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Background and objectives
Structure and paleogeographic history 

of the northern Ninetyeast Ridge
International Ocean Discovery Program (IODP) Site U1443 is

located ~100 m southeast of Ocean Drilling Program (ODP) Leg
121 Site 758 on the crest of the Ninetyeast Ridge and is a redrill of
Site 758 (Figure F1). The Ninetyeast Ridge represents the trace of
the Kerguelen/Ninetyeast hotspot prior to middle Eocene rifting
(Shipboard Scientific Party, 1989a). As a result of northward move-
ment, Site U1443 moved from temperate southern latitudes during
the Campanian, to ~5°S near the Oligocene/Miocene boundary, and
to its present location of 5°N in the southernmost Bay of Bengal.

The site has been within 10° of the Equator for the past 35 My (Ship-
board Scientific Party, 1989a). The ridge-top location has prevented
the deposition of sedimentary sequences typically associated with
fan transport processes.

Site U1443 is situated on the southeast side of the easternmost
tilted blocks that form the Ninetyeast Ridge north of the Equator.
The proposed site location was picked at common midpoint (CMP)
4360 on Line ar55.0881.knox06rr of the seismic reflection survey
carried out by the R/V Roger Revelle in 2007 (Shipboard Scientific
Party, 2007) (Figure F2). Reflection seismics at this site exhibit a vir-
tually identical seismic succession as at Site 758, and individual re-
flectors, which were dated at Site 758, can be easily compared
(Figure F3).

Neogene paleoclimatic records 
of the Indian monsoon

Previous drilling at this location included overlapping ODP
holes (758A and 758B) over the top 92 m of the total 527 m of sedi-
ments drilled. This limited the resulting composite record to the
past 7.3 My (Farrell and Janecek, 1991). In spite of these limitations,
the IODP sample database shows that more than 16,000 sediment
samples have been taken from Site 758 cores in the last ten years.
Parts of the uppermost sections are almost entirely depleted, and
sampling has moved to the archive half. Recent research using Site
758 sediments includes high-resolution (suborbital) Late Pleisto-
cene reconstruction of changes in upper water column structure
based on multispecies planktonic foraminifer records (Bolton et al.,
2013), reconstruction of the Li isotope composition of seawater
over the past 70 My (Misra and Froelich, 2012), Late Cretaceous to
early Eocene reconstruction of seawater Nd (Le Houedec et al.,
2012), and glacial–interglacial scale reconstruction of the Os isoto-
pic composition of seawater (Burton et al., 2010).

Figure F1. Location of Site U1443 on the northern Ninetyeast Ridge. Map
was generated using GeoMapApp (http://www.geomapapp.org).

Site
U1443

16°
N

12°

8°

4°

0°

4°
S

76°E 84°80° 88° 96°92° 104°100°

Clemens, S.C., Kuhnt, W., LeVay, L.J., and the Expedition 353 Scientists
Proceedings of the International Ocean Discovery Program Volume 353
publications.iodp.org

http://www.geomapapp.org
http://crossmark.crossref.org/dialog/?doi=10.14379/iodp.proc.353.103.2016&domain=pdf&date_stamp=2016-07-29


S.C. Clemens et al. Site U1443
One important paleoclimatic goal of Site U1443 was to recover
sediment successions that would allow precise timing of onset and
phases of intensification and weakening of the Indian monsoon sys-
tem. In particular, the timing of the Miocene intensification of the
Indian monsoon is still unresolved; suggestions for the initial inten-
sification range between ~7–8, ~15, and ~22 Ma (Clift and Plumb,
2008; Clift et al., 2008), and indications of an active monsoon have
been suggested for as early as ~45 Ma (Licht et al., 2014). One of the
main setbacks in evaluating the southeast Asian monsoonal history
on tectonic to orbital timescales is the lack of continuous high-reso-
lution proxy records of either monsoonal upwelling (Kroon et al.,
1991), changes in vegetation (Quade et al., 1989), continental run-
off, or weathering indexes (Clift and Plumb, 2008) before ~12 Ma.
Exceptions to date include ODP Sites 1146 and 1148 in the South
China Sea and the fragmentary record of Site 758 in the southern
Bay of Bengal. This location is specifically suited to record the long-
term history of the Indian monsoon because it records the runoff

from the Ganges-Brahmaputra and Irrawaddy Rivers, the largest
river systems draining the Himalaya and the Tibetan Plateau in ad-
dition to local surface salinity and primary productivity changes in
the southern Bay of Bengal. Drilling at Site 758 revealed that deliv-
ery of terrigenous material to the northern Ninetyeast Ridge in-
creased at ~10 Ma with two subsequent pulses at ~7.0–5.6 and
~3.9–2.0 Ma, which were interpreted as increases in river runoff re-
sulting from the uplift and erosion of the Himalaya (Hovan and Rea,
1992). The Nd isotope composition of the carbonate component of
Bay of Bengal sediments has been used to investigate variations in
the relative contribution of discharge from the Ganges-Brahmapu-
tra, Irrawaddy, and Arkan Rivers (Burton and Vance, 2000; Stoll et
al., 2007; Gourlan et al., 2008, 2010). These studies agree that input
from the Ganges-Brahmaputra river complex decreased during gla-

Figure F2. Seismic Lines (A) ar55.0881.knox06rr and (B) ar55.0885.knox06rr
of the (C) seismic reflection survey carried out by the Roger Revelle in 2007
(Shipboard Scientific Party, 2007) with the position of Site U1443. Contours =
50 m intervals, bold contours = 1000 m intervals. TWT = two-way traveltime.
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Figure F3. Position of Site U1443 on seismic Lines (A) ar55.0881.knox06rr and
(B) ar55.0885.knox06rr with depth of reflectors at Sites U1443 and 758 (Ship-
board Scientific Party 1989b). The reflectors represent (1) sediment/water
interface, (2) lithologic change not identified, (3) ooze/chalk boundary in the
upper Miocene, (4) lower Oligocene unconformity, (5) Eocene unconformity,
(6) unconformities associated with the Cretaceous/Paleogene boundary,
(7) greenish chalk/clay boundary, (8) clay/tuff boundary, (9) tuff/basalt flows
boundary, and (10) basalt flows/seismic basement boundary.
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S.C. Clemens et al. Site U1443
cial periods, probably as a result of a decrease in Indian monsoon
strength or a shift in the location of the center of the monsoonal
precipitation. Extension of these Nd isotope records into the Mio-
cene indicates a complex relationship between global climate
change, riverine discharge, and terrigenous input into the Bay of
Bengal. However, the proxy records for river discharge are presently
of insufficient time resolution to document the relation between
global climate and the Indian monsoon throughout the Neogene.
The complete Neogene sediment archive at Site U1443 will make
such reconstructions possible.

Contribution of the Site U1443 record to the 
high-resolution stratigraphic framework 
of Indian Ocean deepwater sediments

The composite spliced section of advanced piston corer (APC)
cores from Holes 758A and 758B provides a continuous undis-
turbed archive for the past 7.3 My (Farrell and Janecek, 1991). Ra-
diogenic Sr isotopes measured on foraminifers from Site 758 were
used to refine the global Pliocene Sr isotope stratigraphy (Clemens
et al., 1993; Henderson et al., 1994; McArthur et al., 2006).

The stable isotope records from Site 758 are the only complete
orbitally tuned Pliocene–Pleistocene records in the Indian Ocean
(Hoogakker et al., 2006; Mudelsee and Raymo 2005) and the only
tropical Indian Ocean record in the global benthic δ18O isotope
stack (LR04-stack) of Lisiecki and Raymo (2005). The high-resolu-
tion stable isotope records for benthic foraminifers and the plank-
tonic foraminifer Globigerinoides sacculifer back to 3.6 Ma
demonstrate the potential of isotope records from the northern end
of the Ninteyeast Ridge (Chen et al., 1995; Farrell and Janecek,
1991). The benthic foraminiferal isotope and assemblage records
extending back to ~5.5 Ma have been used to infer strengthening of
the Indian monsoon seasonality associated with the onset of the
Northern Hemisphere glaciation (Gupta and Thomas 2003). How-
ever, because the complete spliced sediment archive at Site 758 ends
at 7.3 Ma, it could not be used to verify the main period of monsoon
intensification in the Arabian Sea around 8 Ma (Kroon et al., 1991;
Gupta et al., 2004). The Site U1443 splice, which covers the entire
Neogene, will close this gap.

Main objectives
Drilling of Site U1443 had the following main objectives:

• Establish a composite section for the entire Miocene–Oligocene 
sedimentary succession at the Ninetyeast Ridge, which would be 
the base for establishing the first orbitally tuned Indian Ocean 
isotope stratigraphy for this time interval;

• Recover a more complete record of the Cretaceous/Paleogene 
boundary interval, which was only incompletely retrieved at the 
base of the core catcher of Core 121-758A-31X;

• Correlate the onset of increased terrigenous clay component 
and sedimentation rates in the late Miocene to orbitally tuned 
isotope and magnetic reversal stratigraphy;

• Precisely determine the timing of intensifications of the Indian 
monsoon, as evident from increased freshwater input to the Bay 
of Bengal and northern end of the Ninetyeast Ridge, using salin-
ity proxies based on Mg/Ca-temperature estimates and δ18O of 
surface-dwelling planktonic foraminifers;

• Investigate variability and the possible influence of orbital forc-
ing on fluxes of terrigenous material to the northern Ninetyeast 
Ridge since the middle Miocene; in particular, relate terrigenous 
pulses at ~7.0–5.6 and ~3.9–2.0 Ma, which were interpreted to 

represent variations in the fluvial flux resulting from the uplift 
and erosion of the Himalaya (Hovan and Rea, 1992), to the vari-
ability of the Indian monsoon;

• Extend the Pliocene–Pleistocene stable isotope record for Site 
758, which is the only “high-resolution” record across the initia-
tion of the Northern Hemisphere glaciation in the Indian Ocean 
(Hoogakker et al., 2006; Mudelsee and Raymo, 2005), into the 
Miocene and Oligocene; and

• Use the Nd isotope composition of Ninetyeast Ridge sediments 
to extend reconstructions of the relative contribution of dis-
charge from the Ganges-Brahmaputra, Irrawaddy, and Arkan 
Rivers as indicators of glacial–interglacial variability in mon-
soon strength into the Miocene (Burton and Vance 2000; Stoll et 
al., 2007; Gourlan et al., 2008, 2010); a complete Neogene sedi-
ment archive at Site U1443 opens the possibility to obtain proxy 
records for river discharge in sufficient time resolution to docu-
ment the relation between global climate and the Indian mon-
soon throughout the Neogene.

Operations
Singapore port call

The R/V JOIDES Resolution’s first line ashore in Singapore was
at 0936 h on 29 November 2014. The vessel was berthed at Loyang
Jetty 2A for the duration of the port call. The JOIDES Resolution
Science Operator staff plus the Co-Chief Scientists boarded the ship
on 29 November. The science party boarded the ship the next day,
30 November. The Siem Offshore and subcontractor crews changed
on 30 November.

Fuel was loaded by barge along with three tanks of lube oil. All
outbound surface freight and airfreight were offloaded. The vessel
was secured for sea with final maintenance checks performed prior
to departure. The pilot arrived on board at 0948 h, and the last line
was released at 1010 h on 4 December. The vessel began the 966
nmi passage to Site U1443 (primary Site N90E-2C).

Transit to Site U1443
After a 966 nmi transit from Singapore averaging 11.7 kt, the

vessel arrived at Site U1443 at 2037 h (UTC + 8 h) on 7 December
2014. The thrusters were lowered, and dynamic positioning as-
sumed control at 2105 h. The positioning beacon was deployed and
the vessel positioned to the site coordinates.

Site U1443
Site U1443 consisted of four holes (Table T1), ranging in depth

from 8.2 to 344.0 m drilling depth below seafloor (DSF). Overall,
118 cores were recorded for the site. A total of 444.06 m of core over
a 471.7 m interval was recovered using the APC system (94% recov-
ery). The half-length advanced piston corer (HLAPC) system was
used to core a 156.4 m interval and 161.25 m of core was recovered
(103%). The cored interval with the extended core barrel (XCB) sys-
tem was 258.4 m with a core recovery of 220.35 m (85%). The over-
all recovery percentage for Site U1443 was 93%. The total time
spent on Site U1443 was 7.1 days.

Hole U1443A
Hole U1443A was spudded at 1735 h on 8 December 2014 after

an approximately 8 h delay for repair of the iron roughneck, slipping
and cutting rusted wireline, repair of fused relays at the top of the
derrick, and a broken core barrel with zero recovery. The seafloor
was calculated to be 2940.2 m drilling depth below rig floor (DRF)
IODP Proceedings 3 Volume 353
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Table T1. Site U1443 core summary. CSF = core depth below seafloor, DRF = drilling depth below rig floor, DSF = drilling depth below seafloor, mbsl = meters
below sea level. F = half-length advanced piston corer, H = advanced piston corer, X = extended core barrel, numeric core type = drilled interval. (Continued on
next two pages.) Download table in .csv format. 

