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1. Background and objectives
Site U1605 (proposed Site MB-31A) was cored at 73°33.6421′N, 62°09.0687′W at 529 meters
below sea level (mbsl) on the outermost part of the northwest Greenland shelf margin into Baffin
Bay (Figure F1). Constrained by high-quality seismic data, the main objective was to recover
potential marine intervals within packages of flat-lying, semicontinuous reflections developed
between strong reflections that are interpreted as glacial unconformities within the topset strata
succession of the Melville Bugt Trough Mouth Fan (Figure F2) (Knutz et al., 2019; Newton et al.,
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Figure F1. Bathymetry map showing position of Site U1605 in relation to other Expedition 400 sites, as well as Expedition
344S Sites U0100–U0110. Gray line grid = regional 2D seismic data (TGS). Black line grids = high-resolution multichannel
seismic data (LAKO19). Yellow dotted line = seafloor area mapped by multibeam echosounder around deepwater sites.
Dotted outlines = areas covered by 3D seismic on the shelf, dark blue and light blue for ANU (2013) and PITU (2011) surveys,
respectively (Newton et al., 2017; Cox et al., 2021). Bathymetry shown outside areas mapped by spatial geophysical data is
based on International Bathymetric Chart of the Arctic Ocean (IBCAO) v. 3 (Jakobsson et al., 2012).
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2021). Site U1605 captures Seismic Units 7–10 with a target depth just below Seismic Horizon 6, 
corresponding to 282 meters below seafloor (mbsf; based on an average P-wave velocity of 2200 
m/s). The sequence is considered to extend to Early Pleistocene age and thus overlaps seismic-
stratigraphically with deepwater Sites U1603 and U1604. The primary lithology was assumed to be 
compacted diamicton with intervals of sand and pebbly mud and possibly marine to glaciomarine 
deposits (Figure F3). As such, low but variable recoveries were expected at Site U1605.

Site U1605 is mainly influenced by the West Greenland Current, which overflows the site as a 
subsurface water mass (temperature from >0° to 3°–5°C; salinity >34) below a cold, fresh surface 
layer sourced by Arctic water with contributions from Greenland freshwater in the uppermost 100 
m (temperature <0°C; salinity ~33.7 at the temperature minimum) (Tang et al., 2004; Münchow et 
al., 2015).
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Figure F2. A. Seismic profile (LAKO_1033) showing location of Site U1605 on the outer shelf of Melville Bugt, northwest 
Greenland. Interpreted Horizons 6–10 and the associated units (Seismic Unit 10 being topmost below a veneer of younger 
sediments) are indicated. TWT = two-way traveltime. Site U1605 depths are in meters based on the preferred time-depth 
model. B. Close-up bathymetry map with seismic survey lines in the vicinity of Site U1605. Gray line grid = regional 2D 
seismic data (TGS). Black line grid = high-resolution multichannel seismic data (LAKO19).

Parameter Proxy Full ice Termination Interglacial Super-interglacial Pre-GrIS

Ice sheet configuration indicators

Iceberg production IRD 0 to ++ ++++ 0 to + 0 0

Land exposure 10Be 0 0 + ++ +++

Ice cover 10Be/26AI <7 (burial) <7 (burial) 7 7 7

Terrigenous flux Volumetric sed. rate, sedimentary 
magnetism, NGR + to ++ +++++ + + + to ++

Terrestrial productivity Pollen, leaf waxes, DNA, fossils 0 + ++ +++ ++++

Sediment sourcing Elemental, magnetic, mineral, and 
isotopic provenance

Glacial flowline, warm 
- polythermal bed

Glacial flowline, 
warm bed

Multiple ice-rafted 
sources, reworked 

glacial

Fluvial, reworked 
glacial, more local Fluvial, basin only

Weathering intensity Mineralogy, grain size and texture 0 0 + ++ ++++

Glacial meltwater
Salinity reconstructions using �18O  
and trace elements in foraminifera, 

palmitic acid �D 
0 to + ++++ ++ 0 0 to +

Environmental indicators
Depositional processes
(Shelf environment) Lithofacies description Tills Glacial-marine, 
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Figure F3. Diagnostic template for interpreting different stages of ice sheet evolution on the northwest Greenland margin, 
Expedition 400. GrIS = Greenland ice sheet, brGDGT = branched glycerol dialkyl glycerol tetraether, isoGDGT = isoprenoid 
GDGT, IRD = ice-rafted debris, HBI = highly branched isoprenoid.
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The scientific objectives for drilling Site U1605 are complementary to Sites U1603 and U1604 but 
emphasize testing the hypothesis that the northern Greenland ice sheet underwent significant 
deglaciation, potentially related to exceptionally warm or prolonged super-interglacials (Schaefer 
et al., 2016; Christ et al., 2023). Additionally, multiproxy data from Site U1605 can assess the rego-
lith hypothesis for the change in orbital insolation frequency across the mid-Pleistocene transition 
(Clark and Pollard, 1998).

Planned drilling at Site U1605 included using the rotary core barrel (RCB) system from the sea-
floor to 282 m core depth below seafloor, Method A (CSF-A), in the first hole (U1605A). If inter-
vals of special interest (e.g., marine mud) were encountered, a second hole would be attempted by 
wash-down drilling followed by coring using the advanced piston corer (APC) system. Downhole 
logging was planned for the first hole, including the triple combo tool string, Formation Micro-
Scanner (FMS), and Versatile Seismic Imager (VSI) check shots.

2. Operations
Site U1605 hole location, water depth, and number of cores recovered are listed in Table T1. All 
times are local ship time (UTC − 3 h) unless otherwise noted.

Table T1. Core summary, Site U1605. DRF = drilling depth below rig floor, DSF = drilling depth below seafloor. Tagged = 
driller detected weight or torque on bit. R = RCB. NA = not applicable. (Continued on next page.) Download table in CSV 
format.

Hole U1605A
Latitude: 73°33.6421′N
Longitude: 62°9.0687′W
Water depth (m): 528.66
Date started (UTC): 0130 h; 10 September 2023
Date finished (UTC): 2045 h; 13 September 2023
Time on hole (days): 3.8
Seafloor depth DRF (m): 540
Seafloor depth est. method: Tagged
Rig floor to sea level (m): 11.34
Penetration DSF (m): 282
Cored interval (m): 282
Recovered length (m): 38.45
Recovery (%): 13.63
Drilled interval (m): NA
Drilled interval (no.): 0
Total cores (no.): 47
APC cores (no.): 0
HLAPC cores (no.): 0
XCB cores (no.): 0
RCB cores (no.): 47
Other cores (no.): 0

Core

Top
of interval 

DSF (m)

Bottom 
of interval 

DSF (m)

Interval 
advanced 

(m)

Recovered 
length 

(m)

Curated 
length 

(m)
Recovery 

(%)
Sections

(N)

Core on deck 
date 

(2023)

Core on deck 
time 

UTC (h)

