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8. SITE 985!

Shipboard Scientific Party?

HOLE 985A

Pasition: 66°56.490'N, 6°27.012'W
Start hole: 1400 hr, 3 August 1995
End hole: 0415 hr, 7 August 1995
Time on hole: 86.25 hr (3.59 days)
Seafloor (drill pipe measurement from rig floor, mbrf): 2797.8
Total depth (drill pipe measurement from rig floor, mbrf): 3385.7
Distance between rig floor and sea level (m): 11.2
Water depth (drill pipe measurement from sea level, m): 2787.6
Penetration (mbsf): 587.9
Coring totals:
Type: APC
Number: 17
Cored: 155.2 m
Recovered: 159.33 m, 102.7%
Type: XCB
Number: 45

Cored: 432.7 m
Recovered: 394.09 m, 91.1%

Total:
Number: 62
Cored: 587.9 m
Recovered: 553.42 m, 94.1%

Formation:

Unit I: 0-17.2 mbsf; Holocene to late Pleistocene; clayey nannofossil
ooze, nannofossil clay with silt, silty clay

Unit II: 17.2-99.2 mbsf; late Pleistocene to early Pliocene; silty clay, clay
with silt, clay, clayey nannofossil ooze

Unit ITI: 99.2-155.2 mbsf; early Pliocene to late Miocene; clay with silt

Unit IV: 155.2-465.0 mbsf; late Miocene to ?late Oligocene; indurated
clay, clay with silt, clay with glauconite

Unit V: 465.0-587.9 mbsf; ?early Miocene to ?late Oligocene; indurated
clay and silty clay

HOLE 985B

Position: 66°56.498'N, 6°27.001'W

Start hole: 0415 hr, 7 August 1995

End hole: 2115 hr, 7 August 1995

Time on hole: 17.00 hr (0.71 days)

Seafloor (drill pipe measurement from rig floor, mbrf): 2799.1
Total depth (drill pipe measurement from rig floor, mbrf): 2926.0

!Jansen, E., Raymo, M.E., Blum, P., et al., 1996. Proc. ODP, Init. Repts., 162: Col-
lege Station, TX (Ocean Drilling Program).

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

Distance between rig floor and sea level (m): 11.3
Water depth (drill pipe measurement from sea level, m): 2787.8
Penetration (mbsf): 126.9

Coring totals:
Type: APC
Number: 14
Cored: 1269 m
Recovered: 129.44 m, 102.0%

Formation:
Unit I: 0~17.2 mbsf; Holocene to late Pleistocene; clayey nannofossil
ooze, nannofossil clay with silt, silty clay
Unit II: 17.2-99.2 mbsf; late Pleistocene to early Pliocene; silty clay, clay
with silt, clay, clayey nannofossil coze
Unit IT1: 99.2-155.2 mbsf; early Pliocene to late Miocene; clay with silt

Principal results: The sediments recovered at Site 985 (ICEP-3) are predom-
inantly fine-grained siliciclastics. The dominant lithologies include silty
clays, clays with silt, and clays. Biocarbonates are restricted to the upper
parts of the sedimentary sequence. Clays and silty clays containing biosil-
ica are encountered only between 240 and 290 mbsf. Disseminated volca-
nic ash, ash pods, and ash layers occur throughout the sedimentary
sequence. Dropstones are confined to the upper sedimentary sequence (0-
70 mbsf). The sequence was dated by means of magnetic polarity records
to the latest Miocene, below which it became difficult to correlate to the
geomagnetic polarity time scale. The underlying sequence thus has poor
age constraints. Siliceous microfossils and arenaceous benthic foramini-
fers provide some age information in the lower section, indicating that the
drilled sequence ends in the upper Oligocene.

Multisensor track (MST) investigations document that a complete sec-
tion has been recovered over the upper 131 mbsf (Holocene to latest Mi-
ocene) with good overlap across core breaks. Within the last 7 Ma,
sedimentation rates are highest in the last 3 Ma (13-36 m/m.y.) and drop
to 10-20 m/m.y. in the middle and early Pliocene. Somewhat higher sed-
imentation rates (about 25 m/m.y.) are documented for the latest Miocene.
The thick early to middle Miocene clay-rich unit precluded significant re-
covery of Paleogene sediments, and the lack of carbonate-bearing Oli-
gocene sediments at the site was disappointing. Thus, our hopes of
retrieving quantitative Paleogene paleoclimatic information from this site
were not fulfilled.

Five lithostratigraphic units were recovered: Unit I (0—17.2 mbsf; Ho-
locene to late Pleistocene) is defined largely on the basis of relatively
abundant biocarbonates (up to 30%) and higher color spectral reflectance
than underlying units. The sediments are composed of interbedded layers
of gray clayey nannofossil ooze with foraminifers; dark gray nannofossil
clay with silt; dark gray silty clay with nannofossils; brown and dark gray-
ish brown clay with silt; and very dark gray to dark grayish brown silty
clays. The ¢yclic, interbedded nature of the sediments testifies to their gla-
cial/interglacial origin.

Unit 11 (17.2-99.2 mbsf; late Pleistocene to early Pliocene), is defined,
in part, by the diminished presence of biocarbonate which occurs as a vari-
able sedimentary component, averaging 7%. The unit is composed largely
of silty clay, clay with silt, and clay. X-ray diffraction (XRD) and smear
slide analysis both demonstrate an increase in quartz, plagioclase, and py-
roxene within Unit II relative to the underlying sediments. Both reflec-
tance values and natural gamma-ray counts decrease noticeably at the
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boundary with the underlying unit. Both Unit I and I1 contain dropstones,
in contrast to the underlying units.

Unit I1I (99.2-155.2 mbsf; late Miocene to early Pliocene) is charac-
terized by the occurrence of clay with silt and by the absence of biogenic
sediments. Isolated spikes of inorganic carbonate are superimposed on a
carbonate-free background. XRD analysis of the bulk sediments reveals
that plagioclase, quartz, and pyroxene are present to a lesser extent than in
Units I and IL. Unit IV (155.2-465 mbsl; late Oligocene to late Miocene)
comprises the bulk of the sedimentary sequence at Site 985. These sedi-
ments are distinguished from those of Units IIl and V by the transition
from silty clay and clay with silt to lithologies in which indurated clays are
dominant. Other characteristics of this lithofacies include very low mag-
netic susceptibility values and the absence of biocarbonates. Yellowish
brown carbonate concretions are observed in Unit IV, some of which are
composed of fluorapatite, and may be similar in composition to the yel-
lowish orange layers found at shallower depths.

Unit IV can be subdivided into three distinct subunits. Subunit IVA
(155.2-241.5 mbsf) is distinguished from the underlying sediments by
higher magnetic susceptibility and natural gamma-ray values and by the
absence of biosilica. Two carbonate-rich layers in Subunit IVA that may
act as barriers to the diffusion of interstitial waters are noteworthy. XRD
analysis of the upper layer indicates that it is composed of poorly crystal-
lized carbonate. These layers yield high velocity measurements and bound
sediments with interstitial waters that have anomalously low chloride, so-
dium, and salinity content, and a hydrocarbon gas content with unusually
high proportions of C,, gases relative to methane. Reduced diversity of
arenaceous benthic foraminifers also characterizes this interval. The caus-
es for these anomalies are not known. Subunit IVB (241.5-289.6 mbsf) is
defined by the presence of biosilica. Subunit IVC (289.6—465 mbsf) is dis-
tinguished from Subunit IVB by the absence of biosilica and by a gradual
increase in natural gamma-ray counts.

Unit V (465-578.9 mbsf; late Oligocene[?] to early Miocene[?]) is
comprised of indurated dark greenish gray to very dark greenish gray clay;
olive gray to dark greenish gray silty clay: and very dark greenish gray
clay with glauconite and glauconitic clay. These sediments are distin-
guished from the overlying sediments by a sharp increase in magnetic sus-
ceptibility.

Changes in sediment physical properties appear to be correlated with
the few prominent seismic reflectors of the site, some of which appear to
reflect erosional surfaces or condensed sections.

Depth (mbsf)

Figure 1. Bathymetry of the Nordic Seas palcoenviron-
mental transect, showing location of Leg 104, 151, and
162 drill sites. Bathymetric data (in meters) from
ETOPOS.
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BACKGROUND AND OBJECTIVES

Site 985 (ICEP-3) is located on a gentle slope of the Iceland Pla-
teau into the deeper Norway Basin, at 2788 m water depth, about
1000 m deeper than Site 907 (Fig. 1). It was targeted on a University
of Bergen seismic line showing an approximately 800-m-thick sedi-
ment sequence with little internal seismic structure, the seismic char-
acter being quite similar to that of Site 907. The site was a second-
priority site for Leg 162, and was drilled due to operational con-
straints and considerations. Drilling at Site 985 served two main pur-
poses: first, it is part of a paleoenvironmental transect together with
Site 907. Second, our objective was to recover a pelagic Paleogene
sequence on crust with an assumed normal subsidence history.

Site 985 is a part of a paleoenvironmental transect from Norway
to Greenland, designed to study the history of advection of temperate,
saline Atlantic waters into the Norwegian-Greenland Sea (*“the Nor-
dic heat pump”), the position of the mixing front between these warm
waters and the cold, partly ice-covered Arctic waters (the Arctic
Front) and the position of the front delineating the less saline, ice-
covered Polar Waters of the East Greenland Current. This transect,
therefore, covers the climatically sensitive and variable thermal gra-
dient between polar areas near east Greenland and temperate areas off
Norway. Sites drilled on the Vgring Plateau during ODP Leg 104
(Eldholm, Thiede, Taylor, et al., 1987; Eldholm et al., 1989) anchor
the eastern end of the transect, and Site 987 (EGM-4) on the Green-
land continental margin forms its western end (Fig. 1). Site 985 is lo-
cated between these end-members, at the present wintertime location
of the Arctic Front on the warm-water side of Site 907. The records
from Site 985 are intended to (1) monitor the history of oceanic and
climatic fronts moving east and west across the Norwegian-Green-
land Sea, (2) derive an open-ocean record of ice-rafted debris (IRD)
and carbonate accumulation, and (3) document the history of forma-
tion of northern-source deep waters. Piston and ODP cores from the
southern Nordic Seas document that warm phases were short, vari-
able, and seldom occurred in the late Quaternary. Each interglacial
was unique in terms of ocean circulation and the heat advected to the
region (Henrich and Baumann, 1994; Eide et al., in press; Fronval
and Jansen, in press). Extending the late Quaternary record back in
time will enable a clearer picture of the long-term evolution of these
short interglacial warm spells and the relationships between them,




ocean circulation patterns, and the glaciation history on Milankovitch
time scales. This will provide insight into the climatic sensitivity of
the Nordic Seas and their possible role as an early responder to orbital
climate forcing (Imbrie et al., 1992, 1993; Kog and Jansen, 1994).
The second objective of this site was to recover Paleogene sec-
tions. The site is located on Eocene Anomaly 22 crust (about 50 Ma)
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(Talwani and Eldholm, 1977) (Fig. 2). The approximately 800-m
sediment cover should contain both Neogene and Paleogene sections
from which information on the paleoceanographic evolution of this
high-latitude area can be obtained. DSDP and ODP drilling has so far
recovered only sporadic Paleogene sections from the Nordic Seas
(Leg 38: Talwani, Udintsev, et al., 1976; Leg 104: Eldholm, Thiede,

Bjernaya

30°E

Figure 2. Position of Site 985 on magnetic anomaly map of Talwani and Eldholm (1977). G.E. = Greenland Escarpment (after Talwani and Eldholm, 1977).
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Taylor, et al., 1987; Leg 151: Myhre, Thiede, Firth, et al., 1995), and
an important objective of drilling Site 985 was to obtain Paleogene
sections. Prior drilling has documented that carbonate-bearing Oli-
gocene sediments exist in the region, but poor recovery and diagenet-
ic overprinting have precluded stable isotope studies of these
sections. Such investigations would cast light on Paleogene equator-
to-pole temperature gradients and how meridional heat flux differed
in the past, as well as provide insight into paleotemperatures and
ocean circulation in the Nordic Seas during the Paleogene, and pos-
sible linkages with the Atlantic Ocean. Because the site is located on
the Greenland side of the (now extinct) Aegir spreading axis, on oce-
anic crust with assumed normal subsidence history and in an area
where excessive heat flux with associated strong diagenesis is not
likely to have occurred, it was thought that drilling at Site 985 would
be well-suited for such studies. Drilling at Site 985 would also help
constrain the tectonic history of the Jan Mayen microcontinent, a
continental fragment that rifted off east Greenland when spreading
moved away from the Aegir Ridge during Anomaly 7 time (Talwani
and Eldholm, 1977).

OPERATIONS

According to the plan in the Leg 162 Prospectus, Site 985 should
have been EGM-4 on the East Greenland Margin. The ice data avail-
able 1o the shipboard party during the drilling of Hole 907C showed
the EGM-4 drill site positioned on the edge of the 20% ice concentra-
tion line. Just hours before getting underway, an updated SSMI report
was obtained that placed the EGM-4 drill site 20 nmi “outside” the
20% ice concentration line. Based on this promising outlook, and
with a plan to survey alternate sites up to 10 nmi east of the proposed
site EGM-4, the vessel departed for EGM-4 at 1445 hr on 2 August
1995. Less than 1 hr after getting underway, a faxed “interpreted”
SAR image with data from 2 August was received indicating that the
EGM-4 drill site was 15 nmi “inside” what was referred to as “closed
ice.” In addition to being more recent, the SAR data is considered
more accurate then the more general SSMI information. This new in-
formation made the EGM-4, as well as its alternate sites EGM-4a-d,
essentially undrillable at that time,

In the normal course of events, we would have then proceeded to
our next first-priority site, SVAL-1. However, we had to remain near
Iceland to wait for resupplies of some critical items. The ship had
only enough core liners on board to complete a limited amount of
drilling (about 700 m) and was running very low on acetone. A resup-
ply was scheduled to take place via rendezvous with the supply boat
Strakur prior to departure for the northern drill sites. Hence the deci-
sion was made to steam towards ICEP-3, a second-priority alternate
site. While underway, the computer file containing the SAR photo
was picked up from the ODP directory and the interpreted informa-
tion regarding EGM-4 ice conditions received earlier was confirmed.

The drilling plan for ICEP-3 was to core a single APC/XCB hole
as deep as possible in the time before the resupply ship arrived. The
PPSP had approved drilling to a depth of 500 mbsf but the co-chief
scientists felt that any major scientific rewards would most likely be
attained at deeper depths. As a result they asked for and received per-
mission to extend the depth of Hole 985A to 650 mbsf, time permit-
ting. There was to be no core orientation or temperature measure-
ments taken at this site.

After completing the pre-site survey (see “Seismic Stratigraphy”
section, this chapter), the vessel returned to the drilling location based
on GPS coordinates. The positioning beacon was deployed at 1358 hr
on 3 August, initiating Hole 985A.

A standard APC/XCB bottom-hole assembly was used for all
holes at Site 985, including a nonmagnetic drill collar. The mudline
was established for each hole. The APC firing depth was offset by a
few meters for Hole 985B relative to Hole 985A to establish a con-
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tinuous sediment section over the double-cored interval. Position,
depths, and coring totals for each hole are summarized at the top of
this chapter. All cores are listed in Table 1.

Routine piston coring at Hole 985A proceeded until Cores 985A-
14H to 1 7H failed to bleed off pressure, indicating incomplete stroke.
XCB coring was initiated with Core 18X and continued with excel-
lent recovery. Coring was temporarily halted when the methane/
ethane ratio dropped from 100,000+ in Core 985A-36X to 6 on Core
37X; gas concentrations were very small (see “Organic Geochemis-
try” section, this chapter). In addition to the abrupt reduction in gas
ratio, trace amounts of higher hydrocarbons up through IC6 were de-
tected. At that time cutting of Core 985A-40X had just been complet-
ed and coring operations were halted until additional analyses could
be evaluated. The hydrocarbon trends returned to normal in Cores
985A-38X and 39X, and the results from Core 40X were completely
back to normal. Throughout the coring cycle there was no change in
formation properties or drilling parameters. Coring resumed and con-
tinued without incident through Core 985A-62X, where the scientific
target had been reached.

Upon completion of coring operations, a wiper trip was made in
preparation for wireline logging. Overpull of 30 to 50 kilopounds was
experienced. There was 9 m of fill identified on bottom. The hole was
again circulated with 2 times annular volume of seawater while the
go-devil was pumped downhole. The pipe was then pulled to a log-
ging depth of 90.1 mbsf, with 10 to 20 kilopounds drag. Wireline log-
ging was not successful in this hole. The first run with the Quad
combination tool was deployed to only 23 m below the bit and all ef-
forts to exceed that point failed. After a consultation with the co-chief
scientist and the loggers, it was decided that any further logging at-
tempts on Hole 985A be abandoned.

The vessel was offset 15 m north for spudding Hole 985B. APC
coring proceeded without incident until the last remaining core liner
had been used with Core 985B-14H. Fortunately, the supply boat was
expected within a few hours.

The drilling line was cut and slipped prior to tripping the drill
string back to the vessel. During the trip, the supply boat Strakur ar-
rived (1715 hr). After several unsuccessful attempts to come along-
side due to “thruster wash,” the captain decided to release the beacon,
retract the hydrophones, and turn the vessel to give the supply boat
more of a lee to come alongside. During the process the drillship was
allowed to drift with the current. The beacon was recovered at 1820
hr, and at 1845 hours the Strakur was alongside, discharging her car-
go.

The core liners, acetone, mail, and other requested supplies were
taken aboard. Shipboard mail and a small airfreight package were
discharged to the supply boat, along with a Borehole Research Group
logging trainee who had elected to leave his field of study and re-
quested to return to shore. At 1915 hr on 7 August 1995, the Strakur
departed for a small harbor just north of Reykjavik.

The pipe trip continued throughout the loading/unloading process
and at 2115 hr that same day the vessel was secured and underway for
Site Y86 (SVAL-1).

COMPOSITE DEPTHS

Continuity of the sedimentary sequence at Site 985 was docu-
mented for the upper 131 mbsf (meters below seafloor), extending
from the upper Miocene through the Holocene. Sufficient overlap be-
tween the 14 cores drilled in Hole 985B and the upper part of Hole
985A allowed a composite section to be developed for this site, as de-
scribed in the “Composite Depth” section, “Explanatory Notes”
chapter (this volume). Due to severe disturbance of Core 985B-3H,
correlations between it and Cores 985A-2H and 3H were uncertain,
and thus no adjustments of the relative depths of these cores were
made. Core 985A-3H may also be somewhat disturbed. The depth



Table 1. Coring summary for Site 985.