Hole U1443A Hole U1443B
Latitude: 5°23.0098′N Latitude: 5°23.0190′N
Longitude: 90°21.7100′E Longitude: 90°21.7091′E
Time on hole (h): 77.5 Time on hole (h): 44.75
Seafloor (drill pipe measurement below rig floor, m DRF): 2940.2 Seafloor (drill pipe measurement below rig floor, m DRF): 2935.5
Distance between rig floor and sea level (m): 10.8 Distance between rig floor and sea level (m): 10.7
Water depth (drill pipe measurement from sea level, mbsl): 2929.4 Water depth (drill pipe measurement from sea level, mbsl): 2924.8
Total penetration (drilling depth below seafloor, m DSF): 344.0 Total penetration (drilling depth below seafloor, m DSF): 326.4
Total length of cored section (m): 344.0 Total length of cored section (m): 326.4
Total core recovered (m): 326.8 Total core recovered (m): 308.51
Core recovery (%): 95 Core recovery (%): 95
Total number of cores: 48 Total number of cores: 40

Hole U1443C Hole U1443D
Latitude: 5°23.0078′N Latitude: 5°22.9991′N
Longitude: 90°21.6984′E Longitude: 90°21.6992′E
Time on hole (h): 38.0 Time on hole (h): 12.25
Seafloor (drill pipe measurement below rig floor, m DRF): 2935.4 Seafloor (drill pipe measurement below rig floor, m DRF): 2935.3
Distance between rig floor and sea level (m): 10.7 Distance between rig floor and sea level (m): 10.7
Water depth (drill pipe measurement from sea level, mbsl): 2924.7 Water depth (drill pipe measurement from sea level, mbsl): 2924.6
Total penetration (drilling depth below seafloor, m DSF) 209.4 Total penetration (drilling depth below seafloor, m DSF): 8.2
Total length of cored section (m) 207.9 Total length of cored section (m): 8.2
Total core recovered (m) 182.87 Total core recovered (m): 7.48
Core recovery (%): 88 Core recovery (%): 91
Total number of cores: 28 Total number of cores: 2

Depth DSF (m) Depth CSF (m)

Core
Date 

(2014)
Time 

UTC (h)
Top of cored 

interval
Bottom of cored 

interval
Interval 

advanced (m)
Top of cored 

interval
Bottom of cored 

interval
Length of core 
recovered (m)

Recovery 
(%)

Sections 
(N)

353-U1443A-
1H 8 Dec 1000 0.0 1.8 1.8 0.0 1.82 1.82 101 3
2H 8 Dec 1115 1.8 11.3 9.5 1.8 11.53 9.73 102 8
3H 8 Dec 1215 11.3 20.8 9.5 11.3 21.32 10.02 105 8
4H 8 Dec 1325 20.8 30.3 9.5 20.8 30.40 9.60 101 8
5H 8 Dec 1425 30.3 39.8 9.5 30.3 40.01 9.71 102 8
6H 8 Dec 1530 39.8 49.3 9.5 39.8 49.64 9.84 104 8
7H 8 Dec 1635 49.3 58.8 9.5 49.3 58.99 9.69 102 8
8H 8 Dec 1730 58.8 68.3 9.5 58.8 68.43 9.63 101 8
9H 8 Dec 1825 68.3 77.8 9.5 68.3 77.74 9.44 99 8
10H 8 Dec 1935 77.8 87.3 9.5 77.8 87.33 9.53 100 8
11H 8 Dec 2020 87.3 96.8 9.5 87.3 96.77 9.47 100 8
12H 8 Dec 2110 96.8 106.3 9.5 96.8 106.42 9.62 101 8
13H 8 Dec 2245 106.3 115.8 9.5 106.3 116.25 9.95 105 8
14H 8 Dec 2340 115.8 125.3 9.5 115.8 125.50 9.70 102 8
15H 9 Dec 0200 125.3 134.8 9.5 125.3 134.98 9.68 102 8
16F 9 Dec 0425 134.8 139.6 4.8 134.8 139.78 4.98 104 5
17F 9 Dec 0515 139.6 144.4 4.8 139.6 144.58 4.98 104 5
18F 9 Dec 0610 144.4 149.2 4.8 144.4 149.38 4.98 104 5
19F 9 Dec 0700 149.2 154.0 4.8 149.2 154.11 4.91 102 5
20F 9 Dec 0750 154.0 158.8 4.8 154.0 159.02 5.02 105 5
21F 9 Dec 0835 158.8 163.6 4.8 158.8 163.74 4.94 103 5
22F 9 Dec 0930 163.6 168.4 4.8 163.6 168.59 4.99 104 5
23F 9 Dec 1015 168.4 173.2 4.8 168.4 173.36 4.96 103 5
24F 9 Dec 1105 173.2 178.0 4.8 173.2 178.18 4.98 104 5
25F 9 Dec 1150 178.0 182.8 4.8 178.0 182.92 4.92 103 5
26F 9 Dec 1235 182.8 187.6 4.8 182.8 187.83 5.03 105 5
27F 9 Dec 1340 187.6 192.4 4.8 187.6 192.56 4.96 103 5
28F 9 Dec 1445 192.4 197.2 4.8 192.4 197.41 5.01 104 5
29F 9 Dec 1540 197.2 202.0 4.8 197.2 202.18 4.98 104 5
30X 9 Dec 1755 202.0 211.7 9.7 202.0 211.56 9.56 99 8
31X 9 Dec 1850 211.7 221.4 9.7 211.7 219.35 7.65 79 6
32X 9 Dec 1940 221.4 231.1 9.7 221.4 231.15 9.75 101 8
33X 9 Dec 2045 231.1 240.8 9.7 231.1 240.67 9.57 99 8
34X 9 Dec 2200 240.8 244.9 4.1 240.8 244.27 3.47 85 4
35X 9 Dec 2350 244.9 254.0 9.1 244.9 251.20 6.30 69 6
36X 10 Dec 0110 254.0 263.7 9.7 254.0 262.26 8.26 85 7
37X 10 Dec 0240 263.7 272.4 8.7 263.7 272.84 9.14 105 7
38X 10 Dec 0335 272.4 282.1 9.7 272.4 279.14 6.74 69 6
39X 10 Dec 0500 282.1 291.8 9.7 282.1 289.76 7.66 79 6
IODP Proceedings 4 Volume 353
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40X 10 Dec 0600 291.8 301.5 9.7 291.8 301.68 9.88 102 8
41X 10 Dec 0715 301.5 306.3 4.8 301.5 304.36 2.86 60 3
42X 10 Dec 0820 306.3 312.3 6.0 306.3 312.12 5.82 97 5
43X 10 Dec 0925 312.3 322.0 9.7 312.3 321.79 9.49 98 7
44X 10 Dec 1040 322.0 326.8 4.8 322.0 326.93 4.93 103 5
45X 10 Dec 1150 326.8 331.6 4.8 326.8 330.62 3.82 80 4
46X 10 Dec 1315 331.6 336.4 4.8 331.6 335.20 3.60 75 4
47X 10 Dec 1445 336.4 341.2 4.8 336.4 337.48 1.08 23 2
48X 10 Dec 1545 341.2 344.0 2.8 341.2 341.35 0.15 5 1

353-U1443B-
1H 10 Dec 2155 0.0 9.0 9.0 0.0 9.08 9.08 101 7
2H 10 Dec 2340 9.0 18.5 9.5 9.0 18.34 9.34 98 8
3H 11 Dec 0030 18.5 28.0 9.5 18.5 28.35 9.85 104 8
4H 11 Dec 0125 28.0 37.5 9.5 28.0 37.83 9.83 103 8
5H 11 Dec 0205 37.5 47.0 9.5 37.5 47.35 9.85 104 8
6H 11 Dec 0300 47.0 56.5 9.5 47.0 56.89 9.89 104 8
7H 11 Dec 0350 56.5 66.0 9.5 56.5 66.11 9.61 101 8
8H 11 Dec 0440 66.0 75.5 9.5 66.0 75.57 9.57 101 8
9H 11 Dec 0535 75.5 85.0 9.5 75.5 82.71 7.21 76 6
10H 11 Dec 0645 85.0 91.5 6.5 85.0 91.59 6.59 101 6
11H 11 Dec 0740 91.5 101.0 9.5 91.5 100.65 9.15 96 8
12H 11 Dec 0830 101.0 110.5 9.5 101.0 110.16 9.16 96 7
13H 11 Dec 0925 110.5 120.0 9.5 110.5 119.77 9.27 98 8
14H 11 Dec 1025 120.0 129.5 9.5 120.0 128.91 8.91 94 7
15H 11 Dec 1120 129.5 136.0 6.5 129.5 134.76 5.26 81 5
16H 11 Dec 1240 136.0 145.5 9.5 136.0 145.33 9.33 98 7
17H 11 Dec 1340 145.5 152.5 7.0 145.5 152.47 6.97 100 6
18H 11 Dec 1540 152.5 162.0 9.5 152.5 161.98 9.48 100 8
19F 11 Dec 1805 162.0 166.8 4.8 162.0 166.95 4.95 103 5
20F 11 Dec 1850 166.8 171.6 4.8 166.8 171.76 4.96 103 5
21F 11 Dec 1935 171.6 176.4 4.8 171.6 176.54 4.94 103 5
22F 11 Dec 2030 176.4 181.2 4.8 176.4 181.38 4.98 104 5
23F 11 Dec 2110 181.2 186.0 4.8 181.2 186.00 4.80 100 5
24F 11 Dec 2205 186.0 190.8 4.8 186.0 190.99 4.99 104 5
25F 11 Dec 2255 190.8 195.6 4.8 190.8 195.75 4.95 103 5
26F 11 Dec 2330 195.6 200.4 4.8 195.6 200.63 5.03 105 5
27F 12 Dec 0020 200.4 205.2 4.8 200.4 205.30 4.90 102 5
28F 12 Dec 0055 205.2 210.0 4.8 205.2 210.24 5.04 105 5
29X 12 Dec 0225 210.0 219.7 9.7 210.0 219.70 9.70 100 8
30X 12 Dec 0315 219.7 229.4 9.7 219.7 228.16 8.46 87 7
31X 12 Dec 0410 229.4 239.1 9.7 229.4 237.65 8.25 85 7
32X 12 Dec 0505 239.1 248.8 9.7 239.1 247.85 8.75 90 7
33X 12 Dec 0605 248.8 258.5 9.7 248.8 250.19 1.39 14 2
34X 12 Dec 0655 258.5 268.2 9.7 258.5 268.09 9.59 99 8
35X 12 Dec 0755 268.2 277.9 9.7 268.2 277.84 9.64 99 8
36X 12 Dec 0850 277.9 287.6 9.7 277.9 286.67 8.77 90 7
37X 12 Dec 1000 287.6 297.3 9.7 287.6 296.22 8.62 89 7
38X 12 Dec 1055 297.3 307.0 9.7 297.3 307.25 9.95 103 8
39X 12 Dec 1210 307.0 316.7 9.7 307.0 316.51 9.51 98 8
40X 12 Dec 1315 316.7 326.4 9.7 316.7 324.69 7.99 82 7

353-U1443C-
1F 13 Dec 0300 0.0 1.4 1.4 0.0 1.44 1.44 103 2
2F 13 Dec 0405 1.4 6.2 4.8 1.4 6.10 4.70 98 4
3H 13 Dec 0500 6.2 15.7 9.5 6.2 14.66 8.46 89 7
4H 13 Dec 0600 15.7 23.1 7.4 15.7 23.55 7.85 106 7
5H 13 Dec 0655 23.1 32.6 9.5 23.1 30.95 7.85 83 7
6H 13 Dec 0750 32.6 42.1 9.5 32.6 41.91 9.31 98 8
7H 13 Dec 0845 42.1 51.6 9.5 42.1 51.56 9.46 100 8
8H 13 Dec 0935 51.6 61.1 9.5 51.6 56.33 4.73 50 4
9H 13 Dec 1030 61.1 70.6 9.5 61.1 70.62 9.52 100 8
10H 13 Dec 1125 70.6 80.1 9.5 70.6 80.21 9.61 101 8
11H 13 Dec 1235 80.1 89.6 9.5 80.1 84.57 4.47 47 5
12H 13 Dec 1330 89.6 97.1 7.5 89.6 98.76 9.16 122 7
13H 13 Dec 1425 97.1 104.6 7.5 97.1 105.86 8.76 117 7
141 13 Dec *****Drilled interval 104.6–105.6 m DSF*****
15H 13 Dec 1525 105.6 115.1 9.5 105.6 114.74 9.14 96 8
16H 13 Dec 1605 115.1 124.1 9.0 115.1 124.94 9.84 109 8

Depth DSF (m) Depth CSF (m)

Core
Date 

(2014)
Time 

UTC (h)
Top of cored 

interval
Bottom of cored 

interval
Interval 

advanced (m)
Top of cored 

interval
Bottom of cored 

interval
Length of core 
recovered (m)

Recovery 
(%)

Sections 
(N)

Table T1 (continued). (Continued on next page.)
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(2929.4 meters below sea level [mbsl]) based on the recovery of
Core 353-U1443A-1H. However, this depth calculation is ~5 m
greater than the other three holes drilled at Sites U1443 and 758;
therefore, this depth calculation is likely incorrect because of loss of
core out of the core barrel. Nonmagnetic core barrels were used for
APC coring of Core 2H and Cores 4H through 15H. The FlexIT tool
was used for core orientation on Cores 2H through 13H. Tempera-
ture measurements were taken with the third-generation advanced
piston corer temperature tool (APCT-3) shoe on Cores 4H, 7H,
10H, and 13H with good results. The HLAPC system, using non-
magnetic core barrels, was deployed for Cores 14F through 29F.
Cores 30X through 48X were cored using the XCB system. The total
depth of Hole U1443A is 344.0 m DSF. The drill string was pulled
out of the hole and cleared the seafloor at 0225 h on 11 December,
ending Hole U1443A.

A total of 15 APC cores were taken over a 134.8 m interval with
a total recovery of 137.43 m of core (102% core recovery). Fourteen
HLAPC cores were retrieved over a 67.2 m interval with 69.64 m
recovered (104%). The XCB system was used for 19 cores over a
drilled interval of 142.0 m with 119.73 m recovered (84%). Total
core recovery for Hole U1443A was 95%.

Hole U1443B
After clearing the seafloor, the vessel was offset 20 m north of

Hole U1443A. Hole U1443B was spudded at 0530 h on 11 Decem-
ber 2014. The seafloor was calculated at 2935.5 m DRF (2924.8
mbsl). Nonmagnetic core barrels were used for APC coring from
Cores 353-U1443B-1H through 18H. The FlexIT orientation tool
was used for Cores 2H through 16H. The HLAPC coring system
was deployed for Cores 19F through 28F. The XCB coring system
was then used to take Cores 29X through 40X. The total depth of
Hole U1443B is 326.4 m DSF. The drill string was pulled from the
hole and cleared the seafloor at 2310 h on 12 December, ending
Hole U1443B.

A total of 20 APC cores were taken over a 162.0 m interval with
a total recovery of 158.35 m of core (98% core recovery). The
HLAPC system was used for 10 cores over a 48 m interval with
49.54 m recovered (103%). The XCB system was used for 12 cores
over a drilled interval of 116.4 m with 100.62 m recovered (86%).
Total core recovery for Hole U1443B was 95%.

Hole U1443C
The vessel was offset 20 m west of Hole U1443B to initiate Hole

U1443C. An APC core barrel was shot into the mudline and the
core barrel broke. The vessel was offset 15 m to the north, and a
second steel core barrel was shot, which also broke. Although part
of the core barrel remained in the bottom-hole assembly (BHA), it
was successfully fished out on the second attempt. The vessel was
again offset 15 m to the north, and a third APC core barrel was bro-
ken during the initial shot. An XCB assembly was deployed to check
the BHA components. After confirming that the BHA was clear, the
HLAPC was used to spud Hole U1443C following a 50 m offset to
the south (20 m west of Hole U1443A).

