this site by the Congo River.

Headspace Gases

Sediments from Hole 1075A had high gas content. Gas press
became great enough in sediments below Core 175-1076A-15H 
mbsf) to require perforating the core liner to relieve the pressure
alleviate core expansion. Natural gas analyses determined that m
of this gas was CO2 (Table 13). Hydrogen sulfide could be detect
by nose, but not by hydrogen sulfide–sensing instruments havi
s in

re-
ains
i-

ures
138
and
uch
d
g a

sensitivity of ~1 ppm, in Cores 175-1076A-3H through 5H (18–3
mbsf).

Methane (C1) first appears in headspace gas samples in H
1076A sediments at 28.3 mbsf. Concentrations rapidly increase 
become significant in sediments below 35 mbsf (Fig. 23). As at S
1075, high methane/ethane (C1/C2) ratios and the absence of majo
contributions of higher molecular weight hydrocarbon gases (Ta
13) indicate that the methane is biogenic, as opposed to thermog
in origin. A biogenic origin of the methane is supported by the disa
pearance of interstitial sulfate at approximately the same sub-bot
depth where methane concentrations begin to rise (see “Inorga
Geochemistry” section, this chapter). As noted by Claypool a
Kvenvolden (1983), the presence of interstitial sulfate inhibits me
anogenesis in marine sediments.

PHYSICAL PROPERTIES

Shipboard measurements at Site 1076 included nondestruc
near-continuous measurements of GRAPE density, compressio
(P-wave) ultrasonic velocity, and magnetic susceptibility on whol
round sections of all cores from each hole using the MST (s
103
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Figure 15. Spliced records for magnetic susceptibility and color reflectance (red/blue ratio [650 nm/450 nm]) plotted in meters composite depth (mcd). Cores
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“Explanatory Notes” chapter, this volume). Many core sections w
disturbed because of degassing processes within the sediment
“Lithostratigraphy” section, this chapter).

Index properties (gravimetric density) measurements were 
ducted on one or two samples (volume = ~10 cm3) per section on all
cores (see “Explanatory Notes” chapter, this volume). Method C 
utilized at this site.

Ultrasonic compressional (P-wave) velocities were determined a
a resolution of two per section, and undrained vane-shear mea
ments at a resolution of one per section. The ultrasonic transduc
the digital sediment velocimeter could be inserted into the soft s
ments down to a depth of ~35 mbsf. Below that depth, the signal q
ity degraded considerably, probably because of higher gas conte
pores. Therefore, the modified Hamilton Frame had to be used fa
downcore.

Multisensor Track

The sampling rate for ultrasonic compressional wave veloc
magnetic susceptibility, and GRAPE density was 2 cm for the up
60 m and was changed to 4 cm after Core 175-1076A-6H (Figs.
26). MST data are included on CD-ROM (back pocket, this volum
During the data analysis of the MST velocity data, it became evi
that the acquisition system did not work properly. Analysis revea
a large and random scatter (Fig. 24A) caused by the limited core 
104
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ity,
per
24–
e).
ent
led
ual-

ity in combination with technical problems. A comparison betwe
MST data (solid line) and discrete velocity values (solid circles
shown in Figure 24A and in more detail in Figures 24B and C. T
near-continuous MST P-wave values shown in Figures 24B and 
were filtered and smoothed to fit into the most likely range of valu
based on the discrete velocity values. It must be stated that the 
velocity logs measured at this site must be treated with great cau
and require thorough editing.

GRAPE density and magnetic susceptibility logs show a hig
quality and a pronounced cyclicity. After thorough editing, these d
will be suitable to carry out detailed time-series analyses and to
construct even fast changes in environmental conditions.

Velocities

The near-continuous velocity profile recorded with the MS
shows a very high level of noise and scatter, as described above
disturbance of the sediments along most of the core sections
cluded good coupling between the transducer elements and the
ment in the core liners and reduced the signal strength, inhib
good determinations of first arrival times. Figures 24A and B disp
raw MST data (dots) and a filtered velocity log (solid line) compa
with discrete velocity values (solid circles).