Length  Length
Date Time Depth cored recovered Recovery
Core  (Aug. 1995) (UTC) (mbsf) (m) {m) (%)
162-985A-

IH 3 1945 0.0-7.7 747 7.70 100.0
2H 3 2025 7.7-17.2 9.5 9.83 103.0
3H 3 2055 17.2-26.7 9.5 9.77 103.0
4H 3 2130 26.7-36.2 9.5 9.94 104.0
5H 3 2210 36.2-45.7 9.5 9.96 105.0
6H 3 2250 45,7-55.2 95 9.82 103.0
TH 3 2325 55.2-64.7 9.5 9.85 103.0
8H 3 2355 64.7-74.2 9.5 9.58 101.0
9H 4 0035 74.2-83.7 9.5 9.73 102.0
10H 4 0125 83.7-93.2 9.5 9.77 103.0
11H 4 0205 93.2-102.7 9.5 9.84 103.0
12H 4 0245 102.7-112.2 9.5 9.79 103.0
13H 4 0325 112.2-121.7 9.5 9.79 103.0
14H 4 0405 121.7-131.2 95 9.34 98.3
I5H 4 0450 131.2-140.7 9.5 10.08 106.1
16H 4 0530 140.7-148.9 8.2 8.24 100.0
17TH 4 0610 148.9-155.2 6.3 6.30 100.0
18X 4 0745 155.2-164.7 9.5 9.86 104.0
19X 4 0850 164.7-174.2 9.5 9.74 102.0
20X 4 0955 174.2-183.8 9.6 532 554
21X 4 1105 183.8-193.4 9.6 9.84 102.0
22X 4 1200 193.4-203.0 9.6 9.84 102.0
23X 4 1250 203.0-212.6 9.6 9.95 103.0
24X 4 1340 212.6-222.2 9.6 6.47 67.4
25X 4 1435 222.2-231.8 9.6 9.74 101.0
26X 4 1545 231.8-241.5 9.7 9.53 98.2
27X 4 1625 241.5-251.1 9.6 8.45 88.0
28X 4 1705 251.1-260.7 9.6 7.35 76.5
29X 4 1755 260.7-270.3 9.6 9.01 93.8
30X 4 1840 270.3-280.0 9.7 8.84 91.1
31X 4 1930 280.0-289.6 9.6 9.70 101.0
32X 4 2020 289.6-299.2 9.6 9.81 102.0
33X 4 2110 299.2-308.8 9.6 9.32 97.1
34X 4 2205 308.8-318.5 9.7 8.23 84.8
35X 4 2255 318.5-328.1 9.6 9.77 102.0
36X 4 2350 328.1-337.7 9.6 9.86 103.0
37X 5 0115 337.7-347.3 9.6 9.81 102.0
38X 5 0215 347.3-356.9 9.6 9.81 102.0
39X 5 0320 356.9-366.5 9.6 9.38 97.7
40X 5 0420 366.5-375.7 9.2 9.90 107.0
41X 5 0625 375.7-385.5 9.8 9.90 101.0
42X 5 0725 385.5-395.3 9.8 9.91 101.0
43X 5 0830 395.3-405.0 9.7 9.93 102.0
44X 5 0950 405.0-414.7 9.7 10.03 103.4
45X 5 1055 414.7-424.4 9.7 9.53 98.2
46X 5 1200 424.4-434.0 9.6 9.91 103.0
47X 5 1250 434.0-443.6 9.6 9.88 103.0
48X 5 1330 443.6-453.2 9.6 9.83 102.0
49X 5 1420  453.2-462.7 9.5 9.28 97.7
50X 5 1515 462.7-472.3 9.6 9.92 103.0
51X 5 1625 472.3-481.9 9.6 9.57 99.7
52X 5 1750 481.9-491.5 9.6 9.84 102.0
53X 5 1910 491.5-501.1 9.6 9.81 102.0
54X 5 2040 501.1-510.7 9.6 9.87 103.0
55X 5 2215 510.7-520.4 9.7 9.81 101.0
56X 6 0005 520.4-530.0 9.6 9.16 954
57X 6 0210 530.0-539.6 9.6 4.99 52.0
58X 6 0440 539.6-549.2 9.6 3.13 32.6
59X 6 0705 549.2-558.9 9.7 4.64 47.8
60X 6 0935 558.9-568.6 9.7 8.40 86.6
61X 6 1210 568.6-578.2 9.6 552 515
62X 6 1530 578.2-587.9 9.7 1.70 17.5

Coring totals: 5879 553.40 94.1

162-985B-

IH 7 0550 0.0-3.4 3.4 342 100.0
2H 7 0630 34-129 9.5 9.76 103.0
3H 7 0710 12.9-22.4 9.5 9.79 103.0
4H r) 0750 22.4-31.9 9.5 9.36 98.5
5H 7 0830 31.9-41.4 9.5 9.79 103.0
6H ) 0910 41.4-509 9.5 9.60 101.0
TH 7 0950 50.9-60.4 9.5 9.85 103.0
8H 7 1035 60.4-69.9 9.5 9.42 99.1
9H 7 1115 69.9-79.4 9.5 9.82 103.0
10H 7 1155 79.4-88.9 9.5 9.67 102.0
11H 7 1230 88.9-98.4 9.5 9.82 103.0
12H 7 1310 98.4-107.9 95 9.66 101.0
13H 7 1345 107.9-117.4 9.5 9.87 104.0
14H 7 1420 117.4-126.9 9.5 9.61 101.0

Coring totals:  126.9 129.40 102.0

SITE 985

offsets that comprise the composite depth section at Site 985 are giv-
en in Table 2.

MST data used in the correlations are displayed on the composite
depth scale in Figure 3 (see also back pocket). Magnetic susceptibil-
ity was the primary parameter used to develop the composite section.
Gamma-ray attenuation porosity (GRAPE) density, natural gamma
radiation, and percentage spectral reflectance in the 650-700-nm
band (see “Lithostratigraphy” section, this chapter) were used to con-
firm the hole-to-hole correlations. Natural gamma radiation and
GRAPE density exhibited a moderate positive correlation; each
showed a weak negative correlation with susceptibility through the
depth range of the composite section. The relative independence of
the three parameters made the splice more precise by allowing fea-
tures that were not apparent in one data set to be correlated in another.

Although overlap between adjacent holes was excellent through
most of the section, stretching and compression within the cored se-
quence occurred over most intervals. Because much of this distortion
was on a scale of less than 9 m, it was not possible to align every sed-
imentary feature using only the composite depth scale adjustments.
Within-core, decimeter to centimeter-scale depth adjustments would
be required to align all sedimentary features simultaneously.

The med scale grows relative to the mbsf scale in both holes by
about 8% over the range of the composite section (Fig. 4). The expan-
sion of the sequence, less than the 10% commonly found at the sites
south of Iceland, is caused by physical expansion of the cores after
recovery and by stretching of the sequence during the coring process.

After construction of the composite depth section for Site 985, a
single spliced record was developed, as described in the “Explanatory
Notes™ chapter (this volume). The tie points between the cores used
to construct the splice are given in Table 3. Due to the disturbance in
Core 985B-3H, Core 985A-3H was appended to the base of Core
985A-2H, and so the splice includes the core break at the bottom of
Core 985A-2H. In the upper four sections of Core 985A-3H, the bed-
ding is at an angle of up to 45° from horizontal, probably due to cor-
ing disturbance. The composite section continues down to 138 med,
below which the remainder of the Hole 985A cores have been ap-
pended to the composite section with no adjustment of their relative
depths. The spliced GRAPE density, natural gamma radiation, and
magnetic susceptibility data are shown in Figure 5.

LITHOSTRATIGRAPHY

The sediments recovered at Site 985 are predominantly fine-
grained siliciclastics. The dominant lithologies include silty clays,
clays with silt, and clays. Yellowish orange color bands containing
inorganic carbonate and clay are found in the upper sediments, while
yellowish brown concretions, at least some of which contain fluora-
patite, are more common toward the base of the sequence. In contrast,
biocarbonates in amounts >10% are restricted to the upper part of the
sedimentary sequence and occur in clayey nannofossil ooze with for-
aminifers and silty clay with nannofossils. Clays and silty clays con-
taining biosilica are encountered only between 240 and 290 mbst.
Sulfides, although less common than at other sites drilled during Leg
162, are found throughout the section, predominantly as disseminated
pyrite, pyrite layers, and concretions.

Disseminated volcanic ash, ash pods, and ash layers occur
throughout the sedimentary sequence. Discrete ash layers (>1.0 cm
thick) are most common in the upper 150 mbsf. While individual ash
shards generally appear colorless under smear slide examination, the
ash layers range in color from light gray to black, with darker ash lay-
ers more common, The darker coloration in these layers appears due
to the presence of sulfides in association with the colorless volcanic
ash. Much of the ash, particularly in the deeper sediments, is altered
and occurs with pyrite, zeolites, and other ash-derived clays. Drop-
stones (>1.0 cm in size) are confined to the upper sedimentary se-
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Table 2. Site 985 composite depths.

Length  Depth  Depth

Core, section (em) (mbsf)  (med)
162-985A-

1H-1 150 0.00 022
1H-2 150 1.50 1.72
1H-3 150 3.00 322
1H-4 150 4.50 4.72
1H-5 150 6.00 6.22
1H-CC 20 7.50 7.72
2H-1 150 7.70 8.87
2H-2 150 9.20 10.37
2H-3 150 10.70 11.87
2H-4 150 12.20 13.37
2H-5 150 13.70 14.87
2H-6 150 15.20 16.37
2H-7 (] 16.70 17.87
2H-CC 22 17.31 18.48
3H-1 150 17.20 18.37
3H-2 150 18.70 19.87
3H-3 150 20.20 21.37
iH-4 150 21.70 22.87
3H-5 150 23.20 24.37
3H-6 150 24.70 25.87
3H-7 54 26.20 27.37
3H-CC 23 26.74 2791
4H-1 150 26.70 28.07
4H-2 150 28.20 29.57
4H-3 150 29.70 31.07
4H-4 150 31.20 3257
4H-5 150 32.70 34.07
4H-6 150 34.20 35.57
4H-7 65 35.70 37.07
4H-CC 29 36.35 3na2
5H-1 150 36.20 37.88
5H-2 150 37.70 39.38
5H-3 150 39.20 40.88
5H-4 150 40.70 4238
5H-5 150 42.20 43.88
5H-6 150 43.70 4538
5H-7 69 45.20 46.88
5H-CC 27 45.89 47.57
6H-1 150 45.70 48.17
6H-2 150 47.20 49.67
6H-3 150 48.70 51.17
fHH-4 150 50.20 52.67
6H-5 150 51.70 54.17
6H-6 150 53.20 55.67
6H-7 58 54.70 57.17
6H-CC 24 55.28 57.75
TH-1 150 55.20 59.11
TH-2 150 56.70 60.61
TH-3 150 58.20 62.11
TH-4 150 59.70 63.61
TH-5 150 61.20 63.11
TH-6 150 62.70 66.61
TH-7 62 64.20 68.11
TH-CC 23 64.82 68.73
8H-1 150 64.70 69.41
8H-2 150 66.20 70.91
8H-3 150 67.70 72.41
8H-4 150 69.20 7391
8H-5 150 70.70 75.41
8H-6 150 72.20 76.91
8H-7 26 73.70 78.41
8H-CC 32 73.96 78.67
9H-1 150 74.20 79.12
9H-2 150 75.70 80.62
9H-3 150 77.20 82.12
9H-4 150 78.70 83.62
9H-5 150 80.20 85.12
9H-6 150 81.70 86.62
9H-7 47 83.20 88.12
9H-CC 26 83.67 88.59
10H-1 150 83.70 89.24
10H-2 150 85.20 90.74
10H-3 150 86.70 92.24
10H-4 150 88.20 93.74
10H-5 150 89.70 95.24
10H-6 150 91.20 96.74
10H-7 51 92.7G 98.24
10H-CC 26 93.21 98.75
11H-1 150 93.20 99.54
11H-2 150 9470  101.04
11H-3 150 96.20 10254
11H-4 150 9770  104.04
11H-5 150 99.20 105.54
11H-6 150 10070 107.04
1 1H-7 58 102.20  108.54
11H-CC 26 10278 109.12
12H-1 150 10270  109.68
12H-2 150 104.20 11118

Offset

(med — mbsf)

0.22
0.22
0.22
0.22
0.22
0.22
1.17
117
1.17
1.17
1.17
1.17
1.17
1.17
1.17
1.17
1.17

L L Rl L
el wd wd s =)

ZRBREDR: bt

1S N =
- e
)l w0

Length  Depth  Depth Offset
Core, section (em) (mbsf)  (med)  (med — mbsf)
12H-3 150 10570 112.68 6.98
12H-4 150 107.20 114,18 6.98
12H-5 150 108.70 115.68 6.98
12H-6 150 11020 117.18 6.98
12H-7 60 111,70 118.68 6.98
12H-CC 19 11230 119.28 6.98
13H-1 150 11220 119.69 7.49
13H-2 150 113,70 12119 7.49
13H-3 150 11520 122.69 7.49
13H-4 150 116,70 124,19 7.49
13H-5 150 11820 125.69 7.49
13H-6 150 119.70  127.19 7.49
13H-7 51 121,20 128.69 7.49
13H-CC 28 12171 129.20 7.49
14H-1 110 121.70 129.54 7.84
14H-2 150 122.80 130.64 7.84
14H-3 150 124.30 132.14 7.84
14H-4 150 12580  133.64 7.84
14H-5 150 127.30 13514 7.84
14H-6 150 128.80  136.64 T.84
14H-7 43 13030  138.14 7.84
14H-CC 3 130.73 13857 7.84
15H-1 150 131.20  139.04 7.84
15H-2 150 13270 14054 7.84
15H-3 150 134.20  142.04 7.84
15H-4 150 135,70 14354 7.84
15H-5 150 137.20 145.04 7.84
15H-6 150 138.70  146.54 7.84
15H-7 58 140,20 148.04 7.84
15H-CC 50 140.78  148.62 7.84
16H-1 150 140.70 148.54 7.84
16H-2 150 142.20 150.04 7.84
16H-3 150 14370  151.54 7.84
16H-4 150 14520  153.04 7.54
16H-5 150 146.70  154.54 7.84
16H-6 49 148.20  156.04 7.84
16H-CC 25 148.69  156.53 7.84
17H-1 150 14890 156.74 7.84
17H-2 150 150,40  158.24 7.84
17H-3 150 151.90  159.74 7.84
17H-4 150 153.40  161.24 7.84
17H-CC 30 154.90 16274 7.84
18X-1 150 155.20  163.04 7.84
18X-2 150 156.70  164.54 7.84
18X-3 150 158.20  166.04 7.84
18X-4 150 15970 167.54 7.84
18X-5 150 161.20  169.04 7.84
18X-6 150 162,70  170.54 7.84
18X-7 45 16420  172.04 7.84
18X-CC 41 164.65 172.49 7.84
19X-1 150 16470 172.54 7.84
19X-2 150 166.20  174.04 7.84
19X-3 150 167.70 175.54 7.84
19X-4 150 169.20  177.04 7.84
19X-5 150 170,70 178.54 7.84
19X-6 150 172.20  180.04 7.84
19X-7 49 17370 181.54 7.84
19X-CC 25 174.19 182.03 7.84
20X-1 150 17420 182.04 7.84
20X-2 150 17570 18354 7.84
20X-3 150 177.20  185.04 7.84
20X-4 69 178.70  186.54 7.84
20X-CC 13 179.39 187.23 7.84
21X-1 150 183.80 191.64 7.84
21X-2 150 18530  193.14 7.84
21X-3 150 186.80 19464 7.84
21X-4 150 188.30  196.14 7.84
21X-5 150 189.80  197.64 7.84
21X-6 150 191.30  199.14 7.84
21X-7 45 192.80  200.64 7.84
21X-CC 39 193.25  201.09 7.84
22X-1 150 19340 201.24 7.84
22X-2 150 19490 202.74 7.84
22X-3 150 196.40 20424 7.84
22X-4 150 197.90 20574 7.84
22X-5 150 199.40  207.24 7.84
22X-6 150 20090  208.74 7.84
22X-7 46 20240 21024 7.84
22X-CC 38 202.86 210,70 7.84
23X-1 150 203.00 210.84 7.84
23X-2 150 20450 21234 7.84
23X-3 150 206.00 213.84 7.84
23X-4 150 207.50 21534 7.84
23X-5 150 209.00 216.84 7.84
23X-6 150 21050 21834 7.84
23X-7 50 21200  219.84 7.84
23X-CC 45 21250 22034 7.84
24X-1 150 212.60 22044 T.84
24X-2 150 214,10  221.94 7.84



Length  Depth  Depth Offset
Core, section (cm) (mbsf)  (med)  (med — mbsh)
24X-3 150 21560 22344 7.84
24X-4 150 217.10 22494 7.84
24X-5 33 218.60 22644 7.84
24X-CC 14 21893 226,77 7.84
25X%-1 150 22220 230.04 7.84
25X-2 150 22370 231.54 7.84
25X-3 150 225.20  233.04 7.84
25X-4 150 226,70 23454 7.84
25X-5 150 22820 236.04 7.84
25X-6 150 22970 23754 7.84
25X-7 48 231.20 239.4 "7.84
25X-CC 26 231.68 239.52 7.84
26X-1 150 231.80 239.64 7.84
26X-2 150 23330 24114 7.84
26X-3 150 23480 24264 7.84
26X-4 150 23630 244.14 7.84
26X-5 150 237.80 24564 7.84
26X-6 150 23930 247.14 7.84
26X-7 21 240.80  248.64 7.84
26X-CC 32 241.01 248.85 7.84
27X-1 150 241.50 249.34 7.84
27X-2 150 243.00 250.84 7.84
27X-3 150 244.50 25234 7.84
27X4 150 246,00  253.84 7.84
27X-5 150 24750 25534 7.84
27X-6 69 249.00  256.84 7.84
27X-CC 26 24969 25753 7.84
28X-1 150 25110 25894 7.84
28X-2 150 25260  260.44 7.84
28X-3 150 254.10  261.94 7.84
28X-4 150 25560 263.44 7.84
28X-5 98 257.10  264.94 7.84
28X-CC 37 258.08 26592 7.84
29X-1 150 260,70 268.54 7.84
29X-2 150 262.20  270.04 7.84
20X-3 150 26370  271.54 7.84
29X-4 150 265.20 273.4 7.84
29X-5 150 26670 274.54 7.84
29X%-6 113 268.20 276.04 7.84
29X-CC 38 26933 277.17 7.84
30X-1 150 27030 278.14 7.84
30X-2 150 271.80  279.64 7.84
30X-3 150 27330  281.14 7.84
30X-4 150 27480 282,64 7.84
30X-5 150 276.30  284.14 7.84
30X-6 99 277.80  285.64 7.84
30X-CC 35 278.79  286.63 7.84
31X-1 150 280.00 287.84 7.84
31X-2 150 281.50 28934 7.84
31X-3 150 283.00 290.84 7.84
31X-4 150 28450 29234 7.84
31X-5 150 286.00 293.84 7.84
31X-6 150 287.50 29534 7.84
3X-7 32 289.00 296.84 7.84
31X-CC 38 28932 297.16 7.84
32X-1 150 289.60 297.44 7.84
32X%-2 150 291.10  298.94 7.84
32X-3 150 292,60  300.44 7.84
32X-4 150 29410 30194 7.84
32X-5 150 295.60 303.44 7.84
32X-6 150 297.10  304.94 7.84
32X-7 42 298.60 306.44 7.84
32X-CC 39 299.02  306.86 7.84
33X-1 150 29920  307.04 7.84
33X-2 150 300.70  308.54 7.84
33X-3 150 30220 310,04 7.84
33X-4 150 303.70 31154 7.84
33X-5 150 30520  313.04 7.84
33X-6 150 306.70 31454 7.84
33X-CC 32 308.20 316.04 7.84
34X-1 150 308.80 316.64 7.84
34X-2 150 31030 318,14 7.84
34X-3 150 311.80 319.64 7.84
34X-4 150 31330 32114 7.84
34X-5 150 31480 322.64 7.84
34X-6 39 31630 32414 T7.84
34X-CC 34 316.69 324.53 7.84
35X-1 150 31850 32634 7.84
35X-2 150 320,00  327.84 7.84
35X-3 150 321.50 329.34 7.84
35X-4 150 32300 330.84 7.84
I5X-5 150 32450 33234 7.84
35X-6 150 326,00 333.84 7.84
35X-7 44 327.50 33534 7.84
35X-CC 33 32794 335.78 7.84
36X-1 150 32810 33594 7.84
36X-2 150 329.60 33744 7.84
36X-3 150 331,10 33894 784
36X-4 150 332.60 34044 7.84

Table 2 (continued).