Hole U1443C was spudded at 1040 h on 13 December 2014 and
Cores 353-U1443C-1F and 2F were retrieved. Coring continued
with nonmagnetic full-length APC core barrels from Cores 3H
through 24H. Two drilled intervals (353-U1443C-141 and 171; 1.0
and 0.5 m, respectively) were necessary to offset cores for strati-
graphic correlation. The Icefield MI-5 tool was used for orientation
on Cores 3H through 5H, and the FlexIT orientation tool was used
for Cores 6H through 19H. The HLAPC was again deployed for
Cores 25F through 30F. The total depth of Hole U1443C is 209.4 m
DSF. The drill string was pulled from the hole and cleared the sea-
floor at 1325 h on 14 December, ending Hole U1443C.

A total of 20 APC cores were taken over a 174.9 m interval with
a total core recovery of 148.28 m (85% core recovery). The HLAPC
system was used for 8 cores over a 33 m interval with 34.59 m recov-
ered (105%). Total core recovery for Hole U1443C was 88%.

Hole U1443D
The vessel was offset 20 m to the south of Hole U1443C. Hole

U1443D was spudded at 1455 h on 14 December 2014, and two
HLAPC cores (353-U1443D-1F and 2F) were taken to recover a
complete mudline section. Hole U1443D was drilled to a total depth
of 8.4 m DSF.

A total of two HLAPC cores were recovered over an 8.2 m inter-
val with 7.48 m recovered (91% core recovery).

Following Hole U1443D, the drill pipe was tripped, and the bit
cleared the drill floor at 0300 h on 15 December. The ship was then
prepared for transit to Visakhapatnam, India.

171 13 Dec *****Drilled interval 124.1–124.6 m DSF*****
18H 13 Dec 1705 124.6 134.1 9.5 124.6 131.86 7.26 76 6
19H 13 Dec 1755 134.1 142.1 8.0 134.1 142.40 8.30 104 7
20H 13 Dec 1845 142.1 150.1 8.0 142.1 145.35 3.25 41 4
21H 13 Dec 1935 150.1 158.1 8.0 150.1 158.20 8.10 101 7
22H 13 Dec 2020 158.1 166.1 8.0 158.1 166.04 7.94 99 7
23H 13 Dec 2100 166.1 173.1 7.0 166.1 170.09 3.99 57 4
24H 13 Dec 2150 173.1 182.6 9.5 173.1 174.38 1.28 13 1
25F 13 Dec 2315 182.6 187.4 4.8 182.6 187.57 4.97 104 5
26F 14 Dec 0005 187.4 192.2 4.8 187.4 192.40 5.00 104 5
27F 14 Dec 0105 192.2 197.0 4.8 192.2 197.10 4.90 102 5
28F 14 Dec 0150 197.0 201.8 4.8 197.0 202.00 5.00 104 5
29F 14 Dec 0300 201.8 204.6 2.8 201.8 205.36 3.56 127 4
30F 14 Dec 0355 204.6 209.4 4.8 204.6 209.62 5.02 105 5

353-U1443D-
1F 14 Dec 0715 0.0 3.4 3.4 0.0 3.49 3.49 103 4
2F 14 Dec 0815 3.4 8.2 4.8 3.4 7.39 3.99 83 4

Depth DSF (m) Depth CSF (m)

Core
Date 

(2014)
Time 

UTC (h)
Top of cored 

interval
Bottom of cored 
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Interval 
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Top of cored 
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Bottom of cored 

interval
Length of core 
recovered (m)

Recovery 
(%)

Sections 
(N)

Table T1 (continued).
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Lithostratigraphy
Sediments recovered from Holes U1443A–U1443C reveal a

range of pelagic and hemipelagic sediments of Late Pleistocene to
Campanian age, comprising four distinct lithostratigraphic units (I–
IV) (Figure F4). Unit I is 108 m thick and composed of Late Pleisto-
cene to late Miocene light–dark gray nannofossil ooze with varying
proportions of foraminifers, clay, and volcanic ash. Unit II is 135 m
thick and composed of pale yellow to white nannofossil ooze and
chalk with variable authigenic carbonate and foraminifer content.
Unit III is late Paleocene to late Campanian in age and comprises a
66 m thick package of pale yellow and brown nannofossil chalk with

varying proportions of authigenic carbonate and occasional chert
and porcellanite nodules and thin beds. Only 31 m of Unit IV, com-
prising a succession of greenish gray marlstones with glauconite of
late Campanian age, was recovered before Hole U1443A was termi-
nated at 338 m core depth below seafloor, Method A (CSF-A), be-
cause of reduced recovery (5%) associated with chert horizons.
Lithostratigraphic units are defined by changes in lithology (as iden-
tified by visual core description and smear slide observations),
physical properties, and color reflectance (L*, a*, and b*) (Figures
F5, F6, F7, F8, F9, F10). The observed lithologic differences be-
tween units are primarily the result of varying abundances of nan-
nofossils, clay, and authigenic carbonate, with glauconite

Figure F4. Lithostratigraphic summary, Site U1443. All unit divisions are plotted relative to Hole U1443A. The volcanic ash is shown thicker than true thickness
for clarity. Details of each core are available in the visual core description logs. (See Core descriptions.)
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Lithologic unit description

Major lithology: Gray clayey nannofossil ooze with 
foraminifers 

Minor lithology: gray, pale brown, and black volcanic ashes

Major lithologies: light gray to white gray nannofossil ooze 
with clay and foraminifers; nannofossil ooze with clay

Minor lithologies: light gray nannofossil ooze with 
foraminifers; light gray volcanic ash

Less clay, foraminifers, biosilica, and volcanic ash than 
in Subunit Ia

Major lithologies: pale/very pale yellow nannofossil ooze 
with clay; nannofossil ooze with foraminifers

Minor lithologies: pale/very pale yellow clayey nannofossil 
ooze with foraminifers; clayey nannofossil ooze with 
authigenic carbonate; volcanic ash with authigenic 
carbonate

Much less clay and volcanic ash than Unit I, and more 
authigenic carbonate

Major lithologies: very pale yellow to white nannofossil 
chalk with clay; nannofossil chalk with foraminifers; 

Minor lithology: nannofossil chalk with volcaniclastics

Major lithologies: pale brown to pale yellow clayey 
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and Inoceramus shells

Minor lithology: porcellanite
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influencing the color and magnetic susceptibility (MS) properties in 
Unit IV (Figure F5). Lithologic descriptions are based primarily on 
sediments recovered from Hole U1443A, supplemented with obser-
vations from the two shorter holes (U1443B and U1443C). Where 
specific ash layers have been identified and named, these are with 
reference to ash previously identified in Dehn et al. (1991) (Figure 
F11; Table T2).

Unit I
Intervals: 353-U1443A-1H-1, 0 cm, through 13H-2, 0 cm; 

353-U1443B-1H-1, 0 cm, through 13H-2, 40 cm; 
353-U1443C-1H-1, 0 cm, through 15H-5, 70 cm

Depths: Hole U1443A = 0–107.80 m CSF-A; 
Hole U1443B = 0–112.40 m CSF-A; 
Hole U1443C = 0–112.30 m CSF-A

Age: Late Pleistocene to late Miocene
Major lithology: clayey nannofossil ooze with foraminifers
Minor lithology: volcanic ash

Unit I and its two Subunits Ia and Ib comprise a ~108 m thick
succession of light gray–dark gray clayey nannofossil ooze with
varying amounts of foraminifers and volcanic ash (Figures F4, F5).
Unit I is characterized by a downhole decrease in both clay and vol-
canic ash content and a corresponding increase in calcareous nan-
nofossil and authigenic carbonate content (Figure F6). These

Figure F5. Lithostratigraphic summary with selected physical property and geochemical data from Holes U1443A–U1443C plotted against depth. MS = mag-
netic susceptibility, NGR = natural gamma radiation.
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content changes are reflected in a color change from light gray (5Y
7/1) to paler whitish gray (GLEY 1 8/N) sediments. Trace amounts
of detrital quartz and feldspar are found in the more clay-rich nan-
nofossil ooze beds, particularly in Subunit Ia, the only such occur-
rence in pelagic sediments at Site U1443. Sediments are generally
homogeneous with gradational color changes. Although Subunits Ia
and Ib have definite lithologic differences, the change from Subunit
Ia to Ib is gradational and, therefore, is nominally defined as the
base of a prominent black ash bed at interval 353-U1443A-4H-1, 23
cm (21.03 m CSF-A), traceable in all three holes. The base of Unit I
is defined by a change to pale yellow (2.5Y 8/4) nannofossil ooze
with foraminifers, as evidenced by the first significant positive shift
in b* and a* values (Figure F5).

Subunit Ia

Intervals: 353-U1443A-1H-1, 0 cm, through 7H-3, 48.5 cm; 
353-U1443B-1H-1, 0 cm, through 7H-1, 37 cm; 
353-U1443C-1F-1, 0 cm, through 8H-CC, 22 cm

Depths: Hole U1443A = 0–52.78 m CSF-A; 
Hole U1443B = 0–56.87 m CSF-A; 
Hole U1443C = 0–56.33 m CSF-A

Age: Late Pleistocene to early Pliocene
Major lithology: clayey nannofossil ooze with foraminifers
Minor lithology: volcanic ash

Subunit Ia is a ~21 m thick succession of clayey nannofossil ooze
with foraminifers, foraminifer-rich nannofossil ooze with clay, and
nannofossil ooze with clay, with minor volcanic ash beds. Within
the nannofossil ooze, gradational regular decimeter-scale alterna-
tions in color from light gray (5Y 7/1) to gray (5Y 5/1) occur, coin-
ciding with changes in clay content and also visible in L* and MS
data (Figures F5, F6). Some thin green bands with higher iron sul-
fide content occur in Subunit Ia, particularly between 0.5 and 9 m
CSF-A. Foraminiferal content is moderate to high throughout,
peaking in the uppermost 10 m CSF-A and at ~20 m CSF-A, and
with decreasing downhole abundances (Figure F6). There is a per-
sistent trace (<5%) contribution of biosilica, including radiolarian,

Figure F6. Smear slide data, Holes U1443A and U1443B.
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sponge spicule, and silicoflagellate fragments, which decreases
downhole. Volcanic ash layers, dominated by vitric grains with vary-
ing amounts of feldspar, quartz, and biotite, are a persistent minor
lithology in this subunit (Figures F9, F10, F11; Table T2). The ash
layers range in color from gray (10YR 5/1 and 10YR 6/1) to dark
gray (GLEY 1/3N), with several horizons on the order of 5 cm thick
or more. The thickest ash bed is correlated to the Late Pleistocene
Toba ash event (intervals 353-U1443A-1H-2, 53 cm, through 1H-
CC, 9 cm; 353-U1443B-1H-1, 69–88 cm; and 353-U1443D-1F-1,
140 cm, through 1F-2, 12 cm; not recovered in Hole U1443C). The
base of Subunit Ia is defined as the base of an ash layer at 52.78 m
CSF-A in Hole U1443A, as the change from Subunit Ia to Ib is gra-
dational in terms of clay and foraminiferal content, color, MS, and
reflectance (Figures F5, F6). There is no observable drilling distur-
bance in this subunit.

Subunit Ib

Intervals: 353-U1443A-7H-3, 48.5 cm, through 13H-2, 0 cm; 
353-U1443B-7H-1, 37 cm, through 13H-5, 40 cm; 
353-U1443C-9H-1, 0 cm, through 15H-5, 70 cm

Depths: Hole U1443A = 52.78–107.80 m CSF-A; 
Hole U1443B = 56.87–112.40 m CSF-A; 
Hole U1443C = 61.10–112.30 m CSF-A 

Age: early Pliocene to late Miocene
Major lithology: clayey nannofossil ooze with foraminifers and nan-

nofossil ooze with clay
Minor lithology: nannofossil ooze with foraminifers and volcanic 

ash

Subunit Ib is an 86 m thick succession of light gray (5Y 7/1) to
white gray (GLEY 1 8/N) nannofossil ooze. Foraminifers and clay
make up a smaller proportion of the sediment than in Subunit Ia,
with a slightly larger proportion of authigenic carbonate (Figure
F6). The proportion of clay continues to decrease downhole, as re-
flected in the decreasing MS values (Figure F5). Subunit Ib has a

Figure F7. Line scan images of major lithologies, Site U1443. A. Clayey nan-
nofossil ooze, Subunit Ia. B. Nannofossil ooze with authigenic carbonate,
Subunit Ib. C. Nannofossil ooze, Subunit IIa. D. Nannofossil chalk, Subunit IIb.
E. Transition of clayey nannofossil chalk above to authigenic carbonate-rich
nannofossil chalk below, Subunit IIIa/IIIb boundary. F. Marlstone with glau-
conite, Unit IV.
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Figure F8. Photomicrographs of main biogenic sedimentary components,
Site U1443. A. Nannofossils. B. Nannofossils including Discoaster spp.
C, D. Large planktonic foraminifer fragments. E, F. Radiolarian fragment.
G. Large siliceous fragment. H. Diatom fragment in vitric ash. PPL = plane-
polarized light, XPL = cross-polarized light. (Continued on next page.) 
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higher CaCO3 content (~70–90 wt%) relative to Subunit Ia (60–75
wt%). The color of the ooze also becomes paler downhole, shifting
from light gray and gray (5Y 6/1 and 5Y 7/1) to white gray (GLEY 1
8/N) at 68 m CSF-A, as reflected by a subtle shift in L*, b*, and a*
values (Figure F5). The biosilica component is very low, with trace
(1%) amounts between 27–40 and 93–105 m CSF-A, but is other-
wise absent. Predominantly gray (10YR 6/1) and occasional black
(GLEY 1 2.5/N) volcanic ash layers are less common in Subunit Ib
and become less frequent downhole, with the last occurring at 62 m
CSF-A. Drilling disturbance is minor with only occasional horizon-
tal cracks or infrequent soupy intervals.

