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Background and objectives
An extensive contourite depositional system (CDS) was generated
during the Pliocene and Quaternary by the action of Mediterra-
nean Outflow Water (MOW) on the middle slope of the Gulf of
Cádiz. In total, this CDS extends ~300 km alongslope from the
exit of the Strait of Gibraltar (or Gibraltar Gateway) and a further
100 km around the West Iberian margin (e.g., Kenyon and Belder-
son, 1973; Gonthier et al., 1984; Nelson et al., 1999; Alves et al.,
2003; Llave et al., 2007; Stow et al., 2002; Mulder et al., 2003;
Habgood et al., 2003; Hernández-Molina et al., 2003; Hanquiez et
al., 2007; Marchès et al., 2007; Roque et al., 2012). One of the
main depositional features of this CDS is the Faro-Albufeira Drift
(Gonthier et al., 1984; Faugères et al., 1985a), which is located at
~500–700 meters below sea level (mbsl) within Sector 4 (Fig. F1
and Fig. F12 in the “Expedition 339 summary” [Expedition 339
Scientists, 2013a]) of the CDS (defined by Hernández-Molina et
al., 2003, and Llave et al., 2007) and has been generated by the
upper core of MOW. This corresponds to an elongated, mounded,
and separated drift (hereafter referred to as Faro Drift for simplic-
ity), following the nomenclature of Faugéres et al. (1993), with a
total length of 100 km, a maximum width of 20 km, and a maxi-
mum thickness of ~700 m.

The Faro Drift represents a classic example of middle-slope con-
tourite deposits with a well-layered internal acoustic structure and
an internal reflection configuration that onlaps and downlaps in
an oblique upslope direction (Fig. F12 in the “Expedition 339
summary” [Expedition 339 Scientists, 2013a]). It is mainly com-
posed of muddy, silty, and sandy sediments with mixed terrige-
nous and biogenic composition (Gonthier et al., 1984; Stow et al.,
1986, 2002). The stratigraphic architecture of this drift and its re-
lationship with the major structural features in the area has been
described in some detail by previous authors (Faugères et al.,
1985a, 1985b; Stow et al., 2002; Llave et al., 2001, 2006, 2007,
2011; Roque et al., 2012). In general, the drift shows laterally ex-
tensive, aggradational to progradational seismic depositional
units with widespread discontinuities (Fig. F2).

Faro Drift has been developing along the midslope over the past 5
m.y. under the direct influence of MOW. It therefore contains the
signal of MOW through the Strait of Gibraltar, reopened follow-
ing tectonic adjustments at the end of the Messinian salinity cri-
sis (Hsü et al., 1973; Sierro et al., 2008) and hence a clear record of
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Mediterranean Sea and MOW influence on the
North Atlantic Ocean (Stow et al., 2011). The high
rates of accumulation and expanded sedimentary re-
cords of drift deposits permit high-resolution exami-
nation of past environmental change (climatic and
eustatic) (Llave et al., 2006; Voelker et al., 2006; Tou-
canne et al., 2007). On a smaller timescale, identified
grain-size cyclicity is interpreted as representing cy-
clic changes in MOW strength (Fig. F3), suggesting
MOW intensification during cold intervals in the
Gulf of Cádiz (Llave et al., 2006; Voelker et al., 2006).
During glacial periods, strengthened MOW sank to
depths ~700 m deeper than today, impinging on the
continental slope at 1600–2200 mbsl (Schönfeld and
Zhan, 2000; Rogerson et al., 2005; Llave et al., 2007;
Voelker et al., 2006; García et al., 2009). This en-
hancement of MOW also occurred during Heinrich
events, Dansgaard/Oeschger stadials, and the
Younger Dryas (Sierro et al., 2005; Llave et al., 2006;
Voelker et al., 2006). Furthermore, post-Miocene tec-
tonic activity has also played an important part in
the morphological development of the seafloor, con-
trolling multiple current pathways for MOW at each
evolutionary stage (Nelson et al., 1999; Llave et al.,
2007, 2011; García et al., 2009; Roque et al., 2012).

All the aforementioned work has demonstrated the
importance of the Faro Drift for both paleoceano-
graphic and contourite studies. However, despite this
significance and despite it being one of the largest
drifts in the world, it has never before been drilled
for scientific purposes. Therefore, drilling the Faro
Drift was a unique challenge for Expedition 339. Site
U1386 (36°49.685′N, 7°45.321′W) on the Faro Drift
(Figs. F1, F4) is a very important site and represents
an opportunity for recovering a key Pleistocene and
Holocene sedimentary succession formed under the
influence of the upper core of MOW. This site is
complementary to Site U1387, which is ~4.1 km
southeast and targets a Pliocene and lower Pleisto-
cene sedimentary record also formed by the upper
core of MOW (Fig. F6 in the “Expedition 339 sum-
mary” chapter [Expedition 339 Scientists, 2013a]).

Objectives
The major objective for Site U1386 was to recover at
least a complete sedimentary contourite record de-
posited under the influence of the upper core of
MOW for the last 1.8–2 m.y. on the Faro Drift. This
record will allow us to investigate

• The influence of the Gibraltar Gateway through
the Quaternary, 

• MOW paleoceanography and its global climate
significance during at least the last 1.8–2 m.y., and 

• The effects of climate and sea level changes on the
sediment architecture of the contourite drift.
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To achieve these major scientific objectives, it is es-
sential to integrate the results at Site U1386 with a
dense network of existing high- and medium-resolu-
tion seismic reflection profiles.

Specific objectives for Site U1386 include

• Documenting the possible effects of the Gibraltar
Gateway through the Pleistocene and hence deter-
mining the input variation of the influx of warm,
saline intermediate water into the North Atlantic
Ocean and the nature of change in the patterns of
sedimentation and microfauna;

• Reconstructing the main MOW paleoceano-
graphic events for the Pleistocene and identifying
the role of salt injection from MOW in the
dynamics of North Atlantic Deep Water;

• Focusing on high-resolution calibration of late
Pleistocene–Holocene facies and the inferred envi-
ronmental changes in terms of global rapid cli-
matic events;

• Evaluating the correlation and influence of cold
periods (glaciations, terminations, and ice-rafting
events) with MOW variation, testing the concept
of cold period intensification of MOW;

• Determining the sedimentary stacking pattern of
Faro Drift in relation to changes in sea level and
other forcing mechanisms, which can determine
the potential role of variations in cross-sectional
area of the Gibraltar Gateway;

• Evaluating periods of drift construction, nondepo-
sition (hiatuses), and erosion. The nature of sedi-
mentation and timing of principal unconformities
is one of the important objectives, especially for
the mid-Pleistocene;

• Determining the timing and extent of hiatuses
and condensed sequences and attempting
paleodepth reconstruction;

• Evaluating the contourite deposition in relation to
sea level variation and to the further development
of a sequence stratigraphic model;

• Quantifying the sediment budget and source for
the contourite deposits; and

• Calibrating and hence understanding the sedi-
mentary cyclicity evident on the deposits, which
can characterize their sedimentary expression and
regional extent.

Operations
After a 150 nmi transit from Site U1385, the R/V JOI-
DES Resolution arrived at Site U1386 (proposed Site
GC-01A; 560.4 mbsl) at 0415 h on 30 November
2011. We deployed the camera system and con-
ducted a ~2 h survey of the seabed on a 30 m grid
2
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pattern to ensure that the seafloor was free of man-
made obstructions. No obstructions were observed
on the seafloor, but many shallow linear furrows
were seen that were assumed to be the result of fish-
ing trawls.

Three holes were drilled at Site U1386 (Table T1).
Hole U1386A was cored using the advanced piston
corer (APC) system to 183.1 meters below seafloor
(mbsf) and then cored with the extended core barrel
(XCB) system to 349.3 mbsf. Similarly, Hole U1386B
was cored with the APC to 162.3 mbsf and then with
the XCB to 464.9 mbsf. Hole U1386C was drilled to
405 mbsf and then cored using the rotary core barrel
(RCB) system to the target depth of 526 mbsf. Two
cores were taken in the initial drilled interval (Core
339-U1386C-2R, 165–174.6 mbsf, 40% recovery;
Core 4R, 205–214.6 mbsf, 93% recovery) to try to fill
in short gaps in APC cores recovered from Holes
U1386A and U1386B. Downhole logging was carried
out in Hole U1386C using the triple combination
(triple combo), Formation MicroScanner (FMS)-
sonic, and Versatile Sonic Imager (VSI) tool strings
(see “Downhole logging at Site U1386”). Overall
recovery at Site U1386 was 351 m (101.62%) with
the APC, 417.63 m (89.1%) with the XCB, and 82 m
(58.5%) with the RCB. The total cored interval for
Site U1386 was 954.4 m, and total recovery was
850.64 m (89.1%).

Hole U1386A
Once the camera system was recovered at 1255 h, 30
November, we began piston coring in Hole U1386A.
APC coring continued to refusal at 183.1 mbsf (Cores
1H through 21H). Recovery for this interval was
101%. Temperature measurements were obtained at
32.3 (Core 4H), 60.8 (Core 7H), 89.3 (Core 10H),
117.8 (Core 13H), 114.0 (Core 16H), and 167.2 (Core
19H) mbsf. Cores were oriented starting with Core
4H. The corer was advanced by recovery on Cores
16H to 19H and 21H. Nonmagnetic hardware was
used on all cores. At 183.1 mbsf, the coring system
was switched to the XCB and coring continued to a
total depth of 349.3 mbsf (Cores 22X through 39X)
by 0415 h, 2 December. The 166.2 m interval was
cored with a recovery of 97%. The total recovery in
Hole U1386A was 346.2 m, which represented 99%
of the cored interval. The bit cleared the seafloor at
0620 h on 2 December, and the vessel offset 20 m
east of Hole U1386A.

Hole U1386B
Piston coring in Hole U1386B began at 0825 h, 2 De-
cember, and advanced to an APC refusal depth of
162.3 mbsf (Cores 1H through 18H). Recovery for
the APC interval was 100%. The calculated water
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depth from the recovery of the first core was 562
mbsl. Temperature measurements using the ad-
vanced piston corer temperature tool (APCT-3) were
taken at 16.8 (Core 2H), 45.3 (Core 5H), 73.8 (Core
8H), 102.8 (Core 11H), 130.8 (Core 14H), and 157.6
(Core 17H) mbsf. The cores were oriented starting
with Core 3H. There were partial strokes with Cores
15H, 16H, and 18H. Nonmagnetic hardware was
used to obtain all cores. At 2200 h, 2 December, the
coring system was switched to XCB and coring con-
tinued to 455.4 mbsf (Cores 19X through 49X),
where XCB refusal was reached. Recovery for the
XCB interval was 293.5 m (100%).

Hole U1386C
The third hole of Site U1386 was offset 20 m south
of Hole U1386B and spudded with the RCB at 0345 h
on 5 December. This hole was drilled with a wash
barrel to 405 mbsf except for RCB coring of two in-
tervals that eluded recovery in the two previous XCB
holes (Cores 2R and 4R from 165.0–174.6 and 205.0–
214.6 mbsf, respectively). Continuous RCB coring
started at 405 mbsf at 0545 h, 6 December, and
reached the depth objective of 526 mbsf by 0200 h,
7 December. RCB interval (140 m) recovery was 59%.
The drilled interval was 386 m. The total cored inter-
val for all holes at this site was 954 m with a recovery
of 89% (104 cores).

Downhole logging at Site U1386
Following a wiper trip and hole conditioning, Hole
U1386C was displaced with 172 bbl of 10.5 ppg mud
to prepare the hole for downhole logging. The open
end of the pipe was placed at a logging depth of
102.4 mbsf. During rig up of the wireline cable, the
cable jumped from the lower left most sheave wheel
in the wireline heave compensator and became
jammed between the wheel and the frame. Because
of the possibility of damage to the cable, it was cut
above the crimped section.

The triple combo tool string descended through the
seafloor at 2003 h and was successful in reaching the
bottom of the hole (526 mbsf). The tool string was
back on deck by 0100 h, 8 December. Subsequently,
the FMS-sonic tool suite was run into the hole at
0410 h. The tool suite was blocked from further
downhole progress by a bridge at 948 mbrf (375
mbsf), the lowermost of the tight sections observed
in the triple combo run. Rig down of the FMS-sonic
tool string was completed by 0930 h, 8 December.

The marine mammal watch for conducting the verti-
cal seismic profile (VSP) experiment started at 0800 h,
8 December. The VSI tool started its descent in Hole
U1386C at ~1030 h and reached a bridge at 940 mbrf
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(367 mbsf) at 1105 h. The slightly shallower penetra-
tion for this tool run indicated that the hole was
closing with time. The seismic source (two-gun clus-
ter; 7 mbsl on the port side) had been ramped up in
soft start mode. It was difficult to get a good clamp
with the VSI, and consequently noisy waveforms
were obtained that were attributed to the rugose
borehole and soft formation. Only a fraction of the
shots produced clean first arrivals, but there were
enough at most stations to stack the waveforms. The
upper part of the hole was especially difficult. The
tool was back on deck at 1440 h and rigged down by
1530 h, 8 December. The drill string was recovered
and the vessel departed for the next site at 1730 h,
8 December. Total time at Site U1386 was 8.6 days.

Lithostratigraphy
The shipboard lithostratigraphic program at Site
U1386 involved detailed visual logging of all archive
sections, visual assessment of sediment color, petro-
graphic analysis of smear slides and a limited num-
ber of thin sections, and selected X-ray diffraction
(XRD) analyses of powdered bulk samples. Sediment
in Hole U1386A, Hole U1386B below Core 339-
U1386B-39X, and Hole U1386C below Core 339-
U1386C-4R was sampled regularly for smear slides
during visual core description. Relatively few smear
slides were made from other intervals in Holes
U1386B and U1386C, except to investigate litholo-
gies and features of particular interest or difference
from Hole U1386A. Fifty-two samples were selected
from Holes U1386A–U1386C for powder XRD analy-
sis in order to gain a general indication of bulk min-
eralogy. Hand-drawn logs showing the recovered
sediment sequence, including the distribution and
structure of bedding, are included in the DRAWLOG
folder in “Supplementary material.” 

Total carbonate content from these cores, based on
shipboard analyses, ranges from 10.9 to 40.7 wt%,
with an average of 25.9 wt% (Table T2). These results
are consistent with abundances of biogenic and de-
trital carbonate estimated from smear slides, so the
lithologic names determined from smear slide analy-
ses have been used without modification through
this text, the accompanying summary diagrams, and
the visual core description sheets. 

The sediment at Site U1386 is separated into two
lithologic units, I and II (Figs. F5, F6). Unit I is a
Holocene–Pleistocene sequence dominated by nan-
nofossil mud, calcareous silty mud, and silty sand
with biogenic carbonate. These three lithologies are
generally organized as bi-gradational sequences (fol-
lowing the conceptual model of Gonthier et al.,
1984), the most complete of which coarsens upward
from nannofossil mud to calcareous silty mud to
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silty sand with biogenic carbonate and then fines
upward through calcareous silty mud into nannofos-
sil mud. Unit I is divided into three subunits (IA–IC)
based on the relative abundance of the silty muds
and silty sands. Subunits IA–IC have been defined in
Holes U1386A and U1386B but not in Hole U1386C.
Unit II is a Pleistocene–Pliocene sequence dominated
by the same three lithologies but with a higher abun-
dance of shelly sand and evidence for submarine
mass flows. Because of their relatively similar major
lithologies, lithologic Units I and II are distinguished
on the basis of the patterns and inferred modes of
sediment deposition, rather than on the basis of ma-
jor compositional changes.

The character of sediment physical properties, in-
cluding natural gamma radiation (NGR), magnetic
susceptibility, color reflectance parameters, and den-
sity, records the distribution of these various litholo-
gies and sediment components (see “Physical prop-
erties”). Characteristics of the sedimentary sequence
cored at Site U1386, together with some of these ad-
ditional properties, are summarized in Figure F7.

Unit descriptions
Unit I

Intervals: 339-U1386A-1H-1, 0 cm, through 39X-
CC, 48.5 cm; 339-U1386B-1H-1, 0 cm, through
46X-4, 70 cm; 339-U1386C-2R-1, 0 cm, through
7R-3, 133 cm

Depths: Hole U1386A = 0–349.5 mbsf (bottom of
hole), Hole U1386B = 0–422 mbsf, Hole U1386C
= 0–419.9 mbsf

Age: Holocene–Pleistocene

The sediments of Unit I are composed of varying
mixtures of terrigenous and biogenic components
(primarily clay minerals, nannofossils, detrital and
biogenic carbonate, and quartz; see Site U1386 smear
slides in “Core descriptions”) (Fig. F8). The three
most common lithologies in Unit I are nannofossil
mud, calcareous silty mud, and silty sand with bio-
genic carbonate (Figs. F5, F6; Table T3). Less com-
mon lithologies include calcareous mud, biogenic
silty mud, and calcareous sandy silt.

Unit I is divided into three subunits on the basis of
the relative abundances of nannofossil mud versus
calcareous silty mud and silty sand with biogenic
carbonate (Fig. F6). Subunits IA and IC are relatively
enriched in calcareous silty muds and silty sands
with biogenic carbonate, whereas Subunit IB con-
tains a higher proportion of nannofossil mud.

Subunit IA

Intervals: 339-U1386A-1H-1, 0 cm, through 12H-6,
115 cm; 339-U1386B-1H-1, 0 cm, through 12H-6,
31 cm
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Depths: Hole U1386A = 0–107.5 mbsf, Hole
U1386B = 0–109.8 mbsf

Age: Holocene to Pleistocene

Lithologies and bedding: The major lithologies in
Subunit IA are nannofossil mud (Figs. F5, F6, F9),
calcareous silty mud, and silty sand with biogenic
carbonate. The primary differences between these li-
thologies are changes in the abundance and grain
size of the detrital component with correspondingly
inverse variations in the abundance of biogenic car-
bonate. Subunit IA is distinguished from Subunit IB
by the greater importance of silty sand with biogenic
carbonate in Subunit IA.

Minor lithologies are subtle variations on several of
the major lithologies. These include sandy silt with
biogenic carbonate (a slight grain-size variant of silty
sand with biogenic carbonate) and calcareous mud
(a slight compositional variant of nannofossil mud).

In relatively long intervals of nannofossil mud (mul-
tiple meters or more in length), bedding is very in-
distinct; features that may be beds are distinguished
primarily by subtle changes in color, bioturbation in-
tensity, or silt/clay ratio. In intervals that contain
several major lithologies, the most common bedding
style is the bi-gradational sequence, which ranges
from a few decimeters to several meters in thickness.
The most complete of these bi-gradational sequences
coarsen upward from nannofossil mud to calcareous
silty mud to silty sand with biogenic carbonate, and
then fine upward through calcareous silty mud into
nannofossil mud (Fig. F10). Some of these sequences
are less complete, lacking the silty sand with bio-
genic carbonate; these sequences coarsen upward
from nannofossil mud into calcareous silty mud and
then fine upward into nannofossil mud. Several bi-
gradational sequences in the upper ~30 m of Subunit
IA are incomplete because subsequent erosion has re-
moved part or all of the upper nannofossil mud, as
indicated by the presence of a sharp to irregular up-
per contact.

The contacts between all lithologies, and between
subjacent beds of nannofossil mud, primarily are
gradational and bioturbated. Exceptions are sharp
upper contacts and some sharp and inclined bases of
calcareous silty mud and/or silty sand with biogenic
carbonate.

Structures and texture: Few to no primary sedimen-
tary structures were observed in Subunit IA, except
for indistinct and discontinuous silty laminae and
lenses in some beds.

Bioturbation is the most obvious secondary sedi-
mentary structure that is present throughout Sub-
unit IA. The most common indicators of bioturba-
tion are diffuse centimeter-scale mottling and
millimeter-scale pyritic burrow fills. Black iron sul-
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fide mottling is also common. Discrete burrows and
recognizable ichnofossils are rare; those present oc-
cur in a few beds with discrete burrows of Chondrites.
The bioturbation index ranges from sparse to slight,
based on observation of beds with slight color
changes.

The sediment is fine grained through most of litho-
logic Subunit IA, with an average grain size of clay to
silt. Exceptions are the intervals of silty sand with
biogenic carbonate, in which the average grain size is
very fine sand and the maximum grain size is me-
dium to coarse sand.

Composition: All lithologies in Subunit IA are domi-
nated by terrigenous material (siliciclastic compo-
nents of clay minerals, quartz, feldspars, mica, and
volcanic glass, plus detrital carbonate) (Table T3; Fig.
F8). The biogenic fraction is dominated by nanno-
fossils, with rare to common foraminifers and rare
pteropods and sponge spicules. Authigenic compo-
nents are dominated by pyrite, dolomite, and glau-
conite. Abundances of terrigenous components, as
estimated from smear slides (Fig. F8; Table T3), are
8%–50% siliciclastics (including quartz, feldspars, ac-
cessory minerals, and clay minerals), 8%–50% detri-
tal carbonate, and 1%–5% glauconite. No discrete
ash layers and no dropstones were observed. Abun-
dances of biogenic components, as estimated from
smear slides, are 20%–81% biogenic carbonate (pri-
marily nannofossils, and foraminifers for the silty
sand lithology) and 0%–1% biogenic silica (primarily
diatoms and radiolarians). Total carbonate contents
range from 19.94 to 38.24 wt% (average = 28.4 wt%)
in Subunit IA (Table T2). Abundances of authigenic
components, as estimated from smear slides, are 1%–5%
pyrite (usually associated with burrows) and 1%–5%
authigenic dolomite. Glauconite and dolomite can
be abundant in the silty sand beds (Fig. F11).

Whole and nearly whole macrofossils are very poorly
represented in Subunit IA. The few specimens found
include gastropods, bivalves, and a cold-water coral.
Macrofossil fragments, however, are distributed
through most of the subunit; recognizable fragments
include gastropods, bivalves, and echinoderms (i.e.,
sea urchin spines). Examples of macrofossils are an
almost complete cold-water coral (Sample 339-
U1386A-1H-1, 5–6 cm; Fig. F12), coral branches
(Samples 339-U1386A-9H-6, 122 cm, and 339-
U1386B-8H-3, 144 cm; Fig. F13), a nearly complete
pectinid valve (Sample 339-U1386A-2H-6, 70–72 cm;
Fig. F14), bivalve shells (Samples 339-U1386A-3H-5,
87–89 cm [Fig. F15], and 339-U1386B-8H-CC, 28 cm),
and gastropod shells (Samples 339-U1386B-5H-4,
8–9 cm [Fig. F16], and 10H-1, 53–54 cm).

Color: The principal colors of the lithologies in Sub-
unit IA, as noted during visual description of the
5
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core, range from olive-gray (5Y 4/2) to dark gray (5Y
4/1) and greenish gray to dark greenish gray. In gen-
eral, sediments with higher sand and/or carbonate
contents have lighter colors.

Bulk mineralogy: Twelve bulk XRD samples were
taken from Subunit IA. Diffraction peaks from
quartz, calcite, and illite contribute 81% of the total
peak intensities identified (Fig. F17; Table T4).
Quartz accounts for 43.7% of the total intensity, cal-
cite for 23.0%, and illite for 14.7%. Quartz and cal-
cite contributions in Subunit IA are somewhat less
than their average values for the entire succession at
Site U1386, whereas the illite contribution in Sub-
unit IA is considerably higher than its average value
for the site (10.5%). K-feldspar, plagioclase, and ka-
olinite each account for 1%–5% of the sample, and
minor amounts (<1%) of hornblende, augite, or py-
rite were recognized based on peaks thought to be di-
agnostic. Additional observations based on the XRD
patterns are that the ratio of plagioclase to K-feldspar
peak intensities is 3.1 in Subunit IA and that dolo-
mite is an average of 20% of the calcite peak inten-
sity. These are both higher than the whole-site aver-
age values of 2.5 and 15%, respectively.

Subunit IB

Intervals: 339-U1386A-12H-6, 115 cm, through
26X-2, 96 cm; 339-U1386B-12H-6, 31 cm,
through 25X-1, 40 cm; 339-U1386C-2R and 4R

Depth: Hole U1386A = 107.5–217.7 mbsf, Hole
U1386B = 109.8–216.3 mbsf, Hole U1386C =
165–213.9 mbsf

Age: Pleistocene

Lithologies and bedding: Subunit IB is distin-
guished from Subunit IA by the reduced abundance
of coarser grained lithologies, as shown in Figures F5
and F6. As a result, the major lithologies in Subunit
IB are nannofossil mud and calcareous silty mud.
Silty sand with biogenic carbonate is a minor lithol-
ogy.

As was described for Subunit IA, relatively long inter-
vals of nannofossil mud in Subunit IB (several meters
or more in length) are characterized by very indis-
tinct bedding. In intervals that contain both major
lithologies, the most common bedding style is a less
complete bi-gradational sequence, which coarsens
upward from nannofossil mud into calcareous silty
mud and then fines upward into nannofossil mud
(Fig. F18). Because of the scarcity of silty sand with
biogenic carbonate, more complete bi-gradational
sequences are rare. One example of a normally
graded bed (interval 339-U1386A-13H-5, 100–118 cm),
with a sharp irregular base, does not appear to be
part of a bi-gradational sequence and its depositional
origin is unclear.
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The contacts between all lithologies and between
subjacent beds of nannofossil mud are primarily gra-
dational and bioturbated. Exceptions are a few beds
of calcareous silty mud and/or silty sand with bio-
genic carbonate with irregular bases.

Structures and texture: No primary sedimentary
structures were observed in Subunit IB, except for in-
distinct and discontinuous silty laminations and
lenses in some beds.

Bioturbation is the most obvious secondary sedi-
mentary structure and is present throughout the ob-
served section. Characteristics of the bioturbation
are similar to those of the bioturbation in Subunit
IA. The bioturbation index in Subunit IB ranges from
sparse to slight.

The sediment is fine-grained through most of Sub-
unit IB, with an average grain size of clay to silt. Ex-
ceptions are the very few beds of silty sand with bio-
genic carbonate in Hole U1386A, where the average
grain size is very fine sand and the maximum grain
size is medium to coarse sand.

Composition: As is true for Subunit IA, all litholo-
gies in Subunit IB are dominated by terrigenous ma-
terial (siliciclastic components of clay minerals,
quartz, feldspars, and mica, plus detrital carbonate)
(Table T3; Fig. F8). The biogenic fraction is domi-
nated by nannofossils, with rare to common fora-
minifers and rare pteropods and sponge spicules. Au-
thigenic components include pyrite, dolomite, and
glauconite.

Abundances of terrigenous, biogenic, and authigenic
components, as estimated from smear slides (Fig. F8;
Table T3), are similar to those of Subunit IA. No dis-
crete ash layers and no dropstones were observed.
Total carbonate contents range from 17.03 to 40.71
wt% (average = 27.8 wt%) (Table T2).

Whole and nearly whole macrofossils are very poorly
represented in Subunit IB. The few specimens found
include recognizable coral fragments and a gastro-
pod (Sample 339-U1386B-21X-1, 113–115 cm; Fig.
F19). Macrofossil fragments, however, are distributed
through most of the subunit, including fragments of
bivalves, echinoderms, corals, and Arenaria.

Color: The principal colors of lithologies in Subunit
IB, as noted during visual description of the core,
range from dark gray (5Y 4/1) to greenish gray (10Y
5/1) to dark greenish gray (10Y 4/1) and very dark
gray (2.5Y 3/1). In general, sediments with higher
sand and/or carbonate contents have lighter colors.

Bulk mineralogy: Fourteen bulk XRD samples were
analyzed from Subunit IB. Diffraction intensities
from the minerals quartz, calcite, and illite make up
85.2% of the total mineral diffraction intensities
identified (Fig. F17; Table T4). Similar to Subunit IA,
6
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quartz accounts for 44.4% of the total intensity, but
calcite contributions (31.9%) are somewhat higher
and illite contributions (8.9%) are somewhat lower
than both the whole-site averages and their respec-
tive contributions in Subunit IA. Minor mineral con-
tributions are similar to those in Subunit IA, al-
though the plagioclase/K-feldspar ratio is lower than
in Subunit IA and the whole-site average, and dolo-
mite averages 10.8% of the calcite peak intensity.

Subunit IC

Intervals: 339-U1386A-26X-2, 96 cm, through
39X-CC, 48.5 cm (bottom of hole); 339-
U1386B-25X-1, 40 cm, through 46X-4, 70 cm;
339-U1386C-6R-1, 0 cm, through 7R-3, 133 cm

Depths: Hole U1386A = 217.7–349.5 mbsf (bottom
of hole), Hole U1386B = 216.3–422.4 mbsf, Hole
U1386C = 405–418.9 mbsf

Age: Pleistocene

Lithologies and bedding: Subunit IC is distin-
guished from Subunit IB by the increased abundance
of coarser lithologies downhole. As a result, the ma-
jor lithologies in Subunit IC are the same as those in
Subunit IA (nannofossil mud, calcareous silty mud,
and silty sand with biogenic carbonate). As in Sub-
unit IA, the primary differences between these lithol-
ogies are changes in the abundance and grain size of
the detrital component, with correspondingly in-
verse variations in the abundance of biogenic car-
bonate.

Subunit IC contains a wider range of minor litholo-
gies than Subunits IA and IB. These minor lithologies
include biogenic mud, calcareous sandy silt, calcare-
ous silty sand, and pebbly sand (Fig. F20).

As is observed elsewhere in Unit I, relatively long in-
tervals of nannofossil mud in Subunit IC (several
meters or more in length) exhibit very indistinct
bedding, defined primarily by subtle changes in
color, bioturbation intensity, or silt/clay ratio. In in-
tervals that contain multiple major lithologies, bi-
gradational sequences are common; both more com-
plete sequences (nannofossil mud–calcareous silty
mud–silty sand with biogenic carbonate–calcareous
silty mud–nannofossil mud) and less complete se-
quences (nannofossil mud–calcareous silty mud–
nannofossil mud) are present.

A few beds located near the base of Subunit IC have
sharp erosional bases, fine upward from silty sand
with biogenic carbonate to calcareous silty mud, and
exhibit bioturbated tops. One of these beds, enriched
in rock fragments and glauconite, is illustrated in
Figure F21. The pebbly sand comprises subrounded
to rounded pebbles in a matrix of very fine to fine
sand; however, this bed was recovered only in a core
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catcher (Sample 339-U1386B-45X-CC), so its texture
may be an artifact of drilling. The pebbles are sand-
stone with calcareous cement (Table T5).

The contacts between most lithologies and between
subjacent beds of nannofossil mud are primarily gra-
dational or bioturbated. Exceptions are sharp bases,
irregular bases, and some sharp and inclined bases
on silty sand or sandy silt beds.

Structures and texture: No primary sedimentary
structures were observed in Subunit IC, except for in-
distinct and discontinuous silty laminations and
lenses in some beds.

Bioturbation is the most obvious secondary sedi-
mentary structure in this subunit and is present
throughout the observed section. Characteristics of
the bioturbation are similar to those of the bioturba-
tion in the rest of Unit I. The bioturbation index in
Subunit IC ranges from sparse to slight.

The sediment is fine grained through most of Sub-
unit IC, with an average grain size of clay to silt. Ex-
ceptions are the intervals of sandy silt, silty sand,
and pebbly sand, where the average grain size ranges
from coarse silt to fine sand and the maximum grain
size ranges from medium sand to pebble.

Composition: As is true for the rest of Unit I, all li-
thologies in Subunit IC are dominated by terrige-
nous material (siliciclastic components of clay min-
erals, quartz, and mica plus detrital carbonate) (Table
T3; Fig. F8). The biogenic fraction is dominated by
nannofossils with rare to common foraminifers and
rare pteropods and sponge spicules. Diatom frag-
ments are also present at several levels. Authigenic
components are dominated by pyrite, dolomite, and
glauconite.

Abundances of terrigenous, biogenic, and authigenic
components, as estimated from smear slides (Fig. F8;
Table T3), generally are similar to their abundances
in Subunits IA and IB. The primary difference is the
presence of diatom fragments, at abundances <20%,
in several smear slides from Subunit IC. No discrete
ash layers and no dropstones were observed. Total
carbonate contents range from 14.88 to 32.86 wt%
(average = 24.33 wt%) (Table T2).

Whole and nearly whole macrofossils are very poorly
represented in Subunit IC. The few specimens found
include recognizable coral fragments in Section 339-
U1386B-35X-6. Macrofossil fragments, however, are
distributed through most of the subunit; recogniz-
able fragments include bivalves, echinoderms, and
corals.

Color: The principal colors of the lithologies, as
noted during visual description of the core, range
from gray (5Y 5/1) to greenish gray (5GY 5/1, 5Y 4/1,
and 10Y 5/1) to dark greenish gray (10Y 4/1). In gen-
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eral, sediments with higher sand and/or carbonate
contents have lighter colors.

