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Background and objectives
Site U1417 is located in the distal Surveyor Fan in the Gulf of
Alaska (Fig. F1). The area was originally drilled at Site 178 (~1.5
km from Site U1417) during Leg 18 of the Deep Sea Drilling Proj-
ect (DSDP) with ~40% recovery, most of which is Late Pleistocene
in age (Fig. F2). Site U1417 is ~60 km from the Surveyor Channel,
which delivers sediment to this site via overbank processes (Fig.
F3).

Drilling targets were three major regional seismic boundaries and
associated seismic sequences mapped by Reece et al. (2011) using
reprocessed U.S. Geological Survey and 2004 high-resolution and
2008 crustal-scale seismic reflection data to correlate stratigraphic
changes and fan morphology through time (Fig. F4). Sequences I
and II exhibit layered, laterally semicontinuous reflectors consis-
tent with distal submarine fan (turbiditic) deposition. Sequence
III is thinly layered and contains reflectors that are laterally con-
tinuous, flatter, and smoother than those in the other sequences.
Stratal relationships at the sequence boundaries are highly vari-
able and greatly influenced by basement topography. Sequence II
onlaps Sequence I in the areas where Sequence I exhibits topogra-
phy, but it is conformable in other locations. Sequence III down-
laps Sequence II in parts of the distal fan where both sequences
pinch out farther from the Surveyor Channel sediment source. At
Site U1417, Sequences I–III appear to be conformable (Fig. F3).

Site U1417 lies at the intersection of two crustal-scale seismic pro-
files acquired during the 2011 R/V Marcus Langseth U.S. Extended
Continental Shelf project for the U.N. Law of the Sea (Fig. F5;
Walton et al., submitted). The shallow primary target for Site
U1417 is the Sequence II/III boundary from Reece et al. (2011),
which has been mapped onto the 2011 profiles. This sequence
boundary, which is mappable throughout the Surveyor Fan (Fig.
F6), is proposed to represent an increase in sediment supply to
the site as a result of an intensification of glaciation at the mid-
Pleistocene transition (MPT) and subsequent delivery to the site
via the Surveyor Channel, ice-rafting, and hemipelagic/pelagic
deposition. The deeper primary target is the Sequence I/II bound-
ary (Reece et al., 2011), which was also mapped onto the 2011
data and which is proposed to correspond to the onset of tidewa-
ter glaciation and to the start of Surveyor Fan deposition in the
late Miocene. Additional divisions of these sequences for the pur-
pose of core-log-seismic integration are discussed in “Core-log-
seismic integration” and displayed in Figure F7.
 doi:10.2204/iodp.proc.341.103.2014
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This site was chosen to provide a sedimentary record
of Neogene glacial and tectonic processes occurring
in the adjacent orogen (Fig. F8). All of Sequences II
and III are estimated to correspond with this time
period, which would include both the Miocene tec-
tonic uplift of the St. Elias orogeny and the late Mio-
cene to Pleistocene preglacial to glacial conditions,
including the initiation of the northwestern Cordil-
leran ice sheet (NCIS), the intensification of North-
ern Hemisphere glaciation, and the potential inten-
sification of glacial extent following the MPT. These
sequences should also contain a provenance record
reflecting the locus of sediment created during the
exhumation and uplift of the St. Elias Mountains.

By drilling into Sequence I, Site U1417 allows exam-
ination of deposition prior to the onset of the sedi-
mentation associated with establishment of the Sur-
veyor Channel. The channel is proposed to have
formed in response to increased sediment supply
from the adjacent coastal mountains, the timing of
which may correspond with the initiation of the
NCIS (Reece et al., 2011). Sequence I includes several
seismic facies (Fig. F7) that may yield clues into the
changes in depositional setting from the late Oligo-
cene (approximate age of basement) through the
Miocene, as this site tectonically migrated northwest
from somewhere near modern day British Columbia
toward southern Alaska. These sediments should
yield insight into the initial uplift of the St. Elias oro-
gen, which provided the enhanced elevation needed
for later glaciation.

The Sequence I/II boundary occurs at ~330 m within
the drilled interval at Site 178, within a section of
fine-grained sand to silty turbidites and interbedded
diatomaceous ooze and mud with increasing diamict
upsection (Kulm, von Huene, et al., 1973; Reece et
al., 2011). The Sequence I/II boundary was dated to
be ~5 Ma by Reece et al. (2011), near the beginning
of Glacial Interval A of Lagoe et al. (1993), based on
40Ar/39Ar dating of ash layers (Hogan et al., 1978)
(Fig. F2). At ~130 m at Site 178, the Sequence II/III
boundary lies within an interval of changing fan
lithology. The section from 96 to 141 m contains
abundant diamict interbedded with silty clay and
diatom-rich intervals, whereas the section from 141
to 280 m contains less diamict, much more silty clay,
and fewer diatoms (Kulm, von Huene, et al., 1973;
Reece et al., 2011). The Sequence II/III boundary was
tentatively dated to ~1 Ma based on correlation with
the upper Jaramillo (1r.1n) Subchronozone magnetic
polarity reversal identified at Site 178 (Reece et al.,
2011) (Fig. F2), making it coincident with the onset
of Glacial Interval C of Berger et al. (2008a). Both se-
quence boundaries are synchronous with doubling
of terrigenous sediment flux observed at Ocean Drill-
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ing Program (ODP) Site 887 at ~6 and ~1 Ma (Rea
and Snoeckx, 1995), but no regional sequence
boundary projected into Site 178 appears to correlate
with the onset of Glacial Interval B (Reece et al.,
2011) based on the 40Ar/39Ar ages of Hogan et al.
(1978) (Fig. F2).

Key lithologies of interest as observed in Site 178
cores include tephras and other volcaniclastic detri-
tus, variable amounts of ice-rafted debris, biosili-
ceous-rich intervals, turbidites, and general changes
in depositional processes from prefan sedimentation
to modern overbank deposition sourced from the
Surveyor Channel, ~60 km east of the site. Important
contributions to hypothesis testing at this site will
come from biostratigraphic and paleomagnetic age
models, physical properties changes, and evolution
in sedimentary facies in an increasingly glacially in-
fluenced setting.

Operations
Transit to Site U1417

After a 1038 nmi transit from Victoria, British Co-
lumbia (Canada), averaging 10.8 kt, the vessel ar-
rived at Site U1417. The vessel stabilized over the site
at 1101 h (UTC – 8 h) on 4 June 2013. The position-
ing beacon was deployed at 1121 h on 4 June and re-
mained on the seafloor for the duration of the week.
The position reference was a combination of GPS sig-
nals and a single acoustic beacon.

Site U1417
Site U1417 consists of five holes (Table T1), ranging
in depth from 168.0 to 709.5 m drillers depth below
seafloor (DSF) (Fig. F9). A total of 198 cores were re-
corded for the site. The interval cored with the ad-
vanced piston corer (APC) system was 836.5 m, with
811.18 m recovered (97%). The interval cored with
the extended core barrel (XCB) system was 381.8 m,
with 140.77 m recovered (36.9%). The interval cored
with the rotary core barrel (RCB) system was 348.7
m, with 146.92 m recovered (42.1%). The overall re-
covery for Site U1417 was 70.1%. Total time spent
on Site U1417 was 18.6 days.

Hole U1417A
Hole U1417A was spudded at 0315 h on 5 June 2013.
The seafloor was calculated to be 4198.6 m drillers
depth below rig floor (DRF) (4187.7 meters below sea
level). Nonmagnetic core barrels and the APC system
were used for Cores 341-U1417A-1H through 20H.
Temperature measurements were taken with the ad-
vanced piston corer temperature tool (APCT-3) on
Cores 4H, 10H, and 13H with good results. APC cor-
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ing with the wireline continued through Core 22H
with the half APC coring system using steel core bar-
rels. Partial APC strokes were recorded on Cores 6H,
8H, 18H, 19H, 20H, and 21H. The early incomplete
strokes were likely due to an obstruction caused by
large lonestones. Hole U1417A was terminated after
Core 22H (168.0 m DSF). At the conclusion of cor-
ing, the top drive was set back and the drill string
was pulled from the hole. The seafloor was cleared at
0935 h on 6 June, ending Hole U1417A. A total of 22
piston cores were taken over a 168.0 m interval, with
167.74 m recovered (99.8%).

Hole U1417B
After clearing the seafloor, the vessel was offset 20 m
east of Hole U1417A. Hole U1417B was spudded at
1225 h on 6 June 2013. Initially, orientation was
planned, and the FlexIT tool was deployed. High
heave conditions and mechanical shearing forced
abandonment of core orientation measurements in
Hole U1417B. Nonmagnetic core barrels and the
APC system were used for Cores 341-U1417B-1H
through 20H. Cores 21H through 33H were cored us-
ing the half APC coring system. The XCB system was
deployed for Cores 34X through 47X. Hole U1417B
was terminated after Core 47X (358.8 m DSF). At the
conclusion of coring, the top drive was set back and
the drill string was pulled from the hole. The sea-
floor was cleared at 1645 h on 9 June, ending Hole
U1417B. A total of 33 piston cores were taken over a
223.4 m interval, with 211.97 m recovered (94.9%).
A total of 14 XCB cores were cut over a 135.4 m in-
terval, with 50.99 m recovered (37.7%). Total core re-
covery for Hole U1417B was 262.96 m for the 358.8
m cored interval (73.3%).

Hole U1417C
After clearing the seafloor, the vessel was offset 20 m
south of Hole U1417B. Hole U1417C was spudded at
1950 h on 9 June 2013, and the hole was washed
down 1 m DSF. Orientation with the FlexIT tool was
performed for Cores 341-U1417C-3H through 20H
with satisfactory results. Nonmagnetic core barrels
and the APC system were used for Cores 2H through
25H. Cores 26H through 29H were cored using the
half APC coring system. Hole U1417C was termi-
nated after Core 29H. The final depth of Hole
U1417C was 226.0 m DSF. At the conclusion of cor-
ing, the top drive was set back and the drill string
was pulled from the hole. The seafloor was cleared at
0725 h on 11 June, ending Hole U1417C. A total of
28 piston cores were taken over a 225.0 m interval,
with 216.83 m recovered (96.4%).
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Hole U1417D
After clearing the seafloor, the vessel was offset 20 m
west of Hole U1417C. Hole U1417D was spudded at
1155 h on 11 June 2013. Nonmagnetic core barrels
and the APC system were used for Cores 341-
U1417D-1H through 18H. After Core 18H, the half
APC coring system was deployed, and APC coring
continued through Core 37H. After Core 20H, a 3.8
m interval was drilled. The XCB system was de-
ployed starting with Core 38X. Coring with the XCB
system continued through Core 59X, when the XCB
cutting shoe returned to the surface without the cut-
ting structure plus another 1 inch of the length of
the shoe. Another XCB core barrel was dropped and
was also damaged on recovery. The cutting shoe was
then changed to a “softer sediment” type shoe, and
coring continued. There was continuing evidence of
an obstruction remaining in the hole, and after two
more cutting shoe failures, coring was terminated af-
ter Core 65X at a final depth of 470.3 m DSF. The
drill string was then pulled from the hole, and the
bit cleared the rotary table at 1430 h on 16 June,
ending Hole U1417D. A total of 36 piston cores were
taken over a 220.1 m interval, with 214.64 m recov-
ered (97.5%). One drilled interval during the APC
section of the hole was 3.8 m long. A total of 28 XCB
cores were cut over a 246.4 m interval, with 89.78 m
recovered (36.4%). Total core recovery for Hole
U1417D was 304.42 m for the 466.5 m cored interval
(65.3%).

Hole U1417E
After clearing the seafloor, the vessel was offset 20 m
west of Hole U1417D. Hole U1417E was spudded at
0230 h on 17 June 2013, and the hole was drilled
down to 264 m DSF. The wash barrel was then
pulled, and Cores 341-U1417E-2R through 5R were
cut to 302.2 m DSF. The wash barrel was again de-
ployed, and the hole was advanced with a drilled in-
terval to 399.0 m DSF. The wash barrel was pulled,
and RCB coring with nonmagnetic RCB core barrels
began with Core 7R and continued through Core
39R to a final depth of 709.5 m DSF. In total, 37 ro-
tary cores were taken over a 348.7 m interval, with
146.92 m recovered (42.1%). There were two drilled
intervals in Hole U1417E that added up to 360.8 m
of advance without recovery.

A total of 195 bbl of high-viscosity mud was used
during the drilling/coring process, and at the conclu-
sion of the drilling/coring phase of Hole U1417E, an
additional 50 bbl sweep of high-viscosity mud was
pumped to condition the hole for logging. After
pumping the final sweep, the rotary shifting tool was
3
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deployed by wireline and the shifting sleeve inside
the mechanical bit release was pulled, releasing the
bit at the bottom of Hole U1417E. After releasing the
bit, the sleeve was shifted back and the top drive was
set back. The drill string was then tripped out of the
hole, and the end of pipe was set at 81.4 m DSF for
logging.

The triple combo tool string was then rigged up and
run into the hole, reaching a total depth of 624.0 m
wireline log depth below seafloor (WSF) at 0245 h on
21 June. The hole was then logged up, a short repeat
pass was recorded, and the tools were pulled to the
surface and rigged down. After rigging down the tri-
ple combo tool string, the Versatile Seismic Imager
(VSI) tool string was rigged up. During the rig up
time, the Protective Species Observation watches be-
gan, and it became immediately apparent that a
small group of northern fur seals were present within
the 940 m diameter exclusion zone for this site. The
decision was made to terminate the VSI run for the
day, pull back the VSI tool string, rig down, and pre-
pare the Formation MicroScanner (FMS)-sonic tool
string for deployment. The FMS-sonic tool string was
then rigged up and deployed to 571.5 m WSF. Two
full passes were made with the tool string, and it was
then pulled to the surface and rigged down. The
Magnetic Susceptibility Sonde (MSS) tool string was
then rigged up and run; this run was the first deploy-
ment of the full MSS tool during the Integrated
Ocean Drilling Program (IODP). The maximum
depth the MSS tool string reached was 204.0 m WSF
because of a constriction in the hole. This shallow
part of the hole was then logged with two runs, and
the tool string was pulled to the surface and rigged
down. The VSI tool string was then rigged up and
run into the hole. Protective Species Observation
watches began at first light. No protected marine
species were observed during this period within the
exclusion zone, so the seismic source (a parallel clus-
ter of two 250 inch3 Sercel G. Guns) was ramped up
starting 1 h after the watches commenced. Watches
continued throughout the VSI run, with the guns
fired manually as the tool string was run into the
hole. The guns were powered down because of the
presence of a whale during the manual firing stage.
The whale entered the exclusion zone when the
guns were powered down and then exited the exclu-
sion zone. As the whale was observed to exit the
zone within a short period of time, the guns were
then ramped back up using a soft start procedure.
Once the VSI tool string was in the hole, firing con-
trol was delivered to the Schlumberger engineer. Af-
ter attempting to position the tool at the deepest
possible depth and then moving it up to shallower
stations, only one station was successfully completed
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at ~211 m WSF, which consisted of two good shots.
The tool string was pulled out of the hole to the sur-
face and rigged down. The guns were secured, and
the Protective Species Observation watches ceased.
All logging equipment was rigged down by 1605 h
on 22 June, and the knobbies were removed from
the drill string. The drill string was then pulled from
the hole.

Lithostratigraphy
Lithologic summaries of the five holes drilled at Site
U1417 are shown in Figure F10. The sediment recov-
ered at Site U1417 contains 17 facies. Detailed facies
descriptions, information about common marine
microfossils, facies occurrence in lithostratigraphic
units, and tentative interpretations about deposi-
tional environments are summarized in Table T2.
The dominant facies (F1a and F1b) are gray (N 4) to
dark greenish gray (10Y 4/1) mud and account for
>90% of the core recovered. The remaining minor fa-
cies, although much less volumetrically significant,
are distinctive and allow us to organize the cores
into lithostratigraphic units. Photographs of the
more common facies are shown in Figure F11. Based
on characteristic facies associations, 5 major litho-
stratigraphic units and 12 subunits are defined (Table
T3).

Facies description
Seventeen lithofacies were identified and are out-
lined in Table T2. The description of the facies for
this site is based on the general lithofacies developed
for all Expedition 341 sites. Lithofacies described at
this site include massive mud with lonestones (F1a);
massive mud without lonestones (F1b); silt (F2a); in-
terbedded silt and mud (F2b); very fine to coarse
sand (F3a); medium to coarse sand (F3b); interbed-
ded sand and mud (F3c); muddy diamict (F4a);
muddy and sandy diamict with lithic and mud clasts
and/or terrigenous organic components (F4b); brec-
cia (F4c); interbedded mud and diamict (F4d); dia-
tom ooze (F5a); biosiliceous ooze (F5b); calcareous/
carbonate-bearing/rich mud, silt, sand, diamict, and/
or diatom ooze (F5c); volcanic ash (F6); volcaniclas-
tic mud and sand (F7); and rock (F8). These facies re-
flect deposition from suspension fall out, sediment
gravity flows, ice rafting, variations in organic pro-
ductivity, volcanic eruptions, and eolian processes.

The lonestone-bearing, massive and bioturbated
mud of Facies F1a is dark gray (N 4) to dark greenish
gray (10Y 4/1) (Fig. F11A–F11B; Table T2). Color
banding in this facies ranges from gray (N 4) to dark
greenish gray (10Y 4/1), and individual bands range
4
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in thickness from 0.1 to 5 cm. Bioturbation ranges
from moderate to complete (for bioturbation scale,
see “Lithostratigraphy” in the “Methods” chapter
[Jaeger et al., 2014]). Based on smear slides, the com-
position of the mud is on average 90% clay size par-
ticles and 10% silt particles, with no apparent com-
positional differences between different color bands.
Microfossil content is variable. Biosiliceous compo-
nents are predominantly diatom microfossils, but
minor amounts of sponge spicules and nannofossils
are also documented. Lonestone clasts consist
mainly of argillite and metasiltstone with secondary
amounts of metabasalt and minor amounts of gran-
ite and sandstone (Fig. F12A–F12D). Facies F1b (Ta-
ble T2) consists of greenish gray (10Y 5/1) to dark
gray (N 4) mud without lonestones. Microfossil con-
tent is variable, as in Facies F1a. Zoophycos burrows
are common in this facies, and relative to Facies F1a,
color banding is not common. Petrographically, the
composition of Facies F1b is similar to that of Facies
F1a. In a minor number of beds in Facies F1b, dia-
toms, sponge spicules, and burrows have been pyri-
tized (Fig. F12K).

Facies F2a and F3a (Table T2) consist of very thin to
thin silt and sand beds (Fig. F11B) and are discussed
together because of their common occurrence in the
cores from Site U1417. These two facies range in
color from dark gray (N 4) to greenish gray (5GY 5/1)
and are mostly interbedded with the mud of Facies
F1a and F1b. The silt and sand beds have sharp and
sometimes erosional lower contacts with the under-
lying mud and primarily gradational upper contacts
(Fig. F11B). Load casts occur along the bases of some
beds in this facies (Fig. F12E). Individual bed thick-
nesses are 1–5 cm, and normal grading is common.
These facies are often well sorted and contain little
fine-grained matrix. The grain composition of these
two facies is almost entirely quartz and feldspar, with
minor amounts of heavy minerals. Quartz in these
facies is monocrystalline, and few lithic grains are
documented. Less common are silt and sand beds
rich in mafic components such as hornblende, bio-
tite, and opaque minerals. The more mafic silt and
sand beds are also enriched in heavy minerals rela-
tive to the more quartzofeldspathic sand and silt in
this facies. In general, quartzofeldspathic sand and
silt comprise ~85% of the total sand and silt in these
facies. Facies F2b consists of dark gray (N 4) to very
dark gray (N 3) interbedded silt and mud. Lower con-
tacts of silt laminae are most often sharp. Upper con-
tacts are sharp or gradational. Bioturbation is none
to slight.

Facies F3b (Table T2) consists of dark gray (N 4) to
gray (N 5) medium to coarse sand and is distin-
guished from Facies F3a by its accessory components
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(Fig. F11E). This facies often has a sharp lower con-
tact and a gradational upper contact. Bed thickness is
up to 40 cm, but average bed thickness is ~10–20 cm.
The sand has a very muddy matrix, and intraforma-
tional rip-up clasts are common (Fig. F11F). Coal
clasts and woody detritus also occur in this facies
(Figs. F11E, F12G–F12J). Based on smear slides, the
composition of sand in Facies F3b is lithic rich with
sedimentary (mainly mudstone and siltstone), vol-
canic, and metasedimentary (mainly argillite) grains.
These sand beds also contain more mica than other
sand facies at Site U1417. In smear slides, most mica
appears to be biotite, but lighter colored micas are
also identified in the visual core descriptions. Quartz
in this facies is mainly monocrystalline, but poly-
crystalline quartz grains are also identified. Heavy
minerals are a common minor constituent of Facies
F3b. Facies F3b is gradational with the sandy diamict
of Facies F4b. Facies F3c consists of interbedded sand
and mud (Table T2). This facies is between 7 and 710
cm thick. Graded sand beds have sharp lower bound-
aries and sharp upper boundaries. Bioturbation is
mostly absent in this facies.

Muddy diamict in Facies F4a (Table T2) is character-
ized by a dark gray (N 4) mud-rich matrix. Distinc-
tive features of this facies are gradational lower con-
tacts and sharp upper contacts defined by the
relative clast concentration (Fig. F11C). Common
clast sizes are granule and pebble, with clasts being
subangular to subrounded. Based on smear slides,
the composition of the sand fraction is primarily
quartzofeldspathic. Facies F4b consists of muddy and
sandy diamict with bed thickness up to 40 cm and
containing predominantly mud clasts and/or or-
ganic components (Table T2; Fig. F11D). A sand and
mud matrix with large outsized intraformational
clasts characterizes this facies. Mud clasts can reach 3
cm in diameter. Other common clast types are coal
and woody debris. These beds have sharp upper and
lower contacts. Petrographically, this facies is charac-
terized by more lithic grains in the sand fraction,
similar to those described for Facies 3b, which occurs
in close association with Facies F4b. Facies F4c con-
sists of breccia with poorly organized clasts, and
most of the clasts appear to be indurated diatom
ooze. Internally, individual clasts contain evidence
of soft-sediment deformation. Facies F4d consists of
dark gray (N 4) interbedded mud and diamict (Table
T2). Diamict beds often have gradational lower and
sharp upper boundaries. Clasts within the diamict
are up to 3 cm in diameter and are predominantly
composed of mud clasts.

Facies F5a is characterized by dark gray (N 4) diatom
ooze (Table T2; Fig. F11G–F11H). By definition, lith-
ostratigraphic units with this facies contain >50% di-
atoms (see “Lithostratigraphy” in the “Methods”
5
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chapter [Jaeger et al., 2014]). The remaining constit-
uents in this facies are typically mud, and in some
cases calcareous mud is documented. Contacts vary
between gradational and sharp. Bed thickness for Fa-
cies F5 varies from 20 to 150 cm. Bioturbation is
common in this facies, including Zoophycos burrows
(Fig. F11G–F11H).

Facies F6 is defined by gray (5Y 4/1) to brown (5YR
5/3) volcanic ash (Fig. F13). Bed contacts range from
sharp to gradational. Compositionally, this facies
consists of 80% glass shards (vitric fragments). The
remaining framework grains are feldspar, quartz, and
opaque minerals. Dark gray (N 4) volcaniclastic mud
and sand define Facies 7 (Fig. F13E–F13F). Bed thick-
ness ranges from 1 to 5 cm. These beds consist of a
mixture of volcanic glass (typically 10%–20%),
quartz, feldspar, and often diatom microfossils. Beds
are often bioturbated.

Facies 8 consists of dark gray (N 4) lithified siltstone
with abundant calcite cement. These beds occur spo-
radically and are often associated with poor core re-
covery.

Lithostratigraphic units
Based on facies associations, five major lithostrati-
graphic units (I–V) are defined (Table T3; Fig. F10).
Units I and V are further divided into subunits. The
contacts between lithostratigraphic units at Site
U1417 are usually gradational, and the criteria used
to define units are discussed below.

Unit I

Subunit IA

Intervals: 341-U1417A-1H-1, 0 cm, to 11H-2, 18
cm; 341-U1417B-1H-1, 0 cm, to 10H-2, 131 cm;
341-U1417C-2H-1, 0 cm, to 10H-2, 48 cm; 341-
U1417D-1H-1, 0 cm, to 10H-3, 38 cm

Depths: Hole U1417A = 0–77 m core depth below
seafloor (CSF-A); Hole U1417B = 0–79.4 m CSF-
A; Hole U1417C = 0–77 m CSF-A; Hole U1417D
= 0–78.8 m CSF-A

Age: Middle Pleistocene to Holocene

Subunit IA contains dark gray (N 4) mud (Fig. F11A)
with subordinate interbeds of volcanic ash as thick
as 4 cm (Table T3; Fig. F13A–F13C). Dispersed gran-
ule- to pebble-sized lonestones (outsized clasts) are
common. Lonestone clasts consist mainly of argillite
and metasiltstone, with secondary amounts of meta-
basalt and minor amounts of granite and sandstone
(Fig. F12A–F12D). Greenish gray (10Y 5/1) intervals
of diatom-bearing mud with approximately five dia-
tom ooze layers between 20 and 40 cm thick alter-
nate with barren gray (N 5) mud. Volcanic ash con-
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sists of >80% vitric (glass) framework grains (Fig.
F13). Although volcanic ash (>90% primary volcanic
grains; see “Lithostratigraphy” in the “Methods”
chapter [Jaeger et al., 2014]) comprises <1% of the
total described lithology of this subunit, it is consid-
ered important. The relative volcanic grain abun-
dance is plotted on the summary diagrams for each
hole for reference (Fig. F10).

Subunit IB

Intervals: 341-U1417A-11H-2, 18 cm, to 22H-CC,
38 cm; 341-U1417B-10H-2, 131 cm, to 17H-CC,
17 cm; 341-U1417C-10H-2, 48 cm, to 18H-3, 18
cm; 341-U1417D-10H-3, 38 cm, to 22H-1, 0 cm

Depths: Hole U1417A = 77–168 m CSF-A (bottom
of hole); Hole U1417B = 79.4–151.9 m CSF-A;
Hole U1417C = 77–154.1 m CSF-A; Hole
U1417D = 78.8–166.3 m CSF-A

Age: early to Middle Pleistocene

This subunit shares all lithologic characteristics with
Subunit IA; however, it also includes intervals of dia-
tom ooze that occur frequently, with as many as five
intervals per core (Table T3; Fig. F11G–F11H). Ooze
intervals are generally <10 cm thick. Dispersed gran-
ule- to pebble-sized lonestones are more common
than in Subunit IA. Silt and sand beds are 2–4 cm
thick (Fig. F11B). Volcanic ash (>90% primary vol-
canic grains; see “Lithostratigraphy” in the “Meth-
ods” chapter [Jaeger et al., 2014]) represents <1% of
the total described lithology of this subunit and con-
sists of >80% vitric (glass) framework grains.

Unit II
Intervals: 341-U1417B-17H-CC, 17 cm, to 37X-CC,

30.5 cm; 341-U1417C-18H-3, 18 cm, to 29H-
CC, 7 cm; 341-U1417D-22H-1, 0 cm, to 42X-1,
85 cm

Depths: Hole U1417B = 151.9–256.2 m CSF-A;
Hole U1417C = 154.1–226 m CSF-A (bottom of
hole); Hole U1417D = 166.3–263.5 m CSF-A

Age: early Pleistocene

This unit is identified by distinct 1–5 cm thick inter-
beds of fine sand and coarse silt in dark gray (N 4) to
greenish gray (10Y 5/1) mud. Mud beds are massive
to normally graded and commonly have sharp lower
contacts (Table T3). Sand/silt beds occur in the mud
at irregularly spaced intervals ranging from 5 to 15
cm. Relative to Unit I, this unit contains fewer lone-
stones; however, they occur throughout the unit and
range up to as many as eight clasts per section. Vol-
canic ash beds are present, with eight beds distrib-
uted over Unit II. Diatom-rich intervals, including
thin beds of ooze, similar to those in Unit I occur
near the top of Unit II.
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Unit III
Intervals: 341-U1417B-38X-1, 0 cm, to 41X-1, 40

cm; 341-U1417D-42X-1, 85 cm, to 46X-1, 92
cm; 341-U1417E-2R-1, 7.5 cm, to 5R-CC, 10 cm

Depths: Hole U1417B = 256.2–291.3 m CSF-A;
Hole U1417D = 263.5–296.6 m CSF-A; Hole
U1417E = 264.1–297.3 m CSF-A

Age: early Pleistocene

This unit is bounded by the first and last occurrences
of 4–8 cm thick beds of muddy diamict interbedded
with intervals of bioturbated dark gray (N 4) mud up
to 40 cm thick (Table T3; Fig. F11C). Core distur-
bance makes this relationship difficult to observe in
many cases. Diamict intervals contain gravel-sized
subangular to subrounded clasts in a muddy matrix
and have gradational lower contacts and typically
sharp upper contacts. Clast abundance increases up-
hole in individual beds. Common clast types include
argillite and metasiltstone, with secondary amounts
of metabasalt.

Unit IV
Intervals: 341-U1417B-41X-1, 40 cm, to 47X-CC,

26 cm; 341-U1417D-46X-1, 92 cm, to 50X-1, 63
cm

Depths: Hole U1417B = 291.3–350.0 m CSF-A (bot-
tom of hole); Hole U1417D = 296.6–335.1 m
CSF-A

Age: late Pliocene

Unit IV contains dark gray (N 4) to dark greenish
gray (5GY 4/1) clay-rich mud that is commonly
highly bioturbated. Zoophycos burrows and diatom-
bearing intervals as thick as 140 cm are common
(Fig. F11G). Lonestones are absent.

Unit V
Intervals: 

VA: 341-U1417D-50X-1, 63 cm, to 56X-CC, 19
cm;

VB: 341-U1417D-56X-CC, 19 cm, to 60X-CC, 10
cm; 341-U1417E-7R-1, 0 cm, to 10R-3, 0 cm; 

VC: 341-U1417D-60X-CC, 10 cm, to 65X-CC,
21 cm; 341-U1417E-10R-3, 0 cm, to 15R-1, 66
cm; 

VD: 341-U1417E-15R-1, 66 cm, to 15R-6, 55 cm; 
VE: 341-U1417E-15R-6, 55 cm, to 29R-3, 11 cm; 
VF: 341-U1417E-29R-3, 11 cm, to 29R-CC, 17

cm; 
VG: 341-U1417E-29R-CC, 17 cm, to 32R-2, 0

cm; 
VH: 341-U1417E-32R-2, 0 cm, to 35R-1, 53 cm; 
VI: 341-U1417E-35R-2, 0 cm, to 39R-6, 13 cm; 
VJ: 341-U1417E-39R-6, 13 cm, to 39R-CC, 23 cm
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Depths: 
VA: Hole U1417D = 335.1–394.3 m CSF-A; 
VB: Hole U1417D = 394.3–432.0 m CSF-A, Hole

U1417E = 399.0–431.0 m CSF-A; 
VC: Hole U1417D = 432.0–461.5 m CSF-A (bot-

tom of hole), Hole U1417E = 431.0–477.7 m
CSF-A; 

VD: Hole U1417E = 477.7–484.6 m CSF-A; 
VE: Hole U1417E = 484.6–615.4 m CSF-A; 
VF: Hole U1417E = 615.4–619.0 m CSF-A; 
VG: Hole U1417E = 619.0–642.8 m CSF-A; 
VH: Hole U1417E = 642.8–661.5 m CSF-A; 
VI: Hole U1417E = 661.5–705.9 m CSF-A; 
VJ: Hole U1417E = 705.9–708 m CSF-A (bottom

of hole)
Age: Miocene to Pliocene

Unit V contains predominantly dark gray (N 4) mud
with subordinate muddy and sandy diamict, inter-
bedded silt/mud and sand/mud, and diatom ooze
(Table T3). Because Unit V is highly diverse, it is di-
vided into 10 subunits to differentiate biosiliceous-
rich (diatom ooze) intervals from intervals domi-
nated by terrigenous sediment flux (Fig. F10E). Sub-
units VA, VC, VE, VG, and VI consist mainly of dark
gray (N 4) mud, sandy diamict with lithic and mud
clasts up to 3 cm diameter, and plant fragments (Fig.
F11D); massive and graded sand beds (Fig. F11E–
F11F); interbedded silt and mud; and occasional dia-
tom-rich intervals and diatom ooze. The top of Sub-
unit VA is defined by the first occurrence of a 50 cm
thick very dark gray (5Y 3/1) sand bed underlain by a
sandy diamict bed. Within the subunit, three other
sand beds and six other diamict intervals are inter-
bedded with biosiliceous-bearing mud or diatom
ooze. The diamict beds contain lithic and mud
clasts, as well as plant fragments. Subunit VC has
similar characteristics, with mud clasts and coal in
the diamict beds. Subunit VE is defined by diamict
containing coal clasts interbedded with dark green-
ish gray (10Y 4/1) interbedded silt and mud. Subunit
VG is defined by the occurrence of normally graded
sandy mud beds ranging in thickness from 10 to 60
cm interbedded with mud. These sand beds include
mud clasts and granules of coal. Subunit VI is inter-
bedded similarly to Subunit VG, except that the in-
tervals of muddy silt are as thick as 180 cm. Fine-
grained Subunits VB, VD, VF, VH, and VJ consist
mainly of dark gray (N 4) mud with diatom-rich in-
tervals and diatom ooze, the latter occasionally ex-
ceeding 150 cm in thickness. Color banding also can
be a characteristic feature of these subunits (Fig.
F11H). Of these, Subunit VF is most notable because
it includes a breccia bed that is 80 cm thick. In Unit
V, ash (Fig. F13) and extensional deformation struc-
tures (Fig. F12F) are observed occasionally. Plant de-
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bris and terrestrial organic detritus (coal) are compo-
nents of the sandy diamict (Figs. F11E, F12G–F12J).

Petrography

Clast lithologies
The main lithologies of the diamict clasts and lone-
stones contained in Site U1417 sediment are of low-
grade metamorphic origin. In decreasing order of
abundance, the lithologies are argillite, metasilt-
stone, and basalt. Sandstone, siltstone, granite, and
quartzite are minor lithologies. These lithologies are
unevenly distributed between Holes U1417A–
U1417E. The average clast ratio for Site U1417, based
on the main lithology types metamorphic (M), sedi-
mentary (S), and igneous (I), is M73S15I12.