400-U1605A-         
1R 0.0 0.1 8.0 3.20 3.20 40 3 10 Sep 1125
2R 8.0 10.0 2.0 0.91 0.91 46 2 10 Sep 1850
3R 10.0 16.7 6.7 1.60 1.60 24 2 10 Sep 2330
4R 16.7 21.4 4.7 0.88 0.88 19 2 11 Sep 0250
5R 21.4 26.2 4.8 0.53 0.66 11 2 11 Sep 0515
6R 26.2 30.9 4.7 0.08 0.08 2 1 11 Sep 0645
7R 30.9 35.7 4.8 0.53 0.65 11 1 11 Sep 0825
8R 35.7 40.4 4.7 0.57 0.64 12 1 11 Sep 1015
9R 40.4 45.2 4.8 0.33 0.40 7 1 11 Sep 1150
10R 45.2 49.9 4.7 0.66 0.77 14 1 11 Sep 1315
11R 49.9 54.7 4.8 0.10 0.15 2 1 11 Sep 1420
12R 54.7 59.4 4.7 0.13 0.13 3 1 11 Sep 1540
13R 59.4 64.2 4.8 0.40 0.50 8 1 11 Sep 1705
14R 64.2 68.9 4.7 0.79 1.04 17 1 11 Sep 1900
15R 68.9 73.7 4.8 0.12 0.12 3 1 11 Sep 2000
16R 73.7 78.4 4.7 0.40 0.55 9 1 11 Sep 2105
17R 78.4 83.2 4.8 0.34 0.40 7 1 11 Sep 2230
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2.1. Hole U1605A
The vessel transited 39 nmi from Site U1604 to Site U1605, arriving on location at 2200 h on 9 
September 2023. Observing that ice was a sufficient distance away from the vessel, the thrusters 
were lowered and secured at 2224 h, and the ship was fully in dynamic positioning mode at 2229 h. 
An RCB bottom-hole assembly (BHA) was made up and tripped down. We initially attempted to 
spud Hole U1605A based on a water depth of 524.1 mbsl. Following a 3 m advance, the core barrel 
returned empty. The pipe was lowered, and Hole U1605A was spudded at 0340 h on 10 September 
and recovered 3.2 m from an 8.0 m advance. The seafloor was established as 528.66 mbsl. Cores 
1R–47R advanced from 0 to 282.0 m CSF-A and recovered 38.45 m (13.6%). We then began pulling 
the drill string out of the hole, clearing the seafloor at 1535 h on 13 September. The drill string was 
tripped up with the bit at the surface at 1720 h. The drill floor was secured for transit, and the 
thrusters were raised and secured for transit at 1748 h, ending Hole U1605A and Site U1605.

The rate of penetration at Site U1605 was highly variable (0.16–28.8 m/h) and averaged 4.56 m/h. 
A total of 47 cores were taken in Hole U1605A over a 282.0 m interval with 13.6% recovery. Total 
time on Hole U1605A was 91.2 h (3.8 days).

3. Lithostratigraphy
Site U1605 consists of one hole (U1605A) cored to a total depth of 282.0 m CSF-A with 13.6% 
recovery. Site U1605 is on the northwest Greenland outer continental shelf at a modern water 
depth of ~530 m with low-angle, seaward-dipping seismic stratigraphy underlying inferred gravel 
at the seafloor. Because of low recovery, reporting lithostratigraphy and depositional history is 
limited at Site U1605. Magnetostratigraphy and biostratigraphy were restricted by discontinuous 

18R 83.2 87.9 4.7 0.89 0.89 19 2 12 Sep 0000
19R 87.9 92.7 4.8 2.04 2.04 43 3 12 Sep 0200
20R 92.7 97.4 4.7 3.21 3.21 68 3 12 Sep 0325
21R 97.4 102.2 4.8 0.70 0.85 15 1 12 Sep 0435
22R 102.2 106.9 4.7 1.19 1.19 25 1 12 Sep 0540
23R 106.9 111.7 4.8 0.00 NA 0 0 12 Sep 0630
24R 111.7 116.4 4.7 0.38 0.38 8 1 12 Sep 0710
25R 116.4 121.2 4.8 0.20 0.20 4 1 12 Sep 0820
26R 121.2 125.9 4.7 1.60 1.60 34 2 12 Sep 0935
27R 125.9 130.7 4.8 1.21 1.21 25 1 12 Sep 1050
28R 130.7 135.4 4.7 0.00 NA 0 0 12 Sep 1200
29R 135.4 140.2 4.8 0.58 0.71 12 1 12 Sep 1305
30R 140.2 144.9 4.7 0.41 0.57 9 1 12 Sep 1355
31R 144.9 149.7 4.8 0.00 NA 0 0 12 Sep 1430
32R 149.7 154.4 4.7 0.16 0.18 3 1 12 Sep 1520
33R 154.4 159.2 4.8 0.51 0.65 11 1 12 Sep 1615
34R 159.2 163.9 4.7 0.38 0.42 8 1 12 Sep 1655
35R 163.9 168.7 4.8 0.25 0.31 5 1 12 Sep 1745
36R 168.7 178.3 9.6 0.32 0.40 3 1 12 Sep 1840
37R 178.3 187.9 9.6 1.30 1.55 14 2 12 Sep 2055
38R 187.9 197.5 9.6 1.15 1.15 12 1 12 Sep 2240
39R 197.5 207.1 9.6 1.45 1.45 15 2 13 Sep 0100
40R 207.1 216.7 9.6 0.99 0.99 10 1 13 Sep 0255
41R 216.7 226.3 9.6 3.39 3.39 35 4 13 Sep 0550
42R 226.3 235.9 9.6 1.37 1.59 14 2 13 Sep 0800
43R 235.9 245.5 9.6 1.10 1.10 11 2 13 Sep 0950
44R 245.5 255.1 9.6 0.41 0.53 4 1 13 Sep 1115
45R 255.1 264.7 9.6 0.71 0.88 7 1 13 Sep 1250
46R 264.7 274.3 9.6 0.39 0.42 4 1 13 Sep 1505
47R 274.3 282.0 7.7 0.59 0.80 8 1 13 Sep 1650

Hole U1605A totals: 282.0 38.50 41.30 63
Site U1605 totals: 282.0 38.50 41.30 63

.0 .0 .0 .0 .0

Core

Top
of interval 

DSF (m)

Bottom 
of interval 

DSF (m)

Interval 
advanced 

(m)

Recovered 
length 

(m)

Curated 
length 

(m)
Recovery 

(%)
Sections

(N)

Core on deck 
date 

(2023)

Core on deck 
time 

UTC (h)

Table T1 (continued). 
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sampling and require further interpretation. The recovered sediment is tentatively interpreted as 
Pleistocene based on seismic stratigraphic constraint.

The stratigraphy of Site U1605 is described as one lithostratigraphic unit comprising two subunits 
(IA and IB; younger to older) (Figure F4; Table T2). Named sedimentary lithofacies include mas-
sive diamicton and stratified diamicton. A significant proportion of core recovered contains 
washed gravel (a core disturbance term) (see Lithostratigraphy in the Expedition 400 methods 
chapter [Knutz et al., 2025]) with lithologies consistent with clasts present in the diamicton. Of the 
~13% recovered, ~8% (~23 m cumulative) is diamicton, with the remaining ~5% made up of 
washed gravel.

Lithostratigraphic Subunit IA contains the uppermost ~83 m and is composed of massive diamic-
ton and washed gravel. Subunit IB extends from 83 to 275.1 m CSF-A (deepest recovery) and con-
sists of massive diamicton, stratified diamicton, and washed gravel.

Figure F4. Lithostratigraphic summary, Site U1605. Because of discontinuous core recovery, the physical property plots in 
this chapter emphasize the measurements of discrete recovered intervals instead of downcore trends. Changes in physical 
properties did not appear to correlate to lithologic changes. MSP and RGB data were filtered to exclude measurements 
greater than one standard deviation from the whole mean with the intention of excluding most pebbles, cobbles, or boul-
ders and making the plot more representative of the recovered diamicton intervals. NGR data were not filtered prior to 
plotting. MS data are from the SHMSL. Red minus blue values were calculated by subtracting the blue magnitude from the 
red magnitude of RGB data. NGR measurements were made on whole rounds. cps = counts per second. Light-colored 
points = individual filtered measurements, black points = box plots at the median depth of the represented population. Box 
plots show the interquartile range (box) and the median (thick black line), and the whiskers of the plot extend to 1.5 times 
the interquartile range values. Transparent, amorphous shapes around the box plots are violin plots of the same data. Rela-
tive thickness at any x value shows the relative likelihood (kernel density estimate) of a member of the population occurring 
at that value.
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Table T2. Lithostratigraphic unit, Site U1605. Recovery percentages are based on core level recovery. Recovered meters are 
calculated from curated lengths. Download table in CSV format.

Lith.
unit

Top 
core, section, 
interval (cm)

Bottom 
core, section, 
interval (cm)

Top 
depth 

CSF-A (m)

Bottom 
depth

CSF-A (m)
Recovered

(%)
Recovered

(m)

400-U1605A- 400-U1605A-
IA 1R-1, 0 18R-1, 0 0.00 83.20 14 11.57
IB 18R-1, 0 47R-1, 80 83.20 275.1 14 26.88
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Overall, the sedimentary succession collected at Site U1605 is consistent with an ice-proximal, 
subglacial, or proglacial glaciomarine depositional environment.