Unit II
Intervals: 353-U1443A-13H-2, 0 cm, through 34X-2, 0 cm; 

353-U1443B-13H-2, 40 cm, through 32X-CC, 34 cm; 
353-U1443C-15H-5, 70 cm, through 30F-CC, 29 cm

Depths: Hole U1443A = 107.80–242.36 m CSF-A; 
Hole U1443B = 112.40–247.85 m CSF-A; 
Hole U1443C = 112.30–209.62 m CSF-A (end of hole)

Age: late Miocene to early Oligocene
Major lithology: nannofossil ooze with clay, nannofossil ooze with 

foraminifers, nannofossil chalk with clay, and nannofossil 
chalk with foraminifers

Minor lithology: clayey nannofossil ooze with foraminifers, clayey 
nannofossil ooze with authigenic carbonate, nannofossil 
chalk with volcaniclastics, and volcanic ash

Unit II and its two Subunits IIa and IIb comprise a 135 m thick
succession of pale yellow (2.5Y 8/2) to white (2.5Y 8/1) nannofossil
ooze and chalks with varying amounts of authigenic carbonate and
foraminifers (Figures F4, F5, F6). Subunit IIa is characterized by
nannofossil ooze, recovered using the HLAPC tool, whereas Sub-
unit IIb is characterized by more lithified nannofossil chalk recov-
ered using the XCB tool. Sediment throughout Unit II is highly
homogeneous and likely heavily bioturbated, with no obvious strat-
ification in grain size but with some occasional gray-colored mot-
tling. Clay content is generally low (<20%) and decreases downhole
(Figure F6). Authigenic carbonate generally comprises only 1%–
10% of the sediment and also decreases downhole. Foraminifer con-
tent is variable but is generally 5%–15% throughout Unit II. The

Figure F8 (continued). I. Clay. J. Glauconite clast. K. Authigenic carbonate.
L. Small zeolites. M. Large quartz grain in ash. N. Altered feldspar with Fe
oxide coating.
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Figure F9. Photomicrographs of ash layers, Unit I. A. Glass shards. B. Glass
shards, some with many elongate vesicles (center left), and large biotite
flake (bottom right). C, D. Rare heavy mineral (pyroxene?) in black ash layer.
E. Large sand-sized biotite flake among ash shards. F. Glass shards with fine
disseminated black opaques common. G. Large feldspar showing multiple
twinning. H. Mixture of quartz and feldspar grains.
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contribution from biosilica is low (<1%) throughout most of Unit II
but increases downhole. The base of Unit II is defined as a change to
a browner nannofossil chalk with more clay and the appearance of
zeolites. This lithostratigraphic boundary coincides with the major
hiatus between the early Oligocene and the late Paleocene.

Subunit IIa

Intervals: 353-U1443A-13H-2, 0 cm, through 30X-1, 0 cm; 
353-U1443B-13H-2, 40 cm, through 29X-1, 0 cm; 
353-U1443C-15H-5, 70 cm, through 30F-CC, 29 cm

Depths: Hole U1443A = 107.80–202.00 m CSF-A; 
Hole U1443B = 112.40–210.00 m CSF-A; 
Hole U1443C = 112.30–209.62 m CSF-A

Age: late Miocene to late Oligocene
Major lithology: nannofossil ooze with clay and nannofossil ooze 

with foraminifers

Minor lithology: clayey nannofossil ooze with foraminifers, clayey 
nannofossil ooze with authigenic carbonate, and volcanic 
ash with authigenic carbonate

Subunit IIa is characterized by a 95 m thick succession of pale
yellow to very pale yellow (2.5Y 8/2 to 2.5Y 9.5/2) and white (2.5Y
8/1) nannofossil ooze with varying amounts of clay, authigenic car-
bonate, and foraminifers (Figures F4, F5, F6). The b* and a* values
are the highest observed at Site U1443, reflecting the light color-
ation of the sediment (Figure F5). The sediment is highly homoge-
neous, but some mottling with darker gray sediment occurs
between 140 and 149 m CSF-A. Clay content decreases from ~25%
at the top of the subunit to ~5% at the base (Figure F6). Calcareous
nannofossils comprise >50% of the components in all samples, with
the highest values of Site U1443 (>80%) occurring in the lower half
of the subunit between 160 and 202 m CSF-A. Authigenic carbonate
content is on the order of 2%–7%, with the exception of an anoma-
lous interval between 125 and 140 m CSF-A, where values between
15% and 40% are observed. Foraminiferal content is variable but is
generally 2%–10%. Biosilica content is very low (<1%) throughout
most of Subunit IIa but increases to 1%–6% at the base of the sub-
unit between 177 and 186 m CSF-A. One thin (10 cm) bed of gray
(2.5Y 6/1) calcite-cemented volcanic ash occurs at 176.51 m CSF-A
within interval 353-U1443A-24F-3, 31–42 cm. Although a general
trend of increasing lithification is observed throughout Unit II, the
base of Subunit IIa is defined by the first true chalk, which coincides
with the first core recovered with the XCB tool. This step is also co-
incident with a sharp decrease in MS values (Figure F5). Drilling
disturbance is generally minor and characterized by horizontal
cracks and soupy intervals, which is particularly prevalent between
130 and 135 m CSF-A.

Subunit IIb

Intervals: 353-U1443A-30X-1, 0 cm, through 34X-2, 0 cm; 
353-U1443B-29X-1, 0 cm, through 32X-CC, 34 cm

Figure F10. Line scan images of minor lithologies, Site U1443. A. Light gray
ash, Subunit Ia. B. Dark gray ash, Subunit Ia. C. Ash with authigenic carbon-
ate, Subunit IIa. D. Porcellanite, Subunit IIIb. E. Glauconite nodules, Unit IV.
F. Dispersed Inoceramus shell fragments, Unit IV. G. Trace fossil (Zoophycos)
filled with glauconite, Unit IV.
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Figure F11. Correlation of major Pleistocene and Pliocene volcanic ash layers 
between Holes U1443A, U1443B, and U1443C (see Table T2 for depths in 
each hole). Letters indicate specific layer after Dehn et al. (1991).
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Depths: Hole U1443A = 202.00–242.36 m CSF-A; 
Hole U1443B = 210.00–247.85 m CSF-A

Age: early to late Oligocene
Major lithology: nannofossil chalk with clay and nannofossil chalk 

with foraminifers
Minor lithology: nannofossil chalk with volcaniclastics

Subunit IIb is 40 m thick and characterized by the first occur-
rence of nannofossil chalk, with varying proportions of clay and for-
aminifers, and occasional volcaniclastic input (Figures F5, F6). The
color ranges from very pale yellow (2.5Y 9/2) in the top of the unit to
white (2.5Y 8.1) from 227 m CSF-A and deeper, reflected by a grada-
tional increase in a* and b* values (Figure F5). The sediment is
highly homogeneous, but some mottling with darker gray sediment
is observed between 245 and 260 m CSF-A. Clay generally com-
prises <10% of the sediment in Subunit IIb, whereas nannofossils
comprise between 50% and 75% with a decreasing downhole trend
(Figure F6). Authigenic carbonate is generally low (<10%) but in-
creases downhole to 10%–15% within the subunit. Biosiliceous con-
tent is low overall but is highest at the top of the subunit between
208 and 243 m CSF-A. Drilling disturbance is moderate to severe,
coincident with the change to using the XCB tool, with frequent bis-
cuiting and rare fall-in.

Unit III
Intervals: 353-U1443A-34X-2, 0 cm, through 42X-1, 100 cm; 

353-U1443B-32X-CC, 34 cm, through 39X-5, 70 cm
Depths: Hole U1443A = 242.36–308.68 m CSF-A; 

Hole U1443B = 247.85–313.70 m CSF-A
Age: late Paleocene to late Campanian
Major lithology: calcareous chalk with clay, clayey nannofossil 

chalk, clayey nannofossil chalk with foraminifers, nanno-
fossil chalk with authigenic carbonate, and nannofossil-
rich calcareous chalk

Minor lithology: chert and porcellanite

Unit III and its two Subunits IIIa and IIIb comprise a ~66 m
thick succession of white to pale yellow (7.5Y 8/1 to 10YR 7/2 to

2.5Y 8/2) and brown nannofossil and calcareous chalks with varying
proportions of clay and foraminifers. Occasional chert and porcel-
lanite nodules and thin beds are observed, particularly in Subunit
IIIa between 255 and 275 m CSF-A (Figure F4). The top of the unit
is marked by an extensive hiatus between the late Paleocene and
early Oligocene. Chalks are generally homogeneous and apparently
heavily bioturbated, but color mottling is a common feature. Bur-
rows become common in Subunit IIIb, just above the Creta-
ceous/Paleogene boundary.

Subunit IIIa

Intervals: 353-U1443A-34X-2, 0 cm, through 40X-1, 135 cm; 
353-U1443B-32X-CC, 34 cm, through 38X-1, 136 cm

Depths: Hole U1443A = 242.36–291.80 m CSF-A; 
Hole U1443B = 247.85–298.66 m CSF-A

Age: late Paleocene to Maastrichtian
Major lithology: clayey nannofossil chalk, nannofossil-rich calcare-

ous chalk, nannofossil chalk with authigenic carbonate, 
authigenic carbonate-rich nannofossil chalk with fora-
minifers, and clayey nannofossil chalk with foraminifers

Minor lithology: chert and porcellanite

Subunit IIIa is 50 m thick interval of calcareous chalk and nan-
nofossil chalk with foraminifers, and clay. Color most commonly
varies from pale brown (10YR 8/2) to pale yellow (2.5Y 8/2). Thin to
medium beds of dark reddish gray (5YR 4/2) chert occur in Subunit
IIIa, particularly in the lower portion between 300 and 308 m CSF-A
(Figures F4, F5). Clay mineral content increases with depth from
~10% to 30%, with a corresponding decrease in nannofossil content
(Figure F6). The uppermost beds (240–248 m CSF-A), underlying
the major unconformity, are characterized by an increase in authi-
genic carbonate and clay, as well as the presence of zeolites as a mi-
nor fine silt–sized component. Mottling and color banding were
observed commonly throughout Subunit IIIa. Bioturbation is pres-
ent throughout this interval, observed as burrows. Drilling distur-
bance is moderate to severe, most commonly present as biscuiting.

Table T2. Depth information for major Pleistocene and Pliocene volcanic ash layers recovered in Holes U1443A–U1443C.  * = Dehn et al. (1991), † = highly bio-
turbated layers. Download table in .csv format.

U1443A U1443B U1443C

Layer*
Core, 

section
Depth CSF-A 

(m)
Thickness 

(cm)
Core, 

section
Depth CSF-A

(m)
Thickness 

(cm)
Core, 

section
Depth CSF-A 

(m)
Thickness 

(cm) Subunit

A 1H-2, CC 1.48–1.72 24 1H-1 0.69–0.88 19 Ia
C 2H-2 3.06–3.125 6.5 1H-CC 8.87–8.91 4

2H-1 9.12–9.13 1 3H-1, 2 7.69–7.79 10
D 2H-4 7.19–7.275 8.5 2H-2 10.71–10.86 15 3H-4 11.79–11.92 13
d 2H-5 7.945–7.96 1.5 2H-3 11.47–11.52 5 3H-5 12.48–12.54 6
F 3H-3 15.57–15.645 7.5 3H-1 19.38–19.44 6 4H-4 21.22–21.25 3
G 4H-1 20.935–21.03 9.5 3H-5 25.33–25.45 12 5H-2 25.81–25.92 11
H 4H-6 28.39–28.44 5 4H-3 32.20–32.26 6

h

6H-5 46.41–46.44 3 8H-1† 50.91–50.98 7
46.555–46.57 1.5 6H-3 50.29–50.31 2 51.39–51.42 3

6H-7 48.87–48.91 4 6H-4 52.70–52.73 3 51.45–51.47 2
52.59–52.67 8

I 7H-3 52.68–52.785 10.5 7H-1 56.78–56.87 9
J 7H-5 63.70–63.75 5 9H-2 63.18–63.22 4 Ib
K 8H-3 62.28–62.315 3.5 8H-1 66.65–66.69 4 9H-4 67.08–67.09 1
M 8H-5 72.38–72.39 1

10H-1 86.14–86.18 4
11H-5 93.78 3
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Subunit IIIb

Intervals: 353-U1443A-40X-1, 135 cm, through 42X-1, 100 cm; 
353-U1443B-38X-1, 136 cm, through 39X-5, 70 cm

Depths: Hole U1443A = 291.80–308.68 m CSF-A; 
Hole U1443B = 298.66–313.70 m CSF-A

Age: Maastrichtian
Major lithology: nannofossil-rich calcareous chalk with clay
Minor lithology: chert and porcellanite

Subunit IIIb is a 15 m thick interval of nannofossil-rich calcare-
ous chalk with clay distinguished from Subunit IIIa by an increase in
bioturbation starting from just above the Cretaceous/Paleogene
boundary and continuing to the base of the unit. Color ranges from
pale gray (2.5Y 7/1) to pinkish white (7.5YR 8.5/2) to very pale
brown (10YR 8/3). Mottling is observed in this subunit. Clay min-
eral content decreases from ~30% in Subunit IIIa to ~20% in Sub-
unit IIIb, whereas authigenic carbonate content increases from
~20% to ~60% across the same interval (Figure F6). Nannofossil
content continues to decrease and only comprises around 10% of
the sediment at the base of Subunit IIIb. Very thin to thin beds of
porcellanite and chert occur, particularly between 300 and 308 m
CSF-A.

Unit IV
Intervals: 353-U1443A-42X-1, 100 cm, through 48X-CC, 15 cm;

353-U1443B-39X-5, 70 cm, through 40X-CC, 44 cm
Depths: Hole U1443A = 308.68–341.35 m CSF-A; 

Hole U1443B = 313.70–324.69 m CSF-A
Age: Maastrichtian to late Campanian
Major lithology: marlstone with glauconite
Minor lithology: bioclastic marlstone with glauconite

Unit IV is composed of 34 m of mottled greenish gray (GLEY 1
6/10GY to GLEY 1 8/10Y) marlstone with glauconite and locally
high concentrations of Inoceramus shells and fragments (Figures
F4, F5). Sediment is heavily bioturbated with a large number of bur-
rows and tracks visible, including the inclined U-shaped burrows
characteristic of the Zoophycos ichnofacies (Figure F10). Clay con-
tent is elevated relative to Units I and II, ranging from 20% to 50%,
whereas nannofossil content is greatly reduced, averaging 1%–25%
and decreasing sharply downhole (Figure F6). Authigenic carbonate
ranges from 40%–60% at the top of the unit to 10%–20% at the base.
Foraminifers are present in quantities of 2%–15%, and there is no
obvious biosiliceous content. Glauconite is found throughout the
unit, giving the characteristic greenish color and the increased MS
values (Figures F5, F6). The darker color of the sediment is also re-
flected in the low L* and a* values as compared to Unit III (Figure
F5). Dark green nodules present within this unit (Figure F10) are
composed almost entirely of glauconite (Figure F12). Inoceramus
shells are common and in places are numerous enough to classify
the sediment as bioclastic. The shells are intact pieces visible as
thick shell fragments several centimeters long and as fine dissemi-
nated calcite prisms throughout the sediment (Figure F10).