Bulk mineralogy
X-ray diffraction (XRD) analyses were performed on
131 powdered bulk samples from Holes U1417A–
U1417E to delineate the bulk mineralogy and iden-
tify compositional trends with age or depth in the
cores. Diffraction patterns are shown in Figure F14,
and the relative mineral diffraction peak intensities,
as defined in “Lithostratigraphy” in the “Methods”
chapter (Jaeger et al., 2014), are listed in Table T4. In
general, the mineralogy is uniform downhole, al-
though there are some variations in relative peak in-
tensities, which may indicate slight variations in
mineral content. Figure F14A shows the scans for 14
representative samples from this site. The primary
minerals identified include quartz, plagioclase (feld-
spar), mica (muscovite/illite and biotite), and the
minerals chlorite and/or kaolinite. Quartz and plagi-
oclase are the dominant peaks, with quartz generally
the larger. Figure F14B shows the comparative XRD
patterns from 4° to 24°2θ, where scans run before
and after the samples underwent a glycol treatment
(see “Lithostratigraphy” in the “Methods” chapter
[Jaeger et al., 2014]). This treatment was used to de-
termine the presence of expandable clay minerals
(e.g., smectite). The scans show no indication of ex-
pandable clay minerals until ~100 m core composite
depth below seafloor (CCSF-B) in the cores. From
this depth downhole, we observe a shoulder at ~7°2θ
in the samples. After the treatment, a small but dis-
tinct peak is observed at ~5°2θ, suggesting the pres-
ence of expandable clay minerals. Additional minor
mineralogical phases documented in the bulk miner-
alogy of the cores include calcite associated with
well-indurated siltstone intervals and pyrite associ-
ated with localized structures such as burrows (Fig.
F12K). These phases are most common in lithostrati-
graphic Unit V. Our preliminary findings are similar
to the results of Molnia and Hein (1982) from sam-
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ples collected on the continental shelf of the Gulf of
Alaska.

Physical properties characteristics of selected 
lithologies
We integrated physical properties data measured us-
ing the onboard core logging systems with our sedi-
ment core and smear slide descriptions in an attempt
to establish relationships that could be used to map
the distribution of selected sedimentary attributes
and facies at a higher resolution. Sand, volcanic ash,
diatom ooze, lonestones, and diamict beds exhibit
somewhat unique variations in magnetic susceptibil-
ity, bulk density, natural gamma radiation (NGR), P-
wave velocity, and color reflectance that can be used
to highlight and predict downcore distribution of
lithologic features. Because dark gray (N 4) mud is
the dominant lithology observed at Site U1417, the
physical properties data provided a relatively fast
method to identify variations in lithology and iden-
tify potential intervals of interest for further study.

Figure F15 provides an example of this comparative
technique where downcore variations in magnetic
susceptibility, bulk density, NGR, and color reflec-
tance are compared to sediment lithology seen in
core imagery and smear slide photomicrographs
across the lithostratigraphic Subunit IB–Unit II tran-
sition in Hole U1417C. Units of diatom ooze cen-
tered at 146.6, 147.25, and 148 m CSF-A are lighter
gray in core imagery and correspond with relatively
low magnetic susceptibility, gamma ray attenuation
(GRA) bulk density, and NGR values and relatively
high reflectance index values. We use a color reflec-
tance index calculated from the absolute value of a*/
b*, which appears to capture the contrast in sedi-
ment color across the transitions between mud and
ash, ooze, and sand/silt beds. A volcanic ash bed and
mafic-rich sand centered between 146.25 and 146.5
m CSF-A result in a complex physical properties data
response with respect to magnetic susceptibility. The
divergence can be attributed to the difference in
mineralogy between the two beds, where the mafic-
rich sand has elevated magnetic susceptibility. An in-
terval of interbedded sand and mud centered at
149.8 m CSF-A is well defined by higher magnetic
susceptibility and higher color reflectance index val-
ues, which mirror the magnetic mineral content of
the sand and the change in color across the sand
beds, respectively.

Lithostratigraphy and depositional 
environments

Major characteristics that define the lithostrati-
graphic units for Site U1417 are summarized in Fig-
ure F16.
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Unit I
Lithostratigraphic Subunits IA and IB consist mainly
of dark gray (N 4) mud with lonestones and recur-
ring intervals of diatom ooze in Subunit IB (Tables
T2, T3). Lonestones are interpreted to be ice-rafted
debris deposited from icebergs. The presence of lone-
stones thus seems to be evidence for tidewater glacia-
tion. Our interpretation is that most of the mud in
Unit I originated from suspension settling through
the water column and from sediment gravity flows
reaching the distal portions of the Surveyor Fan
(Powell and Molnia, 1989). Sediment reworking and
deposition could also be related to temporal varia-
tions in bottom current strength and direction. Re-
curring intervals of diatom ooze in Subunit IB might
be related to one or several of the following pro-
cesses:

• Increased biological productivity in the water col-
umn in the vicinity of sea ice margins (Sakshaug,
2004; Smith et al., 1987);

• Increased biological productivity due to optimized
oceanographic conditions (e.g., reduced sea ice
cover, surface layer overturning, and/or mixing by
gyres);

• Enhanced macro (N or P) and/or micro (Fe) nutri-
ent supply from land (volcanic ash, dust, etc.),
leading to increased biological productivity
(Hamme et al., 2010; Davies et al., 2011; Addison
et al., 2012);

• Seawater silica saturation, leading to higher dia-
tom productivity and preservation (e.g., Brzez-
inski et al., 1998; Dugdale et al., 1995); and/or

• Decreased input of terrigenous sediments (i.e., less
dilution).

The source for some of the sediment represented by
Unit I is interpreted to be the onshore St. Elias and
Chugach Mountains located along the southern
coast of Alaska. The dominance of low-grade meta-
morphic lithologies in the lonestones suggests that
the Chugach Metamorphic Complex (Gasser et al.,
2011) may have been a primary ice-rafted debris
source during deposition of both Subunits IA and IB.
The fairly even distribution of volcanic ash and vol-
caniclastic-bearing sand indicates that the location
was proximal enough to either the Aleutian or
Wrangell volcanic belts to have periodic influxes of
pyroclastic detritus.

Unit II
We infer that sedimentary processes in Unit II were
generally similar to depositional processes in Unit I
(i.e., that sediment supply mainly occurred from sus-
pension fallout, sediment gravity flows, and ice-
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bergs). However, the increased number of thin beds
of fine sand and coarse silt suggests more frequent
and more regular deposition from sediment gravity
flows (e.g., low-density turbidity flows) (Lowe, 1982)
on the distal Surveyor Fan. In addition, the relative
absence of diatom ooze intervals may reflect reduced
productivity in the water column. This reduced pro-
ductivity might be caused by one or several factors,
including (1) increased sea ice coverage or a larger
distance to the sea ice edge, (2) limited nutrient sup-
ply, (3) secondary diagenetic processes (such as the
dissolution of silica), and/or (4) increased dilution of
biogenic-rich intervals by terrigenous sediment.

Unit III
Unit III is characterized by muddy diamict interbed-
ded with bioturbated dark gray (N 4) mud. As in
Units I and II, our interpretation is that the muddy
sediment was deposited from suspension, as well as
from distal sediment gravity flows and icebergs. The
lonestones in Unit III are the oldest observed in the
sedimentary record at Site U1417 (early Pleistocene
or late Pliocene), and they reflect the first appear-
ance at this site of iceberg-derived sediment from
calving of tidewater glaciers into the Gulf of Alaska.
The accumulation of clasts that form diamict inter-
vals in Unit III in Holes U1417B, U1417D, and
U1417E potentially record periods of significantly
enhanced ice rafting and/or reduced deposition of
mud. Whereas the gradational lower boundaries of
the diamict beds most probably mirror a gradual in-
crease in ice rafting, an abrupt termination in ice
rafting may have led to the formation of a sharp up-
per boundary and the onset of “nonglacial” condi-
tions as indicated by the deposition of mud and en-
hanced bioturbation. The repeated occurrence of
couplets of muddy diamict and mud may reflect
(1) the recovery of deposits from multiple glacial and
interglacial cycles, (2) temporarily increased ice raft-
ing due to enhanced calving from the glacier mar-
gin, or (3) dumping from icebergs. Because the pat-
tern of gradual onset and abrupt termination of ice
rafting is very similar to “typical” glacial–interglacial
cycles, we suggest that the deposits may archive
large-scale climatic changes. Further refinement of
the shipboard age model may be necessary to con-
firm this.

Unit IV
The main characteristics of Unit IV are intense bio-
turbation and diatom-bearing intervals, the absence
of lonestones, and the presence of isolated fine sand
beds. The more intense bioturbation is suggestive of
limited terrigeneous sediment influx and/or more
productive water column conditions.
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Unit V
Unit V is divided into subunits to distinguish periods
of reduced terrigenous sediment supply and higher
biological productivity and/or better preservation
(diatom ooze; Subunits VB, VD, VF, VH, and VJ) from
periods of higher flux of terrigenous sediment (mud;
Subunits VA, VC, VE, VG, and VI). Both periods are
interrupted by muddy and sandy diamict deposition.
The diamict is interpreted to be deposited from sedi-
mentary gravity flows (e.g., high-density turbidity
flow) (Lowe, 1982). A distinctive characteristic of
Unit V is the presence of coal clasts and woody plant
detritus in the sandy diamict facies (Figs. F11E, F12I–
F12J). These components are tentatively interpreted
to be derived from the coal-bearing Eocene Kulthieth
Formation exposed in the onshore thrust belt in the
St. Elias and Chugach Mountains (e.g., Plafker,
1987). Other unique characteristics of Unit V are
small normal faults (commonly <2 cm of displace-
ment) in the lower parts of Hole U1417E (Fig. F12F).
These faults may be related to deformation along the
outer rise of the Pacific plate due to subduction at
the Aleutian Trench west of Site U1417. Many active
normal faults have been mapped in this portion of
the Pacific plate and are related to plate-bending pro-
cesses (Reece et al., 2013).

The provenance of the sediment documented in
Unit V is unclear. A southeastward restoration of the
position of the Pacific plate (i.e., accounting for cur-
rent northwest plate vectors) may show that these
submarine fan systems were supplied with sediment
from the coastal mountains of the Yukon Territory
and northwestern British Columbia (e.g., the Coast
Plutonic Complex). However, more detailed prove-
nance studies are required to verify the locations of
onshore sources of sediment for Unit V.

Paleontology and 
biostratigraphy

Samples from Site U1417 reveal rich assemblages of
siliceous microfossils, whereas calcareous microfos-
sils are less abundant in most intervals. Diatoms and
radiolarians are abundant to rare and well to poorly
preserved in several intervals. These diatom and ra-
diolarian assemblages permit the establishment of
biostratigraphic schemes, which are complemented
by planktonic foraminifers (Fig. F17; Table T5).
Changes in the preservational quality and abun-
dance of siliceous microfossils and in the diagenetic
alteration of calcareous microfossils appear to cor-
relate with changes in pore water chemistry (silica
concentrations and magnesium, calcium, and alka-
linity concentrations, respectively; see “Geochemis-
try”). According to our biostratigraphic datums,
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summarized in Table T5, the deepest recovered sedi-
ments from Site U1417 are ~10 Ma. Beyond the bio-
stratigraphic schemes, the micropaleontologic as-
semblages provide insight into paleoclimatologic
and paleoceanographic conditions of the subarctic
northeast Pacific Ocean. In particular, the relative
abundances of certain diatoms, radiolarians, and
planktonic foraminifers suggest climatic variations
between warm and cool intervals (Figs. F18, F19). El-
ements of the benthic foraminiferal fauna and dia-
tom flora also suggest the transport of biogenic ma-
terial from shallower water environments (Fig. F19).

Diatoms
We investigated core catcher samples and sediment
from selected split core sections from Holes U1417A–
U1417E to define the sediment age and paleoenvi-
ronmental conditions (Tables T5, T6). For a detailed
description of diatom zonal scheme and taxonomy,
see “Paleontology and biostratigraphy” in the
“Methods” chapter (Jaeger et al., 2014).

Diatom biostratigraphy
A total of 464 slides, which include samples from the
core catcher and split core sections, were prepared
for diatom analyses from Holes U1417A–U1417E (Ta-
ble T6). Eight diatom datums were observed at Site
U1417 (Table T5). Diatoms associated with North Pa-
cific Diatom Zones 6B–12 were present (late Mio-
cene–Pleistocene).

Diatom paleoenvironmental considerations
Valve abundance and preservation varies strongly
throughout the sediment column (Figs. F17). High
to moderate abundances are mostly recorded in the
upper ~200 m CCSF-B and between ~300 and ~420
m CCSF-B (Fig. F19). Except for a few samples, the
intervals from 245 to 300 and 440 to 800 m CCSF-B
are barren of diatoms. In general, valve preservation
closely matches the total diatom abundance and
tends to be good when abundance is high. Variations
in preservation and abundance and shifts in the as-
semblage possibly reflect past paleoceanographic
changes in the pelagic and the coastal regions of the
Gulf of Alaska.

The Site U1417 diatom community mostly consists
of Pliocene and Pleistocene species, typical of cold
waters of the high-latitude northeastern and subarc-
tic Pacific Ocean. The well-preserved, cold-to-tem-
perate water species Neodenticula seminae (Simonsen
et Kanaya) Akiba et Yanagisawa is common in the
uppermost ~200–225 m CCSF-B (Table T6; Fig. F18).
In present-day observations, periods of high relative
abundances of N. seminae correspond to periods of
10
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high opal and organic carbon fluxes in the northeast
Pacific (Takahashi et al., 1990). Based on her survey
of the diatom community preserved in surface (Hol-
ocene) sediments of the Bering and Okhotsk Seas,
Sancetta (1982) concluded that N. seminae is a good
tracer of the main path of the Alaska Current and a
good indicator of the variability of paleohydro-
graphic and paleoclimatic conditions in the Gulf of
Alaska. However, because not all diatom valves are
equally affected by dissolution, its downcore record
should be cautiously interpreted.

The composition of the cold-water species diatom
assemblage differs between the uppermost ~200 m
and the interval from ~300 to 435 m CCSF-B. A ma-
jor downhole shift toward a relative increase of Cos-
cinodiscus marginatus, a decrease of Actynocyclus cur-
vatulus, and the disappearance of N. seminae occurs
in the cold-water assemblage around ~225 m CCSF-
B (Table T6; Fig. F18). This shift may be associated
with the intensification of Northern Hemisphere
glaciation after 2.6–3 Ma and the development of
the modern halocline system in the subarctic Pa-
cific (Swann et al., 2006). Because C. marginatus is
apparently well adapted to present-day high nutri-
ent supply during short periods of low-incident ra-
diation (Takahashi et al., 1990), its higher relative
contribution between ~300 and 470 m CCSF-B at
Site U1417 can be interpreted as reflecting en-
hanced productivity during periods of reduced solar
radiation. According to the diatom flux study of
Takahashi et al. (1990), the well-silicified centric
diatom A. curvatulus peaks during modern spring
flux maxima in the northeast Pacific. During the
late Quaternary, it had its highest relative contribu-
tion during glacials in the Bering Sea (Katsuki and
Takahashi, 2005).

Other cold-water species present at Site U1417 are
Actinocyclus ochotensis Jousé, Asteromphalus robustus
Castracane, Bacteriosira fragilis (Gran) Gran, Rhizoso-
lenia hebetata f. hiemalis J.W. Bailey, Shionodiscus tri-
fultus, Thalassiosira gravida Cleve, and Thalassiosira
hyalina (Grunow in Cleve et Grunow) Gran (San-
cetta, 1982; Medlin and Priddle, 1990; Koizumi
2008). Their occurrences are sporadic, and they have
low abundances at Site U1417 (Table T6). Warm-wa-
ter species Rhizosolenia hebetata f. semispina (Hensen)
Gran, Shionodiscus oestrupii (G. Fryxell) A.J. Alverson
et al., and Thalassiosira leptopus (Grunow in Van
Heurck) Hasle et G. Fryxell (Koizumi, 2008) are rare
components of the Site U1417 assemblage. Temper-
ate-water species Thalassiothrix spp. and Stephano-
pyxis spp. (Hasle and Syvertsen, 1996) are sporadi-
cally recorded.

Rare occurrences of Achnanthes spp., Cocconeis spp.,
Grammatophora spp., Rhabdonema spp., and Paralia
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sulcata (Ehrenberg) Cleve at Site U1417 also point to
a certain degree of downslope transport from the
Alaskan coast into the deeper pelagic waters overly-
ing Site U1417. In addition, the sporadic occurrences
of several freshwater/neritic marine species (e.g.,
Achnanthes lanceolata [Brébisson ex Kützing] Grünow
and Cyclotella spp.) (Table T6) may reflect periods of
enhanced terrigenous input into the pelagic realm of
the Gulf of Alaska. Similarly, the recurrent presence
of resting spores of Chaetoceros in the uppermost
~250 m CCSF-B (Fig. F19) is indicative of downslope
transport into deeper waters of the Gulf of Alaska.

A striking feature of the sediments from Site U1417
is the occurrence of interbedded diatom-rich sedi-
ments suggestive of diatom ooze (See “Lithostratig-
raphy”). These diatom-rich sediments between ~20
and 180 m CCSF-B and between ~360 and 430 m
CCSF-B are primarily composed of N. seminae, Thal-
assiothrix spp., and Coscinodiscus spp. and alternate
with mixed sediments (Fig. F16).

Radiolarians
A total of 196 samples in Holes U1417A–U1417E
were prepared for radiolarian analyses. Radiolarians
are abundant in the upper part of Site U1417 (Fig.
F17). However, for depths below ~210 m CCSF-B, the
occurrence of radiolarians is sporadic and abun-
dances are low. The preservation of radiolarians is
good to poor in the upper ~200 m CSF-A and de-
creases to poor at greater depths. Fluctuations in spe-
cies abundance are presented in Table T7.

Radiolarian biostratigraphy
Nine radiolarian datums are present at Site U1417;
they indicate sediment ages from late Miocene to
present (Table T5; see Fig. F10 in the “Methods”
chapter [Jaeger et al., 2014]).

Radiolarian paleoenvironmental considerations
The paleoenvironmental conditions at Site U1417
are inferred by using key radiolarian species grouped
according to their common ecological responses to
environmental control factors (sea-surface tempera-
ture and salinity). These groups are based on multi-
variate cluster and factor analyses of radiolarians pre-
served in surface sediment from the North Pacific
(Kamikuri et al., 2008) and the Central Indian Ocean
(Gupta, 1996), in the sediment traps of the Indian
Ocean (Gupta et al., 2002), in the modern radiolar-
ian mapping of the world oceans (Boltovskoy et al.,
2010), and from late Miocene sediments (Gupta and
Srinivasan, 1992). Cycladophora davisiana and Spongo-
pyle osculosa are grouped as cold deepwater species
(>200 m), whereas Ceratospyris borealis, Actinomma
11
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boreale, Stylodictya validispina, and Larcopyle buestchlii
are cold-water species living in the upper ~200 m of
the water column. The subarctic-temperate group is
composed of Lithelius minor and Larcopyle weddelium.
Cold-water radiolarians (both deepwater and surface
species) have higher relative abundances in the up-
per ~225 m CCSF-B of the sediment record, whereas
between ~300 and 400 m CCSF-B, temperate species
increase in relative abundance (Fig. F18).

Foraminifers
Core catcher samples from Holes U1417A–U1417D
were examined for planktonic foraminifers from the
>125 µm size fraction in 85 samples (Table T8) and
for benthic foraminifers from the >63 µm size frac-
tion in 105 samples (Table T9). Samples from Hole
U1417E would not disaggregate and were not inves-
tigated. Most core catcher samples were dominated
by siliciclastic material in the >63 µm size fraction,
although a few samples were dominated by diatoms
or had very little sand-sized material.

Planktonic foraminifers
Sixteen planktonic foraminifer species were encoun-
tered in Holes U1417A–U1417D (Table T8). Assem-
blages are composed of subarctic to temperate water
species, dominated by Neogloboquadrina pachyderma.
Preservation varies from poor to good, generally de-
creasing in quality with depth (Fig. F17). Further-
more, the high number of barren samples (40 of 89
samples) suggests diagenetic dissolution of foramin-
ifer shells in the sediments.

The lack of a continuous planktonic foraminiferal re-
cord because of poor preservation at Site U1417
makes it difficult to determine precise biozones. At
Site U1417, the last occurrence (LO) of Neogloboquad-
rina inglei (0.7 ± 0.1 Ma) (Kucera and Kennett, 2000)
is recognized (Table T5). Neogloboquadrina kagaensis
(LO 1.9 ± 0.1 Ma) (Kennett et al., 2000) was also
found but appears in only two samples (Table T8).

The most striking change in the planktonic foramin-
iferal assemblage is a change in the coiling direction
of neogloboquadrinids (Figs. F18, F19). An abrupt
decrease in dextral coiling neogloboquadrinids oc-
curs between 255.29 and 275.74 m CCSF-B (298.55
and 318.99 m core composite depth below seafloor
[CCSF-A]). The timing of this shift roughly corre-
sponds to the interval from the latest part of the Cy-
cladophora sakaii Zone (1.9–3.3 Ma) to the earliest
part of the Eucyrtidium matuyamai Zone (1.3–1.9 Ma)
and roughly corresponds to the datum event defined
by a change in the coiling direction of N. pachyderma
on the California margin (~2.0 Ma) (Lagoe and
Thompson, 1988). However, numerous barren inter-
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vals make it difficult to constrain the timing of this
event in the Gulf of Alaska margin. The relative
abundance of dextral coiling specimens of neoglobo-
quadrinids has long been used as an indicator of sea-
surface temperature during the Quaternary because
of their preference for warm-water environments
(Kucera, 2007). Taking this environmental prefer-
ence, as well as the timing of evolutionary changes
in the Neogloboquadrina plexus (Kucera and Kennett,
2000), into account, the change in coiling direction
is probably due to a major cooling of surface waters
beginning around 2.0–2.2 Ma in the northeastern
Pacific.

Brown-colored foraminifer shells were occasionally
observed in the core catcher samples. Brown-colored
shells are dominant in Samples 341-U1417C-14H-
CC through 16H-7W, 49–59 cm (121.90–140.58 m
CCSF-B), and 341-U1417D-28H-CC (222.42 m CCSF-
B). Brown-colored foraminifers were also reported in
the Bering Sea (Cook et al., 2011) and in the north-
western Pacific (Ohkushi et al., 2005). Further stud-
ies suggested that this color change in foraminifer
shells is attributed to the postdepositional diagenesis
during authigenic carbonate precipitation associ-
ated with anaerobic methane oxidation (Cook et al.,
2011; Uchida et al., 2004). At Site U1417, the pore
water profile shows an abrupt drop in alkalinity and
a magnesium minimum in the pore waters between
~200 and 300 m CCSF-B. These pore water features
are coincident with the occurrence of brownish fora-
minifer shells, suggesting the precipitation of authi-
genic carbonates within that interval (see “Geo-
chemistry”).

Benthic foraminifers
Of the 105 core catcher samples that were examined
from Holes U1417A–U1417D, 52 contained benthic
foraminifers, but abundances were generally low
(Figs. F17). Low abundances and numerous barren
intervals may reflect dissolution and/or dilution by
siliciclastic particles and diatoms. Sixty-nine species
or species groups are identified (Table T9), although
identifications should be taken as tentative. Benthic
foraminiferal assemblages at this site are dominated
by individuals in the 63–150 µm size fraction in
most samples. However, assemblages from Samples
341-U1417D-62X-CC (435.36 m CCSF-B) and 64X-
CC (444.49 m CCSF-B) are dominated by individuals
>150 µm. Assemblages are diverse, with ~3–25 spe-
cies or species groups per sample for those samples
that contain at least 10 individuals (median = 10 spe-
cies/sample). Preservation of foraminifers ranges
from very good to poor, with poor preservation ob-
served in ~40% of the core catchers (Table T9; Fig.
F17).
12
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The taxonomic composition among samples is
highly variable with respect to the rare taxa (Table
T9). However, the samples can be grouped into three
main assemblage types united by their most abun-
dant taxa. The majority of samples contain assem-
blages with dominant to abundant Gyroidina spp.
and major contributions from Melonis pompilioides,
Pullenia salisburyi, and Eilohedra vitrea. This composi-
tion is consistent with middle to lower bathyal envi-
ronments from the modern Gulf of Alaska (Bergen
and O’Neil, 1979) and with the present water depth
of Site U1417.

Cassidulina teretis dominates some samples, includ-
ing Samples 341-U1417D-62X-CC and 64X-CC,
where coal and plant material is also preserved (see
“Lithostratigraphy”). In the Gulf of Alaska, C. teretis
and other Cassidulina species are most abundant in
middle to outer neritic environments (Bergen and
O’Neil, 1979), suggesting transport from shallower
waters. Species considered indicative of shelf envi-
ronments from Oregon to Alaska, including Triferina
angulosa, Quinqueloculina sp., Lagena laevis, Eggerella
advena, and Karrierella baccata (see Culver and Buzas,
1985), are also occasionally encountered at Site
U1417, further suggesting transport of foraminifers
from the shelf to the deep ocean.

Nonionella labradorica and Buccella inusitata charac-
terize a third assemblage that occurs in Samples 341-
U1417D-3H-CC to 6H-CC (23.06–47.80 m CCSF-B).
N. labradorica is reported to reach abundances >10%
at ~200 m water depth in the Gulf of Alaska, with a
second increase below ~1500–2000 m water depth
(Bergen and O’Neil, 1979). These species are also
characteristic of Pliocene to Pleistocene assemblages
from the Japan Trench area interpreted to be from
1500–2000 m water depth (Keller, 1980). Thus, this
assemblage also suggests transport from environ-
ments shallower than the present water depth at Site
U1417.

Other microfossils

Ostracods
Ostracods were present in 10 samples examined for
benthic foraminifers but were not taxonomically de-
scribed (comments in Table T9).

Calcareous nannofossils
Calcareous nannofossils were found in isolated inter-
vals in Holes U1417B–U1417D. Overall, the number
of species observed was very low (~2–5 species/sam-
ple), which is likely the result of either dissolution or
environmental influence. The most common species
found are Coccolithus pelagicus, Dictyococcites produc-
tus, and small reticulofenestrids (<3 µm). The small
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reticulofenestrids may be a combination of speci-
mens of Reticulofenestra and Gephyrocapsa, but no
central area structures were observed that allowed
identification of Gephyrocapsa. The best-preserved
nannofossils are found within diatom-rich intervals
in the upper ~130 m CCSF-B.

Summary
Age models derived from diatoms, radiolarians, and
planktonic foraminifers generally agree (Table T5;
Fig. F20). In some intervals, ages were inverted strati-
graphically, suggesting reworking or transport of
older material to the site. Reworking and transport is
also indicated by shallower water benthic foramin-
ifers, diatom resting spores, and coastal diatom spec-
imens (Fig. F19).

The preserved microfossils at Site U1417 provide an
excellent opportunity to document the biotic re-
sponse to climatic change in both the surface and
deeper ocean. Marked variations the relative abun-
dances of taxa potentially reflect major changes in
global climate variations linked to fluctuations in ice
volume and reorganization of North Pacific circula-
tion during the Pliocene and the Pleistocene (Figs.
F18, F19). Numerous barren intervals make it diffi-
cult to interpret the environmental conditions
during the Miocene. However, in intervals where ra-
diolarians are present, the species composition indi-
cates temperate surface water conditions during the
Miocene. Both planktonic foraminifers and radiolar-
ians from this site record cooler conditions in the
upper ~225 m CCSF-B than in older parts of the re-
cord. Coincidently, the diatom flora shifts to a more
diverse assemblage above ~215 m CCSF-B, with only
a few monospecific C. marginatus intervals. Low pres-
ervation of siliceous microfossils prevents the obser-
vation of this transition around this specific depth.
Observed barren intervals at the site may be due to
either lower diatom and radiolarian productivity or
to increased dissolution suggested by the retention
of dissolution resistent taxa in nearly barren inter-
vals.

Stratigraphic correlation
The composite depth scale at Site U1417 was con-
structed from 0.0 to 750.82 m CCSF-A (as defined in
“Stratigraphic correlation” in the “Methods” chap-
ter [Jaeger et al., 2014]). The splice consists of one
complete and continuous interval from the mudline
to 224.2 m core composite depth below seafloor
(CCSF-D). At greater depths, intervals of correlation
were found between holes but were not considered
sufficiently continuous to warrant development of a
deeper “floating” shipboard splice.
13
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The splice ranges from the top of Core 341-U1417D-
1H (the mudline) through Core 341-U1417C-22H
(Tables T10, T11). To the extent possible, the splice
was constructed from Holes U1417C and U1417D
because Hole U1417A was sampled at sea and the
shallowest 10 cores from Hole U1417B were recov-
ered during heavy weather, when ship heave com-
promised the quality of many of the cores. In Hole
U1417C, many of the APC cores taken deeper than
~150 m CCSF-A had significant flow-in, likely due to
incomplete penetration. To the extent possible, these
intervals were identified and excluded from the
splice.

Correlations between holes were accomplished using
IODP Correlator software (version 1.695). All splice
tie points were checked by examining digital line-
scan images with Corelyzer (version 2.0.2), linked to
Correlator. During coring, real-time development of
composite depths and guidance for coring opera-
tions relied initially on Special Task Multisensor Log-
ger (STMSL) GRA density and magnetic susceptibility
data. The final composite depth scale (CCSF-A) and
the splice (CCSF-D scale) are based primarily on the
stratigraphic correlation of magnetic susceptibility
and GRA density from the Whole-Round Multi-
sensor Logger (WRMSL) (Figs. F21, F22) with verifi-
cation from NGR and reflectance spectroscopy color
data from the Section Half Multisensor Logger
(SHMSL).

The CCSF-A and CCSF-D scales were constructed by
assuming that the uppermost sediment (the mud-
line) in Core 341-U1417D-1H represents the sedi-
ment/water interface. An approximate mudline was
also recovered in Cores 341-U1417A-1H and 341-
U1417B-1H and 2H, confirming the fidelity of the
top of the recovered interval. Core 341-U1417D-1H
serves as the “anchor” in the composite depth scale
and is the only core with depths that are the same
on the CCSF-A and CCSF-D scales. From this anchor,
we worked downhole, correlating variations in core
logging data between holes on a core-by-core basis
using Correlator.

A few splice tie points are uncertain. In particular,
the splice points between 341-U1417C-7H-7, 16.86
cm, and 341-U1417D-7H-1, 34.84 cm (62.18 m
CCSF-A), between 341-U1417C-8H-7, 57.10 cm, and
341-U1417A-10H-1, 32.74 cm (76.12 m CCSF-A),
and between 341-U1417A-21H-3, 135.07 cm, and
341-U1417B-18H-1, 12.14 cm (186.76 m CCSF-A), all
have little overlap to constrain the splice points and
should be used cautiously. The tie point between
341-U1417B-22H-4, 47.19 cm, and 341-U1417C-
22H-1, 16.37 cm (211.29 m CCSF-A), is equivocal.

Within the splice, the CCSF-A depth scale is defined
as equivalent to the CCSF-D depth scale. Note that
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the CCSF-D scale rigorously applies only to the
spliced interval. Intervals outside the splice, al-
though available with CCSF-A depth assignments,
should not be expected to correlate precisely with
fine-scale details within the splice or with other
holes because of variation in the relative spacing of
features in different holes. Such apparent depth dif-
ferences of specific features may reflect coring arti-
facts or fine-scale spatial variations in sediment accu-
mulation and preservation at and below the seafloor.

The cumulative offset between CSF-A and the CCSF-
A or CCSF-D depth scales is nonlinear (Fig. F23). The
affine growth factor (a measure of the fractional
stretching of the composite section relative to the
drilled interval; see “Stratigraphic correlation” in
the “Methods” chapter [Jaeger et al., 2014]) averages
1.1348 at Site U1417 in the APC-cored interval from
0 to 208.8 m CCSF-A or CCSF-D. Anomalies around
this relatively uniform affine growth relationship
may be explained by significant ship heave (espe-
cially during coring of Hole U1417B), imprecision of
tide corrections on coring depths, and potential dis-
tortion of cores by piston effects.

The affine growth factor is 1.2608 in the interval
from 208.8 to 266.75 m CCSF-A. This high rate of af-
fine growth is an artifact introduced by construction
of the CCSF-A depth scale; because few features cor-
related well among the holes in this interval, we
sometimes appended cores either within or between
holes rather than making firm correlations of spe-
cific features within cores. This method artificially
expands the apparent length of recovered material.
At depths greater than the splice, we observed signif-
icant correlation among holes between 220.4 and
232.4 m CCSF-A (Cores 341-U1417B-25H and 341-
U1417D-28H and 30H) and from 259.0 to 263 m
CCSF-A (Cores 341-U1417B-31H, 341-U1418C-26H
and 27H, and 341-U1417D-35X and 36X). We con-
sidered these correlations not sufficiently reliable to
warrant construction of a floating splice or precise
tie points between holes.

Deeper than 266.75 m CCSF-A, cores were recovered
with either the XCB or RCB tools. In this interval, af-
fine values were nominally constant at 43.26 m,
which is the highest affine value within the APC-
cored interval (Core 341-U1417C-29H). Exceptions
are Cores 341-U1417B-40X and 44X and 341-
U1417D-45X, 46X, 58X, and 59X. These six cores all
include minor adjustments to their affine values to
align significant sedimentary features or shipboard
observations of paleomagnetic reversals relative to
those found in Hole U1417E (which was given a con-
stant affine value of 43.26 m). Correlations between
holes based on XCB or RCB cores should be consid-
ered uncertain.
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Calculation of mass accumulation rates based on the
CCSF-A or CCSF-D scales must correct for the affine
growth factor. To facilitate this process, the CCSF-B
depth scale compressed the CCSF-A and CCSF-D
scales into a scale that has the same total depth of
sediment column as the interval actually drilled (see
“Stratigraphic correlation” in the “Methods” chap-
ter [Jaeger et al., 2014]). The following three equa-
tions define transformation of the CCSF-A or CCSF-
D depth scale into CCSF-B depths (Fig. F23):

From 0 to 208.80 m CCSF-A/CCSF-D:

CCSF-B = 0.865 × CCSF-A/CCSF-D.

From 208.80 to 266.75 m CCSF-A/CCSF-D:

CCSF-B = 0.7392 × CCSF-A/CCSF-D + 26.307.

For 266.75 m CCSF-A/CCSF-D: 

CCSF-B = CCSF-A/CCSF-D – 43.26.

Initial age model
All the available paleomagnetic and biostratigraphic
age datums (Tables T5, T12) (see “Paleontology and
Biostratigraphy” and “Paleomagnetism”) were
considered while constructing minimum and maxi-
mum shipboard age models (Fig. F24; Table T13); to-
gether, these preliminary age models span most of
the uncertainty in the shipboard datums. The age
models were constructed in the CCSF-B depth scale
and are also provided in the CCSF-A depth scale.

When geomagnetic polarity boundaries and/or re-
versals were observed in several holes, the average
depth and its uncertainty were calculated in the
CCSF-B scale. All identified paleomagnetic reversals
were included in the shipboard minimum and maxi-
mum age models.

Uncertainty in the biostratigraphic datums mostly
reflects the shipboard sampling interval and the
presence of barren zones. Two biostratigraphic da-
tums were considered outliers relative to well-con-
strained paleomagnetic datums. The LO of the dia-
tom Actinocyclus oculatus (Sample 341-U1417D-9H-
3W, 80 cm) and the LO of the diatom Neodenticula
koizumii (Sample 341-U1417D-15H-3, 130 cm) were
not included in the maximum and minimum age
models. All other biostratigraphic datums were ac-
commodated within the uncertainties of their pub-
lished ages and relatively coarse shipboard sampling.

Relatively few biostratigraphic datums were detected
in the interval from 460 m CCSF-A (416.74 CCSF-B)
to the base of the site. For purposes of constraining
the oldest ages at Site U1417, we assumed that basal-
tic basement was at 838 ± 8 m CCSF-A (794.74 m
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CCSF-B based on site survey geophysical data). The
oceanic basement is Pacific plate basaltic crust that
can be associated with Chron C17–C18 based on the
EMAG2 magnetic anomalies (Maus et al., 2009),
which span from 37 to 41.2 Ma (Ogg, 2012).