Length  Depth  Depth Offset
Core, section (cm) (mbsf)  (med) (med — mbsf)
36X-5 150 334,10 34194 7.84
36X-6 150 33560 34344 7.84
36X-7 46 337.10 34494 7.84
36X-CC 40 337.56 34540 7.84
37X-1 150 337.70 34554 7.84
37X-2 150 339.20  347.04 7.84
37X-3 150 340.70 348.54 7.84
37X-4 150 342.20 350,04 7.84
37X-5 150 343,70 351.54 7.84
37X-6 150 34520  353.04 T.84
37X-7 43 34670 354.54 7.84
37X-CC 38 347.13  354.97 7.84
38X-1 150 347.30 355.14 7.84
38X-2 150 348.80 356,64 7.84
38X-3 150 35030 358.14 7.84
38X-4 150 351.80 359.64 7.84
38X-5 150 35330 36114 7.84
38X-6 150 35480 362.64 7.84
38X-7 46 35630 364,14 7.84
38X-CC 35 356.76  364.60 7.84
39X-1 150 356.90 364.74 7.84
39X-2 150 35840 366.24 7.84
39X-3 150 35990 367.74 7.84
39X-4 150 361.40 369.24 7.84
39X-5 150 36290 370,74 7.84
30X-6 150 36440 372.24 7.84
39X-CC 38 36590 373.74 7.84
40X-1 150 366.50 37434 7.84
40X-2 150 368.00 375.84 7.84
40X-3 150 369.50 377.34 7.84
40X-4 150 371.00  378.84 7.84
40X-5 150 372,50  380.34 7.84
40X-6 150 374.00 381.84 7.84
40X-7 54 375.50 383,34 7.84
40X-CC 36 376.04 38388 7.84
41X-1 150 37570  383.54 7.84
41X-2 150 377.20  385.04 7.84
41X-3 150 378.70  386.54 7.84
41X-4 150 380.20  388.04 7.84
41X-5 150 381.70 389.54 7.84
41X-6 150 38320 391.04 7.84
41X-7 49 384.70 392.54 7.84
41X-CC 41 385.19  393.03 7.84
42X-1 150 385.50 393.34 7.84
42X-2 150 387.00 39484 7.84
42X-3 150 388.50  396.34 7.84
42X-4 150 390.00 397.84 7.84
42X-5 150 391.50  399.34 7.84
42X-6 150 393.00  400.84 7.84
42X-7 51 394.50 402.34 7.84
42X-CC 40 39501 402.85 7.84
43X-1 150 39530 403,14 7.84
43X-2 150 396.80 404.64 7.84
43X-3 150 398.30  406.14 7.84
43X-4 150 399.80 407.64 7.84
43X-5 150 401.30 409,14 7.84
43X-6 150 402.80 41064 7.84
43X-7 54 40430 412,14 7.84
43X-C 39 404.84 41268 7.84
H4x-1 150 40500  412.84 7.84
44X-2 150 406,50 41434 7.84
44X-3 150 408.00 415.84 7.84
44X-4 150 400.50  417.34 7.84
44X-5 150 411.00 418.84 7.84
44X-6 150 412.50 42034 7.84
44X-7 55 41400 421.84 7.84
44X-CC 48 41455 422.39 7.84
45X-1 150 41470  422.54 7.84
45X-2 150 41620  424.04 7.84
45X-3 150 41770 425.54 7.84
45X-4 150 419.20  427.04 7.84
45X-5 150 420,70  428.54 7.84
45X-6 150 42220 430.04 7.84
45X-7 18 42370 431.54 7.84
45X-CC 35 423.88 431.72 7.84
46X-1 150 42440 432.24 7.834
46X-2 150 42590 433.74 7.84
46X-3 150 42740 43524 7.84
46X-4 150 42890 436.74 7.84
46X-5 150 43040 438.24 7.84
46X-6 150 43190 439.74 7.84
46X-7 53 43340  441.24 7.84
46X-CC 38 43393 44177 7.84
47X-1 150 434.00 441.84 7.84
47X-2 150 43550 44334 7.84
47X-3 150 437.00 44484 7.84
47X-4 150 438.50 446.34 7.84
47X-5 150 440.00  447.84 7.84
47X-6 150 441.50 44934 7.84
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Length  Depth  Depth Offset
Core, section (cm) (mbsf)  (med)  (med — mbsf)
47X-7 39 443.004  50.84 7.84
47X-CC 49 44339  451.23 7.84
48X-1 150 443.60  451.44 7.84
48X-2 150 44510 452,94 7.84
48X-3 150 446,60  454.44 7.84
48X-4 150 448.10 45594 7.84
48X-5 150 44960 45744 7.84
48X-6 150 450.10  458.94 T.84
48X-7 47 452.60 46044 7.84
48X-CC 36 453.07 46091 7.84
49X-1 150 453.20  461.04 7.84
49X-2 150 45470  462.54 7.84
49X-3 150 456.20  464.04 7.84
49X-4 150 45770 46554 7.84
49X-5 150 45920  467.04 7.84
49X-6 137 460.70  468.54 7.84
49X-CC 41 462.07  469.91 7.84
S50X%-1 150 46270  470.54 7.84
50X-2 150 46420  472.04 7.84
50X-3 150 465.70  473.54 7.84
50X-4 150 467.20 475.04 7.84
50X-5 150 468.70  476.54 7.84
50X-6 150 47020  478.04 7.84
50X-7 57 47170 479.54 7.84
50X-CC 35 47227  480.11 7.84
51X-1 150 47230  480.14 7.84
51X-2 150 47380 481.64 7.84
51X-3 150 47530 483.14 7.84
51X-4 150 476.80  484.64 7.84
51X-5 150 478.30 486.14 T7.84
51X-6 150 47980 487.64 7.84
51X-7 27 481.30 489.14 7.84
51X-CC 30 481.57 489.41 7.84
52X-1 150 481.90 48974 7.84
52X-2 150 483.40 491.24 7.84
52X-3 150 48490 492,74 7.84
52X-4 150 48640 49424 7.84
52X-5 150 487.90  495.74 7.84
52X-6 150 489.40 497.24 7.84
52X-1 45 49090  498.74 7.84
52X-CC 39 491.35 499.19 7.84
53X-1 150 491.50  499.34 7.84
53X-2 150 493.00 500.84 7.84
53X-3 150 49450  502.34 7.84
53X-4 150 496.00 503.84 7.84
53X-5 150 497.50 505.34 7.84
53X-6 150 49900  506.84 7.84
53X-7 44 500.50  508.34 7.84
53X-CC 37 500.94  508.78 7.84
54X-1 150 501.10  508.94 7.84
54X-2 150 50260 51044 7.84
54X- 150 504.10  511.94 7.84
54X-4 150 505.60 513.44 7.84
54X-5 150 507.10 514.94 7.84
54X-6 150 508.60 51644 7.84
54X-7 44 510,10 517,94 7.84
54X-CC 43 510.54 518.38 7.8
55X-1 150 51070 51854 7.84
55X-2 150 51220 520.04 7.84
55x-3 150 51370 521.54 7.84
55X-4 150 51520 523.04 7.84
55X-5 150 516,70  524.54 7.84
55X-6 150 518.20  526.04 7.84
55X-7 41 519.70 527.54 7.84
55X-CC 40 520.11 527.95 7.84
56X-1 150 52040 52824 7.84
56X-2 150 521.90 529.74 T.84
56X-3 150 52340 531.24 7.84
56X-4 150 52490 532.74 7.84
56X-5 150 52640 534.24 7.84
56X-6 144 52790 53574 7.84
56X-CC 22 52934 537.18 7.84
57X-1 150 530,00 537.84 7.84
57X-2 150 531.50 539.34 7.84
57X-3 144 533.00  540.84 7.84
57X-CC 55 53444 54228 7.84
58X-1 150 539.60 547.44 7.84
58X-2 132 541.10 54894 7.84
58X-CC 31 54242 550.26 7.84
59X-1 150 54920 557.04 7.84
59X-2 150 550.70  558.54 7.84
59X-3 92 55220 560.04 7.84
59X-4 37 553.12 560.96 7.84
59X-CC 35 55349 561.33 7.84
60X-1 150 55890 566,74 7.84
60X-2 150 56040 568.24 7.84
60X-3 150 561.90 569.74 7.84
60X-4 150 563.40 571.24 7.84
60X-5 150 564.90 572.74 7.84

Table 2 (continued).

Length  Depth  Depth Offset
Core, section (cm) (mbsf)  (mcd)  (med — mbsh)
60X-6 66 566.40 574.24 7.84
60X-CC 24 567.06 57490 7.84
61X-1 70 568.60 576.44 7.84
61X-2 138 569.30  577.14 7.84
61X-3 150 570.68 578.52 7.84
61X-4 150 572.18 58002 7.84
61X-CC 44 57368 581.52 7.84
62X-1 150 578.20 586.04 7.84
62X-CC 20 57970 587.54 7.84

162-985B-

1H-1 150 0.00 0.00 0.00
1H-2 150 1.50 1.50 0.00
1H-3 28 3.00 3.00 0.00
IH-CC 14 3.28 3.28 0.00
2H-1 150 3.40 5.24 1.84
2H-2 150 4.90 6.74 1.84
2H-3 150 6.40 8.24 1.84
2H-4 150 790 9.74 1.84
2H-5 150 9.40 11.24 1.84
2H-6 150 10.90 12.74 1.84
2H-7 53 12.40 14.24 1.84
2H-CC 23 12.93 14.77 1.84
3H-1 150 12.90 14,74 1.84
3H-2 150 14.40 16.24 1.84
3H-3 150 15.90 17.74 1.84
3H-4 150 17.40 19.24 1.84
3H-5 150 18.90 20.74 1.84
3H-6 150 2040 2224 1.84
3H-7 53 21.90 23.74 1.84
3H-CC 26 22.43 24.27 1.84
4H-1 150 22.40 24.56 2.16
4H-2 150 23.90 26.06 2.16
4H-3 150 25.40 27.56 2.16
4H-4 150 26.90 29.06 216
4H-5 150 28.40 30.56 2.16
4H-6 150 29.90 32.06 2.16
4H-CC 36 3140 33.56 2.16
5H-1 150 31.90 34.58 2.68
5H-2 150 3340 36.08 2.68
5H-3 150 34.90 37.58 2.68
5H-4 150 36.40 39.08 2,68
5H-5 150 37.90 40.58 2.68
5H-6 150 39.40 42,08 2.68
5H-7 61 40.90 43,58 2.68
5H-CC 18 41.51 44.19 2.68
6H-1 150 41.40 44,81 341
6H-2 150 42.90 46.31 341
6H-3 150 4440 47.81 341
6H-4 150 45.90 49.31 341
6H-5 150 4740 50.81 341
6H-6 150 48.90 5231 341
6H-7 42 50.40 53.81 341
6H-CC 18 50.82 54.23 341
TH-1 150 50.90 54.85 3.95
TH-2 150 5240 56.35 3.95
7H-3 150 53.90 57.85 3.95
TH-4 150 55.40 59,35 3.95
TH-5 150 56.90 60.85 3.95
TH-6 150 58.40 62.35 3.95
TH-7 60 59.90 63.85 395
TH-CC 25 60.50 64.45 3.95
8H-1 150 60.40 65.83 543
8H-2 150 61.90 67.33 5.43
8H-3 103 63.40 68.83 543
8H-4 59 64.43 69.86 5.43
8H-5 130 65.02 70.45 543
8H-6 150 66.32 71.75 543
8H-7 150 67.82 73.25 543
8H-CC 50 69.32 74.75 A3
9H-1 150 69.90 75.16 5.26
9H-2 150 71.40 76.66 5.26
9H-3 150 72.90 78.16 5.26
9H-4 150 74.40 79.66 5.26
9H-5 150 75.90 81.16 5.26
9H-6 150 77.40 §2.66 526
9H-7 62 78.90 84.16 5.26
9H-CC 20 79.52 84.78 5.26
10H-1 150 79.40 86.05 6.65
10H-2 150 80.90 87.55 6.65
10H-3 150 82.40 89.05 6.65
10H-4 150 83.90 90.55 6.65
10H-5 150 85.40 92.05 6.65
10H-6 150 86.90 93.55 6.65
10H-7 43 88.40 95.05 6.65
10H-CC 24 88.83 95.48 6.65
11H-1 150 88.90 96.01 7.11
11H-2 150 90.40 97.51 7.11
11H-3 150 91.90 99.01 7.11



Table 2 (continued).
Length  Depth  Depth Offset
Core, section (cm) (mbsf)  (med) (med — mbsf)
11H-4 150 93.40 10051 T.11
11H-5 150 9490 102,01 7.11
11H-6 150 9640 103,51 7.11
11H-7 6l 97.90 105.01 7.11
11H-CC 21 98.51 105.62 T7.11
12H-1 150 98.40 10541 7.01
12H-2 150 99.90 106.91 7.01
12H-3 150 101.40 10841 7.01
12H-4 150 10290 10991 7.01
12H-5 150 10440 11141 7.01
12H-6 150 10590 11291 7.01
12H-7 57 10740 11441 7.01
12H-CC 9 107.97 114.98 7.01
13H-1 150 107.90 116.54 8.64
13H-2 150 109.40 118.04 B.64
13H-3 150 110,90 119.54 8.64
13H-4 150 112.40 121.04 B.64
13H-5 150 113.90 122,54 8.64
13H-6 150 11540  124.04 8.64
13H-7 63 116.90 12554 8.64
13H-CC 24 117.53 126,17 8.64
14H-1 150 11740 126,73 9.33
14H-2 150 11890 12823 9.33
14H-3 150 120.40 129.73 9,33
14H-4 150 121.90 131.23 9.33
14H-5 150 123.40 132.73 9.33
14H-6 150 124.90 134.23 933
14H-7 33 12640 13573 9.33
14H-CC 28 126.73 136.06 9.33

Note: Depths are from the top of each section.

quence (0-70 mbsf) and consist primarily of angular to subrounded
igneous or metamorphic rock fragments.

The lithostratigraphic units and subunits at Site 985 are defined on
the basis of data obtained from seven sources: (1) visual core descrip-
tions, (2) smear slide examination, (3) bulk calcium carbonate mea-
surements, (4) spectral reflectance measurements, (5) magnetic
susceptibility measurements, (6) natural gamma-ray measurements,
and (7) X-ray diffraction analysis of bulk sediments. These data al-
low us to delineate five lithostratigraphic units, the fourth of which is
subdivided into three subunits. Lithostratigraphic unit boundaries oc-
cur at 17.2, 99.2, 155.2, and 465.0 mbsf. Subunit boundaries within
Unit IV occur at 241.5 and 289.6 mbsf. The lithologic descriptions of
these units and subunits follow.

Description of Lithostratigraphic Units
Unit I

Interval:
Cores 162-985A-1H through 2H
Cores 162-985B-1H through 2H
Age: Holocene Lo late Pleistocene
Depth: 0 to 17.2 mbsf

Unit I is defined largely on the basis of relatively abundant biocar-
bonates and spectral reflectance values between 10% and 20% for the
650-700-nm range (Fig. 6). These sediments contain up to 30% car-
bonate, but average 12.1% + 10.0% carbonate (see “Organic
Geochemistry” section, this chapter). Carbonate content generally
decreases with increasing depth, The sediments of Unit I are com-
posed of interbedded layers of gray clayey nannofossil coze with for-
aminifers, dark gray nannofossil clay with silt, dark gray silty clay
with nannofossils, brown and dark grayish brown clay with silt, and
very dark gray to dark grayish brown silty clays. The color changes
are gradational and cyclic throughout the unit. Bioturbation is slight
to moderate in intensity. Five dropstones greater than 1.0 cm were re-
covered from the darker sediment layers of this Unit (Table 4).

Pyrite is present in small quantities in concretions or pods, and is
discernible by XRD analysis. XRD analysis also reveals that quartz,
plagioclase, pyroxene, and clay minerals are important components
of the bulk sediments in this interval. Smear slide analysis, which

SITE 985

also detects the presence of opaque minerals, is consistent with bulk
sediment XRD. Several thin (<1.0 cm) ash layers, ash pods, and a sin-
gle ash layer 2.0 cm thick are present near the base of the unit. All ash
layers >1.0 cm thick are listed in Table 5. Slight alteration of the col-
orless volcanic shards in these ashes is suggested by the presence of
zeolites and ash-derived clays in smear slides. The 2.0-cm ash layer
has a sharp basal contact and gradational upper contacts.

Unit 11

Interval:

Sections 162-985A-3H-1 through 11H-4

Sections 162-985B-3H-1, 0 ecm, through 12H-2, 105 cm
Age: late Pleistocene to early Pliocene
Depth: 17.2 to 99.2 mbsf

Unit 11 is defined, in part, by the diminished presence of biocar-
bonate which occurs as a variable sedimentary component, averaging
6.9%. These sediments are mainly grayish brown to dark greenish
brown and dark gray to very dark greenish gray silty clay and clay
with silt. Biocarbonate-bearing sediments consist of gray to dark
greenish gray clayey nannofossil ooze, silty clay with nannofossils,
and nannofossil clay. Bioturbation is slight to moderate, and color
changes are gradational. Centimeter-scale color variations in the
form of faint grayish green color banding occurs throughout. XRD
and smear slide analyses both indicate higher abundance of quartz,
plagioclase, and pyroxene within Unit II relative to the underlying
sediments. Spectral reflectance values in Unit II are lower than in
Unit I, averaging 10% + 5% throughout the interval. Both reflectance
values and natural gamma-ray counts decrease noticeably downsec-
tion and define the boundary with the underlying unit.

Several other lithologic components are found within this unit.
The earliest appearance of dropstones (>1.0 cm) at Site 985 occurs
within Unit IT in Section 985A-7H-5 at 125 cm (62.45 mbsf), and in
Section 985B-7H-6 at 9 cm (58.49 mbsf). The dropstones of Units I
and IT were recovered from darker sediment layers. Centimeter-scale,
indurated yellowish orange color bands, composed of clay with inor-
ganic calcite, are also present.

Within Unit II, 16 gray to black ash layers >1.0 cm thick with
sharp basal contacts and gradational upper boundaries were identi-
fied in Hole 985A (e.g., Fig. 7). In addition, 17 ash layers >1.0 cm
were observed in Hole 985B (Table 5). These ashes average 5.8 and
5.9 e¢m in thickness, respectively. Because the ash layers in Hole
985A and 985B do not correspond precisely in depth, there must be
a minimum of 24 ash layers >1.0 cm thick in Unit I1 (Table 5; Fig. 8).
More detailed analytical studies of the dark layers of Unit I will be
necessary to distinguish dark pyritic layers from ash layers in these
sediments. Disseminated pyrite, pyrite-filled burrows, and discrete
pyrite layers are scattered throughout.

Unit 1T

Interval:

Sections 162-985A-11H-5 through 17H-CC

Sections 162-985B-12H-2, 105 cm, through 14H-CC (base of hole)
Age: early Pliocene to late Miocene
Depth: 99.2 to 155.2 mbsf

Unit IIT is characterized by the occurrence of clay with silt, and
the absence of biogenic sediments. Low-amplitude variations in
spectral reflectance, with mean values of 8% * 2%, are characteristic,
along with increases in natural gamma-ray counts and in the number
and amplitude magnetic susceptibility spikes. In Unit III, isolated
spikes of inorganic carbonate are superimposed on a carbonate-free
background (see “Organic Geochemistry” section, this chapter).

The main sediment components of Unit ITI display much less vari-
ation in color than those of the preceding units. They are composed
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almost entirely of dark greenish gray and very dark greenish gray
clay with silt. XRD analysis of the bulk sediments reveals that plagio-
clase, quartz, and pyroxene are less abundant than in Units I and II.
The sediments are slightly to moderately bioturbated and color mot-
tling is present. The interbedding of these two lithologies gives the
sediments a more pronounced greenish color banding than was
present in Unit II.

Several types of concretions and discrete lithologic layers occur
in Unit III. Indurated yellowish orange color bands, less common
than those of Unit II, are present at the top of Unit III (Core 162-
985A-12H, 102.7-112.3 mbsf). Yellowish brown concretions are
first observed in Unit IV in the interval 162-985A-12H-3, 101-104
cm, at 106.71-106.74 mbsf (Fig. 9). XRD analysis reveals at least
some of these concretions are composed of fluorapatite, and may be
similar in composition to the yellowish orange layers found at shal-
lower depths. Seven ash layers, averaging 4.1 cm in thickness, were
observed in Hole 985A, and 14 ash layers, averaging 2.8 cm in thick-
ness, were observed in Hole 985B (Table 5). As in Unit I1, pyrite con-
cretions and black bands, which may contain pyrite and/or ash, are
scattered throughout. The presence of zeolites and pyrites in associa-
tion with ash layers suggests that some of the ash in Unit I1 is slightly
altered.