Between 0 and ~35 mbsf, discrete velocities tend to incre
slightly from 1470 to 1535 m/s because of compaction and disp
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Table 9. List of splice tie points used to create the continuous “spliced” stratigraphic sequence for Site 1076.

Note: The tie points are listed in standard ODP meters below seafloor (mbsf) and meters composite depth (mcd).

Hole, core, section,
interval (cm)

Depth
(mbsf)

Composite depth
(mcd)

Whether
tied

Hole, core, section,
interval (cm)

Depth
(mbsf)

Composite depth
(mcd)

1076D-1H-6, 52 8.02 8.14 Tie to 1076A-2H-1, 48 5.28 8.14
1076A-2H-6, 4 12.34 15.20 Tie to 1076C-3H-1, 45 13.56 15.20
1076C-3H-6, 52 21.12 22.76 Tie to 1076D-3H-2, 104 21.04 22.76
1076D-3H-6, 96 26.96 28.68 Tie to 1076C-4H-3, 52 26.12 28.68
1076C-4H-6, 112 31.22 33.78 Tie to 1076A-4H-4, 102 29.32 33.78
1076A-4H-6, 96 32.26 36.72 Tie to 1076C-5H-2, 40 34.02 36.72
1076C-5H-7, 8 41.20 43.90 Tie to 1076A-5H-3, 138 37.68 43.90
1076A-5H-5, 146 40.76 46.98 Tie to 1076C-6H-1, 137 42.98 46.98
1076C-6H-6, 112 50.22 54.22 Tie to 1076D-6H-1, 124 48.24 54.22
1076D-6H-6, 88 55.38 61.36 Tie to 1076C-7H-4, 29 55.90 61.36
1076C-7H-5, 140 58.50 63.96 Tie to 1076D-7H-2, 52 58.53 63.96
1076D-7H-6, 140 65.40 70.83 Tie to 1076C-8H-3, 93 64.54 70.83
1076C-8H-6, 16 68.26 74.55 Tie to 1076A-8H-4, 44 66.74 74.55
1076A-8H-6, 56 69.91 77.72 Tie to 1076D-8H-3, 36 69.36 77.72
1076D-8H-5, 28 72.28 80.64 Tie to 1076A-9H-1, 60 71.90 80.64
1076A-9H-6, 68 79.30 88.04 Tie to 1076D-9H-3, 33 78.84 88.04
1076D-9H-7, 20 84.70 93.90 Tie to 1076A-10H-3, 65 84.46 93.90
1076A-10H-7, 24 89.94 99.38 Tie to 1076D-10H-3, 68 88.68 99.38
1076D-10H-5, 12 91.12 101.82 Tie to 1076A-11H-1, 125 91.56 101.82
1076A-11H-6, 52 98.05 108.31 Tie to 1076D-11H-3, 6.5 97.57 108.31
1076D-11H-6, 96 102.96 113.70 Tie to 1076A-12H-2, 100 102.30 113.70
1076A-12H-4, 112 105.42 116.82 Tie to 1076D-12H-1, 65 104.66 116.82
1076D-12H-6, 56 112.06 124.22 Tie to 1076C-13H-3, 124 112.34 124.22
1076C-13H-6, 84 116.44 128.32 Tie to 1076A-13H-6, 34 116.06 128.32
1076A-13H-7, 52 117.72 129.98 Tie to 1076C-14H-2, 42 118.24 129.98
1076C-14H-8, 84 127.64 139.38
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values of ~1535 m/s between 35 and 70 mbsf (Fig. 24B, C). No ve-
locities from discrete measurements could be determined below 70
mbsf because of high signal attenuation. The general trend of discrete
velocities is similar to wet bulk density and GRAPE profiles in the
depth range between 0 and 70 mbsf (Fig. 25).