Biostratigraphy
Abundances of different microfossil groups at Site U1443 have

different downhole trends. In Hole U1443A, the upper 30.36 m is
rich in both siliceous and calcareous microfossils. Within this inter-
val, diatom abundances fluctuate between common and abundant,
and preservation is generally moderate to good. Between 28 and
116.27 m CSF-A, the occurrence of siliceous microfossils is spo-
radic, but calcareous microfossils are consistently present (Figure
F13). Deeper than 116.27 m CSF-A, sediments are barren of sili-
ceous microfossils except for some isolated intervals. Calcareous
nannofossils are abundant throughout the recovered sections and
are well preserved in the upper 115 m; deeper than 115 m CSF-A,
preservation is generally moderate and occasionally poor. Foramin-
ifers are dominant to abundant in the upper 241 m in Hole U1443A.
Abundance decreases deeper than 241 m CSF-A and falls to com-
mon to few deeper than 326 m CSF-A. Preservation is good to mod-
erate throughout the Cenozoic with exceptions in the late Miocene
(116.24 m CSF-A) and the early Oligocene to Paleocene (240.60 to
244.27 m CSF-A) where preservation is poor. Preservation in the
Cretaceous (deeper than 273 m CSF-A) is moderate to poor. Note
that in Hole U1443A, CSF-A depths for all cores deeper than Core
353-U1443A-1H should have ~5 m added to be consistent with
CSF-A depths of the other three holes. This is because stratigraphic
correlation indicates that approximately 5 m of sediment was lost
from Core 1H (see Operations for further discussion).

The biostratigraphic age model for Site U1443 was established
by combining nannofossil and planktonic foraminifer datums with a
few ages provided by diatoms (Figure F13; Tables T3, T4). The old-

Figure F12. X-ray diffraction (XRD) diffractograms from selected samples,
Hole U1443A. A. Gray volcanic ash bleb within the high calcium carbonate
nannofossil ooze sediments of Subunit IIa, showing presence of feldspar,
quartz, and calcite. B. Glauconite nodule from Unit IV.
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Figure F13. Summary of biostratigraphic events identified in Hole U1443A. T = top (last occurrence), B = bottom (first occurrence), Tc = top common, Bc =
bottom common, FO = first occurrence, LO = last occurrence. For biozone schemes used, see Biostratigraphy in the Expedition 353 methods chapter (Clem-
ens et al., 2016). Note that CSF-A and CCSF-A depths do not coincide.
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Table T3. Calcareous nannofossil datums, Site U1443. T = top, B = bottom, Tc = top common, Bc = bottom common. GTS2012 = Geologic Timescale 2012. CSF-A
depths in Hole U1443A deeper than Core 1H do not match CSF-A depths in Hole U1443B or CCSF-A depths because of partial recovery in Core U1443A-1H.
Download table in .csv format. 

Species event
GTS2012 
age (Ma) Site Hole

Top Bottom Midpoint 
depth 

CSF-A (m)Core Section
Interval 

(cm)
 Depth 

CSF-A (m) Core Section
Interval 

(cm)
 Depth 

CSF-A (m)

Hole U1443A
B Emiliania huxleyi 0.29 U1443 A 1H 1W 50 0.5 2H 1 15 1.95 1.23
T Pseudoemiliania lacunosa 0.44 U1443 A 2H 1W 15 1.95 2H 2W 15 3.2 2.58
T Helicosphaera sellii 1.26 U1443 A 3H 4W 15 15.95 3H 5W 15 17.45 16.70
T Calcidiscus macintyrei 1.6 U1443 A 3H 6W 15 18.95 3H 7W 15 20.45 19.70
T Discoaster brouweri 1.93 U1443 A 4H 2W 15 22.45 4H 3W 15 23.95 23.20
T Discoaster triradiatus 1.95 U1443 A 4H 2W 15 22.45 4H 3W 15 23.95 23.20
T Discoaster pentaradiatus 2.39 U1443 A 4H 6W 15 28.45 4H 7W 15 29.95 29.20
T Discoaster surculus 2.49 U1443 A 5H 1W 15 30.45 5H 2W 15 31.95 31.20

Pliocene/Pleistocene boundary 2.59

T Discoaster tamalis 2.8 U1443 A 5H 5W 15 36.45 5H 6W 15 37.95 37.20
T Sphenolithus spp. 3.54 U1443 A 6H 2W 15 41.45 6H 3W 15 42.95 42.20
T Reticulofenestra pseudoumbilicus 3.7 U1443 A 6H 4W 15 44.45 6H 5W 15 45.95 45.20
T Ceratolithus acutus 5.04 U1443 A 7H CC 58.94 8H 4W 15 63.45 61.20
T Triquetrorhabdulus rugosus 5.28 U1443 A 8H 6W 15 66.46 8H CC 68.415 67.44

Pliocene/Miocene boundary 5.33

B Ceratolithus acutus 5.35 U1443 A 8H 6W 15 66.46 8H CC 68.415 67.44
T Discoaster quinqueramus 5.59 U1443 A 8H 6W 15 66.46 8H CC 68.415 67.44
B Nicklithus amplificus 6.91 U1443 A 9H 7W 15 77.15 9H CC 77.705 77.43
B Discoaster quinqueramus 8.12 U1443 A 11H CC 96.73 12H 4W 15 101.45 99.09
B Discoaster berggrenii 8.29 U1443 A 11H CC 96.73 12H 4W 15 101.45 99.09
T Discoaster hamatus 9.53 U1443 A 13H 1W 15 106.45 13H 3W 15 109.45 107.95
B Discoaster brouweri 10.76 U1443 A 13H 4W 15 110.95 13H 5W 15 112.45 111.70
B Catinaster coalitus 10.89 U1443 A 13H 5W 15 112.45 13H 6W 15 113.95 113.20
T Coccolithus miopelagicus 10.97 U1443 A 13H 7W 15 115.45 13H CC 116.245 115.85
Bc Discoaster kugleri 11.9 U1443 A 14H 1W 15 115.95 14H 2W 15 117.45 116.70
T Coronocyclus nitescens 12.12 U1443 A 14H 1W 15 115.95 14H 2W 15 117.45 116.70
B Triquetrorhabdulus rugosus 13.27 U1443 A 14H 2W 15 117.45 14H 2W 15 118.95 118.20
T Sphenolithus heteromorphus 13.53 U1443 A 14H 6W 15 123.45 14H 7W 15 124.95 124.20
T Triquetrorhabdulus carinatus 18.28 U1443 A 16 CC 139.755 17F CC 144.555 142.16
B Sphenolithus belemnos 19.03 U1443 A 16 CC 139.755 17F CC 144.555 142.16

Miocene/Oligocene boundary 23.03

T Sphenolithus delphix 23.11 U1443 A 25F 1W 15 178.15 25F 2W 15 179.65 178.90
B Sphenolithus delphix 23.21 U1443 A 25F CC 182.87 26F 1W 15 182.95 182.91
Tc Cyclicargolithus abisectus 24.67 U1443 A 25F CC 182.87 26F CC 187.83 185.35
T Sphenolithus predistentus 26.93 U1443 A 32X CC 231.12 31X CC 219.29 225.21
T Coccolithus formosus 32.92 U1443 A 33X CC 240.635 34X 1W 68 241.48 241.06

Eocene/Oligocene boundary 33.89

T Reticulofenestra reticulata 35.40 U1443 A 34X 1W 68 241.48 34X 2 25 242.55 242.02

Hiatus

B Reticulofenestra 50.50 U1443 A 34X 2W 25 242.55 34X 3 51 243.9 243.23

Hiatus including Paleocene/Eocene boundary

T Ericsonia robusta 56.78 U1443 A 34X CC 244.255 35X CC 251.175 247.72
T Heliolithus kleinpellii 58.80 U1443 A 35X CC 251.175 36X CC 262.245 256.71
B Fasciculithus tympaniformis 61.51 U1443 A 36X CC 262.245 37X CC 272.815 267.53
B Neochiastozygus perfectus 61.76 U1443 A 37X CC 272.815 38X CC 279.115 275.97
B Cruciplacolithus tenuis 65.47 U1443 A 38X CC 279.115 39X 4W 40 286.83 282.97

Cretaceous/Paleogene boundary 66.04

T Cretaceous species 66.04 U1443 A 39X 4W 40 286.83 39X 5W 60 287.23 287.03
T Broinsonia parca constricta 72.02 U1443 A 43X CC 321.22 44X CC 326.77 324.00

Hole U1443B
T Pseudoemiliania lacunosa 0.44 U1443 B 1H 5W 110 7.1 1H 6W 15 7.65 7.38

est planktonic foraminifer datum encountered is the last occurrence
(LO) of Abathomphalus mayaroensis, which suggests that sedi-
ments in Sample 353-U1443A-39X-CC are of latest Maastrichtian
age. The oldest calcareous nannofossil datum found is the LO of
Broinsonia parca constricta, suggesting that sediments in Sample

44X-CC are close to the Maastrichtian/Campanian boundary (72.1
Ma).

Beyond the biostratigraphic schemes, microfossil assemblages
provide a record of climatic shifts and may indicate changes in pri-
mary productivity and oceanography through time.
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Calcareous nannofossils
Calcareous nannofossils were examined in all core catcher sam-

ples from Hole U1443A and the first core catcher of Hole U1443B.
When time permitted, additional split core samples for Hole
U1443A (and Core 353-U1443B-1H) were examined to refine the
depth of biostratigraphic datums, with emphasis on the Quaternary,
Neogene, and important boundaries. Semiquantitative species
abundance estimates are divided into three periods (Quaternary
and Neogene, Paleogene, and Cretaceous) and are shown in Tables
T5, T6, and T7.

Quaternary and Neogene
Abundant and well-preserved calcareous nannofossils were

present throughout the Quaternary and Neogene sedimentary sec-
tions of Hole U1443A (approximately 0–178 m CSF-A), allowing us
to define a relatively high-resolution Neogene stratigraphy using
this fossil group (Table T3; Figure F13). The first downcore obser-
vation of significant diagenetic overgrowth (visible in the light mi-
croscope) of susceptible nannofossils (Discoaster and Sphenolithus)
was noted in the middle to late Miocene around Core 353-U1443A-

13H. This coincides with the top of lithostratigraphic Unit II, and
nannofossil preservation (in terms of etching and overgrowth) dete-
riorates below this boundary. The good nannofossil preservation in
Unit I could result from the enhanced clay content of these sedi-
ments relative to deeper lithostratigraphic units. This is because
clay-rich sediments have low porosity and permeability; therefore,
carbonate fossils are sealed in with their associated pore water flu-
ids, and rapid chemical equilibration occurs (e.g., Pearson et al.,
2001; Bown, 2005; Expedition 342 Scientists, 2012). Pleistocene to
Miocene nannofossil assemblages are typically tropical/subtropical
and included abundant Florisphaera profunda, Gephyrocapsa spp.,
Reticulofenestra spp., Sphenolithus spp., and Discoaster spp. Helico-
sphaera, Calcidiscus, and Umbilicosphaera spp. were also common.

Most Neogene marker species defined by Martini (1971) and
Okada and Bukry (1980) (see Biostratigraphy in the Expedition
353 methods chapter [Clemens et al., 2016] for zonal schemes used)
were found (Table T3), and all ages cited in the text and figures are
those of Gradstein et al. (2012). The presence of Emiliania huxleyi,
which delineates the base of Zone NN21 (0.29 Ma), was confirmed
shipboard by scanning electron microscope (SEM) in Samples 353-

Table T4. Planktonic foraminifer datums, Site U1443. T = top, B = bottom. GTS2012 = Geologic Timescale 2012. Download table in .csv format. 

Core, section, interval (cm) 

Zone Marker event
GTS2012 
age (Ma)

Depth CSF-A (m) Depth 
± (m)Top Bottom Top Bottom Midpoint

353-U1443B- 353-U1443B-
1H-1, 52–54 PT1b T Globorotalia flexuosa 0.07 0.00 0.51 0.26 0.26 

1H-2, 50–52 1H-3, 52–54 PT1b T Globigerinoides ruber (pink); Indo-Pacific 0.12 2.01 3.53 2.77 0.76 

353-U1443A- 353-U1443A-
1H-CC 2H-CC PT1b/PT1a T Globorotalia tosaensis 0.61 1.80 11.49 6.64 4.85 
2H-CC 3H-CC PT1a/PL6 T Globigerinoides fistulosus 1.88 11.49 21.29 16.39 4.90 
3H-CC 4H-CC PL6 (Indo-Pacific) T Globigerinoides extremus 1.98 21.29 30.38 25.83 4.55 
3H-CC 4H-CC PL5 T Globorotalia limbata 2.39 21.29 30.38 25.83 4.55 

Pleistocene/Pliocene boundary 2.59
4H-CC 5H-CC PL5 B Globigerinoides fistulosus 3.33 30.38 39.97 35.18 4.80 
4H-CC 5H-CC PL5 B Globorotalia tosaensis 3.35 30.38 39.97 35.18 4.80 
4H-CC 5H-CC PL5/PL4 T Dentoglobigerina altispira (Pacific) 3.47 30.38 39.97 35.18 4.80 
4H-CC 5H-CC PL4/PL3 T Sphaeroidinellopsis seminulina (Pacific) 3.59 30.38 39.97 35.18 4.80 
5H-CC 6H-CC PL3 T Pulleniatina primalis 3.66 39.97 49.61 44.79 4.82 
5H-CC 6H-CC PL3/PL2 T Globorotalia margaritae 3.85 39.97 49.61 44.79 4.82 
5H-CC 6H-CC PL1 T Sphaeroidinellopsis kochi 4.53 39.97 49.61 44.79 4.82 