Bulk mineralogy: Twenty bulk XRD samples were
analyzed from Subunit IC. Diffraction intensities
from quartz, calcite, and illite account, on average,
for 82.9% of the total identified mineral diffraction
intensities (Fig. F17; Table T4). Quartz accounts for
50.1% of the intensities observed, which is more
than in Subunits IA and IB, whereas the calcite con-
tribution (23.4%) is similar to Subunit IA and the il-
lite contribution (9.4%) is elevated but not as high as
in Subunit IA. Minor minerals observed are the same
as in Subunit IA, but the plagioclase/K-feldspar ratio
is 2.35 and dolomite is 17.3% of calcite peak inten-
sity in Subunit IC.

Unit II
Intervals: 339-U1386B-46X-4, 70 cm, through

50X-CC, 38 cm (bottom of hole); 339-U1386C-
7R-3, 133 cm, through 18R-CC, 13 cm (bottom
of hole)

Depth: Hole U1386B = 422.4–465.4 mbsf (bottom
of hole), Hole U1386C = 418.9–525.2 mbsf (bot-
tom of hole)

Age: Pleistocene–Pliocene

Lithologies and bedding

The dominant lithologies in Unit II are the same as
the major lithologies in Unit I—silty sand with bio-
genic carbonate, calcareous silty mud, and nanno-
fossil mud—although the relative importance of
nannofossil mud decreases significantly downhole
through Unit II (Figs. F5, F6). Because of their rela-
tively similar major lithologies, Units I and II are dis-
tinguished on the basis of the patterns and inferred
modes of sediment deposition rather than on the ba-
sis of major compositional changes. Minor litholo-
gies include biogenic mud, a compositional variant
of nannofossil mud, and calcareous sandy silt, a
compositional and grain size intermediate between
silty sand with biogenic carbonate and calcareous
silty mud.

In Unit II, major lithologies are organized into se-
quences that begin with a sharp or erosional base,
grade upward from silty sand to silty mud, and ex-
hibit a bioturbated or gradational upper contact.
This pattern is especially abundant in Cores 339-
U1386B-46X through 47X and Core 339-U1386C-7R
through Section 8R-2. The remainder of Unit II is
composed of this type of normally graded sequence
interstratified with thick beds of nannofossil mud
(Fig. F22).

An additional bedding style in Unit II is represented
by at least three thick, massive beds that contain an-
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gular or contorted centimeter- to decimeter-scale in-
traclasts of nannofossil mud embedded in a shelly
silty sand matrix. Each of these beds has a sharp to
erosional base and a sharp upper contact. The intra-
clasts are randomly dispersed in the matrix and are
not graded by size. Three of these beds are found in
Hole U1386C: from interval 339-U1386C-12R-1,
130 cm, to 13R-2, 83 cm (at least 666 cm thick); from
interval 13R-3, 144 cm, to 14R-1, 16 cm (at least 181
cm thick); and from interval 15R-4, 142 cm, to 15R-
5, 97 cm (122 cm thick) (Fig. F23).

Note that Unit II lithologies generally were lithified
enough to require cutting by saw rather than by
wire.

Structures and texture

Parallel lamination, low-angle inclined lamination,
and normally graded bedding are the only primary
sedimentary structures reported from Unit II. The
lamination is present in a few of the normally graded
beds and in almost all silty mud beds.

Bioturbation is a relatively common secondary sedi-
mentary structure in Unit II, especially in the nanno-
fossil muds and the calcareous silty muds. In those
lithologies, bioturbation intensity generally is sparse
to slight. The sandy silt and silty sand, however,
have lower bioturbation intensities, with bioturba-
tion effects generally not observable in the sandy
portions of the graded beds. Where bioturbation is
present, the most common indicators are diffuse
centimeter-scale mottling and millimeter-scale py-
ritic burrow fills. Discrete burrows and identifiable
ichnofauna are rare.

Small-scale subvertical faults (Fig. F24), fault sets,
and contorted beds are present at several levels in
Unit II. Dewatering structures are associated with at
least one of these subvertical faults. The contorted
beds are characterized by soft-sediment deformation,
with convolute bedding and excellent examples of
small-scale recumbent folds (Fig. F23A). The orienta-
tion of shell fragments in parts of these beds illus-
trates the pattern of soft-sediment deformation (Fig.
F23A, F23B). Angular intraclasts of nannofossil mud
are randomly dispersed in the matrix of shelly silty
sand (Fig. F23C) and range from 5 mm to 4 cm in di-
ameter. Millimeter-scale intraclasts are observed at
the bases of several normally graded beds (interval
339-U1386C-6R-1, 55 cm, and 7R-1, 26 and 96 cm).

The average sediment grain size in Unit II is slightly
larger than the average in Unit I because of the in-
creased abundance of sandy silt and silty sand beds.
The maximum grain sizes in Unit II also are larger
than those in Unit I, especially when including the
larger intraclasts of nannofossil mud, the shell frag-
8
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ments, and the pebbly sand (Core 339-U1386C-
7R-2).

Composition

Because the major lithologies in Unit II are the same
as the major lithologies in Unit I, the compositions
of these two units are relatively similar (Fig. F8). The
important terrigenous components continue to be
siliciclastics (clay minerals, quartz, feldspars, mica,
and accessory minerals) and detrital carbonate, and
the important authigenic components continue to
be pyrite, dolomite, and glauconite. Biogenic com-
ponents in the finer grained lithologies continue to
be dominated by nannofossils, but shell fragments,
including fragments of displaced shallower water
taxa, are an important component in the sandier li-
thologies. Total carbonate contents range from 10.96
to 33.56 wt% (average = 21.39 wt%) (Table T2).
Wood fragments are also relatively common in the
silty muds, silty sands, and sandy silts between 415
and 425 mbsf. A 1 cm thick wood-rich layer is pres-
ent in interval 339-U1386C-8R-1, 40.5–41.5 cm.

Relatively complete macrofossils are rare in Unit II.
Several are present, however, including an articu-
lated bivalve (Sample 339-U1386C-13R-2, 53–54 cm;
Fig. F25) and a gastropod shell (Sample 339-U1386C-
12R-4, 77–78 cm; Fig. F26).

In order to compare the composition of the sand
fraction from Units I and II, a series of 16 samples of
sand separated from core catcher samples were resin-
impregnated and made into thin sections. Results of
this petrographic study are shown in Table T5.

Color

The principal colors of the lithologies in Unit II, as
noted during visual description of the core, range
from greenish gray (5GY 5/1 and 5Y 5/1) to dark
greenish gray (10Y 4/1) and very dark greenish gray
(10Y 3/1 and 5GY 3/1). In general, sediments with
higher carbonate and/or sand content have lighter
colors.

Bulk mineralogy

Six bulk XRD samples were analyzed in Unit II. Bulk
mineralogies are somewhat similar to those of Unit I,
and quartz, calcite, and illite account for 85.2% of
the total identified mineral diffraction intensities.
Quartz contributes 50.1% of the total peak intensity,
which is more than the whole-site average. Calcite
contributes 25.9%, which matches the whole-site av-
erage, and illite contributes 9.2%, which is slightly
less than the whole-site average (Fig. F17; Table T4).
Minor minerals in Unit II are similar to those in Unit
I, the plagioclase/K-feldspar intensity ratio is 2.55,
and dolomite is 10.7% of the calcite intensity.
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Discussion
Given the setting of Site U1386, several lines of evi-
dence for current transport and changing flow
speeds support the interpretation of Unit I as a se-
quence of contourite deposits. Among these lines of
evidence are

• The major lithologies present in Unit I,

• The relative abundances of these lithologies, and

• The organization of these lithologies into bi-gra-
dational sequences with a predominance of grada-
tional contacts and extensive bioturbation. 

Subunits IA (~110 m thick) and IC (~205 m thick) are
typical examples of a mixed sandy and muddy con-
tourite succession (Fig. F10), whereas Subunit IB
(~105 m thick) is a typical example of a muddy/silty
contourite succession (Fig. F18). Subunits IA and IC
also contain a few turbidites, but these represent a
very minor portion of the section.

In comparison to the sediments of Unit I, Unit II is a
relatively coarser grained succession of normally
graded or massive deposits. The normally graded
beds have sharp to erosional bases, generally are a
few centimeters to a few decimeters thick, and have
gradational bioturbated upper contacts. These char-
acteristics support the interpretation that the beds
are turbidites. Between 485 and 508 mbsf, most of
the turbidites are sandy and composed of shelly
sand, but silty turbidites also are present. At least
three very thick massive beds in Unit II have sharp
bases, contain intraclasts of nannofossil mud in a
matrix of shelly sand, include zones with contorted
bedding, and exhibit sharp upper contacts. Based on
these characteristics, these beds are interpreted as the
deposits of higher concentration sediment mass
gravity flows (debris flows), and therefore are consid-
ered to be debrites.

The interpretation that Unit II records a significant
component of downslope transport, whereas Unit I
mainly records alongslope transport, indicates at
least one significant change in the depositional re-
gime at Site U1386 since ~5.54 Ma (Fig. F27; ages
based on preliminary biostratigraphy; see “Biostra-
tigraphy”). From ~5.54 Ma to sometime between 1.2
and 1.6 Ma (Unit I/II boundary based on calcareous
nannofossil biostratigraphy), deposition at this site
included downslope sediment mass gravity flows,
both as turbidity currents and as higher concentra-
tion debris flows. Sediment was sourced from
upslope regions that likely extended onto the conti-
nental shelf, as evidenced by the abundance of shal-
lower water fauna in the shelly sands in the middle
of Unit II. Unfortunately, the depositional history of
this site between ~5.54 and ~1.2 Ma cannot be re-
constructed in detail because of the presence of an
9
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extensive hiatus (3.2–1.9 Ma) and gaps in core recov-
ery. However, the sediment record represented by
Unit II indicates that downslope processes domi-
nated deposition at this site, both prior to and im-
mediately following the hiatus. Turbidite processes
around this time were considered previously in the
Faro Drift region by Roque et al. (2012), but debrites
have been identified here for the first time.

Beginning at the transition from Unit II to I, some-
time between 1.2 and 1.6 Ma, clearly recognizable
bottom current processes are inferred to have domi-
nated sediment transport and deposition (Fig. F27).
The onset of clear bottom current influence at Site
U1386 is recorded by interbedding of contourites
with sandy and silty turbidites in the lowermost 30
m of Subunit IC. This interstratification indicates
that episodes of downslope transport continued
even as alongslope transport became more impor-
tant. Occasional sediment input by downslope pro-
cesses continued through the rest of Subunit IC, as
evidenced by the rock fragment- and glauconite-rich
turbidites at ~218 mbsf in Hole U1386A and ~253
mbsf in Hole U1836B.

After this transitional interval, alongslope transport
processes appear to have strengthened significantly,
as recorded by thick sandy contourite beds in the
overlying remainder of Subunit IC (Fig. F27). These
are the thickest sandy contourites in Unit I, suggest-
ing a sustained time of strong and persistent flow at
this site. Deposition at Site U1386 subsequently
shifted to a muddy/silty mode, as recorded by the
muddy/silty contourites of Subunit IB. This shift sug-
gests a weakening of alongslope transport at this site,
with one or more of the following as possible causes:

• Overall weakening of the bottom current system, 

• The core of the bottom current migrated upslope
from this location (northward), or

• The proximity of the site to turbidite channels
changed from more proximal during deposition of
Subunits IA and IC to more distal during deposi-
tion of Subunit IB.

A large (2–4 km wide) channel previously described
by Llave et al. (2001, 2007) and Hernández-Molina et
al. (2006) was located just to the south of Site U1386
during deposition of Subunits IA and IC, but this
channel was not present (or at least nearby) during
Subunit IB deposition. From their more proximal lo-
cation, downslope flows in these channels could
have supplied sand material during deposition of the
coarser grained Subunits 1A and 1C. Based on pre-
liminary biostratigraphic information, the episode of
decreased sand deposition represented by Subunit IB
persisted from >580 ka to at least 470 ka, (subject to
uncertainties in the present age-depth model for Site
U1386).
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Alongslope depositional processes appear to have
strengthened sometime between 470 and 270 ka at
Site U1386, producing the change from the predomi-
nantly muddy/silty contourites of Subunit IB to the
sandier contourites of Subunit IA. The sandy contou-
rites of Subunit IA also are thinner than those of Sub-
unit IC, suggesting that flow was weaker or more
variable or sand supply was reduced since ~580–700
ka relative to conditions prior to that time (Fig. F27).
Physical property data apparently resolve cyclicity in
Subunit IA at inferred glacial–interglacial timescales
(see “Physical properties”), suggesting that varia-
tions in bottom current strength were important at
Site U1386 during that time.

The apparent Pleistocene cyclicity might also indi-
cate that Site U1386 could be considered a mixed
system, with downslope processes (turbidity cur-
rents) dominant during sea level lowstands and
alongslope processes (contour currents) dominant
during highstands. Equally, however, tectonic activ-
ity might be considered a prime control on
downslope deposition. Further work and comparison
with other sites is required in order to resolve these
controls. 

The complexities of changes in sediment source and/
or current flow are seen in the XRD data that show
higher illite percentages, higher dolomite/calcite ra-
tio, and a possibly higher plagioclase/K-feldspar ratio
in Subunit IA. This may indicate a sediment source
or current flow change when compared with older
subunits. These differences are greater between Sub-
units IA and IB than between IA and IC.

Another highlighted observation is the importance
of authigenic dolomite and glauconite throughout
the succession. What is their potential source? What
are the implications for transport through currents?
What is the importance of numerous shallow-water
shells, corals, and glauconite? How were they trans-
ported to this site?

Biostratigraphy
The sedimentary record recovered at Site U1386 is
continuous for most of the Holocene and Pleistocene
(Fig. F28; Table T6). However, from the Gelasian
(1.8–2.588 Ma) to the Zanclean (3.6–5.3 Ma), the re-
cord seems to be discontinuous and is strongly af-
fected by debris flows and other downslope transport
processes that significantly influence the planktonic
and benthic microfossil assemblages. The record of
Messinian (5.3–7.2 Ma) deposits at the base of Hole
U1386C is not confirmed by the planktonic foramin-
ifer data, as many of the bioevents recorded at this
site, especially last occurrence (LO) events, can be af-
fected by reworking and redeposition in younger lev-
10
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els. Nevertheless, characteristic Pliocene/Miocene
boundary marker species were identified, and the age
of first occurrence (FO) events can constrain and
provide a maximum age for the lowermost cores re-
covered at this site. In particular, the oldest sedi-
ments recovered must be younger than 5.8 Ma.

During the Quaternary, sedimentation rates range
from 35 cm/k.y. between 0 and 384 mbsf to 15 cm/k.y.
between 384 and 453 mbsf (Fig. F28) and are in per-
fect agreement with the sedimentation rate esti-
mated for the Brunhes interval based on the paleo-
magnetic records (see “Paleomagnetism”).

Preservation of microfossils is, in general, moderate
to good, and calcareous nannofossils and foramini-
fers are abundant. In contrast to Site U1385, benthic
foraminifers are much more abundant and can be
equal to or even more abundant than planktonic for-
aminifers in some samples. Ostracods are also much
more abundant at Site U1386 than at Site U1385.
Pteropods were not observed at Site U1386.

Pollen and spores are abundant in all analyzed sam-
ples, ranging from ~3,000 to 46,500 grains/cm3 (two
to four times higher than the concentrations at Site
U1385) and good to moderately well preserved in
the upper 300 mbsf. Below this depth, the pollen is
poorly preserved, and in particular a relatively high
amount of conifer pollen is corroded (Fig. F29). Mi-
crocharcoal and dinocysts were also observed in all
the samples.

Calcareous nannofossils
We examined all core catcher samples from Holes
U1386A–U1386C for calcareous nannofossil biostra-
tigraphy. Additionally, selected samples from Holes
U1386A and U1386C were analyzed to constrain bio-
horizons, paying attention only to marker species.
Calcareous nannofossil assemblages are abundant
and diverse, and preservation is good to moderate,
with weak dissolution in some samples. Small placo-
lith species (<3 µm) dominate most of the assem-
blages. Inorganic input and reworking of pre-Pleisto-
cene (mainly Neogene and Paleogene) species vary
from few to common throughout all sections (Table
T7).

Seventeen nannofossil datums defined and/or cali-
brated by Raffi et al. (2006 and references therein)
and Flores et al. (2010) were identified in all holes
(Table T6).

The change in abundance of large Emiliania huxleyi
(>4 µm) that characterizes Termination 1 in mid- to
low-latitude water masses in the Atlantic Ocean has
been proven as a useful event by Flores et al. (2010).
This change in abundance was recorded between
Samples 339-U1386A-1H-3, 5 cm, and 1H-3, 50 cm
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(3.05–3.50 mbsf), and between the top of Core 339-
U1386B-1H and Sample 1H-CC (top of hole–7.32
mbsf), making it possible to distinguish the onset of
the Holocene in both holes.

The FO of E. huxleyi (0.26 Ma), which marks the base
of Zone NN21, was placed between Samples 339-
U1386A-11H-CC and 12H-CC (97.18–108.74 mbsf)
and between 339-U1386B-8H-CC and 9H-CC
(74.22–84.05 mbsf). However, this event should be
taken with caution because of dissolution effects and
the low proportion of this species. The LO of Pseudo-
emiliania lacunosa (0.46 Ma), considered a globally
synchronous event defining the top of Zone NN19,
occurs between Samples 339-U1386A-13H-2, 90 cm,
and 13H-3, 5 cm (110.70–111.35), and between 339-
U1386B-14H-CC and 15H-CC (129.79–141.33 mbsf).

A biohorizon considered useful in Pleistocene sedi-
ments is the LO of Reticulofenestra asanoi (0.90 Ma),
which was placed between Sample 339-U1386A-
31X-3, 90 cm, and 31X-4, 30 cm (265.85–266.75),
and between 339-U1386B-30X-CC and 31X-CC
(273.67–283.43 mbsf), although sporadic specimens
of R. asanoi were observed after the defined biohori-
zon. Small discrepancies after comparison with pa-
leomagnetic data can be explained by reworking or
possible uncertainties in the magnetostratigraphy
(see “Paleomagnetism”). However, we also cannot
discard diachronism with previous calibrations (e.g.,
Raffi et al., 2006). 

The FO of R. asanoi (1.07 Ma), another significant
event for the Pleistocene, was recorded between
Samples 339-U1386B-41X-CC and 42X-CC (379.34–
388.57 mbsf). To define this biohorizons we consid-
ered specimens of R. asanoi ≥6 µm in size.

The LO of large Gephyrocapsa spp. (>5.5 µm; 1.24
Ma) was recorded between Samples 339-U1386B-
45X-CC and 46X-CC (407.93–423.66 mbsf). The LO
of Helicosphaera sellii (1.25 Ma), considered a dia-
chronous event (Raffi et al., 1993; Wei, 1993), was
identified in the same interval and in Samples 339-
U1386C-6R-CC and 7R-CC (406.43–421.75 mbsf).
The occurrence of H. sellii at this site is consistent
with the ages provided by Raffi et al. (2006) for the
Mediterranean Sea when compared with other cali-
brated events.

The FO of large Gephyrocapsa spp. (>5.5 µm; 1.61 Ma)
was identified between Samples 339-U1386B-47X-
CC and 48X-CC (428.94–446.67 mbsf) and 339-
U1386C-8R-CC and 9R-CC (426.08–438.55 mbsf).
The LO of Calcidiscus macintyrei (1.66 Ma), close in
time to the FO of large Gephyrocapsa spp., was de-
fined and identified between Samples 339-U1386B-
49X-CC and 50X-CC (451.16–455.78 mbsf) and be-
tween 339-U1386C-10R-CC and 11R-CC (451.64–
454.08 mbsf).
11
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A strong variation in the composition of the calcare-
ous nannofossil assemblage exists between Samples
339-U1386C-11R-CC and 12R-CC. Species such as
Discoaster brouweri, Discoaster pentaradiatus, Dis-
coaster surculus, Sphenolithus spp., and Reticulofenestra
pseudoumbilicus (>7 µm) were recorded. The succes-
sion of events is complex to establish because of po-
tential reworking and scarcity of some of these taxa.
However, the LOs of the mentioned species and/or
morphotypes occur between 1.95 and 3.83 Ma, al-
lowing us to infer a hiatus within Zones NN18 and
NN14. 

The presence of Discoaster asymmetricus in Sample
339-U1386C-13R-CC permits placing this sample in
Zone NN14, younger than 4.12 Ma (Raffi et al.,
2006).

The lower portion of Hole U1386C was analyzed
paying attention to sediment intervals richest in fine
sediment, in order to avoid sandy portions (see
“Lithostratigraphy”). 

The occurrence of Ceratolithus acutus (LO at 5.34 Ma)
between Samples 339-U1386C-17R-3, 124 cm, and
17R-4, 71 cm (514.34–515.51 mbsf), is consistent
with the succession. This event should, however, be
taken with caution because of dissolution effects and
the low proportion of this species (Table T7). The LO
of Discoaster quinqueramus, marker species of Zone
NN11 (5.54 Ma), was recorded between Samples 339-
U1386C-17R-4, 71 cm, and 17R-5, 66 cm (515.31–
516.76 mbsf). However, the record of this taxon be-
low this level is scarce.

Planktonic foraminifers
Planktonic foraminifers are dominant or abundant
in all samples from Hole U1386A and the majority of
samples from Hole U1386B (Table T8), both of
which recovered Holocene to Pleistocene sediment
(Table T6). The exceptions in Hole U1386B are Sam-
ples 339-U1386B-44X-CC through 47X-CC, in which
planktonic foraminifers are absent or very rare in the
encountered detrital sand. In Hole U1386C, which
reaches further back in time, foraminifer abundance
varies between dominant and very few specimens
(Table T9). The Holocene and Pleistocene planktonic
foraminifer assemblages observed at Site U1386 are
typical of temperate waters from the North Atlantic
with a mixture of surface and deep-dwelling fora-
minifers. Globigerina bulloides, Neogloboquadrina
pachyderma (dextral), and Globorotalia inflata are the
dominant species in most samples from Holes
U1386A and U1386B and in Samples 339-U1386C-
2R-CC through 11R-CC (Tables T8, T9). In the Plio-
cene samples from Hole U1386C, G. inflata is re-
placed by Globorotalia puncticulata in the fauna.
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The polar species N. pachyderma (sinistral) dominates
in Samples 339-U1386A-37X-CC and 339-U1386B-
25X-CC and 41X-CC, indicating that these samples
date from glacial periods. Globigerinoides ruber and
Orbulina universa are present in most of the samples
from all three holes. In the Pliocene section of Hole
U1386C (Samples 339-U1386C-12R-CC through
18R-CC), Globigerina apertura, Globigerina decoraperta,
and Globigerinoides extremus regularly contribute to
the fauna, and Globigerinoides trilobus is present,
sometimes in higher abundance, from Core 339-
U1385C-15R downhole (Table T9). In the Pleistocene
sediment, the deep-dwelling fauna consists mainly
of Globorotalia truncatulinoides and Globorotalia scit-
ula, both dominantly coiling dextral, with minor
contributions by Globorotalia crassaformis (preferen-
tially sinistral coiling) and Globorotalia hirsuta. In the
Pliocene samples from Hole U1386C, G. crassaformis
is sometimes present in low numbers. Globorotalia
miocenica was observed in Sample 339-U1386C-12R-
CC.

Within the Pleistocene sections of Holes U1386B
(above 455.8 mbsf) and U1386C (above 454.1 mbsf),
three biostratigraphic events were observed. The top
of the paracme of N. pachyderma (sinistral) (1.21 Ma;
Lourens et al., 2004), was placed between Samples
339-U1386B-42X-CC and 43X-CC (388.57–398.08
mbsf; Table T8). Because of the sandy sediment en-
countered in the core catchers of Cores 339-U1386B-
44X through 47X, the bottom of the paracme of N.
pachyderma (sinistral) (1.37 Ma; Lourens et al., 2004),
is less well defined and tentatively placed between
Samples 339-U1386B-47X-CC and 48X-CC (428.94–
446.67 mbsf). In Hole U1386C, this event occurs be-
tween Samples 339-U1386C-8R-CC and 9R-CC
(426.08–438.55 mbsf; Table T9).

The large, heavily encrusted specimens of Neoglobo-
quadrina atlantica (dextral) that were also observed at
Site U1385 (see “Biostratigraphy” in the “Site
U1385” chapter [Expedition 339 Scientists, 2013c])
were found in Samples 339-U1386B-47X-CC (one
specimen) and 48X-CC (428.89–446.67 mbsf; Table
T8) and between Samples 339-U1386C-6R-CC and
10R-CC (406.38–451.64 mbsf; Table T9).

A major change in the foraminifer assemblages was
observed in Core 339-U1386C-12R, defined by the
appearance of a number of species extinct since the
early Pleistocene or the late Pliocene such as G.
puncticulata, Sphaeroidinellopsis seminulina, and Den-
toglobigerina altispira (Tables T6, T9). These Pliocene
foraminifers are very abundant in Samples 339-
U1386C-12R-CC through 16R-CC (467.91–508.28
mbsf). Sediment in this interval, however, indicates
strong gravitational downslope transport character-
ized by debrites and turbidites and abundant evi-
12
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dence for slump deposits (see “Lithostratigraphy”).
Because the LO of S. seminulina occurred at 3.19 Ma
and Sample 339-U1386C-11R-CC is of Pleistocene
age, a major hiatus of at least 1.4 m.y. seems to exist
between Samples 11R-CC and 12R-1, 45–47 cm
(454.08–462.87 mbsf).

Because of the coincidence in the occurrence of
lower Pliocene faunas with evidence of gravitational
transport from the slope, the reliability of the LO
events in the Pliocene core catcher samples remains
ambiguous. In order to confirm the events, discrete
samples from hemipelagic and contourite intervals
were analyzed. The sequence of foraminifer events in
these samples is, in general, the one expected for the
early Pliocene, but there are some inconsistencies
with comparable sites of this time period (Hilgen,
1991; Lourens et al., 2004; Sierro et al., 2000, 2009).
Considering only the samples taken in contourite in-
tervals, the LO of S. seminulina (3.19 Ma) was placed
between Samples 339-U1386C-13R-3, 43–45 cm, and
14R-1, 62–64 cm (475.45–482.24 mbsf), and the last
abundant occurrence (LaO) of Globorotalia margaritae
(3.98 Ma) should be placed between Samples 16R-5,
0–2 cm, and 16R-6, 46–48 cm (506.52–507.95 mbsf).
However, G. margaritae is present uphole to Sample
15R-4, 24–26 cm.

The presence of G. puncticulata together with S. semi-
nulina and the absence of G. margaritae in the debrite
deposits of Core 339-U1386C-12R also constrain the
age of the slope deposits to an interval between 4
and 3.19 Ma.

One of the main inconsistencies observed in Hole
U1386C is that the first specimens of G. puncticulata
were found in Sample 339-U1386C-17R-CC. Al-
though very rare, two specimens of the same species
were also found in Sample 339-U1386C-17R-3, 27–
29 cm. Throughout the North Atlantic and the Med-
iterranean, this species is normally very abundant in
the foraminifer assemblages since its FO. At Site
U1386, this species becomes very abundant between
Samples 339-U1386C-16R-6, 43–45 cm, and 16R-5,
0–2 cm (506.52–507.95 mbsf). It is between these
two samples where the FO of G. puncticulata (4.52
Ma; Lourens et al., 2004) should be placed, but we
have no explanation for the presence of rare speci-
mens in deeper sediments. Furthermore, the FO of
G. puncticulata was identified at exactly the same
depth as the LaO of G. margaritae (3.98 Ma). Only
the presence of a hiatus can explain the coincidence
of these two events at this site. 

The bottom of Hole U1386C was reached with Sam-
ple 339-U1386C-18R-CC. Although it was described
as a turbidite bed that contains coarse quartz grains
(see “Lithostratigraphy”), abundant specimens of
G. margaritae were found that strongly support an
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age younger than 5.8 Ma, the age of its first abun-
dant occurrence. Even if the foraminifers were trans-
ported, as suggested for the abundant occurrence of
shelf benthic foraminifers, the turbidite event had to
occur after G. margaritae was already deposited. Con-
sequently, the presence of this species constrains the
maximum age for the bottom of this hole to an age
younger than 5.8 Ma.

The presence of rare specimens of G. puncticulata in
Sample 339-U1386C-17R-CC, only 6 m above the
bottom of the hole, would indicate a maximum age
of 4.52 Ma. If these specimens are in situ, a large part
of the planktonic foraminifer assemblage was trans-
ported downslope.

Benthic foraminifers
Samples 339-U1386A-1H-CC through 39X-CC, 339-
U1386B-38X-CC through 50X-CC, and 339-U1386C-
2R-CC through 18R-CC were studied for the abun-
dance of benthic foraminifers (Table T10). Addition-
ally, selected core catcher samples from Hole U1386B
were examined for the “Stilostomella extinction”
event. The combined information from all studied
samples documents the entire succession recovered
at Site U1386.

Abundance and preservation of benthic foraminifers
are related to grain size and depositional environ-
ment. In the contouritic portions of Holes U1386A
(Samples 1H-CC through 38X-CC), U1386B (Samples
38X-CC through 42X-CC), and U1386C (Samples
2R-CC through 4R-CC), benthic foraminifers are
abundant and preservation is generally good. Moder-
ate preservation only occurs in Samples 339-
U1386A-23X-CC and 24X-CC and in 339-U1386C-
2R-CC and 4R-CC, in which increased amounts of
silt and sand were observed. With the beginning of
turbidite and debrite deposition, foraminiferal pres-
ervation declines. Benthic foraminifers in Samples
339-U1386B-43X-CC and 46X-CC are moderately
preserved, and Samples 339-U1386B-44X-CC, 45X-CC,
and 47X-CC are barren or contain only a few poorly
preserved tests of the shelf taxon Elphidium. In Hole
U1386C, preservation declines from moderate to
poor between Samples 339-U1386C-6R-CC and
18R-CC, whereas the abundance of foraminiferal
shells increases.

Similar to preservation, the composition of the ben-
thic foraminiferal assemblages shows a relation to
grain size and the depositional environment. Most
of the assemblages in nannofossil ooze and silty mud
(Samples 339-U1386A-1H-CC through 43X-CC and
339-U1386B-48X-CC through 50X-CC; see
“Lithostratigraphy”) consist of species of Brizalina,
Bulimina, Cassidulina, Globobulimina, Melonis, Sig-
moilopsis, and Uvigerina in varying proportions.
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These taxa characterize upper bathyal environments
with increased organic matter flux and reduced ven-
tilation (van Morkhoven et al., 1986; Leckie and Ol-
son, 2003; Murray, 2006). Peak abundances of Briza-
lina spp. and Globobulimina spp. (e.g., Sample 339-
U1386A-19H-CC) indicate peaks in oxygen deple-
tion of bottom waters related to enhanced input of
organic matter and/or a well-stratified water column.
This interpretation is in good agreement with the or-
ganic geochemistry results in Hole U1386A (see
“Geochemistry”). Occasional transport from the
outer shelf is indicated by abraded shells of Lenticu-
lina spp. (e.g., Samples 339-U1386A-4H-CC and 12H-
CC; Table T10). Shells of inner–middle shelf taxa
(Ammonia beccarii and Elphidium spp.) occur sporadi-
cally.

The “epibenthos group,” suggested as an indicator
for MOW intensity (Schönfeld, 1997, 2002; Schön-
feld and Zahn, 2000), is represented by (in order of
decreasing contribution) Planulina ariminensis, Cibi-
cides lobatulus, Textularia spp., Hanzawaia concentrica,
and Epistominella exigua at Site U1386. In most core
catcher samples, these taxa show abundances <5%.
Only in Samples 339-U1386A-24X-CC, 27X-CC,
30X-CC, 32X-CC, and 34X-CC were abundances
>5% recorded for P. ariminensis, C. lobatulus, and Tex-
tularia spp. In general, an increase in current energy
and ventilation is suggested between Samples 23X-
CC and 39X-CC, in which the abundances of Trifa-
rina angulosa, Trifarina bradyi, and Cibicidoides spp.
increase (Kaiho, 1999). In most of these samples, a
parallel decrease in the abundance of the low-oxy-
gen indicator Brizalina spp. is observed (Murray,
2006).

Hyalinea balthica, an indicator for cold-water masses
(Bayliss, 1969; van Morkhoven et al., 1986), is abun-
dant to dominant in Samples 339-U1386A-1H-CC,
5H-CC, 18H-CC, 27X-CC, and 28X-CC. A compari-
son with the abundance of temperature-sensitive
taxa in the other microfossil groups and trends in
physical properties, as well as the available age con-
straints, implies a relation of these samples to differ-
ent glacial intervals. Beginning approximately with
the mid-Pleistocene revolution marker horizon in
the seismic profiles (Llave et al., 2001, 2011), this
taxon occurs only sporadically in the lower part of
the succession.

In strong contrast to the assemblages described
above, the lower portion of the succession (below
Sample 339-U1386B-44X-CC) shows the frequent oc-
currence of shelf taxa. These are mainly composed of
heavily abraded tests of Elphidium crispum and El-
phidium cf. jenseni, whereas A. beccarii and Asterigeri-
nata planorbis occur rarely. Parallel to the increase in
shelf taxa, preservation of upper bathyal taxa
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(mainly Brizalina, Uvigerina, and Cibicidoides) de-
clines and foraminiferal shells are often abraded and
broken.