3.1. Unit descriptions
Site U1605 is summarized as one lithostratigraphic unit comprising two subunits (IA and IB; 
younger to older) (Figure F4; Table T2). Downhole changes in lithology were determined using a 
combination of visual core description, microscopic characterization (using smear slides, grain 
mounts, and thin sections), reflectance spectroscopy and colorimetry, physical property logs 
(magnetic susceptibility [MS], natural gamma radiation [NGR], and gamma ray attenuation [GRA] 
density), and bulk and clay mineralogical analyses by X-ray diffraction (XRD) (see Lithostratigra-
phy in the Expedition 400 methods chapter [Knutz et al., 2025]). Both subunits contain intervals of 
poor recovery and recovery of washed gravel that is inferred to represent the coarse clastic compo-
nents of sediments with an unconsolidated matrix.

3.1.1. Unit I

3.1.1.1. Subunit IA

Interval: 400-U1605A-1R-1, 0 cm, to 18R-1, 0 cm
Depth: 0–83.20 m CSF-A
Thickness: 83.2 m
Age: Pleistocene?
Lithology: clast-poor to clast-rich, muddy to sandy diamicton, washed gravel

Lithostratigraphic Subunit IA is characterized by clast-poor, muddy to sandy diamicton that is 
predominantly massive in structure. Drilling this subunit also yielded large quantities of up to 
cobble-sized clasts of predominantly igneous and metamorphic lithologies, including weakly 
banded granitic gneisses, amphibolite, garnet-bearing lithologies, strongly foliated metamorphic 
rocks, and felsic and mafic plutonic igneous lithologies. Rare occurrences of sedimentary and 
metasedimentary rocks (e.g., marble and sandstone clasts) are also observed. The surfaces of some 
pebbles and cobbles are covered in a mud matrix.

3.1.1.2. Subunit IB

Interval: 400-U1605A-18R-1, 0 cm, to 47R-1, 80 cm CSF-A (bottom of the hole)
Depth: 83.2–275.1 m CSF-A
Thickness: 191.9 m
Age: Pleistocene?
Lithology: clast-rich sandy diamicton, sandy mud, washed gravel

Lithostratigraphic Subunit IB is characterized by clast-rich sandy diamicton that is predominantly 
massive in structure, with thin intervals containing mud laminae and soft-sediment deformation 
features. Drilling this lithostratigraphic unit also yielded large quantities of up to boulder-sized 
clasts of igneous, metamorphic, and sedimentary rock lithologies, including granite, weakly 
banded granitic gneisses, amphibolite, garnet-bearing and strongly foliated metamorphic rocks, 
and limestone. The surfaces of some pebbles and cobbles are covered in a mud matrix.

3.2. Lithofacies descriptions
At Site U1605, two diamicton lithofacies are distinguished primarily by the presence and degree of 
stratification.

3.2.1. Lithofacies 1: massive diamicton
Lithofacies 1 consists of a predominantly dark gray to dark grayish brown massive clast-poor to 
clast-rich, sandy diamicton with rare muddy intervals and clast clusters (Figure F5). Massive diam-
icton intervals that do not have strong or severe coring disturbance are consolidated and do not 
show any signs of cementation. In macroscopic observation, the diamicton matrix (<2 mm) is 
poorly sorted and predominantly sand rich. The gravel (>2 mm) component of the diamicton is 
polymict and consists of clast sizes ranging up to boulder size (>30 cm). Pebbles are subrounded to 
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angular in shape. Pebbles and cobbles consist of felsic and mafic plutonic igneous lithologies, 
banded and foliated granitic gneisses, amphibolite, and garnet-bearing metamorphic lithologies. 
Rare cemented sedimentary rock clasts are also observed and consist of fine sandstones and car-
bonates. The smear slide analyses show that the matrix of massive diamicton consists of very 
poorly sorted sand and silt with angular to subangular grains of quartz and feldspar, with accessory 
minerals including amphibole and muscovite.

Lithofacies 1 represents deposition in an ice-proximal depositional environment either in a sub-
glacial to proglacial or proximal glaciomarine setting. The upper and lower contacts of this litho-
facies with other lithofacies were not recovered, and its depositional relationship with other facies 
cannot be inferred.

3.2.2. Lithofacies 2: weakly stratified diamicton
Lithofacies 2 consists of dark grayish brown weakly stratified, clast-poor, muddy to sandy diamic-
ton with variations in matrix grain size over decimeter-scale intervals, as well as wispy mud lami-
nae and mud beds up to 2 cm thick. There are intervals of stratification in Cores 400-U1605A-16R, 
18R, 22R, and 40R. Mud laminae are affected by soft-sediment deformation (Figure F6). Clasts are 
up to cobble size (6–30 cm). Granules and pebbles locally appear as clusters and are subrounded to 
angular in shape. In smear slides, the matrix is rich in fine silt with silt- and sand-sized grains of 
quartz, feldspar, amphibole, and mica composition.

Lithofacies 2 likely represents deposition from floating ice in an ice-proximal glaciomarine depo-
sitional environment. Mud laminae may result from suspension settling of fine material out of 
meltwater plumes, and changes in diamicton matrix grain size may signal current activity or vari-
ations in deposition from floating ice. Soft-sediment folding may result from gravitational instabil-
ity due to high pore water pressures in rapidly accumulating sediment. Deformation in a subglacial 
environment is also a possibility, but mud laminae such as those observed in Lithofacies 2 would 
be unlikely to survive high strain rates.

3.3. Gravel lithologies
A substantial amount of gravel-grade (ranging to boulder-sized) material was recovered through-
out Hole U1605A. Some gravel clasts occurred within diamicton, but substantial amounts of 

Figure F5. Lithofacies 1 (massive diamicton), Hole U1605A. Paired SHIL and X-Ray Linescan Logger (XSCAN) images show-
ing (A) clast-rich sandy diamicton and (B) clast-poor sandy diamicton.

U1605A-19R-1A B U1605A-1R-2
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washed gravel were also recovered. Washed gravel often results when coring unconsolidated sedi-
ments with considerable coarse-grained content, such as diamicton, sand, or conglomerate. In
these intervals, sand and mud material is inferred to have been lost during drilling.

Gravel-grade lithologies are dominated by a wide range of crystalline rock types derived from plu-
tonic igneous and metamorphic sources (Figure F7). The most common igneous rock type is gran-
ite, with lesser amounts of granodiorite, amphibolite, and gabbro. Metamorphic lithologies are
dominated by various types of granitic gneiss, with minor contributions of schist, quartzite, and
marble. Only two clasts of sedimentary origin were recorded, one limestone and one sandstone
(see Smear slide and thin section analysis). Although the degree of rounding for washed gravel
was difficult to determine due to damage incurred during drilling, pebble-sized and larger clasts
within diamictons range from angular to subrounded (Figure F8).

3.4. Smear slide and thin section analysis
Eight smear slides were taken during core description to ascertain the matrix composition of
diamicton lithologies. Clay, contributing 5%–40% of the matrix, is too fine grained for mineralog-
ical identification using petrographic methods. Silt (50%–80% of matrix) and sand-sized (typically

U1605A-18R-1A CU1605A-22R-1 B U1605A-43R-1

Figure F6. Lithofacies 2 (stratified diamicton), Hole U1605A. A–C. Paired SHIL and XSCAN images. Dashed white lines on the
SHIL images = boundaries between areas of the core with different grain sizes in the matrix. The stratification in these facies
consists of variability in the matrix grain size and sometimes variation in clast content. Colors in each image were stretched
individually to highlight lithologic changes. White arrows = location of large fractures. Color changes adjacent to these
fractures are likely due to differential drying and are not depositional.



P.C. Knutz et al. · Site U1605 IODP Proceedings Volume 400

https://doi.org/10.14379/iodp.proc.400.105.2025 publications.iodp.org · 9

25% of grains in smear slides) grains are of terrigenous origin. Silt and sand compositions are dom-
inated by quartz and feldspar minerals. Rare accessory grains include muscovite, chlorite, amphi-
bole, pyroxene, olivine, and opaque minerals. Trace amounts of garnet, biotite, tourmaline, 
sillimanite, rutile, and igneous rock fragments were also observed. The angularity of grains ranges 
from angular to subrounded, with the degree of rounding increasing with increasing grain size.