Pliocene/Miocene boundary 5.33
7H-CC 8H-CC M14 T Globoquadrina dehiscens 5.92 58.97 68.42 63.69 4.73 
11H-CC 12H-CC M13a B Globigerinoides extremus 8.93 96.75 106.38 101.57 4.81 
12H-CC 13H-CC M13a/M12 B Neogloboquadrina acostaensis 9.83 106.38 116.24 111.31 4.93 
12H-CC 13H-CC M12/M11 T Paragloborotalia mayeri/siakensis 10.46 106.38 116.24 111.31 4.93 
13H-CC 14H-CC M10/M9b T Fohsella fohsi, Fohsella plexus 11.79 116.24 125.48 120.86 4.62 
14H-CC 15H-CC M9a/M8 B Fohsella fohsi 13.41 125.48 134.96 130.22 4.74 

Hiatus?
15H-CC 16F-CC M4a/M3 T Catapsydrax dissimilis 17.54 134.96 139.76 137.36 2.40 
18F-CC 19F-CC M3 T Globoquadrina binaiensis 19.09 149.36 154.08 151.72 2.36 
19F-CC 20F-CC M2 B Globoquadrina binaiensis 19.3 154.08 159.00 156.54 2.46 
20F-CC 21F-CC M2/1b T Paragloborotalia kugleri 21.12 159.00 163.72 161.36 2.36 
24F-CC 25F-CC M1a T Globigerina ciperoensis 22.9 178.16 182.90 180.53 2.37 
27F-CC 28F-CC M1a/O7 B Paragloborotalia kugleri 22.96 192.54 197.39 194.96 2.43 

Miocene/Oligocene boundary 23.05
31X-CC 32X-CC O4/O3 B Globigerina angulisuturalis 29.18 219.31 231.12 225.21 5.91 
33X-CC 34X-1, 55–57 O3/O2 T Turborotalia ampliapertura 30.28 240.63 241.36 240.99 0.37 

Oligocene/Eocene boundary 33.89
34X-1, 55–57 34X-2, 64–66 E14 T Acarinina spp. 37.75 241.36 242.95 242.16 0.79 

Eocene/Paleocene boundary 33.89
34X-CC 35X-CC P5/P4c T Globanomalina pseudomenardii 57.1 244.25 251.18 247.71 3.47 
36X-CC 37X-CC P4c/P4b B Acarinina soldadoensis 57.79 262.24 272.82 267.53 5.29 
37X-CC 38X-CC P3a B Morozovella velascoensis 61.33 272.82 279.12 275.97 3.15 

Paleogene/Cretaceous boundary 66.04
38X-CC 39X-CC Maastrichtian T Abathomphalus mayaroensis 66.35 279.12 289.74 284.43 5.31 
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U1443A-1H-1W, 15 cm, 1H-1W, 50 cm, and 353-U1443B-1H-1W,
10 cm. However, the shift in dominance from Gephyrocapsa carib-
beanica to E. huxleyi (dated at 0.09 Ma in tropical waters) was not
encountered in Sample 353-U1443A-1H-1W, 15 cm, suggesting
that the Holocene is unlikely to be completely recovered. These ob-
servations suggest a similar core top age at Site U1443 to Site 758,
where the presence of E. huxleyi was noted in the upper 50 cm of
Core 121-758C-1H. Further high-resolution SEM work will be
needed to precisely define the first occurrence (FO) of this species
and to estimate the age of the top of the recovered cores for Holes
U1443A–U1443D. The LO of Pseudoemiliania lacunosa, dated at
0.44 Ma, occurs between Samples 353-U1443A-2H-1W, 15 cm, and
2H-2W, 15 cm, and between Samples 353-U1443B-1H-5W, 110 cm,
and 1H-6W, 15 cm. The Pliocene/Pleistocene boundary (2.59 Ma) is
bracketed by a number of Discoaster LOs that are dated between
2.39 and 2.8 Ma; we therefore place this boundary between Sections
353-U1443A-5H-2W and 5H-5W. The Miocene/Pliocene boundary
(5.33 Ma) is estimated to be between Samples 353-U1443A-8H-6W,
15 cm, and 9H-1W, 15 cm, based on the LO of Triquetrorhabdulus
rugosus (5.28 Ma) and the FO of Ceratolithus acutus (5.35 Ma). As
also noted at Site 758, the early middle Miocene marker species He-
licosphaera ampliaperta was not found. The Oligocene/Miocene
boundary (23.03 Ma) is defined by the brief appearance of Spheno-
lithus delphix (23.11–23.21 Ma) between Samples 353-U1443A-
25F-1W, 15 cm, and 26F-1W, 15 cm.

Paleogene and Cretaceous
Calcareous nannofossils are abundant in Paleogene (Cores 353-

U1443A-34X through 38X) and Late Cretaceous (Cores 39X
through 48X) sediments, but calcareous nannofossil preservation
was moderate to poor, resulting in less robust biostratigraphic age
control in these intervals relative to the Quaternary and Neogene
(Table T3; Figure F13). A prominent hiatus spanning most of the
Eocene and the uppermost Paleocene was identified, as anticipated
based on recovery at Site 758, between Samples 33X-CC and 35X-
CC. Sample 34X-CC contains a mixture of Eocene and Paleocene
species. Two events were nevertheless identified in the likely dis-
continuous and highly condensed Eocene sediments that were re-
covered, namely the late Eocene LO of Reticulofenestra reticulata
(35.40 Ma) between Samples 34X-1W, 68 cm, and 34X-2W, 25 cm,
and the early Eocene FO of Reticulofenestra spp. (50.50 Ma) be-
tween Samples 34X-2W, 25 cm, and 34X-3W, 51 cm. The first event
identified below the hiatus is the LO of Ericsonia robusta (56.78 Ma)
between Samples 34X-CC and 35X-CC. The Cretaceous/Paleocene
boundary (66.04 Ma) was identified between Samples 39X-4W, 40
cm, and 39X-5W, 60 cm. However, sediments in this interval are
heavily bioturbated (containing burrows, blebs, patches, color
banding, and mottles), and most samples studied within this inter-

val contained a mixture of Cretaceous and Paleocene species. The
interval below Section 39X-5W contains moderately to poorly pre-
served Cretaceous nannofossil assemblages. No latest Maastrich-
tian marker events were found, which is possibly the result of a
minor hiatus. The LO of B. parca constricta just above the Maas-
trichtian/Campanian boundary (72.05 Ma) is found between Sam-
ples 43X-CC and 44X-CC. The presence of common Reinhardtites
levis in the oldest recovered core (Sample 48X-CC) suggests that the
sediment is not older than Zone CC23 in the late Campanian.

Planktonic foraminifers
Planktonic foraminifer biostratigraphy of the Pleistocene to Late

Cretaceous section of Site U1443 was based on the shipboard study
of core catcher samples from Hole U1443A and was supplemented
by a small number of samples from Cores 353-U1443A-34X and
353-U1443B-1H to refine certain datums. Planktonic foraminifer
distribution in Holes U1443A and U1443B is shown in Table T8.
The absolute ages assigned to biostratigraphic datums listed in Ta-
ble T4 follow the references given in Table T2 in the Expedition 353
methods chapter (Clemens et al., 2016). The planktonic/benthic ra-
tio, reported as percentage planktonic foraminifers of the total fora-
minifer population, and the number of benthic foraminifers found
in a 10 cm3 sample are based on examination of the >150 μm size
fraction of core catcher samples.

Pleistocene
Pleistocene planktonic foraminifer assemblages were recovered

from Samples 353-U1443A-1H-CC (1.80 m CSF-A) through 4H-CC
(30.38 m CSF-A) and Samples 353-U1443B-1H-1W, 51 cm (0.53 m
CSF-A), through 1H-6W, 51 cm (8.01 m CSF-A). Foraminiferal as-
semblages are abundant and generally well preserved. Planktonic
assemblages are dominated by the tropical to warm subtropical spe-
cies Pulleniatina obliquiloculata, Neogloboquadrina dutertrei, Glo-
boquadrina conglomerata, Globigerinoides ruber, G. sacculifer,
Globigerinoides trilobus, Globorotalia menardii, and Orbulina uni-
versa. The occurrences of Globorotalia flexuosa in Sample 353-
U1443A-1H-CC (1.80 m CSF-A) and the top samples from Core
353-U1443B-1H confirm that these sediments are older than 0.07
Ma. G. ruber (pink) is also found in Samples 353-U1443A-1H-CC
(1.80 m CSF-A) and 353-U1443B-1H-3W, 53 cm (3.53 m CSF-A),
constraining the zone to PT1b. The top of Globigerinoides fistulosus
in Sample 3H-CC marks the top of Zone PL6. Planktonic foramin-
ifer percentage is >95%, and 250–700 benthic foraminifers are
found in the >150 μm size fraction of a 10 cm3 Pleistocene sample.

Pliocene
Pliocene planktonic foraminifer assemblages were recovered

from Samples 353-U1443A-5H-CC (39.97 m CSF-A) through 7H-
CC (58.97 m CSF-A). Foraminiferal assemblages were abundant and
moderately to well preserved regardless of extensive fragmentation.
G. menardii, Globorotalia tumida, G. sacculifer, G. trilobus,
Sphaeroidinella dehiscens, and Sphaeroidinellopsis seminulina
dominate the assemblage. The top of Sphaeroidinellopsis kochi in
Sample 6H-CC (49.61 m CSF-A) is the oldest Zone PL1 marker re-
corded in these sediments. Because some Pliocene samples are
highly fragmented, planktonic foraminifer percentage is lower than
in nonfragmented intervals (averaging 93%), and the number of
benthic foraminifers per 10 cm3 sample is as high as 1100.

Table T8. Semiquantitative planktonic foraminifer abundance counts from
core catcher samples, Site U1443. Download table in .csv format.

Table T5. Semiquantitative calcareous nannofossils abundance counts from
Quaternary and Neogene core catcher samples, Site U1443. Download
table in .csv format.

Table T6. Semiquantitative calcareous nannofossils abundance counts from
Paleogene core catcher samples, Site U1443. Download table in .csv for-
mat.

Table T7. Semiquantitative calcareous nannofossils abundance counts from
Cretaceous core catcher samples, Site U1443. Download table in .csv for-
mat.
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Miocene
Miocene sediments span Samples 353-U1443A-8H-CC (68.52

m CSF-A) through 27F-CC (192.54 m CSF-A). Planktonic foramin-
ifers are abundant throughout the Miocene. Whereas poor preser-
vation is evident in Sample 13H-CC (116.24 m CSF-A), all other
samples are moderately to well preserved, showing moderate frag-
mentation and some evidence of dissolution. Dentoglobigerina altis-
pira and Paragloborotalia mayeri are the most abundant species
through the Miocene. Paragloborotalia kugleri and Globoquadrina
tripartita are the most common species in the early Miocene. Glo-
boquadrina venezuelana is the most common species in the middle
Miocene. In the late Miocene, the most common species are S.
seminulina, O. universa, Neogloboquadrina acostaensis, and Pullen-
iatina primalis. Most planktonic foraminifer zones were identified
in Miocene sediments. Fohsella fohsi, marking the upper and lower
limits of Zones 9b and 9a, respectively, occurs only in Sample 14H-
CC. The top of Catapsydrax dissimilis in Sample 16F-CC marks the
top of Zone M3. Zones M4a–M8 are not observed in core catcher
sediments, however, suggesting that the interval between 125.50
and 139.73 m CSF-A is either highly compressed or contains a hia-
tus. The bottom of Zone M1a is marked by the base of P. kugleri in
Sample 27F-CC (192.54 m CSF-A). Planktonic foraminifer percent-
ages range from 73% to 99%, and the number of benthic foramini-
fers in a 10 cm3 sample ranges from 26 to 921, depending on the
degree of fragmentation and dissolution of the sample.

Oligocene
Oligocene sediment was recovered in Samples 353-U1443A-

28F-CC (197.39 m CSF-A) through 34X-1W, 56 cm (241.36 m
CSF‑A). Though foraminifers are generally abundant, preservation
ranges from good to poor. Assemblages are dominated by Paraglob-
orotalia nana. Other common to abundant species include Globi-
gerina angustiumbilicata, P. mayeri, and G. venezuelana. The base
of Globigerina angulisuturalis in Sample 31X-CC marks the transi-
tion from Zone O4 to O3. Sample 32X-CC (231.115 m CSF-A) con-
tains a few Acarinina spp. and Morozovella spp. of the Paleocene
and Eocene, indicating some reworking. Planktonic foraminifer
percentage is >92%, and the number of benthic foraminifers in a 10
cm3 sample ranges from 2 to 135, depending on the preservation of
the sample.

Eocene
The Eocene is represented by Samples 353-U1443A-34X-2W, 65

cm (242.95 m CSF-A), and 34X-CC (244.25 m CSF-A). Foraminifers
in these samples are highly fragmented and stained orange. Only
poorly preserved Parasubbotina varianta, Acarinina soldadoensis,
and Acarinina spp. are found. These samples contain many lithic
fragments and several fish teeth. Planktonic foraminifer percentage
is very low (59%), and the number of benthic foraminifers per 10
cm3 sample is 40.

Paleocene
Samples 353-U1443A-35X-CC (251.18 m CSF-A) through 38X-

CC (279.12 m CSF-A) contain Paleocene assemblages dominated by
Morozovella velascoensis and Globanomalina chapmani. Three Pa-
leocene zones are identified in these four samples. Zone P4c is
marked by the top of Globanomalina pseudomenardii in Sample
35X-CC. The bottom of A. soldadoensis in Sample 36X-CC marks
the top of Zone P4b, and the bottom of M. velascoensis in Sample
37X-CC marks the top of Zone P3a. Foraminifers are abundant, and
preservation is moderate to good throughout the Paleocene. Plank-

tonic foraminifer percentage is 99% to 100%, and the number of
benthic foraminifers per 10 cm3 sample ranges from 0 to 410.

Late Cretaceous
Cretaceous planktonic foraminifers were found in Samples 353-

U1443A-39X-CC (289.74 m CSF-A) through 48X-CC (341.33 m
CSF-A). Planktonic foraminifer abundance decreases downhole
from dominant or abundant to few. Preservation is moderate to
poor throughout the Cretaceous. The uppermost Maastrichtian is
identified in Sample 39X-CC by the presence of A. mayaroensis.
Sediments in older samples are characterized by a low-diversity as-
semblage consisting mainly of Globotruncana arca, Rugoglobigerina
rugosa, Rugoglobigerina macrocephala, and Heterohelix spp. Inoce-
ramid prisms are abundant to common in most Late Cretaceous
samples. Planktonic foraminifer percentages range from 63% to
97%, and the number of benthic foraminifers in a 10 cm3 sample
ranges from 76 to >1400, depending on the degree of dissolution of
the sample.