Between Samples 339-U1386C-10R-CC and 11R-CC,
Cassidulina laevigata/teretis suddenly disappears.
These foraminifers are related to boreal waters and
occur frequently in the North Atlantic during the
middle–late Pliocene and the Pleistocene. Its disap-
pearance roughly co-occurs with the hiatus indicated
by the planktonic microfossil groups and may be re-
lated to the warmer climate during the late Miocene
and early Pliocene.

Finally, a change in preservation (shells are not pris-
tine/heavily calcified) and species composition (al-
though similar to the generic level) is noticeable in
Samples 339-U1386C-17R-CC and 18R-CC. The poor
preservation, however, restricts species identification
and interpretation.

With respect to biostratigraphy, the Stilostomella ex-
tinction (0.58–0.7 Ma) (Hayward, 2002; Kawagata et
al., 2005) was recognized between Samples 339-
U1386A-28X-CC and 29X-CC (244.42–253.73 mbsf),
as well as in Samples 339-U1386B-28X-CC and 29X-
CC (254.46–263.03 mbsf). The datum agrees well
with age estimates from nannoplankton assemblages
and paleomagnetic measurements (Fig. F28). It has
to be noted that nodosariids, pleurostomellids, and
stilostomellids are rare at this depth interval and
only a few tests have been identified. However, the
tests in Samples 339-U1386A-29X-CC and 30X-CC
are well preserved and thus considered autochtho-
nous. In contrast, a broken and abraded test of Sipho-
nodosaria was found in Sample 28X-CC that is con-
sidered reworked. More common occurrences of
these foraminiferal groups are recorded below Sam-
ple 34X-CC.

Ostracods
Ostracods were examined in most core catcher sam-
ples from Holes U1386A–U1386C, providing a low-
resolution record of the entire stratigraphic section
recovered at Site U1386. Ostracod abundance varies
from absent to >160 specimens per sample (average =
21). Abundance maxima (>70 specimens) were ob-
served in Samples 339-U1386A-1H-CC, 2H-CC, and
10H-CC and 339-U1386B-1H-CC (Fig. F30). The
overall assemblage includes >60 species belonging to
44 genera (Table T11). However, species diversity val-
ues are underestimated because species of selected
genera (i.e., Krithe and Cytheropteron) were grouped
together to facilitate the shipboard preliminary
study. Ostracod preservation varies from good in the
upper 110 m of the cored section to moderate to
poor with increasing depth thereafter. Species diver-
sity increases with overall abundance.
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The ostracod fauna at Site U1386 includes shelf and
upper slope taxa. Krithe is the dominant genus, ac-
companied by Cytheropteron, Argilloecia, Henryhow-
ella, Loxoconcha, Cytherella, Buntonia, Parakrithe,
Bythoceratina, and Pseudocythere. Four main assem-
blages were identified based on the ostracod strati-
graphic distribution. Assemblage A is characterized
by Krithe spp., Argilloecia acuminate, and Cytherop-
teron spp. (Fig. F30). This assemblage is absent from
the bottom of the record at Site U1386 (526–400
mbsf), but it quickly increases in relative abundance
between 430 and ~270 mbsf, reaching the highest
values between Samples 339-U1386A-27X-CC (234
mbsf) and 35X-CC (310 mbsf). Based on calcareous
nannofossils and planktonic foraminifer biostratigra-
phy, the onset of this episode coincides approxi-
mately with the mid-Pleistocene revolution (0.9 Ma)
horizon (Llave et al., 2001, 2011). Beginning at ~170
mbsf and extending to the top of the stratigraphic
section, Assemblage A increases sharply in abun-
dance and shows broad temporal variability.

Assemblage B consists of Henryhowella sarsii, Bythoc-
eratina scaberrima, Pterigocythereis jonesii, Cytherella
serratula, Rectobuntonia inflata, Buntonia sublatissima,
Echinocythereis echinata, Eucythere pubera, and Paracy-
theridea sp. The assemblage displays highest relative
abundance between ~125 and 165 mbsf, between
~280 and 350 mbsf, and near the base of the cored
section. Notably, B. scaberrima and P. jonesii are only
present in Samples 339-U1386A-1H-CC through 3H-
CC (Fig. F30).

Assemblage C is characterized by the presence of
mid- to inner-shelf taxa Aurila, Callistocythere, Loxo-
concha rhomboidea, Sagmocythere sp., Urocythereis so-
rorcula, Actinocythereis sp., Cimbaurila ulicznyi, and
Occultocythereis culter. This assemblage is observed
only in Samples 339-U1386A-24X-CC and 339-
U1386C-12R-CC and 13R-CC (Fig. F30). These sam-
ples correspond to debrites or turbidite layers (see
“Lithostratigraphy”), and the taxa are considered to
be reworked.

Assemblage D includes Pseudocythere caudata, Para-
doxostoma ensiforme, Buntonia dertonensis, Carinocy-
thereis whitei, and Costa punctatissima and is observed
only from ~95 to 17 mbsf (Fig. F30). The observed
variability in ostracod distribution suggests changes
in bottom water ventilation, sedimentation, and
food availability over the last ~4 m.y. at Site U1386
that are concurrent with similar changes in the ben-
thic foraminifers at this site. Assemblage A is domi-
nated by Krithe and Argilloecia. As documented by
Cronin (1983) and Alvarez Zarikian et al. (2009), the
genera can thrive under high surface productivity
and in poorly oxygenated waters, whereas Cytherop-
teron has been documented to be closely associated
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with deglacial transitions in the North Atlantic (Cro-
nin et al., 1999; Alvarez Zarikian et al., 2009). These
results are in agreement with those derived from the
benthic foraminifers at this site (see above). The tax-
onomic composition of Assemblage B seems to re-
veal periods of higher energy and well-ventilated
bottom waters. In contrast, Assemblage C indicates
reworked material by the presence of moderately to
poorly preserved allochthonous inner-shelf taxa.
This is supported by the co-occurrence of inner-shelf
foraminifers Elphidium and Ammonia in the same
samples.

Palynology
Thirteen samples, eight from Hole U1386A (Samples
1H-CC, 5H-CC, 8H-CC, 15H-CC, 20H-CC, 26X-CC,
32X-CC, and 35X-CC), three from Hole U1386B
(Samples 40X-CC, 42X-CC, and 50X-CC), and two
from Hole U1386C (Samples 9R-CC and 17R-CC),
representing the three kinds of lithology identified
at this site (nannofossil mud, silty mud, and silty
sand; see “Lithostratigraphy”) were analyzed. Pinus
is well represented in the upper 200 mbsf of the se-
quence, with the maximum abundance in Sample
339-U1386A-1H-CC (Fig. F29; Table T12). In Samples
339-U1386A-8H-CC and 20H-CC and in Samples
339-U1386B-40X-CC and 42X-CC, pollen grains
from the Mediterranean forest, mainly deciduous
and evergreen Quercus and Olea, along with those
from semidesert environments (Artemisia, Ephedra,
and Chenopodiaceae/Amaranthaceae) and grass-
lands, mainly Taraxacum-type and Poaceae, domi-
nate the assemblage. Few pollen from heathlands
were recorded along the sequence.

Semidesert plants peak in Sample 339-U1386A-15H-
CC, whereas the Mediterranean trees and shrubs are
relatively abundant in Sample 5H-CC, indicating
particularly dry/cold and warm climates, respec-
tively. These assemblages highlight different climates
that, based on the magnetic susceptibility record,
might relate to marine isotope Stages 5 and 12, re-
spectively (see “Stratigraphic correlation”). Inter-
estingly, below 350 mbsf and older than 1.6 Ma, we
identified the presence of “clam-shell” pollen mor-
photypes, which are typical from Taxodiaceae plants,
although some Cupressaceae pollen look similar
(Traverse, 1988). So far, we have preferred to name
this morphotype as Taxodiaceae/Cupressaceae,
awaiting identification confirmation. The former
family is extinct in Europe at present, and neither
are recorded in the European pollen records covering
the last 0.425 m.y., in particular those from the
Western Iberian margin (e.g., Desprat et al., 2007;
Tzedakis et al., 2009), nor in the pollen record of
Ocean Drilling Program Site 976 in the Alboran Sea,
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which reflects the vegetation of southeastern Iberia
from 1.09 to 0.9 Ma (Joannin et al., 2011). Taxodia-
ceae/Cupressaceae pollen reach a substantially high
concentration in Sample 339-U1386C-9R-CC, dated
at ~1.65 Ma (Fig. F29).

Paleomagnetism
Paleomagnetic investigation of the 101 APC, XCB,
and RCB cores collected at Site U1386 (excluding the
three wash cores from Hole U1386C and two empty
cores from Holes U1386A and U1386B) included the
measurement of magnetic susceptibility of whole-
core and archive-half split-core sections and the nat-
ural remanent magnetization (NRM) of archive-half
split-core sections. NRM was measured before and af-
ter alternating field (AF) demagnetization with 20
mT peak field for all studied cores of the site. The
FlexIt tool was used to orient the cores in the APC
section of Holes U1386A and U1386B starting with
Core 4H (Table T13). Although the rubber knob
holding the tool in place broke sometime during the
operation in Hole U1386B, the results of the reorien-
tation attempt look convincing and the data appear
to be usable. Stepwise AF demagnetization on 24 se-
lected discrete samples was performed at successive
peak fields of 0, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50,
55, 60, 70, and 80 mT to verify the reliability of the
split-core measurements and to help determine the
magnetostratigraphy in the XCB-cored sections. The
depth levels where the measured discrete samples
were taken are indicated by triangles in the first
panel of Figure F31. We processed data extracted
from the Laboratory Information Management Sys-
tem (LIMS) database by removing all measurements
collected from disturbed and void intervals, which
are listed in Tables T14 (see “Stratigraphic correla-
tion”), and all measurements that were made within
10 cm of the section ends, which are slightly biased
by measurement edge effects. The processed NRM in-
clination, declination, and intensity data after 20 mT
peak field AF demagnetization are listed in Tables
T15, T16, and T17. 

Natural remanent magnetization
and magnetic susceptibility

The intensity of NRM after 20 mT demagnetization
is similar in magnitude in the overlapping parts of
Holes U1386A and U1386B, ranging from ~10–4 to
~10–2 A/m (Fig. F31). Below ~450 mbsf, NRM inten-
sity decreases to ~10–5 to ~10–4 A/m.

In spite of the significant coring disturbance and
drill string overprint in the XCB- and RCB-cored sec-
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tions, a relatively stable magnetic component was
preserved in sediment from all three holes, which al-
lows for the determination of magnetic polarity for
most parts of the recovered sediment sequences. A
magnetic overprint with steep positive inclinations,
which was probably acquired during drilling, was
usually removed by up to 20 mT peak field AF de-
magnetization (Fig. F32). However, NRM directions
show relatively large scatter in the XCB and RCB sec-
tions below ~180 mbsf (Hole U1386A) and ~150
mbsf (Hole U1386B). The XCB cores are heavily bis-
cuited and usually contain as much of the disturbed
matrix as the intact material, strongly compromising
the quality of the resulting paleomagnetic data. Only
discrete samples taken from the biscuits will be able
to reveal a better quality paleomagnetic signal.

The AF demagnetization behavior of eight discrete
samples from normal and reversed polarity intervals
is illustrated in Figure F32. All samples exhibit a
steep, normal overprint that was generally removed
after AF demagnetization at a peak field of ~15–20
mT, demonstrating that the 20 mT magnetic clean-
ing level is sufficient to eliminate the overprint. The
samples also appear to acquire an anhysteretic rema-
nent magnetization during AF demagnetization at
high peak fields (>55 mT), possibly because of a bias
caused by the ambient magnetic field during demag-
netization. We calculated component NRM direc-
tions of the discrete samples from data from the 25–
50 mT demagnetization steps using principal com-
ponent analysis (Kirschvink, 1980) and the UPmag
software (Xuan and Channell, 2009). Component
inclinations of discrete samples with maximum an-
gular deviation less than ~15° are shown as yellow
circles in Figure F31 (first panel).

Magnetic susceptibility measurements were made on
whole cores from all three holes as part of the
Whole-Round Multisensor Logger (WRMSL) analysis
and on archive-half split-core sections using the Sec-
tion Half Multisensor Logger (SHMSL) (see “Physical
properties”). Magnetic susceptibility is consistent
between the two instruments and in general mimics
the NRM intensity. The WRMSL acquired susceptibil-
ity was stored in the database in raw meter units.
These were multiplied by a factor of 0.68 × 10–5 to
convert to the dimensionless volume SI unit (Blum,
1997). A factor of (67/80) × 10–5 was multiplied by
the SHMSL-acquired susceptibility stored in the data-
base. Magnetic susceptibility varies between 5 × 10–5

and 40 × 10–5 SI (Fig. F31, fourth panel). Note that in
Figure F31, a constant of 25 × 10–5 SI was added to
the SHMSL measurements (gray lines) to facilitate
the comparison with the WRMSL measurements
(black lines).
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Magnetostratigraphy
Sedimentation rates at Site U1386 are high, on the
order of 350 m/m.y., which result in the occurrence
of all magnetic polarity reversals in the highly dis-
turbed XCB and RCB part of the cored section. The
lack of core orientation and the significant coring
disturbance and drill string overprint in the XCB and
RCB cores limit our magnetostratigraphic interpreta-
tion to rely entirely on changes in magnetic inclina-
tion and on measurements of discrete samples taken
from the relatively undisturbed drilling biscuits. The
geomagnetic field at the latitude of Site U1386
(36.83°N) has an expected inclination of 56.27°, as-
suming a geocentric axial dipole field model, which
is sufficiently steep to determine magnetic polarity
in APC, XCB, and RCB cores that lack horizontal ori-
entation.

The Brunhes–Matuyama polarity transition occurs at
~274.6 mbsf in Hole U1386A (interval 339-U1386A-
32X-2, ~90 cm) and at ~273.3 mbsf in Hole U1386B
(interval 339-U1386B-30X-7, ~60 cm) (Fig. F31; Ta-
ble T18). The relatively large scatter of the remanent
directions in the XCB cores made it difficult to deter-
mine the exact position of the boundary; however,
detailed paleomagnetic work on discrete samples
from drilling biscuits should resolve the transition
relatively well. The termination of the Jaramillo Sub-
chron (C1r.1n) was identified with the help of dis-
crete samples in Hole U1386A at ~344.6 mbsf (Sec-
tion 339-U1386A-39X-4) and in Hole U1386B at
~347.9 mbsf (Section 339-U1386B-39X-6) (Fig. F31;
Table T18). The onset of the Jaramillo Subchron at
1.072 Ma occurs at ~374 mbsf in Hole U1386B. This
interpretation is supported by discrete sample results
as well as a shift of split-core inclination to more
negative values (Fig. F31, first panel). The top of the
RCB-cored section in Hole U1386C seems to record
part of the Matuyama Chron (C1r.2r). Below Core
339-U1386C-10R (~450 mbsf) magnetostratigraphic
interpretation is not possible because of a combina-
tion of poor core recovery, very low NRM intensity,
sedimentary features such as debris flows and slumps
(see “Lithostratigraphy”), and an apparent hiatus
(see “Biostratigraphy”).

With sedimentation rates of ~350 m/m.y. in the APC
part of the section, NRM data show several intervals
with shallow or negative inclinations that are often
accompanied by large changes (~180°) in the FlexIt
tool–corrected declination data. Some example inter-
vals are at ~80 and ~168 mbsf in Hole U1386A and at
~17 mbsf in Hole U1386B. Visual inspection of the
split-core images and core descriptions indicate no
apparent disturbance in these intervals, suggesting
these intervals may be associated with geomagnetic
excursions. High-resolution measurements with full
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demagnetization sequence are needed to confirm
these interpretations.

Physical properties
Physical properties at Site U1386 were determined in
Holes U1386A and U1386B and the cored sections of
Hole U1386C (Cores 339-U1386C-2R, 4R, and 6R
through 18R). High-resolution scanning at 2.5 cm
intervals on whole-round sections was performed
with the WRMSL in all holes, whereas the Special
Task Multisensor Logger (STMSL) was only used for
Hole U1386B for stratigraphic correlation purposes.
Thermal conductivity probes were applied to Section
3 of each core in Hole U1386A. P-wave velocity mea-
surements on split-core sections (working half) were
obtained in Hole U1386A for every section; however,
reasonable results were only obtained for the upper
~76 mbsf. Moisture and density measurements were
determined for every second section of each core
from Hole U1386A, downhole below Core 339-
U1386B-37X, and for Cores 339-U1386C-2R, 4R, and
6R through 18R. Color reflectance analysis and split-
core point-magnetic measurements were taken on
every section at 5 cm intervals.

Whole-Round Multisensor Logger and 
Special Task Multisensor Logger 

measurements
The STMSL was not used for Hole U1386A because
no immediate acquisition of data for stratigraphic
correlation was necessary, but the STMSL was used
for Holes U1386B and U13686C. Cores were equili-
brated for 3 h before measuring with the WRMSL.

Gamma ray attenuation bulk density
Gamma ray attenuation (GRA) density at Site U1386
is highly variable between 1.6 and 2.2 g/cm3 (Fig.
F33). Some of the scatter could be explained by in-
complete filling of core liners, especially in sandy
sections and cores for which the more disruptive
XCB and RCB drilling techniques were applied. Be-
sides this, the natural variations in the sand content
of the sediment and in its texture are also reflected
in the GRA density record. Between 400 and 450
mbsf increased densities correspond to an interval
rich in sandy turbidite deposits. This relation is op-
posite to the general trend observed at this site, that
low GRA densities often conform to sand-rich inter-
vals. The contrasting correlations between density
and lithology reflect the difference in texture and
composition of layers generated by bottom current
processes (i.e., contourites) and gravitational pro-
cesses (i.e., turbidites).
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Magnetic susceptibility
Of all physical properties, magnetic susceptibility
displays the most marked changes (Fig. F33). Based
on WRMSL data, four physical property units can be
distinguished that differ in value range and variabil-
ity. Physical properties Unit I, between 0 and ~150
mbsf, exhibits declining susceptibilities and distinct
fluctuations between 10 × 10–5 and 40 × 10–5 SI with
peaks approaching 55 × 10–5 SI. For this unit, a re-
markable coherence of susceptibility, NGR counts,
and spectral reflectance component a* can be noted
(Figs. F33, F34). More reddish sediments (i.e., high
a*; see Site U1386 visual core descriptions in “Core
descriptions”) are found in intervals of high suscep-
tibility with no apparent change in grain size.
Whether the color change might be attributed to
varying amounts of hematite or other mineralogical
changes in the composition of the sediments re-
mains unclear. Below in physical properties Unit II
(150–420 mbsf), magnetic susceptibility shows less
variability (5 × 10–5 to 20 × 10–5 SI). 

The entire interval between 0 and 420 mbsf corre-
sponds to lithologic Unit I (see “Lithostratigra-
phy”). The boundary between lithologic Subunits IA
and IB, at ~110 mbsf in Hole U1386B, fits to the gen-
eral trend of declining magnetic susceptibility. Ex-
cept for its upper part (110–150 mbsf), the more mud
rich Subunit IB has, on average, low and uniform
susceptibilities. The top of lithologic Subunit IC, at
~216 mbsf in Hole U1386B, shows a slight increase
of susceptibility, which drops to a level similar to
that of Subunit IB further downhole. Whereas Sub-
unit IC is very similar to Subunit IA in terms of li-
thology and mineralogical composition, the latter
clearly has the highest and most variable susceptibil-
ities.

Between 420 and 445 mbsf, the very distinct physi-
cal properties Unit III can be discerned with highly
variable values that markedly increase to maximum
peaks of 526 × 10–5 SI, corresponding to turbidites.
Downhole, below 445 mbsf, physical properties Unit
IV is defined by magnetic susceptibility data that is
dominated by low values close to 10 × 10–5 SI. Here,
debrites and turbidites are the dominant lithofacies.
In the lithologic units, the entire interval below 420
mbsf corresponds to Unit II (see “Lithostratigra-
phy”).

Because the sulfate reduction zone only extends
through the upper 12–13 m of sediment and gas flux
is significantly lower than at Site U1385, diagenesis
is suspected to have a minor influence on the mag-
netic susceptibility signal. Hence, we assume that the
magnetic susceptibility signal is dominated by the
primary sediment composition.
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WRMSL and split-core magnetic susceptibility data
agree well for cores drilled using the APC. For sedi-
ments retrieved with the XCB or RCB, WRMSL val-
ues are consistently lower. We assume that this dif-
ference can be attributed to the incomplete filling of
the liner for those cores with lower values, providing
less volume for sensor loop integration.

P-wave velocity
Sonic velocities were measured with the WRMSL for
Holes U1386A and U1386B, and an attempt was
made to determine P-wave velocities on split cores in
each section of Hole U1386A (Fig. F33). Because of
poor sediment to liner coupling, reasonable results
from the WRMSL could only be obtained for the up-
per ~25 m of sediment. The P-wave velocity profile
can be extended to 77 mbsf by using the P-wave de-
terminations on split cores. Although the sediment
surface appeared to be smooth and should have pro-
vided adequate coupling to the transducers, no clear
acoustic signal could be obtained for P-wave velocity
determinations at greater depth. An explanation for
this might be the relatively stiff and brittle nature of
the sediment, which promotes the formation of
small cracks that negatively affect signal propaga-
tion.

P-wave velocities follow the trend of increasing GRA
densities in the upper 12 mbsf, beginning with val-
ues of 1450–1500 m/s in the uppermost meters, in-
creasing downhole to 1550–1650 m/s for WRMSL
and split core data (only accounting for automati-
cally processed data). Both types of measurement
agree well, especially when only considering split-
core data with high signal quality (solid symbols in
Fig. F33). One measurement at 22.6 mbsf stands out,
with a sonic velocity of 1796 m/s measured on a
sandy interval.

Natural gamma radiation
NGR scanning on all cores from Site U1386 was per-
formed mostly at low resolution with one position
(usually Position II) of the detector array. Exceptions
are Cores 339-U1386A-1H and 2H, which were mea-
sured in Positions I and II of the detector array. NGR
counts fluctuate between 20 and 60 cps, revealing
cyclic patterns throughout all cored sections (Fig.
F34). Comparatively low NGR counts of not more
than 45 cps below 150 mbsf might at least partly be
attributed to the lower recovery of core during rotary
drilling. A correlation between the dramatic increase
in magnetic susceptibility below 420 mbsf and
higher NGR counts is apparent, although NGR val-
ues start to increase at ~380 mbsf. It is notable that
above ~380 mbsf, sandy layers are commonly associ-
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ated with low NGR values, whereas below ~380
mbsf, coarse-grained sediments are related to inter-
vals dominated by high NGR counts. The change in
the depositional style from contouritic to turbiditic
apparently affects the mineralogical composition of
the sandy layers, which can be interpreted as a
change from a silicate-dominated to a carbonate-
bearing lithology.

Moisture and density measurements
Determination of moisture and density (MAD) on
discrete sediment samples was performed on every
section of Hole U1386A (Fig. F35). Sampling was
preferentially carried out on the dominant lithology
of a section, avoiding small interlayers of differing
grain size (e.g., centimeter-scale sand layers). Gener-
ally, GRA and MAD methods give consistent bulk
density results (Fig. F33). Compared to Site U1385, a
steep compaction-related density increase might
only be inferred for the uppermost ~12 mbsf, where
porosity and water content of the sediments decrease
inversely to the increase of bulk density (Figs. F33,
F35). Below 12 mbsf, moisture content and porosity
slowly decrease toward 20%–25% (moisture content)
and ~45% (porosity) at ~460 mbsf, below which no
further decrease occurs. This change in consolida-
tion state of the sediment is associated with the sig-
nificant hiatus identified by biostratigraphic analy-
ses of Cores 339-U1386C-11R and 12R (Fig. F28).
Cyclic fluctuations are overprinted on the general
trends, with marked increases in porosity and mois-
ture content at about 185, 310, and 370–395 mbsf
(Fig. F35). Increased sand content was noted around
310 and 370–395 mbsf, although a similar relation to
coarser sediments is not evident for the high mois-
ture content and porosity at ~185 mbsf.

Grain density is relatively constant for the entire in-
terval drilled at Site U1386, fluctuating between 2.7
and 2.8 g/cm3 (Fig. F35). The only exception is the
interval between 400 and 450 mbsf, which has on
average slightly higher grain density (constantly
above 2.75 g/cm3) than the other cored intervals.
High magnetic susceptibility, characteristic for this
interval, might point to a significant contribution of
heavy minerals in this turbidite-rich interval (see
“Lithostratigraphy”). The underlying interval be-
tween 460 and 480 mbsf characterized by debrites
has grain densities between 2.71 and 2.77 g/cm3,
which are lower than those of the overlying turbi-
dites.

Thermal conductivity
Thermal conductivity was measured once per core
using the full-space probe, usually in Section 3 of all
cores in Hole U1386A, except Cores 339-U1386A-
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12H through 17H because of technical problems
(Fig. F36). Thermal conductivity generally follows re-
duced porosity and water content in the sediment,
with a decrease from ~1.7 W/(m·K) in the uppermost
interval to 1.1 W/(m·K) at ~100 mbsf. Because inter-
stitial water is a good thermal conductor, this rela-
tion matches expectations. The enhanced scatter be-
low 180 mbsf relates to XCB coring, which generates
cracks and core disturbances that affect the accuracy
of the thermal conductivity measurements.

Summary of main results
Based on physical property data, distinct intervals
were identified that are commonly related to bound-
aries between the defined lithologic units. The upper
~150 mbsf (physical properties Unit I) are character-
ized by relatively high, fluctuating NGR and mag-
netic susceptibility values with a persistent covaria-
tion of both parameters with sediment color.
Between ~150 and 420 mbsf (physical properties
Unit II) this variability decreases and the relation to
sediment color is lost. Outstanding, especially in
terms of very high magnetic susceptibility, is the in-
terval between 420 and 445 mbsf, physical proper-
ties Unit III, corresponding to turbidite-prone depos-
its. Below 445 mbsf (physical properties Unit IV) low
NGR and susceptibility values conform to a shift in
the lithology to debrites and turbidites below a ma-
jor hiatus. The assumed occurrence of the mid-Pleis-
tocene revolution discontinuity at ~250 mbsf is not
reflected in a notable change in physical properties.

Geochemistry
Volatile hydrocarbons

Headspace gas analysis was performed as a part of
the standard protocol required for shipboard safety
and pollution prevention monitoring. In total, 36
headspace samples from Hole U1386A, 9 headspace
samples from Hole U1386B, and 10 headspace sam-
ples from Hole U1386C (sampling resolution of one
per core) were analyzed (Fig. F37; Table T19). In Hole
U1386A, methane (C1), ethane (C2), and ethene (C2=)
were detected. Methane ranges from 6 ppmv near
the surface to a maximum of 47,727 ppmv at 41.3
mbsf (Section 339-U1386A-5H-7). At the base of
Hole U1386A, methane is 5,963 ppmv. Ethane was
first detected also at 41.3 mbsf (Section 5H-7) and
ethene at 176.9 mbsf (Section 20H-8). In Hole
U1386A, ethane reaches a maximum of 3.5 ppmv at
337.6 mbsf (Section 38X-6). Ethene reaches a maxi-
mum of 1.1 ppmv at 337.6 mbsf (Section 38X-6).

In Holes U1386B and U1386C, methane, ethane,
and ethene were detected. In Hole U1386B, methane
is 11,109 ppmv at 358.1 mbsf, reaches a secondary
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peak of 8,367.9 ppmv at 428 mbsf, and decreases to
4,691.9 ppmv at the base of Hole U1386B (448.9
mbsf). Ethene ranges between 1.7 ppmv at 358.1
mbsf and 0.5 ppmv at 387.27 mbsf. Ethane was de-
tected in all measured headspace samples from Hole
U1386B and ranges between 0.7 and 6 ppmv.

In Hole U1386C, methane is 1191.4 ppmv at 420.6
mbsf and 3968.6 ppmv at the base of the hole at
524.2 mbsf, with a maximum of 5304.3 ppmv at
450.6 mbsf (Section 339-U1386C-10R-6). Ethene var-
ies between 0.4 ppmv and a maximum of 1.3 ppmv
at the base of Hole U1386C (524.2 mbsf), whereas
ethane varies between 1.3 and 11.5 ppmv.

Sedimentary geochemistry
Sediment samples were collected for analysis of
solid-phase geochemistry (inorganic and organic car-
bon) at a resolution of approximately one sample per
core in Holes U1386A–U1386C (Table T2). Weight
percent CaCO3 varies from 10 to 40 wt% (Fig. F38;
Table T2). Organic carbon is calculated to be be-
tween 0.4 and 1.5 wt% (Fig. F39A; Table T2).

Weight percent nitrogen (Fig. F39B; Table T2) was
measured downhole to 270.8 mbsf and ranges from
0.04 to 0.1 wt%. Total nitrogen variability decreases
below ~160 mbsf. The C/N ratio, used to distinguish
the origin of organic matter (marine versus terres-
trial) in sediment (Emerson and Hedges, 1988; Mey-
ers, 1997), ranges from 7.57 to 25.83 and indicates
that the organic carbon is mainly of marine origin
with a contribution from terrestrial matter (Fig.
F39C; Table T2). The higher C/N ratios, especially in
the uppermost 31 mbsf, are not unexpected given
the proximity of Site U1386 to land. Below 31 mbsf,
the C/N ratios decrease sharply, ranging from 7.57 to
12.83 and indicating degradation of organic matter
at this site (Ruttenberg and Goñi, 1997).

Interstitial water chemistry
Major cations and anions
Whole-round samples were taken downhole for in-
terstitial water analysis from Hole U1386A to 337.5
mbsf and from Hole U1386B to 448.5 mbsf. Biscuit-
ing of XCB cores made proper removal of contami-
nation (i.e., drilling slurry) from whole-round sam-
ples progressively more difficult farther downhole.
In particular, the presence of sulfate was noted in at
least one Hole U1386B sample far below the base of
the sulfate reduction zone, which is indicative of
contamination by drilling fluid. For this reason, the
measurements from Hole U1386B are excluded from
the following analysis.

Sulfate concentrations drop markedly in the upper-
most part of Hole U1386A, from 28.9 mM for seawa-
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ter at the seafloor to 20 mM at 3 mbsf to 0 mM at
12.5 mbsf (Fig. F40A; Table T20), indicating very
high rates of sulfate reduction at this site with high
sediment accumulation rates. Alkalinity is elevated
in the upper 12.5 mbsf, averaging 8–10 meq/L, de-
creases to ~5 meq/L at 32 mbsf, and remains low
downhole to 175 mbsf (Fig. F40B; Table T20). An al-
kalinity peak of 8 mM occurs at 187 mbsf followed
by a decline to 250 mbsf and an increase to a maxi-
mum near the base of Hole U1386A (Fig. F40B; Table
T20). Ammonium concentrations increase rapidly in
the upper 32 mbsf and slowly continue to climb to
the base of Hole U1386A (Fig. F40C; Table T20).

The sulfate–methane transition (see discussion in
“Geochemistry” in the “Site U1385” chapter [Expe-
dition 339 Scientists, 2013c]) is marked by sulfate de-
pletion at 12.5 mbsf and a rise in methane between
12.5 and 22 mbsf (Fig. F40D). Methane reaches peak
concentrations of 48,000 ppmv at 42 mbsf, decreases
downhole to 100 mbsf, and remains relatively low to
the bottom of the hole.

Calcium concentrations are 8.5 mM at the surface
and decrease rapidly to a minimum of 3.5 mM at
12.5 mbsf (Fig. F41A; Table T20). Magnesium con-
centrations decrease from surface values of 50–55 to
~30 mM at 100 mbsf and remain relatively un-
changed to the base of Hole U1386A (Fig. F41B; Ta-
ble T20). Potassium shows a similar pattern of values
decreasing downhole from 11 mM near the surface
to ~6 mM near the base of the hole (Fig. F41C; Table
T20).

Chloride concentration decreases downhole from
586 mM near the surface to 569 mM at 60 mbsf. Be-
low 60 mbsf, chloride values are scattered around
570 mM (Fig. U1386-H-F6). Sodium to chloride ra-
tios are all near the seawater value of 0.86, indicating
that downhole changes in chloride are not affected
by underlying brines (Fig. F42).

The observed interstitial water profiles are largely the
result of microbially mediated reactions involving
organic matter, carbonate diagenesis, and diffusion.
Sulfate reduction and methanogenesis are the domi-
nant processes in the upper 100 mbsf. Methane dif-
fusing upward into the sulfate reduction zone is rap-
idly consumed by anaerobic methane oxidation.
Both sulfate reduction and anaerobic methane oxi-
dation produce alkalinity (Gieskes, 1983; Boetius et
al, 2000):

2CH2O + SO4
2–  2HCO3

– + H2S and

CH4 + SO4
2–  HCO3

– + HS– + H2O.