Index Properties

Results of wet bulk density, porosity, and moisture content are
presented in Figures 27A, 27B, and 27C, respectively (also see Table
14 on CD-ROM, back pocket, this volume). Density and porosity
show a negative correlation, whereas moisture content is parallel to
the porosity profile. In general, density values vary only gradually,
with an overall increase from 1350 to 1450 kg/m3, revealing a ho-
mogenous composition of the sediment (see “Lithostratigraphy” se
tion, this chapter). The overall trend to higher values is caused prim
rily by compaction. Porosity decreases from 85% in the top sect
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Figure 16. Core offsets applied to Site 1076 plotted against standard ODP
meters below seafloor (mbsf). A linear 11% growth of meters composite
depth (mcd) compared with mbsf is indicated by an arrow.
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to 70% at 200 mbsf, which results from dewatering of the clay-ri
sediments.

Thermal Conductivity and Geothermal Gradient

The thermal conductivity profile for Hole 1076A was obtaine
with the single-probe insertion method in every second core sec
(see “Explanatory Notes” chapter, this volume). The values displa
significant overall scatter throughout the hole (Fig. 26B). Undetec
void spaces within the sediment may have deteriorated the meas
ments. In some intervals, thermal conductivity seems to follow t
undrained vane shear strength profile (Fig. 26C). 

In Hole 1076A, the Adara tool was deployed to measure form
tion temperature. A preliminary analysis provided three data poin
which were used to estimate a geothermal gradient of 45°C/km, but
further analyses will be required to confirm this result.

Vane Shear Strength

An undrained vane-shear measurement was performed in the 
tom part of each core section. Local minima and maxima of sh
strength within each core are related to the differential stress of 
expansion, which acts mainly on the top and bottom sections of e
core. Figure 26C shows the undrained vane-shear profile. The pro
shows an overall increase of shear strength values down to ~170 m
(Fig. 26C). Below 115 mbsf, scatter increases and maximum val
vary significantly for each core. It is unclear which of the vane-she
measurements represent undisturbed sediments.
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Table 10. Interstitial water composition for Hole 1076A.

Note: Cl– (titr) = analyzed by titration and Cl– (IC) = analyzed by ion chronatography.

Core, section,
interval (cm)

Depth
(mbsf) pH

Alkalinity
(mM) Salinity

Cl– (titr)
(mM)

Cl– (IC)
(mM)

SO4
2– 

(mM)
Na+

(mM)
Mg2+

(mM)
Ca2+

(mM)
K+

(mM)
H4SiO4
(mM)

NH4
+

(µM)
PO4

3–

(µM)
Sr2+

(µM)

175-1076A-
1H-1, 140-150 1.40 7.58 6.778 35.0 555 552 25.90 479 51.25 9.99 12.28 508 613 36 90
1H-3, 140-150 4.40 7.72 13.025 35.0 555 548 20.11 478 49.92 8.86 12.66 645 1130 63 9
2H-2, 140-150 7.70 7.74 24.119 34.5 556 554 11.54 479 48.60 7.46 12.17 649 1771 100 8
3H-3, 140-150 18.70 7.78 34.049 34.5 559 554 1.70 481 46.32 5.65 12.22 641 2288 108 9
4H-3, 140-150 28.20 7.81 35.062 34.0 561 563 0.10 483 45.59 4.84 12.06 699 2467 109 9
5H-3, 140-150 37.70 7.79 35.728 34.0 562 571 0.43 488 45.36 4.28 11.78 703 2529 94 9
6H-3, 140-150 47.20 7.78 36.188 34.0 562 572 0.00 485 45.91 4.41 12.49 784 2673 94 10
7H-3, 140-150 56.70 7.76 35.938 34.5 563 569 0.00 487 45.41 4.21 12.67 801 3018 74 10
8H-3, 140-150 66.20 7.60 35.921 34.0 565 565 0.00 491 43.84 4.61 12.76 736 3335 92 9
9H-3, 140-150 75.70 7.19 35.126 34.0 567 570 0.00 494 42.62 4.76 13.31 805 3707 102 9
10H-3, 130-140 85.10 7.86 33.597 34.5 568 575 0.00 499 40.31 4.38 13.54 775 4141 95 9
11H-3, 120-130 94.50 7.83 31.046 34.0 569 566 0.00 498 39.47 4.37 13.44 712 4520 78 9
14H-3, 130-150 123.10 7.72 20.849 33.5 568 586 0.04 499 33.91 3.45 14.74 701 6112 42 9
17H-3, 140-150 150.65 7.44 20.260 33.0 569 570 0.00 509 29.67 3.24 14.14 994 7212 50 9
20H-2, 140-150 178.70 7.56 22.280 33.5 575 574 0.00 518 28.13 4.38 15.04 842 7942 29 10
22H-5, 140-150 202.20 7.46 33.271 34.0 578 600 0.98 534 26.13 4.97 16.36 890 9217 33 11
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Figure 17. Downcore profiles of dissolved alkalinity, sulfate, and ammonium
at Hole 1076A. Arrows = mean ocean-bottom-water values taken from Mil-
lero and Sohn (1992).
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Figure 18. Downcore profiles of Ca2+, Mg2+, and Sr2+ at Hole 1076A.
Shaded region associated with Mg2+ profile indicates additional removal of
Mg2+, which may reflect dolomite formation. Arrows = mean ocean-bottom-
water values taken from Millero and Sohn (1992).
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Figure 19. Downcore profiles of dissolved silica and phosphate at Hole
1076A. Arrows = mean ocean-bottom-water values taken from Millero and
Sohn (1992).
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Figure 20. Downcore profiles of dissolved Na+ and K+ at Hole 1076A.
Arrows = mean ocean-bottom-water values taken from Millero and Sohn
(1992).
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Figure 21. Downcore profiles of salinity and dissolved Cl– at Hole 1076A.
Arrow = mean ocean-bottom-water values taken from Millero and Sohn
(1992).
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Table 11. Percentages of inorganic and total carbon, total nitrogen, and total sulfur in sediment samples from Hole 1076A.