Unit 1V

Interval: Sections 162-985A-18X-1, 0 cm, through 50X-2, 30 cm
Age: late Miocene to late Oligocene(?)
Depth: 155.2 to 465 mbsf

The sediments of Unit IV comprise the bulk of the sedimentary
sequence at Site 985. These sediments are distinguished from those
of Units IIT and V by the switch from a lithology above and below
Unit IV in which silty clay and clay with silt dominates, to one in
which clay with silt is present but indurated clay is dominant. Ship-
board bulk mineral XRD analyses reveal that these clays are com-
posed of smectite, chlorite, kaolinite, micas, and mixed layer clays.
XRD-estimated plagioclase and quartz content in Unit IV is similar
to that of Unit III, but pyroxene is absent from Unit IV sediments.
Sediment coloration in Unit I'V ranges from gray to very dark green-
ish gray in the clay and from dark greenish gray to dark grayish
brown in the clay with silt. Dark greenish color banding is present in
Unit IV, but is not as pronounced as in Unit III. The sediments are
moderately bioturbated and color mottling is present. Thirteen dis-
crete ash layers, averaging 4.1 cm in thickness, were observed in Unit
IV (Table 5). Disseminated ash is present as a lithologic component
of the bulk sediments.

Other characteristics of this lithofacies include very low magnetic
susceptibility values and the absence of biocarbonates, although iso-

SITE 985

Table 3. Site 985 splice tie points.

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

section (cm) (mbsf)  (med) section (cm)  (mbsf)  (med)
162-985- 162-985-

B-1H-2, 8 1.58 1.58 tie to A-1H-1. 136 1.36 1.58
A-1H-5, 86 6.86 7.08 tie to B-2H-2, 35 5.24 7.08
B-2H-5, 89 10.28 12.12 tie to A-2H-3, 25 10.95 12,12
A-2H-7,55 17.25 18.42 tie to A-3H-1,4 17.24 18.41
A-3H-6, 131 26.01 27.18 tie to B-4H-2, 113 25.02 27.18
B-4H-3, 107 26.47 28.63 tie to A-4H-1, 56 27.26 28.63
A-4H-6, 89 35.09 36.46 tie to B-5H-2, 38 33.78 36.46
B-5H-3, 113 36.03 38.71 tie to A-5H-1, 83 37.03 38.71
A-5H-6, 124 44.94 46.62 tie to B-6H-2, 31 43.21 46.62
B-6H-4, 70 46.60 50.01 tie to A-6H-2, 34 47.54 50.01
A-6H-6, 23 53.42 55.89 tie to B-7H-1, 104 51.94 55.89
B-7H-5, 56 57.46 61.41 tie to A-TH-2, 80 57.50 61.41
A-TH-7, 22 64.42 68.33 tie to B-8H-2, 100 62.90 68.33
B-8H-7, 70 68.52 73.95 tie to A-8H-4, 4 69.24 73.95
A-8H-6, 118 73.38 78.09 tie to B-9H-2, 143 72,83 78.09
B-9H-5, 22 76.12 81.38 lie to A-9H-2, 76 76.46 81.38
A-9H-6, 115 82.85 87.77 tie to B-10H-2, 22 81.12 87.77
B-10H-6, 134  88.24 94.89 tie to A-10H-4, 116  89.35 94,89
A-10H-6, 4 91.24 96.78 tie to B-11H-1,77 89.67 96.78
B-11H-5, 65 95.54 102,65 tie 1o A-11H-3, 11 96.31  102.65
A-11H-6, 52 101.22  107.56 lie to B-12H-2, 65 100.55 107.56
B-12H-7, 26 107.66  114.67 tie to A-12H-4, 50 107.69  114.67
A-12H-6, 145 111.65 118.63 tie to B-13H-2, 59 10999  118.63
B-13H-7.5 116.94  125.58 lie to A-13H-4, 139 118.09 125.58
A-13H-6, 28 11998 12747 tie to B-14H-4, 74 118.14 12747
B-14H-6, 29 12519 134.52 tie to A-14H-4, 88 126,68  134.52
A-62X-1,143 579.63 58747

lated inorganic carbonate layers occur. Yellowish orange layers are
found in fewer numbers within Unit IV than in Units III and II. Yel-
lowish brown concretions, some of which contain fluorapatite, are
also present in Unit IV sediments. The presence of Sr isotopes in flu-
orapatite may provide age constraints in the deeper sediments at Site
985 using the Sr¥"/Sr® dating method (e.g., Elderfield, 1986; Smalley
et al., 1989). Two lithified layers in Unit IV that may act as barriers
to the diffusion of interstitial waters are noteworthy (see “Inorganic
Geochemistry™ section, this chapter). These layers occur at intervals
162-985A-32X-3, 101-131 cm (293.61-293.91 mbsf) and 985A-
44X-6, 13-23 cm (412.63-412.73 mbsf). XRD analysis of the upper
layer indicates that it is composed of poorly crystallized carbonate.
The lower layer was not sampled for XRD analysis. These layers
yield high velocity measurements (see “Physical Properties” section,
this chapter) and bound sediments with interstitial waters that have
low chloride, sodium, and salinity content (see “Inorganic Geochem-
istry” section, this chapter).

Unit IV can be subdivided into three distinct subunits (Table 6;
Fig. 6). Subunit IVA (155.2-241.5 mbsf) is distinguished from the
underlying Unit IV sediments by higher magnetic susceptibility and
natural gamma-ray values, and by the absence of biosilica. Smear
slide analysis of several ash layers within Subunit IVA reveals an in-
creased zeolite content, suggesting greater alteration than shallower
ash layers at Site 985. With the exception of discrete inorganic car-
bonate layers and concretions, these sediments are essentially barren
of carbonate (see “Organic Geochemistry™ section, this chapter).

Subunit IVB (241.5-289.6 mbsf) contains interbedded layers of
clay, clay with ash, and clay with biosilica. Zeolite is present in Sub-
unit IVB in quantities lower than in overlying Subunit IVA. The pres-
ence of biosilica is a defining characteristic for this subunit, which
like Subunit IVA, is essentially barren of carbonate. Smear slide anal-
ysis indicates up to 15% biosilica in some layers, consisting of dia-
toms, sponge spicules, radiolarians, and silicoflagellates. This
lithostratigraphic subunit exhibits several other differences relative to
the sediments above and below. Interstitial water analysis indicates
an increase in dissolved silica within this layer (see “Inorganic
Geochemistry™ section, this chapter). Also, physical properties mea-
surements indicate greater water content and void space ratios within
Subunit IVB (see “Physical Properties” section, this chapter).
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Figure 5. Spliced records of GRAPE density, natural gamma radiation, and magnetic susceptibility from Site 985. Tie points for forming the splice are given in
Table 3. Holes are 985A (solid line) and 985B (dotted line).

264



Natural gamma

{total counts)
I

~} 00000 0l00

120

160

200+

240

320+

360

400

440

Depth (mbsf)
[44] [41] E n
[=1] N o] [++]
o o o o
1 | | s s s | " . s L i s -

5 Ol
= o2 =2
Oligocena =3 =3 a3 2 = 3 ) ) o early Miocens e ) middio Miocene - arly P ale P
m ‘ E T itwi”

e —

Figure 6. Core recovery, lithostratigraphy, age, spectral reflectance (red
band), magnetic susceptibility, and natural gamma radiation of sediments
recovered in Holes 985A and 985B. Cores containing ash layers (crossed
A’s, including bracketed area), dropstones (open diamonds), and limestone
layers (letter “L") are shown in column adjacent to the lithostratigraphy.
Spectral reflectance, magnetic susceptibility, and natural gamma radiation
records are from Hole 985A. (Key to symbols used in the “Generalized
Lithology™ column can be found in fig. 4, “Explanatory Notes™ chapter, this
volume.)
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Table 4. Summary table of dropstones greater than 1 cm in size found at
Site 985.

Core, section, Depth Size
interval top (em)  (mbsf) (cm) Composition Shape
162-985A-
1H-5, 101 7.01 35 Sandstone Subangular
iH-4, 30 22,00 3.0 Indurated ash Angular
3H-4, 100 22.70 1.5 Indurated ash Angular
5H-1, 16 36.36 1.4 Soft siltstone, brown Subrounded
5H-2,3 37.73 1.1 Brown siltstone Subrounded
5H-3, 32 39.52 2.5 Gray-green gabbro Subrounded
5H-4, 66 41.36 1.3 Buff sandstone Subangular
TH-4, 32 60,02 1.1 Black crystalline Subangular
TH-5, 125 62.45 13 Buff siltstone Crumbles
162-985B-

1H-1,97 0.97 4.5 Dark granite Angular
2H-3, 52 6.92 1.6 Black basalt Angular
1H-CC, 0 3.28 3.0 Diorite Angular
2H-4, 35 8.25 28 Granite Angular
4H-1,44 22.84 23 Plutonic igneous Angular
4H-1,49 22.89 1.1 Basalt Angular
4H-1, 53 22,93 3.0 Gneiss Subrounded
4H-2, 71 24.61 1.1 Plutonic igneous Angular
4H-3, 29 25.69 1.0 Schist Angular
4H-4,77 27.67 1.6 Plutonic igneous Angular
4H-5, 122 29.62 1.8 Plutoinic igneous Angular
4H-6, 100 30.90 20 Siltstone Subrounded
6H-3, 106 4546 1.1 Green-gray siltstone Subrounded
6H-5, 101 48.41 35 Gneiss Subangular
6H-6, 57 49.47 1.5 Pyritic siltstone Subrounded
TH-2, 122 53.62 1.5 Quartzitic igneous plutonic  Subrounded
7H-3, 54 54.44 22 Gray quartzite Subrounded
TH-3, 100 54.90 1.1 Quartz Subangular
7H-3, 130 55.20 1.4 Black siltstone Subrounded
7H-3, 145 55.35 43 Orange-brown sandstone Subrounded
TH-4, 113 56.53 4.7 Quartzitic igneous plutonic ~ Subrounded
TH-6,9 58.49 1.0 Quartzitic igneous plutonic  Subangular

Subunit IVC (289.6-465 mbsf) is distinguished from Subunit
IVB by the absence of biosilica and by a gradual downsection in-
crease in natural gamma-ray counts. The base of Subunit IVC is de-
fined by a sharp downsection increase in magnetic susceptibility (Fig.
6). Agglutinated foraminifers, which provide the primary shipboard
age constraint in the lower section (see “Biostratigraphy” section, this
chapter), were observed during visual core description of the sedi-
ments of Core 985A-37X (338.7 mbsf) and below in Subunit IVC.

Unit V

Interval: Sections 162-985A-50X-2, 30 cm, through 62X-CC
Age: early Miocene(?) to late Oligocene(?)
Depth: 465.0 to 587.9 mbsf

Unit V comprises the deepest sediments recovered at this site
(Hole 985A) and are composed of indurated dark greenish gray to
very dark greenish gray clay, olive gray to dark greenish gray silty
clay, and very dark greenish gray clay with glauconite and glauconit-
ic clay. These sediments are distinguished from the overlying sedi-
ments by a sharp increase in magnetic susceptibility. Smear slide
analysis suggests an increase in silt-sized grains and reveals the pres-
ence of glauconite in some instances at greater than trace amounts.
XRD analyses indicate increases in quartz, mica, and combined chlo-
rite and kaolinite within Unit V. The plagioclase content of Unit V is
similar to that of Unit IV.

As in Unit IV, yellowish brown concretions, some of which may
be composed of fluorapatite, are present. In addition, two 8-9-cm
thick, grayish brown to light gray limestone layers are found at inter-
vals 162-985A-54X-4, 4049 cm (506.0 mbsf), and 162-985A-61X-
4, 122-130 cm (573.4 mbsf). The inorganic carbonates, which occur
sporadically and were preferentially sampled, account for the in-
crease in the average carbonate content of these sediments to 14.6%
+23.8%. Background carbonate composition is similar to that of Unit
TV. Once again, pyrite is present as disseminated particles, and as dis-
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Table 5. List of the location, and thickness of ash layers >1.0 cm in thick-
ness found in cores from Holes 985A and 985B.

Lithostratigraphic

Core, section, Depth  Layer thickness
unit interval (cm) {mbsf) (em)
162-985A-
| 2H-3, 60-62 11.30 2.0
1 3H-4, 30-40 22.00 10.0
3H-4, 100-107 22.70 7.0
4H-3, 37-38 30.07 1.0
4H-4, 48-49 31.68 1.0
4H-5, 10-15 32.80 5.0
4H-5, 97-102 33.67 5.0
6H-2, 120-125 48.40 5.0
6H-5, 22-23 51.92 1.0
TH-4, 69-71 60.39 20
TH-4, 134-138 61.04 4.0
9H-3, 122-141 78.42 19.0
9H-5, 54-56 80.74 2.0
9H-6, 116-117 82.86 1.0
9H-7, 13-16 83.33 3.0
9H-CC, 4-7 83.71 3.0
11H-3, 33-57 96.53 240
11 13H-3, 50-52 115.70 2.0
13H-5, 85-86 119.05 1.0
14H-2, 39-40 123.19 1.0
14H-6, 46-49 129.26 3.0
16H-2, 82-92 143.02 10.0
17H-2, 88-96 151.28 8.0
17H-2, 142—-147 151.82 5.0
17H-3, 132-135 153.22 3.0
IVA 21X-4, 67-70 188.97 3.0
23X-1,8-13 203.08 5.0
23X-2, 98-99 205.48 1.0
23X-7, 22-31 212.22 9.0
IVB 28X-3, 75-85 254.85 10.0
30X-3, 114-122 274.44 8.0
wc 42X-2, 53-54 387.53 1.0
42X-2,70-72 387.70 2.0
44X-2, 118-120 407.68 20
47X-5, 33-36 440.33 3.0
47X-6, 124-126 442,74 2.0
47X-6, 149-150, 10 44299
47X-7,0-2 3.0
47X-7. 12-16 443.12 4.0
v 59X-2, 83-84 551.53 1.0
162-985B-
I 2H-5, 123-125 10.63 2.0
11 5H-3, 0-10 34.90 10.0
5H-7, 47-50 41.37 3.0
7H-2, 15-17 52.55 20
TH-6, 95-97 59.35 20
TH-CC, 5-10 60.55 5.0
9H-6, 65-85 78.05 20,0
10H-2, 72-74 81.62 2.0
10H-2, 109-110 81.99 1.0
10H-2, 114-116 82.04 2.0
10H-4, 141-146 85.31 5.0
10H-5, 85-87 86.25 2.0
11H-1, 21-25 89,11 4.0
11H-1, 87-95 89,77 8.0
11H-2, 62-67 91.02 5.0
11H-2, 85-90 91.25 5.0
11H-3, 15-17 92.05 2.0
11H-5, 88-111 95,78 23.0
1 12H-1, 134-136 99.74 2.0
12H-2, 92-94 100.82 2.0
12H-4, 3-8 102,93 5.0
12H-4, 57-59 103.47 2.0
12H-5, 46-48 104.86 2.0
12H-6, 30-31 106.20 1.0
12H-6, 63-68 106.53 5.0
12H-7, 59-63 107.99 4.0
12H-7, 78-79 108.18 1.0
13H-2, 127-131 110.67 4.0
13H-3, 51-53 111.41 2.0
14H-4, 22-28 122,12 6.0
14H-3, 144-146 121.84 2.0
14H-5, 85-86 124.25 1.0
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Figure 7. Ash layer with sharp basal and gradual upper contact. Located in
Section 162-985A-10H-6, 12—19 cm, within lithostratigraphic Unit II.

crete nodules and concretions. Unit V sediments also contain dissem-
inated, altered ash. A single ash layer 1.0 cm thick was observed in
Unit V at interval 162-985A-59X-2, 83-84 cm.

Interpretation

These five lithostratigraphic units record the sedimentary re-
sponse to climatic and tectonic changes at this site from late Oli-
gocene or early Miocene time to Holocene. Tectonic events that may
have influenced sedimentation at Site 985 include (1) seafloor
spreading and ridge orientation in the Norwegian-Greenland Sea, (2)
changes in the Greenland-Scotland Ridge sill depth (Wright and
Miller, 1993), and (3) initiation of the final closure of the Isthmus of
Panama (Wolf and Thiede, 1991). Potential climatic events that may
have influenced the deposition of these sediments include the transi-
tion from relatively ice-free conditions in the Miocene, to weak
Northern Hemisphere glaciation, and eventually to strong Northern
Hemisphere glaciation from the late Pliocene to Holocene.

Seafloor spreading in the Norwegian-Greenland Sea was under-
way by Anomaly 24 time (early Eocene), but may have begun as ear-
ly as Anomaly 29 time (Talwani and Eldholm, 1977; Myhre and
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Figure 8. Thickness of ash layers greater than 1 cm plotted against depth at
Site 985.

Thiede, 1995). Unit V sediments are believed to have been deposited
during the late Oligocene/early Miocene when the basin was roughly
half its modern dimensions and Site 985 was shallower and closer to
land. During the deposition of Unit V, the site of active seafloor
spreading, the Aegir spreading axis was located to the east of Site
985. The lack of an intervening bathymetric high between Greenland
and Site 985 may have allowed for more effective transport of silt-
sized continental material to Site 985.

Following Anomaly 7 time in the Oligocene/early Miocene, ac-
tive spreading shifted from the Aegir spreading axis to the Kolbein-
sey spreading axis, which is located to the west of Site 985 (Myhre
and Thiede, 1995). This shift in the spreading axis, which occurred
during the transition from Unit V to Unit IV, could have decreased
the delivery of continentally derived silts to Site 985 by separating
the site from Greenland with an intervening ridge. Unit IV sediments,
which contain fewer silt-sized particles than Unit V, are thus inter-
preted to reflect Miocene deposition as the position of Site 985
moved farther from continental sediment source areas and subsided
to greater depths.

Although age constraints are relatively weak in Units V and IV,
bulk sedimentation rates at Site 985 appear to have remained between
20 and 30 m/m.y. from the Miocene to Holocene (see “Sedimentation
Rates” section, this chapter). These sedimentation rates are some-
what higher than at nearby Site 907. It is thus likely that the higher
clay content of these Miocene sediments reflect greater clay-fraction
sedimentation rates during the Miocene than in the younger sedi-
ments at Site 985. The ultimate cause for the greater clay sedimenta-
tion rates during the Miocene is unclear.

The low biocarbonate content of the sediments of Units V and IV
implies low production and/or enhanced dissolution during the early
Miocene and late Oligocene at Site 985. Henrich (1989) reports the
presence of a variety of inorganic concretions in sediments of similar
age recovered from Site 643 in the Norwegian Sea. These included
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Figure 9. A concretion containing fluorapatite in Section 162-985A-12H-3,
101-104 cm, at 106.71-106.74 mbsf, within lithostratigraphic Unit I11.

opal-CT, calcite, rhodochrosite, manganese-siderite, and fluorapatite
concretions. We observe fluorapatite concretions and pyrite in the
sediments at Site 985, Both of these minerals can form during the
degradation of organic matter in carbon-rich sediments, suggesting
that there was the potential to dissolve biocarbonates from the sedi-
ments of Units [V and V. The biosilica content of Subunit IVB and
relatively high sediment organic carbon content (see “Organic
Geochemistry™ section, this chapter) both suggest enhanced produc-
tivity during this time interval.

The increased silt content of Unit IIT sediments, which were de-
posited in the late Miocene and early Pliocene, may mark the transi-
tion into the period of weak Northern Hemisphere glaciation and
overall climatic cooling. The observed change in sediment lithology
could have resulted from increased continental erosion, and thus
greater delivery of silt-sized sediments to Site 985 through intermit-
tent or weak ice-rafted-debris events (Fronval and Jansen, in press).
A possible alternative to the above scenario involves greater bottom-
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Table 6. Description of the lithostratigraphic units at Site 985.

Depth  Thickness

Unit Subunit (mbsf) (m) Age Lithology and characteristic features

| 0-17.2 17.2 Holocene—Pleistocene Interbedded clayey nannofossil ooze with foraminifers, clay with silt, silty clay, and silty clay with nannofossils.
Few ashes, dropstones present, reflectance decrease at base.