High alkalinity promotes authigenic carbonate pre-
cipitation, which explains the minimum in calcium
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at 12.5 mbsf (Fig. F41A; Table T20). Calcium and
magnesium are negatively correlated with a slope of
~2 (Fig. F43A; Table T20). Dolomitization of calcite
may account for this relationship because one mech-
anism of dolomite formation involves replacement
of half of the Ca2+ ions by Mg2+, resulting in removal
of magnesium and addition of calcium to interstitial
water. Bacterial sulfate reduction can eliminate ion
pairing between magnesium and sulfate in sediment
pore waters (Katz and Ben-Yaakov, 1980) and create
a high-magnesium environment conducive to dolo-
mite formation.

Minor elements
Strontium, barium, and lithium have similar pat-
terns showing increasing concentrations downhole
(Fig. F44A–F44C; Table T20), whereas boron shows
an inverse pattern and generally decreases downhole
(Fig. F44D; Table T20). Silicon concentrations range
between 100 and 200 µM in the upper 150 m of Hole
U1386A and increase to an average of 250 µM below
(Fig. F44E; Table T20). Iron and manganese are be-
low detection limits in all but the uppermost core.
Calcium, strontium, barium, and lithium are posi-
tively correlated, suggesting they are controlled by
similar processes, namely carbonate diagenesis (Figs.
F43B, F44A–F44C).

Stable isotopes
Samples for stable isotope analysis were collected
from the base of each section of every core taken in
Hole U1386A for the upper 350 mbsf using a syringe,
with the exception of Section 6 in each core where a
5 cm whole-round sample was taken. Rhizon sam-
ples were taken from the middle (~75 cm) of Section
6 for comparison. Only the upper 83 mbsf were ana-
lyzed shipboard for δ18O and δD.

Interstitial water δ18O and δD values increase down-
hole from bottom water values at the top of Hole
U1386A to a broad maximum between ~27 and 55
mbsf (Fig. F45; Table T21). δ18O and δD are positively
correlated, with a slope that is indistinguishable
from the modern δ18O-δD relationship from a nearby
hydrographic profile (Fig. F46). The downhole peak
in δ18O and δD is suggestive of an increase in the iso-
topic composition of seawater during the last glacial
period, which has been attenuated by diffusion
(McDuff, 1984; Schrag and DePaolo, 1993). However,
this interpretation is not supported by the downhole
chloride profile. Contrary to the expected trend
caused by glaciation (Adkins and Schrag, 2001,
2003), chloride concentrations decrease in the upper
50 mbsf where δ18O and δD increase (Fig. F45). The
decreasing downhole trend in chloride concentra-
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tion paired with increases in both δ18O and δD likely
indicates the in situ presence of gas hydrates that
dissociated upon sediment recovery (Kastner et al.,
1991; Dählmann and de Lange, 2003). 

The opposite trends in chloride and water isotopic
ratios will need to be investigated further postcruise
after chloride measurements are measured at higher
resolution.

Summary
The interstitial water profile at Site U1386 is domi-
nated by organic matter diagenesis with a sharp de-
crease in C/N ratios at ~31 mbsf, a shallow sulfate re-
duction zone in the uppermost 12.5 mbsf, and
methanogenesis below. High alkalinity associated
with sulfate reduction and anaerobic methane oxida-
tion has resulted in authigenic calcite and dolomite
formation. Iron sulfide minerals formed as a conse-
quence of sulfate reduction. A simultaneous down-
hole increase in interstitial water δ18O and δD and
decrease in chloride concentration suggests that gas
hydrates are present in the sediments at Site U1386
and have dissociated upon core recovery. 

Downhole measurements
Logging operations

Downhole logging measurements in Hole U1386C
were made after completion of RCB coring to a total
depth of 526 m drillers depth below seafloor (DSF).
In preparation for logging, the hole was flushed with
a 30 bbl sweep of high-viscosity mud and the bit was
released at the bottom of the hole. The hole was
then displaced with 172 bbl of barite-weighted mud
(10.5 ppg), and the pipe was pulled up to 102.4 m
DSF. Three tool strings were deployed in Hole
U1386C: a modified triple combo, the FMS-sonic,
and the VSI (Fig. F47; see also “Downhole measure-
ments” and Table T6 in the “Methods” chapter [Ex-
pedition 339 Scientists, 2013b] for tool definitions).
The triple combo was modified to include both the
old phasor dual induction–spherically focused resis-
tivity tool (DIT-SFL) and the new High-Resolution
Laterolog Array (HRLA) in order to test the HRLA in
low-resistivity formations (see Table T6 in the
“Methods” chapter [Expedition 339 Scientists,
2013b] for tool definitions).

At 1935 h on 7 December 2011, the triple combo
tool string (resistivity, density, and NGR tools) de-
scended from the rig floor into the pipe (Fig. F48).
When the tool string was just below the end of the
pipe, the wireline heave compensator (WHC) set-
tings were optimized to minimize downhole tool
motion. The downlog proceeded at ~1000 m/h and
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reached the base of the hole at ~526 mbsf. The hole
was logged up to seafloor at 275 m/h. The tool string
returned for a short uphole repeat section from 227
to 103 m wireline depth below seafloor.

Rig-up of the FMS-sonic tool string started at 0245 h
on 8 December. A downlog was taken at 730 m/h,
from which we established the best settings for
source frequency and automated P-wave velocity
picking from the sonic waveforms. The tool string
was blocked from further downhole progress by a
bridge at 375 mbsf that had been observed in the tri-
ple combo run but had now fully closed up. Two up-
hole passes of the FMS-sonic tool string were run,
Pass 1 to the seafloor and Pass 2 to the base of the
pipe, both at 550 m/h. Rig-down was completed at
0930 h.

Marine mammal watch for the VSP started at 0800 h.
The soft-start of the Sercel G. Gun parallel cluster
(two 250 in3 air guns separated by 1 m) started at
0930 h. The air gun cluster was positioned on the
port side of the JOIDES Resolution at a water depth of
~7 mbsl with a borehole offset of ~45 m. Before
reaching the bottom of the hole, a short uplog was
taken from 334 to 290 mbsf to ensure depth accu-
racy by comparing the shape of the VSI gamma
curve to those of the other logging runs. The VSI tool
string reached the blocked zone at 369 mbsf, a few
meters shallower than the previous tool string. Ob-
taining a good clamp with the VSI caliper arm was
difficult, probably because of the rugose borehole
and soft formation, and consequently the received
sonic waveforms were noisy. The initial plan was to
make check shot stations at 25 m intervals, but be-
cause of the variability in borehole diameter, station
depths were relocated to where the borehole was
smooth and in gauge based on examination of the
triple combo caliper curve. Only a fraction of the
shots produced clean first arrivals, but enough first
arrivals were taken at most stations to stack. A good
first arrival pick in the upper part of the hole was es-
pecially difficult to obtain.

The log data quality was reduced by washouts and
bridging of the borehole wall. Although the borehole
had a baseline diameter (10–11 inches) close to the
bit size, small- to large-scale washouts were pervasive
throughout the logged section (Fig. F49). The 406–
412 mbsf interval was washed out beyond the limit
of the Hostile Environment Litho-Density Sonde
(HLDS) caliper, and the narrow section at 376–383
mbsf found during the triple combo run subse-
quently blocked the hole for the next two tool
strings. Resistivity, sonic velocity, and NGR logs were
generally robust to changes in hole diameter, al-
though there was some reduction in values in the
larger washouts. Density was more affected, with
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lower density values than core measurements in
washouts (Fig. F49). The photoelectric effect log has
anomalously high values, especially in the washouts,
because barium in the logging mud swamped the sig-
nal. However, barite-weighted mud was a necessity
to keep the borehole open. The FMS resistivity im-
ages were also dominated by poor contact with the
borehole wall in the washed out areas.

Differences were observed in the seafloor depth
given by the step in the gamma radiation logs. The
triple combo main pass found seafloor at 575 mbrf
and FMS-sonic Pass 2 found it at 570 mbrf, compared
to the drillers mudline at 573.2 mbrf (Hole U1386A).
The differences were partly due to tides; sea level was
at +0.8 m for the triple combo main pass, –0.8 m for
FMS-sonic Pass 2, and –0.9 m for the drillers mudline
in Hole U1386A (Fig. F48). Seas were calm (maxi-
mum peak-to-peak heave = 40–50 cm), giving little
contribution to the offset, and the hole was rela-
tively shallow, so cable stretch was not an issue ei-
ther. Some variability is typical in choosing the exact
point at which the gamma ray log steps up at the
seafloor because it can appear as a gradual change.
The remaining difference between the triple combo
and FMS-sonic tool string seafloor depths can be at-
tributed to the WHC. A ~43 cm difference exists be-
tween the upper and lower extents of the “home”
window of the WHC flying head, which translates to
a 2.6 m difference in cable length because of the six-
wheel pulley system of the compensator. However, a
reasonably good depth match between the open-
hole NGR logs between logging runs and the core
data was achieved using a seafloor depth of 573 mbrf
for the triple combo tool string main pass and 570
mbrf for the second pass of the FMS-sonic tool
string.

Logging units
Hole U1386C downhole logs have moderately high
amplitude variability on a several-meter to submeter
scale, and the character of the logs changes gradually
downhole with no major steps in the base levels.
Therefore, the entire logged interval was assigned to
one logging unit (Fig. F49). At the scale of this unit,
the NGR signal typically ranges from 50 to 70 gAPI
and is dominated by the radioactivity of potassium
and thorium, with uranium contributing a relatively
minor component (Fig. F50). Potassium and thorium
curves are closely correlated. Both elements are
found in clay minerals. Quartz, calcite, and illite
comprise as much as >80% of the sediment at Site
U1386 based on bulk XRD analyses (see
“Lithostratigraphy”), so the NGR signal is primarily
tracking clay content (quartz and calcite contain no
radioactive elements). Minerals like K-feldspar and
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mica also contribute to the NGR signal. Density and
sonic velocity logs increase downhole, reflecting sed-
iment compaction with depth. Low density values
generally correspond to intervals with borehole en-
largements and lower NGR values.

Logging Unit 1 was divided into three subunits based
on changes in mineralogy inferred from the potas-
sium log, a change in character of the density log,
and the onset of lithification.

Logging Subunit 1A: base of drill pipe
to 346 mbsf
The upper logging subunit is characterized by me-
dium-amplitude cyclic swings in bulk density, NGR
(including uranium, thorium, and potassium com-
ponents), resistivity, and sonic velocity values. Sev-
eral orders of cycles are observed, varying from 1 m
to several tens of meters in thickness (Fig. F49). The
potassium and thorium concentrations co-vary
closely, suggesting that clay content controls these
logs. The uranium concentrations generally vary in-
dependently or are anticorrelated. As expected from
downhole compaction, the resistivity, density, and
sonic velocity logs have an increasing downhole
trend and are generally well correlated.

Logging Subunit 1B: 346–464 mbsf
Logging Subunit 1B is distinguished from the sub-
unit above by its higher potassium content, which
reaches a maximum of 2.2% at 382.5 mbsf (Fig. F50).
The thorium content is relatively comparable to Sub-
unit 1A, suggesting that overall clay content remains
similar but additional potassium-bearing minerals
are present (see “Lithostratigraphy”) (e.g., K-feld-
spar, mica, and glauconite, which contains potas-
sium but only low levels of thorium compared to
other clay minerals). Subunit 1B is also characterized
by a reduction in the number of thin washouts, and
consequently the short wavelength variability disap-
pears from the density log, but the longer wave-
length swings remain. NGR continues to show cyclic
variability. A large decrease to anomalously low val-
ues in all logs between 406 and 412 mbsf is due to a
6 m thick washed out level, wider than the 18 inch
limit of the HLDS caliper arm, that possibly reflects a
loose coarse-grained interval (pebbly sand was recov-
ered at the same depth in Section 339-U1386B-45X-
CC). An interval of higher resistivity is observed
from 422 to 425 mbsf and probably correlates to
cores with a cemented sandy interval (Cores 339-
U1386B-6R through 8R). Resistivity returns to lower
values downhole and corresponds to unconsolidated
intervals. The transition between logging Subunits
1A and 1B does not correlate with any major
changes in sediment deposits or faunal assemblages
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(see “Lithostratigraphy” and “Biostratigraphy”). It
is close to the top of the termination of the Jaramillo
Subchron (C1r.1n), identified in Hole U1386A at
~344.6 mbsf (Section 339-U1386A-39X-4) and in
Hole U1386B at ~347.9 mbsf (Section 339-U1386B-
39X-6) (see “Paleomagnetism”), providing an age of
~0.988 Ma.

Logging Subunit 1C: 464–526 mbsf
Several intervals of high resistivity values are ob-
served in Subunit 1C at 465–475 and 478–481 mbsf
(Fig. F49). These high values likely represent the on-
set of more pervasive lithification and correlate with
cemented bioclastic turbidites and debrites (Cores
399-U1386C-12R through 15R; see “Lithostratigra-
phy”). In addition to the presence of sands, the
abundance of shell fragments in this interval may di-
lute the clay fraction and therefore contribute to the
lower gamma content observed in the same interval.
Potassium contents return to values similar to Sub-
unit 1A. The transition between logging Subunits 1B
and 1C corresponds to a major hiatus of at least 1.4
m.y. identified between Sections 339-U1386C-11R-
CC and 12R-1 by biostratigraphic analysis (see “Bio-
stratigraphy”).

Comparison of the HRLA and DIT-SFL 
resistivity logs

The Schlumberger HRLA resistivity tool (Griffiths et
al., 2000) was run in high-resistivity ocean crust on
the two most recent JOIDES Resolution IODP expedi-
tions (335 and 336) but until now has not been run
in unconsolidated sediments. Previous generations
of laterolog, such as the Dual Laterolog, were not de-
signed for low-resistivity unlithified sedimentary for-
mations such as those encountered during IODP ex-
peditions. However, the HRLA measurement range
extends to low resistivities and therefore is likely to
be suitable for IODP use. In Hole U1386C, we ob-
tained both HRLA and DIT-SFL resistivity logs in or-
der to compare absolute resistivity values, vertical
resolutions, and effects of washouts.

Overall, the two sets of logs show the same resistivity
trends and fluctuations in Hole U1386C (Figs. F49,
F51). The higher vertical resolution of the HRLA is
apparent in the deep-reading logs from both tools
(deep resistivity [RLA5] from the HRLA and deep in-
duction resistivity [IDHP] from the DIT-SFL; Fig.
F49). RLA5 has a ~30 cm vertical resolution, com-
pared to ~240 cm for IDPH, and IDPH follows almost
exactly the lower envelope of RLA5 resistivity values.
Zooming in on an example interval, 250–300 mbsf
(Fig. F51), the shallow-reading logs from both tools
have lower resistivity values than the deep-reading
logs, as expected, because the shallow-reading logs
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sample proportionately more seawater and less for-
mation than the deep-reading logs. For the shallow-
est reading logs (spherically focused resistivity [SFLU]
from the DIT-SFL and RLA1 from the HRLA), RLA1
has very slightly higher values and a higher vertical
resolution than SFLU. The separation of the shallow
and deep HRLA log values is much reduced where
the borehole diameter is in gauge (e.g., 285 mbsf)
and expanded where the hole is washed out (e.g.,
259 mbsf) or rugose (e.g., 268 mbsf), as is also the
case for the DIT-SFL. The vertical resolution of the
HRLA logs does not appear to drop off for the deeper
reading measurements, as is the case for the DIT-SFL
logs. The features in the HRLA resistivity logs were
cross-checked against the velocity logs. The same
features match very well in both (Fig. F51).

Formation MicroScanner images
Despite the rugosity of the borehole wall associated
with the presence of washout intervals, FMS resistiv-
ity images reveal numerous gradual and sharp transi-
tions between alternations of resistive and conduc-
tive beds larger than ~5 cm. Most of these
alternations correlate well with the resistivity curves
from the triple combo tool string (Fig. F52), but the
FMS images also reveal stratigraphic information at a
finer spatial resolution than the standard resistivity
logs. Where the silty sand layers correlate with lower
values in the gamma ray log (see ~341 and 362 mbsf
in Fig. F52), the FMS images illustrate smallest scale
changes in the sediment electrical properties that
may be related to the subtle changes in clay content
or in sediment hardness (see for example several-
centimeter thick, light–dark alternations from 345
and 354 mbsf in Fig. F52). Inclined bedding (appear-
ing as sinusoids) at slight angle is observed at some
depths. It will be possible to measure dip directions
and angle.

Cyclicity
Figure F53 illustrates the cyclic nature of the sedi-
ment record, which alternates between high and low
gamma ray log values at intervals of 5–10 m. As a
first rough estimate of the average duration of these
alternations, the cycles in Subunit 1A were counted.
For the 102–346 mbsf interval, ~35 alternations in
the potassium curve (average thickness = ~7 m) oc-
cur over an interval of ~700 k.y. (based on a mean
sedimentation rate of 0.35 m/k.y., see “Biostratigra-
phy” and “Paleomagnetism”). This gives an average
duration of approximately 20 k.y. for each cycle,
which is close to the orbital precession Milankovitch
cycle (~19 and 23 k.y. periodicity). Given the uncer-
tainties in the initial age estimates, the probability
that all cycles are not recorded equally well in the
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sediment record, and the subjective nature of count-
ing cycles, this early estimate requires further verifi-
cation. However, it certainly seems reasonable that
precession-band variability is recorded at Site U1386.
Nearby in the Gulf of Cádiz, gamma ray and sonic
log cyclic patterns have been observed in lower Plio-
cene sediments, where they were tuned to eccentric-
ity-modulated precession cycles of the 65°N summer
insolation curve (Sierro et al., 2000).

Vertical seismic profile and sonic velocity
One objective of the expedition was to establish the
age and lithologic origin of the seismic reflections
previously identified in seismic sections. The VSP,
traveltime derived from the sonic velocity log, and
synthetic seismograms provide three ways of making
these correlations between the stratigraphy and the
seismic sections.

Although many of the sonic waveforms recorded
downhole during the VSP were noisy, 12 out of the
14 stations yielded check shot traveltimes, ranging
from 0.9224 s two-way traveltime (TWT) at 143.2
mbsf to 1.1604 s TWT at the deepest station at 369.4
mbsf (Fig. F54; Table T22). Sonic traveltimes were
also calculated from the sonic log velocities, which
give two-way traveltimes within 0.01 s of those from
the VSP. Sonic velocities (104–354 mbsf) increase
downhole with a linear trend of ~0.1 km/s per 100
m. Extrapolating this trend to the base of the hole,
the interval velocity yields an estimate for 526 m of
1.309 s TWT (0.569 s below the seafloor reflection).
This is not an ideal method, but in the absence of ve-
locity data from the lowermost 172 m of the hole, it
is a simple assumption. The boundary between log-
ging Subunits 1B and 1C at 464 m (a hiatus in the
core) is at 1.2485 s TWT, which correlates well with a
previously defined unconformity by Llave et al.
(2001, 2007, 2011). The similarity of the resistivity
logs to the sonic velocity log (Fig. F49) offers the po-
tential for a “pseudosonic” log to be constructed
from the resistivity data to the base of the hole and
used as input for a synthetic seismogram.

Heat flow
Twelve APCT-3 downhole temperature measure-
ments in Holes U1386A and U1386B ranged from
13.56°C at 16.8 mbsf to 18.88°C at 167.2 mbsf (Table
T23), giving a geothermal gradient of 34.3°C/km
(Fig. F36). The measurements increase linearly with
depth, and the trend line intersects the seafloor at
13.1°C. The linearity over this depth range indicates
fairly steady temperature conditions on the century
scale, and that MOW bottom water at this location
and depth has been historically at a steady tempera-
ture of ~13°C. Oceanographic measurements indi-
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cate that MOW has warmed and become saltier over
the last few decades: deep MOW has warmed by
0.3°C over 20 y (Millot et al., 2006) and by 0.5°C
over 50 y (Potter and Lozier, 2004). Unfortunately, at
Site U1386 the bottom water temperature was diffi-
cult to determine accurately from the 12 APCT-3
temperature profiles. The average of the minimum
temperature in the profiles differed significantly be-
tween Holes U1386A and U1386B (12.79° and
13.65°C, respectively). The traditional method of es-
timating seafloor temperature, the average tempera-
ture while the APCT-3 is held at the mudline, yields
14.06° and 14.00°C for the two holes. Typically, bot-
tom water will be colder than the measured water in
the pipe, so the coldest temperature in the APCT-3
profile is normally more representative because of
the time needed for temperature equilibration.

Thermal conductivity under in situ conditions was
estimated from laboratory-determined thermal con-
ductivity using the method of Hyndman et al. (1974)
(see “Physical properties” in the “Methods” chapter
[Expedition 339 Scientists, 2013b]). The calculated in
situ values average 0.5% below the measured labora-
tory values. Thermal resistance was calculated by in-
tegrating the inverse of in situ thermal conductivity
over depth (Fig. F36). A heat flow of 42.1 mW/m2

was obtained from the linear fit between tempera-
ture and thermal resistance (Fig. F36) (Pribnow et al.,
2000). This value is in the lower half of the normal
range for heat flow on the Portuguese margin
(Grevemeyer et al., 2009).

Stratigraphic correlation
The meters composite depth (mcd) scale for Site
U1386 was based primarily on correlation of mag-
netic susceptibility between holes. NGR and GRA
density data provided confirmation of the correla-
tion in some intervals and were used as constraints
in other intervals where the magnetic susceptibility
was low or lacked correlative features. GRA density
provided the primary constraint for the first core in
each hole. Both cores recovered the mudline, but
Core 339-U1386B-1H was shifted (expanded) on av-
erage downhole by ~11 cm relative to Core 339-
U1386A-1H. The density anomalies could only be
correlated well with each other downhole to ~30
mcd.

The correlation is relatively straightforward down-
hole to 70 mcd but has several uncertain links be-
tween cores below this depth (Fig. F55). The first of
these uncertainties is with the connection between
the base of Core 339-U1386A-8H and the top of Core
339-U1386B-8H. The lack of distinct susceptibility or
density anomalies and the relatively broad NGR
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anomaly in this junction only constrain the correla-
tion to within about ±50 cm. The connection be-
tween the base of Core 339-U1386B-10H and the top
of Core 339-U1386A-11H is uncertain because of cor-
ing disturbance, which is severe over most of Core
339-U1386A-11H. Correlation below ~110 mcd,
which is just below the interval in Cores 339-
U1386A-12H and 339-U1386B-11H that contains a
sequence of very distinctive cyclic susceptibility
anomalies, is much more uncertain. Part of the un-
certainty arises from real coring gaps and part from
coring disturbance, as virtually all XCB cores are par-
tially disturbed, with the disturbance often consist-
ing of the ubiquitous occurrence of coring biscuits
(see “Lithostratigraphy”).

To achieve a composite depth scale beyond 110 mcd,
we first shifted the cores with a constant growth fac-
tor of 1.11 for the three holes at Site U1386, indicat-
ing an 11% increase in mcd values relative to meters
below seafloor (mbsf) values (Fig. F56). This growth
factor fits the upper part of the sequence. Subse-
quently, we shifted the individual cores upward or
downward for the best correlation between both
holes, taking into account that successive cores in
each hole do not overlap (Table T24). When no ap-
parent correlation existed between the base of one
core and the top of the next in the parallel hole, the
lower core (the one deeper in the mbsf scale) was ap-
pended to the base of the one above. Given the lack
of evidence for overlap, appending cores to each
other improves the odds that the spliced section will
contain a complete section, albeit with the possibil-
ity of some duplication. Some serious difficulties are
posed, however, by incomplete cores or cores with
no recovery (e.g., Cores 339-U1386A-25X and 339-
U1386B-20X) and conflicting magnetic susceptibility
values between parallel cores (e.g., Cores 339-
U1386A-24X, 339-U1386B-23X, and 339-U1386C-
4R). In these cases, the comparison between NGR
and logging HSGR data was used to improve con-
struction of the composite record.

The three holes cored at Site U1386 provide enough
material to produce a splice with relatively few gaps
within the upper 390 m of the section (Table T25).
Below this depth, most of the section is single-cored,
with coring gaps undoubtedly occurring between
each core (Fig. F55). Where possible, we avoided in-
cluding intervals in the splice that were disturbed
significantly by drilling, voids, and interstitial water
samples (Table T14). In addition, all magnetic sus-
ceptibility data were cleaned for the top of each sec-
tion and measurement outliers (Table T26).

To facilitate a direct comparison of the highly ex-
panded spliced record of Site U1386 with the origi-
nal mbsf scale, we transferred the mcd scale to mbsf
25



Expedition 339 Scientists Site U1386
values (i.e., mbsf*) by applying both a linear regres-
sion fit through the core tops of all holes (Fig. F57)
and forcing the fit line through the origin (i.e., at
zero mcd and mbsf*), revealing an average compres-
sion factor of 0.9006472906.

Finally, to test the robustness of our spliced record,
we compared the NGR core data in Holes U1386A
and U1386B with the logging HSGR data of Hole
U1386C (Fig. F58). Because of its relatively low reso-
lution (~20 cm), we included all NGR measurements
in both holes and plotted them on the mbsf* depth
scale, using a five-point moving average. The HSGR
data are plotted on the logging mbsf scale, which
was directly derived from the tool string. Character-
istic features within both records between 100 mbsf
(top of the logging operations) and 380 mbsf clearly
correlate to one another, suggesting that the spliced
core data contains an almost continuous strati-
graphic succession. The minor misalignment be-
tween NGR and HSGR anomalies are caused by very
small differences between the logging mbsf and the
mbsf* depth scales, which can be resolved using a
few tie points (Figs. F58, F59). Evidently, the com-
parison of NGR and HSGR data illustrates that the
spliced section is virtually complete downhole to
380 mbsf*, providing a useful guide for postcruise
studies to plan sampling strategies.
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gated, mounded, and separated drift and the location of Sites U1386
 H. Pereira, Escola Secundária de Loulé, Portugal, using Mirone and
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Figure F1. 3-D bathymetric map showing the northwest end of the Faro elon
(36°49.685′N, 7°45.321′W) and U1387 (36°48.321′N, 7°43.132′W) (made by
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Expedition 339 Scientists Site U1386
Figure F3. Paleoclimate records of Calypso piston Core MD99-2336 from the Faro-Albufeira Drift, Gulf of
Cádiz, from (A) Llave et al. (2006) and (B) Lebreiro and Voelker (unpubl. data from the MOWFADRI project).
Changes in grain size and thereby in the strength of MOW are revealed by the mean grain-size MOW variation
exactly correlated with Heinrich events and Dansgaard/Öschger cycles. VPDB = Vienna Peedee belemnite, LGM
= Last Glacial Maximum, IRD = ice-rafted debris. BP = before present, MIS = marine isotope stage.
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Figure F4. Bathymetric map with seismic track lines and locations of Sites U1386 and U1387 in the contourite
depositional system on the middle slope of the Gulf of Cádiz (base map made by R. León, Geological Survey,
IGME, Spain).
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Figure F5. Graphic lithology summary log, Site U1386. MOW = Mediterranean Outflow Water.
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Figure F6. Plots of downhole variations in lithology percentages, Holes U1386A–U1386C.
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Figure F7. Graphic lithologic summaries, Site U1386. A. Hole U1386A. (Continued on next two pages.)
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Lithologic Unit IA is composed mainly of nannofossil mud, 
calcareous silty mud with biogenic carbonate, and silty 
sand with biogenic carbonate, with lesser amounts of 
nannofossil ooze, silty mud with biogenic carbonate, and 
calcareous silty sand. Lithologic Unit IA is distinguished 
from Lithologic Unit IB by the greater importance of silty 
sand with biogenic carbonate in Lithologic Unit IA. 
Relatively long intervals of nannofossil mud in Unit IA 
(several meters or more in length) are characterized by 
very indistinct bedding. In intervals that contain coarser 
sediments, the most common bedding style is as 
bigradational grading sequences, which range from a few 
decimeters to several meters in thickness. Typically 
bigradational grading sequences show coarsening upward 
from nannofossil mud to calcareous silty mud to silty sand 
with biogenic carbonate, and then fining upward through 
calcareous silty mud into nannofossil mud. Sediment 
colors include a range of grays and dark grays, tending to 
greenish gray and dark greenish gray in the deeper part of 
the unit. Sparse to slight bioturbation is present throughout 
this unit. Drilling disturbance is generally limited to the 
upper few decimeters of each core. 

Lithologic Unit IB is composed mainly of nannofossil mud 
and calcareous silty mud, with lesser amounts of silty sand 
with biogenic carbonate, and sandy silt with biogenic 
carbonate. Lithologic Unit IB is distinguished from 
Lithologic Unit IA and IC by the reduced importance of 
coarser grained lithologies in Lithologic Unit IB. Relatively 
long intervals of nannofossil mud in Unit IB (several meters 
or more in length) are characterized by very indistinct 
bedding. In intervals that contain both major lithologies, the 
most common bedding style is the less complete 
bigradational grading sequence, which shows coarsening 
upward from nannofossil mud into calcareous silty mud, 
and then fining upward into nannofossil mud. The 
lithological contacts are generally gradational and 
bioturbated. Exceptions are a few beds of calcareous silty 
mud and/or silty sand with biogenic carbonate with sharp 
bases. Sediment colors include a range of dark gray and 
dark greenish gray. Sparse to slight bioturbation is present 
throughout this unit. The upper few decimeters of some 
cores are disturbed. Gas expansion and cracking are 
observed in some cores taken by APC, and biscuit is 
visible for some cores taken by XCB.

Lithologic Unit IC is composed mainly of nannofossil mud, 
calcareous silty mud with biogenic carbonate, and silty 
sand with biogenic carbonate. Lithologic Unit IC is 
distinguished from Unit IB by the increased abundance of 
coarser lithologies. Minor lithologies in Unit IC include 
biogenic mud, calcareous sandy silt, calcareous silty sand 
and pebbly sand. As is observed elsewhere in Lithologic 
Unit I, relatively long intervals of nannofossil mud in Unit 
IC (several meters or more in length) exhibit very 
indistinct bedding, defined primarily by subtle changes in 
color, bioturbation intensity, or silt/clay ratio. In intervals 
that contain multiple major lithologies, bigradational 
grading sequences are still common, typically from the 
top to bottom, nannofossil mud, calcareous silty mud, silty 
sand with biogenic carbonate, calcareous silty mud, and 
nannofossil mud. 
A few beds, located near the base of Unit IC, have sharp 
erosional bases, fining upward from silty sand with 
biogenic carbonate to calcareous silty mud, and exhibit a 
bioturbated top. Some of these beds contain rock 
fragments and glauconite grains. The pebbly sand was 
recovered as a bed of subrounded to rounded pebbles in 
a matrix of very fine to fine sand, however, this bed was 
recovered only in a core catcher, so that its texture may 
be an artifact of drilling. The pebbles are sandstone with 
calcareous cement.
The contacts between most lithologies, and between 
subjacent beds of nannofossil mud, primarily are 
gradational or bioturbated. Exceptions are sharp bases, 
irregular bases, and some sharp and inclined bases on 
silty sand or sandy silt beds. Sediment colors include a 
range of greenish gray. Sparse to slight bioturbation is 
present through this unit. Biscuit is observed in some 
cores.

A
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Figure F7 (continued). B. Hole U1386B. (Continued on next page.)
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Hole 339-U1386B Summary, Interval 0.0-455.78 m (CSF-A)
B

Lithologic Unit IA is composed mainly of nannofossil mud, 
calcareous silty mud with biogenic carbonate, and silty 
sand with biogenic carbonate, with lesser amounts of 
nannofossil ooze, silty mud with biogenic carbonate, and 
calcareous silty sand. Lithologic Unit IA is distinguished 
from Lithologic Unit IB by the greater importance of silty 
sand with biogenic carbonate in Lithologic Unit IA. 
Relatively long intervals of nannofossil mud in Unit IA 
(several meters or more in length) are characterized by 
very indistinct bedding. In intervals that contain coarser 
sediments, the most common bedding style is as 
bigradational grading sequences, which range from a few 
decimeters to several meters in thickness. Typically 
bigradational grading sequences show coarsening upward 
from nannofossil mud to calcareous silty mud to silty sand 
with biogenic carbonate, and then fining upward through 
calcareous silty mud into nannofossil mud. Sediment 
colors include a range of grays and dark grays, tending to 
greenish gray and dark greenish gray in the deeper part of 
the unit. Sparse to slight bioturbation is present 
throughout this unit. Drilling disturbance is generally 
limited to the upper few decimeters of each core. 

Lithologic Unit IB is composed mainly of nannofossil mud 
and calcareous silty mud, with lesser amounts of silty sand 
with biogenic carbonate, and sandy silt with biogenic 
carbonate. Lithologic Unit IB is distinguished from 
Lithologic Unit IA and IC by the reduced importance of 
coarser grained lithologies in Lithologic Unit IB. Relatively 
long intervals of nannofossil mud in Unit IB (several meters 
or more in length) are characterized by very indistinct 
bedding. In intervals that contain both major lithologies, the 
most common bedding style is the less complete 
bigradational grading sequence, which shows coarsening 
upward from nannofossil mud into calcareous silty mud, 
and then fining upward into nannofossil mud. The 
lithological contacts are generally gradational and 
bioturbated. Exceptions are a few beds of calcareous silty 
mud and/or silty sand with biogenic carbonate with sharp 
bases. Sediment colors include a range of dark gray and 
dark greenish gray. Sparse to slight bioturbation is present 
throughout this unit. The upper few decimeters of some 
cores are disturbed. Gas expansion and cracking are 
observed in some cores taken by APC, and biscuit is 
visible for some cores taken by XCB.