Based on these initial shipboard minimum and max-
imum age models, the interval older than ~10 Ma
(averaged over 10–39 Ma) has sediment accumula-
tion rates of <10 m/m.y. Sediment accumulation
rates (averaged within equally spaced increments of
0.5 m.y.) increase through time, peaking at values
>110 m/m.y. in the intervals 0–1 and 2–2.5 Ma (Fig.
F25). Such a rise in sedimentation rates is consistent
with the gradual northward tectonic drift of the site,
as well as acceleration of sediment inputs from re-
gional tectonics and glacial forcing (based on the
presence of lonestones and diamicts of probable ice-
rafted origin within the last ~2.5 m.y.) and further
acceleration of glacial erosion in the last ~1.0 m.y.,
following the MPT (Clark et al., 2006); Fig. F16).

Geochemistry
Interstitial water chemistry

Interstitial water (IW) samples were taken in Holes
U1417A and U1417C–U1417E at variable sampling
resolution with depth in hole; sampling was de-
signed to include overlaps in the sampled intervals
between each successive hole. The following results
are expressed on the CCSF-B scale for Site U1417 (see
“Stratigraphic correlation”).

In Hole U1417A, 26 IW samples were taken with a
resolution of three samples per core in Cores 341-
U1417A-1H and 2H, two samples per core in Cores
3H through 6H, and one sample per core deeper
than Core 6H. Whole rounds for IW analyses were 5
cm long in Cores 341-U1417A-1H through 16H and
10 cm long in Cores 17H through 22H. All samples
from Hole U1417A were collected from APC cores
(0–165.14 m CCSF-B). In Hole U1417C, 11 IW sam-
ples were taken from Cores 341-U1417C-17H
through 28H (149.09–221.65 m CCSF-B), with a
more irregular depth resolution (1–2 samples per
core) than in Hole U1417A depending upon core re-
covery. In Hole U1417D, 13 IW samples were taken
from Cores 341-U1417D-32H through 59X (207.15–
421.22 m CCSF-B), with irregular spacing due to vari-
able core recovery.

In Hole U1417E, 22 IW samples were taken from
Cores 341-U1417E-7R through 39R (401.26–643.84
m CCSF-B). Hole U1417E was drilled using the RCB
system, which has the potential for contamination
of IW samples by surface seawater and drilling muds
(e.g., Chambers and Cranston, 1991). However, suc-
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cessful recovery of uncontaminated RCB sequences
for IW analysis has been reported (e.g., Shipboard
Scientific Party, 2000; Fulthorpe et al., 2011). The in-
tervals of higher (>40%) recovery in Hole U1417E al-
lowed IW sampling on complete 10 or 15 cm long
whole rounds, and we did not identify evidence for
contamination with seawater in the chemical
analyses (see below). The compositions of IW sam-
ples taken from overlapping depths between the dif-
ferent holes were in good agreement, allowing con-
struction of composite IW records. All chemical
parameters analyzed in the IW samples at Site U1417
are similar to respective low-resolution data from
original Site 178 drilled in 1971 at the same location
(Kulm et al., 1973; Waterman et al., 1973).

The applied squeezing pressures ranged from 8,000
to 28,000 psi, and the amounts of extracted IW
ranged between 25 and 40 mL. Splits of the IW sam-
ples were taken and processed following methods
outlined in “Geochemistry” in the “Methods” chap-
ter (Jaeger et al., 2014). IW splits also were preserved
for shore-based analysis of dissolved trace metals, ox-
ygen/sulfur/calcium/strontium isotopes, dissolved
inorganic carbon, and silica.

Alkalinity, pH, chloride, and salinity
An alkalinity peak occurs at 28.9 m CCSF-B (16.1
mM), followed by a decrease to 3.6 mM by 218.0 m
CCSF-B (Fig. F26A). A second peak occurs at 375.6 m
CCSF-B (12.6 mM) before an overall downcore de-
crease, with some small oscillations, to 2.23 mM
(702.8 m CCSF-B). The pH values fluctuate between
7.36 and 8.28. We observed an overall increase in
both the range and absolute pH values downcore at
Site U1417 (Fig. F26B).

Chloride (titrated) concentrations range between
546 and 565 mM (Fig. F26I), largely without a clear
downcore trend apart from a chloride maximum at
37.6 m CCSF-B.

Salinity gradually and steadily decreases from 34 to
30 from 0 to 288.0 m CCSF-B (Fig. F26H). Salinity re-
mains at 30 deeper than this depth, except for two
slight increases to 31 at 375–430 m CCSF-B and
deeper than 662.3 m CCSF-B.

Dissolved ammonium, phosphate, and silica
Dissolved ammonium at Site U1417 increases rapidly
with depth in the uppermost 20 m, from 0.161 mM
(1.3 m CCSF-B) to 1.104 mM (20.3 m CCSF-B) (Fig.
F26D). Deeper than 20.3 m CCSF-B, ammonium
concentrations remain between 1.0 and 1.2 mM and
then decrease downcore deeper than 400 m CCSF-B
to values <0.5 mM.
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Phosphate concentrations are highest in the upper
30 m, with maxima at 14.6 m CCSF-B (38.2 µM) and
28.9 m CCSF-B (35.5 µM) (Fig. F27J). Deeper than 29
m CCSF-B, phosphate rapidly decreases to 12.9 µM
at 37.6 m CCSF-B, followed by a more gradual de-
crease to 3.7 µM at 165.1 m CCSF-B. Phosphate con-
centrations remain low downcore (<4 µM), apart
from a slight increase to ~6 µM between 300 and 375
m CCSF-B.

Silica concentrations display a number of significant
and abrupt transitions (Fig. F26G). A steep increase
from 600 to 800 µM within the uppermost 15 m
CCSF-B is followed by a more gradual increase to a
value of 1054 µM at 177.2 m CCSF-B. Silica concen-
trations of ~1000 µM are sustained downcore, apart
from three intervals of low concentrations: 215–290
m CCSF-B (as low as 300 µM), 518–596 m CCSF-B (as
low as 192 µM), and deeper than 643.8 m CCSF-B (as
low as 160 µM).

Dissolved sulfate, calcium, magnesium, 
potassium, sodium, and bromide

Sulfate concentrations decrease continuously with
depth in the upper 200 m CCSF-B, from 21.47 mM
(1.3 m CCSF-B) to 0.93 mM (207.2 m CCSF-B) (Fig.
F26C). Over this depth interval, the sulfate gradient
is variable, with the steepest decrease occurring be-
tween 1.3 and 20.3 m CCSF-B (to 16.85 mM). Total
sulfate depletion (to values below the detection
limit) is not reached, but deeper than 200 m CCSF-B,
sulfate concentrations remain below 2 mM. An in-
crease in sulfate occurs deeper than 643 m CCSF-B,
reaching ~7 mM at 681.8 and 702.8 m CCSF-B.

Calcium concentrations increase overall with depth
at Site U1417, from 10.5 mM (1.3 m CCSF-B) to 30.3
mM (681.8 m CCSF-B) (Fig. F27A). Two intermediate
maxima occur in the upper 90 m (12.6 mM at 14.6 m
CCSF-B and 12.4 mM at 52.1 m CCSF-B). A steep in-
crease in calcium concentrations deeper than 100.2
m CCSF-B leads to a third, broad maximum between
207.2 and 254.6 m CCSF-B (~16–17 mM). Calcium
concentrations decrease slightly between 288.0 and
316.3 m CCSF-B and then increase again to reach
values of ~30 mM at the bottom of the hole.

Magnesium concentrations decrease overall with
depth, from 50.7 mM (1.3 m CCSF-B) to 15.3 mM
(702.8 m CCSF-B) (Fig. F27C). This trend is inter-
rupted by a magnesium increase from 24.0 to 30.5
mM between 254.6 and 375.6 m CCSF-B. Calcium
and magnesium concentrations are negatively cor-
related (Pearson’s correlation coefficient of –0.93) at
Site U1417 deeper than 90 m CCSF-B, indicating a
common control over these downcore profiles (dis-
cussed further below).
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The potassium profile at Site U1417 shows an overall
downcore decrease in two main steps: from 11.2 mM
at 1.3 m CCSF-B to 8.6 mM at 100.2 m CCSF-B and
from 6.7 mM at 421.2 m CCSF-B to 3.8 mM at 574.9
m CCSF-B (Fig. F27B). Deeper than 600 m CCSF-B,
potassium concentrations increase to reach 5.6 mM
at the bottom of the hole (702.8 m CCSF-B).

Sodium concentrations at Site U1417 mostly range
between 463 and 480 mM, with the highest values
between 9.5 and 20.3 m CCSF-B (Fig. F26J). An in-
creased range of sodium concentrations is recorded
deeper than 100 m CCSF-B, with an overall down-
core increase from 100 to 260 m CCSF-B. A sharp
drop in sodium concentration occurs at 400 m CCSF-
B, followed by an overall downcore increase to the
bottom of the hole.

Bromide concentrations at Site U1417 increase
steeply between 1.3 and 12.1 m CCSF-B and remain
~0.9 mM down to 700 m CCSF-B (Fig. F26E).

Dissolved manganese, iron, barium, 
strontium, boron, and lithium

Both iron and manganese concentrations at Site
U1417 are highest in the uppermost 100 m CCSF-B,
decreasing downcore from maximum concentrations
of 18 and 112 µM, respectively (Fig. F27H–F27I).
Deeper than 100 m CCSF-B, iron concentrations are
below the quantification limit. In contrast, manga-
nese concentrations are more variable and show a
number of maxima and minima (ranging between 5
and 43 µM).

Barium concentrations are <10 µM in the uppermost
100 m CCSF-B at Site U1417 (Fig. F27F). Between
100 and 215 m CCSF-B, barium concentrations dou-
ble; they further increase to 440 µM in the interval
between 200 and 620 m CCSF-B. Farther downcore,
barium decreases to low values (~30 µM) by 643 m
CCSF-B. Detectable barium concentrations are lim-
ited to the sediment interval with lowest sulfate con-
centrations.

Strontium concentrations at Site U1417 first increase
slowly and then more rapidly from ~100 µM at the
top of the record to as high as 180 µM by 215 m
CCSF-B (Fig. F27G). Between ~215 and 600 m CCSF-
B, strontium remains around 180 µM. Deeper than
this interval, strontium concentrations slightly de-
crease to ~130 µM again to the bottom of the hole.

Boron concentrations display a pronounced maxi-
mum in the uppermost 45 m CCSF-B of Site U1417,
reaching values of 650 µM (Fig. F27E). Deeper than
this depth, boron decreases to values around 300 µM
by 240 m CCSF-B and mostly ranges between 200
and 300 µM to the bottom of the hole.
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Lithium concentrations at Site U1417 decrease
within the uppermost 10 m CCSF-B from 32 to 12
µM and then slowly increase downcore and reach 24
µM at ~240 m CCSF-B (Fig. F27D). Deeper than 260
m CCSF-B, lithium concentrations increase more
steeply, reaching values of 55 µM by ~410 m CCSF-B.
Following a local minimum and another maximum,
lithium concentrations decrease to 34 µM around
565 m CCSF-B, followed by a steep increase to maxi-
mum values of 103 µM at the bottom of the hole.

Volatile hydrocarbons
Headspace gas samples were collected at a resolution
of one per core in Holes U1417A (Cores 1H through
22H), U1417B (Cores 21H through 47X), U1417D
(Cores 32H through 65X), and U1417E (Cores 7R
through 39R). Methane is by far the dominant hy-
drocarbon gas detected in Holes U1417A and
U1417B and most of Hole U1417D and remains at
low concentrations (generally <7 ppmv) to 424.7 m
CCSF-B (Fig. F26F). Slightly elevated methane con-
centrations are found in the uppermost 130 m (5–13
ppmv). Deeper than 431.1 m CCSF-B, methane con-
centrations increase with depth by two to three or-
ders of magnitude in Holes U1417D and U1417E,
reaching a maximum of 5117 ppmv at 498.9 m
CCSF-B. In Hole U1417E, methane concentrations
decrease abruptly at 643.8 m CCSF-B. Ethane is pres-
ent deeper than 439.2 m CCSF-B in low concentra-
tions (<2 ppmv). C1/C2 ratios thus remain high, be-
tween 500 and 5000.

Bulk sediment geochemistry
IW squeeze cakes and discrete core samples were an-
alyzed from Site U1417 for total carbon, total nitro-
gen (TN), and total inorganic carbon. From these
analyses, total organic carbon (TOC) and calcium
carbonate (CaCO3) were calculated as described in
“Geochemistry” in the “Methods” chapter (Jaeger et
al., 2014). In total, 55 samples were analyzed from
Hole U1417A (Cores 1H through 22H), 1 from Hole
U1417B (Core 16H-CC), 11 from Hole U1417C
(Cores 17H through 28H), 44 from Hole U1417D
(Cores 7H through 64X), and 35 from Hole U1417E
(Cores 4R through 39R). Discrete samples were se-
lected in collaboration with the Lithostratigraphy
group to ensure that the main lithologies were ana-
lyzed. All of these geochemical results are consistent
with the low-resolution analyses of Site 178 (Kulm et
al., 1973).

TOC contents mostly range between 0.1 and 0.6
wt% at Site U1417 (Fig. F28A–F28B). No consistent
trend is discernible in the uppermost 200 m other
than a very slight overall downcore decrease. Deeper
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than 300 m CCSF-B, TOC increases slightly down-
core to 564.7 m CCSF-B (0.85 wt%) within litho-
stratigraphic Unit V, which contains visible plant de-
bris and suspected fragments of coal or shale within
a diamict facies (see “Lithostratigraphy”). Variable
but slightly reduced TOC contents occur deeper than
600 m CCSF-B. Several discrete samples from specific
lithologies show elevated TOC contents: two diatom
oozes (0.85 wt%, 357.6 m CCSF-B; 1.39 wt%, 365.0
m CCSF-B), diamicts suspected to contain coal or
shale clasts (9.08 wt%, 364.1 m CCSF-B; 2.38 wt%,
442.2 m CCSF-B; 1.14 wt%, 466.9 m CCSF-B; 1.49
wt%, 681.8 m CCSF-B), woody debris within a sandy
bed (6.49 wt%; 535.2 m CCSF-B), and a dark gray
mud (1.79 wt%; 565.0 m CCSF-B). A TOC content of
59.80 wt% was recorded for an angular clast sus-
pected to be coal or shale within a diamict unit
(441.4 m CCSF-B) (see “Lithostratigraphy”).

TN contents range between 0 and 0.2 wt% at Site
U1417 (Fig. F28C). Nitrogen contents are higher
overall in Hole U1417A (~0.1 wt%) than in the other
holes at Site U1417, indicating a systematic bias re-
lated to a saturated nitrogen column in the gas chro-
matograph. There are small fluctuations in TN
deeper than 200 m CCSF-B (0–0.1 wt%). Several dis-
crete samples from specific lithologies record higher
TN contents: in a diatom ooze (0.2 wt%; 364.1 m
CCSF-B), in a suspected coal or shale clast (1.0 wt%;
441.4 m CCSF-B), and in sediment around a pyri-
tized lonestone (1.1 wt%; 143.9 m CCSF-B).

Organic carbon to TN (C/N) ratios range between 0
and 30, increasing progressively downcore from 0–5
in the uppermost 100 m CCSF-B to values of 0–30 at
the bottom of the hole. Considerably higher C/N ra-
tios (50–60) are recorded in a suspected coal or shale
sample (441.4 m CCSF-B) and in woody debris
(535.2 m CCSF-B). C/N ratios in the uppermost 100
m CCSF-B (Hole U1417A) fall within the range of
fresh organic matter and are consistent with contri-
butions of terrigenous organics (both refractory
eroded material and relatively fresh plant material)
matter to modern sediments off Alaska (Walinsky et
al. 2009), but these ratios may be underestimated
from C/N ratios as a result of contributions from the
inorganic N pool (e.g., clay mineral–bound ammo-
nium) (Fig. F28F). This phenomenon has been ob-
served in other low-TOC marine sediments such as
in the Arctic Ocean (e.g., Schubert and Calvert, 2001;
Jakobsson, 2004). The increasing C/N ratios deeper
than 100 m CCSF-B are consistent with a mixed ma-
rine-terrigenous origin for the sediments at Site
U1417 (see “Lithostratigraphy”). However, determi-
nation of the relative contributions of organic and
inorganic N is required to assess this interpretation
fully.
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CaCO3 contents range mostly between 0 and 1.5
wt% at Site U1417 (Fig. F28D–F28E). Between 200
and 265 m CCSF-B and deeper than 345 m CCSF-B,
CaCO3 contents are still low but range from 0 to 3
wt%. Contents exceeding 2 wt% include one data
point associated with a diatom-rich interval (4 wt%,
61.1 m CCSF-B; interval 341-U1417A-9H-4W, 74–76
cm). XRD analysis identified the presence of dolo-
mite (see XRD data in the Laboratory Information
Management System [LIMS] database) in this sam-
ple, which likely accounts for the high inorganic C
percentage and which is not corrected for in the cal-
culations of CaCO3 (see “Geochemistry” in the
“Methods” chapter [Jaeger et al., 2014]). A suspected
authigenic carbonate layer at 336.9 m CCSF-B (inter-
val 341-U1417D-50X-2, 102–106 cm) has 21 wt%
CaCO3. The maximum CaCO3 value (38 wt%) is re-
corded at 450.9 m CCSF-B (interval 341-U1417D-
64X-1W, 0–3 cm) in a highly cemented sandstone
(low-Mg calcite according to XRD analysis; see XRD
data in LIMS).

Interpretation
Site U1417 geochemistry indicates relatively low
rates of organic matter remineralization, reflecting
limited input of organic matter to the sediments.
The low TOC and TN contents at Site U1417 are typ-
ical for an oligotrophic deepwater setting, and sedi-
ments are not strongly influenced by diagenetic reac-
tions. A contribution of inorganic N to the bulk
sediment composition, most likely related to clay-
bound ammonium (Schubert and Calvert, 2001), is
supported by the continuous downcore depletion of
ammonium deeper than ~30 m CCSF-B. The low Ca-
CO3 contents are equally typical for a subarctic deep-
water setting with high terrigenous dilution, as well
as with corrosive bottom waters and overall low bio-
genic carbonate preservation. The sparse occurrence
and low preservation of calcareous micro- and nan-
nofossils support this interpretation (see “Paleontol-
ogy and biostratigraphy”).

A number of IW parameters point to a zone of in-
creased organic matter remineralization between ~10
and 40 m CCSF-B at Site U1417 (Figs. F27, F29). Dis-
similatory manganese and iron reduction release dis-
solved manganese, iron, and adsorbed phosphate
(potentially also boron) into the pore waters (Froe-
lich et al., 1979). Following upward diffusion, these
metals reprecipitate as authigenic manganese and
iron (oxyhydr)oxides (Froelich et al., 1979), as seen
in the brown sediment layer directly beneath the
mudline at Site U1417. Downward diffusion proba-
bly leads to precipitation of authigenic manganese
and iron carbonates, iron sulfides, iron phosphates,
and/or iron-rich clay minerals. Beneath the zone of
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dissimilatory manganese and iron reduction, the
steep linear sulfate gradient from the sediment/water
interface to ~20–30 m CCSF-B implies enhanced or-
ganoclastic sulfate reduction rates that lead to
(1) degradation of organic matter, increasing alkalin-
ity, ammonium, bromide, and phosphate concentra-
tions and (2) production of hydrogen sulfide, react-
ing with iron oxides to form iron sulfides and
releasing iron-bound phosphate (Gieskes, 1973,
1975). The variable pattern and overall low concen-
trations of methane in this part of the sediment suc-
cession (≤13 ppmv in all samples) do not support the
establishment of a distinct sulfate–methane transi-
tion zone (SMTZ) but might indicate very low rates
of methanogenesis occurring within the uppermost
~100 m of the sediment column. Deeper than ~30 m
CCSF-B, the sulfate gradient becomes less steep, but
sulfate is nevertheless decreasing, indicating contin-
uous sulfate reduction at lower rates in the deeper
sediments that leads to almost full sulfate depletion
at ~200 m CCSF-B.

From the major diagenetic reaction zone between
~10 and 40 m CCSF-B, alkalinity, ammonium, bro-
mide, and phosphate diffuse to respective sinks in
the sediment or water column. Ammonium might
be incorporated into clay minerals, whereas alkalin-
ity and phosphate likely precipitate as authigenic
carbonate and apatite, respectively (Hein et al.,
1979a; Ruttenberg and Berner, 1993). A distinct sink
for alkalinity is located between 215 and 290 m
CCSF-B, and slightly higher inorganic carbon values
in this zone (1–2 wt% CaCO3) and lower IW magne-
sium concentrations suggest the precipitation of au-
thigenic carbonate (Hein et al., 1979a; Raiswell and
Fisher, 2004). This interpretation is supported by the
presence of brownish, probably dolomite-coated for-
aminifers in this depth interval (see “Paleontology
and biostratigraphy”), beneath which foraminifer
abundance falls from few to barren as alkalinity in-
creases. In addition, the very steep downward phos-
phate gradient might indicate the formation of Fe(II)
phosphates (e.g., vivianite), as indicated by the pos-
sible detection of its oxidation products (e.g., kon-
inckite) by XRD analysis (see XRD data in LIMS).
Deeper in the sediment, a local alkalinity maximum
around 375 m CCSF-B suggests another zone of en-
hanced organic matter remineralization, supported
by slightly elevated ammonium and phosphate con-
centrations.

The finding of substantially increased methane con-
centrations only deeper than ~420 m CCSF-B but al-
most total sulfate depletion around 200 m CCSF-B
suggests that sulfate is not currently consumed by
anaerobic methane oxidation in an SMTZ. Neverthe-
less, a discrete sink for alkalinity and magnesium
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deeper than 375 m CCSF-B supports precipitation of
authigenic carbonate. This process also could ex-
plain the occurrence of an indurated/cemented
sandstone layer at the bottom of Hole U1417D
(450.9 m CCSF-B) that was only partially recovered
during coring. Because of problems with the disag-
gregation of core catcher samples from Hole U1417E
(see “Paleontology and biostratigraphy”), foramin-
ifer abundance (and preservation state) and any po-
tential association with the alkalinity sink could not
be investigated.

As sulfate concentrations reach lowest values at ~200
m CCSF-B, pore water barium concentrations begin
to increase with depth, possibly because of the disso-
lution of biogenic barite (barium sulfate) at greater
depths. This dissolution occurs because IW become
undersaturated with respect to sulfate (Waterman et
al., 1973). The top of the barite dissolution zone is
clearly confined by the sulfate penetration depth
(the depth of total IW sulfate depletion), and precip-
itation of authigenic barite is most likely occurring
at this geochemical transition (von Breymann et al.,
1992). Strontium concentrations seem to follow the
barium pattern, which might be related to the rela-
tively high strontium content in barite. The lower
boundary of the zone of barium- and strontium-en-
riched IW is related to a slight but consistent in-
crease in sulfate concentrations deeper than 500 m
CCSF-B. Methane production is roughly confined to
the sulfate-depleted zone as well, but a direct overlap
of the methane and the sulfate profiles was not ob-
served shallower than the methanogenic zone (pos-
sibly because of incomplete methane recovery in
low-methane samples and/or a decrease of methane
production over time). However, there is a second
SMTZ located around 650 m CCSF-B. Sulfate may be
diffusing upward, possibly from a source that exists
at, or deeper than, the sediment/basalt contact
(D’Hondt, Jørgensen, Miller, et al., 2003), ~80–100 m
beneath the deepest pore water sample, based on a
tentative shipboard correlation to DSDP Leg 18 re-
sults (Fig. F30; Kulm, Von Huene, et al., 1973). This
hypothesis is supported by lithium concentrations
higher than the seawater value of 26 µM toward the
base of the IW record (>100 µM), which are due to
leaching of the basalt by seawater (e.g., Mayer, Pisias,
Janecek, et al., 1992; Zhang et al., 1998).

The patterns of dissolved calcium, magnesium, and
potassium also indicate geochemical transformation
processes occurring in the sediments. Calcium might
precipitate as authigenic carbonate and/or apatite,
possibly explaining its variable pattern in the upper-
most ~100 m CCSF-B of sediment. However, sources
of dissolved calcium located deeper than this may be
related to the alteration of volcanic ash or the basalt
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underlying the sediments (Gieskes, 1975; Gieskes
and Lawrence, 1981). Alteration of ash/basalt may be
responsible for the downcore decrease of magnesium
deeper than ~400 m CCSF-B, suggesting the neo-for-
mation of magnesium-rich clay minerals (e.g., smec-
tites), whereas the magnesium removal around 250
m CCSF-B is most likely caused by authigenic car-
bonate formation (see above). Potassium, magne-
sium, and iron might be incorporated into either
clay minerals or zeolites formed by alteration of dia-
tom frustules (Michalopoulos and Aller, 1995). Iron-
rich clays may be forming (see XRD data in LIMS),
but the terrestrial source area also contains iron-rich
clay minerals (Hein et al., 1979b).

Dissolved silica concentrations exceed those of mod-
ern North Pacific Deep Water (~160 µM), indicating
dissolution of silica below the seafloor, likely from
volcanic ash and/or biogenic opal. High IW silica
concentrations correspond to the presence of biosili-
ceous oozes, whereas IW silica concentrations are
low when these oozes are absent between 200 and
300 m CCSF-B and between 500 and 600 m CCSF-B
(see “Lithostratigraphy”). The potential precipita-
tion of authigenic clay minerals and removal of dis-
solved silica from the IW might also account, in part,
for the low silica concentrations observed between
200 and 300 m CCSF-B (lithostratigraphic Unit II).
At these depths, volcanic ash is present as a silica
source (see “Lithostratigraphy”). Diffusion upward
from the underlying basalt may explain the trend in
dissolved silica deeper than 600 m CCSF-B, but this
depth interval is also marked by the presence of bio-
siliceous ooze, which may induce higher silica input.

The patterns in chloride, sodium, and (less indica-
tive) salinity in the uppermost 60 m CCSF-B are most
likely related to the burial of higher salinity Last Gla-
cial Maximum seawater that is diffusing away from
this subsurface maximum (Figs. F26, F29) (McDuff,
1985; Gieskes et al., 1998).

Physical properties
Physical properties measurements were taken on
samples from each of the five holes drilled at Site
U1417 to provide basic information for characteriz-
ing the drilled section using whole-round cores, split
cores, and discrete samples. After cores were divided
into sections, all whole-round sections longer than
~30 cm were measured through the GRA bulk densi-
tometer and magnetic susceptibility loop on the
STMSL at 2.5–5.0 cm intervals with 2 s measure-
ments. After reaching thermal equilibrium with am-
bient temperature (~4 h), GRA bulk density, mag-
netic susceptibility, and compressional wave (P-
wave) velocity were measured with the WRMSL at
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2.5 cm intervals with 5 s measurements. Some dam-
aged sections with split and/or patched core liners
were too wide to fit through the WRMSL and/or the
STMSL loop magnetic susceptibility meters and
therefore could not be logged with any of the core
logger instrumentation. After WRMSL scanning,
whole-round sections were logged for NGR at 10 cm
intervals with eight detectors. Color spectrometry,
color reflectance, and magnetic susceptibility were
measured on the split cores using the SHMSL at 2.5
cm resolution. Discrete P-wave measurements and
shear strength measurements were made on split
sediment cores from working-half sections on the
Section Half Measurement Gantry. Moisture and
density (MAD) were measured on 10 cm3 plugs col-
lected from the working halves. Summaries of all the
physical properties measured with the multisensor
loggers on each hole, as well as discrete bulk density
and P-wave velocity, are provided in Figures F31,
F32, F33, F34, and F35.

Gamma ray attenuation bulk density
Variations in GRA bulk density can reflect changes in
mineralogy/lithology, consolidation, porosity, and
coring disturbance. Whole-round GRA bulk density
averages ~1.8 g/cm3 in the APC cores and displays
downhole cyclic variability on the order of ~0.5
g/cm3 (Figs. F31, F32, F33, F34, F35). A trend toward
higher values with depth in the APC cores is consis-
tent with increasing sediment compaction/consoli-
dation. However, whole-round GRA values abruptly
decrease corresponding to the depth at which we
transitioned from APC core collection to XCB core
collection in Holes U1417B and U1417D (Figs. F32,
F34). This transition to decreasing values partially re-
flects incomplete core recovery associated with XCB
and RCB coring methods, as the width of the recov-
ered sediments fails to completely fill the core liner
and the GRA measurements are therefore calibrated
for a larger sediment volume than is actually con-
tained in XCB- and RCB-acquired cores.

The negative bias in core logger physical properties
measurements associated with a partially filled core
liner is confirmed by plotting discrete MAD bulk
density values against the equivalent WRMSL GRA
bulk density values from corresponding depths in
the same core (Fig. F36). When all discrete MAD val-
ues from the combined APC, XCB, and RCB cores are
considered, there is considerable scatter in the rela-
tionship with WRMSL GRA bulk density and trend
toward lower WRMSL GRA bulk densities relative to
discrete samples, with a slope of 0.92. However,
when only APC cores (which were almost uniformly
recovered with full liners) are considered, the rela-
tionship between discrete MAD and WRMSL GRA
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bulk densities collapses onto a linear trend with a
slope of ~1.

Magnetic susceptibility
Because the WRMSL loop magnetic susceptibility
meter has a response function with a ~4.5 cm width
at half height (see “Physical properties” in the
“Methods” chapter [Jaeger et al., 2014]), whereas the
point-source magnetic susceptibility data is sensitive
over ~1 cm, both the point source and loop mag-
netic susceptibility data sets were smoothed with a
Gaussian filter of 10 cm (±3 and then interpolated
to constant resolution (note that data in the LIMS
database are recorded at their raw measurement reso-
lution). Although the relationship between point-
source magnetic susceptibility and loop magnetic
susceptibility appears to be linear, there is an offset
in the overall magnitude of the measurements, with
loop magnetic susceptibility being on average 1.68×
greater than the point-source measurements (Fig.
F37). We evaluate all volumetric magnetic suscepti-
bility measurements in instrument units (IU) be-
cause of the lack of available absolute calibration
standards (see “Physical properties” in the “Meth-
ods” chapter [Jaeger et al., 2014]).

Volumetric WRMSL loop magnetic susceptibility ()
averages around ~120 IU downhole at the site (Figs.
F31, F32, F33, F34, F35). A few anomalously high
values >1000 IU in Hole U1417D are associated with
fragments of tungsten carbide drill bit teeth that
broke off of XCB cutting shoes. Cyclic variability be-
tween 50 and 100 IU is present throughout the core,
and a trend toward higher values with depth in the
APC cores may reflect sediment compaction. A de-
crease in WRMSL loop magnetic susceptibility and
an increase in the difference between loop and mag-
netic susceptibility deeper than ~190 m CCSF-B
(~225 m CSF-A) in Holes U1417B and U1417D (Figs.
F32, F34) are associated with the transition to XCB
core collection and likely reflect reduced sediment
diameter in the core liner (as discussed in “Gamma
ray attenuation bulk density”). The negative bias
observed in loop magnetic susceptibility associated
with incompletely filled core liners is consistent
with decreases in measured GRA bulk density also
driven by the deviation from calibration volume
(Fig. F38). After smoothing with a Gaussian filter of
10 cm (±3 to correct for the differing response
functions of the instruments, we can use this rela-
tionship to generate a volume-corrected mass mag-
netic susceptibility () with units of cm3/g (Fig. F38).
This mass (GRA normalized) magnetic susceptibility
can be used to evaluate changes in lithology inde-
pendent of variable porosity, different coring tech-
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niques, and recovery efficiencies. Correcting for sed-
iment volume reduces variance in  by ~10%
relative to the equivalently smoothed raw WRMSL
magnetic susceptibility data normalized by the
mean core GRA bulk density.

Compressional wave velocity
P-wave velocity was measured on the WRMSL P-
wave logger (PWL) (see “Physical properties” in the
“Methods” chapter [Jaeger et al., 2014]) in Holes
U1417A–U1417D to ~220 m CSF-A at a resolution of
2.5 cm (Fig. F39). Reasonable measurements could
only be obtained for core depths shallower than
~220 m CSF-A because of the development of void
spaces within the core liners after switching to XCB
coring in Holes U1417B and U1417D. WRMSL P-
wave velocity values gradually increase downhole,
closely following GRA bulk densities (Figs. F31, F32,
F33, F34), ranging from ~1470 m/s at the seafloor to
~1650 m/s at ~220 m CSF-A (Fig. F36).

Discrete P-wave measurements using the P-wave cali-
per tool (PWC) were taken in Holes U1417A,
U1417D, and U1417E with ~20 m overlap of mea-
surements between holes. In Holes U1417A and
U1417D, PWL and PWC measurements overlapped
at all depths shallower than ~220 m CCSF-B (Fig.
F40). PWC values were automatically picked where
possible and manually picked when the automatic
picker encountered errors when the calipers did not
have sufficient contact with the sample because of
very soft sediment or bad coupling with the liner. In
cases where both automatic and manual picks were
recorded, the manual picks are systematically faster
than the automatic picks (Figs. F40, F41). The PWL
and automated PWC velocities track well deeper
than ~15 m CCSF-B, and a scatter plot shows that
the two measurements are significantly correlated
(Fig. F40). However, care must be taken when mak-
ing interpretations based on the discrete velocity
data because the sampling is biased by both core re-
covery and sampling rate in different lithology
types.

Deeper than ~200 m CCSF-B, the rate of velocity
change with depth increases to ~420 m CCSF-B (Fig.
F41). The inflection point at ~200 m CCSF-B may be
associated with the transition from lithostratigraphic
Unit I to Unit II, where the abundances of lone-
stones and biosiliceous oozes decrease (see “Litho-
stratigraphy”). Deeper than ~420 m CCSF-B, ele-
vated velocities (~2420–5700 m/s) are correlated to
cemented intervals, whereas lower values (<1650 m/
s) are associated with diatom ooze (Fig. F41) (see
“Lithostratigraphy”).
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Natural gamma radiation
We analyzed NGR at 10 cm intervals on all whole-
round core sections that exceeded 50 cm in length,
with minimum section length limited by the re-
sponse function of the sodium iodide detectors (see
“Physical properties” in the “Methods” chapter
[Jaeger et al., 2014]). Each measurement reflects the
integration of 5 min of counts (i.e., 10 min of count-
ing per section, consisting of 5 min at each of two
positions separated by 10 cm). NGR values show
downhole cyclic variability between 7 and 50 counts
per second (Figs. F31, F32, F33, F34, F35) with a
mean and standard deviation of 31 and 6, respec-
tively. As NGR counts reflect minerals that fix K, U,
and Th, high-frequency variations are likely associ-
ated with changes in lithology. NGR variability par-
allels trends in GRA bulk density and P-wave veloc-
ity, which also suggests the dominant influence of
terrigenous input. Low NGR values frequently corre-
spond with low magnetic susceptibility and in-
creased lightness (L*).