11 17.2-99.2 82.0  Pleist.—early Plio. Silty clay, clay with silt, clay, minor occurrence of biocarbonate. Ashes are common and dropstones are present,
reflectance and natural gamma radiation decrease at base.

m 99.2-155.2 560  early Plio.—late Mio. Indurated sediments composed of clay with silt, clay, absence of biogenic components. Ashes common to
abundant, dropstones absent. Low-amplitude reflectance variations.

v 155.2-465.0 306.8  late Mio.—late Oligo.(7)

IVA  155.2-241.5 B6.3 late Mio.~mid. Mio.(?)

Clay, with very minor occurrence of clay with silt. Ashes rare, dropstones absent. Decrease in natural gamma

radiation and magnetic susceptibility at base of unit.

IVB  241.5-289.6  48.1 middle Miocene(?)

Clay with minor occurrence of biosilicious clays. Ashes rare and dropstones absent. Low magnetic susceptibility

and natural gamma radiation.

IVC  289.6-465.0 1754  m. Mio.(?)-e. Mio.(?)

Clay, with minor occurrence of clay with silt. Ashes rare and dropstones absent. Low and gradually increasing

magnetic susceptibility and natural gamma radiation,

v 465.0-587.9 1229 e Mio.(?)-1 Oligo(?)

susceptibility.

Clay. silty clay. clay with silt, and glauconitic clay. Ashes rare and dropstones absent. Sharp increase in magnetic

water delivery of silt-sized material to the site due to the enhance-
ment of bottom-water production and bottom-current strength. This
could be linked to either (1) climatic cooling, (2) deepening of the
Greenland-Scotland Ridge sill depth (Wright and Miller, 1993), or
(3) the initiation of the final closure of the Isthmus of Panama (Wolf
and Thiede, 1991).

Units II and I record cyclic late Pliocene to Holocene variations
between biocarbonate-bearing interglacial sediments and siliciclas-
tic-rich glacial sediments. Late Pliocene to Holocene sedimentation
rates at Site 985 were higher than at Sites 907 and 982, but much low-
er than at the southern drift sites (980/981, 983, and 984). The late
Pliocene to Holocene lithologic cycles at Site 985 are also recorded
in visual color variations and changes in spectral reflectance. These
cycles are presumably related to orbital variations in the Milanko-
vitch frequency bands. In accordance with this interpretation, paleo-
magnetic data from Site 985 suggest that the first occurrence of
dropstones at the site takes place shortly after the onset of significant
Northern Hemisphere glaciation some 2.5 m.y. ago (see “Paleomag-
netism” section, this chapter).

BIOSTRATIGRAPHY

Site 985, centrally located in the Greenland-Norwegian Sea,
yielded a sedimentary sequence of Oligocene to Holocene age. Cal-
careous microfossils (i.e., calcareous nannofossils and planktonic
and benthic foraminifers) are present down to a depth of about 55
mbsf in Hole 985A. Calcareous nannofossils are also present through
a short interval of about 15 m, centered at 90 mbsf in Hole 985A. Sil-
iceous microfossils are rare at this site and only occur between about
240 and 280 mbsf. Agglutinated benthic foraminifers are recorded
from about 300 mbsf to the bottom of the section. Limited biostrati-
graphic zonations have been achieved for this site and are summa-
rized in Figure 10,

Calcareous Nannofossils

The abundance of Pleistocene calcareous nannofossils fluctuates
considerably from Cores 162-985A-1H through 6H, as does that of
reworked Cretaceous nannofossils in these cores. A few samples
from this interval are barren of nannofossils. The nannofossils zonal
boundaries indicated in Figure 10 have not been precisely located due
to scarcity and sporadic occurrences of the marker species in the sam-
ples examined.
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Sample 162-985A-5H-2, 122 c¢m, contains abundant Coccolithus
pelagicus and rare Gephyrocapsa spp. A/B. The presence of the latter
indicates an age younger than about 1.6 Ma (Pleistocene). The lowest
interval with nannofossils was found in Cores 162-985A-9H and
10H. The presence of abundant Reticulofenestra producta and few C.
pelagicus in the absence of R. pseudoumbilicus suggests a late
Pliocene age. The sequence below Core 162-985A-10H is barren of
nannofossils, apparently due to dissolution of carbonate.

Planktonic Foraminifers

Planktonic foraminifers are found only in the upper part of the
Site 985 sequence; they are common in Samples 162-985-1H-CC and
2H-CC and rare in Samples 162-985-3H-CC and 4H-CC. Assem-
blages are dominated by Neogloboquadrina pachyderma (sinistrally
coiling), indicating polar to subpolar paleoenvironmental conditions.
The start of the acme zone of N. pachyderma (sinistrally coiling) is
not found at this site because samples are barren of planktonic fora-
minifers (Fig. 10).

Benthic Foraminifers

Calcareous benthic foraminifers are recorded only in the upper
part of Site 985. The mudline Sample 162-985A-1H-1, 0—1 c¢m, con-
tains a relatively low-diversity fauna (16 species, 101 specimens)
dominated by Epistominella exigua, Cibicidoides wuellerstorfi, Ori-
dorsalis umbonatus, and Triloculina frigida. Rose Bengal-stained
specimens account for nearly 15% of the total fauna: O. umbonatus
is the dominant “live” taxon present at this site. Low-diversity calcar-
eous benthic foraminiferal faunas, many exhibiting some degree of
dissolution etching, are recorded down to Sample 162-985A-5H-2,
122—124 cm; the latter is highly unusual in that it contains nearly
63% C. wuellerstorfi (sample count = 123 specimens).

Agglutinated benthic foraminifers, devoid of calcareous cements,
are generally present from Sample 162-985A-32X-CC to the base of
the sequence. Barren samples are recorded at the following levels:
162-985A-33X-CC, 34X-CC, 35X-CC, and 37X-CC. Two assem-
blage zones are recognized from this lower sequence: the Psammi-
nopelta sp. zone from about 300 to 370 mbsf and the Psamminopelta
sp.—Cyclammina amplectens zone from about 370 mbsf to the base of
the sequence. Kaminski et al. (1990) define this zonal boundary from
ODP Site 643 on the basis of the last occurrence of C. amplectens,
and they assign the Psamminopelta sp—C. amplectens Zone to the
Oligocene and the Psamminopelta sp. Zone to the upper Oligocene to
lower Miocene. As at Site 643, the diversity and abundance of agglu-
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Figure 10. Biostratigraphic summary, Site 985. Hatched intervals indicate
absence of fossils. Age boundaries for the Miocene/Pliocene and Pliocene/
Pleistocene are based on paleomagnetic data. Other age information is based
on agglutinated foraminifers and siliceous microfossil data.

Table 7. Summary of pass-through cryogenic magnetometer measure-
ments at Site 985,

Measurement Core sections
162-985A-
25 mT 1H-1 through 19X-6, 26X-6, 20X-4, 29X-5
30mT 2H-6, 4H-5 through 4H-7, 5H-1, SH-6, SH-7, 6H-6, TH-1, 8H-1, 9H-
5, 10H-2, 10H-3, 11H-1, 11H-2. 11H-4, 11H-5, 11H-6, 12H-3,
12H-4, 13H-6, 14H-2 through 14H-5, 15H-1, 16H-3 through 16H-6
162-985B-
25 mT 1H-1 through 14H-6
30 mT

4H-2, 4H-6, 5H-4, 8H-1, 8H-4, 8H-5, 8H-7, 10H-1, 10H-6, 11H-2,
1 1H-4, 11H-5, 12H-2, 12H-6, 14H-3, 14H-6

SITE 985

tinated foraminifers decline markedly above this zonal boundary. It
is interesting to note that these faunal changes parallel a similar re-
duction in pore-water salinity and chloride ion concentration (sce
“Inorganic Geochemistry™ section, this chapter). However, it remains
unclear whether these changes record reduced bottom-water salinity
and associated faunal response during the upper Oligocene to lower
Miocene, a diagenetic alteration of pore-water chemistry and associ-
ated reduction in agglutinated foraminiferal preservation, or have no
common causal relationship.

Diatoms

At Site 985, only Samples 162-985A-27X-CC to 30X-CC con-
tained siliceous microfossils. Diatom abundances varied from com-
mon to rare during this interval. The dominance of the heavily
silicified species Stephanogonia horridus in all samples indicates
poor preservation. The absence of several marker species prevented
the assignation of sediments to a specific zone. However, assemblag-
es in these samples consisted of several species restricted to the mid-
dle Miocene, including Actinocyclus ingens and Denticulopsis lauta.

Siliceous Flagellates

Siliceous flagellates (including silicoflagellates, ebridians, and
actiniscidians) were recorded only in Samples 162-985A-26X-CC
through 30X-CC. The abundance of these microfossils is generally
low and preservation is poor.

Silicoflagellates

Beside fragments, skeletons of Dictyocha sp., Distephanus crux,
and Cannopilus hemisphaericus were identified. C. hemisphaericus
was found in Sample 162-985A-29-CC. The time range of this spe-
cies is from the late Oligocene to early late Miocene.

Ebridians and Actiniscidians

The skeletons of ebridians and actiniscidians are more resistant
against dissolution and therefore occur more frequently than sili-
coflagellates. Beside fragments, skeletons of three ebridian species
(Ammodochium serotinum, Spongebria miocenica, and Thranium cf.
crassipes) and of three actiniscidian species (Actiniscus pentasterias,
A. planatus, and Carduifolia gracilis) were found. The co-occurrence
of . miocenica and of A. planatus in Sample 162-985A-30X-CC in-
dicates the uppermost Spongebria miocenica Zone, which has its up-
per boundary at 14.4 Ma and belongs in the middle Miocene. This is
consistent with co-occurrence of C. hemisphaericus, which ranges up
to the early late Miocene.

PALEOMAGNETISM

At Site 985, archive halves of all 14 cores recovered from Hole
985B and the first 19 cores recovered from Hole 985A were mea-
sured using the pass-through cryogenic magnetometer with a 5-cm
measurement interval. Below 180 mbsf in Hole 985A (below Core
985A-19H), erratic results indicated that drilling disturbance and
“biscuiting” of the core compromised the measurements. Demagne-
tization was carried out at peak alternating fields of 25 mT for all core
sections. Additional demagnetization steps at 30 mT were carried out
on some core sections, as time allowed (Table 7). The ubiquitous
drilling-induced remanence is steeply inclined downward, and there-
fore mimics a normal-polarity geomagnetic field which may mask re-
versed polarity intervals. This magnetic overprint can have relatively
high coercivity and is not always fully removed at peak demagnetiza-
tion fields of 30 mT, the largest demagnetization field available in
conjunction with the pass-through cryogenic magnetometer.
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Due to incomplete removal of the drill-string magnetization, re-
versed-polarity intervals are often represented by low inclination data
and are more poorly defined than normal polarity intervals (Fig. 11).
Dropstones contributed to core deformation and resulting remagneti-
zation. Ash layers were often observed to have been remagnetized ei-
ther as a result of iron sulfide authigenesis or mechanical rotation of
magnetite grains in a lower viscosity (less cemented) ashy medium.
In addition, the upper 25%—50% of the top section of most cores ap-
pears particularly susceptible to the high coercivity (drill-string) re-
magnetization, which is not always removed at peak alternating
fields of 25 or 30 mT.

At the 25-mT demagnetization level, magnetization intensities lie
in the 1-40 mA/m range for almost all measured cores. Below 180
mbsf in Hole 985A, magnetization intensities decrease by about an
order of magnitude, possibly as a result of magnetite dissolution in
sulfide-rich pore waters and/or drilling disturbance.

The polarity zone records for Holes 985A and 985B can be corre-
lated, although the correlation is hampered by poor definition of re-
versed-polarity zones (Fig. 11). The apparent top of the Gauss Chron
(Chron 2An) does not correlate in the two holes. The Gilbert Chron
(Chron 3n) is better defined in Hole 985B than in Hole 985A. These
differences are probably due to differences in the degree of drilling
disturbance, partly induced by dropstone occurrence and/or possibly
by variable degrees of (magnetic) iron sulfide authigenesis.

The correlation of the polarity record to the geomagnetic polarity
time scale (GPTS) is based entirely on pattern fit of the polarity zones
to the GPTS. At this site, the biostratigraphy does not provide useful
constraints. The correlation of polarity zones to the GPTS implies
variations in sedimentation rate, particularly in the upper Gilbert and
Gauss Chrons (Fig. 12; Table 8). The magnetostratigraphic interpre-
tation below the Gauss/Matuyama boundary remains tentative, al-
though the correlation is strengthened by the correlation of natural
gamma radiation between Sites 907 and 985 (Fig. 13), which indi-
cates that the polarity chron assignments are consistent for the two
sites.

SEDIMENTATION RATES

A sedimentary section 580 m thick was recovered at Site 985.
Sedimentation rate reconstructions were based primarily on magnetic
polarity events from Holes 985A and 985B (see “Paleomagnetism”
section, this chapter). Because the sediments at Site 985 were largely
barren of microfossils, biostratigraphic events were not used for sed-
imentation rate estimates in the upper 155 m (see “Biostratigraphy”
section, this chapter). However, because the paleomagnetic data were
unreliable in the XCB-cored interval of Hole 985A (below 155 mbsf
or 163 med in Hole 985A; see “Paleomagnetism” section, this chap-
ter), biostratigraphic information from the rare nonbarren intervals
provided the only shipboard age control for the lowermost portion of
the sequence. The Site 985 composite depth section (see “Composite
Depths™ section, this chapter) was used to relate events recorded in
Holes 985A and 985B to a common depth scale.

Sedimentation rates were calculated for both the meters below
seafloor (mbsf) depth scale and the meters composite depth (med)
depth scale. Figure 14 and Table 9 present sedimentation rates as a
function of age and composite depth for Site 985. Several intervals of
relatively high sedimentation rate occur from 1.77 to 1.95 Ma (38
mecd/m.y.), from 3.13 to 3.23 Ma (39 mecd/m.y.), and from 4.78 to
4.88 Ma (43 mcd/m.y.). Because the interpretation of the paleomag-
netic sequence is not constrained by biostratigraphy, it cannot be
ruled out that these “spikes”™ of less than 200-k.y. duration are arti-
facts. This is true particularly in the Gilbert Chron, where interpreta-
tion of the paleomagnetic data is uncertain (see “Paleomagnetism”
section, this chapter). Likewise, below the C3Ar/C3Bn boundary at
6.79 Ma (154 mbsf or 162 mecd in Hole 985A), constraints on average
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Figure 11. Inclination of the magnetization vector vs. depth (mbsf) for Holes
985A and 985B after AF demagnetization at peak fields of 25 mT. Polarity
chron nomenclature after Cande and Kent (1992).

sedimentation rates are speculative. However, siliceous microfossils
and agglutinated benthic foraminifers provide age control over the
lower portion of the sequence. In particular, the uppermost Sponge-
bria miocenica Zone (14.4 Ma) is at approximately 279 mbsf (287
med) in Hole 985A. Use of this event yields a sedimentation rate of
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Figure 12. Tentative correlation of polarity zones in Holes 985A and 985B to the geomagnetic polarity time scale. Ages of polarity chrons from Cande and Kent
(1995).
Table 8. Preliminary positions of polarity chron boundaries at Site 985. 16 m/m.y. from 6.79 to 14.40 Ma, slightly lower than the sedimenta-
= tion rates from the late Miocene (Table 9). The presence of certain
Loez; " Deg’_‘;‘} : b oy ‘:fe & agelutinated benthic foraminifer taxa from Section 162-985A-32X-
e ve M ke b suiior v CC to the base of the sequence places the base of Hole 985A in the
162-985A- ) ) Oligocene (see “Biostratigraphy”™ section, this chapter). Given an
::;2 33;2 10"“|d""u'vl'c::‘1t‘:°]"°"“ }E}; Sectionbresk Oligocene age for the base of Hole 985A (580 mbsf), sedimentation
6H-6, 65 5385  Olduvai {bolitoml 1.95 rates over the lowermost portion (bottom 300 m) of Site 985 must be
8H-5, 20 7090  Matuyama/Gauss 2.58 <30 rm‘m.y.
9H-4, 70 79.40  Kaena (top) 3.04
9H-6, 45 82.15 Kaena (bottom) 311
10H-2, 35 85.55 Mammoth (top) 322
10H-4, 50 88.70  Mammoth (bottom) 3.33 ORGANIC GEOCHEMISTRY
11H-1, 15 9335  Gauss/Gilbert 3.58  Poorly defined
15H-2, 30 133.00  Gilber/C3An 589  Poorly defined
16H-4, 90 146.10  C3An/C3Ar 6.57 Poorly defined + H ¥ i Onsist-
17Hod, 45 15385  C3Ar/C3Bn 693 Poorly defined The shipboard organic geochemistry program at ‘Slte 98? wn.sla_ :
(62:0858- ed of analyses of volatile hydrocarbons, determinations of inorganic
4H-2. 10 2400  Brunhes/Matuyama 078  Poorly defined carbon, total nitrogen, total carbon, and total sulfur, and pyro]yst
4H-3, 65 26.65  Jaramillo (top) 0.99 measurements (for methods, see “Explanatory Notes” chapter, this
4H-5, 30 28.70  Jaramillo (bottom) 1.07 1
6H-4, 35 46.25  Olduvai (top) 1.77 volume).
7H-2, 30 5270 Olduvai (bottom) 1.95
8H-6, 30 66.62  Matuyama/Gauss 2.58 *
OH7 10 7900  Kaena (top) S04 Volatile Hydrocarbons
10H-1, 100 80.40  Kaena (bottom) 3.11
10H-4, 35 8425 Mammoth (top) 322 of the shipboard safety and pollution monitoring program,
10H-6, 65 87.50 Mammoth (bottom) 333 As part_ f P yl PO 3 = g prog
I1H-2,140  91.80  Gauss/Gilbert 3.58 concentrations of hydrocarbon gases were measured in every core us-
12H-1,0 98.40 Cocziti (top) 1. 18 Core break ing the standard ODP headspace-sampling technique. Headspace
12H-2, 55 10045 Cochiti (bottom) 29
12H4.70  103.60  Nunivak (lop) 448 samples from Cores 2H_ through 5H were taken from Hole 9_85B, The
12H-6, 0 10590  Nunivak (bottom) 4.62  Section break methane content remained very low throughout the sediment se-
12H-7, 35 107.75  Sidufjall (top) 4.80 : = CE ;
13H2.105 11045  Sidufjall (bottom) 489 quence at Site 985 (2 I_2 ppm; Fig. 15; Table 10). However, a sudderf
13H4,35 11215 Thvera (top) 4.98 increase of methane with higher hydrocarbons (to Cg, hexane) was
I3H-6, 145 116,85  Thvera (bottom) 5.23

detected between 344 and 363 mbsf with methane, reaching a maxi-

mum concentration of 80 ppm (Samples 162-985A-37X-5, 0-5 cm,
through 39X-5, 0-5 cm; Fig. 15; Table 10). In this interval, the con-
centrations of iso-hexane (ICy) and n-hexane (NCg) rose to 116 and
148 ppm in Core 162-985A-37X (344 mbsf), respectively. C,/C,, ra-

271



SITE 985

Site 907 Site 985
z Natural gamma ray Natural gamma ray =
5 (cps) (cps) 3
o 10 20 30 20 30 40 a.
0 — T T
i ~
@ o
£
[
g
d o
— 20
20 — por e e i
— 40
i B @
o
£ E
s g |
= =
= [+
&1 L. o~ =
40 - |— 60
L 80
o
EGD -1
£
[+ %
@D
[a} - 100
5l 120
Lol e 140
é = c
=] = <
100 — T =1. F « }‘
% —— e
- -
—- e s - . S Lieo
Figure 13. Correlation of natural gamma radiation 1 i ; | |
records (from the shipboard multisensor track) for Sites - . I‘
907 and 985. The natural gamma-ray correlation sup- =
ports the Pliocene-Pleistocene polarity chron correla- = |
tion at the two sites. 120 e L 180

tios were (.15, 0.12, and 0.09 within this interval, suggesting that the
concentrations of the longer-chain hydrocarbon gases were anoma-
lous in comparison to methane (Fig. 16). Sulfate values from pore
waters never reached zero (see “Inorganic Geochemistry” section,
this chapter). indicating that this anomaly cannot be explained by the
normal process of microbial methanogenesis. This interval is also
marked by a distinct decrease in the concentration of chloride, salin-

ity, and sodium in interstitial water between 300 and 420 mbsf (see
“Inorganic Geochemistry™ section, this chapter). Furthermore, higher
concentrations of total organic carbon were measured from several
dark layers within this interval (Core 162-985A-37X; see “Litho-
stratigraphy” section, this chapter).