Lithologic Unit IC is composed mainly of nannofossil mud, 
calcareous silty mud with biogenic carbonate, and silty 
sand with biogenic carbonate. Lithologic Unit IC is 
distinguished from Unit IB by the increased abundance of 
coarser lithologies. Minor lithologies in Unit IC include 
biogenic mud, calcareous sandy silt, calcareous silty sand 
and pebbly sand. As is observed elsewhere in Lithologic 
Unit I, relatively long intervals of nannofossil mud in Unit 
IC (several meters or more in length) exhibit very 
indistinct bedding, defined primarily by subtle changes in 
color, bioturbation intensity, or silt/clay ratio. In intervals 
that contain multiple major lithologies, bigradational 
grading sequences are still common, typically from the 
top to bottom, nannofossil mud, calcareous silty mud, silty 
sand with biogenic carbonate, calcareous silty mud, and 
nannofossil mud. 
A few beds, located near the base of Unit IC, have sharp 
erosional bases, fining upward from silty sand with 
biogenic carbonate to calcareous silty mud, and exhibit a 
bioturbated top. Some of these beds contain rock 
fragments and glauconite grains. The pebbly sand was 
recovered as a bed of subrounded to rounded pebbles in 
a matrix of very fine to fine sand, however, this bed was 
recovered only in a core catcher, so that its texture may 
be an artifact of drilling. The pebbles are sandstone with 
calcareous cement.
The contacts between most lithologies, and between 
subjacent beds of nannofossil mud, primarily are 
gradational or bioturbated. Exceptions are sharp bases, 
irregular bases, and some sharp and inclined bases on 
silty sand or sandy silt beds. Sediment colors include a 
range of greenish gray. Sparse to slight bioturbation is 
present through this unit. Biscuit is observed in some 
cores.

The dominant lithologies within Unit II are silty sand with 
biogenic carbonate, calcareous silty mud, and 
nannofossil mud. The combination of major lithology is 
same as that of Unit I, however, the relative importance 
of nannofossil mud decreases significantly in Unit II. 
Minor lithologies include biogenic mud and calcareous 
sandy silt. In Unit II, the major lithologies are organized 
into sequences that are characterized by a sharp or 
erosional base, fining upward from silty sand to silty mud, 
and overlain by a bioturbated or gradational top. This 
pattern is especially abundant in 415 to 428 mbsf. The 
remainder of Unit II is composed of this type of normally 
graded sequence, interstratified with thick beds of 
nannofossil mud.
An additional bedding style in Unit II is represented by 
three thick massive beds that contain angular or 
contorted, cm- to dm-scale intraclasts of nannofossil 
mud, embedded in a shelly silty sand matrix. Each of 
these beds has a sharp to erosional base and a sharp 
upper contact. The intraclasts are randomly dispersed in 
the matrix, and are not graded by size. These beds are 
found in 464-474, 477-482, and 497-498 mbsf. Unit II 
lithologies were generally lithified enough to require 
cutting by a saw rather than by wire. Sparse to slight 
bioturbation is present throughout this unit, excluding 
some coarser beds where bioturbation is absent. Biscuit 
is visible in some cores.
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Figure F7 (continued). C. Hole U1386C.
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Lithologic Unit IB is composed mainly of nannofossil 
mud and calcareous silty mud, with lesser amounts of 
silty sand with biogenic carbonate, and sandy silt with 
biogenic carbonate. Lithologic Unit IB is distinguished 
from Lithologic Unit IA and IC by the reduced 
importance of coarser grained lithologies in Lithologic 
Unit IB. Relatively long intervals of nannofossil mud in 
Unit IB (several meters or more in length) are 
characterized by very indistinct bedding. In intervals that 
contain both major lithologies, the most common 
bedding style is the less complete bigradational grading 
sequence, which shows coarsening upward from 
nannofossil mud into calcareous silty mud, and then 
fining upward into nannofossil mud. The lithological 
contacts are generally gradational and bioturbated. 
Exceptions are a few beds of calcareous silty mud 
and/or silty sand with biogenic carbonate with sharp 
bases. Sediment colors include a range of dark gray and 
dark greenish gray. Sparse to slight bioturbation is 
present throughout this unit. The upper few decimeters 
of some cores are disturbed. Gas expansion and 
cracking are observed in some cores taken by APC, and 
biscuitting is visible for some cores taken by XCB.

Lithologic Unit IC is composed mainly of nannofossil mud, 
calcareous silty mud with biogenic carbonate, and silty 
sand with biogenic carbonate. Lithologic Unit IC is 
distinguished from Unit IB by the increased abundance of 
coarser lithologies. Minor lithologies in Unit IC include 
biogenic mud, calcareous sandy silt, calcareous silty sand 
and pebbly sand. As is observed elsewhere in Lithologic 
Unit I, relatively long intervals of nannofossil mud in Unit IC 
(several meters or more in length) exhibit very indistinct 
bedding, defined primarily by subtle changes in color, 
bioturbation intensity, or silt/clay ratio. In intervals that 
contain multiple major lithologies, bigradational grading 
sequences are still common, typically from the top to 
bottom, nannofossil mud, calcareous silty mud, silty sand 
with biogenic carbonate, calcareous silty mud, and 
nannofossil mud. 
A few beds, located near the base of Unit IC, have sharp 
erosional bases, fining upward from silty sand with 
biogenic carbonate to calcareous silty mud, and exhibit a 
bioturbated top. Some of these beds contain rock 
fragments and glauconite grains. The pebbly sand was 
recovered as a bed of subrounded to rounded pebbles in a 
matrix of very fine to fine sand, however, this bed was 
recovered only in a core catcher, so that its texture may be 
an artifact of drilling. The pebbles are sandstone with 
calcareous cement.The contacts between most lithologies, 
and between subjacent beds of nannofossil mud, primarily 
are gradational or bioturbated. Exceptions are sharp 
bases, irregular bases, and some sharp and inclined bases 
on silty sand or sandy silt beds. Sediment colors include a 
range of greenish gray. Sparse to slight bioturbation is 
present through this unit. Biscuitting is observed in some 
cores.

The dominant lithologies within Unit II are silty sand with 
biogenic carbonate, calcareous silty mud, and 
nannofossil mud. The combination of major lithology is 
same as that of Unit I, however, the relative importance 
of nannofossil mud decreases significantly in Unit II. 
Minor lithologies include biogenic mud and calcareous 
sandy silt. In Unit II, the major lithologies are organized 
into sequences that are characterized by a sharp or 
erosional base, fining upward from silty sand to silty mud, 
and overlain by a bioturbated or gradational top. This 
pattern is especially abundant in 415 to 428 mbsf. The 
remainder of Unit II is composed of this type of normally 
graded sequence, interstratified with thick beds of 
nannofossil mud.
An additional bedding style in Unit II is represented by 
three thick massive beds that contain angular or 
contorted, cm- to dm-scale intraclasts of nannofossil 
mud, embedded in a shelly silty sand matrix. Each of 
these beds has a sharp to erosional base and a sharp 
upper contact. The intraclasts are randomly dispersed in 
the matrix, and are not graded by size. These beds are 
found in 464-474, 477-482, and 497-498 mbsf. Unit II 
lithologies were generally lithified enough to require 
cutting by a saw rather than by wire. Sparse to slight 
bioturbation is present throughout this unit, excluding 
some coarser beds where bioturbation is absent. 
Biscuitting is visible in some cores.

C
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Expedition 339 Scientists Site U1386
Figure F8. Plots of smear slide abundances, Holes U1386A–U1386C.
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Figure F9. Core images of typical bioturbated nannofossil mud from Unit I (interval 339-U1386A-8H-3A, 0–
150 cm).
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Figure F10. Core images of typical bi-gradational mottled sandy bed from Subunit IA (Sections 339-U1386B-
43X-4A and 5A).
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Expedition 339 Scientists Site U1386
Figure F11. Photomicrographs of smear slides showing authigenic dolomite (rhombic grains) and glauconite
(greenish grains) (Samples 339-U1386A-10H-2A, 115 cm, and 339-U1386B-48X-1A, 27 cm).
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Figure F12. Photograph of almost-whole cold-water coral (Sample 339-U1386A-1H-1, 5–6 cm).
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Figure F13. Photograph of coral branch (Sample 339-U1386B-8H-3, 144 cm).
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Figure F14. Photograph of almost-whole pectin valve (Sample 339-U1386A-2H-6, 70–72 cm).
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Figure F15. Photograph of bivalve shell (Sample 339-U1386A-3H-5, 87–89 cm).
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Figure F16. Photograph of gastropod shell (Sample 339-U1386B-5H-4, 8–9 cm).
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Figure F17. Plots of XRD results and lithologic units, Holes U1386A–U1386C.
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Figure F18. Core images of typical bi-gradational mottled muddy/silty bed from Subunit IB (Section 339-
U1386A-13H-3A).

111.5

112.0

112.5

D
ep

th
 (

m
bs

f)

cm

B
i-g

ra
da

tio
na

l g
ra

di
ng

 

Gradational contact

Normal-graded silt

lnverse-graded silt

Gradational contact

Section 339-U1386A-13H-3A
Proc. IODP | Volume 339 49



Expedition 339 Scientists Site U1386
Figure F19. Photograph of gastropod shell (Sample 339-U1386B-21X-1, 113–115 cm).
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Figure F20. Core image of pebbly sand from the base of Subunit IC (Section 339-U1386B-45X-CC).
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Figure F21. Core images of rock fragments and glauconite-rich thin turbidite (intervals 339-U1386A-26X-3A,
26–30 cm, and 339-U1386B-28X-7A, 118–124 cm).
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Figure F22. Core images of typical sandy turbidite from Unit II (Section 339-U1386C-6R-2A).
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Figure F23. A. Core image with location of a typical debrite from Unit II (Section 339-U1386C-15R-5A). B. De-
brite with convolute bedding (interval 339-U1386C-12R-2A, 77–84 cm). C. Mud clast in a shelly sand matrix
(interval 339-U1386C-15R-5A, 45–52 cm).

Core 339-U1386C-15R

497.0

497.5

496.7

498.0

D
ep

th
 (

m
bs

f)

Coarse pebble- to
cobble-sized mud clast

Massive shelly sand

-14R

-15R

-CC

Interval 339-U1386C-12R-2A, 77–84 cmcm cm Interval 339-U1386C-15R-5A, 45–52 cm

A

CB

1H
2H
3H
4H
5H
6H
7H
8H
9H
10H
11H
12H
13H
14H
15H
16H
17H
18H
19H
20H
21H
22X
23X
24X
25X
26X
27X
28X
29X
30X
31X
32X
33X
34X
35X
36X
37X
38X
39X

1H
2H
3H
4H
5H
6H
7H
8H
9H
10H
11H
12H
13H
14H
15H
16H
17H
18H
19X
20X
21X
22X
23X
24X
25X
26X
27X
28X
29X
30X
31X
32X
33X
34X
35X
36X
37X
38X
39X
40X
41X
42X
43X
44X
45X
46X
47X
48X
49X
50X

1W

2R

3W

4R

5W

6R
7R
8R
9R
10R
11R
12R
13R
14R
15R
16R
17R
18R

Hole 
U1386A

Hole 
U1386B

Hole 
U1386C

Core recovery cm
Proc. IODP | Volume 339 54



Expedition 339 Scientists Site U1386
Figure F24. Core images of normal microfaults and dewatering structures associated with the microfaults (Sec-
tions 339-U1386C-16R-2).
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Figure F25. Photograph of bivalve (Sample 339-U1386C-13R-2, 53–54 cm).
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Figure F26. Photograph of gastropod shell (Sample 339-U1386C-12R-4, 77–78 cm). Shell was sawn when core
was opened.
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Figure F27. Plot of coarse sediment bed thickness and sedimentary process type, Holes U1386A–U1386C. Only
beds 40 cm thick or more were considered.
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Figure F28. Biostratigraphic events vs. depth, Site U1386. Events are plotted at their mean depth (Table T6).
For Hole U1386C, solid symbols are nannofossil datums and open symbols are planktonic foraminifer events.
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iterranean forest is mainly deciduous and evergreen
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Figure F30. Stratigraphic distribution of ostracod abundance and ostracod assemblages at Site U1386. Downhole
B is indicated by the light green line and plotted on the scale in the upper x-axis. Relative abundances of By
plotted on the lower x-axis. See text for details. Light yellow shaded area = Mid-Pleistocene Transition between
tocene revolution.

0 60 120 180
U1386A-1H-CC
U1386A-2H-CC
U1386A-3H-CC
U1386A-4H-CC
U1386B-5H-CC
U1386B-6H-CC
U1386B-7H-CC
U1386B-8H-CC
U1386B-9H-CC

U1386B-10H-CC
U1386B-11H-CC
U1386B-12H-CC
U1386B-13H-CC
U1386B-14H-CC
U1386B-15H-CC
U1386B-16H-CC
U1386B-17H-CC
U1386B-18H-CC
U1386B-19X-CC
U1386A-21H-CC
U1386A-22X-CC
U1386B-22X-CC
U1386A-24X-CC
U1386B-25X-CC
U1386A-27X-CC
U1386A-28X-CC
U1386A-29X-CC
U1386B-29X-CC
U1386A-31X-CC
U1386A-32X-CC
U1386A-33X-CC
U1386B-33X-CC
U1386A-35X-CC
U1386A-36X-CC
U1386A-37X-CC
U1386A-38X-CC
U1386A-39X-CC
U1386B-39X-CC
U1386B-41X-CC
U1386B-43X-CC
U1386B-45X-CC
U1386B-47X-CC
U1386B-49X-CC
U1386C-12R-CC
U1386C-14R-CC

U1386C-18R-4

No. Ostracods/sample Assemblage A Assemblage B Assemblage C

0 50 100 50 100

0 10 20

0 50 100

C
or

e 
Sa

m
pl

es

Krithe
Argilloecia
Cytheropteron

Bythoceratina
Pterigocythereis



Exp
ed

itio
n

 339 Scien
tists

Site U
1386

Proc. IO
D

P | V
olum

e 339
62

ations, yellow circles = component
= normal polarity, white = reversed
shed lines = expected geomagnetic
lumns, light blue circles = original

epresent SHMSL susceptibility plus
PC cores. (Continued on next four
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Figure F31. Paleomagnetism after 20 mT AF demagnetization, Site U1386. Blue triangles = discrete sample loc
inclinations of discrete samples with maximum angular deviation less than ~15°. In the Chron columns, black 
polarity, and gray = zones without a clear magnetostratigraphic interpretation. In Inclination columns, blue da
axial dipole inclinations at the site latitude during reversed (left) and normal (right) polarities. In Declination co
declinations and dark blue squares = FlexIt tool–corrected declinations. In Susceptibility columns, gray lines r
25 × 10–5 volume SI to better show the comparison with WRMSL susceptibility (black lines). A. Hole U1386A A
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Figure F31 (continued). B. Hole U1386A XCB cores. (Continued on next page.)
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Figure F31 (continued). C. Hole U1386B APC cores. (Continued on next page.)
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Figure F31 (continued). D. Hole U1386B XCB cores. (Continued on next page.)

200

250

300

350

400

450

19X

21X

22X
23X

24X

25X

26X

27X

28X

29X

30X

31X

32X
33X

34X

35X

36X

37X

38X

39X

40X

41X

42X

43X
44X

46X
47X

48X
49X

D
ep

th
 (

m
bs

f)

C1n

?C1r.1n

−90 −45 0 45 90 0 90 180 270 360 0 0.02

Inclination (°)Hole U1386B 

Core Chron

Declination (°) IntensitD



Exp
ed

itio
n

 339 Scien
tists

Site U
1386

Proc. IO
D

P | V
olum

e 339
66

0.04 0 20 40 60 80

Susceptibility (10-5 SI)/m)
Figure F31 (continued). E. Hole U1386C RCB cores.
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Expedition 339 Scientists Site U1386
Figure F32. AF demagnetization results for eight discrete samples, Site U1386. For each sample, the right plot
shows the vector endpoints of paleomagnetic directions measured after each demagnetization treatment on an
orthogonal projection (Zijderveld) plot. Squares = horizontal projections, circles = vertical projections. The left
plot shows the intensity variation with progressive demagnetization. Orthogonal projection plots illustrate the
removal of a steep drilling overprint by ~15–20 mT peak field AF demagnetization and possible ARM acqui-
sition during high-peak field (>55 mT) AF demagnetization, with the remaining magnetization providing a
well-resolved characteristic remanent magnetization.
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Figure F33. Plots of P-wave velocity (PWV) measured in Hole U1386B on the Whole-Round Multisensor Logger
(WRMSL; green line) and Section Half Measurement Gantry (discrete samples) in automatic (solid circles) and
manual (open circles) mode in Hole U1386A, wet bulk density measurements in Holes U1386A (red diamonds)
and U1386B (green diamonds), gamma ray attenuation density measured on the WRMSL in Holes U1386B
(black line) and U1386C (gray line), and magnetic susceptibility (MS) measured on the WRMSL in Holes
U1386B (black line) and U1386C (gray line) and on split cores in Holes U1386B (green) and U1386C (light
green). Note that records were cleaned for outliers and bad data at section ends, and susceptibility is plotted on
a logarithmic scale to account for the high range of values. PP = physical properties.
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Figure F34. Plots of color reflectance (L* and a*) and natural gamma ray (NGR) measurements in Holes U1386B
(black, red, and dark blue lines) and U1386C (gray, orange, and light blue lines). Note that the data have been
cleared for outliers and bad data at section ends. PP = physical properties.
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Figure F35. Plots of downhole distribution of discrete measurements of grain density, moisture content, and
porosity in Holes U1386A (dark solid symbols), U1386B (light solid symbols), and U1386C (open symbols). PP
= physical properties.
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Figure F36. Plots of heat flow calculations, Site U1386. A. Sediment temperatures in Holes U1386A and
U1386B. B. Thermal conductivity data from Hole U1386A (circles) with calculated thermal resistance (solid
line). C. Bullard plot of heat flow calculated from a linear fit of the temperature data.
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Figure F37. Plot of headspace gas analyses for volatile hydrocarbons, Site U1386.
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Figure F38. Plot of calcium carbonate, Site U1386. Solid circles = Hole U1386A, open circles = Hole U1386B,
red diamonds = Hole U1386C.
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Figure F39. A–C. Plots of calculated total organic carbon (TOC), total nitrogen (TN), and C/N ratio, Hole
U1386A.
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Figure F41. A–C. Plots of interstitial water calcium, magnesium, and potassium, Hole U1386A. Solid circles =
inductively coupled plasma–atomic emission spectrometer measurement, open circles = ion chromatograph
measurement.
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Figure F42. Plots of interstitial water chloride and Na+/Cl– ratio, Hole U1386A.
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Figure F43. A, B. Plots of calcium vs. magnesium and calcium vs. strontium, Hole U1386A.
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Figure F45. Plots of interstitial water stable isotopes and chloride from whole-round or syringe samples taken
at the base of each core, Hole U1386A. Red circles = replicate analyses. VSMOW = Vienna standard mean ocean
water.
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Figure F46. Plot of δ18O vs. δD, Hole U1386A. Solid circles = data from nearby GEOTRACES Station 1, open
circles = data from Site U1386. VSMOW = Vienna standard mean ocean water.
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Figure F47. Logging operations summary diagram, Site U1386. FMS = Formation MicroScanner, VSP = vertical
seismic profile.
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Figure F48. Plots of tides and ship heave, Site U1386. Tides were calculated using Tide Model Driver, a Matlab
front-end for the Oregon State University Tidal Data Inversion (Egbert and Erofeeva, 2002). Ship heave was de-
rived from acceleration measured by the motion reference unit in the moonpool area. FMS = Formation Mi-
croScanner, APCT-3 = advanced piston corer temperature tool. RMS = root-mean square.
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Figure F49. Downhole logs and logging units, Hole U1386C. HSGR = standard (total) gamma radiation, MAD
= moisture and density discrete samples, RHOM = bulk density, IDPH = deep induction resistivity, RLA5 = deep
apparent resistivity, PWC = P-wave caliper.
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Figure F50. Natural gamma radiation (NGR) logs and logging units, Hole U1386C. HSGR = standard (total)
gamma radiation, HCGR = computed gamma radiation.

070 (cps)
Core NGR Holes B, C

1A

1B

1C

0010 (gAPI)
Gamma ray HCGR

638 (inches)
Hole diameter

0010 (gAPI)
Gamma ray HSGR

510 (ppm)
Thorium

0 2.5(%)
Potassium

30 (ppm)
Uranium

Lo
gg

in
g 

un
it

Base of pipe

D
ep

th
 (

m
bs

f)

Hole 
U1386A

Hole 
U1386B

Hole 
U1386C

Core recovery

0

50

100

150

200

250

300

350

400

450

500

1W

2R

3W

4R

5W

6R
7R
8R
9R

10R
11R
12R
13R
14R
15R
16R
17R
18R

1H
2H
3H
4H
5H
6H
7H
8H
9H

10H
11H
12H
13H
14H
15H
16H
17H
18H
19X
20X
21X
22X
23X
24X
25X
26X
27X
28X
29X
30X
31X
32X
33X
34X
35X
36X
37X
38X
39X
40X
41X
42X
43X
44X
45X
46X
47X
48X
49X
50X

37X

1H
2H
3H
4H
5H
6H
7H
8H
9H
10H
11H
12H
13H
14H
15H
16H
17H
18H
19H
20H
21H
22X
23X
24X
25X
26X
27X
28X
29X
30X
31X
32X
33X
34X
35X
36X

38X
39X

Hole U1386C

0

50

100

150

200

250

300

350

400

450

500

D
ep

th
 (

m
bs

f)
Proc. IODP | Volume 339 85



Expedition 339 Scientists Site U1386
Figure F51. Comparison of High-Resolution Laterolog Array and Dual Induction Tool resistivity logs, Hole
U1386C. HSGR = standard (total) gamma radiation, IDPH = deep induction resistivity, IMPH = medium in-
duction resistivity, SFLU = spherically focused resistivity, RLA1–5 = apparent resistivity from computed focusing
modes 1–5 (1 = shallowest and 5 = deepest).

D
ep

th
 (

m
bs

f)

30X

31X

32X

33X

34X

29X

30X

31X

32X

33X

0010 (gAPI)
Gamma ray HSGR

638 (inches)
Hole diameter

25.0 (Ωm)
Resistivity SFLU

25.0 (Ωm)
Resistivity IMPH

25.0 (Ωm)
Resistivity IDPH

25.0 (Ωm)
Resistivity RLA1

25.0 (Ωm)
Resistivity RLA2

25.0 (Ωm)
Resistivity RLA3

25.0 (Ωm)
Resistivity RLA4

25.0 (Ωm)
Resistivity RLA5

2.25.1 (km/s)
Velocity Pass 1

2.25.1 (km/s)
Velocity Pass 2

250

255

260

265

270

275

280

285

290

295

300

Hole 
U1386A

Hole 
U1386B

Core recovery

Hole U1386C

250

255

260

265

270

275

280

285

290

295

300

D
ep

th
 (

m
bs

f)
Proc. IODP | Volume 339 86



Expedition 339 Scientists Site U1386
Figure F52. Comparison of lithology and downhole logs, Hole U1386C. HSGR = standard (total) natural
gamma radiation, IDPH = deep induction resistivity, RLA1 and 5 = shallow and deep apparent resistivity, FMS
= Formation MicroScanner. n.m. = nannofossil mud, s.m. = silty mud, s.s. = silty sand.
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Figure F53. Downhole logs of an example interval with cyclic alternations, Hole U1386C. HSGR = standard
(total) natural gamma radiation, IDPH = deep induction resistivity, RHOM = bulk density.
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Figure F54. Plot of vertical seismic profile waveforms and one-way traveltime picks, Site U1386.
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Figure F55. Plots of magnetic susceptibility vs. composite depth, Site U1386. A. 0–40 mcd. (Continued on next
14 pages.)
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Figure F55 (continued). B. 40–80 mcd. (Continued on next page.)
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Figure F55 (continued). C. 80–120 mcd. (Continued on next page.)

Depth (mcd)

0

40

80

120

160

M
ag

ne
tic

 s
us

ce
pt

ib
ili

ty
 (

in
st

ru
m

en
t u

ni
ts

)

10

312111

10
11

12

0

20

40

60

80

B A B A B A B

Site U1386 splice

Hole

Hole U1386A

Hole U1386B

Hole U1386C

80 90 100 110 120

80 90 100 110 120

C

A

Proc. IODP | Volume 339 92



Expedition 339 Scientists Site U1386
Figure F55 (continued). D. 120–160 mcd. (Continued on next page.)
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Figure F55 (continued). E. 160–200 mcd. (Continued on next page.)
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Figure F55 (continued). F. 200–240 mcd. (Continued on next page.)
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Figure F55 (continued). G. 240–280 mcd. (Continued on next page.)
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Figure F55 (continued). H. 280–320 mcd, with the Brunhes/Matuyama (B/M) polarity reversals. (Continued
on next page.)
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Figure F55 (continued). I. 320–360 mcd. (Continued on next page.)
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Figure F55 (continued). J. 360–400 mcd, with the estimated depth to the top of the Jaramillo Subchron. (Con-
tinued on next page.)
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Figure F55 (continued). K. 400–440 mcd, with the estimated depth to the bottom of the Jaramillo Subchron.
(Continued on next page.)
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Figure F55 (continued). L. 440–480 mcd. (Continued on next page.)
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Figure F55 (continued). M. 480–520 mcd. (Continued on next page.)
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Figure F55 (continued). N. 520–560 mcd. (Continued on next page.)
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Figure F55 (continued). O. 560–600 mcd.
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Figure F56. Plots of core top depths for mbsf vs. mcd, Site U1386. Lines fit through the core top depths for each
hole give the relative expansion of the mcd scale relative to the mbsf scale.
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Figure F57. Plot of core top depths for mcd vs. mbsf*, Holes U1386A–U1386C. Line fits through the core top
depths of all holes give an estimate of the amount the mcd scale has to be compressed to derive the mbsf* scale
(see text).
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Figure F58. Plots of comparison between the logging standard (total) gamma ray (HSGR) data in Hole U1386C
and the (five-point average) natural gamma ray (NGR) data in Holes U1386A and U1386B plotted on the mbsf
scale (below) and a corrected mbsf* scale (above).
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Figure F59. Plot of linear regression fit through 11 tie points between the NGR data in Holes U1386A and
U1386B on the mbsf* scale and logging standard (total) gamma ray data in Hole U1386C on the mbsf scale.
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Table T1. Coring summary, Site U1386. (Continued on next two pages.)

Hole U1386A
Latitude: 36°49.6885′N
Longitude: 7°45.3309′W
Time on hole (d): 2.1
Seafloor (drill pipe measurement below rig floor, m DRF): 571.7 (APC mudline) 
Distance between rig floor and sea level (m): 11.3 
Water depth (drill pipe measurement from sea level, mbsl): 560.7
Total penetration (drilling depth below seafloor, m DSF): 349.3
Total length of cored section (m): 349.3
Total core recovered (m): 347.04
Core recovery (%): 99.35
Total number of cores: 39

Hole U1386B
Latitude: 36°49.6880′N
Longitude: 7°45.3168′W
Time on hole (d): 2.7
Seafloor (drill pipe measurement below rig floor, m DRF): 573.2 (APC mudline)
Distance between rig floor and sea level (m): 11.3
Water depth (drill pipe measurement from sea level, mbsl): 562.2
Total penetration (drilling depth below seafloor, m DSF): 464.9
Total length of cored section (m): 464.9
Total core recovered (m): 421.6
Core recovery (%): 90.69
Total number of cores: 50

Hole U1386C
Latitude: 36°49.6773′N
Longitude: 7°45.3165′W
Time on hole (d): 3.8
Seafloor (drill pipe measurement below rig floor, m DRF): 573.2 (APC mudline)
Distance between rig floor and sea level (m): 11.3
Water depth (drill pipe measurement from sea level, mbsl): 561.9
Total penetration (drilling depth below seafloor, m DSF): 526
Total length of cored section (m): 140.2
Total core recovered (m): 82
Core recovery (%): 58.5
Total number of cores: 15

Site U1386 totals
Number of cores: 104
Penetration (m): 1340.2
Cored (m): 954.4
Recovered (m): 850.64 (89.1%)

Core
Date

(2012)
Time
(h)

Depth DSF (m)

Interval
advanced (m)

Depth CSF (m)

Length of core
recovered (m)

Curated
length (m)

Recovery
(%)

Top of cored
interval

Bottom of
cored interval 

Top of
recovered core 

Bottom of
recovered core 

339-U1386A-
1H 11 Nov 1305 0.0 3.8 3.8 0.0 3.80 3.86 3.80 102
2H 11 Nov 1340 3.8 13.3 9.5 3.8 13.54 9.77 9.74 103
3H 11 Nov 1415 13.3 22.8 9.5 13.3 23.27 9.95 9.97 105
4H 11 Nov 1455 22.8 32.3 9.5 22.8 33.17 10.31 10.37 109
5H 11 Nov 1530 32.3 41.8 9.5 32.3 42.23 9.86 9.93 104
6H 11 Nov 1555 41.8 51.3 9.5 41.8 50.36 8.47 8.56 89
7H 11 Nov 1640 51.3 60.8 9.5 51.3 61.25 9.96 9.95 105
8H 11 Nov 1720 60.8 70.3 9.5 60.8 70.67 9.76 9.87 103
9H 11 Nov 1800 70.3 79.8 9.5 70.3 80.18 9.81 9.88 103
10H 11 Nov 1845 79.8 89.3 9.5 79.8 90.28 10.30 10.48 108
11H 11 Nov 1920 89.3 98.8 9.5 89.3 97.18 7.91 7.88 83
12H 11 Nov 2105 98.8 108.3 9.5 98.8 108.74 9.89 9.94 104
13H 11 Nov 2155 108.3 117.8 9.5 108.3 118.36 10.01 10.06 105
14H 11 Nov 2235 117.8 127.3 9.5 117.8 126.92 9.10 9.12 96
15H 11 Nov 2305 127.3 136.8 9.5 127.3 137.01 9.69 9.71 102
16H 11 Nov 2355 136.8 144.0 7.2 136.8 143.95 7.15 7.15 99
17H 1 Dec 0045 144.0 151.6 7.6 144.0 151.64 7.68 7.64 101
18H 1 Dec 0125 151.6 160.5 8.9 151.6 160.57 8.98 8.97 101
19H 1 Dec 0230 160.5 167.2 6.7 160.5 167.28 6.78 6.78 101
20H 1 Dec 0320 167.2 176.7 9.5 167.2 178.05 10.81 10.85 114
21H 1 Dec 0455 176.7 183.1 6.4 176.7 183.12 6.40 6.42 100
22X 1 Dec 0735 183.1 186.5 3.4 183.1 188.62 5.52 5.52 162
23X 1 Dec 0835 186.5 196.0 9.5 186.5 196.27 9.75 9.77 103
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24X 1 Dec 0935 196.0 205.6 9.6 196.0 205.38 9.38 9.38 98
25X 1 Dec 1020 205.6 215.2 9.6 205.6 205.60 0.00 0.00 0
26X 1 Dec 1115 215.2 224.8 9.6 215.2 224.81 9.58 9.61 100
27X 1 Dec 1220 224.8 234.4 9.6 224.8 234.68 9.88 9.88 103
28X 1 Dec 1400 234.4 244.0 9.6 234.4 244.42 10.02 10.02 104
29X 1 Dec 1450 244.0 253.6 9.6 244.0 253.77 9.77 9.77 102
30X 1 Dec 1555 253.6 263.2 9.6 253.6 263.55 9.95 9.95 104
31X 1 Dec 1650 263.2 272.8 9.6 263.2 273.46 10.26 10.26 107
32X 1 Dec 1835 272.8 282.4 9.6 272.8 282.66 9.86 9.86 103
33X 1 Dec 1955 282.4 292.0 9.6 282.4 292.22 9.82 9.82 102
34X 1 Dec 2125 292.0 301.6 9.6 292.0 301.72 9.72 9.72 101
35X 1 Dec 2235 301.6 310.9 9.3 301.6 310.64 9.04 9.04 97
36X 1 Dec 2340 310.9 320.5 9.6 310.9 320.97 10.07 10.07 105
37X 2 Dec 0050 320.5 330.1 9.6 320.5 330.15 9.65 9.65 101
38X 2 Dec 0235 330.1 339.7 9.6 330.1 338.65 8.55 8.55 89
39X 2 Dec 0415 339.7 349.3 9.6 339.7 349.47 9.77 9.77 102