Three diamictons were sampled for thin sectioning (Samples 400-U1605A-2R-1, 21–24 cm, 3R-
CC, 11–15 cm, and 27R-1, 36–39 cm) to examine internal texture. Unfortunately, this effort was 
unsuccessful due to the friable nature of the sediment upon drying and a lack of suitable facilities 
for vacuum impregnation of mud-rich sediment. Two thin sections were prepared from sedimen-
tary pebbles, including one clast of limestone (Sample 29R-1, 32–33 cm) and one of sandstone 
(Sample 38R-1, 0–2 cm). The limestone pebble is fine grained with a silty matrix and contains 
rounded intraclasts of carbonate mudrock. The sandstone pebble is a coarse-grained lithic sand-
stone with coarse, blocky calcite cement filling intergranular pore space. Framework grains are 
dominated by plutonic igneous rock fragments, quartz, and feldspar, with minor metamorphic 
rock fragments, chert, and biotite.

3.5. Clay and bulk mineralogy results
Bulk XRD analyses were performed on three samples from Hole U1605A to determine the mineral 
compositions of the two lithostratigraphic subunits (Table T3): Samples 1R-2, 94–95 cm (Subunit 
IA), 27R-1, 84–85 cm, and 43R-1, 33–34 cm (Subunit IB). The measurements do not indicate any 
difference in the mineralogical composition between the two subunits. Both are dominated by 
quartz, which is the most abundant component, along with common phases such as feldspar, pla-
gioclase, and illite.

U1605A-10R-1

U1605A-14R-1

U1605A-7R-1

U1605A-38R-1 U1605A-43R-CC

U1605A-45R-1

A B C

D
E

F

Figure F7. Washed gravel, Hole U1605A. A. Cobble of felsic plutonic igneous rock (granite). B. Cobble of intermediate-mafic 
plutonic igneous rock. C, D. Pebbles of granitic gneiss. E. Pebble of white marble. F. Cobble of fine-grained quartzite.

U1605A-3R-1

Figure F8. Clast-poor, sandy diamicton (400-U1605A-3R-1). Granules and very fine pebbles are a mix of quartz grains, feld-
spar grains, and crystalline igneous and metamorphic lithologies. Clasts are subrounded to angular.
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Clay XRD analyses were performed on nine samples from Hole U1605A from both lithostrati-
graphic subunits and from the two lithofacies. A qualitative and ratio-based summary of XRD 
results is given in Table T4 for clay compositions. The clay XRD measurements do not indicate 
any change downhole, with a clay composition dominated by chlorite and illite and no significant 
variation in the chlorite/illite ratio.

3.6. Preliminary depositional interpretation
Site U1605 recovered a sequence tentatively interpreted as Pleistocene sediment from the outer 
continental shelf. Where recovery is present, Lithostratigraphic Subunits IA and IB record sub-
glacial and/or ice-proximal glaciomarine depositional environments. Where weak stratification 
occurs, it could suggest possible current activity, changes in deposition attributed to floating ice, 
and/or meltwater plume influence. Poor recovery at Site U1605 limits the ability to interpret the 
full scope of depositional environments.

4. Biostratigraphy

4.1. Biostratigraphy and paleoenvironment
Site U1605, situated ~39 nmi northwest of Site U1604 on the Greenland shelf at a water depth of 
528.7 m, was the first of the shelf targets. The goal was to recover an outer shelf sedimentary 
sequence extending to the early Pleistocene. Recovery of the muddy to sandy and muddy diamic-
tons characteristic of Site U1605 was consistently poor throughout the ~280 m rotary cored inter-
val. Some cores were empty, and others only contained hard rock clasts (gravel to boulder sized), 
including granites, gneiss, marble, and quartzite lithologies (see Lithostratigraphy) and did not 
produce core catcher sediment samples. Where sediment was recovered, core catcher samples 
consisted of dark gray, clast-rich massive to weakly stratified diamicton. Despite the indurated 
nature of the diamicton, the material disaggregated relatively easily. A total of 12 core catcher sam-
ples from the 47 cores of Hole U1605A were prepared and examined for foraminifera, diatoms, 

Table T3. XRD results from bulk samples, Site U1605. Semiquantitative assessment of mineral abundance based on a com-
parison of peak intensities. XRD signatures are not linearly proportional to real mineral abundances. The approximate 
abundances are as follows: A (abundant) = >30%, C (common) = 10%–30%, F (few) = 3%–10%, R (rare) = <3%. Download 
table in CSV format.

Core, 
section

Interval 
(cm)

Sample 
type Quartz K-feldspar Plagioclase Illite Chlorite Kaolinite Smectite Augite Amphibole

400-U1605A-
1R-2 94–95 Bulk A C C F R R F
27R-1 84–85 Bulk A C A F R R R
43R-1 33–34 Bulk A F C F R R R R

Table T4. XRD results from the glycolated clay fraction (<4 μm), Site U1605. Counts refer to peak intensities following back-
ground subtraction. Clay-mineral ratios are based on peak intensities, which are not linearly proportional to mineral con-
centrations. Download table in CSV format.

Core, 
section

Top
offset 
(cm)

Bottom 
offset
(cm) Sample ID Sample type

Illite 
(10 Å counts)

Chlorite 
(14 Å counts)

Chlorite 14 Å
vs. 

Illite 10 Å

400-U1605A-
1R-2 134 135 WDGE12709211 Clay glycolated 2287 238 0.10
2R-1 57 58 WDGE12709641 Clay glycolated 3251 364 0.11
18R-1 35 36 WDGE12712111 Clay glycolated 3747 667 0.18
20R-2 86 87 WDGE12712541 Clay glycolated 2185 620 0.28
22R-1 95 96 WDGE12712811 Clay glycolated 8689 1773 0.20
27R-1 64 65 WDGE12713711 Clay glycolated 4903 594 0.12
39R-1 51 52 WDGE12714531 Clay glycolated 5976 697 0.12
40R-1 25 26 WDGE12714971 Clay glycolated 4120 595 0.14
43R-1 31 32 WDGE12715991 Clay glycolated 4015 510 0.13
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dinoflagellate cysts (dinocysts), and other palynomorphs. Mudline samples were also examined 
for all microfossil groups. A mudline sample (~10 g) was also collected as a modern DNA refer-
ence for Hole U1605A. No samples other than the mudline were collected for sedimentary ancient 
DNA analysis.

The analyzed samples from Hole U1605A are largely barren of foraminifera and diatoms. Diatoms 
are visually absent in the majority of the samples observed, except in the mudline sample (400-
U1605A-1R-1, 0 cm), which contains rare, poorly preserved diatoms typical of modern Arctic 
marine environments. Dinocysts and other palynomorphs, including Leisopheres (a group of 
acritarchs), were observed in multiple samples (Figure F9).

4.1.1. Foraminifera
In contrast to Sites U1603 and U1604, the >63 μm fraction of the Hole U1605A mudline sample is 
dominated by fine sand and silt and almost barren of biological remains. Additional sieving using 
a 20 μm mesh sieve revealed fine silt and scarce needlelike diatom fragments. The diatom prepa-
ration revealed one benthic foraminifera in the mudline sample. A single, poorly preserved speci-
men of a planktonic foraminifera was found in Section 400-U1605A-1R-CC. No other planktonic 
or benthic foraminifera were found. The >63 μm residues comprise sand and gravel up to 2 cm in 
diameter (Figure F10A). Sand grains include angular igneous and metamorphic rock fragments 
with little variability in composition downhole (Figure F10B, F10D–F10H). Grains of garnet, 
amphibole, and hornblende are notable (Figure F10C). Quantities of sand vary among core catch-
ers but are consistently larger than those in the slope site environment represented in Site U1603 
(Figure F10I).