The high-frequency variability in NGR is superim-
posed on a long-term increase downhole between 0
and 220 m CCSF-B in Holes U1417A–U1417D, inter-
rupted by a decrease in counts between 220 and 360
m CCSF-B, and partially recovering to higher values
below 360 m CCSF-B (Fig. F42). Low NGR counts
deeper than 220 m CCSF-B may partly be attributed
to the smaller diameter of recovered sediment in the
core liner and/or section voids during XCB coring at
Holes U1417B and U1417D. For WRMSL magnetic
susceptibility, after smoothing the data with a Gauss-
ian filter of 50 cm (±3σ) to accommodate for the
varying response functions of the instruments, we
can normalize the volumetric NGR to the WRMSL
GRA bulk density to correct for variability in sedi-
ment volume. Although this treatment reduces the
overall variance in the NGR record by ~50% relative
to the Gaussian-smoothed uncorrected NGR data
normalized by the mean core GRA bulk density, the
decrease in NGR observed between 225 and 360 m
CCSF-B persists in a reduced form deeper than 300 m
CCSF-B (Fig. F42). We therefore propose that the
lower volume-normalized NGR values between 300
and 360 m CCSF-B correspond to a lithology change
in the late Pliocene (see “Lithostratigraphy”).

Moisture and density
MAD bulk density values in Holes U1417A, U1417D,
and U1417E were calculated from mass and volume
measurements on discrete samples from the working
halves of split cores (see “Physical properties” in
the “Methods” chapter [Jaeger et al., 2014]). Depend-
ing on core recovery, quality, and lithology, one to
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three samples were taken per core. The lithologies as-
sociated with samples were recorded in the log sheet
if distinct from the dominant sediment (i.e., a sandy
event deposit or a biosiliceous layer). Where litho-
logy is undefined in these records, the sample was
taken from the dominant lithology within that core.
A total of 220 samples were analyzed for MAD: 58
samples from Hole U1417A, 97 samples from Hole
U1417D, and 65 samples from Hole U1417E.

MAD values correspond well with GRA bulk densities
measured on the WRMSL in Hole U1417A (Fig. F43).
Starting at ~225 m CCSF-B, GRA bulk density values
are less than the MAD densities because of reduced
sediment diameter recovery in the XCB and RCB
cores (see “Gamma ray attenuation bulk density”).
MAD densities increase downhole to ~300 m CCSF-
B, ranging from ~1.5–1.8 g/cm3 at the seafloor to
~1.8–2.1 g/cm3 at ~300 m CCSF-B. From ~300 to 430
m CCSF-B a population of low-density samples
ranges from ~1.4 to ~1.8 g/cm3. At ~430 m CSF-A,
densities increase to ~1.7–2.0 g/cm3. Between ~430
and ~700 m CCSF-B, density remains relatively con-
stant, with increased scatter below ~620 m CCSF-B
associated with biosiliceous layers, sand-rich inter-
vals, and cemented sections (see “Lithostratigra-
phy”).

Bulk grain density values are fairly constant between
the seafloor and ~300 m CCSF-B, ranging between
~2.8 and 3.0 g/cm3 (Fig. F44). Variability increases
slightly between ~300 and 430 m CCSF-B, with a
population of low bulk grain densities corresponding
to low bulk densities. Between ~430 and 620 m
CCSF-B, variability again decreases, averaging be-
tween ~2.8 and 2.9 g/cm3. A secondary population of
elevated scatter occurs deeper than 620 m CCSF-B,
with grain densities up to ~3 g/cm3.

Porosity (percent pore space of wet sediment vol-
ume) measured on discrete samples decreases with
depth to ~310 m CCSF-B, showing a normal consoli-
dation curve. At ~310 m CSSF-B, discrete values in-
crease to ~52%–62% and then decrease to ~45% at
~470 m CCSF-B (Fig. F44). Deeper than ~620 m
CCSF-B, more scatter was observed because of mea-
surements associated with biosiliceous material and
cemented sections. Deeper than ~450 m CCSF-B,
sand-rich sediment and clay and silt sediment show
normal consolidation. Diatom-rich sediment shows
high porosity, which reflects the presence of the po-
rous diatom frustules (Fig. F44).

Shear strength
Shear strength measurements were performed on
working section halves from Holes U1417A and
U1417D using the automated vane shear (AVS) test-
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ing system (see “Physical properties” in the “Meth-
ods” chapter [Jaeger et al., 2014]). Efforts were made
to avoid the locations of obvious drilling disturbance
or cracks in the half-core sample. Measurements
were taken as close as possible to the positions of the
MAD samples.

Shear strength indicates that sediments range from
very soft (0–20 kPa) to very stiff (120–180 kPa). The
rate of change of shear strength with depth decreases
at ~40 m CCSF-B (Fig. F45). Values are more scat-
tered deeper than 100 m CCSF-B. All samples were
taken in the dominant lithology of dark gray-green-
ish mud, so it is unlikely that the increasing variabil-
ity of shear strength measurements is due to litho-
logy alone. Rather, as the mud gets stiffer with
depth, other factors such as cracking may affect the
measurement. Shear strength measurements were
halted at Core 341-U1417D-43X when samples were
sufficiently hardened to break destructively upon
penetration of the vane.

Geothermal gradient
Temperature measurements were conducted using
the APCT-3 during APC coring in Hole U1417A.
Three temperature measurements were taken in total
(Fig. F46A), and a geothermal gradient was success-
fully obtained (Cores 341-U1417A-4H, 10H, and
13H) between 33.9 and 104.4 m CSF-A. The best fit
line to temperature versus depth data was derived
from the results (Fig. F46B):

T(z) = 0.0605 × z + 1.9156(R2 = 0.9991),

where T(z) is in situ temperature at depth z (m CSF-
A). The estimated geothermal gradient is therefore
61°C/km. Note that this geothermal gradient was es-
tablished for depths shallower than 120 m CSF-A.

Paleomagnetism
The natural remanent magnetization (NRM) of Site
U1417 archive-half cores was measured before and
after alternating field (AF) demagnetization. Peak AFs
were restricted to a maximum of 20 mT for sections
recovered using the APC system with standard (full
and half length) and nonmagnetic core barrels (see
“Operations”). Higher AFs of up to 40 mT were used
for a few sections recovered using the XCB and RCB
systems (Table T14). The number of demagnetiza-
tion steps and the peak field used reflected the de-
magnetization characteristics of the sediments, the
severity of the drill string magnetic overprint, the de-
sire to use low peak fields to preserve the magnetiza-
tion for future shore-based studies, and the need to
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maintain core flow through the laboratory. Sections
completely disturbed by drilling, as noted by the
lithostratigraphy and/or paleomagnetism groups,
were not measured. Data associated with intervals af-
fected by obvious drilling deformation or measure-
ment error (flux jumps; e.g., Richter et al., 2007)
were culled prior to interpretation.

For sections recovered through APC drilling, the
NRM intensities at Site U1417 are strong both before
(10–1 A/m, with occasional decimeter-scale intervals
of >25) and after (10–2 A/m) demagnetization (Fig.
F47). Intensities show variability at both the meter
and decameter scales through this part of the se-
quence, reflecting lithology (see “Lithostratigra-
phy”) and, for the demagnetized intensity, geomag-
netic field variability. High intensities of up to >0.25
A/m before demagnetization are more commonly
observed in Holes U1417C and U1417D and could
reflect a stress-induced progressive increase in the
magnetization of the drill string or bottom-hole as-
sembly (e.g., Richter et al., 2007). No clear correla-
tion was observed between core barrel type (full,
half, or nonmagnetic) employed and magnetization.

In the XCB- and RCB-cored materials, magnetic in-
tensity shows greater variability, reflecting lithologic
changes and variable core quality (Fig. F48; see
“Lithostratigraphy”). NRM intensities after demag-
netization continue to be in the 10–2 A/m range,
transitioning to lower values through the ~300–350
m CSF-A interval, corresponding to lithostrati-
graphic Unit IV. Intensities are variable between
~350 and 475 m CSF-A, corresponding to lithostrati-
graphic Subunits VA and VC, ranging from 10–4 to
10–2 A/m. Deeper than ~475 m CSF-A, intensities are
consistently lower, in the 10–3 to 10–4 A/m range, and
vary on an ~50 m scale.

In the APC-recovered interval, transformation of
depths to CCSF-B (see “Stratigraphic correlation”)
allows comparison between holes that facilitates po-
larity interpretation. After demagnetization at peak
fields of 10 or 20 mT, intensities are reduced to the
10–2 A/m range and are consistent between all holes
(Fig. F47). Steep positive inclinations observed in the
APC section prior to demagnetization consistent
with a low-coercivity drill string magnetic overprint
are removed by peak AF demagnetization of 10 mT
in the upper ~160 m CCSF-B (Fig. F49). Within this
interval, polarity can be unambiguously determined.
Inclinations associated with normal and reversed po-
larities vary around the values expected (approxi-
mately ±72°) for a geocentric axial dipole at the site
latitude. Declinations show serial correlation within-
core. Inclination from Holes U1417A–U1417D docu-
ments a continuous sequence (see “Stratigraphic
23



J.M. Jaeger et al. Site U1417
correlation”), allowing correlation to the geomag-
netic polarity timescale (GPTS; Cande and Kent
1995) on the geologic timescale (Hilgen et al., 2012).
When polarity transitions occur within a core, decli-
nation changes are consistent with inclination-based
polarity interpretations (Fig. F49). The Matuyama/
Brunhes boundary and the upper Matuyama Chro-
nozone (C1r) containing the Jaramillo Subchrono-
zone (C1r.1n) are clearly identified. A short interval
of normal polarity deeper than the Jaramillo polarity
zone is observed in multiple holes and is correlated
with the Cobb Mountain Subchronozone (C1r.2n).
Deeper than ~160 m CCSF-B, unambiguous recogni-
tion of polarity transitions is more difficult, even in
the APC-recovered sections (Fig. F49). We do par-
tially observe the Olduvai (C2n) and Reunion
(C2r.1n) Subchronozones and correlate their appar-
ent polarity boundaries to the GPTS. Figure F49 and
Tables T12 and T15 document these polarity zona-
tions and corresponding age interpretations.

In the XCB- and RCB-recovered intervals, the Gauss
(2An) to Matuyama (2r) polarity transition is clearly
observed in correlative sections of Holes U1417B,
U1417D, and U1417E (Fig. F50; Table T15). At
greater depths, correlations are more ambiguous. Al-
though both negative and positive inclinations were
recovered deeper than ~300 m CCSF-B, with appar-
ent transitions often captured in a single XCB/RCB
core section, interpretation of directional data is
complicated by low core recovery and in particular
by biscuiting. The quality of the paleomagnetic re-
cord within these few recovered meters suggests ei-
ther that the extremely condensed section around
the observed polarity reversals is recovered from the
top, middle, or bottom of the drilled interval or that
the recovered interval characterized by hard biscuits
and softer slurry represents coherently recovered
pieces spread through each drilled interval. The op-
tions that limit the stratigraphic emplacement of the
coherent biscuits within the softer slurry in the XCB/
RCB cores include either a narrow episode of recov-
ery near the top or bottom of the drilled interval or
evenly distributed recovery through the entire core
length. To improve recognition of polarity zonations
and to assess the nature of material within the XCB
and RCB cores, we assume the latter option of dis-
tributed emplacement and linearly expand each
measurement made at 2.5 cm intervals on the recov-
ered core evenly through the drilled interval depth.
This simplistic approach assumes that recovered ma-
terial is derived equally from within the cored inter-
val. An alternative approach using the biscuit
boundaries to guide expansion is beyond the time
constraints of shipboard research. The results of this
exercise, constrained by biostratigraphy, are shown
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in Figure F50, revealing a recognizable pattern of po-
larity reversals in the XCB/RCB portions of Holes
U1417B, U1417D, and U1417E. Much of the Gauss
(C2An) and Gilbert (C2Ar) Chronozones can be rec-
ognized and correlated to the GPTS in Holes
U1417B, U1417D, and U1417E (Tables T12, T15).
However, whether the lowest normal polarity inter-
val observed at ~425 m CCSF-B reflects the Thvera
(C3n.4n) or Sidufjall (C3n.3n) is unclear. At deeper
intervals, guided by biostratigraphic datums (see
“Paleontology and biostratigraphy”), correlations
are made to the top of Chron C3An at ~475 m CCSF-
B and to Chron C3Bn at ~585 m CCSF-B. Deeper
than ~600 m CCSF-B, the placement of polarity
boundaries is equivocal.

Shore-based analyses will allow significant refine-
ment of these interpretations. Much of the ambigu-
ity could result from the inability of the low level of
AF demagnetization to fully remove the drill string
overprint, especially in intervals where XCB and
RCB drilling was applied. Additionally, targeting bet-
ter preserved and more specific lithologies by dis-
crete sampling will likely lead to more reliable re-
sults.

Downhole logging
Logging operations

Logging operations for Site U1417 began after com-
pletion of RCB operations in Hole U1417E at 1315 h
(local) on 20 June 2013 to a total depth of 709.5 m
DSF. In preparation for logging, the hole was flushed
with a 50 bbl sweep of high-viscosity mud and the
RCB bit was released. The pipe was pulled to a depth
of 81.4 m DSF. Four tool strings were deployed in
Hole U1417E during logging operations: the triple
combo, the FMS-sonic, the MSS, and the VSI (Fig.
F51; see “Downhole logging” in the “Methods”
chapter [Jaeger et al., 2014]).

The first deployment was the triple combo tool
string, which was made up of gamma ray, porosity,
density, resistivity, and magnetic susceptibility tools.
The tool string was lowered into the hole at 2120 h
on 20 June, completing a downlog to a total depth of
624 m WSF, where it was blocked from downhole
progress by a bridge in the hole. The main uplog pass
was then conducted at a speed of 900 ft/h and ran up
through the pipe and past the seafloor. The tool
string was run back down the hole for a short repeat
pass from 225 m WSF at a speed of 1800 ft/h.

The second deployment was the FMS-sonic tool
string, after an attempt to run the VSI tool string was
postponed because of the presence of marine mam-
mals (see “Operations”). The string was run into the
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hole at 1132 h on 21 June and reached a total depth
of 571 m WSF, unable to pass a bridged section of the
hole. Two full passes of the hole were made from 571
m WSF: the first at a speed of 1200 ft/h while record-
ing all Dipole Shear Sonic Imager (DSI) modes
(monopole compressional, upper dipole, lower di-
pole, crossed dipoles, and Stoneley) and the second
at 1800 ft/h while recording only standard DSI
modes (monopole compressional, upper dipole, and
lower dipole). The tool string was rigged down by
2230 h.

The MSS tool string was run next in Hole U1417E.
This run was the first at-sea attempt to deploy the
full MSS-B tool (comprising the deep-reading and
high-resolution magnetic susceptibility sensors). The
tool string was rigged up at 2240 h and run into the
hole, reaching a final depth of 204 m WSF. The high-
resolution MSS sensor has a stiff bowspring to keep it
eccentralized, which may have prevented the tool
string from passing the bridges in shallow sections of
the hole. Two full uplog passes were recorded from
204 m WSF, and the tool was rigged down by 0530 h
on 22 June.

The last tool run was the VSI tool string. Protected
Species Observation began at first light on 22 June,
and the air gun ramp-up began 1 h later, as no pro-
tected species were observed in the 940 m diameter
exclusion zone for this site (see “Operations”). The
air guns were positioned ~7 m below the sea surface
for the vertical seismic profile (VSP) in Hole U1417E.
The rig-up of the VSI tool string started at 0545 h,
and the air guns were fired every 5–15 min as the
tool string was run into the hole. At 0830 h, the tool
string reached a final depth of 218 m WSF; consider-
able efforts to reach deeper depths were unsuccess-
ful. It was difficult to get a good clamp with the VSI
caliper arm because of the irregular borehole diame-
ter, and many of the recorded seismic waveforms
were noisy. Two of the station locations, both closer
to 211 m WSF, yielded reasonable first arrival times.
At 1305 h, the tool string was run back up the hole.
The tool string was rigged down by 1551 h, and log-
ging operations were complete by 1605 h on 22
June.

Seas were relatively calm for the duration of logging
operations. The average heave was 0.5 m (peak-to-
peak).

Data processing and quality assessment
All logging curves were depth-matched using the to-
tal gamma ray log from the main pass of the triple
combo as a reference, allowing a unified depth scale
to be produced. Features in gamma ray logs from the
other tool string passes were aligned to the reference
log to produce a complete depth-matched data set.
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Logging data were then depth-shifted to the seafloor
as identified by a stepwise increase in the gamma ray
value, leading to wireline log matched depth below
seafloor (WMSF). The triple combo main pass identi-
fied seafloor at 4200 m water depth.

The quality of the downhole logs was affected by the
range in borehole diameter, estimated by the hy-
draulic caliper on the Hostile Environment Litho-
Density Sonde (HLDS) and by the FMS calipers (Figs.
F52, F53). The caliper logs show an irregular shape
through much of the open borehole (ranging from
<5 to ≥18 inches [the maximum extent of the HLDS
caliper arm]), with up to 13 inches of horizontal
range over just a few meters vertical depth. All four
tool strings deployed in Hole U1417E were blocked
at various depths in the borehole by narrow sections
or bridges. Significant problems occurred at 242,
246, and 624 m WSF for the triple combo and 300
and 366 m WSF for the FMS-sonic.

As a result of varying borehole conditions associated
with rugosity and borehole diameter, logging data
vary in quality. Most logs exhibit anomalous high-
frequency variability in the upper 305 m WMSF sec-
tion of the hole, where caliper logs indicate that the
hole is dominated by thin washouts and bridges, but
data quality improves deeper than 305 m WMSF. In
general, gamma ray, resistivity, magnetic susceptibil-
ity, and P-wave velocity were the least affected by
variable hole diameter. Features in gamma ray data
associated with very wide or very narrow borehole
diameters should be treated with caution; fewer
gamma rays reach the tool detector in a wider bore-
hole, and more reach the detector where the bore-
hole is narrower. Density and porosity were highly
affected in the upper 305 m WMSF, with average
density values close to water density and anoma-
lously high porosity (close to 100%) through most of
the interval (Fig. F52). Magnetic susceptibility logs
show reasonable responses throughout the borehole
(see “Magnetic susceptibility logs”), although these
logs exhibit a clear downhole drift presumably re-
lated to tool temperature.

The quality of the logs can also be assessed by com-
parison with measurements made on cores from the
same site (Fig. F52). Total natural gamma ray from
the triple combo show good agreement with scaled
NGR core logging data from the base of the pipe to
~220 m WMSF. Deeper than 220 m WMSF, the two
data sets show similar trends but the core NGR data
are offset, likely due to the change in coring tech-
nique at ~220 m WMSF (from the APC system to the
XCB system) that can result in a lower volume of
sediment being counted (see “Physical properties”).
Density logs appear to underestimate formation den-
sity in the shallowest 305 m WMSF interval where
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borehole diameter is highly variable, as shown by
comparison with the core-based MAD data shown in
Figure F52. However, these data show good corre-
spondence deeper than 305 m WMSF, where the
borehole condition and log quality are improved.
Porosity logs are anomalously high throughout the
hole, as compared to MAD porosity data. The Accel-
erator Porosity Sonde was not designed for high-po-
rosity formations (>50–60 pu) and often overesti-
mates porosity in wide and rugose boreholes;
therefore, these data should not be considered in in-
terpretation. Resistivity logs show reasonable re-
sponses throughout the hole, despite poor borehole
conditions, and postcruise density and porosity esti-
mates may be attempted with caution from resistiv-
ity using Archie’s relationship (Archie, 1942).

FMS data quality relies on a number of factors, in-
cluding an in-gauge hole, regular borehole walls, and
good contact between the tool’s pads and the bore-
hole wall. Processing of the FMS image data allows a
speed correction to be applied that takes account of
variations in the speed of the tool, including stick
and slip, measured by the General Purpose Inclinom-
etry Tool incorporated into the tool string. Two pro-
cessing methods were applied to the speed-corrected
images. Static processing normalizes the entire mea-
sured resistivity range for the full depth of the bore-
hole to allow for assessment of large-scale resistivity
variations. Dynamic processing rescales the color in-
tensity over a sliding 2 m depth window to highlight
local features. Despite borehole conditions, FMS im-
ages seem to be of good quality, with the pads mak-
ing contact with the borehole walls through much of
the logged interval. Large depth shifts (>0.5 m) were
needed through much of the borehole, so the abso-
lute depth reference for these images (wireline log
speed-corrected depth below seafloor; WSSF) should
be considered with caution.

The DSI recorded P&S monopole, upper dipole, and
lower dipole modes in Hole U1417E. To optimize
sonic velocity measurements in this sediment, the
monopole and upper dipole utilized standard (high)
frequency and the lower dipole transmitted/received
at a lower frequency. The resulting slowness data
were subsequently converted to acoustic velocities
(VP [monopole] and VS [upper and lower dipole]). In
Figure F53, distinctive orange-red areas in the VP and
VS tracks indicate greater coherence in recorded
sonic waveforms, and blue colors indicate little or no
coherence. These data show that although the DSI
was able to capture both compressional and flexural
arrivals in the deeper intervals of the hole (deeper
than 305 m WMSF), there was no coherence for flex-
ural arrivals in the shallower section, and thus no VS

data were recorded.
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In addition, at some depths between the base of the
pipe and ~260 m WMSF, the automatic picking of
the wave arrivals (black curve in Fig. F53) failed to
recognize the compressional wave because of its
proximity to the fluid wave in this very slow forma-
tion, and thus no VP data were recorded. Postcruise
processing could refine the VP profile in the shallow-
est 305 m WMSF to provide a better estimate of com-
pressional velocity in the poorly picked interval.

Logging stratigraphy
Downhole logging data for Hole U1417E are summa-
rized in Figures F52, F53, F54, and F55. The logged
interval is divided into two logging units primarily
on the basis of borehole condition. Logging Unit 2 is
further divided into two subunits on the basis of
trends and distinctive features in the gamma ray, re-
sistivity, magnetic susceptibility, and sonic logs.

Logging Unit 1 (base of drill pipe to 305 m 
WMSF)
Logging Unit 1 is characterized by highly variable
borehole diameter, ranging from <5 inches to the 18
inch limit of the HLDS caliper arm. This irregular
borehole shape has an influence on the responses of
all logging tools, so the logs in this interval may be
compromised by the poor borehole condition.
Within this unit, the gamma ray, magnetic suscepti-
bility, and P-wave velocity logs appear to display co-
herent character despite centimeter-scale noise (Figs.
F52, F53, F54). The gamma radiation signal is coher-
ent between the triple combo and FMS-sonic tool
strings and ranges from 10 to 66 gAPI. The signal
shows a relatively consistent trend from the base of
the pipe to 255 m WMSF, with a mean value of 38
gAPI. Between 255 and 280 m WMSF, borehole di-
ameter changes dramatically, and all logs are domi-
nated by the effects of hole size. Deeper than 280 m
WMSF, the gamma radiation signal varies around
higher values (typically ~50 gAPI) relative to the
shallower section of the hole. Gamma radiation is
dominated by the radioactivity of potassium and
thorium, with uranium contributing a relatively mi-
nor component (Fig. F54). The potassium and tho-
rium curves follow similar patterns throughout this
unit and may be tracking clay content, as both po-
tassium and thorium are found in clay minerals. Iso-
lated peaks in thorium at 165 and 235 m WMSF may
be indicative of volcanic ash beds or interbedded
sand/silt layers.

Both resistivity (Fig. F52) and P-wave velocity (Fig.
F53) logs show slightly increasing trends with depth
in logging Unit 1. Local peaks in P-wave velocity be-
tween ~200 and 305 m WMSF may be correlated
with sand/silt layers.
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Magnetic susceptibility data from Hole U1417E gen-
erally exhibit lower frequency variations from the
base of the drill pipe to 280 m WMSF, with the ex-
ception of local peaks (Fig. F55). High-resolution
data show many centimeter-scale features with ele-
vated susceptibility in logging Unit 1; most have
sharp boundaries, but several features have grada-
tional boundaries. Deeper than 280 m WMSF, the
amplitude of the background variability in suscepti-
bility increases slightly.

FMS images (example intervals in Fig. F56) show that
logging Unit 1 is generally more conductive than
Unit 2. Within Unit 1 there are sharply bounded
submeter to multiple meter-scale alternations be-
tween highly resistive and highly conductive layers.
A distinct interval of higher resistivity observed in
the FMS images between ~260 and 305 m WMSF co-
incides generally with the increase in gamma ray sig-
nal in this unit (Fig. F52).

Logging Unit 2 (305–624 m WMSF)
Logging Unit 2 is distinguished from Unit 1 primar-
ily by improved condition of the borehole wall. Con-
sequently, the logging data are of better quality
throughout Unit 2. Although there are still thin
washed-out intervals and bridged sections, there are
also intervals between 305 and 624 m WMSF in
which the borehole is nearly in gauge (~10 inches).
Logging Unit 2 is divided into two subunits.

Logging Subunit 2A (305–476 m WMSF)

Logging Subunit 2A is characterized by total gamma
ray values ranging from 25 to 66 gAPI (mean = 45
gAPI) (Fig. F54). The gamma ray signal is dominated
by Th and K content, similar to the signal in logging
Unit 1. A slightly higher contribution from U in Unit
2 may indicate a greater content of organic matter.
The density log gradually increases with depth in
this subunit (Fig. F52).

Resistivity (Fig. F52) and P-wave velocity logs (Fig.
F53) show similar trends, generally increasing in
value with depth in Subunit 2A. P-wave velocity in-
creases from ~1500 m/s at the top of the subunit to
>2000 m/s at the base. Local resistivity peaks corre-
spond in most cases to P-wave velocity peaks, sug-
gesting that both are responses to lithologic varia-
tions.

Magnetic susceptibility logs (Figs. F52, F55) display
strong variability, with higher amplitude changes
than in the overlying unit. Local peaks may indicate
the presence of increased detrital sediments and/or
centimeter-scale silt beds within a lower susceptibil-
ity background. FMS images show that Subunit 2B is
a transition zone between a more conductive shal-
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lower formation and more resistive deeper formation
(Fig. F56). These images highlight an alternation be-
tween sharp and gradational contacts at the meter
scale.

Within Subunit 2A, there is a distinctive interval be-
tween ~409 and 425 m WMSF in which many of the
logs show unusual behavior. Gamma radiation, den-
sity, and resistivity values decrease sharply within
this interval (Fig. F52) and then increase at the base,
whereas P-wave increases throughout the interval
(Fig. F53). The magnetic susceptibility signal drops
significantly until the base, which coincides with a
susceptibility peak (Fig. F52). The FMS images show
a moderately resistive interval, with a highly resis-
tive layer at the base. Together, these data suggest
that there is a discrete layer of unusual character at
this depth, with corresponding characteristics in
core physical properties data (Fig. F52). However,
there is no clear evidence of such a distinct feature
observed in cores.

Logging Subunit 2B (476–624 m WMSF)

Logging Subunit 2B is mainly characterized by
higher values in gamma radiation and density (Fig.
F52). The upper boundary of this subunit is distin-
guished by an abrupt change in the character of
magnetic susceptibility (Fig. F52) to lower amplitude
variability and a step decrease in P-wave velocity
(Fig. F53). The mean gamma ray value is 52 gAPI,
and the downhole patterns in U, Th, and K measure-
ments correspond within this subunit (Fig. F54). A
change in the ratio of Th and K to the total gamma
ray counts relative to Subunit 2A may indicate a
change in the source of radioisotopic inputs this in-
terval.

Density values are slightly higher than in Subunit
2A, increasing to >2.0 g/cm3 at the base of the logged
interval (Fig. F52). The P-wave log shows a sharp de-
crease to ~1600 m/s at 480 m WMSF, followed by a
general increase to the base of the logged interval
(Fig. F53). Within Subunit 2B, magnetic susceptibil-
ity (Fig. F52) displays low to moderate amplitude
variation but generally higher values from 540 to
580 m WMSF, which coincides with a general in-
crease in gamma ray and density logs. FMS images
display very resistive material with few sharp con-
tacts and few conductive zones.

Magnetic susceptibility logs
Site U1417 marks the first at-sea deployment of the
full MSS (officially MSS-B), built by Lamont-Doherty
Earth Observatory between 2010 and 2012 to replace
an earlier version of the tool. Comprising both a
deep-reading sensor (MSS-DR), which was also incor-
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porated into the triple combo, and a high-resolution
sensor (MSS-HR), the full MSS tool has the capability
to make magnetic susceptibility measurements at 10
and 40 cm vertical resolution.

In Hole U1417E, deep-reading magnetic susceptibil-
ity measurements were repeatable between multiple
passes of the triple combo tool string (the first log-
ging run), as well as with the MSS tool string (the
third logging run) (Figs. F51, F55). High-resolution
magnetic susceptibility is also repeatable between
multiple passes of the MSS tool string.

The trend superimposed upon all magnetic suscepti-
bility logs is most likely related to internal tool tem-
perature. When the temperature of the MSS increases
linearly with depth, for example as observed in the
MSS data from all passes with the triple combo tool
string, a simple linear temperature correction was ap-
plied. This correction was also applied to MSS data
from the downlog with the MSS tool string but not
to MSS data from the uplog passes because of evi-
dence of nonlinear tool temperature effects. Figure
F55 shows the uncorrected and corrected MSS-DR
data for the main pass of the triple combo, as well as
the similarly corrected high-resolution downlog
measurement of the MSS run.

The high-resolution magnetic susceptibility signal
appears to track natural gamma ray variation (Fig.
F55). The small (<1 m) vertical offset observed could
come from the discrepancy between the vertical res-
olution of the Hostile Environment Natural Gamma
Ray Sonde (~20–30 cm) and the MSS-HR sensor (~10
cm). As expected, the high-resolution magnetic sus-
ceptibility data seem to record more fine-scale fea-
tures than either gamma radiation or deep-reading
susceptibility measurements. For example, at 116 m
WMSF, the high-resolution data show multiple
higher amplitude peaks, whereas the deep-reading
data show only one broad peak in accordance with
different vertical resolutions of the two sensors (see
“Downhole logging” in the “Methods” chapter [Jae-
ger et al., 2014]).

In general, the trends and high values of magnetic
susceptibility from the deep-reading and high-reso-
lution measurements in Hole U1417E are the same.
Postcruise investigations using core-based magnetic
susceptibility data from Site U1417, for which a com-
posite splice exists to ~220 m CCSF-D, should help to
understand temperature response and improve the
calibration of the MSS, as well as better resolve high-
resolution susceptibility variations at this site.

Formation MicroScanner images
Despite the rugosity of the borehole wall associated
with high-frequency changes in borehole diameter,
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FMS resistivity images reveal differences in textures
and lithologies throughout the logged interval of
Hole U1417E (Fig. F56). In the statically processed
images from FMS-sonic Pass 1, the submeter-scale al-
ternating intervals of conductive and resistive litho-
logies characterizing logging Unit 1 are shown in
contrast to the moderately resistive to highly resis-
tive units in logging Subunit 2A and the highly resis-
tive lithologies in logging Subunit 2B (example sec-
tions in Fig. F56). Based on the images, most if not
all of the bedding in the logged interval has horizon-
tal to subhorizontal orientation. The boundaries be-
tween different layers are generally distinct, though
there are more sharp boundaries observed in Unit 1
than in Unit 2.

Vertical seismic profile and sonic velocity
One objective of the expedition was to establish the
age and lithologic origin of the seismic reflections
identified in the seismic survey data in the Gulf of
Alaska. The VSP provides a good intermediate step in
integrating the core and wireline logging data (re-
corded in depth) with seismic data (recorded in two-
way traveltime).

Data acquired during the VSP are summarized in Ta-
ble T16 and Figures F51 and F57. Although >45
shots were fired, most of the sonic waveforms re-
corded downhole during the VSP were noisy because
of the limited extent of accessible open hole and the
rugose borehole wall through this interval. The VSI
caliper arm had a difficult time achieving good
clamping force because of the soft formation and
poor contact with the rough borehole wall. Despite
these limitations, two stations close to 211 m WMSF
provided check shot arrival times. Figure F57 shows
the waveforms measured by the vertical direction
geophone of the VSI and the direct arrivals. Table
T16 lists the values of the measured and corrected ar-
rival times. The measured traveltimes are the differ-
ences between the arrival of the acoustic pulse at a
hydrophone located directly below the air gun array
and the arrival at the borehole receiver. The cor-
rected traveltimes are the traveltimes from the sea
surface to the borehole receiver, which account for
the depth of the air guns (7 m below sea level for
Hole U1417E) and for the depth of the hydrophone
below the air guns (2 m).

Approximating a linear trend, sonic velocities (be-
tween 150 and 557 m WMSF, the interval with the
best P-wave data quality) increase downhole at ~0.15
km/s per 100 m. The similarity of the resistivity log
to the sonic velocity log (Fig. F53) indicates that a
pseudosonic log, constructed from the resistivity
data to extend to ~615 m WMSF and calibrated with
discrete P-wave measurements from cores to extend
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to the base of the hole, could potentially be used as
input for a synthetic seismogram.

Core-log-seismic integration
For the purposes of shipboard data correlation for
Site U1417, we compared data displayed in the fol-
lowing two depth scales: WMSF (see “Downhole
logging”) and CCSF-B (a compressed composite
depth scale; see “Stratigraphic correlation”) for log-
ging and core data, respectively. Logging data were
depth-matched between different tool strings using
the gamma ray logs recorded on each logging run
and then shifted to the WMSF depth scale based on
the step increase in gamma ray across the seafloor
(see “Downhole logging” in the “Methods” chap-
ter). For Site U1417, the maximum observed depth
shift was ~4 m. Adding this potential error in depth
to uncertainties in the depth of a given feature in
CCSF-B results in an ~10 m potential depth error
when comparing core-based measurements or litho-
logic boundaries to downhole logs. Core physical
properties were measured in Holes U1417A–U1417E
(see “Physical properties”), whereas logging data
were recorded only in Hole U1417E (see “Downhole
logging”).

To begin correlating lithostratigraphic and logging
units with features observed in the seismic data, we
converted lithostratigraphic and logging unit bound-
aries from depth in meters (CCSF-B/WMSF) to two-
way traveltime (TWT) using the average velocity of
each unit. Average P-wave velocity was derived from
physical properties measurements using data from
the WRMSL PWL at depths shallower than ~220 m
CCSF-B and from the downhole sonic logs deeper in
the hole (see “Physical properties” and “Downhole
logging”).

Lithostratigraphy–downhole logging 
data integration

We combined sediment core observations and physi-
cal properties data with downhole logging data from
Site U1417 to (1) evaluate how representative the re-
covered cores are relative to the portion of the sedi-
mentary section that was logged, (2) determine the
nature and extent of sediment not recovered in the
XCB/RCB drilling process, and (3) examine whether
observed sedimentary units and features can be cor-
related to borehole data and ultimately be described
at higher vertical resolution at Site U1417. We first
compare magnetic susceptibility measurements
made on whole-round and split cores from the ship-
board core logging systems (WRMSL and SHMSL; see
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“Physical properties”) with temperature-corrected
downhole data from the deep-reading magnetic sus-
ceptibility sensor on the triple combo tool string. We
then evaluate whether similar lithostratigraphic
units can be characterized by downhole resistivity
and natural gamma ray measurements also recorded
with the triple combo tool string (see “Downhole
logging”).