Advanced total: 349.3
Total interval cored: 347.04

339-U1386B-
1H 2 Dec 0835 0.0 7.3 7.3 0.0 7.32 7.32 7.32 100
2H 2 Dec 0940 7.3 16.8 9.5 7.3 17.28 9.97 9.98 105
3H 2 Dec 1020 16.8 26.3 9.5 16.8 26.78 9.94 9.98 105
4H 2 Dec 1100 26.3 35.8 9.5 26.3 36.07 9.62 9.77 101
5H 2 Dec 1150 35.8 45.3 9.5 35.8 45.89 10.04 10.09 106
6H 2 Dec 1235 45.3 54.8 9.5 45.3 54.25 8.90 8.95 94
7H 2 Dec 1310 54.8 64.3 9.5 54.8 65.10 10.09 10.30 106
8H 2 Dec 1350 64.3 73.8 9.5 64.3 74.22 9.92 9.92 104
9H 2 Dec 1425 73.8 83.3 9.5 73.8 84.05 10.28 10.25 108
10H 2 Dec 1505 83.3 92.8 9.5 83.3 93.36 10.09 10.06 106
11H 2 Dec 1600 92.8 102.3 9.5 92.8 102.88 10.08 10.08 106
12H 2 Dec 1635 102.3 111.8 9.5 102.3 110.76 8.46 8.46 89
13H 2 Dec 1715 111.8 121.3 9.5 111.8 119.93 8.13 8.13 86
14H 2 Dec 1810 121.3 130.8 9.5 121.3 129.79 8.49 8.49 89
15H 2 Dec 1935 130.8 140.3 9.5 130.8 141.33 10.53 10.53 111
16H 2 Dec 2020 140.3 148.1 7.8 140.3 148.10 7.80 7.80 100
17H 2 Dec 2115 148.1 157.6 9.5 148.1 158.27 10.17 10.17 107
18H 2 Dec 2155 157.6 162.3 4.7 157.6 162.33 4.73 4.73 101
19X 2 Dec 2345 162.3 167.9 5.6 162.3 170.60 8.30 8.30 148
20X 3 Dec 0100 167.9 177.5 9.6 167.9 167.90 0.00 0.00 0
21X 3 Dec 0210 177.5 187.1 9.6 177.5 186.39 8.89 8.89 93
22X 3 Dec 0330 187.1 196.6 9.5 187.1 196.75 9.65 9.65 102
23X 3 Dec 0450 196.6 206.2 9.6 196.6 204.88 8.28 8.28 86
24X 3 Dec 0550 206.2 215.9 9.7 206.2 214.60 8.4 8.40 87
25X 3 Dec 0705 215.9 225.5 9.6 215.9 224.17 8.27 8.27 86
26X 3 Dec 0815 225.5 235.1 9.6 225.5 235.31 9.81 9.81 102
27X 3 Dec 0915 235.1 244.7 9.6 235.1 244.88 9.78 9.78 102
28X 3 Dec 1035 244.7 254.3 9.6 244.7 254.46 9.76 9.76 102
29X 3 Dec 1145 254.3 263.9 9.6 254.3 263.08 8.78 8.78 91
30X 3 Dec 1245 263.9 273.5 9.6 263.9 273.67 9.77 9.77 102
31X 3 Dec 1335 273.5 283.1 9.6 273.5 283.43 9.93 9.93 103
32X 3 Dec 1450 283.1 292.7 9.6 283.1 293.08 9.98 9.98 104
33X 3 Dec 1550 292.7 302.3 9.6 292.7 299.83 7.13 7.13 74
34X 3 Dec 1720 302.3 311.9 9.6 302.3 312.08 9.78 9.78 102
35X 3 Dec 1855 311.9 321.5 9.6 311.9 321.84 9.94 9.94 104
36X 3 Dec 2035 321.5 331.1 9.6 321.5 331.02 9.52 9.52 99
37X 3 Dec 2150 331.1 340.6 9.5 331.1 340.91 9.81 9.81 103
38X 3 Dec 2325 340.6 350.1 9.5 340.6 350.35 9.75 9.75 103
39X 4 Dec 0135 350.1 359.6 9.5 350.1 359.80 9.70 9.70 102
40X 4 Dec 0305 359.6 369.2 9.6 359.6 369.32 9.72 9.72 101
41X 4 Dec 0450 369.2 378.8 9.6 369.2 379.34 10.14 10.14 106
42X 4 Dec 0550 378.8 388.4 9.6 378.8 388.57 9.77 9.77 102
43X 4 Dec 0655 388.4 398.0 9.6 388.4 398.08 9.68 9.68 101
44X 4 Dec 0750 398.0 407.6 9.6 398.0 405.66 7.66 7.66 80
45X 4 Dec 0845 407.6 417.2 9.6 407.6 407.98 0.33 0.38 3
46X 4 Dec 1000 417.2 426.8 9.6 417.2 423.66 6.46 6.46 67
47X 4 Dec 1100 426.8 436.4 9.6 426.8 428.94 2.14 2.14 22
48X 4 Dec 1230 436.4 445.9 9.5 436.4 446.67 10.27 10.27 108
49X 4 Dec 1400 445.9 455.4 9.5 445.9 451.16 5.26 5.26 55

Core
Date

(2012)
Time
(h)

Depth DSF (m)

Interval
advanced (m)

Depth CSF (m)

Length of core
recovered (m)

Curated
length (m)

Recovery
(%)

Top of cored
interval

Bottom of
cored interval 

Top of
recovered core 

Bottom of
recovered core 

Table T1 (continued). (Continued on next page.)
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DRF = drilling depth below rig floor, DSF = drilling depth below seafloor, CSF = core depth below seafloor. H = advanced piston coring system, X
= extended core barrel system, R = rotary core barrel system, W = washed interval. Time is Universal Time Coordinated.

50X 4 Dec 1705 455.4 464.9 9.5 455.4 455.78 0.38 0.38 4
Advanced total: 464.9

Total interval cored: 421.6

339-U1386C-
1W 5 Dec 1305 *****Drilled from 0.0 to 165.0 m DSF without coring*****
2R 5 Dec 1355 165.0 174.6 9.6 165.0 168.81 3.81 3.81 40
3W 5 Dec 1550 174.6 205.0 30.4 174.6 174.97 0.37 0.37 1.2
4R 5 Dec 1650 205.0 214.6 9.6 205.0 213.91 8.91 8.91 93
5W 6 Dec 0545 214.6 405.0 190.4 214.6 218.42 3.82 3.82 2
6R 6 Dec 0655 405.0 414.6 9.6 405.0 406.43 1.43 1.43 15
7R 6 Dec 0830 414.6 424.2 9.6 414.6 421.75 7.15 7.15 74
8R 6 Dec 0955 424.2 433.8 9.6 424.2 426.08 1.88 1.88 20
9R 6 Dec 1145 433.8 443.4 9.6 433.8 438.55 4.75 4.75 49
10R 6 Dec 1300 443.4 452.9 9.5 443.4 451.64 8.24 8.24 87
11R 6 Dec 1415 452.9 462.4 9.5 452.9 454.11 1.21 1.21 13
12R 6 Dec 1540 462.4 472.0 9.6 462.4 467.91 5.51 5.51 57
13R 6 Dec 1655 472.0 481.6 9.6 472.0 478.09 6.09 6.09 63
14R 6 Dec 1840 481.6 490.9 9.3 481.6 486.59 4.99 4.99 54
15R 6 Dec 2025 490.9 500.5 9.6 490.9 498.41 7.51 7.51 78
16R 6 Dec 2215 500.5 510.1 9.6 500.5 508.30 7.80 7.80 81
17R 7 Dec 0005 510.1 519.7 9.6 510.1 517.33 7.23 7.23 75
18R 7 Dec 0135 519.7 526.0 6.3 519.7 525.19 5.49 5.49 87

Advanced total: 526.0
Total interval cored: 86.19

Core
Date

(2012)
Time
(h)

Depth DSF (m)

Interval
advanced (m)

Depth CSF (m)

Length of core
recovered (m)

Curated
length (m)

Recovery
(%)

Top of cored
interval

Bottom of
cored interval 

Top of
recovered core 

Bottom of
recovered core 

Table T1 (continued).
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Table T2. Results from coulometric and CHNS analysis on whole-round squeezecake samples, Holes U1386A–
U1386C. (Continued on next page.)

Core,
section

Depth
(mbsf)

Calcium
carbonate

(wt%)

Inorganic
carbon
(wt%)

Total
carbon
(wt%)

Nitrogen
(wt%)

Organic
carbon
(wt%) C/N

339-U1386A-
1H-1 0.50 33.214 3.982 5.10 0.08 1.12 14.00
1H-2 2.00 27.663 3.317 4.68 0.10 1.36 13.60
1H-3 3.50 27.655 3.316 4.28 0.07 0.96 13.71
2H-1 4.30 20.908 2.507 4.06 0.06 1.55 25.83
2H-2 5.80 32.344 3.878 4.85 0.05 0.97 19.40
2H-3 7.30 32.587 3.907 4.73 0.05 0.82 16.40
2H-4 8.81 28.371 3.402 4.14 0.06 0.74 12.33
2H-5 10.31 30.707 3.682 4.57 0.05 0.89 17.80
2H-6 11.81 29.983 3.595 4.25 0.04 0.66 16.50
2H-7 12.97 27.863 3.341 4.02 0.07 0.68 9.71
3H-1 14.66 22.937 2.750 4.27 0.08 1.52 19.00
4H-1 24.17 26.200 3.141 3.84 0.05 0.70 14.00
4H-2 25.67 24.977 2.995 3.70 0.05 0.71 14.20
4H-3 27.18 21.598 2.590 3.49 0.04 0.90 22.50
4H-4 28.69 33.991 4.075 5.10 0.08 1.02 12.75
4H-5 30.20 31.888 3.823 4.62 0.06 0.80 13.33
4H-6 31.71 28.815 3.455 4.33 0.09 0.88 9.78
5H-6 41.21 29.869 3.581 4.50 0.09 0.92 10.22
6H-5 49.18 31.635 3.793 4.51 0.06 0.72 12.00
7H-6 60.18 29.834 3.577 4.05 0.04 0.47 11.75
8H-6 69.57 21.877 2.623 3.42 0.07 0.80 11.43
9H-6 79.24 19.945 2.391 2.89 0.06 0.50 8.33
10H-6 88.77 31.104 3.729 4.60 0.07 0.87 12.43
11H-5 94.60 25.718 3.084 3.49 0.04 0.41 10.25
12H-6 107.71 38.237 4.585 5.51 0.08 0.93 11.63
13H-6 117.18 32.017 3.839 4.41 0.05 0.57 11.40
14H-6 126.50 40.714 4.881 5.70 0.08 0.82 10.25
15H-6 136.05 23.410 2.807 3.29 0.06 0.48 8.00
16H-5 143.75 22.203 2.662 3.07 0.04 0.41 10.25
17H-5 151.22 34.082 4.086 4.95 0.07 0.86 12.29
18H-6 160.19 29.668 3.557 4.58 0.10 1.02 10.20
20H-7 176.75 24.590 2.948 3.82 0.09 0.87 9.67
21H-5 182.74 17.035 2.042 2.57 0.07 0.53 7.57
22X-3 187.46 30.347 3.638 4.33 0.08 0.69 8.63
23X-6 194.19 23.450 2.812 3.62 0.08 0.81 10.13
24X-6 204.29 21.523 2.581 3.24 0.08 0.66 8.25
26X-6 223.69 23.944 2.871 3.76 0.08 0.89 11.13
27X-6 233.23 26.100 3.129 3.89 0.08 0.76 9.50
28X-6 242.40 24.961 2.993 3.68 0.07 0.69 9.86
29X-6 251.96 27.228 3.265 4.00 0.06 0.74 12.33
30X-6 261.32 32.861 3.940 4.71 0.06 0.77 12.83
31X-6 270.87 27.527 3.300 4.00 0.06 0.70 11.67
32X-6 280.95 32.697 3.920
33X-5 289.74 24.072 2.886
34X-6 300.62 25.786 3.092
35X-6 309.49 18.086 2.168
36X-6 318.72 20.783 2.492
37X-6 328.84 26.748 3.207
38X-6 338.15 25.980 3.115
39X-6 348.30 26.194 3.141

339-U1386B-
38X-6 349.20 28.820 3.455
39X-6 357.97 25.985 3.116
40X-6 368.13 19.633 2.354
41X-6 377.41 19.457 2.333
42X-6 387.14 22.422 2.688
43X-6 396.82 22.786 2.732
44X-4 403.84 23.242 2.787
46X-3 421.61 16.449 1.972
47X-2 428.50 23.868 2.862
48X-6 443.81 14.586 1.749
49X-4 450.72 15.530 1.862
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Blank cells = no data.

Table T3. Average composition of main lithologies, Site U1386.

339-U1386C-
2R-1 168.58 33.646 4.034
4R-6 213.63 28.655 3.436
7R-1 415.70 14.879 1.784
9R-1 434.30 22.260 2.669
10R-1 444.09 10.959 1.314
11R-1 453.12 26.499 3.177
13R-2 474.54 27.081 3.247
13R-4 477.63 15.113 1.812
16R-6 508.15 31.179 3.738
17R-5 517.04 33.564 4.024

Sand
(%)

Silt
(%)

Clay
(%)

Siliciclastic
(%)

Detrital
carbonate

(%)

Biogenic
carbonate

(%)

Nannofossil mud 2–5 25–45 55–70 20–40 30–40 30–45
Calcareous silty mud 15–20 40–60 30–50 10–30 30–60 20–40
Silty sand with biogenic carbonate 30–45 40–50 15–30 30–40 30–45 20–30

Core,
section

Depth
(mbsf)

Calcium
carbonate

(wt%)

Inorganic
carbon
(wt%)

Total
carbon
(wt%)

Nitrogen
(wt%)

Organic
carbon
(wt%) C/N

Table T2 (continued).
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ornblende
(counts)

Augite
(counts)

Pyrite
(counts)

Aragonite
(counts)

182 NA NA 795
167 784 NA NA
165 648 NA NA
151 743 NA NA
140 NA 408 NA

76 NA NA 498
74 625 NA NA

615 634 NA NA
406 690 NA NA
320 788 NA NA
117 602 NA NA
422 779 NA NA
207 NA 227 432
296 564 NA NA
118 NA 233 NA
151 618 NA NA
144 541 NA 628

65 NA 165 360
214 NA NA 422
217 NA NA NA

25 612 375 NA
132 536 170 NA
147 696 NA 766
129 NA 359 NA
123 639 257 NA

40 572 1,087 NA
235 494 NA NA
120 NA NA 491
415 NA NA NA
305 NA NA NA
189 NA NA 647
106 619 NA NA
280 NA NA 704
286 NA 181 NA

NA 542 316 NA
155 715 389 NA
337 508 NA NA

58 NA NA 618
109 519 NA NA

57 NA NA 583
86 404 NA NA

445 533 NA NA
112 549 288 NA

81 511 NA NA
109 564 NA NA
346 803 NA NA
215 588 160 NA
363 910 150 NA
123 721 269 NA
Table T4. XRD data, Site U1386. (Continued on next page.) 

Hole, core, section,
interval (cm)

Depth
(mbsf)

Total
intensity
(counts)

Quartz
(counts)

Calcite
(counts)

K-feldspar
(counts)

Plagioclase
(counts)

Dolomite
(counts)

Chlorite
(counts)

Kaolinite
(counts)

Illite
(counts)

Smectite
(counts)

H

339-
U1386A-1H-1, 50–51 0.50 59,147 27,601 17,245 1,231 2,561 2,559 698 1,360 4,468 447
U1386A-2H-2, 50–51 5.80 75,296 35,884 15,835 661 3,084 7,056 1,214 2,167 8,121 323
U1386A-2H-6, 50–51 11.81 72,364 38,979 13,844 697 4,636 3,794 1,002 1,756 6,582 261
U1386A-3H-1, 136–137 14.66 60,768 33,692 13,066 524 1,822 3,065 NA 2,060 5,391 254
U1386A-4H-6, 137–138 31.71 53,506 22,381 14,658 526 1,553 1,730 1,215 2,588 7,946 361
U1386A-5H-6, 137–138 41.21 57,750 17,565 15,784 707 1,730 1,832 2,020 4,065 12,691 782
U1386A-6H-5, 137–138 49.18 48,183 21,335 15,702 412 1,204 2,005 628 1,441 4,371 386
U1386A-7H-6, 137–138 60.18 75,937 26,814 13,576 1,082 4,391 5,139 2,047 3,865 17,374 400
U1386A-8H-6, 117–118 69.57 69,312 26,319 11,042 946 2,702 2,089 2,064 3,976 18,502 576
U1386A-9H-6, 137–138 79.24 51,831 23,430 10,330 652 1,824 1,493 1,166 2,161 9,302 365
U1386A-10H-6, 137–138 88.77 69,090 31,254 16,603 830 2,228 4,861 1,189 2,587 8,530 289
U1386A-11H-5, 137–138 94.60 62,749 26,304 13,151 1,145 2,564 4,629 1,265 2,526 9,438 526
U1386A-12H-6, 137–138 107.71 60,399 17,994 22,155 552 1,302 2,555 1,381 3,062 9,912 620
U1386A-13H-6, 133–134 117.18 58,804 26,009 17,078 543 1,629 2,144 1,296 2,163 6,857 225
U1386A-14H-6, 108–109 126.50 46,343 15,070 23,622 328 566 942 611 1,171 3,232 450
U1386A-15H-6, 120–121 136.05 49,356 21,086 12,208 683 1,296 2,923 976 2,080 6,873 462
U1386A-16H-5, 100–101 143.75 41,890 20,366 8,696 642 1,319 1,742 767 1,675 5,079 291
U1386A-17H-5, 126–127 151.22 37,938 14,412 16,298 260 625 1,256 457 1,044 2,611 385
U1386A-18H-6, 110–111 160.19 45,847 19,845 16,731 449 1,220 1,427 NA 1,440 3,603 496
U1386C-2R-3, 58–59 168.58 58,622 32,602 17,655 378 1,113 1,953 737 1,327 2,293 347
U1386A-20H-7, 129–130 176.75 42,774 18,436 13,337 533 1,031 2,016 673 1,471 3,714 550
U1386A-21H-5, 137–138 182.74 47,119 26,652 8,483 847 2,089 1,434 830 1,563 3,917 466
U1386A-22X-3, 136–137 187.46 44,219 22,053 13,523 NA 1,156 1,510 520 1,231 2,202 415
U1386A-23X-6, 137–138 194.19 40,849 18,974 12,582 453 951 1,986 551 1,296 3,024 544
U1386A-24X-6, 79–80 204.29 43,428 21,302 10,965 1,431 1,362 1,375 713 1,160 3,537 564
U1386C-4R-6, 113–114 213.63 42,904 16,975 15,760 474 888 1,268 745 1,348 3,262 484
U1386A-26X-6, 96–97 223.69 52,506 26,647 13,780 803 1,676 2,444 694 1,491 3,657 585
U1386A-27X-6, 139–140 233.23 42,539 21,886 11,854 NA 1,314 1,542 573 1,345 3,043 371
U1386A-28X-6, 137–138 242.40 52,658 26,846 12,589 758 1,976 2,105 1,006 1,865 4,636 462
U1386A-29X-6, 127–128 251.96 55,215 26,359 13,406 1,266 3,624 2,450 937 1,951 4,645 272
U1386A-30X-6, 136–137 261.32 64,659 33,065 18,971 606 1,412 2,473 911 1,884 4,227 274
U1386A-31X-6, 145–146 270.87 47,884 22,722 13,412 422 1,017 2,615 909 1,822 3,716 524
U1386A-32X-6, 124–125 280.95 57,941 25,994 15,093 640 1,293 4,595 1,125 2,573 5,059 585
U1386A-33X-5, 134–135 289.74 62,157 25,248 10,840 998 2,079 2,334 2,307 3,968 13,384 532
U1386A-34X-6, 137–138 300.62 42,515 19,418 13,935 NA 1,394 938 768 1,349 3,294 561
U1386A-35X-6, 49–50 309.49 43,500 22,242 9,145 942 1,505 963 926 1,357 4,534 627
U1386A-36X-6, 130–131 318.72 68,282 46,850 8,718 1,122 1,979 2,780 770 1,306 3,566 346
U1386A-37X-6, 94–95 328.94 51,517 27,811 13,508 416 1,131 1,848 874 1,670 2,992 591
U1386A-38X-6, 55–56 338.15 52,703 19,677 15,883 585 1,494 1,468 1,476 2,514 8,209 769
U1386A-39X-6, 114–115 348.30 49,394 23,212 13,417 1,607 1,326 2,740 937 1,665 3,351 499
U1386B-40X-6, 103–104 368.13 34,837 14,000 11,763 587 680 1,150 725 1,170 3,589 683
U1386B-41X-6, 137–138 377.41 90,129 46,571 10,029 1,378 7,299 5,806 2,052 3,191 12,289 536
U1386B-42X-6, 137–138 387.14 58,801 23,294 12,533 1,091 1,598 4,696 1,681 3,026 9,326 607
U1386B-43X-6, 132–133 396.82 66,487 43,404 10,692 941 2,871 1,793 732 1,540 3,586 336
U1386B-44X-4, 134–135 403.84 52,402 23,944 11,304 731 1,356 3,175 1,348 2,644 6,772 455
U1386B-46X-3, 141–142 421.61 57,817 30,231 7,775 1,044 1,922 4,630 1,203 1,952 7,512 399
U1386B-47X-2, 50–51 428.50 56,368 30,431 10,253 653 1,678 3,485 937 1,806 5,739 423
U1386B-48X-6, 105–106 443.81 54,851 30,154 7,384 731 2,641 1,613 1,179 1,877 7,528 321
U1386B-49X-4, 51–52 450.72 43,810 25,990 7,591 729 1,973 799 477 1,314 3,518 306
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7 4,095 549 NA NA NA 453
7 2,933 609 64 419 858 NA
9 4,423 705 NA NA 233 NA

Lith.
unit Comment

 benthic), some of them IA

 benthic), some of them 

 benthic), some of them 

 benthic), some of them 

d tests, 10% quartz IB
 fragments, pyrite and 

 fragments, pyrite and 

yrite IC
ore difficult to identify)
erals, 1 subrounded 

ioclasts present Guadalquivir blue marls (Tortonian)?
Guadalquivir blue marls (Tortonian)?

 1 augite II

nite
ts)

Illite
(counts)

Smectite
(counts)

Hornblende
(counts)

Augite
(counts)

Pyrite
(counts)

Aragonite
(counts)
NA = no peak detected.

Table T5. Thin section description, Site U1386.

U1386C-14R-4, 59–60 486.49 48,858 24,151 14,119 538 1,549 1,058 829 1,51
U1386C-16R-6, 65-66 508.15 48,705 22,900 16,439 707 960 879 579 1,35
U1386C-17R-5, 94-95 517.04 48,080 17,294 20,844 478 1,097 886 711 1,40

Core, section,
interval (cm)

Thin section
number

Sample
type Description

339-U1386B-
1H-CC, 22–27 3 Sand Coarse material: abundant shell fragments, abundant foraminifers (planktonic +

are pyritized, sponge spicules
1H-CC, 22–27 4 Sand Coarse material: abundant shell fragments, abundant foraminifers (planktonic +

are pyritized, sponge spicules, quartz present
5H-CC, 26–31 5 Sand Coarse material: abundant shell fragments, abundant foraminifers (planktonic +

are pyritized, sponge spicules, 40% quartz
8H-CC, 38–45 7 Sand Coarse material: abundant shell fragments, abundant foraminifers (planktonic +

are pyritized, sponge spicules, 30%–40% quartz
14H-CC, 0–8 8 Sand Abundant foraminifers (planktonic++, benthic) + fragments, pyrite and pyritize
18H-CC, 22–27 9 Sand Abundant foraminifers (planktonic, benthic++) + fragments, echinoderm spine

pyritized tests, 20%–30% quartz
24H-CC, 48–53 10 Sand Abundant foraminifers (planktonic, benthic++) + fragments, echinoderm spine

pyritized tests, abundant glauconite and glauconitized tests, 15% quartz
33X-CC, 29–34 11 Sand 40% quartz, abundant foraminifers (planktonic, benthic++) + fragments, few p
36X-CC, 31–36 12 Sand Smaller grain size; 20%–30% quartz, abundant foraminifers and fragments (m
44X-CC, 29–34 13 Sand 70% quartz, 10% feldspar (among them plagioclase), opaques, few heavy min

zircon, rare foraminifers
45X-CC, 5–7 1 Pebble 50% clays, 40% quartz, 5% opaques, 5% micas, foraminifers and calcareous b
45X-CC, 28–30 2 Pebble 50% clays, 40% quartz, 5% opaques, 5% micas, foraminifers present
45X-CC, 28–30 14 Sand 70% quartz, 10% felspars (plagioclase), clays
47X-CC, 16–21 15 Sand 60% quartz, 10% feldspars (plagioclase), 10%–15% rock fragments, opaques,
50X-CC, 33–38 16 Sand 50% clays, 20% quartz, 10% felspars, 20% rock fragments

339-U1386C-
7R-4, 138 6 Pebble? Siliceous sandstone

Hole, core, section,
interval (cm)

Depth
(mbsf)

Total
intensity
(counts)

Quartz
(counts)

Calcite
(counts)

K-feldspar
(counts)

Plagioclase
(counts)

Dolomite
(counts)

Chlorite
(counts)

Kaoli
(coun

Table T4 (continued).
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ce, T = top, B = bottom. sin = sinistral, dex = dextral.

versized format.

86A depth (mbsf) Hole U1386B depth (mbsf) Hole U1386C depth (mbsf)

Bottom Mean Top Bottom Mean Top Bottom Mean

3.50 3.28 0.00 7.32 3.66
108.74 102.96 74.22 84.05 79.14
111.35 111.03 129.79 141.33 135.56
253.73 249.07 254.46 263.03 258.75
266.75 266.30 273.67 283.43 278.55

 379.34 388.57 383.96
388.57 398.08 393.33

407.93 423.66 415.80
407.93 423.66 415.80 406.43 421.75 414.09
428.94 446.67 437.81 426.08 438.55 432.32

428.94 446.67 437.81 426.08 438.55 432.32
451.16 455.78 453.47 451.64 454.08 452.86

454.08 462.85 458.47
461.81 462.60 462.21
461.81 462.60 462.21
454.08 462.85 458.47
454.08 462.85 458.47
454.08 462.85 458.47
475.45 482.24 478.85
454.08 462.85 458.47
454.08 462.85 458.47
506.52 507.95 507.24
506.52 507.95 507.24
514.34 515.51 514.93
515.31 516.76 516.03
Table T6. Biostratigraphic datums, Site U1386.

LrO = last regular occurrence, LaO = last abundant occurrence, FO = first occurrence, LO = last occurren

Table T7. Abundance of nannofossils, Site U1386. This table is available in an o

Event Reference Age (Ma)

Hole U13

Top

LrO Emiliania huxleyi (>4 µm) Flores et al., 2010 0.01 3.05
FO Emiliania huxleyi Raffi et al., 2006 0.26 97.18
LO Pseudoemiliania lacunosa Raffi et al., 2006 0.46 110.70
Stilostomella extinction Hayward, 2002; Kawagata et al., 2005 0.58–0.70 244.42
LO Reticulofenestra asanoi Raffi et al., 2006 0.90 265.85
FO Reticulofenestra asanoi Raffi et al., 2006 1.07
T paracme Neogloboquadrina

pachyderma (sin)
Lourens et al., 2004 1.21

LO large Gephyrocapsa (>5.5 µm) Raffi et al., 2006 1.24
LO Helicosphaera sellii Raffi et al., 2006 1.25
B paracme Neogloboquadrina

pachyderma (sin)
Lourens et al., 2004 1.37

FO large Gephyrocapsa (>5.5 µm) Raffi et al., 2006 1.61
LO Calcidiscus macintyrei Raffi et al., 2006 1.66
LO Discoaster brouweri Raffi et al., 2006 1.95
FO Globorotalia inflata Lourens et al., 2004 2.09
LO Globorotalia puncticulata Lourens et al., 2004 2.41
LO Discoaster pentaradiatus Raffi et al., 2006 2.51
LO Discoaster surculus Raffi et al., 2006 2.53
LO Discoaster tamalis Raffi et al., 2006 2.80
LO Sphaeroidinellopsis seminulina Hilgen, 1991 3.19
LO Sphenolithus spp. Raffi et al., 2006 3.70
LO Reticulofenestra pseudoumbilicus (>7 µm) Raffi et al., 2006 3.83
LaO Globorotalia margaritae Lourens et al., 2004 3.98
FO Globorotalia puncticulata Lourens et al., 2004 4.52
FO Ceratolithus acutus Raffi et al., 2006 5.34
LO Discoaster quinqueramus Raffi et al., 2006 5.54
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Table T8. Abundance of planktonic foraminifers, Holes U1386A and U1386B. (Continued on next two pages.)
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339-U1386A-
1H-CC 3.81 3.86 B D G D P P F R F F 
2H-CC 13.48 13.53 B D G D P P P F R P R A R 
3H-CC 23.22 23.27 B D G A P P P R B A 
4H-CC 33.11 33.16 B D G F R P A P F P R R P A R 
5H-CC 42.18 42.23 B D G A P P F P P F P R A R 
6H-CC 50.31 50.36 B D G D R P P P R P F R 
7H-CC 61.22 61.27 B D G F P P R R A P R A P R 
8H-CC 70.62 70.67 B D G F P P F R A R P A R 
9H-CC 80.13 80.18 B D G A P P P R R F P P F P R 
10H-CC 90.23 90.28 B D G F P R P F A R R A R 
11H-CC 97.13 97.18 B D G F P P F R R P P P A P 
12H-CC 108.69 108.74 B D G A P P R R P A F P P P F P R F 
13H-CC 118.14 118.19 B D G A P P R P F P P R A F 
14H-CC 126.87 126.92 B D G P F P P B A P R P P F F P R R F P 
15H-CC 136.96 137.01 B D G A P P P R P P A P P 
16H-CC 143.90 143.95 B A M A P P P P A P R 
17H-CC 151.59 151.64 B D G A P P A F P P P R A R 
18H-CC 160.52 160.57 B D G F P P P P R P P R D R 
19H-CC 167.23 167.28 B D G A P P P P F P P A P 
20H-CC 177.96 178.01 B D G A P P P F P P A P P 
21H-CC 183.05 183.10 B D M F P P P R P A P P 
22X-CC 188.57 188.62 B D G A P P A P R P P A 
23X-CC 196.20 196.25 B D G A P P F A P A 
24X-CC 205.33 205.38 B D M A R F P P F R P 
26X-CC 224.50 224.55 B D G F P F P P F F F 
27X-CC 234.63 234.68 B D G F F R P P R P F F F 
28X-CC 244.37 244.42 B D G F P P R R F A R F A F 
29X-CC 253.72 253.77 B A M A R P P F R F A P F 
30X-CC 263.50 263.55 B D G F F A R R P F F F 
31X-CC 273.41 273.46 B D G A R R R P R A R R 
32X-CC 282.61 282.66 B D G A P R P F P R F A R 
33X-CC 292.17 292.22 B D G A P P R R P R F P F 
34X-CC 301.67 301.72 B D G F P F P F P R A F 
35X-CC 310.59 310.64 B D G A R P R A P F 
36X-CC 320.92 320.97 B A G A P R R P R R A R 
37X-CC 330.10 330.15 B A G F P P R R P R D R 
38X-CC 338.60 338.65 B A G F P P F F P R P B 
39X-CC 349.42 349.47 B A G A P P R P R P P A F P 
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R R P 

R P 
A P R 
F F P 
R R R 
F P F 

P 
R F R 
P F P 

F P P 
F P P 

R R Abundant diatoms and 
radiolarians; some diatoms 
are pyritizied
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339-U1386B-
1H-CC 7.27 7.32 B D G F P R P F P F R R A 
2H-CC 17.22 17.27 B D G F P F F P P R A 
3H-CC 24.49 24.54 B D M A P P F F P R F 
5H-CC 45.79 45.84 B D M A P P R R F P F R A 
6H-CC 54.15 54.20 B D G A R B P F P A 
7H-CC 64.84 64.89 B D G D P P R R F 
8H-CC 74.17 74.22 B D M F P F P P F R R P A 
9H-CC 84.03 84.08 B D M F F B F F P A 
10H-CC 93.34 93.39 B D G A P F R F A 
11H-CC 102.83 102.88 B D G A R F F P R P F 
12H-CC 110.71 110.76 B D G A P P F R R A 
13H-CC 119.88 119.93 B D G A P R P F P R P A 
14H-CC 129.71 129.79 B D G F R B F D 
15H-CC 141.28 141.33 B D G A P P P R A R R A 
16H-CC 148.05 148.10 B D G A P P R F P P R P A 
17H-CC 158.22 158.27 B D G A P P R A P P P P P R 
18H-CC 162.28 162.33 B A G A P P P R F P P P A 
19X-CC 170.55 170.60 R D G A P R R F P R P P R P A 
21X-CC 186.34 186.39 D M F P R P P R P D 
22X-CC 196.70 196.75 B A G A P P P F P R P P P A 
23X-CC 204.83 204.88 B A G F P P F P A 
24X-CC 214.55 214.60 B A G F R P P P F P R P A 
25X-CC 224.12 224.17 B F M R P R P P R 
26X-CC 235.26 235.31 B A G P P P A P R 
27X-CC 244.83 244.88 B D G A P P P P P A P P A 
28X-CC 254.41 254.46 B D G F P P F A R R P F 
29X-CC 263.03 263.08 B D G F F F P R F P F A 
30X-CC 273.62 273.67 B D G F P F P R P F 
31X-CC 283.38 283.43 B D G A R F P P F F 
32X-CC 293.03 293.08 B D G D R P P F F P P R R 
33X-CC 299.78 299.83 B D G A R R F P R F 
34X-CC 312.03 312.08 B D G A R A P A F 
35X-CC 321.79 321.84 B D G F P F P A P F R F 
36X-CC 330.97 331.02 B D G A P R A A F A 
37X-CC 340.86 340.91 B D G A P P A A P P R P A 
38X-CC 350.30 350.35 R D G A P R A A F A 
39X-CC 359.75 359.80 B D G A F P R A R A P P F 
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Table T8 (continued). (Continued on next page.)