Notes: IC = inorganic carbon; CaCO3 = 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.

Core, section,
interval (cm)

Depth 
(mbsf)

IC
(wt%)

CaCO3
(wt%)

TC
(wt%)

TOC
(wt%)

TN
(wt%)

TS
(wt%)

C/N
(atomic)

175-1076A-
1H-3, 47-48 3.47 0.49 4.12 1.42 0.93 0.24 1.29 4.5
2H-1, 46-47 5.26 0.46 3.91 3.17 2.70 0.26 1.82 12.2
2H-3, 46-47 8.26 0.52 4.37 3.68 3.15 0.26 1.83 14.2
2H-5, 46-47 11.26 0.33 2.80
3H-1, 46-47 14.76 0.28 2.34 2.76 2.48 0.21 1.62 13.8
3H-3, 46-47 17.76 0.16 1.39 2.51 2.35 0.19 2.76 14.5
3H-5, 46-47 20.76 0.10 0.91
4H-1, 46-47 24.26 1.34 11.21 4.20 2.85 0.21 2.60 15.9
4H-3, 46-47 27.26 1.08 9.02 3.27 2.19 0.18 3.44 14.2
4H-5, 46-47 30.26 1.55 12.92
5H-1, 46-47 33.76 0.09 0.82 2.74 2.64 0.19 2.15 16.3
5H-3, 46-47 36.76 0.11 0.91 3.99 3.88 0.32 3.28 14.2
5H-5, 46-47 39.76 0.52 4.37
6H-3, 46-47 46.26 0.46 3.87 3.65 3.19 0.24 3.22 15.6
6H-5, 46-47 49.26 0.44 3.73
7H-1, 46-47 52.76 0.18 1.53 4.44 4.26 0.33 3.03 15.1
7H-3, 46-47 55.76 1.44 12.04 3.25 1.80 0.16 4.28 13.2
7H-5, 46-47 58.76 0.80 6.67
8H-1, 46-47 62.26 0.25 2.10
8H-3, 46-47 65.26 0.09 0.80 2.64 2.55 0.20 1.82 14.9
8H-5, 46-47 68.31 0.03 0.26
9H-1, 46-47 71.76 0.11 0.97 2.62 2.51 0.23 2.12 12.8
9H-3, 46-47 74.76 1.94 16.16 4.34 2.40 0.17 2.52 16.5
9H-5, 46-47 77.58 0.68 5.71
10H-1, 46-47 81.26 0.16 1.40 2.52 2.35 0.16 2.26 17.2
10H-3, 46-47 84.26 0.12 1.06 2.91 2.78 0.22 2.44 14.8
10H-5, 46-47 87.16 0.07 0.64
11H-1, 46-47 90.76 0.12 1.05 2.54 2.41 0.18 3.25 15.7
11H-3, 46-47 93.76 0.34 2.84 3.01 2.67 0.20 1.85 15.6
11H-5, 46-47 96.49 0.09 0.83
12H-1, 46-47 100.26 0.27 2.27 2.24 1.96 0.16 2.39 14.3
12H-3, 46-47 103.26 0.14 1.18 2.68 2.54 0.20 1.77 14.9
12H-5, 46-47 106.26 0.09 0.82
13H-3, 46-47 111.66 0.44 3.71 3.02 2.57 0.20 2.61 15.0