In Figure F58, we compare lithostratigraphic unit
boundaries, core recovery, the distribution of dia-
mict intervals, sand-rich units, and magnetic suscep-
tibility measurements recorded in the borehole and
on cores. In general, logged and whole-core mag-
netic susceptibility exhibit similar trends and vari-
ability when compared over the same measured in-
terval. We observe that transitions between intervals
of high and low magnetic susceptibility in the log
data correspond to lithostratigraphic boundaries in
the core. These changes are particularly evident at
the transitions from lithostratigraphic Units II to III,
Units III to IV, and Subunits VC to VD. In areas of
lower core recovery, the exact lithostratigraphic unit
boundaries may have an error range of a few meters
due to recovered intervals being assumed to reside at
the top of each cored interval. We also observe an as-
sociation between relatively high downhole log mag-
netic susceptibility values and occurrences of sand.
Another primary observation is that the highest
magnetic susceptibility measured in the downhole
logs between 350 and 440 m CCSF-B corresponds to
the occurrence of diamict intervals in lithostrati-
graphic Subunit VA and at the lithostratigraphic Sub-
unit VB–VC transition (Fig. F58). A photograph of a
representative core section (341-U1417D-53X-1, 0–
75 cm) shows two intervals of diamict with high
magnetic susceptibility values separated by an inter-
val of mud with low magnetic susceptibility values
(Fig. F58). The image also shows that the diamict in-
tervals consist of fractured and “biscuited” blocks.
We speculate that these diamict intervals are respon-
sible for the high magnetic susceptibility values ob-
served in the log data and that poor core recovery
(21% in Core 53X) prevented full representation in
the cored record. Lithostratigraphic Unit III is inter-
preted to be an ice-rafted diamict (see “Lithostratig-
raphy”), and poor borehole conditions across this
interval (270–300 m CCSF-B) may have reduced the
amplitude of the logged magnetic susceptibility sig-
nal. The base of the ice-rafted diamict interval of
lithostratigraphic Unit III correlates with an im-
provement in borehole conditions for logging (log-
ging Unit 1/2 boundary; see “Downhole logging”)
to within meters. Overall, the logging data provide
evidence for the occurrence of diamict intervals at
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Site U1417. Based on these initial observations, we
speculate that the deeper diamicts, possibly repre-
senting sediment gravity flow deposits, are a primary
part of the sedimentary section between 350 and 400
m CCSF-B and between 450 and 500 m CCSF-B and
the thickness of these lithologies are underestimated
in the cored intervals.

In Figure F59, we compare downhole resistivity; to-
tal gamma ray; and K, Th, and U in standard devia-
tion units to the lithostratigraphy, as well as the dis-
tribution of sand, ash, and volcaniclastic lithologies.
Resistivity and natural gamma ray profiles are gener-
ally low in the shallowest 150 m of the logged inter-
val (~80–230 m WMSF) and exhibit a step increase at
~250 m WMSF. Resistivity increases from 250 m
WMSF to the base of the logged interval but contin-
ues to exhibit a high degree of variability. Low resis-
tivity values in the shallowest 250 m of the sedimen-
tary section may be related to the occurrence of
mud-dominated lithologies. However, borehole di-
mensions are highly variable within this interval and
it is difficult to attribute these variations solely to
lithology. In general, we observe multiple examples
where volcaniclastic sand/silt corresponds with in-
creases in standardized downhole profiles of total
gamma radiation and K. Sand layers generally have
high magnetic susceptibility and low gamma ray
counts—a good example of this relationship occurs
at 450 m CCSF-B/WMSF. The highly resolved NGR
profiles provide an opportunity to map the distribu-
tion of facies throughout the logged interval, partic-
ularly where there is poor recovery in the drilling
process.

Physical properties–downhole logging 
data correlation

In general, there seems to be a good correspondence
between the physical properties and logging data,
with a vertical offset on the order of a few meters.
The focus of shipboard correlation was the depth in-
terval from ~305 to 615 m CCSF-B/WMSF within
logging Subunit 2B, where reasonable borehole con-
ditions resulted in logging data of higher quality (see
“Downhole logging;” Fig. F60).

The natural gamma ray log shows good agreement
with core NGR to within a few meters depth (Fig.
F60); core NGR has been corrected for volume using
GRA density (see “Physical properties”). The high
degree of correspondence indicates both that the
downhole gamma ray log is not compromised by the
variability in borehole diameter within this part of
the hole and that the volume correction significantly
improves the fit between the downhole log and core-
based NGR data. The increasing trend with depth in
both data sets supports the interpretation of higher
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natural radioactivity inputs likely associated with rel-
atively muddier lithologies deeper at Site U1417.

The bulk density data also show variable agreement
between downhole log, core logger, and discrete core
samples. There is more scatter in the GRA density
from the core logger; however, the downhole density
log values generally correspond to the higher end in
the range of GRA density values (Fig. F60). Discrete
MAD measurements overlap with the downhole den-
sity log, showing a similar range in values. Because
core measurements are necessarily limited to recov-
ered intervals and lithologies, comparison of the log
and core data suggests that recovery in this part of
the hole is biased toward high-density lithologies
and that lower density lithologies may not be fully
recovered in cores. Although the MAD data are inter-
preted as showing a change in trend to increasing
density below ~470 m CCSF-B (see “Physical prop-
erties”), the density log suggests that the change in
trend may occur at a shallower depth (~420 m
WMSF). There are corresponding changes to in-
creased values in the resistivity and P-wave velocity
logs at the same depth, suggesting that this depth
may represent a significant transition.

Discrete P-wave velocity measurements on core show
good correspondence with the P-wave velocity log to
~430 m CCSF-B/WMSF (Fig. F60). Deeper in the
borehole, the P-wave velocity log shows generally
higher velocities than the discrete core data. The
lower velocity for the discrete measurements at these
deeper intervals could be due to biased core recovery,
choice of lithology selected for sampling, or fractur-
ing of the split-core samples during measurements
given the increasing induration downcore. However,
below ~420 m CCSF-B, isolated elevated velocities
(>4000 m/s) are measured on specific discrete sam-
ples (not displayed at the scale of Fig. F60) and cor-
related to cemented intervals in the recovered core,
whereas lower velocities are correlated to diatom
ooze (see “Lithostratigraphy” and “Physical prop-
erties”). The P-wave velocity log, with a sampling in-
terval of ~15 cm and a vertical resolution of ~100
cm, may show intermediate velocities as it averages
across centimeter-scale variations between faster and
slower lithologies.

Magnetic susceptibility data show reasonable agree-
ment between log and core measurements (Fig.
F60). The magnetic susceptibility log, from the
deep-reading sensor of the MSS, has been corrected
for temperature (see “Downhole logging”). Core
magnetic susceptibility data from the loop have
been corrected for volume using GRA density (see
“Physical properties” 2014). Although there is
considerable scatter in the core magnetic suscepti-
bility, there is a clear distinction in the range and am-
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plitude of values across the logging Subunit 2A/2B
boundary at ~470–480 m WMSF. Both log and core
data show higher susceptibility values above ~470 m
CCSF-B/WMSF.

Higher resolution comparison of core and downhole
logging data will require detailed correlation of these
two data sets. Although core recovery is lower in the
XCB and RCB cored intervals (deeper than ~220 m
CCSF-B), which could limit the success of core-log
integration, Figure F60 shows distinctive features in
both data sets that can likely be matched more pre-
cisely. These efforts can be undertaken postcruise,
utilizing the total gamma radiation and magnetic
susceptibility data and more detailed comparison to
both visual core description and seismic images.

Seismic sequences and correlation 
with lithostratigraphy and downhole logs

Seismic Lines MGL1109MSC01 (Fig. F61) and
MGL1109MSC14 (Fig. F62), acquired in 2011 aboard
the R/V Marcus Langseth, cross Site U1417 (Walton et
al., submitted). The primary seismic sequences on
each profile, Sequences I–III, are interpreted after Re-
ece et al. (2011). In preparation for core-log-seismic
integration, Sequence I was divided into three sub-
sections, IA–IC. Subsection IC was further subdi-
vided into Intervals IC1 and IC2. Each of these se-
quence boundaries defines either a change in
dominant seismic facies or a truncation surface.

Seismic Sequence III is characterized by smooth, con-
tinuous reflectors and limited seismic transparency.
At Site U1417, the Seismic Sequence II/III boundary
(~5805 ms TWT) is defined by high-amplitude varia-
tion. Below the two prominent reflectors at the top
of Sequence II, the section loses amplitude and
shows similar seismic characteristics to Sequence III.
Based on our estimated depth to TWT conversion,
Seismic Sequence III corresponds to lithostrati-
graphic Unit I: dark gray mud with thin beds of vol-
canic ash (Subunit IA) and gray mud with thin beds
of volcanic ash and diatom ooze (Subunit IB). An in-
crease in lonestones (outsized clasts) in Subunit IB
may correspond to a package of higher amplitude re-
flectors at ~5.71 s TWT (using a velocity of 1518 m/s)
bounded above and below by semitransparent facies
(Fig. F30).

Seismic Sequence II is characterized by smooth, con-
tinuous reflectors that are semitransparent in the
seismic profile. Based on our depth to TWT conver-
sion, this sequence corresponds to lithostratigraphic
Units II–IV: gray mud with 1–5 cm thick interbeds of
fine sand and coarse silt (Unit II), thick beds of dia-
mict interbedded with gray mud (Unit III), and a
highly bioturbated gray mud with diatom-bearing
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intervals (Unit IV). Two check shots close to 211 m
WMSF correlate to the seismic data at 5.87 s TWT
within Seismic Sequence II. The Unit III/IV boundary
appears to map to the lower part of Seismic Sequence
II, where a pair of medium-amplitude reflectors lies
just above the high-amplitude package that defines
the boundary between Seismic Sequences II and I.
The boundary between logging Units 1 and 2 may
correlate to increased reflectivity in the lower part of
Sequence II (Fig. F30). However, establishing the pre-
cise position of lithostratigraphic Units III and IV rel-
ative to the Sequence II/I boundary will require more
core-log-seismic analysis.

The Seismic Sequence II/I boundary (~6000 ms TWT)
is located at the top of a prominent grouping of
high-amplitude reflectors that are slightly more cha-
otic and discontinuous than those observed in Se-
quence II. Sequence I can be divided into three dis-
tinct seismic facies packages: Sequence IC,
characterized by high-amplitude, semicontinuous re-
flectors; Sequence IB, a seismically transparent sec-
tion with faint, semicontinuous reflectors; and Se-
quence IA, a high-amplitude chaotic layer overlying
acoustic basement. Sequence IC is composed of two
distinct packages (Sequences IC1 and Sequence IC2)
divided by a truncation surface. The base of Se-
quence I was not penetrated at Site U1417; based on
correlation with Site 178, Sequence I is ~400 m thick
at Site 178 (Fig. F30). With our estimated velocities,
the lithostratigraphic Unit IV/V boundary at ~350 m
CCSF-B maps to ~6.05 s TWT, which is at or just be-
low the top of Seismic Sequence I (Fig. F30). A series
of thick high-amplitude reflectors comprise this
boundary and may be related to the presence of ce-
mented intervals that inhibited core recovery. Litho-
logically, the boundary between Units IV and V rep-
resents a change from to highly bioturbated gray
mud with diatom-bearing intervals (Unit IV) to gray
mud with diamict, interbedded silt and sand, and
diatom ooze (Unit V).

Because of the lack of check shots deeper in the bore-
hole, precise correlation between Seismic Sequence I,
lithologic Units IV and V, and logging Unit 2 will
need to be undertaken postcruise; however, some
comparisons between lithofacies, seismic facies, and
log character can be discussed. In general, the in-
creased velocity and density contrasts within logging
Subunit 2A and the upper part of Subunit 2B likely
correspond to the series of brighter reflectors that de-
fine Seismic Sequence IC, and in turn these may cor-
relate with the various lithofacies of lithostrati-
graphic Unit IV and Subunits VC or VD. The
boundary between logging Units 2A and 2B may be
associated with a large negative-amplitude reflector
that separates seismic Subunits 1B and 1C at ~6.19 s
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TWT (Fig. F30). If that correlation is validated, then
the remaining lithostratigraphic Subunits VE–VJ and
the lower part of logging Unit 2B all lie within Seis-
mic Sequences IB and IA. Correlations deeper in the
borehole can be checked against results from Site
178 (Shipboard Scientific Party, 1973), located ~1.5
km away, by using the basement depth of 780 m DSF
and creating a pinned traveltime/depth boundary at
the top of the basement during the creation of a syn-
thetic seismogram.
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J.M. Jaeger et al. Site U1417
Figure F2. Lithology and age control, DSDP Site 178. Modified from Lagoe et al. (1993). Partial seismic section
from Line 13 of 1989 USGS Survey F689 (Fig. F1). IRD = ice-rafted debris, Ja = Jaramillo, OI = Olduvai. GI A, GI
B, GI C = Glacial Intervals A, B, and C. MPW = mid-Pliocene warm period. 40Ar/39Ar ages from Hogan et al.
(1978). Magnetic polarity stratigraphy from von Huene et al. (1973). Modified from Reece et al. (2011).
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J.M. Jaeger et al. Site U1417
Figure F3. A. From left to right, a seismic transect from MGL1109 Line 1 toward the east, to MGL1109 Line 14
heading northeast, to MGL1109 Line 13 heading east. Seismic sequences can be mapped from Site U1417 to
the Surveyor Channel. VE = vertical exaggeration. B. Multibeam bathymetry map showing location of Site
U1417, DSDP Site 178, and seismic profiles relative to the Surveyor Channel, Kodiak-Bowie Seamounts,
Aleutian Trench, and Kodiak Island, Alaska (Gulick et al., submitted). 
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J.M. Jaeger et al. Site U1417
Figure F5. Bathymetry close to Site U1417, showing minimal local topography. Depth is in meters. Site U1417
lies at the intersection of seismic Lines MG1109MCS01 and MGL1109MCS14 and is ~1.5 km from DSDP Site
178. Red dots are USGS Line L-6-81 with shot point times noted. For MGL1109 lines, numbers refer to shot
points.
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acent regions, modified from Lagoe et al.
 Lagoe and Zellers (1996). Bedrock tem-

 and Embley (1987), Berger et al. (2008a,
cki and Raymo (2005) (black) and Zachos
 zircon (U-Th)/He. MPW = mid-Pliocene

ulf of Alaska/Southern Alaska-Yukon
tectonic and depositional events

itial phases of flat-slab subduction of Yakutat Terrane 
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Figure F8. Stratigraphic, depositional, tectonic, and climatic history of the Gulf of Alaska (GoA) and adj
(1993) and Berger et al. (2008a). Lithologic data from Lagoe et al. (1993), Rea and Snoeckx (1995), and
perature paths vs. time from Berger et al. (2008a). Tectonic events from Lagoe et al. (1993), Stevenson
2008b), Enkelmann et al. (2010), and Finzel et al. (2011). Oxygen isotope data from global stacks of Lisie
et al. (2001) (gray). IRD = ice-rafted debris. AHe = apatite (U-Th)/He, AFT = apatite fission track, ZHe =
warm period.
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J.M. Jaeger et al. Site U1417
Figure F9. Core recovery, Site U1417.
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J.M. Jaeger et al. Site U1417
Figure F10. Hole summaries, Site U1417. Volcanic grain abundance: 1 = trace, 2 = volcaniclastic bearing, 3 =
volcaniclastic rich, 4 = ash. GRA = gamma ray attenuation. A. Hole U1417A. (Continued on next four pages.)
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J.M. Jaeger et al. Site U1417
Figure F10 (continued). B. Hole U1417B. (Continued on next page.)
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Dark gray mud with subordinate thin
interbeds of volcanic ash. Dispersed
granule to pebble-size lonestones

occur commonly below 5 m CSF-A.
Greenish gray intervals of diatom-bearing
mud with a few local intervals of diatom
ooze alternate with barren gray mud.
Volcanic ash consists primarily of vitric

(glass) framework grains.

Dark gray mud with subordinate thin
interbeds of volcanic ash. Dispersed

granule to pebble-size lonestones occur
commonly with the numbers increasing

down interval to 32 per core section. This
subunit includes reoccurring intervals of

diatom ooze ranging in thickness up to 10
cm. Thin silt and sand beds occur
infrequently. Volcanic ash consists

primarily of vitric (glass) framework grains.

Gray to greenish-gray mud with distinct
thin interbeds of fine sand and coarse silt.

Sand/silt beds commonly have sharp
lower contacts and are massive to

normally graded. Sand beds are typically
less than 5 cm thick. Relative to Unit 1,

this unit has a decrease in lonestones, and
in the frequency of occurrence of volcanic

ash, and diatom-rich intervals.

Clast-poor and clast-rich diamict
interbedded with bioturbated gray mud.
Diamict contains gravel size, subangular
to subrounded clasts in a muddy matrix.
Diamict intervals have gradational lower

and sharp upper contacts. Clast
abundance increases upward in individual

diamict beds.

Dark gray to greenish mud that is
commonly highly bioturbated with

Zoophycos ichnofacies being common.
Diatom bearing intervals are common in
the mud.  Fine sand beds are rare. This
unit is well indurated. Lonestones are

absent.

Magnetic
susceptibility

(IU)

GRA
bulk density

(g/cm3)

Color
reflectance

b*

Lith.
unit

Graphic
lithology 34

0

24
0

14
0

40

Volcanic
grain

abundance

La
te

 P
lio

ce
ne

to
 E

ar
ly

 P
le

is
t.
Proc. IODP | Volume 341 46



J.M. Jaeger et al. Site U1417
Figure F10 (continued). C. Hole U1417C. (Continued on next page.)
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Dark gray mud with subordinate thin
interbeds of volcanic ash. Dispersed
granule to pebble-size lonestones

occur commonly below 5 m CSF-A.
Greenish gray diatom-bearing mud with
local intervals of diatom ooze alternates

with barren gray mud. Volcanic ash
consists primarily of vitric (glass)

framework grains.

Dark gray mud with subordinate thin
interbeds of volcanic ash. Dispersed

granule to pebble-size lonestones occur
commonly with the numbers increasing
down the interval. This subunit includes

reoccurring intervals of diatom ooze
ranging in thickness up to 10 cm. Thin silt

and sand beds occur infrequently.
Volcanic ash consists primarily of vitric

(glass) framework grains.

Gray to greenish-gray mud with distinct
thin interbeds of fine sand and coarse silt.

Sand/silt beds commonly have sharp
lower contacts and are massive to

normally graded. Sand beds are typically
less than 5 cm thick. Relative to Unit 1,

this unit has a decrease in lonestones and
in the frequency of occurrence of volcanic

ash and diatom-rich intervals.
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J.M. Jaeger et al. Site U1417
Figure F10 (continued). D. Hole U1417D. (Continued on next page.)
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Dark gray mud with subordinate thin
interbeds of volcanic ash. Dispersed
granule to pebble-size lonestones

occur commonly below 12 m CSF-A.
Greenish gray intervals of diatom-bearing
mud with a few local intervals of diatom
ooze alternate with barren gray mud.
Volcanic ash consists primarily of vitric

(glass) framework grains.

Dark gray mud with subordinate thin
interbeds of volcanic ash. Dispersed

granule to pebble-size lonestones occur
commonly increasing in abundance down
interval. This subunit includes reoccurring

intervals of diatom ooze averaging 40 cm in
thickness. Thin silt and sand beds occur

infrequently. Volcanic ash consists primarily
of vitric (glass) framework grains.

Gray to greenish-gray mud with distinct thin
interbeds of fine sand and coarse silt.

Sand/silt beds commonly have sharp lower
contacts and are massive to normally

graded. The sand beds are typically less
than 5 cm thick. Relative to Unit 1, this unit
has fewer lonestones and a decrease in the
frequency of volcanic ash and diatom-rich

intervals.

Clast-poor and clast-rich diamict
interbedded with bioturbated gray mud.

Diamict contains gravel size, subangular to
subrounded clasts in a muddy matrix with

gradational lower contacts and sharp upper
contacts. Clast abundance increases

upward in individual beds.
Dark gray to greenish mud that is
commonly highly bioturbated with

Zoophycos ichnofacies being common.
Diatom bearing intervals are common in the
mud. Fine sand beds are rare. This unit is

well indurated. Lonestones are absent.
Dark gray moderately bioturbated diatom

rich mud with interbeds of diamict and sand,
and thick intervals of diatom ooze. Poorly
sorted clast-rich diamict beds have sharp

lower contacts and gradational upper
contacts. Diamict units contain subrounded 

to rounded mud clasts and some contain
plant debris. A few clast-poor to clast-rich
diamict beds have sharp contacts and are

dominated by angular black granules
(coal?).

Dark gray to greenish gray moderately
bioturbated diatom rich mud with thick

intervals of diatom ooze.

Dark gray diamict with sandy mud matrix
interbedded with diatom bearing mud.

Diamict beds have sharp boundaries and
contain angular granules of coal (?) or shale.
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J.M. Jaeger et al. Site U1417
Figure F10 (continued). E. Hole U1417E.
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Dark gray clast-poor and clast-rich diamict
interbedded with bioturbated gray mud.

Diamict units contain gravel size, subangular to
subrounded clasts in a muddy matrix. Diamict

beds have gradational lower contacts and
sharp upper contacts. Lonestones are present

within the mud beds.

Drilled interval - no cores collected

Dark gray to greenish color banded diatom
bearing mud with thick intervals of diatom
ooze. Bioturbation is absent to heavy and
includes Zoophycos burrows. Thin beds of
normally graded sand occur infrequently.

Dark gray clast-poor to clast-rich diamict with
sharp upper and lower contacts interbedded
with mud. Clasts within diamict beds include

mud and coal (?) ranging in size from granules
to pebbles. Plant debris is also present.

Diatom ooze interbedded with color banded
diatom-bearing mud.

Gray to dark greenish gray interbedded color
banded mud with diamict and silt beds.

Intervals of thin to medium bedded silt are
massive to finely laminated and have sharp

lower and gradational upper boundaries. Mud
intervals contain dispersed fine organic matter

and wood detritus.

Greenish gray diatom ooze interbedded with
silt and a breccia 80 cm thick with a sharp

lower contact and gradational upper contact.
Clasts occur within a matrix of muddy sand

and include indurated diatom ooze.
Dark gray color banded mud interbedded with
normally graded sandy mud. Sand beds have
sharp lower contacts and contain mud clasts,
lithic grains including mica, and granules of

coal (?) or shale.
Greenish gray biosiliceous ooze. A thin bed of
carbonate cemented siltstone was recovered.
Dark gray to dark greenish gray color banded
mud interbedded with very dark gray massive
to normally graded sandy mud and reverse

graded silt beds. Thin diamict beds also occur.
Evidence of extensional faulting is preserved.

Dark greenish gray diatom ooze with moderate
to heavy bioturbation.
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J.M. Jaeger et al. Site U1417
Figure F11. Primary lithologies of Site U1417. A. Dark gray (N 4) mud (Facies F1b; interval 341-U1417D-3H-
3A, 93–100 cm). B. Interbedded sand and mud; sand is normally graded (Facies F3c; interval 341-U1417C-17H-
6A, 80–96 cm). C. Muddy diamict with upward increasing abundance of subangular to subrounded clasts
(Facies F4a; interval 341-U1417B-38X-1A, 56–66 cm). Note the gradational lower and sharp upper contacts.
D. Muddy and sandy diamict with abundant mud rip-up clasts (Facies F4b; interval 341-U1417D-52X-3A, 4–11
cm). E. Muddy and sandy diamict with abundant dark coal clasts (Facies F4b; interval 341-U1417D-64X-1A,
40–47 cm). Note that the diamict grades upward into coarse sand of Facies F3b. F. Muddy and sandy diamict
with dark organic components and lighter-colored mud clasts (Facies F4b; interval 341-U1417E-39R-1A, 43–52
cm). G. Bioturbated diatom ooze with Zoophycos burrows (Facies F5a; interval 341-U1417D-57X-1A, 69–77 cm).
The ooze is the lighter colored greenish lithology in the center of the photo. H. Color-banded and bioturbated
diatom ooze (Facies F5a; interval 341-U1417E-29R-2A, 12–38 cm).
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J.M. Jaeger et al. Site U1417
Figure F12. Lonestones and sedimentary and deformational structures, Site U1417. A. Argillite lonestone (in-
terval 341-U1417B-27H-1A, 1–4 cm). B. Sandstone lonestone (interval 341-U1417C-24H-6A, 12–18 cm). C. Me-
tabasalt lonestone (interval 341-U1417C-6H-3A, 58–64 cm). D. Granite lonestone (interval 341-U1417C-7H-
5A, 41–43 cm). E. Load casts at base of normally graded sand (Facies F3a; interval 341-U1417C-20H-2A, 133–
136 cm). F. Normal faults in diatom ooze (interval 341-U1417E-36R-2A, 18–23 cm). G. Woody fragment at base
of a muddy and sandy diamict (Facies F4b; interval 341-U1417E-31R-1A, 40–41 cm). H. Microscope image of
woody fragment encountered in a smear slide (interval 341-U1417D-60X-CC). I. Scanning electron microscope
image of woody fragment (interval 341-U1417D-51X-3A, 74 cm). J. Detail of woody fragment shown in I.
K. Pyritized worm tube (interval 341-U1417C-15H-1A, 46 cm).
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J.M. Jaeger et al. Site U1417
Figure F13. Ash images, Site U1417. A–C. Glassy ash containing 5% lithic grains (interval 341-U1417D-8H-5,
94–97 cm; (A) core, (B) smear slide, (C) detail of scanning electron microscope image. D. Well-sorted silt-
bearing glassy ash (interval 341-U1417A-17H-6, 48–55 cm). E, F. Highly bioturbated mud with glassy ash lenses
(interval 341-U1417D-51X-2, 35–38 cm); (E) core, (F) smear slide. Ash is the lighter colored lithology. Note
diatom fossil in lower center of F.
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J.M. Jaeger et al. Site U1417
Figure F14. A. X-ray powder diffraction patterns, Holes U1417A–U1417E. Bulk mineralogy is nearly constant
downhole, although minor changes in relative peak intensities occur. (Continued on next page.)
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J.M. Jaeger et al. Site U1417
Figure F14 (continued). B. Comparative X-ray diffraction patterns from 4° to 24°2θ, Site U1417. Scans show
downhole samples before (left) and after (right) treatment with glycolate to assess the presence of expandable
clay minerals.
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J.M. Jaeger et al. Site U1417
Figure F15. Diagram illustrating common relationships between lithology, clast count, and physical properties
at the lithostratigraphic Subunit IB–Unit II transition (Sections 341-U1417C-17H-3A through 18H-1A). De-
creases in magnetic susceptibility, gamma ray attenuation (GRA) bulk density, and natural gamma radiation,
combined with increases in color reflectance index, highlight the location of diatom ooze. Mafic-rich sand cor-
responds to an increase in magnetic susceptibility, whereas volcanic ash dominated by glass shards shows no
change in magnetic susceptibility. Photomicrographs of smear slides to right of the figure illustrate major lith-
ologies present over specific intervals.
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Figure F16. Schematic diagram of lithostratigraphic units and major lithologies using combined data f
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quence. Solid lines = Neogene epoch boundaries that coincide with or are within 10 m of a measured pa
certain locations of epoch boundaries estimated from the shipboard age model.
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J.M. Jaeger et al. Site U1417
Figure F17. Abundance and preservation of diatoms, radiolarians, and benthic and planktonic foraminifers,
Site U1417. NPD = Neogene North Pacific Diatom zone of Yanagisawa and Akiba (1998). CM = California
margin. Abundance: D = dominant, A = abundant, C = common, F = few, R = rare, B = barren. Preservation: VG
= very good, G = good, M = moderate, P = poor.
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f paleoclimatic conditions, shown as a composite from
th Pacific Diatom zone of Yanagisawa and Akiba (1998),
resent, X = present.
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Figure F18. Micropaleontological age datums and rank abundances of taxa indicative o
Holes U1417A–U1417E. Relative abundance of foraminifers is shown. NPD = Neogene Nor
CM = California margin. Abundance: A = abundant, C = common, F = few, R = rare, P = p
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ces (color plots) of important paleoenviron-
ghest of individual species abundances within
-water radiolarians is estimated from the pro-
eogloboquadrina pachyderma (dextral), a warm-
. NPD = Neogene North Pacific Diatom zone
t, C = common, F = few, R = rare, P = present,
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Figure F19. Micropaleontological age datums, group abundances (black plots), and rank abundan
mental indicators, shown as a composite of Holes U1417A–U1417E. Diatoms are plotted using the hi
each species suite, estimated from the number of valves per field of view. Rank abundance of cold
portional abundances of cold-water species in the total radiolarian assemblage. Rank abundance of N
water indicator, is estimated from its proportional abundance in the total foraminiferal assemblage
of Yanagisawa and Akiba (1998), CM = California margin. Abundance: D = dominant, A = abundan
X = present, B = barren.
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J.M. Jaeger et al. Site U1417
Figure F20. Micropaleontological age datums and rank abundance of important biostratigraphic diatom and
radiolarian indicators, shown as a composite from Holes U1417A–U1417E. Composite diatom biostratigraphy
shows relative abundance (%) of eight diatom species (Neodenticula seminae, Proboscia curvirostris, Proboscia
barboi, Actynocyclus oculatus, Neodenticula koizumii, Neodenticula kamtschatica, Shionodiscus oestrupii, and Steph-
anopyxis horridus). Composite radiolarian biostratigraphy shows relative abundance (%) of ten radiolarian
species (Lynchnocanoma sakaii, Axoprunum acquilonium, Stylaconturium universus, Eucyrtidium matuyamaii,
Sphaeropyle robusta, Cycladophora sakaii, Cycladophora davisiana, Thecosphaera akitaensis, Phormocyrtis fistula, and
Thecosphaera pseudojaponica). NPD = Neogene North Pacific Diatom zone of Yanagisawa and Akiba (1998). FO
= first occurrence, LO = last occurrence.
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J.M. Jaeger et al. Site U1417
Figure F21. Magnetic susceptibility data for the interval of the continuous splice in Holes U1417A–U1417D
and the splice record. Gray boxes = intervals used to construct the splice with core numbers noted, dashed ver-
tical lines = intervals where tie points should be treated with caution (see text for details). A. 0–50 m CCSF-A.
(Continued on next three pages.)
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J.M. Jaeger et al. Site U1417
Figure F21 (continued). B. 50–100 m CCSF-A. (Continued on next page.)
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J.M. Jaeger et al. Site U1417
Figure F21 (continued). C. 100–150 m CCSF-A. (Continued on next page.)
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J.M. Jaeger et al. Site U1417
Figure F21 (continued). D. 150–225 m CCSF-A.
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J.M. Jaeger et al. Site U1417
Figure F22. GRA bulk density data for the interval of the continuous splice in Holes U1417A–U1417D and the
splice record. Gray boxes = intervals used to construct the splice with core numbers noted, dashed vertical lines
= intervals where tie points should be treated with caution (see text for details). A. 0–50 m CCSF-A. (Continued
on next three pages.)
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J.M. Jaeger et al. Site U1417
Figure F22 (continued). B. 50–100 m CCSF-A. (Continued on next page.)
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J.M. Jaeger et al. Site U1417
Figure F22 (continued). C. 100–150 m CCSF-A. (Continued on next page.)
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J.M. Jaeger et al. Site U1417
Figure F22 (continued). D. 150–225 m CCSF-A.
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J.M. Jaeger et al. Site U1417
Figure F23. Affine values, Holes U1417A–U1417E. Equations denote the relationship between the affine values
and core top depth for each of the two segments of the line of best fit (black line).
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 biostratigraphic ages, squares = paleomagnetic ages, triangles = extrapolation from the
e datums are depth and age uncertainties, here assumed to represent +2σ uncertainties.
aximum initial age models. A. 0–40 Ma. B. 0–12 Ma. C. 0–5 Ma.
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J.M. Jaeger et al. Site U1417
Figure F25. Sedimentation rates estimated based on CCSF-B depth model and shipboard age models, Site
U1417. Average sedimentation rates (solid line) are calculated over 0.5 m.y. intervals from 0 to 10 Ma and over
a single interval of 10–39 Ma. Uncertainties (+1σ) in sedimentation rate, estimated from 500 iterations of a
Monte-Carlo sedimentation model, are bracketed by dashed lines. A. 0–40 Ma. B. Sedimentation rates as a
function of m CCSF-B depth. C. 0–12 Ma. D. 0–5 Ma, with sedimentation rates (solid black lines) and uncer-
tainties (dashed black lines) superimposed on the global δ18O stack in pink (data from Lisiecki and Raymo,
2005) with long-term δ18O variations (red line, δ18O data smoothed with a Gaussian filter of 500 ka +3σ width).
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. B. pH. C. Sulfate. D. Ammonium. E. Bromide.
own in Figure F16 (see “Lithostratigraphy”).
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Figure F26. Dissolved chemical concentrations and headspace gas, Site U1417. A. Alkalinity
F. Methane. G. Silica. H. Salinity. I. Chloride. J. Sodium. Full details of Lithology column are sh
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 Magnesium. D. Lithium. E. Boron. F. Barium.
in Figure F16 (see “Lithostratigraphy”).
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Figure F27. Dissolved chemical concentrations, Site U1417. A. Calcium. B. Potassium. C.
G. Strontium. H. Iron. I. Manganese. J. Phosphate. Full details of Lithology column are shown 
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OC) content. B. Subset of TOC content (<2.5
). F. Scatter plot of TOC vs. TN. The potential
s the y-axis (e.g., Schubert and Calvert, 2001).
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Figure F28. Solid-phase chemical parameters, Site U1417. A. Full range of total organic carbon (T
wt%). C. Total nitrogen (TN). D. Full range of CaCO3 content. E. Subset of CaCO3 content (<5 wt%
contribution of inorganic N to the TN signal is estimated where the linear regression line intercept
Full details of Lithology column are shown in Figure F16 (see “Lithostratigraphy”).