Exp
ed

itio
n

 339 Scien
tists

Site U
1386

Proc. IO
D

P | V
olum

e 339
119

 good, M = moderate. sin = sinistral, dex = dextral. See

F P P P Very few foraminifers; 
radiolarians present (at 
least three different 
species); pyritic pellets in a 
shape similar to a coin that 
could be molds of large-
sized diatoms or 
radiolarians; potentially 
diatom valves 
(recrystallized?)

R D P R Various types of lithic grains, 
including basaltic tephra

D R P 
R P F 

Residue consists of detrital 
sand with no foraminifers

Residue consists of abundant 
detrital sand with no 
foraminifers

Residue consists of abundant 
detrital grains; individual 
specimens of G. bulloides, 
G. inflata, N. pachyderma 
(dex) and (sin), G. calida, 
and O. universa were found

Residue formed by detrital 
sands, only two specimens 
of planktonic foraminifers 
were found, N. atlantica 
(dex) encrusted and G. 
bulloides

F F R R 
R A R R 
F P P P 
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Abundance: D = dominant, A = abundant, C = common, F = few, P = present, R = rare, B = barren. Preservation: VG = very good, G =
“Biostratigraphy” in the “Methods” chapter (Expedition 339 Scientists, 2013b) for abundance and preservation definitions.

40X-CC 369.26 369.31 B A M A P D R P F P 

41X-CC 379.29 379.34 B D G F P P P 

42X-CC 388.52 388.57 B D G F P P P P F P 
43X-CC 398.03 398.08 B A G D P P R F P R P R P P 
44X-CC 405.61 405.66 B B 

45X-CC 407.88 407.93 B B 

46X-CC 423.61 423.66 B P 

47X-CC 428.89 428.94 B P G 

48X-CC 446.62 446.67 B D G A P F F F R 
49X-CC 451.11 451.16 B D G A P F P 
50X-CC 455.73 455.78 B A VG A P R A F P P F 
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Table T8 (continued).
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F F P F 
F F P 
F P 

F F R P 
R A P 
R D P B R 
P F A R R 
R F P F Small pebbles; 

shell fragments
A R 
D R P Pyritic molds of 

diatoms
R R 
F F 
A F P P 
R P R 
F P 
D P F 
F F P 

P P 
A P P 
F R P P 
F P F P 
R P P P 
P A R P 
F R R P 
A P F P 
A P R P 
P F P P 
A P R 
A R R P
A P F 
A P R P P P 

 A P R P 
P P P P P 
A P R 
A F F 
A F 
Table T9. Abundance of planktonic foraminifers, Hole U1386C. (Continued on next page.)
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Top  Bottom 

339-U1386C-
2R-CC 168.76 168.81 G D A P R F P F R P R 
4R-CC 213.86 213.91 G D A P A P R F R F 
5W-CC 218.37 218.42 M D A P P A R F R R 
6R-CC 406.38 406.43 M R A P R P A P F 
7R-CC 421.70 421.75 G P A P P F B F 
8R-CC 426.03 426.08 G A F P P R P P 
9R-CC 438.50 438.55 G D A P P P F P 
10R-CC 451.59 451.64 G P A P F R P A 

11R-1, 31–33 453.21 453.52 G D A P P R A P 
11R-CC 454.03 454.08 G D A R P F P 

12R-1, 45–47 462.85 462.87 G F R A P P P R P P F 
12R-1, 82–84 463.22 463.24 D A F P P P R P P D 
12R-CC 467.86 467.91 M D R D P P P P R P P P F 
13R-3, 43–45 475.43 475.45 P A R F R R R D 
13R-CC 478.02 478.07 M R A A P P F P A 
14R-1, 62–64 482.22 482.24 F F P P R R D 
14R-3, 39–41 484.99 485.01 F R P R F P A 
14R-CC 486.54 486.59 G D P A A F P F P R A 
15R-1, 0–2 490.90 490.92 M A A F P P P A P A 
15R-1, 85–87 491.75 491.77 M D F A P R P A P P F P P 
15R-3, 48–50 494.38 494.40 A A R R R A 
15R-4, 24–26 495.64 495.66 G F F A P R P R R R R P F P 
15R-CC 498.36 498.41 G D P F A P R F R P A P R A 
16R-4, 43–45 505.43 505.45 M D R A R R R R P F P 
16R-5, 0–2 506.50 506.52 G D F F R P F R A A P 
16R-6, 43–45 507.93 507.95 M D P A P F R R P P R 
16R-CC 508.23 508.28 G F A A P P P P F R R R R 
17R-1, 0–2 510.10 510.12 M D F A F P P A R R P 
17R-1, 70–72 510.80 510.82 M A P F P F P P
17R-3, 27–29 513.37 513.39 A F P R P R P F P P 
17R-4, 55–57 515.15 515.17 M D R A A P P F P 
17R-5, 90–92 517.00 517.02 G D F R R A F R P R R P P
17R-CC 517.28 517.33 G F F A F P F F R A P 
18R-1, 58–60 520.28 520.30 M A A P P R P R R 
18R-3, 58–60 523.28 523.30 A A P F R P F R 
18R-4, 18–20 524.38 524.40 M R P F P P R R P R P 
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few, P = present, R = rare. Preservation: G = good, M = moderate, P = poor. sin = sinistral, dex = dextral. See “Biostratigraphy” in
r abundance and preservation definitions.
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Abundance: D = dominant, A = abundant, C = common, F = 
the “Methods” chapter (Expedition 339 Scientists, 2013b) fo
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Table T9 (continued).
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ble in an oversized format.

versized format.

 R = rare. See “Biostratigraphy” in the “Methods” chapter (Expedition 339 Scientists,
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Table T10. Abundance of benthic foraminifers, Site U1386. This table is availa

Table T11. Abundance of ostracods, Site U1386. This table is available in an o

Table T12. Abundance of pollen and spores, Site U1386.

Preservation: G = good, M = moderate, P = poor. Abundance: A = abundant, C = common, F = few,
2013b) for abundance and preservation definitions.
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Depth (mbsf)

Top Bottom

339-
U1386A-1H-CC 3.81 3.86 G A 116 F F R R F C R F 
U1386A-5H-CC 42.18 42.23 G A 88 F C C F F F F C
U1386A-8H-CC 70.62 70.67 G A 50 F C A F F C F F 
U1386A-15H-CC 136.96 137.01 G A 22 F A F F F A C A F 
U1386A-20H-CC 177.96 178.05 G A 88 F F C F F F F C C F F C F
U1386A-26X-CC 224.5 224.58 M A 113 F R F F R
U1386A-32X-CC 282.61 282.66 G A 100 F C F F F A C F 
U1386A-35X-CC 310.59 310.64 M A 60 F C C F A A C
U1386B-40X-CC 369.26 369.31 P A 23 F F F F F A C
U1386B-42X-CC 388.52 388.57 P A 57 C C C C A C F F 
U1386C-9R-CC 438.5 438.55 P A 73 F C A C F C C
U1386B-50X-CC 455.73 455.78 P A 106 C C C F R R F R F
U1386C-17R-CC 517.33 517.33 P A 113 R F F R R
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Table T13. FlexIt tool core orientation data, Site U1386.

Core
Orientation

angle (°)

Orientation
standard

deviation (°)

339-U1386A-
4H 85 1.0
5H 67 0.5
6H 326 0.4
7H 330 0.7
8H 155 0.4
9H 300 0.9
10H 356 0.3
11H 92 0.0
12H 30 0.8
13H 310 0.5
14H 176 0.7
15H 289 0.4
16H 137 0.1
17H 180 0.8
18H 245 0.4
19H 297 0.1
20H 357 0.3
21H 203 0.1

339-U1386B-
4H 274 0.7
5H 253 0.2
6H 250 0.2
7H 183 0.2
8H 86 0.3
9H 216 3.2
10H 274 1.3
11H 242 1.2
12H 281 0.8
13H 134 0.7
14H 157 1.3
15H 45 0.4
16H 187 0.3
17H 256 0.2
18H 294 0.3
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Table T14. Disturbed intervals, Site U1386. (Continued on next two pages.)

Core, section,
interval (cm)

Drilling disturbance

Intensity  Comment

339-U1386A-
1H-1 Moderate Slightly soupy mudline, extending down to about 15 cm but do not cull data in this interval
1H-1, 147–150 High IW tube sample
1H-2, 143–150 Void WR
2H-1, 0–1 Moderate Void and minor disturbance
2H-1, 143–150 High IW tube sample
2H-2, 142–150 High IW tube sample
2H-3, 143–150 High IW tube sample
2H-4, 143–150 High IW tube sample
2H-5, 143–150 High IW tube sample
2H-6, 116–120 Void WR
3H-1 Negligible Undisturbed core top
3H-1, 139–147 High IW tube sample
3H-1, 147–150 Void Void
3H-2, 141–150 High IW tube sample
3H-3, 143–150 High IW tube sample
3H-4, 143–150 High IW tube sample
3H-5, 145–150 High IW tube sample
4H-1 Negligible Undisturbed core top
4H-1, 145–150 High IW tube sample
4H-2, 145–150 High IW tube sample
4H-3, 145–150 High IW tube sample
4H-4, 145–150 High IW tube sample
4H-5, 145–150 High IW tube sample
4H-6, 145–150 Void WR
5H-1 Negligible Undisturbed core top
5H-1, 142–150 High IW tube sample
5H-2, 145–150 High IW tube sample
5H-3, 144–150 High IW tube sample
5H-4, 145–150 High IW tube sample
5H-5, 145–150 High IW tube sample
5H-6, 145–150 Void WR
6H-1, 0–13 High Disturbed core top
6H-1, 139–145 High IW tube sample
6H-2, 145–150 High IW tube sample
6H-3, 145–150 High IW tube sample
6H-4, 145–150 High IW tube sample
6H-5, 140–145 High IW tube sample
6H-5, 145–150 Void WR
7H-1 Negligible Undisturbed core top
7H-1, 141–150 High IW tube sample
7H-2, 143–150 High IW tube sample
7H-3, 143–150 High IW tube sample
7H-4, 143–150 High IW tube sample
7H-5, 140–150 High IW tube sample
7H-6, 145–150 Void WR
8H-1 Negligible Relatively undisturbed core top
8H-1, 140–150 High IW tube sample
8H-2, 140–150 High IW tube sample
8H-3, 140–150 High IW tube sample
8H-4, 140–150 High IW tube sample
8H-5, 140–150 High IW tube sample
8H-6, 130–135 Void WR
9H-1 Negligible Undisturbed core top
9H-1, 140–150 High IW tube sample
9H-2, 142–150 High IW tube sample
9H-3, 145–152 High IW tube sample
9H-4, 145–152 High IW tube sample
9H-5, 140–150 High IW tube sample
9H-6, 145–150 Void WR
10H-1 Negligible Undisturbed core top
10H-1, 142–150 High IW tube sample
10H-2, 121–125 High Crack
10H-2, 144–150 High IW tube sample
10H-3, 141–150 High IW tube sample
10H-4, 145–152 High IW tube sample
10H-5, 125–128 High Crack
10H-5, 145–154 High IW tube sample
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10H-6, 149–156 Void WR
11H-1, 0–19 High Disturbed core top
11H-2, 81–88 Void Void
11H-3, 0–4 High Void and disturbance
11H-3, 32–45 High Void and disturbance
11H-3, 91–94 High Void and disturbance
11H-3, 104–107 High Void and disturbance
11H-4, 0–8 High Void and disturbance
11H-4, 82–99 High Void and disturbance
11H-4, 116–126 High IW tube sample
11H-5, 140–150 High IW tube sample
11H-6, 74–145 High Flow-in
11H-6, 145–150 Void WR
11H-7, 0–80 High Flow-in
12H-1 Negligible Undisturbed core top; expansion cracks become more abundant from Core 12H downhole but are not included
12H-1, 141–150 High IW tube sample
12H-2, 143–150 High IW tube sample
12H-3, 142–150 High IW tube sample
12H-4, 141–150 High IW tube sample
12H-5, 144–150 High IW tube sample
12H-6, 147–152 Void WR
13H-1 Negligible Undisturbed core top
13H-1, 142–150 High IW tube sample
13H-2, 143–150 High IW tube sample
13H-3, 142–150 High IW tube sample
13H-4, 140–150 High IW tube sample
13H-5, 140–150 High IW tube sample
13H-6, 139–145 Void WR
14H-1, 0–19 High Disturbed core top
14H-1, 142–150 High IW tube sample
14H-2, 142–150 High IW tube sample
14H-3, 143–150 High IW tube sample
14H-4, 142–152 High IW tube sample
14H-5, 150–157 Void WR
15H-1 Negligible Undisturbed core top
15H-1, 48–55 High Void and disturbance
15H-1, 142–150 High IW tube sample
15H-2, 143–150 High IW tube sample
15H-3, 141–150 High IW tube sample
15H-4, 143–150 High IW tube sample
15H-5, 145–154 High IW tube sample
15H-6, 120–130 Void WR
15H-7, 35–60 High Partially crushed core liner
16H-1 Negligible An undisturbed core top
16H-1, 141–150 High IW tube sample
16H-2, 141–150 High IW tube sample
16H-3, 140–150 High IW tube sample
16H-4, 140–145 Void WR
16H-5, 74–83 High Void and disturbance
17H-1 Negligible Undisturbed core top
17H-1, 140–150 High IW tube sample
17H-2, 140–150 High IW tube sample
17H-3, 139–150 High IW tube sample
17H-4, 143–150 Void WR
17H-5, 106–111 Void Void
18H-1, 0–2 Minor Slightly disturbed core top
18H-1, 52–61 Void Void
18H-5, 141–150 Void WR
18H-6, 98–102 Void Void
19H-1 Negligible Undisturbed core top
19H-4, 143–150 Void WR
20H-1, 0–1 Moderate Slightly disturbed core top
20H-4, 56–61 Void Void
20H-7, 144–150 Void WR
21H-1 Negligible Undisturbed core top
21H-3, 116–150 High Void and disturbance
21H-4, 0–17 High Void and disturbance
21H-4, 142–150 Void WR
22X-3, 145–150 Void WR

Core, section,
interval (cm)

Drilling disturbance

Intensity  Comment

Table T14 (continued). (Continued on next page.)
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IW = interstitial water, WR = whole-round sample.

23X-6, 145–150 Void WR
24X-6, 91–100 Void WR
26X-6, 111–120 Void WR
29X-6, 140–150 Void WR
32X-6, 140–150 Void WR
35X-3, 140–150 Void WR
35X-4, 140–150 Void WR
38X-4, 53–81 Void Void
38X-5, 140–150 Void WR

339-U1386B-
1H-1 Moderate Slightly soupy mudline, extending down to about 11 cm but do not cull data in this interval
2H-1, 0–1 Moderate Disturbed core top
3H-1 Negligible Undisturbed core top
4H-1 Negligible Undisturbed core top
5H-1, 0–1 Moderate Disturbed core top
6H-1, 0–11 High Disturbed core top
7H-1, 0–2 High Disturbed core top
8H-1, 0–8 Moderate Disturbed core top
9H-1, 0–4 High Disturbed core top
10H-1, 0–2 High Disturbed core top
11H-1, 0–1 High Disturbed core top
11H-7, 62–65 Void Void
12H-1, 0–5 High Disturbed core top; expansion cracks become more abundant from Core 12H downhole but are not included
13H-1, 0–2 High Disturbed core top
13H-4, 88–93 Void Void
13H-6, 28–32 Void Void
14H-1, 0–16 Moderate Disturbed core top
14H-7, 39–57 High Void and disturbance
15H-1, 0–1 High Disturbed core top
16H-1 Negligible Undisturbed core top
16H-6, 17–26 Void Void
17H-1, 0–1 High Disturbed core top
17H-1, 92–95 Void Void
17H-2, 76–87 Void Void
17H-7, 129–134 Void Void
18H-1, 0–31 High Disturbed core top
18H-1, 54–75 Void Void
18H-4, 5–33 High Void and disturbance
19X-1, 0–18 High Disturbed core top
21X-1, 0–28 High Disturbed core top
22X-1, 0–16 High Disturbed core top
23X-1, 0–6 High Disturbed core top
40X-6, 111–121 Void WR
43X-6, 140–150 Void WR
46X-4, 91–100 Void WR
49X-2, 140–150 Void WR

339-U1386C-
2R-1, 0–30 High Disturbed core top
3W-1, 0–40 High Totally disturbed
4R-1, 0–40 High Disturbed core top
6R-1, 0–15 High Disturbed core top
7R-1, 0–7 High Disturbed core top
8R-1, 0–16 High Disturbed core top
9R-1, 0–50 High Disturbed core top
13R-1, 0–25 High Disturbed core top
16R-1, 0–28 High Disturbed core top

Core, section,
interval (cm)

Drilling disturbance

Intensity  Comment

Table T14 (continued).
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Table T15. NRM inclination, declination, and intensity data after 20 mT peak field AF demagnetization, Hole
U1386A.

Blank cells indicate depth levels where data were either not available (i.e., FlexIt-corrected declination data for nonoriented cores) or removed
because of disturbance, voids, or measurement edge effects. Only a portion of this table appears here. The complete table is available in ASCII.

Core, section,
interval (cm)

Depth
(mbsf)

Inclination
(°) 

Declination
(°)

FlexIt-
corrected

declination
(°) 

Intensity
(A/m)

339-U1386A-
1H-1 0.00
1H-1, 5 0.05
1H-1, 10 0.10
1H-1, 15 0.15 44.7 147 0.010919
1H-1, 20 0.20 48.4 140.8 0.01435
1H-1, 25 0.25 51.1 137.5 0.01812
1H-1, 30 0.30 52.3 140.6 0.022065
1H-1, 35 0.35 56.6 139.9 0.023288
1H-1, 40 0.40 58.5 139.2 0.026005
1H-1, 45 0.45 56.6 138.2 0.026631
1H-1, 50 0.50 60.1 133.8 0.026922
1H-1, 55 0.55 61.6 136.2 0.024675
1H-1, 60 0.60 56.8 135.3 0.025176
1H-1, 65 0.65 57.1 135.5 0.024774
1H-1, 70 0.70 55.6 135.7 0.024941
1H-1, 75 0.75 53.7 135 0.025091
1H-1, 80 0.80 50.2 135.1 0.023849
1H-1, 85 0.85 50.9 135.1 0.022292
1H-1, 90 0.90 49.1 136.2 0.024592
1H-1, 95 0.95 49 138.2 0.024753
1H-1, 100 1.00 48.3 141 0.024876
1H-1, 105 1.05 49.2 144.9 0.025922
1H-1, 110 1.10 50.2 148.3 0.026138
1H-1, 115 1.15 49.6 148.1 0.025083
1H-1, 120 1.20 48.8 147 0.024842
1H-1, 125 1.25 48.3 141.8 0.027091
1H-1, 130 1.30 50 141.4 0.027875
1H-1, 135 1.35 50.3 135.5 0.029191
1H-1, 140 1.40
1H-1, 145 1.45
1H-1, 150 1.50
1H-2 1.50
1H-2, 5 1.55
1H-2, 10 1.60
1H-2, 15 1.65 50.4 139.2 0.036862
1H-2, 20 1.70 49.7 136.2 0.034952
1H-2, 25 1.75 49.1 135.7 0.033855
1H-2, 30 1.80 48.7 137.3 0.034231
1H-2, 35 1.85 49.4 140.6 0.033883
1H-2, 40 1.90 50.3 141.9 0.032952
1H-2, 45 1.95 50.2 142.2 0.032863
1H-2, 50 2.00 50.1 141.3 0.032646
1H-2, 55 2.05 50 140.7 0.032295
1H-2, 60 2.10 49 140.9 0.031585
1H-2, 65 2.15 48.4 141.1 0.03113
1H-2, 70 2.20 45 137 0.032169
1H-2, 75 2.25 45.7 133.1 0.032263
1H-2, 80 2.30 49 134 0.02986
1H-2, 85 2.35 50 134.3 0.027874
1H-2, 90 2.40 50.4 137.3 0.026607
1H-2, 95 2.45 51.5 137.2 0.024443
1H-2, 100 2.50 53.5 143.4 0.022758
1H-2, 105 2.55 53.3 146.2 0.020715
1H-2, 110 2.60 52.3 147.5 0.019201
1H-2, 115 2.65 50 146.1 0.017657
1H-2, 120 2.70 48.4 146.9 0.014762
1H-2, 125 2.75 49.6 143.7 0.012313
1H-2, 130 2.80 48.7 141.6 0.011377
1H-2, 135 2.85 45.2 144.9 0.011809
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Table T16. NRM inclination, declination, and intensity data after 20 mT peak field AF demagnetization, Hole
U1386B.

Blank cells indicate depth levels where data were either not available (i.e., FlexIt-corrected declination data for nonoriented cores) or removed
because of disturbance, voids, or measurement edge effects. Only a portion of this table appears here. The complete table is available in ASCII.

Core, section,
interval (cm)

Depth
(mbsf)

Inclination
(°) 

Declination
(°)

FlexIt-
corrected

declination
(°) 

Intensity
(A/m)

339-U1386B-
1H-1 0.00
1H-1, 5 0.05
1H-1, 10 0.10
1H-1, 15 0.15 62.4 155.6 0.013381
1H-1, 20 0.20 64.8 157.2 0.013709
1H-1, 25 0.25 66.1 176.7 0.015742
1H-1, 30 0.30 58.4 178.9 0.024092
1H-1, 35 0.35 59.5 177.2 0.026421
1H-1, 40 0.40 61 175 0.025855
1H-1, 45 0.45 59.8 171.3 0.026022
1H-1, 50 0.50 59.1 171.5 0.025901
1H-1, 55 0.55 59.7 171.3 0.025696
1H-1, 60 0.60 61.9 171.2 0.025392
1H-1, 65 0.65 60.8 166.3 0.025535
1H-1, 70 0.70 58.7 162.4 0.024687
1H-1, 75 0.75 60.1 162.5 0.024075
1H-1, 80 0.80 59.6 163.2 0.024712
1H-1, 85 0.85 56.7 162.5 0.025833
1H-1, 90 0.90 56.6 162.6 0.026305
1H-1, 95 0.95 56.9 162.5 0.02713
1H-1, 100 1.00 57.5 161.9 0.027617
1H-1, 105 1.05 57.2 160 0.027948
1H-1, 110 1.10 57.9 160.9 0.027493
1H-1, 115 1.15 58.4 161.7 0.027188
1H-1, 120 1.20 59.4 161.8 0.028698
1H-1, 125 1.25 59.1 161.7 0.0314
1H-1, 130 1.30 58.9 165.2 0.032518
1H-1, 135 1.35 60 166.1 0.031924
1H-1, 140 1.40
1H-1, 145 1.45
1H-1, 150 1.50
1H-2 1.50
1H-2, 5 1.55
1H-2, 10 1.60
1H-2, 15 1.65 53.8 145.5 0.033553
1H-2, 20 1.70 54.7 147.3 0.033232
1H-2, 25 1.75 55.3 150.8 0.032486
1H-2, 30 1.80 55.1 153.8 0.032419
1H-2, 35 1.85 55.4 155.7 0.031408
1H-2, 40 1.90 56.1 155.6 0.030699
1H-2, 45 1.95 56 154.6 0.030568
1H-2, 50 2.00 57.3 146.6 0.029694
1H-2, 55 2.05 58.4 142.1 0.028676
1H-2, 60 2.10 59.3 142.5 0.02774
1H-2, 65 2.15 58.8 142.7 0.026949
1H-2, 70 2.20 60.2 144.2 0.024965
1H-2, 75 2.25 60.4 139.8 0.022664
1H-2, 80 2.30 59.8 142.6 0.02247
1H-2, 85 2.35 60.3 149.8 0.021675
1H-2, 90 2.40 59.6 152.3 0.019915
1H-2, 95 2.45 60.1 152.8 0.017193
1H-2, 100 2.50 58.9 147.1 0.015762
1H-2, 105 2.55 56 149.7 0.014297
1H-2, 110 2.60 57.5 151.9 0.012054
1H-2, 115 2.65 58.2 148 0.010888
1H-2, 120 2.70 61.1 146.6 0.011565
1H-2, 125 2.75 62.5 137.8 0.013984
1H-2, 130 2.80 58.8 144.1 0.015199
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Table T17. NRM inclination, declination, and intensity data after 20 mT peak field AF demagnetization, Hole
U1386C.

Blank cells indicate depth levels where data were either not available (i.e., FlexIt-corrected declination data for nonoriented cores) or removed
because of disturbance, voids, or measurement edge effects. Only a portion of this table appears here. The complete table is available in ASCII.

Core, section,
interval (cm)

Depth
(mbsf)

Inclination
(°) 

Declination
(°)

FlexIt-
corrected

declination
(°) 

Intensity
(A/m)

339-U1386C-
2R-1 165.00
2R-1, 5 165.05
2R-1, 10 165.10
2R-1, 15 165.15
2R-1, 20 165.20
2R-1, 25 165.25
2R-1, 30 165.30
2R-1, 35 165.35 15.2 57.5 0.003535
2R-1, 40 165.40 73.1 298.4 0.002474
2R-1, 45 165.45 51.3 235.3 0.001685
2R-1, 50 165.50 63.1 131.5 0.001387
2R-1, 55 165.55 –8 217.2 0.005085
2R-1, 60 165.60 –84.4 294.6 0.006614
2R-1, 65 165.65 –22.3 59.4 0.007111
2R-1, 70 165.70 –14.8 303.6 0.0006166
2R-1, 75 165.75 55.1 240.4 0.001833
2R-1, 80 165.80 54.9 200.3 0.001998
2R-1, 85 165.85 69.3 130 0.001728
2R-1, 90 165.90 54.5 70 0.002004
2R-1, 95 165.95 54.5 34.8 0.002215
2R-1, 100 166.00 52.8 52.6 0.00239
2R-1, 105 166.05 46.8 85.6 0.003262
2R-1, 110 166.10 49.9 71.9 0.002905
2R-1, 115 166.15 67.5 6.8 0.002305
2R-1, 120 166.20 83.9 57 0.002138
2R-1, 125 166.25 58.5 111.2 0.002194
2R-1, 130 166.30 55.5 128.1 0.00213
2R-1, 135 166.35 53.7 113.4 0.001609
2R-1, 140 166.40
2R-1, 145 166.45
2R-1, 150 166.50
2R-2 166.50
2R-2, 5 166.55
2R-2, 10 166.60
2R-2, 15 166.65 70.9 118.9 0.003561
2R-2, 20 166.70 44.3 86 0.003785
2R-2, 25 166.75 47.7 77.8 0.003579
2R-2, 30 166.80 74.7 56.5 0.002208
2R-2, 35 166.85 53.7 124.1 0.002331
2R-2, 40 166.90 67.6 147.4 0.003145
2R-2, 45 166.95 52 272.1 0.002018
2R-2, 50 167.00 75.6 121.8 0.00123
2R-2, 55 167.05 65.5 15.8 0.001305
2R-2, 60 167.10 76.3 271.3 0.001252
2R-2, 65 167.15 38.8 249.6 0.001586
2R-2, 70 167.20 41.7 209.3 0.001382
2R-2, 75 167.25 39.2 131 0.00161
2R-2, 80 167.30 53 90.7 0.001446
2R-2, 85 167.35 68.6 93.6 0.001665
2R-2, 90 167.40 77.5 58.2 0.001637
2R-2, 95 167.45 75.2 41.2 0.001927
2R-2, 100 167.50 82.3 254 0.003798
2R-2, 105 167.55 74.5 28.7 0.007975
2R-2, 110 167.60 74.9 50.2 0.012506
2R-2, 115 167.65 86.4 288 0.007989
2R-2, 120 167.70 69.5 25.2 0.006072
2R-2, 125 167.75 47.5 55.1 0.005126
2R-2, 130 167.80 71.6 161.5 0.001938
2R-2, 135 167.85 44.5 205.6 0.001864
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Table T18. Polarity boundaries, Site U1386.

T = top, B = bottom.

Polarity boundary Age (Ma)
Depth (mbsf)

Hole U1386A Hole U1386B

Brunhes/Matuyama 0.781 274.6 273.3
T Jaramillo 0.988 344.6 347.9
B Jaramillo 1.072 374.0
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Table T19. Headspace sample hydrocarbon concentrations, Holes U1386A–U1386C.

— = no data.

Core,
section

Depth
(mbsf)

Concentration (ppmv)

Methane Ethene Ethane

339-U1386A-
1H-3 3.00 6.1 — —
2H-7 12.47 21.3 — —
3H-7 22.32 11,684.0 — —
4H-7 31.85 28,919.0 — —
5H-7 41.35 47,727.0 — 0.75
6H-6 49.32 38,216.0 — —
7H-7 60.31 29,135.0 — —
8H-7 69.70 27,448.0 — 0.48
9H-7 79.37 16,843.0 — —
10H-7 88.98 8,109.2 — —
11H-7 96.23 3,303.7 — —
12H-7 107.87 9,467.0 — —
13H-7 117.14 3,891.4 — —
14H-6 125.42 25,855.0 — 1.09
15H-7 136.15 3,942.5 — —
16H-5 142.75 5,690.2 — —
17H-5 149.96 7,394.6 — —
18H-6 159.09 6,230.3 — —
20H-8 176.96 11,134.0 0.67 0.89
21H-5 181.37 6,795.8 — —
22X-4 187.60 5,879.1 — —
23X-7 194.32 12,622.0 — 1.26
24X-7 204.50 8,292.5 0.48 1.44
26X-7 223.93 11,488.0 0.54 1.26
27X-6 231.84 4,766.1 — —
28X-6 241.03 5,624.7 — 0.75
29X-7 252.19 6,940.0 — —
30X-6 259.96 5,404.0 0.83 1.04
31X-6 269.42 8,233.9 0.00 1.17
32X-7 281.21 6,719.2 0.00 1.16
33X-5 288.40 5,813.4 0.00 1.00
34X-6 299.25 7,730.9 0.88 2.10
35X-5 307.60 14,535.0 0.84 3.10
36X-6 317.42 8,556.3 0.00 1.62
37X-7 329.01 7,483.9 0.00 2.05
38X-6 337.60 8,314.7 1.06 3.48
39X-7 348.45 5,963.4 0.58 1.99

339-U1386B-
39X-7 358.10 11,109.0 1.76 6.01
40X-7 368.31 10,204.0 1.44 4.62
41X-7 377.54 5,221.4 — 1.24
42X-7 387.27 5,111.5 0.55 2.36
43X-7 397.00 6,436.2 — 1.20
44X-5 403.95 1,446.6 — 0.75
46X-5 422.70 5,476.8 — 1.42
47X-2 428.00 8,367.9 — 4.89
48X-6 442.76 3,876.2 — 2.11
49X-3 448.90 4,691.9 — 2.94

339-U1386C-
7R-5 420.60 1,191.4 — —
8R-2 425.21 2,716.2 — 1.56
9R-4 437.84 2,488.1 — 1.31
10R-6 450.61 5,304.3 — 2.33
11R-1 452.90 3,812.2 — 1.71
12R-3 465.40 3,924.3 0.41 3.40
13R-3 475.00 2,654.1 1.07 5.42
14R-3 484.60 2,658.2 0.79 5.82
15R-5 496.90 4,452.1 0.69 9.31
16R-5 506.50 1,618.9 0.46 2.60
18R-4 524.20 3,968.6 1.31 11.53
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ely coupled plasma–atomic emission spectrometer, ISE = ion-selective electrode. * = aver-

µM)
204/
940*
AES

Li (µM)
670.784
ICPAES

Mg2+ (mM)
279.533
ICPAES

K+ (mM)
766.491
ICPAES

Si (µM)
250.690/
251.611*
ICPAES

Na+ (mM)
589.592
ICPAES

Sr (µM)
407.771
ICPAES

SO4
2– (mM)
IC

.86 33.44 50.50 10.55 209.5 485.7 63.17 20.64
A 25.78 37.47 9.066 187.8 475.3 51.06 0
.20 21.51 32.88 8.208 142.5 446.0 55.83 0
A 25.01 34.36 8.774 150.3 477.0 79.01 0
A 25.44 33.06 8.405 197.1 476.2 64.42 0
A 28.98 30.68 7.972 144.3 471.2 87.47 0
A 24.53 30.79 7.896 104.5 475.7 65.60 0
A 25.62 30.78 7.734 140.1 465.2 69.78 0
A 26.31 30.73 7.717 137.9 472.9 72.37 0
A 27.64 28.91 7.483 106.1 476.2 83.60 0
A 32.02 29.28 6.624 156.3 454.3 90.86 0
A 30.45 26.67 6.833 166.6 441.7 88.49 0
A 32.69 29.38 7.497 105.9 475.3 76.72 0
A 28.66 29.60 6.962 152.6 475.8 76.03 0
A 32.01 29.03 6.534 128.2 487.2 89.13 0
A 28.77 27.50 6.900 94.2 463.5 76.44 0
A 36.78 29.70 6.785 248.2 482.9 83.61 0
A 48.62 26.87 6.916 121.5 468.4 89.59 0
A 47.45 28.45 6.625 215.4 473.6 85.37 0
A 50.78 28.39 6.181 396.2 463.5 85.89 0
A 53.75 29.18 6.452 230.1 467.9 85.06 0
A 55.03 27.67 5.945 224.0 470.2 95.89 0
A 49.61 26.30 5.845 249.3 484.6 113.30 0
A 43.41 30.51 6.569 182.5 512.2 93.00 0
A 56.95 28.22 5.696 250.8 460.7 92.34 0
A 112.3 28.29 6.266 604.7 476.8 106.20 0
A 140.7 29.84 5.672 426.5 482.3 111.26 0
Table T20. Interstitial water major and trace elements, Hole U1386A.