Possible causes of the abrupt increase of hydrocarbon gases in-
clude (1) contamination from core liner and/or drill oil, (2) decompo-



sition of gas hydrates during the coring process, (3) lateral migration
of gas with large amounts of higher hydrocarbons from another
source region, and (4) methanogenesis within dark organic-rich stra-
ta. It is possible that the hydrocarbon gas anomaly is related to con-
tamination from the core liner and/or drill oil; however, this would
not explain the chloride, salinity, and sodium anomaly. The decom-
position of gas hydrates is one explanation for the decrease of salini-
ty, sodium, and chloride in the pore waters (see “Inorganic
Geochemistry” section, this chapter). However, if decomposition of
gas hydrates occurred, large amounts of methane would be dis-
charged, yet methane concentrations are lower than longer-chain hy-
drocarbons within the gas anomaly zone (Fig. 16). This result
suggests that the source of the hydrocarbon gases is not from the di-
rect decomposition of a clathrate. It is also possible that the hydrocar-
bon and pore-water anomalies are coincidental and have different
origins; the interstitial anomaly occurs over a 120-m-thick section,
whereas the gas anomaly is confined to a thickness of only 20 m.

Geochemical Composition of Dark Layers

As stated above, dark layers were observed in the zone of the hy-
drocarbon gases anomaly. Four sediment samples were taken from
six dark layers that occurred in Core 162-985A-37X. Carbonate con-
tents of these dark layers are very low, with values ranging from 0.7%
and 0.9% (Table 11). Total organic carbon concentrations are very
high, between 1.98% and 5.12%, with an average value of 3.67%
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Figure 14. Site 985 sedimentation rates vs. age (A) and vs. composite depth (B).
Solid lines indicate rates in mbsf/m.y.; dashed lines indicate rates in med/m.y.

Table 9. Age control points, Site 985.

Avg, Avg,
Age 985A 985A 985B 985B depth depth Rate Rate
Event (Ma) (mbsf)  (med) (mbsf) (med) (mbsf) (med) (mbsfim.y.) (med/m.y.)

Core top .00 0.00 0.00 0.00 0.00 0.00 0.00
30.77 33.54

Brunhes/Matuyama 0.78 2400 266 2400 2616
12.62 12.62

Jaramillo top 0.99 26.65 28.81 26.65 28.81
31.88 26.94

Jaramillo bottom 1.07 29.70 31.07 28.70 30.86 29.20 30.97
25.07 26.75

Olduvai top 1.77 47.25 49.72 4625 - 49.66 46.75 49.69
36.25 37.75

Olduvai bottom 1.95 53.85 56.32 52.70 56.65 53.28 56.49
24.58 2753

Matuyama/Gauss 2.58 70,90 75.61 66.62 7205 68.76 73.83
2221 22.26

Kaena top 3.05 79.40 84.32 79.00 84.26 79.20 84.29
25.94 34.62

Kaena bottom 313 82.15 87.07 £0.40 87.05 81.28 87.06
36.25 39.35

Mammoth top 323 85.55 91.09 84.25 90.90 84.90 91.00
32.00 32.00
Mammoth bottom 3.33 88.70 94.24 £7.50 94.15 88.10 94.20 1791 _—

Gauss/Gilbert 3.59 93.35 99.69 91.80 98.91 92.58 99.30
9.55 10.02

Cochiti top 4.20 9840 10541 9840 10541
18.64 18.64

Cochiti bottom 4.31 100.45 10746 10045 10746
18,53 18.53

Nunivak top 4.48 103.60 110,61 103.60  110.61
16.43 16.43

Nunivak bottom 4.62 10590 11291 10590 11291
11.56 1156

Sidufjall top 478 107.75 11476  107.75 11476
27.00 43.30

Sidufjall bottom 4,88 11045  119.09 11045 119.09
17.00 17.00

Thvera top 498 112,15 12079 11215 120,79
18.80 18.80

Thvera bottom 523 116.85 12549 11685 12549
26.92 25.58

Gilbert/C3An 5.83 133.00 14084 133.00  140.84
21.13 21.13

C3An/C3Ar 645 146,10 15394 146.10  153.94
22,79 2279

C3Ar/C3Bn 6.79 15385 161.69 153.85  161.69
16.42 16.42

Spongebria miocenica, (S)top 1440 27879 286.63 27879  286.63
<30.09 <30.09

Base of section >2440 57970 587.54 579.70  587.54

Notes: Ages are from Berggren et al. (1995). In parentheses: S = siliceous microfossil.
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Figure 15. A. Methane concentration in Holes 985A and 985B. B. Concentra-
tions of hydrocarbon gases between 300 and 400 mbsf in Hole 985A. C, =
methane, C, = ethane, C; = propane, IC, = iso-butane, NC; = n-butane, 1Cs =
iso-pentane, NCs = n-pentane, IC;, = iso-hexane, and NC;, = n-hexane.

(Table 11). Total nitrogen contents range from 0.13% to 0.33%, sug-
gesting slightly higher values in comparison with those of the other
sediments in Hole 985A (Table 11). Total sulfur values are very high,
ranging between 7.32% and 16.36% (Table 11). According to the
Rock-Eval pyrolysis data, these dark layers show a similar nature, ex-
cept for one sample (162-985A-37X-5, 82—84 cm), which has rela-
tively lower TOC content. Hydrogen index (HI) values range from
374 10 466 (Table 11), suggesting that organic matter of the dark lay-
ers may be of marine origin. As indicated by the HI and oxygen index
(OI) data, samples of these dark layers contain immature Type II (oil-
prone) organic matter. The productivity index (PI) is very low (0.02
to 0.04), and T, varies between 409° and 418°C (Table 11), sug-
gesting that immature organic material dominates the dark layers of
Core 162-985A-37X. The existence of these dark layers with very
high TOC content and immature marine organic material may be re-
lated to the abrupt generation of higher hydrocarbon gases. However,
we have no definitive explanation for the relationship between hydro-
carbon gas generation and these dark layers. Further qualitative and
quantitative investigations of organic geochemical samples, such as
detailed flux records of several biomarkers and isotopic composition
of C, in the hydrocarbon gas mixtures, are required to address to this
problem.

Carbon, Nitrogen, and Sulfur Concentration

Determinations of inorganic carbon, total carbon, total nitrogen,
and total sulfur in Hole 985A are summarized in Table 12 and dis-
played in Figure 17. Data derived from dark layers are discussed
above. Carbonate content fluctuated between 0.2% and 30.7% in the
Pliocene and Pleistocene sections (0—110 mbsf; Fig. 17; Table 12).
The high CaCO; content in the lower interval reflects nonbiogenic
(inorganic) carbonate in the sediments. Total organic carbon (TOC)
varies between 0% and 2.3%, with an average value of 0.35% (Fig.
17: Table 12). However, the average TOC content in the middle in-
terval (17-276 mbsf; late to middle Miocene), at 0.71%, is consider-
ably higher than that of the other intervals. This TOC enrichment is
coincident with a high TOC interval of the same age found at Site
907. A similar TOC enrichment was observed in ODP Holes 642B
and 643A, which were drilled on the Vgring Plateau (Holemann and
Henrich, 1994). Total nitrogen contents are generally low in Hole
985A (0.03%-0.15%; Fig. 17; Table 12). Total sulfur values range
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from 0% to 5.1%, with an average of 0.32% (Fig. 17; Table 12). As
with TOC, total sulfur also shows higher values in the middle to late
Miocene section in Hole 985A (177-276 mbsf). The higher TOC and
TS contents may suggest that the environment of deposition was
more anoxic due to increased productivity and/or restricted deep-wa-
ter ventilation in the Iceland Plateau region during the middle to late
Miocene (see “Organic Geochemistry™ section, *“Site 907" chapter).

Composition of Organic Matter

C/N ratios vary between 0.5 and 15.8 in Hole 985A (Fig. 17; Ta-
ble 12). These data suggest a mixture of marine and terrigenous or-
ganic carbon (Fig. 18) with a predominance of marine organic
material. Most of the Rock-Eval pyrograms show an indistinct S,
peak in Hole 985A. Pyrolysis pyrograms of immature sediments typ-
ically show poorly separated S, and S, peaks, which can give anom-
alous S,, T,,... HI, and OI values (Peters, 1986). Thus, these results
point to the occurrence of an immature type of organic matter (Table

13).

INORGANIC GEOCHEMISTRY

Interstitial water profiles at Site 985 are characteristic of sedi-
ments in which sulfate reduction and volcanic alteration are the pri-
mary reactions controlling the concentrations of dissolved
constituents. The most striking feature of these profiles is the depar-
ture from diffusive trends between 280 and 480 mbsf. In this interval
chloride, sodium, and salinity decrease abruptly. This interval also
includes a sudden increase in headspace methane and longer-chain
hydrocarbons above background levels from Cores 162-985A-37X to
39X (see “Organic Geochemistry” section, this chapter). The interval
of anomalous pore-water concentrations is bounded, above and be-
low, by high-velocity layers in Sections 162-985A-32X-3, 101 cm,
and 44X-6, 13 cm (see “Physical Properties” section, this chapter).
The first peak, at 293.61 mbsf, corresponds to a 30-cm carbonate lay-
er and the second peak, at 412.63 mbsf, corresponds to a 10-cm lime-
stone layer (see “Lithostratigraphy” section, this chapter). These
layers may have acted as diffusion barriers and modified the pore-wa-
ter chemistry at Site 985, resulting in nondiffusive profiles.

Sulfate concentrations decrease from 26.3 mM near the surface to
10.8 mM at the bottom of the hole (Fig. 19A; Table 14). Sulfate val-
ues never reach zero, indicating that sulfate reduction is incomplete
and methanogenesis is not an important process in these sediments.
As a result, Site 985 is marked by very low methane concentrations
with the exception of Cores 162-985A-37X through 39X, where
methane reaches values as high as 80 ppm (see “Organic Geochem-
istry” section, this chapter). Across the upper diffusion barrier at
293.61 mbsf, sulfate values decrease from 14.0 mM in Core 162-
985A-30X to about 11.5 mM in Cores 36X to 42X. Ammonia in-
creases from 10 uM near the surface to a maximum of 591 pM at 108
mbsf, reflecting production of ammonia within the zone of sulfate re-
duction (Fig. 19B; Table 14). Ammonia concentrations decrease
markedly across the upper diffusion barrier at 293.6 mbsf, reaching a
minimum of 228 uM in Section 162-985A-39X-4 (Fig. 19B; Table
14). Ammonia values increase from the minimum across the lower
diffusion barrier at 412.6 mbsf, and then decrease again toward the
bottom of the hole.

Alkalinity values are highest, and variable, in the upper 300 m of
Hole 985A (Fig. 19C; Table 14). Alkalinity decreases sharply across
the upper diffusion barrier to a minimum of 1.3 mM at about 450 mbsf.
The low values of alkalinity throughout Site 985 suggest that sulfate
reduction has not been extensive at this site. Phosphate values are very
low and highly variable in Hole 985A, with values ranging between
2.2 uM and 9.6 pM (Fig. 19D; Table 14).

Calcium increases and magnesium decreases with depth as ex-
pected from in situ alteration of volcanic material and interaction
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Table 10. Results of headspace gas analyses of Hole 985A and 985B samples.

Core, section, Depth C Ca Cs Cy IC, NC, ICs NCs ICq NCg
interval (cm)  (mbsf) (ppm)  (ppm)  (ppm)  (ppm)  (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) CJ/C; GGy CyCyy
162-985A-
1H-4, 0-5 4.53 7
162-985B-
2H-5,0-5 9.43 4
3H-5,0-5 18.03 3
4H-5, 0-5 28.43 3
5H-5,0-5 37.93 3
162-985A-
6H-5, 0-5 51.73 7
TH-5,0-5 61.23 8
8H-5, 0-5 70.73 7
9H-5, 0-5 80.23 8
10H-5, 0-5 89.73 8
11H-5, 0-5 99.23 5
12H-5, 0-5 108.73 8
13H-5, 0-5 118.23 6
14H-5, 0-5 127.33 3
15H-5, 0-5 137.23 5
16H-5, 0-5 146.73 4
17H-3, 0-5 151.93 4
18X-5, 0-5 161.23 3
19X-5, 0-5 170.73 3
20X-3, 0-5 177.23 2
21X-5, 0-5 189.83 2
22X-5,0-5 199.43 2
23X-5,0-5 209.03 2
24X-5,0-5 218.63 2
25X-5,0-5 228.23 3
26X-5, 05 237,83 3
27X-5,0-5 247.53 3
28X-5, 0-5 257.13 3
29X-5, 0-5 266.73 2
30X4, 0-5 274,83 2
31X-5,0-5 286,03 2
32X-5,0-5 205.63 3
33X-5,0-5 305.23 3
34X-5, 0-5 314.83 3
35X-5,0-5 324.53 3
36X-5, 0-5 334.13 3
37X-5,0-5 343.73 80 40 13.0 44.0 25.0 33.0 62.0 760 1160 1480 6.2 1.8 0.15
38X-5, 0-5 353.33 46 3.0 9.0 30.0 17.0 21.0 41.0 53.0 930 1290 5.1 1.5 0.12
39X-5, -5 362.93 4 0.3 0.5 0.7 3.8 5.1 12.8 19.0 133 0.09
40X-5, 0-5 372.53 3
41X-5, 0-5 381.73 4
42X-5, 0-5 391.53 5
43X-5, 0-5 401.33 5
44X-5, 0-5 411.03 4
45X-5,0-5 420,73 5
46X-5,0-5 430.43 6
47X-5, 0-5 440.03 6
48X-5, 0-5 449,63 6
49X-5, 0-5 459.23 8
50X-5, 0-5 468,73 9
51X-5,0-5 478.33 8
52X-5, 0-5 487.93 9
53X-5, 0-5 497.53 12
54X-5, 0-5 507.13 8
55X-5, 0-5 516.73 8
56X-5, 0-5 526.43 7
57X-3, 0-5 533.03 6
58X-2,0-5 541.13 9
59X-2,0-5 550.73 5
60X-5, 0-5 564.93 9
61X-4, 0-5 57221 10

with oceanic basement below (Fig. 19E; Table 14). The plot of Ca vs.
Mg shows two slopes separated by an inflection in the interval be-
tween the diffusion barriers (Fig. 19F). The ACa/AMg slope in the
upper 300 m is 0.6, which is followed by the inflection between
about 320 and 420 mbsf, and a decrease in ACa/AMg to —1.6 below
the lower diffusion barrier. The upper slope of —0.6 may indicate the
uptake of magnesium and release of calcium during in situ alteration
of volcanic material to smectite and zeolite, whereas the slope of —1.6
below 420 mbsf is more typical of alteration of basaltic oceanic crust.

Potassium concentrations progressively decrease downhole from
a maximum of 12.6 mM at the surface to a minimum of 1.2 mM at
the bottom of Hole 985 (Fig. 19G; Table 14). An abrupt drop from
5.9 to 3.4 mM occurs across the upper diffusional barrier at 293.6
mbsf, and concentrations continue to decrease to the bottom of the

hole. The decrease in potassium reflects uptake during the alteration
of volcanic material to form K-bearing zeolites (e.g., clinoptilolite,
phillipsite). Aside from a small decrease in the upper 50 m, lithium
concentrations increase in the upper part of Hole 985A, reaching a
maximum in Cores 162-985A-36X through 42X and then decrease
toward the base of the hole (Fig. 19H; Table 14). The complex lithi-
um profile is similar to that observed at Site 907, and the increase
from about 250 to 400 mbsf probably reflects release of lithium dur-
ing alteration of volcanic material.

The salinity, sodium, and chloride profiles are anomalous in that
all three profiles exhibit a characteristic minimum in Cores 162-
985A-36X, 39X, and 42X (Fig. 191, -J, -K; Table 14), Relative to sea-
water values at the top of the core, the decrease in salinity, sodium,
and chloride is 4, 40 mM, and 40 mM, respectively. These changes
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Figure 16. Concentrations of hydrocarbon gases in the gas anomaly interval
(Cores 162-985A-37X through 39X). C; = methane, C,_ = ethylene, C, =
ethane, Cy = propane, IC; = iso-butane, NC, = n-butane, IC; = iso-pentane,
NC; = n-pentane, IC,, = iso-hexane, and NCy = n-hexane.

represent a dilution of seawater by about 8% to 9%. The low-salinity
horizon appears to be bounded above and below by dense, high-ve-
locity layers mentioned earlier (see “Physical Properties™ section,
this chapter).

The cause of the low-salinity pore waters is enigmatic and we sug-
gest several possibilities. No stored drill water was used during drill-
ing Hole 985A; therefore, the low salinity zone cannot be explained
by contamination by low-salinity drill water. Other explanations in-
clude (1) gas hydrate dissociation; (2) the migration of low-salinity
water and gas to the site from elsewhere; (3) dehydration of clay min-
erals or hydrated calcium carbonate (e.g., ikaite, CaCO,-6H,0); and
(4) paleosalinity changes in the late Oligocene—early Miocene bot-
tom waters of the Norwegian-Greenland Sea.

The existence of gas hydrates could explain the salinity, sodium,
and chloride minima by freshwater dilution during hydrate decompo-
sition; however, this explanation is difficult to reconcile with gener-
ally low methane values and with pore-water profiles of sulfate,
ammonia, and alkalinity that suggest that sulfate reduction is incom-
plete. Furthermore, the concentration of longer-chain hydrocarbons
is greater than methane in Cores 162-985A-37X to 39X (see “Organ-
ic Geochemistry” section, this chapter), suggesting that the source of
the gas may not be from the direct decomposition of a clathrate. Al-
ternatively, the low-salinity water and gas may have migrated later-
ally or vertically from a nearby source, but no evidence to support
this interpretation is obvious from the seismic lines (see “Seismic
Stratigraphy” section, this chapter).

We also considered the possibility that the low salinity resulted
from the dehydration of clay minerals or, less likely, the dewatering
of a hydrated carbonate, such as ikaite (CaCO;-6H,0), as it was bur-
ied beyond its zone of stability. Transformation of clay minerals and
zeolites can release fresh water to pore fluids, but shipboard XRD re-
sults do not indicate any major changes in clay mineralogy in this in-
terval. The 30-cm limestone unit at 293.6 mbsf has an XRD pattern
that is consistent with calcite that is poorly crystallized, as might be
expected from decomposition of hydrated carbonate (see “Litho-
stratigraphy” section, this chapter). Dewatering of ikaite, which is
more than 50% water by weight, could conceivably account for the
low-salinity layer and might also explain the upper diffusive barrier,
but does not address the occurrence of gas. Finally, it is possible that
the pore waters record lowered salinity of bottom waters in the Nor-
wegian-Greenland Sea during the late Oligocene—early Miocene. The
zone of lowered salinity coincides with the occurrence of a low-di-
versity agglutinated benthic foraminiferal assemblage, potentially in-
dicative of a change in paleoenvironment (see “Biostratigraphy”
section, this chapter). A similar assemblage occurs in Site 643 on the
Vering Plateau, where pore-water chloride and salinity was low (539
mM and 32.5, respectively) in the one sample measured during this
interval (Shipboard Scientific Party, 1987, p. 492). The problem in-
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herent in a paleoceanographic explanation is that it would be difficult
to get relatively low-salinity waters (30.5) to sink to deep or interme-
diate depths, especially if the Norwegian-Greenland Sea was open to
the North Atlantic during the late Oligocene/early Miocene. Addi-
tional shore-based research will be necessary to choose among the
proposed causes of the enigmatic salinity anomaly at Site 985.

The most pronounced feature of the silica profile in Hole 985A is
the maximum of 982 puM that occurs between about 250 and 300 mbsf
(Fig. 19L; Table 14). This interval corresponds to lithostratigraphic
Subunit IVB, which contains high concentrations of biosiliceous ma-
terial (see “Lithostratigraphy™ and “Biostratigraphy™ sections, this
chapter). The profile of dissolved silica is controlled, therefore, by
the availability of biogenic silica for dissolution. The profile of dis-
solved strontium increases with depth from 95 pM at the surface to
344 uM at the base of the hole (Fig. 19M; Table 14), probably indi-
cating release of strontium to pore waters during alteration of volca-
nic material and calcite recrystallization.