TOC (wt%) TOC (wt%) CaCTN (wt%)

0 0.2 0.4 0.6 0.8 1 1.2

T
N

 (
w

t%
)

TOC (wt%)

Hole U1417A Hole U1417B Hole U1417DHole U1417C

0

0.05

0.10

0.15

0.20

0 0.5 1 1.5 2 2.5 0 10 20 10 20 30 40 50 60 70 0 0.1 0.2 0.3

Hole U1417A

Hole U1417C Hole U1417D

Hole U1417E

A B C D

F

Lith.
0

100

200

300

400

500

600

700

800

D
ep

th
 C

C
S

F
-B

 (
m

)



J.M
. Jaeg

er et al.
Site U

1417

Proc. IO
D

P | V
olum

e 341
75

e gas concentrations for the upper 150 m CCSF-B
Calcium. H. Total organic carbon (TOC). I. CaCO3.
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Figure F29. Dissolved chemical concentrations, solid-phase chemical parameters, and headspac
at Site U1417. A. Alkalinity. B. Sulfate. C. Ammonium. D. Chloride. E. Sodium. F. Phosphate. G. 
J. Methane.
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n Profile MGL1109MCS01. Seismic
quence I (A–C) are demarcated by
re interpreted based on dominant
mparing CCSF-B and WMSF. MAD
 data: closed symbols = automatic
e, VE = vertical exaggeration.
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Figure F30. Downhole density and sonic logs, discrete physical properties measurements, and seismic reflectio
Sequences I–III are interpreted after Reece et al. (2011) and demarcated by yellow horizons. Subsections of Se
green horizons. Subsections of Sequence IC (IC1 and IC2) are demarcated by a blue horizon. Subsections a
seismic character. Note lack of check shot calibration below 211 m WMSF and up to ~10 m depth offset when co
= moisture and density, GRA = gamma ray attenuation, WRMSL = Whole-Round Multisensor Logger. P-wave
velocity picks, open symbols = manual velocity picks. TWT = two-way traveltime, VSP = vertical seismic profil
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J.M. Jaeger et al. Site U1417
Figure F31. Physical properties measurements, Hole U1417A. WRMSL = Whole-Round Multisensor Logger, MS
= magnetic susceptibility. MAD = moisture and density, GRA = gamma ray attenuation. NGR = natural gamma
radiation.
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J.M. Jaeger et al. Site U1417
Figure F32. Physical properties measurements, Hole U1417B. WRMSL = Whole-Round Multisensor Logger, MS
= magnetic susceptibility. GRA = gamma ray attenuation. NGR = natural gamma radiation.
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J.M. Jaeger et al. Site U1417
Figure F33. Physical properties measurements, Hole U1417C. WRMSL = Whole-Round Multisensor Logger, MS
= magnetic susceptibility. GRA = gamma ray attenuation. NGR = natural gamma radiation.
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J.M. Jaeger et al. Site U1417
Figure F34. Physical properties measurements, Hole U1417D. WRMSL = Whole-Round Multisensor Logger, MS
= magnetic susceptibility. MAD = moisture and density, GRA = gamma ray attenuation. NGR = natural gamma
radiation.
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J.M. Jaeger et al. Site U1417
Figure F35. Physical properties measurements, Hole U1417E. WRMSL = Whole-Round Multisensor Logger, MS
= magnetic susceptibility. MAD = moisture and density, GRA = gamma ray attenuation. NGR = natural gamma
radiation.
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J.M. Jaeger et al. Site U1417
Figure F36. Discrete moisture and density (MAD) bulk sediment density measurements (dots) from Holes
U1417A–U1417E compared to Whole-Round Multisensor Logger (WRMSL) gamma ray attenuation (GRA) bulk
density measurements from equivalent depths in core. Diamonds denote measurements from APC-derived
cores only.
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J.M. Jaeger et al. Site U1417
Figure F37. Point-source magnetic susceptibility (MS) data from the advanced piston corer portions of Holes
U1417A–U1417D compared to Whole-Round Multisensor Logger (WRMSL) loop MS data from equivalent
depths in those cores.
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J.M. Jaeger et al. Site U1417
Figure F38. Whole-Round Multisensor Logger (WRMSL) gamma ray attenuation (GRA) bulk density compared
to WRMSL magnetic susceptibility (MS) data, Site U1417. Both data sets are shown after Gaussian smoothing
with a 10 cm window (±3σ) and interpolation to constant resolution at 2.5 cm. WRMSL MS (κ, black) is also
shown corrected for variability in recovered sediment volume by normalizing to WRMSL GRA bulk density (χ,
blue). Data in the upper 220 m CCSF-B reflect the stratigraphic composite splice (see “Stratigraphic cor-
relation”); deeper than this point, data from XCB and RCB cores in Holes U1417B, U1417D, and U1417E are
combined to form a single composite section. In this lower portion, we use an average of all available data at
depths for which there are overlaps in recovery.
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J.M. Jaeger et al. Site U1417
Figure F39. P-wave velocity measured by the WRMSL at 2.5 cm resolution, Holes U1417A–U1417D.
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J.M. Jaeger et al. Site U1417
Figure F40. P-wave velocity measured by the Whole-Round Multisensor Logger (WRMSL) on whole-round sec-
tions and the P-wave caliper (PWC) on working half sections. A. Combined plot. B. Scatter plot, showing cor-
relation between core logger and discrete measurements. The black trend line reflects all values from Holes
U1417A and U1417D.
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J.M. Jaeger et al. Site U1417
Figure F41. P-wave velocity measured by the P-wave caliper, Holes U1417A, U1417D, and U1417E. Left: veloc-
ities between 1450 and 1980 m/s. Right: velocities between 1480 and 6000 m/s.
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J.M. Jaeger et al. Site U1417
Figure F42. Whole-Round Multisensor Logger (WRMSL) gamma ray attenuation (GRA) bulk density compared
to natural gamma radiation (NGR) data, Site U1417. Both data sets are shown after Gaussian smoothing with
a 50 cm window (±3σ) and interpolation to constant resolution at 10 cm. NGR is also shown corrected for vari-
ability in recovered sediment volume by normalizing to WRMSL GRA bulk density. Data in the upper 220 m
CCSF-B reflect the stratigraphic composite splice (see “Stratigraphic correlation”); data from deeper than 220
m CCSF-B obtained from XCB and RCB cores in Holes U1417B, U1417D, and U1417E are combined to form a
single composite section. In this lower portion, we use an average of all available data at depths for which there
are overlaps in recovery.
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J.M. Jaeger et al. Site U1417
Figure F43. GRA bulk density data measured on the WRMSL (dots) vs. discrete wet bulk density data (circles),
Holes U1417A, U1417D, and U1417E.
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J.M. Jaeger et al. Site U1417
Figure F45. Shear strength values measured by the automatic vane shear system from Holes U1417A and
U1417D.
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Figure F47. Natural remanent magnetization intensity measured before and after 10 and 20 mT pea
recovered APC interval, Site U1417. Polarity interpretation and correlation to the geomagnetic polari
scale (Hilgen et al., 2012) is developed in the text (see “Paleomagnetism”) and in Figure F49.
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Figure F48. Natural remanent magnetization intensity plotted on a log scale before and after 20 mT p
recovered APC, XCB, and RCB intervals, Site U1417.
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Figure F49. Inclination and polarity interpretations before and after peak alternating field demagnetiz
Site U1417. Polarity interpretation and correlation to the geomagnetic polarity timescale (GPTS) on th
is shown and developed in the text (see “Paleomagnetism”).
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J.M. Jaeger et al. Site U1417
Figure F50. Inclination and polarity interpretations after peak alternating field demagnetization (20, 30, or 40
mT) in recovered XCB intervals of Holes U1417B and U1417D, and the recovered RCB interval of Hole U1417E.
The smoothed line (50 cm running mean) is derived from expanded data that attempts to account for poor
core recovery. See “Paleomagnetism” for explanation of expansion methodology. The geomagnetic polarity
timescale (GPTS) on the geological timescale is shown for reference (Hilgen et al., 2012).
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J.M. Jaeger et al. Site U1417
Figure F51. Logging operations summary diagram for Hole U1417E, showing wireline depths reached during
different logging passes and borehole depths. See Table T6 in the “Methods” chapter (Jaeger et al., 2014) for
definitions of depth scales. FMS = Formation MicroScanner, MSS = Magnetic Susceptibility Sonde. Star = depth
of stations that yielded good first arrival times in vertical seismic profile (VSP).
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J.M. Jaeger et al. Site U1417
Figure F52. Summary of logs from the triple combo tool string and logging units, Hole U1417E. Core data are
plotted in CSF-A: NGR = natural gamma radiation (gray = Hole U1417D, green = Hole U1417E), MAD =
moisture and density (open symbols = Hole U1417D, solid symbols = Hole U1417E). Resistivity: R3 = medium
resistivity reading of High-Resolution Laterolog Array, R5 = deepest resistivity, RT = true resistivity modeled
from all depths.
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Figure F53. Summary of logs from Pass 2 of the Formation MicroScanner (FMS)-sonic tool string and logging
units, Hole U1417E. Hole size is measured by the two orthogonal calipers of the FMS (C1 and C2). Waveform
coherence in the velocity tracks is a measure of the reliability of the slowness/time coherence algorithm used
to derive compressional (VP) and shear (VS) velocities from monopole and lower dipole sonic waveforms, re-
spectively. Particularly below ~305 m WMSF, VP shows similar trends to resistivity.
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Figure F54. Summary of natural gamma ray logs, Hole U1417E. SGR = standard (total) gamma ray, CGR = com-
puted gamma ray.
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Figure F55. Summary of magnetic susceptibility logs recorded by the triple combo (TC) and Magnetic Suscep-
tibility Sonde (MSS) tool string, Hole U1417E. Temperature-corrected (T-corrected) magnetic susceptibility
shown for logging passes where tool temperature is linear. High-resolution magnetic susceptibility shows
similar trends to natural gamma radiation (HSGR = total gamma radiation). Downlog = measurement made
while tool is run from seafloor to the bottom of the hole. Pass 2 for MSS tool string = second pass of tool string
from the bottom of the hole to the seafloor (Fig. F51).
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Figure F56. Examples of statically processed Formation MicroScanner (FMS) images from FMS-sonic Pass 1,
Hole U1417E. Images show typical resistivity features and textures from (A) ~95 to 102 m WSSF in logging Unit
1, (B) ~305 to 312 m WSSF in logging Subunit 2A, and (C) ~510 to 516 m WSSF in logging Subunit 2B. See
“Downhole logging” in the “Methods” chapter (Jaeger et al., 2014) for explanation of WSSF depth scale.
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Figure F57. Vertical seismic profile waveforms and one-way arrival time picks (red stars) at two closely spaced
stations, Hole U1417E.
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J.M. Jaeger et al. Site U1417
Figure F60. Comparison of core and logging physical properties, Site U1417. Downhole logging data are from
Hole U1417E, within logging Unit 2 (see “Downhole logging”). Core natural gamma radiation (NGR) and
magnetic susceptibility have been volume corrected (corr; see “Physical properties” 2014); magnetic suscep-
tibility log has been temperature corrected (T-corr; see “Downhole logging”). MAD = moisture and density,
GRA = gamma ray attenuation density. P-wave data: closed symbols = automatic velocity picks, open symbols
= manual velocity picks. Dashed line = logging subunit boundary. Up to a 10 m error exists when comparing
the WMSF and CCSF depth scales.
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aboard the R/V Marcus Langseth. Seismic Sequences I–III are
 of Sequence I (A–C) are demarcated by green horizons. Sub-
interpreted based on dominant seismic character.
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Figure F62. Seismic Line MGL1109MCS14 from 2011 USGS Law of the Sea survey aboard the R/V Marcus
Langseth. Seismic Sequences I–III are interpreted after Reece et al. (2011) and demarcated by yellow horizons.
Subsections of Sequence I (A–C) are demarcated by green horizons. Subsections of Sequence IC (IC1 and IC2)
are demarcated by a blue horizon. Subsections are interpreted based on dominant seismic character.
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Table T1. Coring summary, Site U1417. (Continued on next four pages.)

Hole U1417A
Latitude: 56°57.5996′N
Longitude: 147°6.5985′W
Time on hole (h): 46.5
Seafloor (drill pipe measurement below rig floor, m DRF): 4198.6
Distance between rig floor and sea level (m): 10.9
Water depth (drill pipe measurement from sea level, mbsl): 4187.7
Total penetration (drilling depth below seafloor, m DSF): 168.0
Total length of cored section (m): 168.0
Total core recovered (m): 167.74
Core recovery (%): 99.8
Total number of cores: 22

Hole U1417B
Latitude: 56°57.5999′N
Longitude: 147°6.5781′W
Time on hole (h): 79.3
Seafloor (drill pipe measurement below rig floor, m DRF): 4200.7
Distance between rig floor and sea level (m): 10.9
Water depth (drill pipe measurement from sea level, mbsl): 4189.8
Total penetration (drilling depth below seafloor, m DSF): 358.8
Total length of cored section (m): 358.8
Total core recovered (m): 262.96
Core recovery (%): 73.3
Total number of cores: 47

Hole U1417C
Latitude: 56°57.5888′N
Longitude: 147°6.5769′W
Time on hole (h): 38.8
Seafloor (drill pipe measurement below rig floor, m DRF): 4199
Distance between rig floor and sea level (m): 10.9
Water depth (drill pipe measurement from sea level, mbsl): 4188.1
Total penetration (drilling depth below seafloor, m DSF): 226
Total length of cored section (m): 225
Total core recovered (m): 216.83
Core recovery (%): 96.4
Total number of cores: 28

Hole U1417D
Latitude: 56°57.5896′N
Longitude: 147°6.5973′W
Time on hole (h): 127.0
Seafloor (drill pipe measurement below rig floor, m DRF): 4198
Distance between rig floor and sea level (m): 10.9
Water depth (drill pipe measurement from sea level, mbsl): 4187
Total penetration (drilling depth below seafloor, m DSF): 470.3
Total length of cored section (m): 466.5
Total core recovered (m): 304.4
Core recovery (%): 65.3
Total number of cores: 64

Hole U1417E
Latitude: 56°57.5896′N
Longitude: 147°6.5993′W
Time on hole (h): 155.3
Seafloor (drill pipe measurement below rig floor, m DRF): 4199.5
Distance between rig floor and sea level (m): 10.9
Water depth (drill pipe measurement from sea level, mbsl): 4188.6
Total penetration (drilling depth below seafloor, m DSF): 709.5
Total length of cored section (m): 348.7
Total core recovered (m): 146.9
Core recovery (%): 42.1
Total number of cores: 37

Core
Date

(2013)
UTC time

(h)

Depth DSF (m)

Interval
advanced

(m)

Depth CSF (m) Length
of core

recovered
(m)

Recovery
(%)

Sections
(N)

APC
system

Top
of cored
interval

Bottom
of cored
interval

Top
of cored
interval

Bottom
of cored
interval

341-U1417A-
1H 5 Jun 1140 0 5.4 5.4 0 5.48 5.48 101 5 Full
2H 5 Jun 1310 5.4 14.9 9.5 5.4 15.37 9.97 105 8 Full
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3H 5 Jun 1410 14.9 24.4 9.5 14.9 24.67 9.77 103 8 Full
4H 5 Jun 1530 24.4 33.9 9.5 24.4 34.58 10.18 107 8 Full
5H 5 Jun 1625 33.9 43.4 9.5 33.9 42.24 8.34 88 7 Full
6H 5 Jun 1720 43.4 44.9 1.5 43.4 44.9 1.5 100 2 Full
7H 5 Jun 1845 44.9 54.4 9.5 44.9 54.95 10.05 106 8 Full
8H 5 Jun 1945 54.4 56.9 2.5 54.4 56.91 2.51 100 3 Full
9H 5 Jun 2110 56.9 66.4 9.5 56.9 65.92 9.02 95 7 Full
10H 5 Jun 2245 66.4 75.9 9.5 66.4 76.13 9.73 102 8 Full
11H 5 Jun 2345 75.9 85.4 9.5 75.9 83.72 7.82 82 7 Full
12H 6 Jun 0045 85.4 94.9 9.5 85.4 95.18 9.78 103 8 Full
13H 6 Jun 0210 94.9 104.4 9.5 94.9 104.4 9.5 100 8 Full
14H 6 Jun 0305 104.4 113.9 9.5 104.4 113.95 9.55 101 8 Full
15H 6 Jun 0400 113.9 123.4 9.5 113.9 123.49 9.59 101 8 Full
16H 6 Jun 0500 123.4 132.9 9.5 123.4 133.16 9.76 103 8 Full
17H 6 Jun 0600 132.9 142.4 9.5 132.9 142.3 9.4 99 7 Full
18H 6 Jun 0715 142.4 149.4 7 142.4 149.42 7.02 100 7 Full
19H 6 Jun 1120 149.4 157.3 7.9 149.4 157.37 7.97 101 7 Full
20H 6 Jun 1245 157.3 158.4 1.1 157.3 158.45 1.15 105 2 Full
21H 6 Jun 1410 158.4 163.2 4.8 158.4 163.25 4.85 101 4 Half
22H 6 Jun 1530 163.2 168 4.8 163.2 168 4.8 100 4 Half

341-U1417B-
1H 6 Jun 2050 0 5.3 5.3 0 5.33 5.33 101 5 Full
2H 6 Jun 2210 5.3 11.8 6.5 5.3 14.78 9.48 146 8 Full
3H 6 Jun 2330 11.8 21.3 9.5 11.8 21.47 9.67 102 8 Full
4H 7 Jun 0325 21.3 30.8 9.5 21.3 31.12 9.82 103 8 Full
5H 7 Jun 0525 30.8 40.3 9.5 30.8 40.73 9.93 105 8 Full
6H 7 Jun 0650 40.3 49.8 9.5 40.3 49.04 8.74 92 7 Full
7H 7 Jun 0805 49.8 58 8.2 49.8 58.07 8.27 101 7 Full
8H 7 Jun 1030 58 67.1 9.1 58 67.08 9.08 100 7 Full
9H 7 Jun 1150 67.1 76.6 9.5 67.1 76.3 9.2 97 7 Full
10H 7 Jun 1250 76.6 86.1 9.5 76.6 86.21 9.61 101 8 Full
11H 7 Jun 1350 86.1 95.6 9.5 86.1 94.95 8.85 93 7 Full
12H 7 Jun 1450 95.6 105.1 9.5 95.6 103.8 8.2 86 7 Full
13H 7 Jun 1550 105.1 114.6 9.5 105.1 112.9 7.8 82 7 Full
14H 7 Jun 1650 114.6 124.1 9.5 114.6 123.55 8.95 94 8 Full
15H 7 Jun 1745 124.1 133.6 9.5 124.1 124.1 0 0 0 Full
16H 7 Jun 1855 133.6 143.1 9.5 133.6 142.56 8.96 94 7 Full
17H 7 Jun 1940 143.1 152.6 9.5 143.1 151.87 8.77 92 8 Full
18H 7 Jun 2055 152.6 161.2 8.6 152.6 161.29 8.69 101 7 Full
19H 7 Jun 2235 161.2 168 6.8 161.2 168.01 6.81 100 6 Full
20H 8 Jun 0010 168 176.3 8.3 168 176.36 8.36 101 8 Full
21H 8 Jun 0245 176.3 178.1 1.8 176.3 178.19 1.89 105 2 Half
22H 8 Jun 0350 178.1 182.8 4.7 178.1 183.07 4.97 106 5 Half
23H 8 Jun 0455 182.8 187.5 4.7 182.8 187.73 4.93 105 5 Half
24H 8 Jun 0555 187.5 192.2 4.7 187.5 192.25 4.75 101 5 Half
25H 8 Jun 0650 192.2 196.9 4.7 192.2 196.32 4.12 88 4 Half
26H 8 Jun 0750 196.9 197.5 0.6 196.9 197.57 0.67 112 2 Half
27H 8 Jun 0905 197.5 202.2 4.7 197.5 202.56 5.06 108 5 Half
28H 8 Jun 1015 202.2 206.9 4.7 202.2 207.31 5.11 109 5 Half
29H 8 Jun 1115 206.9 211.6 4.7 206.9 211.8 4.9 104 5 Half
30H 8 Jun 1220 211.6 216.3 4.7 211.6 215.46 3.86 82 4 Half
31H 8 Jun 1310 216.3 221 4.7 216.3 221.03 4.73 101 4 Half
32H 8 Jun 1410 221 222.2 1.2 221 222.21 1.21 101 2 Half
33H 8 Jun 1515 222.2 223.4 1.2 222.2 223.45 1.25 104 2 Half
34X 8 Jun 1725 223.4 233 9.6 223.4 230.8 7.4 77 6
35X 8 Jun 1850 233 242.6 9.6 233 235.88 2.88 30 3
36X 8 Jun 2025 242.6 252.2 9.6 242.6 244.74 2.14 22 3
37X 8 Jun 2245 252.2 261.8 9.6 252.2 256.19 3.99 42 4
38X 9 Jun 0125 261.8 271.5 9.7 261.8 265.8 4 41 4
39X 9 Jun 0355 271.5 281.2 9.7 271.5 276.32 4.82 50 4
40X 9 Jun 0555 281.2 290.9 9.7 281.2 285.56 4.36 45 4
41X 9 Jun 0755 290.9 300.6 9.7 290.9 293.82 2.92 30 3
42X 9 Jun 1015 300.6 310.3 9.7 300.6 303.11 2.51 26 3
43X 9 Jun 1210 310.3 320 9.7 310.3 315.19 4.89 50 4
44X 9 Jun 1400 320 329.7 9.7 320 324.07 4.07 42 4
45X 9 Jun 1555 329.7 339.4 9.7 329.7 332.17 2.47 25 3
46X 9 Jun 1750 339.4 349.1 9.7 339.4 342.83 3.43 35 3

Core
Date

(2013)
UTC time

(h)

Depth DSF (m)

Interval
advanced

(m)

Depth CSF (m) Length
of core

recovered
(m)

Recovery
(%)

Sections
(N)

APC
system

Top
of cored
interval

Bottom
of cored
interval

Top
of cored
interval

Bottom
of cored
interval

Table T1 (continued). (Continued on next page.)
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47X 9 Jun 1935 349.1 358.8 9.7 349.1 350.21 1.11 11 2

341-U1417C-
11 10 Jun *****Drilled interval from 0 to 1 m DSF*****
2H 10 Jun 0415 1 10.5 9.5 1 10.61 9.61 101 8 Full
3H 10 Jun 0525 10.5 20 9.5 10.5 20.32 9.82 103 8 Full
4H 10 Jun 0625 20 29.5 9.5 20 27.17 7.17 75 6 Full
5H 10 Jun 0735 29.5 37 7.5 29.5 38.44 8.94 119 7 Full
6H 10 Jun 0835 37 46.5 9.5 37 45.73 8.73 92 7 Full
7H 10 Jun 0950 46.5 56 9.5 46.5 56.18 9.68 102 8 Full
8H 10 Jun 1100 56 65.5 9.5 56 65.43 9.43 99 8 Full
9H 10 Jun 1200 65.5 75 9.5 65.5 75.13 9.63 101 7 Full
10H 10 Jun 1300 75 84.5 9.5 75 84.9 9.9 104 8 Full
11H 10 Jun 1420 84.5 94 9.5 84.5 94.07 9.57 101 8 Full
12H 10 Jun 1520 94 103.5 9.5 94 103.27 9.27 98 8 Full
13H 10 Jun 1625 103.5 113 9.5 103.5 103.55 0.05 1 1 Full
14H 10 Jun 1730 113 122.5 9.5 113 122.66 9.66 102 8 Full
15H 10 Jun 1855 122.5 132 9.5 122.5 132.32 9.82 103 8 Full
16H 10 Jun 2025 132 141.5 9.5 132 141.59 9.59 101 7 Full
17H 10 Jun 2130 141.5 151 9.5 141.5 151.26 9.76 103 8 Full
18H 10 Jun 2255 151 160.5 9.5 151 161.01 10.01 105 8 Full
19H 11 Jun 0005 160.5 164.1 3.6 160.5 164.17 3.67 102 4 Full
20H 11 Jun 0120 164.1 173.6 9.5 164.1 173.93 9.83 103 8 Full
21H 11 Jun 0245 173.6 183.1 9.5 173.6 183.29 9.69 102 8 Full
22H 11 Jun 0355 183.1 192.6 9.5 183.1 192.6 9.5 100 8 Full
23H 11 Jun 0500 192.6 197 4.4 192.6 197.06 4.46 101 4 Full
24H 11 Jun 0610 197 206.2 9.2 197 206.23 9.23 100 7 Full
25H 11 Jun 0735 206.2 213.8 7.6 206.2 213.8 7.6 100 7 Full
26H 11 Jun 0930 213.8 218.5 4.7 213.8 218.43 4.63 99 4 Half
27H 11 Jun 1110 218.5 222.2 3.7 218.5 222.23 3.73 101 3 Half
28H 11 Jun 1220 222.2 223.9 1.7 222.2 223.95 1.75 103 3 Half
29H 11 Jun 1330 223.9 226 2.1 223.9 226 2.1 100 3 Half

341-U1417D-
1H 11 Jun 2020 0 6 6 0 6.05 6.05 101 5 Full
2H 11 Jun 2125 6 15.5 9.5 6 14.51 8.51 90 7 Full
3H 11 Jun 2220 15.5 25 9.5 15.5 24.56 9.06 95 8 Full
4H 11 Jun 2345 25 34.5 9.5 25 34.83 9.83 103 8 Full
5H 12 Jun 0045 34.5 44 9.5 34.5 44.2 9.7 102 8 Full
6H 12 Jun 0140 44 53.5 9.5 44 52.59 8.59 90 7 Full
7H 12 Jun 0300 53.5 56.5 3 53.5 58.1 4.6 153 4 Full
8H 12 Jun 0425 56.5 66 9.5 56.5 66.1 9.6 101 8 Full
9H 12 Jun 0515 66 75.5 9.5 66 75.16 9.16 96 8 Full
10H 12 Jun 0610 75.5 85 9.5 75.5 85.05 9.55 101 8 Full
11H 12 Jun 0730 85 94.5 9.5 85 93.24 8.24 87 7 Full
12H 12 Jun 0900 94.5 101.8 7.3 94.5 101.86 7.36 101 6 Full
13H 12 Jun 1030 101.8 109.8 8 101.8 110.06 8.26 103 7 Full
14H 12 Jun 1205 109.8 119.3 9.5 109.8 118.3 8.5 89 7 Full
15H 12 Jun 1300 119.3 128.8 9.5 119.3 128.88 9.82 103 7 Full
16H 12 Jun 1400 128.8 138.3 9.5 128.8 138.28 9.48 100 8 Full
17H 12 Jun 1500 138.3 147.4 9.1 138.3 147.42 9.12 100 7 Full
18H 12 Jun 1555 147.4 156.9 9.5 147.4 156.96 9.56 101 7 Full
19H 12 Jun 1710 156.9 161.6 4.7 156.9 157.08 0.18 4 1 Half
20H 12 Jun 1805 161.6 162.5 0.9 161.6 162.54 0.94 104 2 Half
211 12 Jun *****Drilled interval from 162.5 to 166.3 m DSF*****
22H 12 Jun 1930 166.3 171 4.7 166.3 170.66 4.36 93 4 Half
23H 12 Jun 2035 171 175.7 4.7 171 176.01 5.01 107 5 Half
24H 12 Jun 2125 175.7 180.4 4.7 175.7 180.45 4.75 101 4 Half
25H 12 Jun 2220 180.4 185.1 4.7 180.4 185.38 4.98 106 5 Half
26H 12 Jun 2315 185.1 187.5 2.4 185.1 187.54 2.44 102 3 Half
27H 13 Jun 0025 187.5 189.3 1.8 187.5 189.32 1.82 101 3 Half
28H 13 Jun 0140 189.3 192.1 2.8 189.3 192.15 2.85 102 3 Half
29H 13 Jun 0255 192.1 196.5 4.4 192.1 196.59 4.49 102 4 Half
30H 13 Jun 0520 196.5 201.2 4.7 196.5 201.29 4.79 102 4 Half
31H 13 Jun 0730 201.2 203.9 2.7 201.2 203.9 2.7 100 3 Half
32H 13 Jun 0850 203.9 208.6 4.7 203.9 208.92 5.02 107 5 Half
33H 13 Jun 0950 208.6 209.4 0.8 208.6 209.42 0.82 102 2 Half
34H 13 Jun 1125 209.4 214.1 4.7 209.4 214.07 4.67 99 4 Half

Core
Date

(2013)
UTC time

(h)

Depth DSF (m)

Interval
advanced

(m)

Depth CSF (m) Length
of core

recovered
(m)

Recovery
(%)

Sections
(N)

APC
system

Top
of cored
interval

Bottom
of cored
interval

Top
of cored
interval

Bottom
of cored
interval
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35H 13 Jun 1255 214.1 218.8 4.7 214.1 218.77 4.67 99 4 Half
36H 13 Jun 1430 218.8 223.3 4.5 218.8 223.37 4.57 102 4 Half
37H 13 Jun 1540 223.3 223.9 0.6 223.3 223.89 0.59 98 2 Half
38X 13 Jun 1825 223.9 233.6 9.7 223.9 225.09 1.19 12 2
39X 13 Jun 2015 233.6 243.3 9.7 233.6 235.37 1.77 18 2
40X 13 Jun 2325 243.3 253 9.7 243.3 247.33 4.03 42 4
41X 14 Jun 0135 253 262.7 9.7 253 260.21 7.21 74 6
42X 14 Jun 0415 262.7 272.4 9.7 262.7 267.96 5.26 54 5
43X 14 Jun 0645 272.4 282.1 9.7 272.4 279.19 6.79 70 6
44X 14 Jun 0940 282.1 289.7 7.6 282.1 283.5 1.4 18 2
45X 14 Jun 1140 289.7 295.7 6 289.7 292.2 2.5 42 3
46X 14 Jun 1335 295.7 305.4 9.7 295.7 299.13 3.43 35 4
47X 14 Jun 1600 305.4 315.1 9.7 305.4 307.86 2.46 25 4
48X 14 Jun 1815 315.1 324.8 9.7 315.1 317.76 2.66 27 3
49X 14 Jun 2005 324.8 334.5 9.7 324.8 328.44 3.64 38 4
50X 14 Jun 2205 334.5 344.2 9.7 334.5 339.62 5.12 53 5
51X 14 Jun 2350 344.2 353.9 9.7 344.2 349.66 5.46 56 5
52X 15 Jun 0145 353.9 363.6 9.7 353.9 357.91 4.01 41 4
53X 15 Jun 0330 363.6 373.3 9.7 363.6 365.6 2 21 3
54X 15 Jun 0555 373.3 383 9.7 373.3 378.47 5.17 53 5
55X 15 Jun 0815 383 392.7 9.7 383 388.19 5.19 54 5
56X 15 Jun 1100 392.7 402.4 9.7 392.7 394.46 1.76 18 2
57X 15 Jun 1355 402.4 412.1 9.7 402.4 404.9 2.5 26 3
58X 15 Jun 1700 412.1 421.8 9.7 412.1 416.12 4.02 41 4
59X 15 Jun 1920 421.8 431.5 9.7 421.8 429.7 7.9 81 7
60X 15 Jun 2210 431.5 437.2 5.7 431.5 432.11 0.61 11 2
61X 16 Jun 0045 437.2 441.2 4 437.2 437.7 0.5 12 2
62X 16 Jun 0415 441.2 446.7 5.5 441.2 442.33 1.13 21 2
63X 16 Jun 0615 446.7 450.9 4.2 446.7 447.33 0.63 15 2
64X 16 Jun 0835 450.9 460.6 9.7 450.9 451.48 0.58 6 2
65X 16 Jun 1100 460.6 470.3 9.7 460.6 461.46 0.86 9 2

341-U1417E-
11 17 Jun *****Drilled interval from 0 to 264 m DSF*****
2R 17 Jun 2125 264 273.1 9.1 264 273.74 9.74 107 8
3R 17 Jun 2325 273.1 282.8 9.7 273.1 280.37 7.27 75 6
4R 18 Jun 0110 282.8 292.5 9.7 282.8 289.62 6.82 70 6
5R 18 Jun 0255 292.5 302.2 9.7 292.5 297.25 4.75 49 5
61 18 Jun *****Drilled interval from 302.2 to 399 m DSF*****
7R 18 Jun 1100 399 408.7 9.7 399 402.23 3.23 33 4
8R 18 Jun 1255 408.7 418.4 9.7 408.7 418.32 9.62 99 8
9R 18 Jun 1440 418.4 428.1 9.7 418.4 425.29 6.89 71 6
10R 18 Jun 1620 428.1 437.8 9.7 428.1 433.31 5.21 54 5
11R 18 Jun 1820 437.8 447.5 9.7 437.8 440.09 2.29 24 3
12R 18 Jun 2000 447.5 457.2 9.7 447.5 447.98 0.48 5 2
13R 18 Jun 2140 457.2 466.9 9.7 457.2 460.4 3.2 33 3
14R 18 Jun 2330 466.9 476.6 9.7 466.9 468.72 1.82 19 3
15R 19 Jun 0110 476.6 486.3 9.7 476.6 486.24 9.64 99 8
16R 19 Jun 0250 486.3 496 9.7 486.3 489.54 3.24 33 4
17R 19 Jun 0425 496 505.7 9.7 496 501.75 5.75 59 5
18R 19 Jun 0620 505.7 515.4 9.7 505.7 510.1 4.4 45 4
19R 19 Jun 0800 515.4 525.1 9.7 515.4 520.04 4.64 48 4
20R 19 Jun 0935 525.1 534.8 9.7 525.1 527.72 2.62 27 3
21R 19 Jun 1115 534.8 544.5 9.7 534.8 535.55 0.75 8 2
22R 19 Jun 1320 544.5 554.2 9.7 544.5 545.39 0.89 9 2
23R 19 Jun 1500 554.2 563.9 9.7 554.2 555.44 1.24 13 2
24R 19 Jun 1700 563.9 573.6 9.7 563.9 566.45 2.55 26 3
25R 19 Jun 1840 573.6 583.3 9.7 573.6 576.14 2.54 26 3
26R 19 Jun 2025 583.3 593 9.7 583.3 587.46 4.16 43 4
27R 19 Jun 2210 593 602.7 9.7 593 597.68 4.68 48 5
28R 19 Jun 2350 602.7 612.4 9.7 602.7 604.81 2.11 22 3
29R 20 Jun 0130 612.4 622.1 9.7 612.4 619.09 6.69 69 6
30R 20 Jun 0310 622.1 631.8 9.7 622.1 623.57 1.47 15 2
31R 20 Jun 0450 631.8 641.5 9.7 631.8 633.3 1.5 15 2
32R 20 Jun 0620 641.5 651.2 9.7 641.5 645.14 3.64 38 4
33R 20 Jun 0950 651.2 655 3.8 651.2 654.84 0 0 0
34R 20 Jun 1215 655 661 6 655 655.12 0.12 2 1
35R 20 Jun 1400 661 670.7 9.7 661 665.19 4.19 43 4

Core
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DSF = drilling depth below seafloor, CSF = core depth below seafloor. Core: 1 = drilled interval, H = advanced piston corer (APC) core, X =
extended core barrel core, R = rotary core barrel core.

36R 20 Jun 1530 670.7 680.4 9.7 670.7 673.37 2.67 28 3
37R 20 Jun 1710 680.4 690.1 9.7 680.4 683.01 2.61 27 3
38R 20 Jun 1900 690.1 699.8 9.7 690.1 695.57 5.47 56 5
39R 20 Jun 2115 699.8 709.5 9.7 699.8 707.83 8.03 83 8

Core
Date

(2013)
UTC time

(h)

Depth DSF (m)

Interval
advanced

(m)

Depth CSF (m) Length
of core

recovered
(m)
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(%)
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(N)
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system
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icrofossils
Lithostratigraphic

unit
Tentative depositional

environment/diagenesis

IA, IB, II, III, IV, 
VA, VB, VC, VD, 
VE, VG, VI

Suspension fall-out, ice rafting, 
or sediment gravity flows

y occur IA, IB, II, IV, VA, 
VB, VC, VD, VE, 
VG, VI

Suspension fall-out, ice rafting, 
or sediment gravity flows

y occur IA, IB, II, VE, VF, 
VG, VH, VI

Sediment gravity flows

ented IA, II, VE Mud: suspension fall-out from 
surface water plumes and 
from sediment gravity flows

Silt: sediment gravity flows

ented IA, IB, II, IV, VA, 
VB, VC, VE, VG, 
VI

Sediment gravity flows

nted VA Sediment gravity flows

y occur IB, II, VA Suspension fall-out from 
surface water plumes (mud), 
ice rafting (mud, sand, 
lonestones), and sediment 
gravity flows (sand, mud)
Table T2. Summary of observed lithofacies, Site U1417. (Continued on next two pages.)