4.1.2. Diatoms
We examined 17 samples, primarily from core catcher sections, for diatoms. Diatoms were 
observed only in the mudline sample (400-U1605A-1R-1, 0 cm), with trace to rare amounts and 
poor preservation. Species observed include Actinocyclus curvatulus, Asteromphalus robustus, 
Chaetoceros spp. resting spores, Coscinodiscus oculus-iridis, Rhizosolenia hebetata f. hebetata, 
Rhizosolenia hebetata f. semispina, and Thalassiothrix longissima. The specimens observed are 
typical of the modern assemblages living in the Arctic region.
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Figure F9. Lithostratigraphic summary with palynomorph trends, Site U1605. See Lithostratigraphy for a full description. 
A. MS. B. RGB data. C. NGR. cps = counts per second. D. Trends in palynomorphs. n/o = not observed, p = present, c = com-
mon, a = abundant.
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4.1.3. Palynology
In total, 15 samples, primarily from core catcher sections, were processed and analyzed following
the procedure described in Biostratigraphy in the Expedition 400 methods chapter (Knutz et al.,
2025). Overall, palynomorphs, and notably the dinocysts among them, were found to be scarce,
and no quantitative analysis was conducted. Occurrences of palynofacies categories and palyno-
morphs for all Site U1605 samples are shown in Table T5 and Figure F9. Compared to the palyno-
morph assemblages of Sites U1603 and U1604, concentrations of in situ dinocysts and pollen, as
well as reworked material, are much lower at Site U1605.

All dinocyst species observed in the analyzed material are consistent with a Pleistocene age. Pres-
ervation of in situ dinocysts is good where they occur, although abundances are very low across
the entire studied interval. Rarity of palynomorphs during the Quaternary in the Arctic Ocean can
be explained by the small number of dinoflagellates around the Arctic that form fossilizable cysts
(Okolodkov, 1998) and the general ecological preference of dinoflagellates for warmer waters (e.g.,
Matthiessen et al., 2005).

Dinocyst species belonging to the genus Brigantedinium spp. are present in 3 out of 15 samples
(Sections 400-U1605A-4R-CC, 18R-CC, and 24R-1).

In addition to in situ palynomorphs, varying abundances of reworked palynomorphs were
recorded in 14 out of 15 samples. These reworked palynomorphs consist of pollen and spores (Fig-
ure F11A–F11C). Unlike Sites U1603 and U1604, no marine reworked palynomorphs were
recorded in these sediments. A small foraminifera was recorded in Sample 400-U1605A-37R-CC
(Figure F11D).

Notably, the acritarch Leiosphaeridia (Figure F11E) is present in 10 of 15 samples, with its highest
occurrences in samples from Sections 400-U1605A-2R-CC, 3R-CC, 22R-CC, and 39R-CC. At

U1605A-2R-CC-PAL, >63 µm U1605A-2R-CC-PAL, >63 µmU1605A-2R-CC-PAL, >63 µm

U1605A-5R-CC-PAL, >500 µm U1605A-15R-CC, >500 µm U1605A-18R-CC-PAL, >500 µm

U1605A-22R-CC-PAL, >500 µm U1605A-25R-1, 11-16 cm, >63 µm

A B C

D E F

G H I

1 mm 1 mm 1 mm

1 mm 1 mm 1 mm

1 mm 1 mm

Figure F10. Coarse grain fractions recovered from sieved foraminifera sample residues and one view of a sample before
sieving, Site U1605. A. Close-up of the unprocessed diamicton with in situ clasts. B, D–H. Lithic clasts comprising rock frag-
ments and mineral grains. C. Isolated minerals common to the Site U1605 sand fraction, including (by rows from the top):
quartz, feldspar, garnet, hornblende, and an unidentified green mineral. I. Comparison of sand fraction volumes (>63 μm)
from Sites U1603 (left) and U1605 (right) showing the relatively larger contribution of sand at the shelf site (U1605) com-
pared to the slope site (U1603).

Table T5. Palynofacies categories and palynomorphs for all samples, Site U1605. Download table in CSV format.
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present in the Arctic, this acritarch is found at the seasonal sea ice edge (Mudie, 1992) and is there-
fore often used as a proxy to indicate the presence of sea ice (Hartman et al., 2021; Hannah, 2006). 
Abundances of Leiosphaeridia are higher and more consistent at Site U1605 compared to Sites 
U1604 and U1603.

5. Paleomagnetism
Recovery from Site U1605 was generally poor, and the recovered material contains many intervals 
of only large clasts. Some cores also contain intervals of diamicton (see Lithostratigraphy). We 
measured the diamicton intervals on the superconducting rock magnetometer (SRM) wherever 
they appeared as relatively cohesive sections of at least 40 cm. We also collected 11 discrete cube 
samples from this site, which were measured on the SRM.

5.1. Discrete sample measurements
We collected 11 discrete cube samples from Hole U1605A. Of these, eight cubes were cut from the 
diamicton intervals using a parallel saw, and three were collected using “Japanese” Natsuhara-
Giken cubes (J-cubes) pushed into the diamicton. All specimens were measured after stepwise 
demagnetization up to an 80 mT peak alternating field (AF) demagnetization. Demagnetization 
behavior is shown in Zijderveld diagrams (Zijderveld, 1967) in Figure F12. The drill string over-
print is typically removed by the 15 mT AF demagnetization step. Several discrete specimens 
behaved in a manner consistent with normal (Figure F12A, F12E) and reversely (Figure F12B, 
F12F) magnetized specimens, whereas others (Figure F12C, F12D) were demagnetized at such 
low coercivities (Figure F12G, F12H) that their polarity is in doubt.

Anisotropy of MS (AMS) and volume-normalized bulk MS were measured on nine discrete spec-
imens. The data are reduced to a 3 × 3 tensor with eigenvalues (τ1, τ2, and τ3) and eigenvectors (V1, 
V2, and V3), where τ1 is the maximum eigenvalue associated with eigenvector V1 and τ1 > τ2 > τ3. 
We plot the eigenvector directions in Figure F13. The inclination of the minimum axis (V3; blue 
circles) is expected to be vertical in most sediments, which is the case for only a few of the speci-
mens. Most show sedimentary fabrics that may indicate disturbance.

U1605A-2R CC-PAL 

U1605A-2R-CC-PAL U1605A-2R-CC-PAL 

U1605A-3R-CC-PAL

100 μm
U1605A-37R-CC-PAL

A B C

D E

Figure F11. Palynomorphs and other fossils present in varying abundances throughout the studied interval, Site U1605. 
A. Spore. B. Pollen. C. Lycopodium spore. D. Benthic foraminifera. E. Acritarch Leiosphaeridia. Scalebar of 100 μm applies to all 
images.
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Figure F12. Representative progressive AF demagnetization behavior, Site U1605. A–D. Representative vector endpoint 
diagrams for (A) normal polarity and (B) reversed polarity specimens and (C, D) specimens nearly completely demagnetized 
at low coercivities. Red dots = horizontal projections, blue squares = vertical projections. E–H. Magnetization remaining 
after each demagnetization step for the specimens in A–D, normalized to the natural remanent magnetization (unit = A/m).