13H-5, 46-47 114.66 0.38 3.24
14H-1, 46-47 119.26 0.70 5.87 3.35 2.65 0.22 2.46 14.1
14H-3, 46-47 122.26 0.31 2.58 2.60 2.29 0.20 2.18 13.4
14H-5, 46-47 125.23 1.61 13.45
15H-1, 52-53 128.82 0.71 5.94 2.88 2.17 0.18 3.29 14.1
15H-3, 46-47 131.81 0.43 3.64
15H-5, 46-47 134.83 0.53 4.43 2.91 2.38 0.22 2.02 12.7
16H-1, 46-47 138.26 1.55 12.94 3.86 2.30 0.20 1.64 13.5
16H-3, 46-47 141.26 0.40 3.40 2.99 2.59 0.21 2.05 14.4
16H-5, 46-47 144.26 0.43 3.65
17H-2, 46-47 148.21 0.28 2.35 4.60 4.32 0.32 2.56 15.8
17H-4, 46-47 151.21 0.20 1.71 2.01 1.81 0.18 2.50 11.8
17H-6, 46-47 154.21 0.09 0.75
18H-1, 46-47 157.26 0.20 1.69 2.38 2.17 0.19 2.70 13.4
18H-3, 46-47 160.26 0.30 2.55 3.06 2.76 0.22 1.57 14.7
18H-5, 46-47 163.26 0.23 1.91
19H-1, 46-47 166.76 0.26 2.19 3.56 3.29 0.27 2.79 14.3
19H-3, 46-47 169.76 0.42 3.53 2.54 2.12 0.19 3.20 12.8
19H-5, 46-47 172.76 0.23 1.99
20H-1, 46-47 176.26 0.40 3.35 2.53 2.13 0.20 2.64 12.2
20H-3, 46-47 179.26 0.24 2.01 2.04 1.80 0.17 1.95 12.5
20H-5, 46-47 182.26 0.46 3.90
21H-3, 46-47 187.70 0.33 2.81 2.80 2.46 0.22 1.77 13.1
21H-5, 46-47 190.70 0.22 1.91 2.73 2.50 0.24 2.83 12.5
22H-1, 46-47 195.26 0.23 1.95
22H-3, 46-47 198.26 0.40 3.37 3.58 3.17 0.28 2.50 13.4
22H-5, 46-47 201.26 0.25 2.13 2.41 2.16 0.19 2.47 13.0
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Figure 22. Rock-Eval Van Krevelen–type diagram of sediments from H
1076A. Organic matter appears to be a mixture of type II algal material
has been variably oxidized and type III continental or detrital organic ma
HI = milligrams of hydrocarbons per gram of organic carbon; OI = mi
grams of CO2 per gram of organic carbon.

Table 12. Results of Rock-Eval pyrolysis analyses of sediments from
Hole 1076A.