Main facies Subfacies Facies Description Marine m

Mud Massive mud with 
lonestones

F1a Dark gray to (dark) greenish gray; 
Bioturbated (none to heavy); 
Occasionally calcareous bearing; 
Occasionally diatom rich/bearing; 
Lonestones of granule and pebble sizes occur in varying amounts; 
Occasional color banding and black mottles; 
Occasional sand pods; 
Interbedded with Facies F1b, F2a, F2b, F3a, F3b, F3c, F4a, F4b, F4c, F4d, F5a, 

F5b, F5c, F6, F7, and F8.

Variable

Massive mud 
without lonestones

F1b Dark gray to (dark) greenish gray;
Bioturbated (none to heavy); 
Occasional Zoophycos burrows; 
Occasionally calcareous bearing; 
Occasionally diatom rich/bearing; 
Occasional color banding and black mottles; 
Occasional silt pods/lenses; 
Interbedded with Facies F1a, F2a, F2b, F3a, F3c, F4a, F4c, F4d, F5a, F5b, F5c, 

F6, and F7.

Diatoms ma

Silt Silt F2a Dark gray to greenish gray; 
Often interbedded with mud; 
Sharp to gradational upper and lower contacts; 
Diatoms may occur; 
Interbedded with Facies F1a, F1b, F2b, F3a, F4d, F5a, F5b, F5c, F6, and F7.

Diatoms ma

Interbedded silt and 
mud

F2b Dark gray to greenish gray; 
Facies thickness 2 to 360 cm; 
Occasional color banding; 
None to moderate bioturbation; 
Occasionally with terrestrial organic components; 
Interbedded with Facies F1a, F1b, F2a, F3a, F4d, F4e, F4f, F6, and F8.

Not docum

Sand Very fine to coarse 
sand

F3a Dark gray to gray; 
Bed thickness from 1 to 5 cm, occasionally thicker; 
Massive and normal grading; 
Sharp and frequently erosional lower contacts; 
Gradational and sharp upper contacts; 
Composition includes quartz and feldspar; 
Interbedded with Facies F1a, F1b, F2a, F2b, F4b, F4d, F5a, F5b, F5c, and F6.

Not docum

Medium to coarse 
sand

F3b Dark gray to gray; 
Bed thickness up to 40 cm; 
Rip-up clasts common; 
Plant debris, organic matter, and diatoms may occur; 
Sharp bases and sharp to gradational upper contacts; 
Interbedded with Facies F1a and F4b.

Not docume

Interbedded sand 
and mud

F3c Dark gray to dark greenish gray; 
Facies thickness 7–710 cm; 
Partly diatom bearing; 
None to moderate bioturbation; 
Partly with volcanic ash; 
Occasional color banding; 
Lonestones may occur; 
Interbedded with Facies F1a, F1b, F5a, F5b, F5b, F6, and F7.

Diatoms ma
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IB, III Suspension settling and ice 
rafting (mainly by icebergs)

VA, VC, VD, VE, 
VF, VG, VI

Sediment gravity flows

VF Sediment gravity flows (e.g., 
slump)

III, VC, VE Suspension settling and ice 
rafting (icebergs and/or sea 
ice)

IA, IB, II, VA, VB, 
VD, VF, VH, VJ

High-productivity environment 
and/or low terrigenous input 
and/or better preservation

IA, IB, II, IV, VA, 
VB, VC, VD, VE, 
VH, VI

High-productivity environment 
and/or low terrigenous input 
and/or better preservation

II, III, IV, VB, VE, 
VI

Temporarily increased 
productivity and/or reduced 
suspension settling and/or 
better preservation

IA, IB, II, VA Suspension settling after 
subaerial eruptions

Lithostratigraphic
unit

Tentative depositional
environment/diagenesis
Diamict Muddy diamict F4a Dark gray; 
Muddy matrix; 
Clast concentration variable; 
Thin bedded or pods; 
Lower contacts are gradational; 
Upper contacts are sharp and defined by concentration of clasts; 
Granule and small pebble clasts are commonly subangular to subrounded; 
Interbedded with Facies F1a and F5c

Not documented

Muddy and sandy 
diamict with lithic 
and mud clasts 
and/or terrigenous 
organic 
components

F4b Dark gray; 
Mud to sand matrix; 
Bed thickness up to 40 cm; 
Sharp upper and lower contacts; 
Lithic and mud clasts up to 3 cm; 
Occasional plant debris and terrestrial organic components (coal?); 
Interbedded with Facies F1a, F1b, F3a, F3b, F5a, F5b, F7, and F8 (in disturbed 

sequence).

Diatoms (partly 
freshwater)

Breccia F4c Dark gray matrix; 
Sandy mud matrix; 
Bed thickness typically 100 cm; 
Sharp erosive lower contacts; 
Gradational upper contacts; 
Most often clasts of indurated diatom ooze; 
Interbedded with Facies F1a and 5a.

Not documented

Interbedded mud 
and diamict

F4d Dark gray to greenish gray; 
Occasional color banding and parallel lamination; 
None to moderate bioturbation; 
Occasionally calcareous bearing; 
Interbedded with Facies F1a, F1b, F2a, F2b, F3a, F4e, F5b, F5c, and F7.

Not documented

Diatom ooze F5a Greenish gray; 
20 cm to 1.5 m; 
Bioturbation (including Zoophycos burrows); 
Sharp to gradational upper and lower contacts; 
Interbedded with Facies F1a, F1b, F2a, F3a, F3c, F4b, F4c, F5b, and F6.

Diatoms and other 
biosiliceous material; 
occasional carbonate 
(foraminifers and 
coccolithophores)

Biosiliceous ooze; 
biosiliceous-rich/
bearing mud and 
sand; mud with 
diatoms/biosilica

F5b (Very) dark gray to (dark) greenish gray and brown; 
Facies thickness 2–445 cm; 
Mostly mud, rarely sand; 
Diatom and biosiliceous rich/bearing; 
Lonestones are absent or present; 
Occasional color banding; 
Partly mottled; 
Occasionally laminated; 
None to heavy bioturbation; 
Interbedded with Facies F1a, F1b, F2a, F3a, F3c, F4b, F5a, F5c, F6, F7, and F8.

Diatoms and other 
biosiliceous material

Calcareous/
carbonate-bearing/
rich mud, silt, 
sand, diamict, and/
or diatom ooze

F5c (Very) dark gray to greenish gray; 
Facies thickness 3–316 cm; 
Occasionally with volcanic ash; 
None to heavy bioturbation; 
Occasional color banding and lamination; 
Interbedded with Facies F1a, F1b, F2a, F3a, F4a, F4b, F5b, and F8.

Foraminifers; 
occasionally diatoms

Ash Volcanic ash F6 Usually gray to brown; 
Bed thickness typically 1–5 cm; 
Sharp lower contacts; 
Sharp to gradational upper contacts; 
Primarily vitric shards (glass); 
Some intervals affected by bioturbation; 
Often interbedded with Facies F1a, F1b, F2a, F3a, F3c, F5a, and F5b.

Not documented

Main facies Subfacies Facies Description Marine microfossils

Table T2 (continued). (Continued on next page.)
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F7 Usually grayish, greenish, or brownish; 
Bed thickness typically 1–5 cm; 
Sharp and frequently erosive lower contacts; 
Gradational to sharp upper contacts; 
Primarily vitric shards (glass); 
Some intervals affected by bioturbation; 
Often interbedded with Facies F1a, F1b, F2a, F3c, F4d, F5b, and F7.

Diatoms IA, IB, II, III, IV Volcanic detritus either 
bioturbated or reworked/
redeposited by sediment 
gravity flows

F8 Siltstone with carbonate cement; 
Often interbedded with Facies F1a, F2b, F4b, F5b, and F5c.

VC, VE, VH In situ carbonate 
sedimentation

Facies Description Marine microfossils
Lithostratigraphic

unit
Tentative depositional

environment/diagenesis
Volcaniclastic mud, 
sand, diamict and/
or ooze

Rock

Main facies Subfacies

Table T2 (continued).
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Hole U1417D Hole U1417E

0–78.8 m CSF-A; 
Interval 1H-1, 0 cm, to 10H-3, 38 

cm

Drilled interval

78.8–166.3 m CSF-A; 
Interval 10H-3, 38 cm, to 22H-1, 

0 cm

Drilled interval

166.3–263.5 m CSF-A; 
Interval 22H-1, 0 cm, to 42X-1, 

85 cm

Drilled interval

263.5–296.6 m CSF-A; 
Interval 42X-1, 85 cm, to 46X-1, 

92 cm

264.1–297.3 m CSF-A;
Interval 2R-1, 7.5 cm, to 5R-CC, 

10 cm

296.6–335.1 m CSF-A; 
Interval 46X-1, 92 cm, to 50X-1, 

63 cm

Drilled interval

335.1–394.3 m CSF-A; 
Interval 50X-1, 63 cm, to 56X-CC, 

19 cm

Drilled interval

394.3–432.0 m CSF-A; 
Interval 56X-CC, 19 cm, to 60X-

CC, 10 cm

399.0–431.0 m CSF-A; 
Interval 7R-1, 0 cm, to 10R-3, 0 

cm
432.0–461.5 CSF-A; 
Interval 60X-CC, 10 cm, to 65X-

CC, 21 cm

431.0–477.7 m CSF-A;
Interval 10R-3, 0 cm, to 15R-1, 66 

cm
477.7–484.6 m CSF-A;
Interval 15R-1, 66 cm, to 15R-6, 

55 cm
484.6–615.4 m CSF-A;
Interval 15R-6, 55 cm, to 29R-3, 

11 cm
615.4–619.0 m CSF-A;
Interval 29R-3, 11 cm, to 29R-CC, 

17 cm
619.0–642.8 m CSF-A;
Interval 29R-CC, 17 cm, to 32R-2, 

0 cm
642.8–661.5 m CSF-A; 
Interval 32R-2, 0 cm, to 35R-1, 53 

cm
661.5–705.9 m CSF-A; 
Interval 35R-1, 53 cm, to 39R-6, 

13 cm
705.9–708.0 m CSF-A; 
Interval 39R-6, 13 cm, to 39R-CC, 

23 cm
Table T3. Distribution of lithostratigraphic units and associated facies, Site U1417.

Lithostratigraphic units
and associated facies Hole U1417A Hole U1417B Hole U1417C

Subunit IA
F1a, F1b, F2a, F2b, F3a, F5a, F5b, 

F6, F7

0–77.0 m CSF-A;
Interval 1H-1, 0 cm, to 11H-2, 18 

cm

0–79.4 m CSF-A;
Interval 1H-1, 0 cm, to 10H-2, 

131 cm

0–77.0 m CSF-A;
Interval 2H-1, 0 cm, to 10H-2, 48 

cm
Subunit IB
F1a, F1b, F2a, F3a, F3c, F4a, F5a, 

F5b, F6, F7

77.0–168.0 m CSF-A;
Interval 11H-2, 18 cm, to 22H-

CC, 38 cm

79.4 – 151.9 m CSF-A;
Interval 10H-2, 131 cm, to 17H-

CC, 17 cm

77.0–154.1 m CSF-A; 
Interval 10H-2, 48 cm, to 18H-3, 

18 cm

Unit II
F1a, F1b, F2a, F2b, F3a, F3c, F5a, 

F5b, F5c, F6, F7

151.9–256.2 m CSF-A;
Interval 17H-CC, 17 cm, to 37X-

CC, 30.5 cm

154.1–226.0 m CSF-A; 
Interval 18H-3, 18 cm, to 29H-

CC, 7 cm

Unit III
F1a, F1b, F4a, F4d, F5c, F7

256.2–291.3 m CSF-A;
Interval 38X-1, 0 cm, to 41X–1, 

40 cm

Unit IV
F1a, F1b, F3a, F5b, F5c, F7

291.3–350.0 m CSF-A;
Interval 41X-1, 40 cm, to 47X-CC, 

26 cm

Subunit VA
F1b, F3a, F3b, F3c, F4a, F4b, F5a, 

F5b, F5c, F6
Subunit VB
F1b, F5a, F5b, F7

Subunit VC
F1a, F1b, F2a, F4a, F4b, F4d, F5b, 

F8
Subunit VD
F1b, F4a, F5a

Subunit VE
F1a, F1b, F2a, F2b, F3a, F3b, F3c, 

F4b, F4d, F5b, F5c, F7, F8 
Subunit VF
F2a, F4c, F5a

Subunit VG
F1b, F3a, F4b, F8

Subunit VH
F5b, F8

Subunit VI
F1b, F2a, F3a, F4b, F5b, F5c

Subunit VJ
F1b, F5a
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Table T4. X-ray diffraction mineral composition, Holes U1417A, U1417C, U1417D, and U1417E. (Continued
on next page.)

Hole, core, section,
interval (cm)

Top depth (m) Mica
(counts)

Hornblende
(counts)

Chlorite +
kaolinite
(counts)

Total clays
(counts)

Quartz
(counts)

Plagioclase
(counts)

Calcite
(counts)

Pyrite
(counts) CSF-A  CCSF-B

341-
U1417D-1H-1, 4–5 0.04 0.03 3,896 3,580 5,019 2,903 4,212 5,054 NA 2,187
U1417A-1H-1, 24–25 0.24 0.23 7,652 5,897 12,074 2,794 4,844 6,318 2,383 2,464
U1417D-1H-1, 31–32 0.31 0.27 3,545 3,184 3,756 2,738 3,313 6,599 3,068 2,457
U1417D-1H-1, 65–66 0.65 0.56 3,373 2,980 3,282 2,780 3,931 5,546 3,545 2,327
U1417A-1H-1, 71–72 0.71 0.63 5,054 4,072 5,756 3,043 5,230 6,915 2,840 2,397
U1417D-1H-1, 100–101 1.01 0.87 5,546 4,317 6,950 3,268 5,265 6,423 2,864 2,559
U1417A-1H-2, 72–73 2.22 1.94 5,230 4,072 7,266 3,022 5,897 6,458 3,363 2,478
U1417D-1H-3, 14–15 3.14 2.72 3,468 2,710 4,317 2,955 4,352 5,827 2,562 2,211
U1417A-2H-1, 80–81 6.20 7.59 5,265 3,475 7,511 3,313 6,529 6,388 2,847 2,415
U1417A-2H-3, 50–51 8.90 9.93 8,178 3,686 13,514 3,184 6,037 6,458 NA 2,239
U1417A-3H-2, 65–66 17.05 18.29 4,633 3,756 6,423 3,250 6,143 6,809 2,783 2,422
U1417A-3H-6, 121–122 23.61 23.96 4,633 3,433 6,107 2,987 5,054 5,616 2,250 2,194
U1417A-4H-3, 48–49 27.88 28.01 8,143 5,090 12,074 3,127 6,529 7,090 2,348 2,590
U1417A-5H-3, 48–49 37.32 36.70 5,792 3,686 8,810 3,163 6,423 6,774 2,833 2,306
U1417A-6H-1, 46–47 43.86 42.18 9,126 5,721 13,619 2,917 5,511 7,160 NA 2,464
U1417A-7H-2, 61–62 47.01 43.88 12,671 5,265 20,885 3,047 6,423 7,757 2,324 2,482
U1417C-7H-3, 27–28 49.77 48.68 6,774 5,897 8,564 3,489 5,441 6,529 NA 2,984
U1417A-8H-2, 59–60 56.49 52.70 11,021 7,125 18,006 2,941 6,143 8,424 NA 2,492
U1417D-7H-2, 141–142 56.41 56.00 4,352 2,482 6,423 3,721 7,792 7,055 2,668 2,152
U1417A-9H-1, 129–130 58.19 57.65 5,546 3,756 8,003 3,268 6,143 6,318 2,931 2,436
U1417A-9H-4, 74–75 62.14 61.07 3,931 3,205 4,844 2,945 4,809 4,949 3,345 2,050
U1417A-9H-6, 58–59 64.98 63.52 4,984 4,598 7,055 3,187 5,160 6,248 2,819 2,696
U1417A-10H-3, 74–75 70.14 68.80 5,195 3,756 7,511 3,043 6,669 6,423 2,833 2,334
U1417A-11H-3, 31–32 79.21 79.80 6,248 6,985 11,408 3,057 5,862 6,950 2,601 2,910
U1417A-12H-3, 40–41 88.80 89.63 4,177 3,686 5,230 3,085 5,160 5,827 2,720 2,390
U1417A-13H-3, 60–61 98.50 99.47 10,319 4,809 16,883 3,345 7,441 7,827 2,966 2,840
U1417A-14H-3, 41–42 107.81 106.58 5,511 3,650 8,951 3,047 5,721 6,423 NA 2,552
U1417A-15H-2, 47–48 115.87 114.69 5,792 4,142 8,740 3,327 6,037 6,458 2,453 2,615
U1417A-16H-3, 43–44 126.83 124.72 9,126 4,774 15,233 3,036 5,897 7,898 2,345 2,418
U1417A-17H-3, 41–42 136.31 132.90 5,370 4,037 8,564 3,033 6,107 6,669 NA 2,475
U1417C-16H-4, 102–103 137.52 136.68 3,082 2,748 3,152 2,692 3,433 7,722 2,650 2,257
U1417A-18H-4, 88–89 146.83 142.36 4,528 3,391 5,932 3,064 5,546 5,827 2,594 2,260
U1417D-18H-1, 28–29 147.68 146.49 4,107 3,506 5,195 3,050 4,879 5,195 2,338 2,524
U1417C-17H-4, 17–18 146.17 146.73 4,177 3,405 3,791 3,317 4,177 4,984 2,703 2,517
U1417C-17H-4, 34–35 146.34 146.88 2,387 NA 1,955 2,696 2,790 4,423 2,629 NA
U1417C-17H-4, 67–68 146.67 147.17 5,265 4,212 6,880 2,910 5,090 5,511 2,562 2,327
U1417A-19H-2, 139–140 152.29 149.21 5,651 4,668 8,670 3,292 5,932 6,458 2,938 2,576
U1417D-18H-4, 52–53 152.42 150.59 5,125 3,896 7,968 3,261 6,423 6,634 2,903 2,496
U1417D-18H-6, 39–40 155.29 153.07 3,931 3,380 4,703 1,973 11,688 11,408 2,088 1,481
U1417D-18H-6, 109–110 155.99 153.67 4,914 3,931 4,352 3,721 6,388 6,072 3,001 3,292
U1417C-18H-2, 108–112 153.58 153.69 2,594 2,292 2,573 2,731 3,686 3,791 2,285 1,902
U1417C-18H-2, 132–137 153.82 153.90 6,423 2,148 10,881 2,731 9,547 22,218 2,001 1,527
U1417A-20H-1, 86–87 158.16 154.46 9,021 5,546 11,513 2,903 5,827 7,336 NA 2,604
U1417C-18H-4, 21–22 155.71 155.53 2,401 2,611 2,117 1,057 3,545 4,809 1,271 1,464
U1417A-21H-2, 83–84 160.73 159.80 5,721 4,879 6,283 3,275 5,125 6,353 2,812 2,752
U1417A-22H-2, 121–122 165.91 164.97 7,020 3,756 11,162 3,117 6,529 6,950 NA 2,296
U1417D-22H-2, 106–107 168.86 167.07 4,388 4,423 5,335 2,215 7,968 8,740 2,425 2,492
U1417D-22H-3, 80–81 170.10 168.14 5,405 4,037 5,125 3,510 5,511 6,388 2,868 2,731
U1417D-23H-1, 29–31 171.29 171.32 5,546 4,949 6,107 3,580 6,353 7,266 3,008 2,654
U1417D-23H-3, 88–89 174.88 174.42 5,967 4,528 7,020 3,120 6,002 6,774 2,815 2,450
U1417D-24H-1, 141–143 177.11 175.61 5,160 3,721 5,827 3,247 5,686 6,494 2,804 2,443
U1417D-25H-1, 30–32 180.70 178.40 5,019 4,177 5,370 3,412 5,405 6,143 2,941 2,794
U1417D-25H-2, 133–135 183.23 180.59 4,317 10,319 3,419 2,390 8,319 12,390 2,366 2,369
U1417D-32H-2, 38–39 205.78 206.40 6,950 4,493 9,968 3,264 5,335 6,178 NA 2,552
U1417D-34H-1, 94–95 210.34 210.23 4,668 3,461 5,756 3,436 5,616 6,002 2,815 2,527
U1417D-35H-2, 45–46 216.05 215.29 4,879 3,861 5,897 3,366 5,441 5,967 NA 2,443
U1417C-27H-2, 12–13 220.02 219.20 2,724 2,369 2,390 2,545 2,903 2,689 2,310 1,923
U1417D-36H-2, 50–51 220.80 219.32 5,160 3,422 6,353 3,447 6,423 6,704 2,931 2,327
U1417D-38X-1, 23–24 224.13 224.13 4,879 3,861 6,774 3,096 5,265 5,862 4,703 2,411
U1417D-39X-1, 133–135 234.93 234.93 4,844 5,300 5,054 2,088 8,003 8,459 3,650 2,503
U1417D-40X-3, 93–95 246.77 246.77 5,827 4,388 7,968 3,163 5,581 6,494 2,861 2,506
U1417D-41X-2, 35–37 254.85 254.85 6,458 5,195 8,775 3,043 5,897 7,125 3,163 2,464
U1417D-41X-5, 48–50 259.48 259.48 5,967 NA 7,827 3,457 6,529 6,634 3,159 2,246
U1417D-42X-1, 31–32 263.01 263.01 5,300 4,142 7,125 3,268 5,019 6,037 3,791 2,734
U1417D-42X-2, 127–128 265.47 265.47 2,955 2,450 2,699 2,601 3,650 3,721 NA 2,081
U1417D-42X-CC, 27–29 267.75 267.75 5,511 4,352 7,898 2,896 5,405 6,388 4,598 2,499
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NA = not applicable.

U1417D-44X-1, 81–83 282.91 282.91 5,265 4,282 7,371 2,959 5,792 6,704 3,071 2,738
U1417D-45X-1, 81–83 290.51 287.50 4,879 3,791 5,827 3,545 5,335 5,897 NA 2,847
U1417D-48X-1, 42–43 315.52 315.52 6,423 4,458 8,424 3,464 5,230 6,318 NA 2,685
U1417D-49X-3, 30–32 327.67 327.67 4,528 3,387 5,054 3,615 5,160 5,616 NA 2,394
U1417D-50X-1, 102–103 335.52 335.52 5,581 9,266 8,108 2,036 11,197 16,006 2,296 2,124
U1417D-50X-2, 102–103 336.89 336.89 4,528 3,436 4,844 2,882 3,580 4,001 2,538 3,145
U1417D-50X-2, 125–126 337.12 337.12 4,247 3,233 4,388 3,166 4,037 5,862 NA 2,296
U1417D-51X-1, 83–84 345.03 345.03 3,861 3,078 3,686 3,826 4,879 4,879 2,699 2,303
U1417D-51X-2, 57–58 346.27 346.27 5,090 3,686 5,090 3,650 5,335 5,370 NA 2,345
U1417D-51X-3, 16–17 346.77 346.77 6,143 5,405 5,651 3,352 5,441 6,318 2,819 2,601
U1417D-52X-1, 106–107 354.96 354.96 4,493 3,268 4,282 3,615 4,984 5,265 2,587 2,166
U1417D-52X-3, 98–99 357.58 357.58 4,984 3,615 5,265 3,580 5,125 5,019 NA 3,443
U1417D-53X-2, 36–37 364.97 364.97 5,230 3,966 6,739 3,580 4,949 5,019 2,780 3,356
U1417D-54X-3, 22–23 375.98 375.98 2,689 2,429 2,376 2,780 3,454 4,212 2,197 1,755
U1417D-54X-4, 66–67 377.90 377.90 5,160 3,756 6,880 3,454 5,019 5,967 NA 2,685
U1417D-55X-1, 58–59 383.58 383.58 5,581 3,966 7,792 3,468 5,125 6,213 2,984 2,710
U1417D-55X-3, 74–76 386.68 386.68 7,266 7,266 9,231 2,654 6,564 15,198 3,545 2,187
U1417D-55X-3, 119–120 387.13 387.13 6,739 5,370 8,880 3,236 5,827 7,336 NA 2,594
U1417D-56X-1, 69–70 393.39 393.39 5,265 3,931 5,967 2,797 6,985 6,669 2,566 2,341
U1417D-57X-1, 36–37 402.76 402.76 6,880 4,493 8,845 2,959 6,178 6,599 2,945 2,903
U1417D-58X-2, 80–81 414.39 412.74 3,826 2,439 4,001 3,292 4,247 4,072 2,274 1,923
U1417E-9R-1, 10–11 418.50 418.50 5,546 3,756 4,423 3,650 4,879 5,370 NA 2,647
U1417D-59X-1, 122–123 423.02 419.68 3,686 2,520 3,012 3,650 4,633 4,072 NA 1,902
U1417D-59X-3, 100–101 425.72 422.38 6,739 4,177 8,740 3,320 5,265 6,353 2,587 2,580
U1417E-9R-4, 136–137 424.26 424.26 5,686 4,037 7,862 3,040 6,072 6,880 2,576 2,573
U1417E-10R-1, 19–20 428.29 428.29 4,844 3,510 4,949 3,482 5,546 6,283 2,843 2,604
U1417E-10R-3, 19–21 431.29 431.29 8,389 3,166 7,792 2,727 7,617 7,090 2,636 2,190
U1417E-11R-1, 22–23 438.02 438.02 5,125 NA 6,283 3,177 11,864 9,372 2,594 NA
U1417E-11R-1, 116–117 438.96 438.96 4,037 2,685 4,949 2,910 8,740 9,126 2,418 1,881
U1417D-62X-CC, 26–27 442.21 442.21 4,423 2,510 6,037 2,822 9,512 8,810 2,622 1,769
U1417D-63X-CC, 18–20 447.23 447.23 6,178 3,791 8,740 3,415 5,335 6,353 3,064 2,566
U1417E-14R-1, 26–27 467.16 467.16 10,811 4,001 6,774 2,924 7,898 8,249 2,692 2,081
U1417E-14R-CC, 2–3 468.62 468.62 3,861 3,756 4,177 4,037 4,668 4,739 2,980 4,001
U1417E-15R-2, 69–70 478.79 478.79 6,388 3,791 7,476 3,650 5,511 6,107 3,064 NA
U1417E-16R-2, 66–67 488.09 488.09 12,355 3,324 6,037 2,250 9,442 13,303 NA 1,759
U1417E-17R-3, 97–98 499.83 499.83 5,686 3,173 5,405 2,475 8,073 6,774 2,503 2,134
U1417E-18R-3, 69–70 509.18 509.18 5,441 3,177 5,581 3,401 6,634 6,318 2,843 2,246
U1417E-19R-1, 65–66 516.05 516.05 5,721 2,826 5,090 2,594 7,968 6,880 1,945 2,106
U1417E-20R-2, 61–62 527.21 527.21 5,370 2,920 6,458 3,650 6,564 5,967 2,955 2,253
U1417E-21R-1, 37–38 535.17 534.80 5,300 3,001 5,019 2,559 9,758 7,547 2,443 2,573
U1417E-22R-1, 55–56 545.05 544.50 5,581 3,141 7,511 3,510 5,967 6,248 NA 2,453
U1417E-24R-1, 14–15 564.04 564.04 6,809 3,447 8,775 3,433 5,967 6,072 3,099 2,703
U1417E-24R-2, 11–12 565.00 565.00 9,266 3,292 7,055 2,769 8,600 10,004 2,555 2,415
U1417E-25R-1, 25–26 573.85 573.85 6,248 3,085 7,792 3,650 5,616 5,616 2,552 2,310
U1417E-25R-2, 29–30 575.31 575.31 5,405 3,187 7,266 3,650 5,827 5,827 3,064 2,548
U1417E-26R-1, 20–21 583.50 583.50 10,004 3,615 12,566 3,391 5,967 6,809 NA 2,489
U1417E-27R-4, 57–59 597.13 597.13 6,388 3,089 7,476 3,342 7,862 6,950 2,366 2,106
U1417E-28R-1, 52–54 603.22 603.22 5,932 3,208 6,002 3,931 5,511 5,616 2,776 2,436
U1417E-29R-2, 42–43 614.23 614.23 6,985 3,313 9,337 3,580 5,756 5,792 NA 2,745
U1417E-29R-3, 78–80 616.09 616.09 2,836 2,145 2,208 3,050 3,475 3,415 2,387 1,860
U1417E-29R-4, 90–91 617.64 617.64 11,618 4,493 6,318 2,668 8,354 13,022 2,461 2,095
U1417E-31R-1, 43–44 632.23 632.23 5,476 2,941 6,037 3,615 6,178 5,862 2,489 2,306
U1417E-31R-1, 53–54 632.33 632.33 6,529 2,955 7,441 3,208 6,704 6,704 2,299 2,141
U1417E-32R-1, 47–48 641.97 641.97 24,114 4,914 9,337 2,218 9,828 16,708 NA 1,860
U1417E-32R-2, 72–72 643.52 643.52 4,212 2,861 2,710 4,247 3,966 5,054 2,587 NA
U1417E-35R-1, 14–15 661.14 661.14 4,072 2,878 2,643 4,528 4,142 4,668 2,625 2,183
U1417E-35R-2, 51–53 662.97 662.97 17,164 4,247 11,829 2,706 9,021 14,777 2,706 2,253
U1417E-35R-3, 100–102 664.73 664.73 6,564 3,275 6,809 3,545 4,563 5,897 3,071 2,418
U1417E-37R-2, 39–40 682.31 682.31 13,759 3,187 6,318 2,566 8,459 9,231 2,552 2,415
U1417E-38R-1, 61–62 690.71 690.71 6,809 2,776 6,704 3,306 6,458 6,353 2,857 2,204
U1417E-38R-3, 6–8 693.16 693.16 11,794 2,931 6,458 2,822 7,090 7,687 2,861 2,274
U1417E-39R-1, 7–9 699.87 699.87 6,669 3,001 7,371 3,966 5,932 5,721 NA 2,394
U1417E-39R-1, 51–52 700.31 700.31 5,686 2,896 5,511 2,559 8,600 11,443 2,387 2,060
U1417E-39R-6, 96–98 706.62 706.62 4,107 2,668 2,899 3,931 4,528 4,247 2,583 1,990

Hole, core, section,
interval (cm)

Top depth (m) Mica
(counts)

Hornblende
(counts)

Chlorite +
kaolinite
(counts)

Total clays
(counts)

Quartz
(counts)

Plagioclase
(counts)

Calcite
(counts)

Pyrite
(counts) CSF-A  CCSF-B

Table T4 (continued).
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Depth CSF-A (m) Depth CCSF-A (m) Depth CCSF-B (m)

Top
(middle)

Bottom
(middle) Median

Top
(middle)

Bottom
(middle) Median

Top
(middle)

Bottom
(middle) MedianBottom

B-2H-CC 6.03 14.76 10.39 6.03 9.59 7.81 5.21 8.29 6.75
A-8H-CC 49.02 56.89 52.95 57.17 61.32 59.24 49.45 53.04 51.24
B-7H-CC 49.02 58.05 53.53 57.17 63.31 60.24 49.45 54.76 52.10
B-8H-CC 58.05 67.06 62.55 63.31 73.55 68.43 54.76 63.62 59.19
B-10H-CC 49.02 86.16 67.59 57.17 101.49 79.33 49.45 87.79 68.62
D-9H-3, 80 65.41 69.80 67.60 76.46 80.30 78.38 66.13 69.46 67.80
C-17H-CC 138.26 151.24 144.75 157.94 174.70 166.32 136.61 151.11 143.86
D-25H-CC 181.58 185.36 183.47 210.25 210.90 210.57 181.72 182.20 181.96
B-28H-CC 202.54 207.29 204.91 235.31 244.99 240.15 200.24 207.40 203.82
D-15H-3, 130 122.64 123.60 123.12 140.93 141.18 141.05 121.90 122.12 122.01
C-25H-CC 211.78 213.78 212.78 250.84 254.14 252.49 211.72 214.16 212.94
B-44X-CC 317.74 324.05 320.89 361.00 370.73 365.86 317.74 327.47 322.60
B-43X-CC 303.09 315.17 309.13 346.35 358.43 352.39 303.09 315.17 309.13
D-49X-CC 307.84 328.42 318.13 351.10 371.68 361.39 307.84 328.42 318.13
D-53X-1, 69 357.89 364.29 361.09 401.15 407.55 404.35 357.89 364.29 361.09
D-58X-CC 394.44 416.10 405.27 437.70 457.72 447.71 394.44 414.46 404.45
E-29R-5, 43 617.24 618.66 617.95 660.50 661.92 661.21 617.24 618.66 617.95
E-32R-CC 619.07 645.12 632.09 662.33 688.38 675.35 619.07 645.12 632.09
Table T5. Datum events for radiolarians, diatoms, and foramin

LO = last occurrence, FO = first occurrence. R = radiolarian, D = diatom, F = foramin

Table T6. Diatoms, Site U1417. This table is available in an ove

Datum event
Datum
type

Age
(Ma)

Hole, core, section, int

Top

341- 341-
LO Lychnocanoma nipponica sakaii R 0.03 ± 0.03 U1417D-1H-CC U1417
LO Proboscia curvirostris (D120) D 0.3 ± 0.1 U1417B-6H-CC U1417
LO Stylacontharium acquilonium R 0.4 ± 0.1 U1417B-6H-CC U1417
LO Stylatractus universus R 0.5 ± 0.1 U1417B-7H-CC U1417
LO Neogloloquadrina inglei F 0.7 ± 0.1 U1417B-6H-CC U1417
LO Actinocyclus oculatus (D110) D 1.1 ± 0.1 U1417C-8H-CC U1417
LO Eucyrtidium matuyamai R 1.3 ± 0.1 U1417D-16H-CC U1417
FO Proboscia curvirostris (D105) D 1.8 ± 0.1 U1417B-22H-3, 46 U1417
FO Eucyrtidium matuyamai R 1.9 ± 0.1 U1417B-27H-CC U1417
LO Neodenticula koizumii (D100) D 2 ± 0.4 U1417C-14H-CC U1417
FO Neodenticula seminae (D95) D 2.2 ± undet. U1417B-29H-CC U1417
LO Neodenticula kamtschatica (D90) D 2.6 ± 0.2 U1417D-48X-CC U1417
FO Cycladophora davisiana R 2.8 ± 0.1 U1417B-42X-CC U1417
LO Stychocorys peregrina R 3.3 ± 0.1 U1417D-47X-CC U1417
FO Neodenticula koizumii (D80) D 3.75 ± 0.35 U1417D-52X-CC U1417
LO Phormocyrtis fistula R 4.4 ± 0.1 U1417D-56X-CC U1417
LO Thalassionema schraderi D 7.9 ± 0.4 U1417E-29R-4, 50 U1417
LO Cyrtocapsella japonica R 10 ± 0.1 U1417E-29R-CC U1417
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Table T7. Radiolarians, Site U1417. (Continued on next four pages.)
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341-U1417A-
1H-CC M R R 
2H-CC G A F C R C A F F C R R R C F C 
3H-CC M C R C R A A R C R R R R C F F 
4H-CC G A F A R C A C C R R C F R C C C 
5H-CC B 
6H-CC G A F F R A A F A F R F R R C 
7H-CC G A F F F A A C A A C C F R R C 
8H-CC B 
9H-CC R F R R R R R R R F 
10H-CC B 
11H-CC B 
12H-CC M R R R R R F 
13H-CC G A R R A C C F R F A 
14H-CC G A C C C C R R R A 
15H-CC B 
16H-CC B 
17H-7 B 
18H-CC G A C C F R F R A C R C C A F A 
19H-CC M C C R F C A R R R A F F C 
20H-CC G C F F R F F R R R F C R F R R R 
21H-CC G R 
22H-CC M C F R R F F R R R F A C C R A 

341-U1417B-
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4H-CC P R R R R R R R R R R R 
5H-CC G A R C A A R R A F C R C R R 
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8H-CC G A F R C C F R C F C A F R R C C 
9H-CC G C A A A F R A C C R F C 
10H-CC G C R 
11H-CC G C A C A R C C F F C F A 
12H-CC M F F C C R R R C 
13H-CC M F F C C C R C F R R R C 
14H-CC B 
16H-CC B 
17H-CC B 
18H-CC G C R R F R R F R R A 
19H-CC P F R R F A 
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2H-CC M R R R R R R R R 
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11H-CC G A R F F A C A F R F C R F A A 
13H-CC M R R R R 
14H-CC P R 
15H-CC G A F F R R A A C A R C R R R F F 
16H-7 M F R R R R F A R R R R C 

Core, section,
interval (cm) Pr

es
er

va
tio

n

G
ro

up
 a

b
un

d
an

ce

Ac
tin

om
m

a 
de

lic
at

ul
um

 

Ac
tin

om
m

a 
le

pt
od

er
m

um

Bo
tr

yo
st

ro
bu

s 
au

rit
us

/a
us

tr
al

is

Bo
tr

yo
st

ro
bu

s 
aq

ui
lo

na
ris

C
er

at
os

py
ris

 b
or

ea
lis

C
yc

la
do

ph
or

a 
bi

co
rn

is

C
yc

la
do

ph
or

a 
da

vi
si

an
a 

C
yc

la
do

ph
or

a 
sa

ka
ii

C
yr

to
ca

ps
el

la
 c

or
nu

ta
 

C
yr

to
ca

ps
el

la
 ja

po
ni

ca
 

C
yr

to
ca

ps
el

la
 t

et
ra

pe
ra

 

D
ic

ty
op

hi
m

us
 h

iru
nd

o 

Eu
cy

rt
id

iu
m

 m
at

uy
am

ai
 

H
el

io
di

sc
us

 a
st

er
ic

us

H
ex

ac
on

tiu
m

 e
nt

ha
ca

nt
hu

s

La
m

pr
oc

yc
la

s 
ju

no
ni

s 

La
m

pr
oc

yr
tis

 h
et

er
op

or
os

La
rc

op
yl

e 
bu

et
sc

hl
ii

La
rc

op
yl

e 
po

ly
ac

an
th

a

La
rc

op
yl

e 
w

ed
de

liu
m

Li
rio

sp
yr

is
 r

et
ic

ul
at

a

Li
th

el
iu

s 
ba

rb
at

us

Li
th

el
iu

s 
m

in
or

Ly
ch

no
ca

no
m

a 
sa

ka
ii 

O
ct

op
yl

e/
Te

tr
ap

yl
e 

g
ro

up

Ph
or

m
os

tic
ho

ar
tu

s 
fis

tu
la

Po
ro

di
sc

us
 (

?)
 s

p
. B

 

Pt
er

oc
an

iu
m

 p
ra

et
ex

tu
m

Pt
er

oc
an

iu
m

 s
p.