Diatoms
In order to define the sediment age and paleoenvironmental

conditions, core catcher samples and samples from selected split
core sections from Hole U1443A were investigated (Table T9). For a
detailed description of the diatom zonal scheme and taxonomy, see
Biostratigraphy in the Expedition 353 methods chapter (Clemens
et al., 2016). The sampling resolution for Hole U1443A was ~3 sam-
ples per core. However, 65 of the 99 samples investigated for Hole
U1443A were barren of diatoms (Figure F13; Table T9). Diatom oc-
currence and valve preservation varies strongly throughout the sed-
iment column of Site U1443. Diatoms occur more often in the
uppermost 28 m, whereas their occurrence becomes sporadic
downcore to 192 m CSF-A. Deeper sediments are barren of dia-
toms. This last observation strongly contradicts the results from
Site 758 (Shipboard Scientific Party, 1989b). Moderately to well-
preserved diatoms of Oligocene age were found in some short inter-
vals at Site 758. Furthermore, Campanian age diatoms were found
in core catcher samples at Site 758.

Diatom biostratigraphy
Diatoms were useful for age estimation only in the Pleistocene;

the Fragilariopsis doliolus Zone (0 to 0.90–1 Ma) was recognized
between Samples 353-U1443A-1H-1W, 16 cm, and 2H-CC. The LO
of Nitzschia reinholdii in Sample 2H-CC defines the boundary be-
tween the F. doliolus and the N. reinholdii Zones. The Rhizosolenia
praebergonii Zone (1.8–3.0 Ma) is easily identifiable by the presence
of the corresponding species within Sample 4H-1W, 11–12 cm (Ta-
ble T9).

Apart from Samples 353-U1443A-13H-5A, 40–41 cm, and 23F-
2W, 85–86 cm, no other sample was useful for diatom biostratigra-
phy in the lower part of Hole U1443A. The former is particularly
interesting because it coincides with a bloom of Thalassiothrix lon-
gissima. This sudden bloom (probably due to a rapid supply of nu-
trients) also contributed to the proliferation of stratigraphically
useful species: both Coscinodiscus lewisianus and Thalassiosira
yabei are observed in Sample 13H-5A, 40–41 cm. The LO of C. lew-
isianus coincides with the C. lewisianus/Coscinodiscus gigas var. di-
orama Zone boundary (~13.5 Ma), and the FO of T. yabei
approximates this boundary (Figure F4B in the Expedition 353

Table T9. Semiquantitative diatom abundance counts from core catcher
samples, Site U1443. Download table in .csv format.
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methods chapter [Clemens et al., 2016]). The occurrence of Coscin-
odiscus rhombicus in Sample 23F-2W, 85–86 cm, suggests that this
sample is older than 18.2 Ma (Figure F4B in the Expedition 353
methods chapter [Clemens et al., 2016]).

Our results for the Pleistocene, Pliocene, and Miocene generally
agree with the results from Site 758 (Shipboard Scientific Party,
1989b). No diatoms, however, were found in Hole U1443A in the
Paleogene and Cretaceous sediments; this lack of diatoms contrasts
with the earlier results of Site 758. Indeed, although some biostrati-
graphically important diatoms were missing, a zonation for the
Paleogene was possible at Site 758 and a few Cretaceous (Campan-
ian) diatoms were observed.

Paleoenvironmental considerations (diatoms)
Valve preservation ranges from good to poor and tends to be

better whenever abundance is higher. Strong variations in abun-
dance and preservation and shifts in the species composition of the
diatom assemblage will help to reconstruct paleoceanographic
changes in the pelagic Eastern Indian Ocean.

The diatom community in the uppermost 28 m of Site U1443 is
diverse and mainly consists of Pleistocene to Holocene species,
mostly typical of warm to temperate, low-latitude ocean waters.
Warm-water species, including F. doliolus, tend to dominate when-
ever total diatom abundance is higher than “few” (Table T9). Main
contributors to the warm and temperate group include Alveus mari-
nus, Azpeitia nodulifera, F. doliolus, Rhizosolenia bergonii, Shiono-
discus oestrupii, Thalassionema nitzschioides var. parva,
Thalassionema bacillaris, and Thalassiosira eccentrica (Hasle and
Syvertsen, 1996). A certain degree of coastal water input above Site
U1443 is revealed by the recurrent presence of coastal diatoms in-
cluding Thalassionema nitzschioides var. nitzschioides, resting
spores of Chaetoceros, and Actinocyclus spp. (Romero and Armand,
2010).

Sporadic increases of diatoms at Site U1443 in downcore sedi-
ments are associated with the occurrence of volcanic glass shards.
This phenomenon is related to the release of nutrients from the vol-
canic ash layers and represents the photophysiological and biomass
stimulation of phytoplankton communities following the supply of
basaltic or rhyolitic volcanic ash (Langmann et al., 2010).

Radiolarians and silicoflagellates
Observations were also made on the presence of two other

groups of siliceous microfossils: radiolarians and silicoflagellates.
The distribution of silicoflagellates is similar to that of diatoms
throughout the cores, whereas radiolarians can be common in levels
completely barren of diatoms. Radiolarian-rich samples include
Samples 353-U1443A-13H-1A, 35–36 cm, through 13H-5A, 40–41
cm; 21F-CC through 23F-2W, 85–86 cm; and 32X-5W, 107 cm,
through 32X-6W, 57–58 cm (Table T9).

Sedimentation rates and age model
Age-depth relationships for Hole U1443A based on biostratigra-

phy for the three fossil groups studied (calcareous nannofossils,
planktonic foraminifers, and diatoms) show good agreement for the
Pleistocene where all three groups co-occur (Figure F14). Calcare-
ous nannofossils and planktonic foraminifers show consistent age-
depth relationships throughout the Cenozoic and Late Cretaceous
with no major outliers. Paleomagnetic reversals were reliably deter-
mined in the upper 69 m for Hole U1443A and in most of the inter-
val between 136 and 199 m CSF-A. In both intervals the match

between biostratigraphic datums and the magnetochron boundary
datums is very good. The combined biostratigraphic age model in-
dicates a mean sedimentation rate of 1.20 cm/ky in the upper part of
lithostratigraphic Unit I (0–85 m CSF-A), which covers the Pleisto-
cene to late Miocene. The mean sedimentation rate then decreases
to 0.41 cm/ky between 100 and 130 m CSF-A (the lower part of
lithostratigraphic Unit I and the upper part of Subunit IIa), which
covers the interval between the late and middle Miocene. The early
to middle Miocene transitional interval appears to be condensed,
and both foraminifer and calcareous nannofossil marker species are
absent. Sedimentation rates between 135 and 200 m CSF-A in the
lower half of lithostratigraphic Subunit IIa average 0.81 cm/ky (early
Miocene to Oligocene). Finally, following a hiatus that spans the late
Paleocene, Eocene, and early Oligocene, the mean sedimentation
rate in the late Paleocene and Late Cretaceous (lithostratigraphic
Units III and IV, 242.36–341.35 m CSF-A) is 0.36 cm/ky. These sed-
imentation rates and age estimates broadly agree with those pub-
lished for Site 758.

Geochemistry
The composition of the interstitial water and bulk sediment

samples at Site U1443 reflects the variation in sediment composi-
tion and reactions that have occurred since deposition. The deposi-
tional environment changed as the site migrated from the Southern
Hemisphere to the current location and as the collision of India
with Asia delivered increasing amounts of terrigenous material to
the location. In lithostratigraphic Unit I, ash deposition from the
nearby Indonesian arc may also play an important role.

Figure F14. Biostratigraphic- and paleomagnetic reversal-based age-depth
plot, Hole U1443A. Mean sedimentation rates based on linear regression are
shown for intervals with a higher data resolution. Vertical error bars show
the depth range of the identified biostratigraphic events. Note that CSF-A
and CCSF-A depths do not coincide.
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Sediment gas sampling and analysis
Headspace gas samples were taken at a frequency of one sample

per core in Hole U1443A as part of the routine environmental pro-
tection and safety monitoring program (Table T10). All headspace
samples had very low levels of methane (C1 < 5 ppmv), with no
heavier hydrocarbons (Figure F15).

Bulk sediment geochemistry
Calcium carbonate and inorganic carbon contents were deter-

mined on sediment samples from Holes U1443A and U1443C (Ta-
ble T11; Figure F16). CaCO3 values range between 54 and 97 wt%.
In the uppermost 108 m, corresponding to lithostratigraphic Unit I,
CaCO3 peaks at 89 wt% in the middle of the unit with the lowest
values near the sediment surface and the lower unit boundary. Be-
low the minimum (66 wt%) associated with the transition from Unit
I to II, high carbonate values (maximum 89 wt%) are observed in
Subunit IIa. Even higher values are found in Subunit IIIa (maximum
97 wt%) with moderately lower carbonate values in Subunit IIIb
(maximum = 85 wt%) and Unit IV (maximum = 88 wt%).

In many samples, total organic carbon (TOC) was too low to de-
termine via subtraction of CaCO3 from total carbon (TC) (see Geo-
chemistry in the Expedition 353 methods chapter [Clemens et al.,
2016]), and TC was measured after acidification for this site (a more
direct measure of TOC). The acidification method determined
TOC is low (<0.3 wt%) throughout the sampled sediment column
and decreases with depth (Table T11; Figure F16).

Interstitial water sampling and chemistry
A total of 47 interstitial water samples were collected by whole-

round squeezing from Hole U1443A (Table T12). For the first time
on the JOIDES Resolution, whole-round samples were scraped and
placed in the squeezer in a glove bag under a N2 atmosphere. The
squeezer was then placed directly into the hydraulic press, also in a
N2 atmosphere, and squeezed. This N2 handling was conducted for
all but one of the samples taken from APC or HLAPC cores and the
first XCB core section (353-U1443A-30X-6). One APC sample (6H-
6, 145–150 cm; 48.75 m CSF-A) and all other XCB samples were
prepared and squeezed in laboratory air.

Pore water chloride concentration varies from ~538 mM in the
shallowest sample to values around 575 mM in the bottom of the
sampled sediment section (not shown). Generally, chloride values
increase from ~560 mM in the uppermost core to ~570 mM around
250 m CSF-A. Deeper than 250 m CSF-A, there are two chloride
peaks with values around 575 mM. Alkalinity increases from 2.92
mM in the uppermost sample to values >3.7 mM in the uppermost
20 m before gradually decreasing to ~3 mM around 200 m CSF-A
(Figure F17). Deeper than 200 m CSF-A, alkalinity decreases gradu-
ally to around 2 mM at 280 m CSF-A before a pronounced decline
to 0.5 mM at 320 m CSF-A and deeper. Sulfate concentration de-
creases with depth to values around 25 mM in the upper 100 m.
Deeper than 100 m CSF-A, sulfate gradually decreases toward 24
mM in the bottom of the sampled section with one low value of 23.1
mM at 270 m CSF-A. Dissolved phosphate concentration was gen-
erally below detection, with a few detectable values, notably near
the seafloor.

Pore water Mg concentration decreases with depth from 53 to
39 mM with steeper changes in the uppermost and lowermost 40 m
CSF-A (Figure F17). Calcium concentration increases linearly with
depth from 10.8 to 32.5 mM with two small inflections at around
220 and 290 m CSF-A. Potassium concentration in the upper 25 m
is scattered around 11 mM before steadily decreasing with depth to
around 7.2 mM at the bottom of the sampled section. Alteration of
basaltic basement exchanges K and Mg for Ca (e.g., Gieskes, 1981),

Table T10. Headspace gas concentrations, Hole U1443A. Download table in
.csv format.

Figure F15. Headspace methane concentrations, Hole U1443A.
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Table T11. Calcium carbonate and organic carbon content, Holes U1443A
and U1443C. Download table in .csv format.

Figure F16. Calcium carbonate and total organic carbon contents in sedi-
ments, Holes U1443A and U1443C.
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 Table T12. Interstitial water data, Hole U1443A. Download table in .csv for-
mat.
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and the gradients in these elements reflect diffusion between bot-
tom seawater and basement. Superimposed on these overall gradi-
ents are structures likely to result from reactions with the sediments

such as authigenic carbonate precipitation, alteration of volcanic
ash layers in the uppermost 63 m, and the onset of chert and shell
layers in lithostratigraphic Units III and IV (240–337 m CSF-A).

Lithium concentration decreases from ~26 μM in the upper-
most sample to around 22 μM in the subsequent 20 m CSF-A (Fig-
ure F17). Deeper than 20 m CSF-A, Li concentration decreases to a
minimum of ~19 μM near 100 m CSF-A before exhibiting three
clear peaks and troughs while generally increasing to 23–24 μM in
the bottom of the sampled section. These structures likely reflect
variable uptake of Li by clay and possibly other mineral phases. A
possible association with Mn oxide/hydroxide is suggested by the
similar structure of the pore water Li and Mn profiles in the upper
150 m. Boron concentration peaks at 500 μM in the upper 40 m be-
fore stabilizing at ~450 μM from 50 to 300 m CSF-A. Deeper than
300 m CSF-A (Unit IV; Cretaceous age), B concentration drops to
around 350 μM, and a similar sharp decrease in this unit is also ob-
served for silicate and alkalinity profiles. Dissolved silicate concen-
tration increases from 562 μM in the uppermost sample to between
700 and 800 μM from 10 to 240 m CSF-A. Deeper than 240 m
CSF‑A, silicate decreases in two steps to around 600 μM between
250 and 300 m CSF-A and then to 350 μM deeper than 350 m
CSF‑A. These silicate concentrations are much higher than sea-
water and most likely reflect the dissolution of biogenic silica. A
general decline in silicate around 250 m CSF-A is associated with a
transition from the fairly uniform ooze and chalk of Unit II to chert-
banded Unit III. The decrease in silicate concentration at 310 m
CSF-A is correlated to the onset of Unit IV (marlstone with glauco-
nite).