0.0 0.5 1.0

0.00

0.25

0.50

0.75

C
irc

le
s:

 Y
; S

qu
ar

es
: Z

0 mT

20 mT

U1605A-18R-1, 39 cmA

0 20 40 60 80

0.00

0.25

0.50

0.75

1.00

Fr
ac

tio
na

l m
ag

ne
tiz

at
io

n

NRM =  2.55e-01

U1605A-18R-1, 39 cmE

−1.0 −0.5 0.0 0.5 1.0 1.5

−0.5

0.0

0.5

1.0

C
irc

le
s:

 Y
; S

qu
ar

es
: Z

0 mT

20 mT
U1605A-41R-3, 16 cmB

0 20 40 60 80
0.00

0.25

0.50

0.75

1.00

Fr
ac

tio
na

l m
ag

ne
tiz

at
io

n

NRM =  4.72e-02

 U1605A-41R-3, 16 cmF

0.0 0.5 1.0

0.00

0.25

0.50

0.75

1.00

C
irc

le
s:

 Y
; S

qu
ar

es
: Z

0 mT

20 mT

U1605A-40R-1, 37 cmC

0 20 40 60 80
0.00

0.25

0.50

0.75

1.00

Fr
ac

tio
na

l m
ag

ne
tiz

at
io

n

NRM =  1.15e-01

 U1605A-40R-1, 37 cmG

−0.5 0.0 0.5 1.0
X: rotated so that NRM Dec = 0

0.00

0.25

0.50

0.75

1.00

C
irc

le
s:

 Y
; S

qu
ar

es
: Z

0 mT
20 mT

U1605A-41R-2, 53 cmD

0 20 40 60 80
Step (mT)

0.00

0.25

0.50

0.75

1.00

Fr
ac

tio
na

l m
ag

ne
tiz

at
io

n

NRM =  7.05e-02

U1605A-41R-2, 53 cmH
X: rotated so that NRM Dec = 0 Step (mT)

X: rotated so that NRM Dec = 0 Step (mT)

X: rotated so that NRM Dec = 0 Step (mT)

Figure F13. AMS data, Site U1605. Equal area projections of the eigenvectors of the AMS ellipsoids. All directions are plot-
ted in the lower hemisphere. Orange squares = V1 directions, green triangles = V2 directions, blue circles = V3 directions. In 
undisturbed sedimentary units, the minimum axes are near vertical (center of the diagram) and the maximum and interme-
diate directions are indistinguishable in the horizontal plane. Most of the specimens from Site U1605 plot well away from 
the vertical, suggestive of a disturbed fabric.
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5.2. Archive-half measurements
The natural remanent magnetization and the remanence after 10 and 20 mT peak AF demagneti-
zation were measured on 16 archive section halves. The measured sections consisted of continu-
ous intervals of diamicton at least 40 cm in length. Data were filtered as follows:

• All measurements within 10 cm of section ends were deleted to remove the edge effects 
associated with pass-through measurements.

• Intervals with drilling disturbances as defined by the disturbance intensity code of “moderately 
disturbed” or greater (see Lithostratigraphy in the Expedition 400 methods chapter [Knutz et 
al., 2025]) were removed.

• Core linescan images and X-radiographs in intervals of suspect directions were examined to 
assess where lithologic features such as dropstones or concretions necessitated removal of 
intervals.

Data from the 20 mT demagnetization step are shown in Figure F14. Unfiltered data are plotted 
with gray dots, and filtered data are plotted with black dots. Inclination and declination calculated 
from the 20 mT demagnetization step on the discrete specimens are shown as red stars. The data 
above about 217 m CSF-A have steeply downward directions consistent with normal polarity, and 
below that, they are steeply upward directed, which is consistent with reversed polarity.

We plot the kernel density estimate of the inclination data in Figure F15. There are two distinct 
humps, but many inclinations are in the indeterminate region between steeply down (normal) and 
steeply up (reversed). It is possible that the change from normal to reversed polarity is the 
Brunhes/Matuyama boundary (0.773 Ma; Ogg, 2020), but the discontinuous recovery and lack of 
other context make this interpretation tentative.
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6. Physical properties
Physical property data were acquired on all cores from Hole U1605A using the Whole-Round 
Multisensor Logger (WRMSL) for wet bulk density from GRA, MS, and P-wave velocity (using the 
P-wave logger [PWL]). We also measured NGR in all sections longer than 50 cm. NGR measure-
ments were taken upon arrival in the laboratory, whereas WRMSL logging was done after equili-
bration to room temperature.

After the whole rounds were split into halves, we acquired X-ray imaging of the archive halves of 
every core. Thermal conductivity was measured in one working section half per core. The Section 
Half Multisensor Logger (SHMSL) was used to measure point MS (MSP) and color reflectance 
using the L*a*b* color system, and the red-green-blue color space (RGB) of the sediments was 
captured with the Section Half Imaging Logger (SHIL). In addition, we determined P-wave veloc-
ities at discrete points on the working section halves for almost all cores at Site U1605. In general, 
we measured P-wave velocity in one section per core, but measurements were taken at variable 
intervals to accommodate lithologic variations. P-wave values at Site U1605 are strongly influ-
enced by the presence of abundant clasts. Samples for moisture and density (MAD) were taken 
wherever possible; however, the abundance of gravel recovered at Site U1605 limited MAD sam-
pling to compacted diamicton intervals. Nevertheless, discrete wet bulk density, dry bulk density, 
grain density, and porosity were obtained for the sedimentary intervals of Site U1605. The sensors 
worked correctly, and the data are of good quality. All analyses described in this section are 
reported in meters CSF-A, unless otherwise stated.

Prominent variations in physical property values occur at similar depths to those in the NGR, den-
sity, and MS signals and are associated with major lithologic changes in the cores. However, the 
low recovery obtained at this site prevents further interpretation of the physical properties.

6.1. Physical property measurements and measurement intervals
High-resolution physical property measurements were made on all cores from Hole U1605A to 
provide basic information on sediment composition and variability. Low recovery, coupled with 
washed gravel indicating core disturbance (see Lithostratigraphy), resulted in low-quality physi-
cal property data downhole. The WRMSL measured bulk density by GRA, MS, and compressional 
P-wave velocity on the PWL at 2 cm intervals. Core gaps and cracks yielded generally poor-quality 
data on all WRMSL measurements. In particular, PWL readings are not robust because material 
recovered with the RCB system has a slightly smaller core diameter and does not fill the liner 
entirely. The lack of proper contact between the caliper and the sediment leads to large standard 
deviations in the measurements. Thus, PWL values are only of use in correlation with PWC veloc-
ities. NGR was measured with a counting period of 300 s at 10 cm intervals (see Physical proper-

Figure F15. Kernel density plots of inclination data, Site U1605. Measurements were made on archive section halves after 
AF demagnetization to 20 mT. The two modes support the interpretation of the presence of normal and reversed polarity 
intervals.
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ties in the Expedition 400 methods chapter [Knutz et al., 2025]) on one section per core from Site 
U1605.

After the cores were split, the archive section halves were X-rayed. Thermal conductivity was 
measured using the TK04 (Teka Bolin) system with a puck probe from the working section halves. 
P-wave caliper (PWC) velocity was acquired in one working section half per core. PWC measure-
ments were occasionally obtained on individual rocks in the washed gravel intervals, which biases 
the values toward high velocities not representative of the formation. However, those high values 
on the PWC help enhance the velocity model on intervals with common clasts. MSP and color 
reflectance were measured at 2 cm intervals using the SHMSL, and section-half images were col-
lected with the SHIL on all archive section halves. Additionally, discrete samples were taken for 
MAD measurements on those cores that recovered sedimentary material. They were processed on 
board to determine water content, wet bulk density, dry bulk density, grain density, and porosity.

All physical property analyses were carried out. Low-quality measurements were noted and asso-
ciated with poor recovery and the lithology, which shows abundant igneous rocks and gravel at 
Site U1605.

6.1.1. Whole-Round Multisensor Logger measurements
Results from the Natural Gamma Radiation Logger (NGRL) and WRMSL measurements for Hole 
U1605A are compiled in Figure F16. We measured high-resolution data (2 cm intervals) for all the 
cores using the WRMSL. The cores rested for around 4 h before logging to equilibrate to room 
temperature (~19°C). The logs described in this chapter (Figure F16; Table T6) have undergone 
preliminary processing including clipping, despiking, and smoothing. Low recovery, together with 
abundant gravel and igneous rocks, resulted in scattered core logs. However, a positive correlation 
is found between density and NGR counts, governing all measurements collected for Site U1605 
(Figures F16, F17). Such correlation remains when addressing purely sedimentary intervals after 
filtering out the washed gravel intervals that represent coring disturbance. The correlation 
between these physical properties distinguishes four physical properties units (I–IV) at Site 
U1605; the main signatures of those units are summarized in Table T6.