PHYSICAL PROPERTIES

The primary objective of the physical properties program at Site
985 was to contribute to an understanding of syn- and postdeposition-
al processes on the Iceland Plateau. Furthermore, the physical prop-
erties will help to establish the nature of lithologic/seismic boun-
daries within the sediments and clarify the geotechnical response of
chert and ash layers. Lastly, we examine differences in physical prop-
erties due to the presence of hydrocarbons in the sediments. Physical
properties measured were (1) index properties (water content and
grain density), (2) bulk density (GRAPE), (3) undrained shear
strength, (4) compressional wave velocity, (5) bulk magnetic suscep-
tibility, and (6) natural gamma radiation. Bulk density and compres-
sional wave velocity were measured both on whole-round core
sections and split-core sections from Hole 985A. Laboratory proce-
dures and techniques are discussed in the “Explanatory Notes” chap-
ter (this volume). All physical properties data for Hole 985A are
presented in Tables 15 through 17.

Results

Three geotechnical units (G1 to G3) have been defined on the ba-
sis of the character and trends of physical properties profiles. These
criteria also have been used to define eight subunits.

Geotechnical Unit G1 (0-98 mbsf) is divided into two subunits
(G1A and G1B). Subunit G1A (0-69 mbsf) corresponds to litho-
stratigraphic Unit I and upper part of lithostratigraphic Unit I, which
are characterized as a nannofossil-rich and a silt-rich mud, respec-
tively (see “Lithostratigraphy™ section, this chapter). The lithostrati-
graphic units also contain several ash layers, dropstones, and dark,
clay-rich layers. The physical properties profiles exhibit maximum
variability of porosity, P-wave velocity, and natural gamma radiation
within this subunit (Fig. 20). The average value of wet bulk density
is 1.7 g/cm?, with values ranging from 1.4 to 2.1 g/em?. Water content
and porosity vary from 21% to 54% and 41% to 75%, respectively,
with mean values of 36% and 60%, respectively. The P-wave veloc-
ity profiles show large variations as well as a decreasing trend with
depth in this subunit (Fig. 20). The highest values correspond to dark,
clay-rich layers, carbonate-rich layers, or ash layers that are thicker
than 5 cm. Undrained shear strength profiles show a trend of gradual
increase from approximately 4 kPa near the seafloor to 40 kPa at the
lower boundary of geotechnical Subunit G1A. The magnetic suscep-
tibility record shows increasing values in the upper 20 mbsf and fairly
constant values between 20 and 100 mbsf, whereas the natural gam-
ma radiation record exhibits little change in character and gradient.

Subunit GIB (69-98 mbsf) covers the lower part of lithostrati-
graphic Unit IT, which is composed of silty mud containing nannofos-
sils, ice-rafted debris, and ash layers. This subunit has relatively high
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Table 11. Geochemical data from dark layers of Core 162-985A-37X.

Core, section,
interval (cm)

Depth IC CaCO; TC TOC TN TS
(mbsf) (%) (%) (%) (50) (%) (%) C/N

162-985A-
37X-4,24-27 34244 011 0.9 3.49 3.38 0.24 732 14.1
37X-5,82-84 34452  0.08 0.7 2.07 1.98 0.13 773 152
37X-6, 16-18 34536  0.09 0.7 5.21 5.12 033 1636 155
37X-7,31-34 34701 0.09 0.7 4.28 4.19 031 1123 135
Average: 0.09 0.8 376 367 0.25 1066 146

Tmax
s Q) S S, S, PI S48, PC  HI ol
05 48 022 1252 159 002 78 106 371 47
03 520 019 1.27 64
03 412 028 1828 188 001 973 154 357 37
04 409 049 1425 164 003 871 122 340 39

04 440 029 1502 159 0.02 8.77 1.27 356 47

Note: IC = Inorganic carbon, CaCOj; = calcium carbonate, TC = total carbon, TOC = total organic carbon, TN = total nitrogen, TS = total sulfur, C/N = total organic carbon/total nitro-
gen ratio, C/S = total organic carbon/total sulfur ratio, T, = temperature (°C) of maximum hydrocarbon generation from kerogen, S, (mg HC/g rock) = volatile hydrocarbons; S,
(mg HC/g rock) = kerogen-derived hydrocarbons, S; (mg CO,/g rock) = organic CO, from kerogen, P1 (S, + $,) = productivity index, S./5; = kerogen-type index, PC (0.083 - [S,
+5;]) = petroleum potential, HI (100 - $,/TOC) = hydrogen index; and OI {100 - STOC) = oxygen index.

and very variable water content (25%—62%), porosity (49%—80%),
and shear strength (38—144 kPa) values. Low natural gamma radia-
tion values are another distinct characteristic of this subunit. The
compressional wave velocity profiles show less variability than in
Subunit G1A and a relatively low (1532 m/s) mean value.

Geotechnical Unit G2 (98-290 mbsf) is divided into four subunits
(G2A to G2D). Subunit G2A (98-155 mbsf) corresponds with litho-
stratigraphic Unit III which is composed of silty mud. Subunit G2A
shows a normal trend with depth to lower water content and porosity,
and higher bulk density and P-wave velocity (from 1520 to 1545 m/
s). It is also associated with higher natural gamma radiation values
relative to those of Subunit G1B (Fig. 20). Undrained shear strength
increases with less scatter than in Subunit G1B.

Geotechnical Subunit G2B (155-217 mbsf) comprises most of
lithostratigraphic Subunit IVA, a clay-rich mudstone. The trend of
the physical properties is similar to that observed in geotechnical
Subunit G1B. Water content and porosity are high and variable (35%
to 64% and 61% to 82%, respectively), and bulk density decreases
accordingly to 1.31 g/cm?. Compressional wave velocity continues
its downhole increase and varies between 1523 and 1673 m/s, and
there is a broad velocity peak between 182 and 200 mbsf. Values of
undrained shear strength measured with the pocket penetrometer
show a sharp increase at the upper boundary of Subunit G2B, indicat-
ing a more consolidated or indurated sediment in this subunit. Und-
rained shear strength values are at the upper boundary of the
measurable range for the motorized vane, which, therefore, gives un-
certain values. Geotechnical Subunit G2C (217-241.5 mbsf) includes
the lowermost part of lithostratigraphic Subunit IVA, and shows a
change back to low water content and porosity, and higher bulk den-
sity, similar to Subunit G2A. The lower boundary is associated with
dark sediments and a prominent ash layer having high compressional
velocities (up to 1909 m/s), and a clear downward drop in the suscep-
tibility and natural gamma radiation values (Fig. 20).

Geotechnical Subunit G2D (241.5-290 mbsf) corresponds to
lithostratigraphic Subunit IVB, which is a clay-rich mudstone con-
taining 10%~15% biosilica. Porosity, grain density, and natural gam-
ma radiation values are similar to those of Subunits GIB and G2B.
Grain density shows maximum fluctuation (2.5-3.3) and magnetic
susceptibility is at a minimum (mean value of 22 ST units) throughout
Subunit G2D.

Geotechnical Unit G3 (290480 mbsf) is divided into two sub-
units (G3A and G3B). Subunit G3A roughly corresponds to litho-
stratigraphic Subunit IVC, a clay-rich mudstone. The upper boundary
of geotechnical Unit G3 is distinct and is associated with a high-ve-
locity layer and an abrupt decrease in water content, porosity, and
grain density (Fig. 20). The boundary also corresponds to the first oc-
currence of long-chained (>CH,) hydrocarbons in the sediment (see
“Inorganic Geochemistry” and “Organic Geochemistry™ sections,
this chapter). Free or adsorbed hydrocarbons were present down to
392 mbsf and may have been the reason why sediment volumes were

difficult and sometimes impossible to measure in that interval. Sub-
unit G3A shows a distinctly different trend from the cyclic changes
in physical properties observed in the overlying units. Most of the
properties display a gentle downcore change, except for the magnetic
susceptibility which shows a stepwise increase with highest values in
lowermost part of the subunit.

Geotechnical Subunit G3B (480 mbsf to total depth) includes
most of lithostratigraphic Unit V, which is defined as a slightly silty,
clayey mudstone. Most of the physical properties stay relatively con-
stant throughout the subunit, with averages of 26% water content,
48% porosity, and 1.88 g/em? bulk density. Compressional wave ve-
locity shows a decrease just below the upper boundary, followed by
an increase, and then fairly constant values below approximately 540
mbsf. Subunit G3B is also characterized by high magnetic suscepti-
bility and natural gamma radiation values.

Discussion

The variability in physical properties of geotechnical Unit G1 is
most likely caused by rapid changes in lithology, between carbonate-
rich (nannofossil) sediments, ash layers, and dark clay-rich layers. In
particular, the ash and clay-rich layers show up as distinct peaks in
the velocity profiles.

A distinct boundary between geotechnical Subunits G1A and
G1B is indicated in most of the physical properties profiles, but it is
not identified as a change in the lithology, except that dropstones do
not occur below this level. In general, zones of higher porosity and
water content and lower bulk density are associated with more clay-
rich sediment. The abrupt change in physical properties could there-
fore reflect a change from sediments containing coarser material (silt
to gravel) associated with glaciations (in Subunit G1A) to more clay-
rich sediments in Subunit G1B. This is supported by an early
Pliocene age at the level of the Subunit GIA/G 1B boundary.

The contact between geotechnical Units G1 and G2 is well de-
fined both in the physical properties and lithology, and the combina-
tion of high bulk density and low water content, and porosity in
Subunit G2A would suggest that the sediments contain more coarse
material (silt) than the overlying unit.

The boundary between Subunits G2A and G2B is abrupt, and the
undrained shear strength measurements (pocket penetrometer) mark
the transition into more lithified sediments, characterized as clay-
stones.

Geotechnical Subunit G2C is probably associated with seismic
Reflector R1 (see “Seismic Stratigraphy™ section, this chapter) and is
characterized by high-velocity values. The lower boundary of this
subunit is defined by a prominent ash layer, and by a well-defined
change in most of the physical properties profiles. The transition is
most likely attributed to a change in lithology into more silica-rich
sediments in Subunit G2D (see “Lithostratigraphy” section, this
chapter), reflected by the generally high grain density values.
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Table 12, Summary of organic geochemical analyses of Hole 985A samples.

Core, section, Depth IC CaCOy TE TOC TN TS
interval (cm) (mbsf) (%) (%) (%) (%) (%) (%) C/N C/s
162-985A-
1H-1, 101-102 1.01 1.36 11.3 1.33 0.00 0.04 0.00
1H-3, 108-109 4.08 3.36 28.0 339 0.03 0.06 0.00 0.5
1H-5, 131-132 7.31 1.58 13.2
2H-1, 51-52 8.21 0.82 6.8 1.07 0.25 0.05 0.00 49
2H-6, 52-53 15.72 0.17 1.4 1.23 1.06 0.09 0.07 11.8 15.2
3H-3, 126127 21.46 1.16 9.7 1.21 0,05 0.04 0.00 1.3
3H-6, 77-78 2547 0.10 0.8
4H-3, 50-51 30.20 022 1.8 0.50, 0.28 0.05 0.00 55
4H-6, 101-102 35.21 0.12 1.0
5H-3, 60-61 3980 0.15 1.2 0.23 0.08 0.04 0.00 1.9
5H-4, 77-78 41.47 0.11 0.9
5H-6, 103-104 4473 0.17 1.4
6H-1, 47-48 46.17 0.73 6.1 0.83 0.10 0.04 0.00 2.5
6H-3, 132-133 50.02 0.78 6.5
6H-4, 94-095 51.14 0.07 0.6 0.40 033 0.09 0.00 39
6H-5, 48-49 52.18 1.64 13.7
TH-1, 107-108 56.27 0.03 02 0.25 0.22 0.06 0.00 39
TH-4, 79-80 60.49 0.02 02
TH-6, 78-79 63.48 0.06 05 0.41 0.35 0.08 0.00 43
8H-2, 106-107 67.26 0.07 0.6
8H-5, 12-13 70.82 3.68 30.7 319 0.11 0.08 0.00 14
8H-5, 140-141 72.10 0.07 0.6
9H-3, 81-82 78.01 0.06 05 0.37 031 0.07 0.00 47
9H-5, 47-48 80.67 1.93 16.1 2.16 0.23 0.08 0.00 29
9H-5, 89-90 81.09 349 29.1
10H-3, 128-129 87.98 0.35 29 0.63 0.28 0.05 0.00 58
10H-4, 118-119 89.38 2.52 21.0 2.66 0.14 0.04 0.00 34
10H-6, 118-119 92.38 0.08 0.7
11H-1, 117-118 94.37 0.06 0.5 0.51 045 0.05 0.00 8.5
11H-3, 107-108 97.27 3.69 307 3.85 0.16 0.09 0.00 1.8
11H-6, 41-42 101.11 0.06 0.5
12H-2, 73-74 104.93 0.06 0.5 0.25 0.19 0.05 0.00 39
12H-4, 74-75 107.94 0.07 0.6
12H-5, 74-75 109.44 2.00 16.7 2,29 0.29 0.04 0.00 7.9
13H-2, 42-43 114.12 0.04 0.3 0.58 0.54 0.06 0.00 8.6
13H-4, 42-43 117.12 0.06 0.5
13H-6, 42-43 120,12 0.06 0.5
14H-1, 8687 122.56 0.09 0.7 0.35 0.26 0.09 0.03 29 7.6
14H-3, 86-87 125.16 0.07 0.6
14H-5, 86-87 128.16 0.06 0.5
15H-2, 57-58 133.27 0.06 0.5 0.35 0.29 0.05 0.66 6.4 0.4
15H-4, 57-58 136.27 0.06 0.5
15H-6, 57-58 139.27 0.07 0.6
16H-1, 135-136 142,05 0.06 0.5 0.41 0.35 0.05 0.00 6.6
16H-4, 58-59 145,78 0.05 04
17H-1, 85-86 149.75 0.05 0.4 0.26 0.21 0.09 0.00 25
17H-3, 104-105 152.94 2.25 18.7 241 0.16 0.07 0.19 23 0.9
18X-2, 117-118 157.87 0.05 0.4 0.31 0.26 0.07 0.21 4.1 1.3
18X-6, 121-122 163.9] 0.06 0.5
19X-2, 26-27 166,46 0.06 0.5 0.25 0.19 0.06 0.20 35 1.0
19X-5, 53-54 171.23 0.05 0.4
20X-2, 113-114 176.83 0.07 0.6 0.73 0.66 0.08 1.43 8.6 0.5
21X-2, 83-84 186.13 0.04 0.3 0.29 0.25 0.05 0.34 47 0.8
22X-4, 57-58 198.47 0.06 0.5 0.40 0.34 0.08 0.50 44 0.7
22X-6, 101-77 214.86 0.06 0.5 1.05 0.99 0.07 0.59 13.8 1.7
24X-4, 119-120 218.29 0.06 0.5
25X%-2, 143-144 225.13 0.06 0.5 0.57 0.51 0.08 0.70 6.6 0.7
25X-5, 97-98 229.17 0.06 0.5
25X-6, 7-8 229.77 0.05 0.4
26X-1, 126-127 233.06 0.05 0.4 0.48 043 0.07 1.15 6.6 0.4
26X-3, 78-79 235.58 0.05 0.4
26X-5, 100-101 238.80 0.05 0.4 1.05 1.00 0.08 0.98 12.3 1.0
27X-2,34 243.03 0.04 0.3
27X-2, 58-59 243.58 0.04 0.3 2.34 2.30 0.15 5.10 15.8 05
27X-6, 49-50 249,49 0.05 0.4
29X-2, 22-23 262.42 0.04 0.3 0.48 0.44 0.07 112 6.1 0.4
20X-3, 113-114 264.83 0.03 0.2
29X-5, 119-120 267.89 0.04 03 0.37 0.33 0.06 0.36 52 0.9
30X-2, 82-83 272.62 0.04 0.3
30X-4, 73-74 275.53 0.04 0.3 L.11 1.07 0.10 1.53 11.1 0.7
30X-5, 4344 276.73 0.04 03
31X-1, 62-63 280.62 0.05 0.4 0.33 0.28 0.05 0.13 6.0 2.1
31X-2, 45-46 281.95 0.05 0.4
31X-6, 81-82 288.31 0.05 0.4 0.40 0.35 0.05 012 6.5 3.1
32X-2, 4647 291.56 0.04 0.3
32X-3, 101-102 293.61 7.07 589 7.04 0.00 0.05 0.04
32X-5, 106-107 296.66 0.06 0.5
33X-2, 58-59 301.28 0.05 0.4 0.22 0.17 0.05 011 3.6 1.5
33X-4, 58-59 304.28 0.05 0.4
33X-6, 58-59 307.28 0.05 04 0.29 0.24 0.05 0.08 4.7 29
34X-1, 34-35 309.14 0.05 0.4
34X4, 34-35 313.64 0.05 04 0.28 0.23 0.05 0.08 43 29
34X-6, 36-29 323.28 0.05 04
35X-6, 28-29 326.28 0.05 0.4 0.32 0.27 0.05 0.29 5.1 09
36X-1, 100-101 329.10 0.04 0.3
36X, 100-101 333.60 0.03 0.2 0.37 034 0.06 0.10 6.1 34
37X-3, 58-59 341.28 0.04 03
37X-5, 104-105 34474 0.07 0.6 0.35 0.28 0.05 0.18 52 1.5
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Table 12 (continued).

Core, section, Depth Ic CaCO, TOC TN TS
interval (cm) (mbsf) (%) (%) (%) (%) (%) (%) C/N C/s

38X-3, 61-62 350,91 0.06 0.5

38X-4, 63-64 352,43 0.06 0.5 0.30 0.24 0.05 0.16 48 1.5

38X-6, 20-21 355.00 0.06 0.5

39X-2,37-38 358.77 0.06 0.5 043 0.37 0.06 0.26 6.5 1.4

39X-5,37-38 363.27 0.06 0.5

40X-2, 100-101 369.00 0.54 4.5 1.00 0.46 0.06 0.12 84 3.9

40X-3, 100-101 373.50 0.13 1.1

41X-2, 6364 377.83 0.07 0.6 0.73 0.66 0.07 0.25 10.0 2.7

42X-1, 35-36 385.85 0.08 0.7 0.59 0.51 0.06 1.15 84 0.4

43X-2, 84-85 397.64 0.06 0.5 0.60 0.54 0.07 0.24 8.0 22

43X-5, 82-83 402.12 0.06 0.5

43X-7,11-12 404.41 0.06 0.5 0.57 0.51 0.07 0.22 7.6 2.3

44X-5, 62-63 411.62 0.06 0.5 0.59 0.53 0.04 0.05 12.7 10.7

45X-1, 63-64 415.33 0.08 0.7

46X-7, 22-23 433,62 0.04 03 0.42 0.38 0.07 0.27 58 1.4

47X-1,92-93 43492 0.05 0.4

47X-3, 104-105 438.04 0.19 1.6 0.45 0.26 0.06 0.17 43 1.5

47X-5, 39-40 440.39 0.04 03

48X-1, 15-16 443,75 4.42 36.8 4.69 0.27 0.06 0.00 4.4

48X-1, 56-57 444,16 0.05 0.4 0.39 0.34 0.06 0.15 5.5 23

48X-3, 88-89 447,48 0.04 0.3

49X-2, 43-44 455.13 0.05 0.4 0.35 0.30 0.06 0.09 4.6 34

49X-5, 103-104 460,23 0.04 03

49X-6, 31-32 461.01 0.04 0.3 0.50 0.46 0.08 014 6.1 33

50X-1,91-92 463.61 0.04 0.3

50X-2, 119-120 465.39 0.80 6.7 0.36 0.00 0.06 0.68

50X-4, 75-76 467.95 3.18 26.5 3.56 0.38 0.06 0.82 6.4 0.5

50X-CC, 4-5 474.31 8.07 67.2 8.22 0.15 0.04 0.07 34 232

51X-2, 80-81 474.60 0.05 0.4

51X-6, 80-81 480.60 0.08 0.7 0.33 0.25 0.07 0.09 35 29

52X-2, 102-103 484,42 0.08 0.7

52X-4, 102-103 487.42 0.07 0.6 0.27 0.20 0.07 010 3.1 2.1

53X-3, 114-115 495,64 0.07 0.6

53X-5, 50-51 498.00 0.07 0.6 0.34 027 0.06 0.11 4.2 24

54X-4, 44-45 506.04 1.38 11.5 1.81 043 0.05 0.43 7.9 1.0

54X-6, 68-69 509.28 0.56 4.7

55X-4, 119-120 516.39 8.74 72.8 8.27 0.00 0.03 1.08

55X-7,9-10 519.79 0.08 0.7 0.29 0.21 0.07 0.81 32 0.3

56X-2, 4647 522.36 0.04 0.3

56X-5, 102-103 527.42 2.51 209 297 0.46 0.06 0.47 8.1 1.0

57X-2, 80-81 532.30 0.03 0.2 0.41 0.38 0.07 0.10 57 4.0

58X-1,47-48 540.07 0.12 1.0 0.26 0.14 0.06 0.10 24 1.4

59X-2, 38-39 551.08 0.04 0.3 0.29 0.25 0.06 0.14 39 1.7

61X-2, 114-115 570.44 6.76 56.3 6.49 0.00 0.04 0.12

61X-3, 108-109 571.76 0.05 0.4 0.28 023 0.06 0.06 37 35

61X-4, 127-128 573.45 5.74 478 6.37 0.63 0.07 0.00 9.6

62X-1, 120-121 579.40 0.05 0.4 0.26 0.21 0.05 0.04 4.0 5.0
Average: 0.63 5.2 1.28 0.35 0.06 032 57 2.2
Maximum: 8.74 72.8 8.27 230 0.15 5.10 15.8 15.2
Minimum: 0.02 0.2 0.22 0.00 0,03 0.00 0.5 0.3

Notes: IC = inorganic carbon, CaCOj = calcium carbonate, TC = total carbon, TOC = total organic carbon, TN = total nitrogen, TS = total sulfur, C/N = total organic carbon/total nitro-

gen ratio, and C/S = total organic carbon/total sulfur ratio.