TITRA_AUTO = automatic titration, SPEC = spectrometer, IC = ion chromatograph, ICPAES = inductiv
age of results from two wavelengths. NA = not available.

Core,
section

Depth
(mbsf)

Alkalinity
(meq/L)

TITRA_AUTO
NH4

+ (µM)
SPEC

Ba (µM)
493.409
ICPAES

B (µM)
208.890/
208.956*
ICPAES

Ca2+ (mM)
317.933
ICPAES

Cl– (mM)
TITRA_AUTO

Fe (
238.
259.
ICP

339-U1386A-
1H-2 2.95 7.651 812 7.196 445.7 8.110 586.8 21
2H-6 12.25 10.000 2560 14.59 476.3 3.673 582.0 N
3H-6 22.32 NA 3121 16.58 462.4 4.315 578.3 15
4H-6 31.04 5.367 3216 13.17 457.5 6.105 575.4 N
5H-6 40.90 5.375 3224 20.60 434.6 5.225 578.6 N
6H-5 49.26 4.725 3259 28.73 452.9 7.081 571.9 N
7H-6 59.86 4.688 3620 22.67 370.7 5.770 568.8 N
8H-6 69.32 5.317 3778 19.61 390.9 6.178 573.3 N
9H-6 78.97 4.658 3857 22.55 371.1 6.310 570.0 N
10H-6 88.00 3.717 3923 25.03 333.0 5.988 572.3 N
11H-6 96.18 4.298 3385 24.62 414.8 6.218 573.2 N
12H-6 107.41 4.194 3799 22.45 361.8 6.012 571.1 N
13H-6 116.75 4.336 3897 20.67 366.4 6.328 572.6 N
14H-5 123.85 4.419 3838 20.52 341.8 6.402 571.3 N
15H-6 135.91 3.927 3729 23.03 264.3 6.264 568.2 N
16H-4 142.70 3.981 4025 22.23 286.6 5.833 571.8 N
18H-5 158.98 NA 4203 21.89 317.9 6.603 572.3 N
20H-7 175.70 4.908 4625 29.55 192.2 5.337 569.4 N
21H-4 181.31 6.524 4640 28.81 265.1 6.026 569.0 N
22X-3 185.84 7.614 4431 29.48 295.4 6.651 571.2 N
23X-6 194.06 6.470 4257 32.29 250.5 6.548 571.0 N
24X-6 204.42 5.776 4330 35.59 284.4 6.632 566.8 N
26X-6 223.83 5.852 4338 33.47 280.4 8.231 565.6 N
29X-6 251.95 4.340 4635 30.62 312.1 7.895 573.3 N
32X-6 280.89 5.788 4479 38.80 260.4 7.067 573.6 N
35X-3 306.00 8.492 5065 38.33 216.1 8.480 574.5 N
38X-5 337.50 9.325 5027 39.01 252.5 8.300 569.0 N
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Table T21. Interstitial water oxygen and hydrogen isotopes, Hole U1386A.

* = replicate measurements. VSMOW = Vienna standard mean ocean water.

Core, section,
interval (cm)

Depth
(mbsf)

δ18O
(‰, VSMOW)

δD
(‰, VSMOW)

δ18O*
(‰, VSMOW)

δD*
(‰, VSMOW)

339-U1386A-
1H-1, 145–150 1.50 0.90 5.47
1H-2, 72–78 2.25 0.99 6.00
1H-2, 145–150 3.00 1.05 7.30
2H-1, 145–150 5.30 1.06 7.49
2H-2, 145–150 6.80 0.93 6.83
2H-3, 145–150 8.30 1.15 8.17
2H-4, 145–150 9.80 1.21 7.32
2H-5, 145–150 11.30 1.25 6.91
2H-6, 57–64 11.90 1.12 7.72 1.19 7.99
2H-6, 145–150 12.45 0.98 8.02
3H-1, 145–150 14.80 1.26 8.18
3H-2, 145–150 15.30 1.23 8.39
3H-3, 145–150 17.81 1.22 8.80
3H-4, 145–150 19.32 1.23 8.99
3H-5, 145–150 20.82 1.25 8.99
3H-6, 72–78 21.57 1.28 8.96 1.30 8.85
3H-6, 145–150 22.32 1.18 8.91
4H-1, 145–150 24.30 1.22 9.01
4H-2, 145–150 25.81 1.28 9.12
4H-3, 145–150 27.32 1.33 10.31
4H-4, 145–150 28.83 1.44 9.72
4H-5, 145–150 30.34 1.21 9.89
4H-6, 72–78 31.09 1.34 9.64
4H-6, 145–150 31.85 1.40 8.94
5H-1, 145–150 33.80 1.28 9.42
5H-2, 145–150 35.31 1.39 8.54 1.28 9.11
5H-3, 145–150 36.82 1.22 10.44
5H-4, 145–150 38.32 1.37 9.74 1.36 8.56
5H-5, 145–150 39.82 1.30 9.31 1.26 9.97
5H-6, 72–78 40.59 1.24 9.19
5H-6, 145–150 41.35 1.27 9.48
6H-1, 145–150 43.25 1.28 9.08
6H-2, 145–150 44.77 1.18 9.32
6H-3, 145–150 46.29 1.45 9.27
6H-4, 145–150 47.81 1.46 9.65
6H-5, 72–78 48.56 1.40 9.79
6H-5, 145–150 49.32 1.52 10.49
7H-1, 140–145 52.80 1.27 9.47
7H-2, 140–145 54.30 1.08 9.53
7H-3, 140–145 55.80 1.41 9.74
7H-4, 140–145 57.30 1.26 9.07
7H-5, 140–145 58.81 1.24 9.10
7H-6, 72–78 59.56 1.38 9.59
7H-6, 145–150 60.31 1.19 8.67
8H-1, 140–145 62.30 1.19 9.04
8H-2, 140–145 63.81 1.23 8.43
8H-3, 140–145 65.34 1.27 8.34
8H-4, 140–145 66.87 1.27 9.08
8H-5, 140–145 68.40 1.18 9.83
8H-6, 72–78 69.15 1.58 9.37
8H-6, 125–130 69.70 1.22 9.03 1.24 8.84
9H-1, 140–145 71.80 1.11 8.63
9H-2, 140–145 73.30 1.07 8.50 1.18 8.46
9H-3, 140–145 74.82 1.17 8.12
9H-4, 140–145 76.35 1.09 8.59
9H-5, 140–145 77.87 1.15 8.52
9H-6, 72–78 78.62 1.18 8.68
9H-6, 145–150 79.37 1.02 8.45
10H-1, 140–145 81.31 1.15 8.04
10H-2, 140–145 82.82 1.26 8.51
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Table T22. Vertical seismic profile station and traveltime information, Site U1386.

* = seafloor at 562 mbsl, 740 ms two-way traveltime. † = a correction of ~4.7 ms is added to the one-way traveltime.

Table T23. Results from APCT-3 temperature profiles, Site U1386.

* = –0.9 m tidal height when mudline Core 339-U1386-1H was taken. In situ temperatures were determined using TP-Fit software by Martin Hee-
semann. Thermal resistance was calculated from thermal conductivity data (see “Physical properties”) corrected for in situ conditions (see
“Downhole measurements” in the “Methods” chapter [Expedition 339 Scientists, 2013b]).

Depth WSF*
(m)

Water depth
(mbsl)

One-way
traveltime

(ms)

One-way
traveltime,
corrected†

(ms)

Two-way
traveltime

(ms)

Two-way
traveltime

below seabed*
(ms)

143.2 705.2 456.5 461.2 922.4 182.4
251.0 813.0 515.5 520.2 1040.4 300.4
270.1 832.1 525.0 529.7 1059.4 319.4
287.0 849.0 533.0 537.7 1075.4 335.4
301.9 863.9 541.0 545.7 1091.4 351.4
313.0 875.0 546.5 551.2 1102.4 362.4
333.0 895.0 557.5 562.1 1124.2 384.2
342.9 904.9 562.5 567.2 1134.4 394.4
352.9 914.9 567.5 572.2 1144.4 404.4
362.0 924.0 572.0 576.6 1153.2 413.2
367.2 929.2 574.5 579.1 1158.2 418.2
369.4 931.4 575.5 580.2 1160.4 420.4

Core

Original
depth
(mbsf)

Tidal sea
level height*

(m)

Corrected
depth
(mbsf)

Minimum
temperature

(°C)

Minimum
temperature

prior to
mudline

(°C)

Average
temperature at

mudline
(°C)

In situ
temperature

(°C)

Thermal
resistance
(m2K/W)

339-U1386A-
4H 32.2 –0.2 33.3 12.93 13.19 13.54 14.20 22.6
7H 60.8 0.5 61.2 12.85 13.85 14.11 15.19 43.6
10H 89.3 0.8 89.4 13.01 13.51 14.30 16.14 67.4
13H 117.8 –0.3 119.0 12.82 14.03 14.20 17.05 93.8
16H 144.0 –0.8 145.7 12.59 13.99 14.20 18.09 114.4
19H 167.2 –0.3 168.4 12.54 13.64 14.01 18.88 131.2

Average: 12.79 13.70 14.06

339-U1386B-
2H 16.8 0.4 17.3 13.44 13.50 13.59 13.56 11.7
5H 45.3 –0.4 46.6 13.34 13.34 13.56 14.85 32.0
8H 73.8 –0.75 75.45 13.84 13.84 14.04 15.75 55.6
11H 102.3 –0.45 103.65 13.92 13.92 14.20 16.67 80.1
14H 130.5 0.25 131.15 13.68 14.06 14.20 17.64 103.5
17H 157.6 0.5 158 13.67 14.05 14.40 18.46 123.6

Average: 13.65 13.78 14.00
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Table T24. Meters composite depth scale, Site U1386. (Continued on next page.) 

Core

Top depth

Offset (m)(mbsf) (mcd)

339-U1386A-
1H 0.00 0.00 0.00
2H 3.80 4.16 0.36
3H 13.30 14.21 0.91
4H 22.80 23.62 0.82
5H 32.30 33.69 1.39
6H 41.80 44.21 2.41
7H 51.30 53.69 2.39
8H 60.80 63.03 2.23
9H 70.30 73.29 2.99
10H 79.80 83.25 3.45
11H 89.30 94.27 4.97
12H 98.80 106.31 7.51
13H 108.30 118.72 10.42
14H 117.80 129.99 12.19
15H 127.30 141.84 14.54
16H 136.80 154.21 17.41
17H 144.00 160.42 16.42
18H 151.60 168.85 17.25
19H 160.50 178.22 17.72
20H 167.20 186.89 19.69
21H 176.70 197.74 21.04
22X 183.10 204.16 21.06
23X 186.50 209.59 23.09
24X 196.00 221.61 25.61
25X 205.60 230.72 25.12
26X 215.20 238.09 22.89
27X 224.80 248.08 23.28
28X 234.40 258.67 24.27
29X 244.00 270.09 26.09
30X 253.60 281.78 28.18
31X 263.20 291.73 28.53
32X 272.80 302.96 30.16
33X 282.40 313.81 31.41
34X 292.00 324.12 32.12
35X 301.60 334.78 33.18
36X 310.90 343.82 32.92
37X 320.50 353.90 33.39
38X 330.10 365.41 35.31
39X 339.70 377.07 37.37

339-U1386B-
1H 0.00 0.10 0.10
2H 7.30 8.33 1.03
3H 16.80 18.50 1.70
4H 26.30 29.37 3.07
5H 35.80 39.01 3.21
6H 45.30 48.67 3.37
7H 54.80 59.38 4.58
8H 64.30 69.54 5.24
9H 73.80 79.43 5.63
10H 83.30 89.64 6.34
11H 92.80 101.71 8.91
12H 102.30 112.90 10.60
13H 111.80 123.56 11.76
14H 121.30 135.56 14.26
15H 130.80 144.80 14.00
16H 140.30 155.73 15.43
17H 148.10 164.70 16.60
18H 157.60 175.49 17.89
19X 162.30 180.56 18.26
20X 167.90 188.57 20.67
21X 177.50 201.63 24.13
22X 187.10 210.46 23.36
23X 196.60 220.11 23.51
24X 206.20 230.23 24.03
25X 215.90 240.20 24.30
26X 225.50 249.90 24.40
27X 235.10 260.81 25.71
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28X 244.70 272.33 27.63
29X 254.30 283.42 29.12
30X 263.90 295.33 31.43
31X 273.50 305.58 32.07
32X 283.10 315.51 32.41
33X 292.70 325.49 32.79
34X 302.30 334.85 32.55
35X 311.90 346.21 34.31
36X 321.50 356.87 35.37
37X 331.10 367.52 36.42
38X 340.60 379.52 38.92
39X 350.10 389.61 39.51
40X 359.60 399.16 39.56
41X 369.20 409.81 40.61
42X 378.80 420.47 41.67
43X 388.40 431.12 42.72
44X 398.00 441.78 43.78
45X 407.60 452.44 44.84
46X 417.20 463.10 45.90
47X 426.80 473.75 46.95
48X 436.40 484.40 48.00
49X 445.90 494.95 49.05
50X 455.40 505.49 50.09

339-U1386C-
1W 0.00 0.00 0.00
2R 165.00 183.95 18.95
3W 174.60 193.81 19.21
4R 205.00 227.05 22.05
5W 214.60 238.21 23.61
6R 405.00 449.05 44.05
7R 414.60 460.21 45.61
8R 424.20 470.86 46.66
9R 433.80 480.53 46.73
10R 443.40 492.17 48.77
11R 452.90 502.72 49.82
12R 462.40 513.26 50.86
13R 472.00 523.92 51.92
14R 481.60 534.58 52.98
15R 490.90 544.90 54.00
16R 500.50 555.56 55.05
17R 510.10 566.21 56.11
18R 519.70 576.87 57.17

Core

Top depth

Offset (m)(mbsf) (mcd)

Table T24 (continued).
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Table T25. Splice tie points, Site U1386. (Continued on next page.)

Hole, core, section,
interval (cm)

Depth Hole, core, section,
interval (cm)

Depth

(mbsf) (mcd) (mbsf) (mcd)

339- 339-
U1386A-1H-1, 0 0.00 0.00

U1386A-1H-1, 110 1.10 1.10 Tie to U1386B-1H-1, 100 1.00 1.10
U1386B-1H-3, 142.5 4.43 4.53 Tie to U1386A-2H-1, 37.5 4.18 4.53
U1386A-2H-4, 46.6 8.78 9.13 Tie to U1386B-2H-1, 80 8.10 9.13
U1386B-2H-6, 67.67 15.49 16.52 Tie to U1386A-3H-2, 80.29 15.60 16.52
U1386A-3H-5, 33.38 19.65 20.57 Tie to U1386B-3H-2, 57.3 18.87 20.57
U1386B-3H-6, 7.29 24.39 26.09 Tie to U1386A-4H-2, 97 25.27 26.09
U1386A-4H-5, 121.9 30.05 30.87 Tie to U1386B-4H-1, 150 27.80 30.87
U1386B-4H-4, 95.41 31.81 34.89 Tie to U1386A-5H-1, 120 33.50 34.89
U1386A-5H-5, 48.64 38.82 40.21 Tie to U1386B-5H-1, 120 37.00 40.21
U1386B-5H-6, 147.03 44.80 48.01 Tie to U1386A-6H-3, 83.63 45.61 48.01
U1386A-6H-5, 143.09 49.24 51.65 Tie to U1386B-6H-2, 147.65 48.28 51.65
U1386B-6H-4, 112.24 50.94 54.32 Tie to U1386A-7H-1, 62.5 51.93 54.32
U1386A-7H-5, 84.12 58.14 60.53 Tie to U1386B-7H-1, 115 55.95 60.53
U1386B-7H-5, 32.26 61.28 65.86 Tie to U1386A-8H-2, 132.72 63.63 65.86
U1386A-8H-5, 117.5 68.05 70.27 Tie to U1386B-8H-1, 72.5 65.03 70.27
U1386B-8H-5, 40.81 70.74 75.98 Tie to U1386A-9H-2, 118.28 72.98 75.98
U1386A-9H-6, 92.5 78.80 81.79 Tie to U1386B-9H-3, 9.75 76.16 81.79
U1386B-9H-4, 40.94 77.93 83.56 Tie to U1386A-10H-1, 30.82 80.11 83.56
U1386A-10H-5, 74.67 86.60 90.04 Tie to U1386B-10H-1, 40 83.70 90.04
U1386B-10H-6, 36.28 91.04 97.39 Tie to U1386A-11H-4, 45.49 92.41 97.39
U1386A-11H-7, 65.59 96.89 101.86 Tie to U1386B-11H-1, 15 92.95 101.86
U1386B-11H-4, 75.76 98.02 106.93 Tie to U1386A-12H-1, 62.5 99.43 106.93
U1386A-12H-5, 121.89 106.04 113.55 Tie to U1386B-12H-1, 64.43 102.94 113.55
U1386B-12H-5, 109.32 109.11 119.72 Tie to U1386A-13H-1, 100 109.30 119.72
U1386A-13H-6, 54.73 116.40 126.82 Tie to U1386B-13H-3, 43.2 115.06 126.82
U1386B-13H-6, 38.15 119.25 131.01 Tie to U1386A-14H-1, 102.5 118.83 131.01
U1386A-14H-6, 20.69 125.63 137.81 Tie to U1386B-14H-2, 84.62 123.55 137.81
U1386B-14H-7, 19.51 129.35 143.61 Tie to U1386A-15H-2, 27.09 129.07 143.61
U1386A-15H-5, 120.4 134.52 149.07 Tie to U1386B-15H-3, 126.9 135.07 149.07
U1386B-15H-7, 112.77 140.73 154.73 Tie to U1386A-16H-1, 52.5 137.33 154.73
U1386A-16H-2, 145.44 139.75 157.16 Tie to U1386B-16H-1, 142.5 141.73 157.16
U1386B-16H-4, 102.86 145.70 161.13 Tie to U1386A-17H-1, 70.52 144.71 161.13
U1386A-17H-3, 143.67 148.43 164.85 Tie to U1386B-17H-1, 15 148.25 164.85
U1386B-17H-4, 133.46 153.55 170.16 Tie to U1386A-18H-1, 131.4 152.91 170.16
U1386A-18H-5, 140.22 158.99 176.24 Tie to U1386B-18H-1, 75 158.35 176.24
U1386B-18H-3, 10.29 160.65 178.54 Tie to U1386A-19H-1, 32.5 160.83 178.54
U1386A-19H-3, 119.83 164.70 182.41 Tie to U1386B-19X-2, 34.87 164.15 182.41
U1386B-19X-6, 2.38 169.62 187.89 Tie to U1386A-20H-2, 27.09 168.20 187.89
U1386A-20H-8, 55 177.51 197.20 Append to U1386A-21H-1, 0 176.70 197.74
U1386A-21H-5, 89.8 182.27 203.31 Tie to U1386B-21X-2, 18.93 179.19 203.31
U1386B-21X-6, 101.24 186.01 210.14 Tie to U1386A-23X-2, 24.07 187.05 210.14
U1386A-23X-2, 91.57 187.73 210.81 Tie to U1386B-22X-1, 35 187.45 210.81
U1386B-22X-7, 66.51 196.44 219.80 Append to U1386B-23X-1, 0 196.60 219.69
U1386B-23X-5, 25.04 202.85 226.36 Tie to U1386A-24X-4, 25.85 200.75 226.36
U1386A-24X-7, 32.3 204.82 230.43 Tie to U1386B-24X-1, 20 206.40 230.43
U1386B-24X-7, 77.5 214.06 238.09 Append to U1386A-26X-1, 0 215.20 238.09
U1386A-26X-6, 29.06 223.02 245.91 Tie to U1386B-25X-4, 121.58 221.62 245.91
U1386B-25X-6, 55.31 223.78 248.08 Append to U1386A-27X-1, 0 224.80 248.08
U1386A-27X-7, 92.19 234.26 257.54 Append to U1386A-28X-1, 2.5 234.43 258.70
U1386A-28X-4, 11.94 238.15 262.42 Tie to U1386B-27X-2, 50.31 236.71 262.42
U1386B-27X-7, 80.25 244.38 270.09 Tie to U1386A-29X-1, 0 244.00 270.09
U1386A-29X-5, 69.64 249.89 275.98 Tie to U1386B-28X-4, 16.83 248.35 275.98
U1386B-28X-7, 147.76 254.16 281.78 Append to U1386A-30X-1, 0 253.60 281.78
U1386A-30X-6, 65.27 260.61 288.79 Tie to U1386B-29X-4, 87 259.67 288.79
U1386B-29X-6, 150.35 262.55 291.68 Append to U1386A-31X-1, 0 263.18 291.71
U1386A-31X-7, 134.23 272.26 300.79 Tie to U1386B-30X-4, 117.84 269.36 300.79
U1386B-30X-7, 58.41 273.26 304.69 Tie to U1386A-32X-2, 81.88 274.53 304.69
U1386A-32X-4, 11.76 276.83 306.99 Tie to U1386B-31X-2, 37.21 274.91 306.99
U1386B-31X-7, 121.4 282.94 315.02 Append to U1386A-33X-2, 0 283.90 315.31
U1386A-33X-7, 20.54 291.21 322.62 Tie to U1386B-32X-6, 13.03 290.21 322.62
U1386B-32X-7, 113.33 292.56 324.97 Append to U1386A-34X-2, 0 293.25 325.37
U1386A-34X-7, 51.08 301.26 333.38 Append to U1386B-34X-1, 0 302.30 334.85
U1386B-34X-7, 149.29 311.63 344.19 Append to U1386A-36X-2, 0 311.42 344.34
U1386A-36X-4, 94.86 315.37 348.29 Tie to U1386B-35X-2, 58.03 313.98 348.29
U1386B-35X-7, 42.04 320.79 355.10 Tie to U1386A-37X-1, 120 321.70 355.10
U1386A-37X-4, 79.44 325.79 359.19 Tie to U1386B-36X-2, 82.78 323.83 359.19
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U1386B-36X-6, 151.73 330.08 365.44 Tie to U1386A-38X-1, 2.5 330.13 365.44
U1386A-38X-5, 108.12 337.18 372.49 Tie to U1386B-37X-5, 18.41 336.06 372.49
U1386B-37X-8, 57.38 340.65 377.07 Tie to U1386A-39X-1, 0 339.70 377.07
U1386A-39X-3, 60 343.30 380.67 Tie to U1386B-38X-1, 115 341.75 380.67
U1386B-38X-7, 65 349.99 388.91 Append to U1386B-39X-1, 1.79 350.12 389.63
U1386B-39X-7, 112.99 359.23 398.74 Append to U1386B-40X-1, 0 359.60 399.16
U1386B-40X-7, 60.75 368.92 408.47 Append to U1386B-41X-1, 0 369.20 409.81
U1386B-41X-7, 117.66 378.72 419.33 Append to U1386B-42X-1, 0 378.80 420.47
U1386B-42X-7, 80 388.07 429.74 Append to U1386B-43X-1, 0.09 388.40 431.12
U1386B-43X-7, 67.95 397.68 440.40 Append to U1386B-44X-1, 0 398.00 441.78
U1386B-44X-5, 135.57 405.31 449.09 Append to U1386C-7R-1, 0 414.60 460.21
U1386C-7R-3, 2.6 417.62 463.23 Tie to U1386B-46X-1, 12.5 417.33 463.23
U1386B-46X-5, 59.41 423.29 469.20 Append to U1386C-8R-1, 0 424.20 470.86
U1386C-8R-2, 67.5 425.35 472.01 Append to U1386B-47X-1, 0 426.80 473.75
U1386B-47X-2, 71.68 428.72 475.66 Append to U1386C-9R-1, 0 433.80 480.53
U1386C-9R-4, 60 438.16 484.89 Append to U1386B-48X-2, 0 436.89 484.89
U1386B-48X-8, 149.94 446.02 494.02 Tie to U1386C-10R-2, 37.6 445.25 494.02
U1386C-10R-6, 87.4 451.42 500.19 Append to U1386C-11R-1, 0 452.90 502.72
U1386C-11R-1, 110 453.05 502.87 Append to U1386C-12R-1, 0 462.40 513.26
U1386C-12R-4, 81.8 467.41 518.27 Append to U1386C-13R-1, 0 472.00 523.92
U1386C-13R-4, 144.3 477.49 529.41 Append to U1386C-14R-1, 0 481.60 534.58
U1386C-14R-4, 62.9 486.25 539.23 Append to U1386C-15R-1, 0 490.90 544.90
U1386C-15R-5, 116.3 497.88 551.88 Append to U1386C-16R-1, 0 500.50 555.56
U1386C-16R-6, 72.5 508.14 563.19 Append to U1386C-17R-1, 0 510.10 566.21
U1386C-17R-5, 97.5 516.89 573.00 Append to U1386C-18R-1, 0 519.70 576.87

Hole, core, section,
interval (cm)

Depth Hole, core, section,
interval (cm)

Depth

(mbsf) (mcd) (mbsf) (mcd)

Table T25 (continued).
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Table T26. Excluded magnetic susceptibility data, Site U1386.

Core, section,
interval (cm)

339-U1386A-
1H-1, 0
1H-1, 75
1H-1, 138
1H-1, 140
1H-1, 143
1H-1, 145
1H-1, 148
1H-1, 150
1H-2, 28
1H-2, 1428
1H-3, 18
1H-3, 64
2H-1, 0
2H-1, 143
2H-1, 145
2H-1, 148
2H-1, 150
2H-2, 2
2H-2, 85
2H-2, 1425
2H-2, 145
2H-2, 1475
2H-2, 150
2H-3, 2
2H-3, 144
2H-3, 147
2H-3, 149
2H-4, 2
2H-4, 144
2H-4, 147
2H-4, 149
2H-5, 1
2H-5, 106
2H-5, 144
2H-5, 146
2H-5, 149
2H-6, 0
2H-6, 108
2H-6, 115
2H-7, 1
2H-7, 312
2H-7, 48
2H-7, 61
2H-7, 61
3H-1, 0
3H-1, 3
3H-1, 138
3H-1, 140
3H-1, 143
3H-1, 145
3H-1, 148
3H-2, 0
3H-2, 135
3H-2, 138
3H-2, 140
3H-2, 143
3H-2, 145
3H-2, 148
3H-2, 150
3H-3, 2
3H-3, 145
3H-3, 147

3H-3, 150
3H-4, 1
3H-4, 4
3H-4, 6
3H-4, 9
3H-4, 11
3H-4, 144
3H-4, 146
3H-4, 149
3H-4, 154
3H-4, 156
3H-4, 159
3H-5, 1
3H-5, 146
3H-5, 148
3H-6, 0
3H-6, 145
3H-7, 2
3H-7, 5
3H-7, 7
3H-7, 10
3H-7, 70
4H-1, 0
4H-1, 145
4H-1, 148
4H-1, 150
4H-2, 2
4H-2, 147
4H-2, 150
4H-3, 1
4H-3, 138
4H-3, 141
4H-3, 146
4H-3, 148
4H-4, 0
4H-4, 3
4H-4, 5
4H-4, 84
4H-4, 10
4H-4, 13
4H-4, 15
4H-4, 18
4H-4, 60
4H-4, 145
4H-4, 148
4H-4, 150
4H-5, 2
4H-5, 147
4H-5, 149
4H-6, 0
4H-6, 1
4H-6, 4
4H-6, 6
4H-6, 9
4H-6, 11
4H-6, 14
4H-6, 16
4H-6, 18
4H-6, 189
4H-6, 21
4H-6, 24
4H-6, 26
4H-6, 29

Core, section,
interval (cm)

4H-6, 31
4H-6, 34
4H-6, 36
4H-6, 39
4H-6, 41
4H-6, 44
4H-6, 46
4H-6, 49
4H-6, 51
4H-6, 54
4H-6, 56
4H-6, 59
4H-6, 61
4H-6, 64
4H-6, 66
4H-6, 69
4H-6, 71
4H-6, 73
4H-6, 74
4H-6, 76
4H-6, 78
4H-6, 79
4H-6, 81
4H-6, 84
4H-6, 86
4H-6, 89
4H-6, 91
4H-6, 94
4H-6, 96
4H-6, 99
4H-6, 101
4H-6, 104
4H-6, 106
4H-6, 109
4H-6, 111
4H-6, 114
4H-6, 116
4H-6, 119
4H-6, 121
4H-6, 124
4H-6, 126
4H-6, 129
4H-6, 131
4H-6, 134
4H-6, 136
4H-6, 139
4H-6,141
4H-6, 144
4H-6, 145
4H-6, 146
4H-6, 151
4H-6, 154
4H-7, 1
4H-7, 1
4H-7, 4
4H-7, 6
4H-7, 9
4H-7, 11
4H-7, 14
4H-7, 16
4H-7, 19
4H-7, 21
4H-7, 24

Core, section,
interval (cm)

4H-7, 26
4H-7, 29
4H-7, 31
4H-7, 34
4H-7, 36
4H-7, 39
4H-7, 41
4H-7, 44
4H-7, 46.
4H-7, 49
4H-7, 51
4H-7, 54
4H-7, 56
4H-7, 59
4H-7, 61
4H-7, 63
4H-7, 64
4H-7, 66
5H-1, 0
5H-1, 143
5H-1, 145
5H-1, 148
5H-1, 150
5H-2, 2
5H-2, 147
5H-2, 149
5H-2, 152
5H-3, 0
5H-3, 145
5H-3, 148
5H-3, 150
5H-4, 2
5H-4, 147
5H-4, 150
5H-5, 1
5H-5, 4
5H-5, 6
5H-5, 9
5H-5, 146
5H-5, 149
5H-5, 159
5H-6, 1
5H-6, 144
5H-6, 146
5H-7, 2
5H-7, 55
5H-7, 57
6H-1, 0
6H-1, 3
6H-1, 5
6H-1, 70
6H-1, 73
6H-1, 75
6H-1, 78
6H-1, 140
6H-1, 143
6H-2, 0
6H-2, 3
6H-2, 145
6H-2, 148
6H-2, 150
6H-2, 153
6H-3, 1

Core, section,
interval (cm)

6H-3, 146
6H-3, 149
6H-3, 151
6H-4, 0
6H-4, 145
6H-4, 148
6H-4, 150
6H-5, 1
6H-5, 141
6H-5, 143
6H-5, 146
6H-6, 1
6H-6, 616
7H-1, 0
7H-1, 3
7H-1, 143
7H-1, 145
7H-1, 148
7H-2, 0
7H-2, 145
7H-2, 148
7H-3, 0
7H-3, 145
7H-3, 148
7H-3, 150
7H-4, 1
7H-4, 144
7H-4, 146
7H-4, 149
7H-5, 2
7H-5, 142
7H-5, 144
7H-5, 147
7H-5, 149
7H-5, 152
7H-6, 2
7H-6, 147
7H-7, 1
7H-7, 31
7H-7, 34
7H-7, 36
7H-7, 39
7H-7, 41
7H-7, 44
7H-7, 46
7H-7, 49
7H-7, 51
7H-7, 54
7H-7, 56
8H-1, 0
8H-1, 3
8H-1, 140
8H-1, 143
8H-1, 145
8H-1, 148
8H-2, 0
8H-2, 3
8H-2, 5
8H-2, 5
8H-2, 133
8H-2, 140
8H-2, 143
8H-2, 145

Core, section,
interval (cm)

Only a portion of this table appears here. The complete table is available in ASCII.
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