6.1.1.1. Gamma ray attenuation bulk density
Wet bulk densities at Site U1605 range 0.5–2.3 g/cm3 with a mean value of 1.7 g/cm3. Overall, 
GRA values increase downhole. From top to bottom, a decrease in bulk density is observed from 
the seafloor through Core 400-U1605A-17R (~80 m CSF-A). This is followed downhole by a steep 
increase in density values in Cores 18R–27R (~125 m CSF-A). Density then sharply decreases in 
Cores 29R and 30R (~150 m CSF-A). GRA values show an increasing trend for Cores 32R–43R 
(~150 through ~237 m CSF-A). Below this depth, GRA values decrease to the base of the hole 
(Figure F16). GRA bulk density values are slightly lower than densities calculated from the MAD 
samples (Figure F16). A positive correlation is found between density and NGR counts and 
between density and depth downhole, with a lot of scattered points on the plot (Figures F16, F17).

6.1.1.2. Magnetic susceptibility
MS is sensitive to the concentration and type of magnetic minerals deposited in the sediments. 
Although it usually appears as sharp peaks of high-amplitude variability, MS also tracks lithologic 
changes. Values at Site U1605 range 0.7 × 10−5 to 1647 × 10−5 SI with a mean of 577 × 10−5 SI 
(Figures F16, F17). The highest MS values are found in Cores 400-U1605A-8R and 30R (>1100 × 
10−5 SI), and the lowest values are observed in Cores 7R and 9R (<10 × 10−5 SI). There is an overall 
decrease of the baseline value of MS downhole.

6.1.1.3. P-wave velocity using the P-wave logger
PWL measurements for Site U1605 are potentially unreliable because all sections have cracks and 
poor contact between the sediment and the liner. Thus, the absolute values should be interpreted 
within the context of the lithology and other measurements collected at the site. The measure-
ments show high-amplitude variability, and after removing anomalous values, PWL ranges 1530–
2931 m/s. Overall, PWL values show a slight increase downhole (Figure F16). The lowest velocity 
values were observed below the seafloor in Core 400-U1605A-3R, and the highest are located 
between 85 and 100 m CSF-A in Cores 18R–21R.
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Figure F16. Physical properties, Site U1605. MD = measured depth (m CSF, Method B [CSF-B]). TWT = two-way traveltime. 
cps = counts per second. RSC = reflectance spectroscopy and colorimetry. Note that the available data are scattered down-
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Table T6. Physical properties units, Site U1605. Download table in CSV format.

Unit
Top
core

Top 
depth 

CSF-A (m)
Bottom

core 

Bottom 
depth

CSF-A (m) Physical properties Lithology Seismic facies

400-U1605A- 400-U1605A-
I 1R 0 17R 80 NGR, MS, and GRA generally decrease downhole 

in this unit, whereas P-wave velocity and 
thermal conductivity slightly increase from top 
to bottom.

The decrease in physical properties values 
might be related to a downhole transition 
to clast-rich diamicton and gravel.

High-amplitude and low lateral continuity 
reflections are identified in this interval.

II 17R 80 27R 125 GRA values sharply increase combined with an 
increase in NGR and MS. P-wave values are 
high in the unit, whereas thermal conductivity 
values generally increase downhole.

The variability of physical properties in this 
unit reflects intervals of diamict and 
gravely lithologies.

Low-amplitude reflections of low lateral 
continuity are identified in this unit, with 
common downlap termination over the 
bottom boundary.

III 27R 125 36R 175 NGR, MS, and GRA show low values, but 
medium-amplitude variability is observed. 
P-wave and thermal conductivity show a 
relatively constant baseline.

The unit is predominantly formed by gravel, 
which results in medium-high amplitude 
in the variability of the logged physical 
properties.

High-amplitude reflectors of high lateral 
continuity form the lower part of this 
unit. Downlap terminations are 
observed over the bottom boundary.

IV 36R 175 47R 282 NGR, MS, and GRA baselines remain relatively 
constant around higher values compared to 
the above unit. P-wave and thermal 
conductivity are relatively constant downhole. 

The relatively constant physical properties 
values might reflect the diamictic layer 
interbedded with gravel intervals.

High-amplitude reflections of variable 
lateral continuity form this unit.
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6.1.2. Natural gamma radiation
NGR values at Site U1605 show high-amplitude variability (Figure F16). NGR values oscillate 
between ~6 and 182 counts/s with a mean of 53 counts/s. High NGR values occur between Cores 
400-U1605A-18R and 20R (83–95 m CSF-A) and between Cores 38R and 43R (190–135 m CSF-
A). The NGR baseline shows a slight decreasing trend downhole.

6.1.3. Thermal conductivity
Thermal conductivity varies between 1.6 and 10.4 W/(m·K) at Site U1605 (Figure F16). The mean 
value of thermal conductivity is 3.0 W/(m·K). There is a general decreasing trend in values with 
depth through Core 400-U1605A-43R (~245 m CSF-A). The observed thermal conductivity does 
not present a clear dependence on sediment facies.

6.1.4. Point magnetic susceptibility
MSP measurements are reasonably equivalent to values obtained from the WRMSL (Figure F16). 
However, higher variability is observed within MSP data due to the smaller integration volume of 
the sensor (~1 cm; 1σ) compared to the loop (~18 cm; 1σ) used for the WRMSL (Weber et al., 
1997).

6.1.5. Color reflectance
L* and b* are relatively constant at Site U1605, whereas a* shows a slight decreasing trend down-
hole (Figure F16). The lowest L* values match an interval of high b* and low a* values between 140 
and 150 m CSF-A.

6.1.6. Gantry
Results of section-half gantry measurements for Hole U1605A are compiled in Figure F18. Cor-
relation between GRA and MAD density values confirms the high quality of the data (Figure F16).

6.1.6.1. P-wave velocity using the P-wave caliper
Discrete P-wave measurements were carried out using the PWC (see Physical properties in the 
Expedition 400 methods chapter [Knutz et al., 2025]). Measurement resolution within each core 
varied depending on lithology, recovery, and quality, with at least one measurement per core. The 
PWC measurements provide a correlation for PWL values measured on the whole-round cores 
with the WRMSL (Figure F16). PWC measurements were made on every core with recovery from 
Site U1605. Low recovery and the absence of sedimentary intervals in the cores resulted in PWC 
values measured on the recovered clasts that are likely not representative of the entire formation. 
Upon discarding PWC measurements of igneous rocks in sections of washed gravel, values range 
~1680 to ~2600 m/s and are consistent with the trends observed in the PWL values from the 
WRMSL (Figures F16, F18).
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6.1.6.2. Moisture and density
Sediment samples were taken from the working halves of split cores for measuring MAD on those 
cores from Hole U1605A where sedimentary formations were found. Sample resolution varied 
depending on lithology, recovery, and core quality. Bulk density values were calculated from mois-
ture and volume measurements (see Physical properties in the Expedition 400 methods chapter 
[Knutz et al., 2025]). MAD samples were taken adjacent to the PWC measurement when possible 
so that a correlation between P-wave velocity and bulk density can be made. A total of 12 samples 
were taken for MAD measurements for Hole U1605A.

MAD density values generally correlate with GRA bulk density measured on the WRMSL (Figure 
F16). This likely reflects the grain density of the major lithologic components at this site: quartz 
(2.65 g/cm3), biotite (~3 g/cm3), common clays, and feldspars (~2.56 g/cm3). However, MAD bulk 
density values are slightly (up to 0.5 g/cm3) higher than GRA bulk density for Hole U1605A. Bulk 
density values for Site U1605 range 2.1–2.5 g/cm3 with a mean of 2.2 g/cm3.

Porosity represents the percent of pore space of wet sediment volume and generally decreases 
downhole as the sediments compact (Figure F18). Discrete porosity values at Site U1605 range 
~23%–36% with an average porosity of 30%.

6.2. Core-log-seismic correlation
The distinct seismic facies of the units defined by physical properties are described in Table T6. 
General changes in seismic facies in the seismic profile correspond to changes in the physical 
properties and lithologic units. Correlation of the seismic signal in two-way traveltime with depth 
in meters was achieved using the discrete P-wave velocity measurements from the PWC as the 
velocity model for the physical properties measured on the cores in the laboratory. PWC measure-
ments for Hole U1605A were implemented on intervals of sedimentary nature. However, several 
high PWC values were obtained due to the high density of clasts in the recovered material. A man-
ual filtering of the PWC values was implemented before developing the velocity model that was 
applied in the seismic correlation. Average PWC velocity of sedimentary intervals is 2028 m/s. We 
weight the velocity on purely sedimentary intervals with a 5% gravel-boulder velocity of about 
4630 m/s. Thus, the time-depth relationship at Site U1605 is based on the weighted-average seis-
mic velocity known as 2158 m/s.