The contact between geotechnical Units G2 and G3 is well de-
fined on most of the physical properties profiles, and represents a
change in the downhole trend of water content, porosity, grain densi-
ty, and natural gamma radiation. The upper part of Subunit G3A is
associated with free and/or adsorbed long-chained nonbiogenic hy-
drocarbons (highest concentrations were found in the upper part of
the subunit) and low-salinity pore water (see “Inorganic Geochemis-
try” and “Organic Geochemistry™ sections, this chapter). Although
hydrocarbons appeared in small concentrations, they may have af-
fected the pycnometer analyses even after the samples had been dried
at 100°C for more than 24 hours.

In summary, the physical properties in the upper 98 mbsf at Site
985 show values associated with the late Cenozoic climatic cooling
(69—98 mbsf) and glacial-interglacial variations (seafloor to 69
mbsf). Between 98 and 290 mbsf, the physical properties reflect
large-scale changes in accumulation of clastic material (silt) and or-
ganic production during the late Miocene to early Pliocene. Below
290 mbsf, an abrupt change in all properties marks the transition into
a suite of more homogeneous sediments, and the physical properties
show a gradual downhole effect of increased overburden. The physi-
cal properties in Hole 985A suggest two periods of reduced sedimen-
tation rate, corresponding with geotechnical Subunit G2C (seismic

Reflector R1) and the contact between geotechnical Units G2 and G3
(seismic Reflector R2).

SEISMIC STRATIGRAPHY

The drilling proposal for ICEP-3 (Site 985) was based on two sin-
gle-channel seismic lines acquired by the University of Bergen, Nor-
way, in 1989, The records from this survey appear noisy and do not
show much seismic structure between the seafloor and acoustic base-
ment. As weather conditions were good during the site survey for
ICEP-3, the survey was designed to duplicate both the pre-cruise
crossing seismic lines, in order to improve the quality of the seismic
data over the site. The 80-in.? water gun was used as a source and
both the 3.5-kHz and 12-kHz PDR systems were run during the sur-
vey (see “Explanatory Notes” chapter, this volume). Total survey
length was 17 nmi, consisting of three lines, 985-S1, -S2, and -S3
(Fig. 21). After evaluation of the survey data, Site 985 was drilled
within 100 m of the originally proposed site. As the attempt to log
Hole 985A failed (see “Operations™ section, this chapter), interval
velocities used for time-depth conversion are taken from the labora-
tory measurements (see “Physical Properties™ section, this chapter).
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Figure 17. Calcium carbonate (CaCO,), total organic
carbon (TOC), total nitrogen (TN), and total sulfur (TS)
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Figure 18. Total organic carbon vs. total nitrogen in Hole 985A. Lines show
C/N ratios of 5, 10, and 20.

Based on comparison with velocities measured by the wireline log-
ging at Sites 982 and 984, the laboratory velocities in the APC-cored
part of the section (upper 155 mbsf) were corrected by +2% and +4%
in the upper 0-100 and 100-155 mbsf, respectively, to compensate
for core expansion during recovery.

Description of Seismic Stratigraphic Units

The area adjacent to Site 985 has a sedimentary section of an ap-
proximate thickness of 1.0 s two-way traveltime (TWT) above acous-
tic basement.

The new seismic data at Site 985 partly confirmed the generally
featureless seismic character seen in the pre-cruise data, but dis-
played a somewhat larger variation. Three seismic units, IC-I to IC-
III, have been defined, based on changes in seismic character across
Reflectors R1 and R2 (Fig. 22).

The interval from the seafloor at 3.87 to 4.15 s TWT is defined as
seismic Unit IC-I. Using a P-wave velocity of 1.58 km/s, the thick-

unit, and age in Hole 985A.

ness of this unit is 220 m, and it is characterized by weak, discontin-
uous acoustic stratification, conformable with the seafloor.

Reflector R1, which displays an undulating character, marks a
change to the more disturbed character of seismic Unit IC-II. Near
Site 985, this unit is defined from 4.15 to 4.27 s TWT, which corre-
sponds to a thickness of 100 m using an interval velocity of 1.66 km/
s. Frequent diffraction hyperbolae are seen within Unit IC-II, which
may result from the relief of Reflector R1. The unit appears to thin by
approximately 25 m from west to east along survey Line 985-S3 (Fig.
22), but the vague character of Reflector R2 makes this estimate un-
certain.

The definition of Reflector R2 is based on discontinuous reflector
segments forming a coherent zone that parallels Reflector R1 and
forms the base of the disturbed character of Unit IC-II. The lower-
most seismic Unit IC-1I1 is acoustically transparent, with the excep-
tion of few, low-amplitude, discontinuous reflectors (Fig. 22). The
base of this unit is Reflector R3, which is acoustic basement in the ar-
ea. The bottom of Hole 985A at 588 mbsf corresponds to a two-way
traveltime of 4.58 s, using an interval velocity of 1.73 km/s for the
drilled part of seismic Unit IC-II. Extrapolation using the velocity
gradient seen in the lowermost 50 m of Hole 985A (see “Physical
Properties” section, this chapter) gives a basement depth of approxi-
mately 900 mbsf. A high-amplitude reflector 0.1 s above basement
may, however, be a high-velocity volcanic bed which may increase
the basement depth estimate toward 950 mbsf, depending on the
thickness of the layer.

Relationship to Core Data

The drilled section at Site 985 has been divided into five litho-
stratigraphic units and three geotechnical units, respectively, both of
which are further divided into subunits (see “Lithostratigraphy” and
“Physical Properties” sections, this chapter). The seismic data, on the
other hand, show limited response to the relatively frequent down-
hole changes in lithology and physical properties. The low-ampli-
tude, discontinuous acoustic stratification within seismic Unit IC-I

Table 13. Rock-Eval data for Hole 985A samples.

Notes: TOC = total organic carbon obtained by NCHS elemental analysis, T,,, = temperature (°C) of maximum hydrocarbon generation from kerogen, S, (mg HC/g rock) = volatile
hydrocarbons, S, (mg HC/g rock) = kerogen-derived hydrocarbons, S (mg CO./g rock} = organic CO, from kerogen, PI (8, + S;) = productivity index, S./S, = kerogen-type index;

Core, section, Depth TOC Tuisi
interval (cm) (mbsf) (%) (°C) 5 S: S; P1 S./84 PC HI o1
162-985A-

2H-6, 52-53 15.72 1.06 546 0.08 0.74 69
24X-2, 7677 21486 099 464 0.16 7.49 0.90 0.02 8.30 0.64 755 91
26X-5, 100101 238.80 1.00 490 0.04 4.00 0.92 0.01 4.35 0.34 401 92
27X-2, 58-59 243.58 2.30 518 0.06 1.52 66
30X-4,73-74 275.53 1.07 546 0.73 69
37X-5, 104-105 344.74 0.28 510 0.07 2.36 1.29 0.03 1.84 0.20 853 464
38X-4, 63-64 35243 0.24 521 0.07 1.06 449

PC (0.083 - [S| + S,]) = petroleum potential, HI (100 - S5/TOC) = hydrogen index, and OI (100 - $4/TOC) = oxygen index.

280



SITE 985

A SO (mM) B NH, (M) C Akalinity mM) D PO M)  Eca®(mm) Mg (mM) F  Ca (mM)
W0 3 0 400 801 2 3 4 0 6 12 0 30 60 0 0
| =420 I'l'lbﬂf_
:;200 B o [ 1L ] | | g:!ﬂ | 300-420 st ki
(S N Sm—— A —— 1 I S - = =
£ e |
400)=— o el L e S | i
a r_— | = 0-300 mbs
600 I i 1 A i L 1 " i 3
G H  itum J  Na* (mM) K crmm L sigm M g2 (um)
100 200 300

0[l 4 8 12 0 100 200 420 450 480 510 530 550 570 0

400 800

Depth (mbsf)

600

Figure 19. Vertical profiles of sulfate (A), ammonium (B), alkalinity (C), phosphate (D), calcium and magnesium (E), calcium vs. magnesium (F), potassium
(G), lithium (H), salinity (I), sodium (J), chloride (K), silica (L), and strontium (M) in Hole 985A. Horizontal dashed lines represent depths of high P-wave-
velocity layers.

Table 14. Composition of interstitial waters in Hole 985A.

Core, section, ~ Depth  Na K Li Mg Ca St i SO,  NH, Si PO, Alkalinity
interval (cm) (mbsf)  (mM)  (mM) (uM) (mM)  (mM) (UM) (mM)  (mM) (uM) (uM) (M) pH (mM)  Salinity
162-985A-
1H-3, 145-150 445  4m2 12.6 860 510 113 95 556 263 10 206 7.6 761 3308 345
2H-4, 145-150 13.65 487 11.3 460 502 12.7 102 561 253 88 183 6.2 771 3306 345
3H-4, 145-150 2315 485 10.1 350 478 13.9 110 559 247 175 245 7.1 773 3404 345
6H-4, 145-150 5165 488 8.6 30 420 16.7 120 563 212 365 243 41 763 3513 343
9H-4, 145-150 80.15 476 78 380 374 18.8 129 561 189 520 378 47 780 2422 350
12H-4, 145-150  108.65 484 73 5.0 334 208 133 565 175 591 268 53 767 2917 340
15H-4, 145-150  137.15 475 57 720 297 239 146 556 157 487 252 42 758 2972 340
18X-4, 145-150 16115 481 6.2 89.0  26.1 25.4 148 561 150 607 263 42 776 2970 340
21X-4,145-150 18975 478 6.1 1180 237 267 154 559 146 614 259 23 796 3064 330
24X-4,145-150 21555 475 52 1530 229 296 169 557 138 590 242 4.8 776 2914 330
27X-4, 145-150  247.45 486 S8 2020 200 300 171 562 136 717 982 42 781 3429 340
30X-3,145-150 27470 483 59 2240 192 306 177 563 140 761 736 7.6 816 3482 340
36X-4, 145-150 33400 444 34 2660 192 327 199 514 119 553 257 4.8 794 2307 305
39X-4, 145-150  362.80 423 29 2680  18.1 323 204 518 112 228 149 804 2286 305
42X-4, 145-150 39140 433 25 2710 192 356 227 518 1.1 508 124 36 808 1644 305
48X-4, 145-150 44950 456 23 2570 166 394 264 549 12.1 584 88 9.6 780 1251 323
S1X-4,145-150 47820 471 23 2450 153 418 280 561 1.8 545 117 38 780 1888 330
54X-3, 145-150 50550 471 20 2340 140 439 296 562 116 523 156 6.5 780 1888 323
57X-2, 145-150 53290 463 17 2170 120 461 318 558 114 521 97 85 823 1818 335
60X-4, 145-150 56475 441 12 2030 106 S0.1 344 539 108 415 97 6.8 831 1425 328

Table 15. Index properties of samples from Hole 985A.

Water content Wet bulk density Grain density  Dry bulk density ~ Porosity  Void ratio
Core, section, Depth Method C Method C Method C Method C
interval (cm) (mbsf) (wet %) (dry %) (gfem?) (g/em?) (gfcm?) (%) Method C
162-985A-
1H-1, 47-49 0.47 48.0 925 1.50 2.63 0.78 70.4 2.38
1H-1, 99-101 0.99 40.8 69.0 1.62 2.72 0.96 64.7 1.83
1H-2, 35-37 1.85 429 75.0 1.60 2.75 0.91 66.8 2.02
1H-2, 129-131 2.79 34.0 51.5 1.73 2.70 1.15 57.6 1.36
1H-3, 78-80 3.78 31.1 45.0 1.80 273 1.24 54.6 1.20
1H-3, 108-110 4.08 455 83.6 1.54 2.64 0.84 68.3 2.15
1H-4, 20-22 4,70 40.2 67.2 1.63 271 0.98 64.0 1.78
1H-4, 4749 4.97 31.1 45.1 1.80 2.73 1.24 54.6 1.20
1H-4, 117-119 5.67 454 83.1 1.56 2.79 0.85 69.3 2.26

Only part of this table is reproduced here. The entire table appears on the CD-ROM (back pocket).

281



SITE 985

Table 16. Compressional-wave velocity measurements from Hole 985A.

Core, section,  Depth  Velocity Temperature
interval (cm)  (mbsf) (m/s) ("C) Direction
162-985A-

1H-1, 45 0.45 1536 20.9 z
1H-1,99 0.99 1548 20.7 Fa
1H-2, 41 1.91 1508 21.0 y
1H-3, 16 316 1596 209 y
1H-3,79 3.79 1616 21.1 ¥y
1H-3, 109 4.09 1557 20.8 y
IH-4, 19 4.69 1573 20.8 y
1H-4, 48 4.98 1725 21.5 ¥
1H-4, 132 5.82 1527 212 y

Note: For explanation of measurement directions see “Explanatory Notes” chapter (this
volume).

Only part of this table is reproduced here. The entire table
appears on the CD-ROM (back pocket).

Bulk Water Grain
density content Porosity density Velocity
(g/em®) (%) (%) (g/em®) (m/s)
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Table 17. Undrained shear strength measurements from Hole 985A.

Core, section, Depth Undrained shear Penetrometer
interval (cm) (mbsf) strength (kPa)  Spring no. (kPa)
162-985A-

1H-1, 46 0.46 5.4 ]

1H-1, 100 1.00 4.4 |

1H-2, 34 1.84 3.2 1

1H-2, 125 275 9.8 |

1H-3, 32 332 99 1

1H-3,78 3.78 149 1

1H-3, 109 4.09 9.5 1

1H-4, 21 4.71 20,0 I

IH-5, 130 7.30 8.2 1

Only part of this table is reproduced here. The entire table
appears on the CD-ROM (back pocket).

Undrained Natural
shear Magnetic gamma
strength  susceptibility radiation Litho-
(kPa) (81 units) ~ (counts/s) geqtecnnical stratigraphic
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Figure 20. Physical properties data from Hole 985A: bulk density (GRAPE = continuous line; gravimetric = line with open circles), water content, porosity,
grain density, compressional wave velocity (PWL = continuous line; split-core measurements = line with open circles; C = carbonate layer; A = ash layer; Si =
chert layer), shear strength measured with the vane (open circles) or pocket penetrometer (solid circles), magnetic susceptibility, natural gamma radiation, and

geotechnical and lithostratigraphic units.

most likely results from the variations in the relative amounts of the
main sediment constituents clay, silt, nannofossils, and ash, which
are also reflected in the variable character of the upper four geotech-
nical units (Fig. 23).

Reflector R1 is the only high-amplitude reflector between base-
ment and the seafloor that can be followed through the length of the
seismic survey. The reflector corresponds to a depth within a few
meters to the upper boundary of geotechnical Unit G2C (see “Physi-
cal Properties” section, this chapter), which is a 23-m-thick unit with
lower porosity and higher P-wave velocity and bulk density than the
sediments above and below. Given the small thickness of geotechni-
cal Subunit G2C, reflections from both its upper and lower bound-
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aries probably interfere to give Reflector R1 its relatively broad
character. Given the physical properties of geotechnical Subunit G2C
and the character and relief of Reflector R1, possible erosion at this
level cannot be excluded.

The disturbed character of seismic Unit IC-II is mainly due to dif-
fractions from Reflector R1, caused by topography and possibly
small faults (Fig. 22). Although Reflector R2 is indistinct and diffi-
cult to define, seismic Unit IC-II seems to encompass lithostrati-
graphic Subunit IVB, characterized by an increased content of
biosilica, which causes the increased porosity and decreased density
and seismic velocity seen in geotechnical Subunit G2D. Although the
lower boundary of the biosiliceous unit may add to the character of



Reflector R2, a potentially more important change is found in the up-
per part of lithostratigraphic Subunit IVC and geotechnical Subunit
G3A. A thin (40-cm) high-velocity (3.8 km/s) carbonate layer is ob-
served at 293 mbsf, below which there is a distinct drop in chloride
as well as salinity between approximately 300 and 420 mbsf (see
“Lithostratigraphy,” “Physical Properties,” and “Inorganic Geo-
chemistry” sections, this chapter). A peak in the methane content of
the sediments was detected at 340 mbsf (see “Organic Geochemistry™
section, this chapter). Hence, there is a set of changes in the sedi-
ments between 293 and 343 mbsf that may contribute to the character
of Reflector R2.

Gas-bearing sediments are a possible cause for the homogeneous
and nonreflective character of Unit IC-III, as well as for occasional
high-amplitude events such as those seen near a small fault in the
eastern part of Line 985-S3 (Fig. 22). However, as no high gas con-
centrations were noticed below the methane peak at 340 mbsf, the ex-
planation for the character of Unit IC-III lies in the character of the
sediments. The lithologic changes, causing relatively distinct chang-
es in, for example, magnetic susceptibility between lithostratigraphic
Subunit IVC and Unit V, do not produce responses in the seismic da-
ta.

In summary, changes in seismic character at Site 985 are related
to variations in porosity and lithology between clay, silt, biogenic
components, and ash layers. The most distinct reflector, R1, displays
a relief that may indicate erosion at this level.
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Note: For all sites drilled, core description forms (“barrel sheets”) and core photographs can
be found in Section 3, beginning on page 391. Forms containing smear slide data can be found
in Section 4, beginning on page 1147. On the CD-ROM enclosed in the back pocket of this vol-
ume are all tables from this chapter (including an extended coring summary table) and ship-
board measurements (files containing GRAPE density, P-wave velocity, natural gamma
radiation, magnetic susceptibility, index properties, and spectral reflectance data).
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Figure 21. Map showing the site survey track lines near Site 985.
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Figure 22, A. Seismic Line 985-S3. B. Interpretation of Line 985-S3, with seismic units and reflectors shown. Two possible faults are indicated. See Figure 21
for location of the profile. The profile shown is the entire line.
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Figure 23. Relationships between seismic stratigraphy,
lithostratigraphy, and geotechnical stratigraphy. The
depth scale in mbsf is linear within the depths drilled,
but note that the figure is not to scale below the drilled
depth.
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