Pt
er

oc
or

ys
 m

in
yt

ho
ra

x

Sp
ha

er
op

yl
e 

la
ng

ii

Sp
ha

er
op

yl
e 

ro
bu

st
a

Sp
on

go
py

le
 o

sc
ul

os
a

Table T7 (continued). (Continued on next page.)
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18H-CC P R R 
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20H-CC G A F R F A R R R R R A C A R R R A 
21H-CC G A R R R R R R C C R A 
22H-CC P F R R R A 
23H-CC B 
24H-CC M C R R R R F A R C 
25H-CC P F C R F R C F R R A 
26H-CC B 
27H-3 B 
28H-CC B 
29H-CC B 

341-U1417D-
1H-CC G A C A R A A C F R F R F R 
2H-CC G A C C A A C F C R C F F A 
3H-CC G C F F C F R F R c C C R A 
4H-CC, 0–5 P R R R 
5H-CC, 0–5 G A R R R A A A R F F A F A 
6H-CC G A F R R A A C F R C R R R F F R A 
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8H-CC B 
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11H-CC P R R R R R 
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13H-CC P R R R R R R R F F F 
14H-CC P R R R R R 
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23H-CC P F R R R R R R C 
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Table T7 (continued). (Continued on next page.)



J.M
. Jaeg

er et al.
Site U

1417

Proc. IO
D

P | V
olum

e 341
124

A A
F C

R A F R 
A R C 

A R C 

R R R A
R A

R A

F A

F F R F C 
R C R 

R F R R A 

R R 

Sp
on

gu
ru

s 
cf

. e
lli

pt
ic

a 

Sp
on

gu
ru

s 
py

lo
m

at
ic

us

St
ic

ho
co

ry
s 

de
lm

on
te

ns
is

St
yc

oc
ho

ry
s 

pe
re

gr
in

a

St
yl

ac
on

ta
riu

m
 a

cq
ui

lo
ni

um

St
yl

at
ra

ct
us

 u
ni

ve
rs

us

St
yl

od
ic

ty
a 

va
lid

is
pi

na

Th
ec

os
ph

ae
ra

 ja
po

ni
ca

Th
ec

os
ph

ae
ra

 ja
po

ni
ca

Th
ol

os
py

ris
 s

ca
ph

ip
es
29H-CC B 
30H-CC P F R R 
31H-CC P R R R R 
32H-CC P F R F R A 
33H-CC M F F R R C 
34H-CC B 
35H-CC B 
36H-CC B 
37H-CC B 
38X-CC B 
39X-CC B 
40X-CC B 
41X-CC B 
42X-CC B 
43X-CC B 
44X-CC B 
45X-CC B 
47X-CC P F F C 
48X-CC B 
49X-CC P R R R R 
50X-CC P R F C R 
51X-CC P R F R F 
52X-CC P R R R 
53X-CC P R R F F 
54X-CC B R F 
55X-CC M F R F A F R C 
56X-CC P R R F F R R 
57X-CC B 
58X-CC M C R R A A F R R 
59X-CC B 
60X-CC B 
61X-CC B 
62X-CC B 
62X-CC B 
63X-CC B 
64X-CC B 
65X-CC P R R 

341-U1417E-
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4R-CC B 
5R B 

Core, section,
interval (cm) Pr

es
er

va
tio

n

G
ro

up
 a

b
un

d
an

ce

Ac
tin

om
m

a 
de

lic
at

ul
um

 

Ac
tin

om
m

a 
le

pt
od

er
m

um

Bo
tr

yo
st

ro
bu

s 
au

rit
us

/a
us

tr
al

is

Bo
tr

yo
st

ro
bu

s 
aq

ui
lo

na
ris

C
er

at
os

py
ris

 b
or

ea
lis

C
yc

la
do

ph
or

a 
bi

co
rn

is

C
yc

la
do

ph
or

a 
da

vi
si

an
a 

C
yc

la
do

ph
or

a 
sa

ka
ii

C
yr

to
ca

ps
el

la
 c

or
nu

ta
 

C
yr

to
ca

ps
el

la
 ja

po
ni

ca
 

C
yr

to
ca

ps
el

la
 t

et
ra

pe
ra

 

D
ic

ty
op

hi
m

us
 h

iru
nd

o 

Eu
cy

rt
id

iu
m

 m
at

uy
am

ai
 

H
el

io
di

sc
us

 a
st

er
ic

us

H
ex

ac
on

tiu
m

 e
nt

ha
ca

nt
hu

s

La
m

pr
oc

yc
la

s 
ju

no
ni

s 

La
m

pr
oc

yr
tis

 h
et

er
op

or
os

La
rc

op
yl

e 
bu

et
sc

hl
ii

La
rc

op
yl

e 
po

ly
ac

an
th

a

La
rc

op
yl

e 
w

ed
de

liu
m

Li
rio

sp
yr

is
 r

et
ic

ul
at

a

Li
th

el
iu

s 
ba

rb
at

us

Li
th

el
iu

s 
m

in
or

Ly
ch

no
ca

no
m

a 
sa

ka
ii 

O
ct

op
yl

e/
Te

tr
ap

yl
e 

g
ro

up

Ph
or

m
os

tic
ho

ar
tu

s 
fis

tu
la

Po
ro

di
sc

us
 (

?)
 s

p
. B

 

Pt
er

oc
an

iu
m

 p
ra

et
ex

tu
m

Pt
er

oc
an

iu
m

 s
p.

Pt
er

oc
or

ys
 m

in
yt

ho
ra

x

Sp
ha

er
op

yl
e 

la
ng

ii

Sp
ha

er
op

yl
e 

ro
bu

st
a

Sp
on

go
py

le
 o

sc
ul

os
a

Table T7 (continued). (Continued on next page.)
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 is available in .CSV.
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Preservation: G = good, M = moderate, P = poor. Abundance: A = abundant, C = common, F = few, R = Rare. This table

7R-CC B 
8R-CC P R R C F F 
9R-CC B 
10R-CC B 
11R-CC B 
12R-CC B 
23R-CC B 
14R-CC P R F
15R-CC B 
16R-CC B 
17R-CC B 
18R-CC B 
19R-CC B 
20R-CC B 
21R-CC B 
22R-CC B 
23R-CC B 
24R-CC B 
25R-CC B 
26R-CC B 
27R-CC B 
28R-CC P R 
29R-CC P R R 
30R-CC B 
31R-CC B 
32R-CC P R R C R F R 
35R-CC B 
36R-CC P R F F F A C R
37R-CC B 
38R-CC B 
39R-CC P R R R C F 
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Table T8. Planktonic foraminifers, Site U1417. (Continued on next page.)
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341-U1417A-
1H-CC G D D R F P D P
2H-CC M A D F P D Contains ice-rafted debris (>710 µm)
3H-CC P P A D Pebbles, sandy
4H-CC M R A R D Sandy
5H-CC M F D P R D Pebbles, sandy
6H-CC P P D Pebbles, sandy
7H-CC B Sandy, wood fragment
8H-CC M R A R D Pebbles, sandy
9H-CC, 11H-CC, 12H-CC, 13H-CC B Pebbles, sandy
14H-CC G P D D Pebbles, sandy, pyrite, brownish foraminifer shells
15H-CC M R R D Sandy
16H-CC G F R P P D Pebbles, sandy, brownish foraminifer shells
17H-7 (bottom), 18H-CC, 19H-CC, 20H-CC B Diatom rich

341-U1417B-
2H-CC G R D R R D Sandy
4H-CC G C A P R D Sandy
6H-CC P P D D Diatom ooze, pyritized planktonic foraminifers
9H-CC B Pebbles, sandy, pyrite
10H-CC G A D P P R D Pebbles, sandy, pyrite
12H-CC P P D D Sandy, pumice
21H-2 (bottom), 23H-CC, 25H-CC, 28H-CC,

29H-CC, 31H-CC
B Poorly disaggregated, pebbles

32H-CC P P D Pebbles, sandy
34X-CC M P D Sandy
39X-CC M P D D Sandy
41X-CC M P D A D Poorly disaggregated, pebbles, brownish foraminifer shells
45X-CC B Poorly disaggregated

341-U1417C-
2H-CC P P D A D Pebbles, sandy
3H-CC P P A D Sandy
4H-CC B Diatom and radiolarian rich
6H-CC M R A R R D R Sandy
8H-CC G A D P R D R Pebbles, sandy
10H-CC G F A R R D P Sandy
12H-CC P P D Pebbles, sandy
13H-CC P P D 
14H-CC P C A R R D R Brownish foraminifer shells dominant
15H-CC P F D R R D R Brownish foraminifer shells dominant
16H-7 P P D Brownish foraminifer shells dominant
18H-CC, 20H-CC, 22H-CC, 24H-CC, 26H-CC B Sandy
28H-CC P P D A A A Brownish foraminifer shells

341-U1417D-
1H-CC M D A P P P R D R Planktonic foraminifers dominant
2H-CC G A P A P P F P D F 
3H-CC M R F R D R 
4H-CC M F F P D Sandy
5H-CC M P R A D A Sandy
6H-CC G R D R R D Diatom rich
8H-CC P P A D Sandy
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Preservation: G = good, M = moderate, P = poor. Abundance: D = dominant, A = abundant, F = few, R = rare, P = present, B = barren. This table
is available in .CSV.

Table T9. Benthic foraminifers, Site U1417. This table is available in an oversized format.

10H-CC B Sandy
12H-CC P P D Sandy
16H-7 P P D Poorly disaggregated
20H-CC, 24H-CC, 26H-CC B Poorly disaggregated
28H-CC M F A F A A D F Sandy, brownish foraminifer shells dominant
30H-CC, 32H-CC, 34H-CC B Sandy
36H-CC M P D Volcanic shards
37H-CC P P D D Sandy, pyritized radiolarians
38X-CC P P F A D F Brownish foraminifer shells
40X-CC G P F A D A Mixture of light and white foraminifer shells
42X-CC M P A D F F Mixture of light and white foraminifer shells
43X-CC P P D A A Poorly disaggregated
44X-CC, 46X-CC, 48X-CC, 50X-CC, 51X-CC,

54X-CC, 58X-CC, 60X-CC, 62X-CC, 64X-CC
B Poorly disaggregated

46X-CC B Poorly disaggregated
48X-CC B 
49X-CC B Poorly disaggregated
50X-CC B Poorly disaggregated
51X-CC B Sandy, mica present
54X-CC B Sandy, poorly disaggregated
58X-CC B Black coal-like fragments, sandy
60X-CC B Black coal-like fragments, sandy
62X-CC B Black coal-like fragments, sandy
64X-CC B Sandy
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Table T8 (continued).
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Table T10. Affine table, Site U1417.

Core Offset (m)

341-U1417A-
1H 0.02
2H 2.58
3H 4.09
4H 4.50
5H 5.11
6H 4.90
7H 3.72
8H 4.43
9H 8.46
10H 9.40
11H 13.04
12H 14.82
13H 16.49
14H 15.40
15H 16.72
16H 17.35
17H 17.33
18H 17.74
19H 20.21
20H 20.41
21H 24.01
22H 24.81

341-U1417B-
1H 0.01
2H –5.17
3H 4.79
4H 5.90
5H 7.93
6H 8.15
7H 5.26
8H 6.49
9H 12.98
10H 15.33
11H 18.13
12H 19.34
13H 21.36
14H 22.98
15H No core recovery
16H 23.96
17H 23.61
18H 25.63
19H 25.44
20H 27.08
21H 26.90
22H 28.67
23H 28.63
24H 32.09
25H 33.39
26H 32.68
27H 32.77
28H 37.70
29H 39.06

30H 40.61
31H 42.37
32H 42.84
33H 42.84
34X 43.26
35X 43.26
36X 43.26
37X 43.26
38X 43.26
39X 43.26
40X 46.48
41X 43.26
42X 43.26
43X 43.26
44X 46.68
45X 43.26
46X 43.26
47X 43.26

341-U1417C-
2H 2.30
3H 3.32
4H 3.59
5H 2.56
6H 5.78
7H 6.51
8H 11.05
9H 11.91
10H 13.64
11H 15.76
12H 17.46
13H Only 1% recovery
14H 18.29
15H 19.35
16H 20.49
17H 23.46
18H 24.10
19H 25.03
20H 25.16
21H 26.90
22H 28.03
23H 31.59
24H 31.55
25H 40.36
26H 42.66
27H 40.93
28H 41.29
29H 43.26

341-U1417D-
1H 0.00
2H 0.80
3H 2.13
4H 3.26
5H 1.84

Core Offset (m)

6H 2.69
7H 8.33
8H 9.93
9H 10.50
10H 11.61
11H 13.52
12H 14.14
13H 14.84
14H 16.52
15H 17.58
16H 19.68
17H 20.84
18H 21.67
19H Only 4% recovery
20H 25.34
211 No core recovery
22H 24.29
23H 26.77
24H 25.90
25H 25.54
26H 26.14
27H 28.88
28H 30.99
29H 30.65
30H 31.45
31H 36.25
32H 37.85
33H 37.70
34H 38.48
35H 39.60
36H 40.31
37H 40.22
38X 43.26
39X 43.26
40X 46.48
41X 43.26
42X 43.26
43X 43.26
44X 43.26
45X 40.25
46X 40.92
47X 43.26
48X 43.26
49X 43.26
50X 43.26
51X 43.26
52X 43.26
53X 43.26
54X 43.26
55X 43.26
56X 43.26
57X 43.26
58X 41.62
59X 39.91

Core Offset (m)

Core: H = advanced piston
corer, X = extended core barrel,
R = rotary core barrel. Cores
with very low recovery were
not used for correlation pur-
poses.

60X 43.26
61X 43.26
62X 43.26
63X 43.26
64X 43.26
65X 43.26

341-U1417E-
2R 43.26
3R 43.26
4R 43.26
5R 43.26
61 No core recovery
7R 43.26
8R 43.26
9R 43.26
10R 43.26
11R 43.26
12R 43.26
13R 43.26
14R 43.26
15R 43.26
16R 43.26
17R 43.26
18R 43.26
19R 43.26
20R 43.26
21R 43.26
22R 43.26
23R 43.26
24R 43.26
25R 43.26
26R 43.26
27R 43.26
28R 43.26
29R 43.26
30R 43.26
31R 43.26
32R 43.26
33R No core recovery
34R Only 2% recovery
35R 43.26
36R 43.26
37R 43.26
38R 43.26
39R 43.26

Core Offset (m)
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Table T11. Splice tie points, Site U1417.

Tie points in bold reflect tentative correlations. See text for details.

Hole,
core, section

Tie point
(cm)

Depth
CSF-A
(m)

Depth
CCSF-A

(m) Tie/Append
Hole,

core, section
Tie point

(cm)

Depth
CSF-A
(m)

Depth
CCSF-A

(m)

341- 341-
U1417D-1H-4 55.01 5.05 5.05 Tie to U1417C-2H-2 25.13 2.75 5.05
U1417C-2H-5 78.14 7.78 10.08 Tie to U1417D-2H-3 27.80 9.28 10.08
U1417D-2H-6 93.77 14.16 14.96 Tie to U1417C-3H-1 114.24 11.64 14.96
U1417C-3H-4 133.20 16.33 19.65 Tie to U1417D-3H-2 52.39 17.52 19.65
U1417D-3H-6 56.21 23.02 25.15 Tie to U1417C-4H-2 6.09 21.56 25.15
U1417C-4H-5 34.90 26.35 29.94 Tie to U1417D-4H-2 17.25 26.67 29.94
U1417D-4H-4 83.81 30.34 33.60 Tie to U1417C-5H-2 4.18 31.04 33.60
U1417C-5H-6 73.25 37.73 40.29 Tie to U1417D-5H-3 95.09 38.45 40.29
U1417D-5H-6 123.90 43.24 45.08 Tie to U1417C-6H-2 80.31 39.30 45.08
U1417C-6H-5 44.97 43.45 49.23 Tie to U1417D-6H-2 103.66 46.54 49.23
U1417D-6H-6 56.81 52.07 54.76 Tie to U1417C-7H-2 24.60 48.25 54.76
U1417C-7H-7 16.86 55.67 62.18 Tie to U1417D-7H-1 34.84 53.85 62.18
U1417D-7H-3 126.59 57.77 66.10 Tie to U1417A-9H-1 73.71 57.64 66.10
U1417A-9H-3 26.98 60.17 68.63 Tie to U1417C-8H-2 7.96 57.58 68.63
U1417C-8H-7 57.10 65.07 76.12 Tie to U1417A-10H-1 32.74 66.73 76.12
U1417A-10H-2 103.70 68.94 78.33 Tie to U1417D-9H-2 33.13 67.83 78.33
U1417D-9H-5 59.64 72.60 83.10 Tie to U1417B-9H-3 1.79 70.12 83.10
U1417B-9H-6 108.50 75.68 88.66 Tie to U1417D-10H-2 5.11 77.05 88.66
U1417D-10H-6 110.52 84.12 95.73 Tie to U1417B-10H-3 79.94 80.40 95.73
U1417B-10H-6 87.13 84.98 100.31 Tie to U1417D-11H-2 29.14 86.79 100.31
U1417D-11H-6 22.10 92.22 105.74 Tie to U1417B-11H-2 1.20 87.61 105.74
U1417B-11H-6 32.36 93.92 112.05 Tie to U1417C-12H-1 59.33 94.59 112.05
U1417C-12H-5 109.96 101.10 118.56 Tie to U1417D-13H-2 41.74 103.72 118.56
U1417D-13H-6 30.52 109.61 124.45 Tie to U1417A-14H-4 14.19 109.04 124.45
U1417A-14H-6 94.49 112.84 128.25 Tie to U1417D-14H-2 42.72 111.73 128.25
U1417D-14H-5 128.80 117.09 133.61 Tie to U1417C-14H-2 81.77 115.32 133.61
U1417C-14H-6 131.03 121.81 140.10 Tie to U1417D-15H-3 22.60 122.53 140.10
U1417D-15H-6 113.27 127.93 145.51 Tie to U1417C-15H-3 65.55 126.16 145.51
U1417C-15H-6 140.17 131.40 150.75 Tie to U1417D-16H-2 77.63 131.08 150.75
U1417D-16H-6 100.77 137.31 156.99 Tie to U1417C-16H-3 149.81 136.50 156.99
U1417C-16H-6 73.23 140.23 160.72 Tie to U1417D-17H-2 8.07 139.88 160.72
U1417D-17H-5 139.97 145.70 166.54 Tie to U1417C-17H-2 7.58 143.08 166.54
U1417C-17H-5 127.57 148.78 172.24 Tie to U1417D-18H-3 17.29 150.57 172.24
U1417D-18H-6 123.99 156.14 177.81 Tie to U1417C-18H-2 120.88 153.71 177.81
U1417C-18H-3 103.75 155.04 179.14 Tie to U1417B-18H-1 90.79 153.51 179.14
U1417B-18H-5 77.27 159.37 185.00 Tie to U1417A-21H-2 109.36 160.99 185.00
U1417A-21H-3 135.07 162.75 186.76 Tie to U1417B-19H-1 12.14 161.32 186.76
U1417B-19H-4 111.97 166.82 192.26 Tie to U1417C-20H-2 149.74 167.10 192.26
U1417C-20H-5 100.65 171.11 196.26 Tie to U1417B-20H-2 80.73 169.19 196.26
U1417B-20H-7 38.01 176.06 203.14 Tie to U1417D-24H-2 3.57 177.24 203.14
U1417D-24H-3 47.73 179.18 205.08 Tie to U1417C-21H-4 7.77 178.18 205.08
U1417C-21H-4 145.23 179.55 206.45 Tie to U1417D-25H-1 51.17 180.91 206.45
U1417D-25H-3 106.26 184.46 210.00 Tie to U1417B-22H-3 21.32 181.33 210.00
U1417B-22H-4 47.19 182.62 211.29 Tie to U1417C-22H-1 16.37 183.26 211.29
U1417C-22H-7 54.03 192.34 220.37 Tie to U1417B-24H-1 77.58 188.28 220.37
U1417B-24H-1 77.58 188.28 220.37 Append U1417B-24H-4 54.00 192.09 224.18
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Table T12. Polarity chronozone interpretations, Site U1417.

B = bottom, T = top, M = middle.

Table T13. Shipboard age-depth models and sedimentation rates, Site U1417.  

Polarity zone interpretation
Age
(Ma) ± (Ma)

Depth
CCSF-B (m) ± (m)

C1n (B) Matuyama/Brunhes 0.781 0.02 111 1
C1r.1n (T) Jaramillo 0.988 0.02 133 1.5
C1r.1n (B) Jaramillo 1.072 0.02 140 1
C1r.2n (M) Cobb Mountain 1.179 0.02 150.5 1.5
C2n (T) Olduvai 1.778 0.02 186 2
C2n (B) Olduvai 1.945 0.02 205.5 1
C2r.1n (T) Reunion 2.128 0.02 220.5 2
C2r.1n (B) Reunion 2.148 0.02 224.5 4
C2r.2r (B) Gauss/Matuyama 2.581 0.02 287.5 1
C2An.3n (B) Gilbert/Gauss 3.596 0.02 365 5
C3n.1n (T) Cochiti 4.187 0.02 375 5
Middle of C3n.3n (B) Sidufjal to C3n.4n (B) Thvera 5.017 0.218 419 5
C3An.1n (T) 6.033 0.1 475 10
C3Bn (T) 7.14 0.1 585 20

Age
(Ma)

Average
depth

CCSF-A
(m)

Minimum
depth

CCSF-A
(m)

Maximum
depth

CCSF-A
(m)

Average
depth

CCSF-B
(m)

Minimum
depth

CCSF-B
(m)

Maximum
depth

CCSF-B 
(m)

Average
sed. rate
(m/m.y.)

Minimum
sed. rate
(m/m.y.)

Maximum
sed. rate
(m/m.y.)

0.0 0.00 0.00 0.00 0.0 0.0 0.0 135.0 118.4 153.0
0.5 78.03 57.80 98.27 67.5 50.0 85.0 135.0 118.4 153.0
0.5 78.03 57.80 98.27 67.5 50.0 85.0 130.0 110.3 148.2
1.0 153.18 144.51 161.85 132.5 125.0 140.0 130.0 110.3 148.2
1.0 153.18 144.51 161.85 132.5 125.0 140.0 75.0 61.2 88.5
1.5 196.53 184.97 208.09 170.0 160.0 180.0 75.0 61.2 88.5
1.5 196.53 184.97 208.09 170.0 160.0 180.0 75.0 63.2 86.4
2.0 245.12 234.97 255.27 207.5 200.0 215.0 75.0 63.2 86.4
2.0 245.12 234.97 255.27 207.5 200.0 215.0 145.0 134.2 156.9
2.5 323.26 313.26 333.26 280.0 270.0 290.0 145.0 134.2 156.9
2.5 323.26 313.26 333.26 280.0 270.0 290.0 85.0 67.1 106.0
3.0 365.76 348.26 383.26 322.5 305.0 340.0 85.0 67.1 106.0
3.0 365.76 348.26 383.26 322.5 305.0 340.0 65.0 42.3 88.0
3.5 398.26 383.26 413.26 355.0 340.0 370.0 65.0 42.3 88.0
3.5 398.26 383.26 413.26 355.0 340.0 370.0 40.0 18.3 58.9
4.0 418.26 403.26 433.26 375.0 360.0 390.0 40.0 18.3 58.9
4.0 418.26 403.26 433.26 375.0 360.0 390.0 40.0 20.1 60.6
4.5 438.26 423.26 453.26 395.0 380.0 410.0 40.0 20.1 60.6
4.5 438.26 423.26 453.26 395.0 380.0 410.0 45.0 23.5 66.9
5.0 460.76 448.26 473.26 417.5 405.0 430.0 45.0 23.5 66.9
5.0 460.76 448.26 473.26 417.5 405.0 430.0 55.0 34.5 72.5
5.5 488.26 473.26 503.26 445.0 430.0 460.0 55.0 34.5 72.5
5.5 488.26 473.26 503.26 445.0 430.0 460.0 55.0 35.6 74.3
6.0 515.76 503.26 528.26 472.5 460.0 485.0 55.0 35.6 74.3
6.0 515.76 503.26 528.26 472.5 460.0 485.0 110.0 68.9 149.2
6.5 570.76 533.26 608.26 527.5 490.0 565.0 110.0 68.9 149.2
6.5 570.76 533.26 608.26 527.5 490.0 565.0 95.0 44.4 140.2
7.0 618.26 593.26 643.26 575.0 550.0 600.0 95.0 44.4 140.2
7.0 618.26 593.26 643.26 575.0 550.0 600.0 60.0 32.9 92.1
7.5 648.26 633.26 663.26 605.0 590.0 620.0 60.0 32.9 92.1
7.5 648.26 633.26 663.26 605.0 590.0 620.0 20.0 1.0 40.1
8.0 658.26 648.26 668.26 615.0 605.0 625.0 20.0 1.0 40.1
8.0 658.26 648.26 668.26 615.0 605.0 625.0 10.0 0.0 25.1
8.5 663.26 653.26 673.26 620.0 610.0 630.0 10.0 0.0 25.1
8.5 663.26 653.26 673.26 620.0 610.0 630.0 10.0 0.0 24.7
9.0 668.26 658.26 678.26 625.0 615.0 635.0 10.0 0.0 24.7
9.0 668.26 658.26 678.26 625.0 615.0 635.0 10.0 0.0 23.2
9.5 673.26 663.26 683.26 630.0 620.0 640.0 10.0 0.0 23.2
9.5 673.26 663.26 683.26 630.0 620.0 640.0 10.0 0.0 23.6
10.0 678.26 668.26 688.26 635.0 625.0 645.0 10.0 0.0 23.6
10.0 678.26 668.26 688.26 635.0 625.0 645.0 5.5 5.3 5.7
39.0 838.26 830.26 846.26 795.0 787.0 803.0 5.5 5.3 5.7
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Table T14. Alternating field (AF) demagnetization steps used, Site U1417.

Hole Cores undertaken
AF demagnetization

steps (mT)

U1417A 1H, 2H, 3H, 4H 0, 5, 10, 15, 20
U1417A All other cores in Hole U1417A 0, 10, 20
U1417B All cores 0, 10, 20
U1417C All cores 0, 10, 20
U1417D Sections 13H-1, 13H-2, 14H-1, 14H-2, 14H-3, 14H-4, 15H-3 0, 5, 10, 15, 20
U1417D Sections 53X-2, 54X-1, 54X-2, 54X-3, 54X-4, 55X-3 0, 10, 20, 25, 30
U1417D Sections 51X-1, 51X-2, 51X-3, 52X-3, 54X-1 0, 10, 20, 25, 30, 35, 40
U1417D Sections 51X-4, 51X-5, 52X-1, 52X-2, 53X-1, 53X-2, 54X-2, 54X-3, 54X-4, 55X-1, 55X-3, 56X-1, 57X-1, 57X-2, 58X-1, 

58X-2, 58X-3, 59X-1, 59X-2, 59X-5, 59X-6, 64X-1
0, 10, 20, 25, 30

U1417D Section 65X-1 0, 10, 20, 25
U1417D All other cores 0, 10, 20
U1417E Sections 8R-4, 21R-1, 27R-3, 28R-1, 28R-2, 35R-1, 39R-3, 39R-6 0, 10, 20, 25, 30
U1417E Section 27R-1 0, 10, 20, 25
U1417E All other cores 0, 10, 20
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epth
SF-A
m)

Depth
CCSF-B

(m)

7.36 110.17
8.86 111.46

5.78 185.81
1.34 189.92
1.63 204.92
2.68 205.70

7.51 224.25
7.91 224.65
0.68 287.42
1.28 288.02

Hole U1417E

epth
SF-B
m)

Core, section,
interval (cm)

Depth
CSF-A
(m)

Depth
CCSF-A

(m)

Depth
CCSF-B

(m)

2.52
3.8
9.99
0.34

9.70
0.71

7.24 4R-4, 25 287.55 330.81 287.55
8.39 4R-4, 57.5 287.88 331.14 287.88
5 ±5
5 ±5
2 ±5 8R to 9R 418 ±5

14R to 15R 475 ±10
25R to 27R 585 ±20
Table T15. Position of the top (T) and bottom (B) of polarity chronozones and subchronozones, Site U1417.

Polarity boundary interpretation
Age 
(Ma)

Hole U1417A Hole U1417B

Core, section,
interval (cm)

Depth
CSF-A
(m)

Depth
CCSF-A

(m)

Depth
CCSF-B

(m)
Core, section,
interval (cm)

Depth
CSF-A
(m)

D
CC

(

C1n (B) Matuyama/Brunhes 0.781 Top 14H-5, 120 111.60 127.00 109.86 13H-1, 90 106 12
Base 14H-7, 10 113.50 128.90 111.49 13H-2, 90 107.5 12

C1r.1n (T) Jaramillo 0.988 Top 17H-2, 140 135.80 153.13 132.46
Base 17H-4, 10 137.50 154.83 133.93

C1r.1n (B) Jaramillo 1.072 Top 18H-1, 130 143.70 161.44 139.65
Base 18H-3, 22.5 144.85 162.59 140.64

C2n (T) Olduvai 1.778 Top 23H-4, 37.5 187.15 21
Base 24H-2, 25 189.25 22

C2n (B) Olduvai 1.945 Top 28H-2, 22.5 203.93 24
Base 28H-2, 127.5 204.98 24

C2r.1n (T) Reunion 2.128 Top
Base

C2r.1n (B) Reunion 2.148 Top 34H-1, 85 224.25 26
Base 34H-1, 125 224.65 26

C2An.1n (T) Gauss/Matuyama 2.581 Top 40X-3, 05 284.2 33
Base 40X-3, 60 284.8 33

Polarity chron interpretation
Age
(Ma)

Hole U1417C Hole U1417D

Core, section,
interval (cm)

Depth
CSF-A
(m)

Depth
CCSF-A

(m)

Depth
CCSF-B

(m)
Core, section,
interval (cm)

Depth
CSF-A
(m)

Depth
CCSF-A

(m)

D
CC

(

C1n (B) Matuyama/Brunhes 0.781 Top
Base

C1r.1n (T) Jaramillo 0.988 Top 15H-6, 110 131.1 150.45 130.13925 16H-4, 22 133.52 153.2 13
Base 16H-2, 105 134.55 155.04 134.1096 16H-5, 20 135 154.68 13

C1r.1n (B) Jaramillo 1.072 Top 17H-2, 120 141 161.84 13
Base 17H-3, 10 141.4 162.24 14

C2n (T) Olduvai 1.778 Top
Base

C2n (B) Olduvai 1.945 Top
Base

C2r.1n (T) Reunion 2.128 Top 36H-2, 102 221.32 261.63 21
Base 36H-3, 87 222.68 262.99 22

C2r.1n (B) Reunion 2.148 Top 
Base

C2An.1n (T) Gauss/Matuyama 2.581 Top 45X-1, 55 290.25 330.5 28
Base 45X-2, 30 291.4 331.65 28

C2An.3n (B) Gilbert/Gauss 3.596 Transition 53X 36
C3n.1n (T) Cochiti 4.187 Transition 54X 37
Middle of C3n.3n (B) Sidufjal to C3n.4n (B) Thvera 5.017 Transition 59X 42
C3An.1n (T) 6.033 Transition 
C3Bn (T) 7.14 Transition 
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Table T16. Vertical seismic profile direct arrival times, Hole U1417E.

Measured traveltimes are times between the arrival of the pulse at a hydrophone located 2 m below the air guns and at the receiver in the bore-
hole. Corrected traveltimes are times between sea level and the borehole receiver.

Receiver depth
WRF (m)

Receiver depth
WRF (m)

Measured one-way
traveltime (s)

Corrected one-way
traveltime (s)

Corrected two-way
traveltime (s)

4411.3 211.3 2.9299 2.9357 5.8714
4411.9 211.9 2.9309 2.9367 5.8734
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	Figure F59. Comparison of core and logging natural gamma radiation, Site U1417. Sand, ash, and volcaniclastic sediment intervals are combined observations from Holes U1417A–U1417E. Green dashed line = correspondence between sand intervals and low g...
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