Figure F18. Results from gantry and MAD analyses, Hole U1605A. PWC includes automatic and manually picked first arrival 
times.
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7. Geochemistry
Samples for headspace gas, interstitial water (IW) chemistry, and bulk sediment geochemistry 
were analyzed at Site U1605. Headspace hydrocarbon gas measurements showed low concentra-
tions in the uppermost 130 m and increasing concentrations at depth, with a low yet consistent 
presence of ethane below 180 m CSF-A. Although low recovery and sporadic sampling led to a 
discontinuous pore water record, the main findings from IW analysis include decreases in lithium 
and potassium with depth, possibly suggesting clay formation. A decrease in sulfate with depth to 
a minimum around 190 m CSF-A provides evidence for a sulfate–methane transition zone. Ele-
mental analysis of solid material revealed very low concentrations of carbon and nitrogen 
throughout the hole.

7.1. Volatile hydrocarbons
As part of routine environmental protection and safety monitoring, headspace hydrocarbons were 
analyzed for Hole U1605A (Figure F19). Because of overall low recovery and availability of soft 
sediment, only 36 headspace samples were collected across the 47 cores retrieved from Hole 
U1605A. Among those collected, methane (CH4) concentrations were low (2–10 ppm) in the 
uppermost 130 m and then gradually increased to concentrations of 1,800–12,600 ppm below 190 
m CSF-A. Ethane (C2H6) was consistently detected below 180 m CSF-A, with concentrations rang-
ing 0.2–3.5 ppm. The resulting C1/C2 ratios were between 2800 and 8700.

7.2. Interstitial water chemistry
A total of 22 IW samples were squeezed from 5 or 10 cm whole-round samples. Typical samples 
yielded 15–30 cm3 of water for subsequent analysis. Samples from poorly lithified horizons and 
intervals with significant dropstones often resulted in lower yields because much of the material 
was discarded to mitigate contamination with drilling fluid. Two additional samples were col-
lected and analyzed, one from the mudline of Hole U1605A and one from the surface seawater. 
Because of low recovery, significant gaps exist in the IW record. No IW samples were taken from 
21.96–83.83 or 121.62–188.10 m CSF-A. High-resolution (approximately one per meter) Rhizon 
water samples were taken from Hole U1605A in the uppermost 3 m; further Rhizon sampling 
planned for the uppermost 20 m was not completed due to low recovery and poor material for 
sampling.

7.2.1. pH and alkalinity
The results of pH and alkalinity measurements are shown in Figure F20. The measured pH values 
range 7.65–8.74. The mudline sample of Hole U1605A has a pH of 7.75. The pH increases with 
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Figure F19. Hydrocarbon gas concentrations, Hole U1605A. Samples were taken from 5 cm3 of sediment.
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depth to a maximum of 8.74 at 219 m CSF-A. Alkalinity values increase from 2.3 mM at the 
sediment/ water interface to a maximum of 3.0 mM at 1.45 m CSF-A. Values generally decrease 
downhole to a minimum of 1.16 mM at the bottom of Hole U1605A.

7.2.2. Salinity, sodium, chloride, lithium, potassium, and bromide
Salinity and dissolved sodium, chloride, lithium, potassium, and bromide concentrations are 
shown in Figure F21. IW salinity decreases downhole from 34 to a minimum of 28 at the bottom 
of Hole U1605A. Sodium concentration (as measured by ion chromatography) increases from 451 
mM at the sediment/water interface to 481 mM at 2.24 m CSF-A and decreases to the bottom of 
Hole U1605A, where it reaches a minimum of 419 mM at 219.28 m CSF-A.

Lithium decreases downhole from a maximum of 23.6 μM at the mudline to 10.0 μM at 21.96 m 
CSF-A. The profile for dissolved lithium changes little below this depth.

Potassium (as measured by ion chromatography) changes little from the mudline to 2.24 m CSF-A 
but decreases between 2.24 and 11.31 m CSF-A from 12.1 to 5.9 mM and continues to decrease 
downhole to a minimum value of 1.38 mM at 219.28 m CSF-A.

Bromide does not change significantly in concentration downhole and ranges 0.73–0.85 mM.

7.2.3. Ammonium, manganese, iron, sulfate, phosphate, and boron
Ammonium, manganese, iron, sulfate, phosphate, and boron concentrations are shown in Figure 
F22. Ammonium increases from 31 μM in the mudline water to a maximum of 487 μM at 21.96 m 
CSF-A. Ammonium concentrations below this depth range 167–298 μM with no apparent trend. 
Dissolved manganese increases from 5 μM at the sediment/water interface to a maximum of 30 
μM at 1.25 m CSF-A. Below this depth, it shows a decrease in concentration. Manganese concen-
trations range 3–15 μM below 21.96 m CSF-A. Downhole trends are difficult to distinguish due to 
sporadic sampling. Iron concentrations are generally below the detection limit of the inductively 
coupled plasma–atomic emission spectroscopy (ICP-AES); however, iron shows a concentration 
of 12.2 μM at 0.25 m CSF-A. Sulfate concentrations decrease downcore from mudline concentra-
tions of 27 mM. Below 188.1 m CSF-A, sulfate concentrations are consistently between 3 and 4 
mM.
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Phosphate concentrations generally range 3–4 μM throughout Hole U1605A, with a maximum 
value of 6.1 μM at 0.25 m CSF-A.

Boron increases from a seawater concentration of 380 μM at the mudline to a maximum value of 
609 μM at 2.24 m CSF-A. Below this peak value, boron values show a general decrease to the bot-
tom of the hole, with a minimum concentration of 162 μM at 219.28 m CSF-A.

7.2.4. Calcium, magnesium, strontium, silicon, and barium
Calcium, magnesium, strontium, silicon, and barium concentrations are shown in Figure F23. Cal-
cium concentrations (measured by ICP-AES) increase from a measured seawater value of 9.6 mM 
at the mudline to a maximum measured value of 17.6 mM at 121.26 m CSF-A. Calcium concentra-
tions increase from 15.3 to 17.8 mM between 188.10 and 227.43 m CSF-A.

Magnesium concentrations (as measured using ICP-AES) decrease consistently from a seawater 
concentration of 49.4 mM at the mudline to a minimum of 21.4 mM at 219.28 m CSF-A. Stron-
tium values increase in the upper sediment from a minimum concentration of 83.4 μM at the 
mudline to a maximum concentration in the deepest IW sample of 120.3 μM at 227.43 m CSF-A. 
Dissolved silicon concentrations increase from a measured bottom water value of 20.8 μM at the 
mudline to 21.96 m CSF-A, reaching a maximum of 180.4 μM. Below this depth, dissolved silicon 
ranges 97–167 μM.

Dissolved barium concentrations range ~3–4 μM from the mudline to 121.62 m CSF-A. Below 
this depth, barium concentrations increase, reaching a maximum of 10.2 μM at 188.10 m CSF-A 
and decreasing to 6.9 μM at the bottom of Hole U1605A.

7.3. Bulk sediment geochemistry

7.3.1. Carbon, nitrogen, and carbonate
The shipboard solid phase analysis at Site U1605 from all major lithostratigraphic units identified 
consisted of measurements of CaCO3, total carbon (TC), and total nitrogen (TN) using shipboard 
plastic cylinder sampling. With the low recovery, only 13 samples were collected from Hole 
U1605A. Total organic carbon (TOC) was calculated from measurements of CaCO3 and TC. 

Figure F22. IW ammonium, manganese, iron, sulfate, phosphate, and boron, Site U1605.
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Figure F23. IW calcium, magnesium, strontium, silicon, and barium, Site U1605.
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Downhole profiles of CaCO3, TC, and TOC contents (weight percent) for Hole U1605A are shown 
in Figure F24. The CaCO3 and TOC contents are below 0.4% and 0.1% throughout Hole U1605A, 
respectively. TN content is below detection limit for all samples.
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