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

Core, section,
interval (cm)

Depth
(mbsf)

TOC
(wt%) S1 S2 S3

Tmax
(°C) HI OI

175-1076A-
2H-3, 46-47 8.26 3.16 0.66 4.98 4.20 412 157 132
4H-1, 46-47 24.26 2.85 0.38 3.19 4.16 429 111 145
5H-3, 46-47 36.76 3.88 0.74 10.04 3.67 420 258 94
7H-1, 46-47 52.76 4.26 0.78 10.84 4.88 419 254 114
7H-3, 46-47 55.76 1.80 0.16 1.35 5.41 414 75 300
9H-1, 46-47 71.76 2.50 0.32 6.34 3.67 466 253 146
10H-3, 46-47 84.26 2.78 0.18 2.79 4.67 467 100 167
14H-1, 46-47 119.26 2.65 0.47 4.25 4.51 416 160 170
15H-3, 46-47 131.81 2.38 0.31 3.89 4.41 418 163 185
17H-2, 46-47 148.21 4.32 0.72 11.51 4.69 417 266 108
19H-1, 46-47 166.76 3.30 0.59 7.65 4.61 416 231 139
20H-3, 46-47 179.26 1.80 0.19 3.35 3.72 467 186 206
22H-3, 46-47 198.26 3.17 1.00 8.87 4.08 406 279 128
ole
 that
tter.
lli-

sec-

Table 13. Results of headspace gas analyses of sediments from Hole
1076A.

Notes: C1 = methane; CO2 = carbon dioxide; C2= = ethene; C2 = ethane; and C3 = pro-
pane. Dominance of C1 over C2 indicates that the gases originate from in situ micro-
bial degradation of organic matter. 

Core, section,
interval (cm)

Depth
(mbsf)

C1
(ppmv)

CO2
(ppmv)

C2=
(ppmv)

C2
(ppmv)

C3
(ppmv) C1/C2

175-1076A-
1H-2, 0-5 1.50 2    
2H-3, 0-5 7.80 2 12,288   
3H-4, 0-5 18.80 3    
4H-4, 0-5 28.30 2,055  0.4  5,138
5H-4, 0-5 37.80 25,623  3.3  7,765
6H-4, 0-5 47.30 37,251  0.2 5.0 0.3 7,450
7H-4, 0-5 56.80 47,483 22,727 0.3 7.6  6,248
8H-4, 0-5 66.30 69,413  0.4 11.0  6,310
9H-4, 0-5 75.82 32,313  0.3 7.6 1.2 4,252
10H-4, 0-5 85.20 25,922  0.2 5.9 1.2 4,394
11H-4, 0-5 94.70 34,361  0.4 9.8 2.1 3,506
12H-1, 0-5 99.80 26,174 9,233 0.3 7.1 1.4 3,686
13H-8, 0-5 118.70 8,967  0.3 3.4 0.8 2,637
14H-4, 0-5 123.30 22,345  0.4 9.8 2.8 2,280
15H-7, 0-5 137.37 10,637  0.2 5.1 1.9 2,086
16H-7, 0-5 146.80 14,768  0.5 7.3 3.1 2,023
17H-4, 0-5 150.75 13,694 8,751 0.3 8.3 3.6 1,650
18H-7, 0-5 165.80 15,642  0.3 8.2 3.6 1,908
19H-6, 145-150 175.25 13,017  0.3 8.0 4.0 1,627
20H-3, 0-5 178.80 11,441  0.3 8.0 4.5 1,430
21H-7, 0-5 193.24 8,936  0.1 5.5 2.5 1,625
22H-6, 0-5 202.30 12,579 25,260 0.5 8.5 5.3 1,480
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Figure 23. Headspace methane concentrations in sediments from Hole
1076A.
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Figure 24. Plots of (A) ultrasonic compressional velocities from the MST (dots) and filtered velocity log (solid line) compared with discrete velocities at (B) 0–50
mbsf and (C) 50–100 mbsf for Hole 1076A.
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Figure 25. Near-continuous filtered and smoothed GRAPE profile (solid line) from the MST compared with wet bulk density (solid circles) obtained from index
properties measurements for Hole 1076A.
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Figure 26. Plots of (A) near-continuous magnetic susceptibility from the MST compared with (B) thermal conductivity and (C) undrained vane-shear measure-
ments for Hole 1076A.
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Figure 27. Plots of (A) wet bulk density, (B) porosity, and (C) moisture content derived from index properties measurements for Hole 1076A.
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