Dissolved Mn concentration increases from 12.9 μM in the up-
permost sample to peak above 20 μM in the upper 20 m (Figure
F17). Deeper than 20 m CSF-A, Mn exhibits two troughs with val-
ues around 3–4 μM and two clear peaks with values >10 μM. One
sample at approximately 200 m CSF-A has anomalously high Mn
values, but this sample does not display anomalous concentrations
of other elements. The peak in Mn at 144 m CSF-A is associated
with extremely high CaCO3 concentration (up to 98 wt%), and both
Mn peaks occur in intervals noted for the high abundance of authi-
genic carbonates (see Lithostratigraphy). The pattern of dissolved
Mn deeper than 100 m CSF-A is also broadly coincident with the
color reflectance a* and b* values, suggesting Mn phases influence
the sediment color (see Physical properties). Dissolved iron is be-
low detection in the uppermost sample but between 15 and 20 μM
from 3 to 20 m CSF-A and between 10 and 22 μM from 20 to 80 m
CSF-A (Figure F17). Deeper than 80 m CSF-A, dissolved Fe de-
creases to below detectable levels for the remaining sampled section
except for a few small spikes. One noteworthy point is that the one
APC recovered sample not squeezed in the N2 atmosphere (Section
353-U1443A-6H-6; 50 m CSF-A) appears to have anomalously low
Fe concentration. This sample was sandwiched between ash layers
(10 cm and 2 m away), and the low Fe values could also be related to
the occurrence of ash, although ash layers are found throughout the
upper 50 m where dissolved Fe is high. This suggests significant Fe
oxide formation may have occurred when the sample was handled
and squeezed in air, although further experiments are required to
confirm this. The peaks of dissolved Mn and Fe co-occur, but the
succession is consistent with the normal sequence of reductive dia-
genesis of Mn before Fe oxides. No sulfate reduction was observed
in the sampled sediment section.

Strontium concentration increases from near seawater values
(98 μm) in the shallowest sample to >400 μM by around 130 m

Figure F17. Interstitial water chemistry, Hole U1443A. Values below the
detection limit (see Table T12) are plotted as zero. Error bars represent two
standard deviations of repeated measurements (n = 5) of IAPSO seawater (Li,
B, Mg, Si, K, Ca, Sr, and Ba) or standard solutions (S, Mn, and Fe). Unit bound-
aries as defined in Hole U1443A (see Lithostratigraphy) are shown. Typical
seawater concentrations of the conservative elements are Li = 26 μM, B =
407 μM, Mg = 53 mM, K = 9.7 mM, and Ca = 10.3 mM.
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CSF‑A before declining in steps to values around 370 μM at the base
of the sampled sediment section (Figure F17). The Sr increase in
pore waters reflects the release of Sr during carbonate recrystalliza-
tion, as original biogenic calcite (mostly coccoliths) has a higher Sr
content than secondary inorganic calcite (e.g., Baker et al., 1982).
The Sr profile at Site U1443 suggests recrystallization is active at the
site to maintain the gradient between seawater and the peak around
140 m CSF-A.

Despite the relatively high sulfate concentration, dissolved Ba
concentration is above the detection limit in all samples, varying be-
tween 0.4 and 1.2 μM (Figure F17). The highest Ba values are found
between 200 and 300 m CSF-A.

Paleomagnetism
Paleomagnetic measurements were conducted on all archive-

half sections (Figures F18, F19, F20) and 127 discrete samples taken
from the working halves of Holes U1443A–U1443C. Discrete sam-
ples were mostly taken from Hole U1443A (110 specimens). Dis-
crete sample characteristic remanent magnetization (ChRM) was
calculated using the principal component analysis (PCA) technique

(Table T13). Some of the discrete samples were also treated in rock
magnetic experiments. Magnetic polarity patterns were recovered
for most of the APC and HLAPC cores, but pattern recognition was
unsuccessful for XCB cores. Magnetostratigraphy was produced for
0–6 and 18–25 Ma (based on Hole U1443A). We divided the sedi-
ments into four intervals based on the success of pass-through mea-
surements, which reflect lithology and drilling conditions, as
summarized below.

Interval 1
Sediments from the upper quarter of each hole (shallower than

70 m CSF-A for Hole U1443A, 80 m CSF-A for Hole U1443B, and
85 m CSF-A for Hole U1443C; or to Sections 353-U1443A-9H-3,
353-U1443B-9H-5, and 353-U1443C-12H-1), which covers litho-
stratigraphic Subunit Ia and the upper half of Subunit Ib (see Litho-
stratigraphy), revealed stable ChRM in both archive-half sections
and discrete samples. The pass-through measurements after alter-
nating field (AF) demagnetization to 10 or 15 mT showed declina-
tions well grouped within any given core. Paleomagnetic polarity
patterns were recovered as near-180° shifts in declination (Figures
F18, F21). Orientation corrections in Holes U1443A and U1443C

Figure F18. Archive-half paleomagnetic results, Hole U1443A after 15 mT AF
demagnetization.
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Figure F19. Archive-half paleomagnetic results, Hole U1443B after 10 mT AF
demagnetization.
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using data from the orientation tools successfully brought declina-
tions into either 0° or 180°. This included the successful first run of
the Icefield MI-5 tool in Cores 353-U1443C-3H through 5H. These
“true” declinations were directly translated into polarity informa-
tion (Figure F21). Discrete samples show clear ChRM (Figure F22),
whereas the inclination of ChRM from each discrete sample also
agrees with the inferred polarity patterns (Table T13).

Interval 2
Sediments between 70 and 130 m CSF-A for Hole U1443A, 80

and 115 m CSF-A for Hole U1443B, and 85 and 115 m CSF-A for
Hole U1443C (above Sections 353-U1443A-15H-4, 353-U1443B-
13H-4, and 353-U1443C-16H-1), which include the lower half of
the lithostratigraphic Subunit Ib and the top of Unit II, show scat-
tered directional signals during pass-through remanence measure-
ment (Figure F23). This scattering hinders any determination of
polarity patterns within this depth or representative time interval
across the whole site. Although pass-through data do not show sig-
nificant changes in natural remanent magnetization (NRM) inten-
sity, discrete sample measurements revealed low NRM intensities of

<10−4 A/m. We suspect that these low intensities explain the scat-
tered directional signals in pass-through measurements. A decrease
in laboratory remanence parameters (see Rock magnetism) ac-
quired on discrete samples in addition to high carbonate content
(see Geochemistry) suggests either a decrease in the concentration
of ferrimagnetic minerals and/or carbonate dilution. In contrast,
however, some of the discrete samples revealed a reasonable ChRM
(Figure F24). This indicates that on-shore measurements would be
able to establish magnetostratigraphy for this interval. The relatively
slow sedimentation rate during this interval inferred by biostratig-
raphy (see Biostratigraphy) suggests that high-resolution measure-
ments (e.g., from continuous U-channel studies) would be
necessary to achieve a robust magnetostratigraphy. A preceding
study of Site 758 sediment could not achieve magnetostratigraphy
using a measurement frequency of 2–10 discrete samples per core
(Klootwijk et al., 1991).

Interval 3
Sediments between 130 and 200 m CSF-A for Hole U1443A and

115 and 215 m CSF-A for Holes U1443B and U1443C, which are
within lithostratigraphic Unit II and prior to beginning XCB coring,
show reasonable directional signals. Although orientation data are
not available for this depth interval, declinations show near-180°
shifts (Figure F25) and are interpreted as magnetic reversal records
where magnetozones have been identified. Discrete samples re-
vealed higher NRM intensities than the previous interval, and they
revealed clear ChRMs (Figure F26A) with many showing very high
stability against AF demagnetization (Figure F26B).

Interval 4
All XCB cores (Holes U1443A and U1443B >200 and 210 m

CSF-A, from Cores 353-U1443A-30X and 353-U1443B-29X, re-
spectively) show either noisy or biased declinations toward 0°
(360°), which was expected because of sediment disturbance caused
by rotational drilling (Figure F27). Preliminary data from discrete
samples indicate it may be possible to retrieve ChRM or some stable
remanence component (Figure F28); however, further testing is
needed to truly recover any signal.

In general, samples from Hole U1443B and parts of Hole
U1443C show a larger overprint component than the samples from
Hole U1443A. The overprint direction is near vertical, which is
most likely due to drilling disturbance. In some cores, the topmost
sections were severely disturbed during drilling, and we could not
recover ChRM from those intervals.

Magnetostratigraphy
For Interval 1, we obtained continuous polarity patterns using

true declination and inclination from Holes U1443A and U1443C
(Figures F18, F21, F29). This polarity pattern is correlated with the
geomagnetic polarity timescale (GPTS) (Gradstein et al., 2012) for
the last 6 My without requiring significant change in the sedimenta-
tion rate (Figure F29B; Table T14). For Hole U1443B, core orienta-
tion was not available and polarity was determined through
correlation of magnetozone boundaries with Holes U1443A and
U1443C. Hole U1443D does not show declination change; thus, the
sediments were inferred to have deposited within the Brunhes
Chron.

Establishing magnetostratigraphy was more difficult within In-
terval 3 because of (1) the low latitude of the site, (2) the unavailabil-
ity of core orientation, and (3) the short core length of HLAPC
coring. We took the following steps to overcome this difficulty.

Figure F20. Archive-half paleomagnetic results, Hole U1443C after 10 mT AF
demagnetization.
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Table T13. Summary of ChRM for discrete samples, Hole U1443A. MAD = maximum angular deviation, PCA = principal component analysis. Italics = results
with large uncertainty (MAD > 15). (Continued on next page.) Download table in .csv format. 

Core Type Section

Top 
depth

CSF-A (m)

Bottom 
depth 

CSF-A (m)
Declination 

(°)
Inclination 

(°)
MAD1 

(°)
MAD3 

(°)
PCA 

anchored

PCA 
start 
(mT)

PCA 
end 
(mT)

1 H 1 0.21 0.23 50.2 4.5 32.9 2.2 Y 5 80
1 H 2 1.14 1.16 85.1 9.8 14.1 2 Y 5 80
2 H 2 3.55 3.57 192.8 9 36.4 0.9 Y 5 80
2 H 4 6.45 6.47 188.2 9.8 28.9 1.3 Y 10 80
2 H 6 9.65 9.67 12.1 –5.1 39.1 8.6 Y 10 80
3 H 2 13.92 13.94 66.4 –4.9 21.9 1.7 Y 10 80
3 H 4 16 16.02 59.3 –2.9 28.5 2.9 Y 5 80
3 H 6 19.1 19.12 72.7 –13.6 26.8 9.6 Y 15 80
4 H 2 23.16 23.18 96.6 20.8 16 7.8 N 5 40
4 H 4 25.45 25.47 205.7 38.2 34 29.1 N 5 80
4 H 6 28.66 28.68 255.3 –4.8 23.8 5 Y 10 80
5 H 2 32.52 32.54 161.4 12.6 23.3 10.8 Y 5 80
5 H 4 35.84 35.86 156.6 8.6 25 0.9 Y 5 80
5 H 6 38.13 38.15 156.5 4.1 22.1 1.8 Y 5 80
6 H 2 41.66 41.68 187.5 6.6 15.2 9 Y 15 80
6 H 4 45.01 45.03 193.9 –3.1 25.4 1.7 Y 15 80
6 H 6 48.23 48.25 187.7 1.5 40.5 3.4 Y 20 80
7 H 2 51.9 51.92 269.6 –4.5 11.1 3.3 Y 20 80
7 H 4 54.5 54.52 103.1 4.2 32.3 5.1 Y 20 80
7 H 6 57.6 57.62 254.3 15 43.7 35.6 N 10 80
8 H 1 59.8 59.82 17.7 17.7 40.1 1.8 Y 5 80
8 H 4 64.1 64.12 191.3 –3.6 21.9 0.8 Y 5 80
8 H 6 67.51 67.53 182.9 –4.7 32.5 1 Y 10 80
9 H 2 70.45 70.47 319 1.6 41.9 1.1 Y 5 80
9 H 4 73.26 73.28 103.7 38.7 32.2 7.6 Y 5 50
9 H 6 76.5 76.52 299.7 –19.6 18.3 4.6 Y 10 60
10 H 2 80.2 80.22 217.7 –6.5 18.1 1.4 Y 10 80
10 H 4 83.3 83.32 1.2 62.2 39.1 38.1 N 2.5 80
10 H 6 85.95 85.97 105.2 –6.4 38.9 17.3 N 5 60
11 H 2 89.75 89.77 Too weak remanence
11 H 4 92.31 92.33 347.5 20.9 20.4 11.9 Y 5 60
11 H 6 95.35 95.37 255.2 –8.2 19.4 25 Y 10 60
12 H 2 98.9 98.92 254.3 3.8 32.4 17.1 Y 10 80
12 H 4 101.94 101.96 240.3 –4.6 15.3 18 Y 10 80
12 H 6 104.6 104.62 232.1 –7.4 13.2 16.5 N 15 80
13 H 2 108.1 108.12 266.9 8.1 22.4 2.1 Y 10 80
13 H 4 111.85 111.87 263.3 6.9 14 2.8 Y 20 80
13 H 6 114.1 114.12 106.2 46.9 21.8 7.3 N 30 80
14 H 2 117.6 117.62 Noisy
14 H 4 120.6 120.62 194.5 17.5 25.6 8.6 Y 5 60
14 H 6 124.3 124.32 346.2 –3 27.1 1.7 Y 20 80
15 H 2 127.5 127.52 214.7 –12.2 30 3.5 Y 20 80
15 H 4 130.4 130.42 29.1 –3.5 33.9 2.7 Y 5 80
15 H 6 133.8 133.82 222.4 –11.9 40.1 2.8 Y 20 80
16 F 2 137.3 137.32 302.1 5.4 12.3 11.9 N 10 80
16 F 4 139.02 139.04 307.2 –11.8 19.9 7.2 Y 15 40
17 F 2 142.2 142.22 197.1 38.4 41 4.3 Y 15 80
17 F 4 143.77 143.79 14.7 –1.1 15.7 1.5 Y 5 60
18 F 2 146.4 146.42 107.5 –8.9 22.2 6.5 Y 10 80
18 F 4 148.83 148.85 86.9 –10.9 26.8 3.2 Y 5 80
19 F 2 150.9 150.92 25.8 13.2 16.8 4.1 Y 5 80
19 F 4 153.38 153.4 14.4 9.8 27.5 5.6 Y 10 80
20 F 2 155.7 155.72 164 –4.5 16 7.7 Y 5 80
20 F 4 158.34 158.36 326.8 19 8.3 5.5 Y 15 60
21 F 2 161.4 161.42 228.2 19.8 23.4 6.8 Y 10 80
21 F 4 163.15 163.17 234.8 27.2 18.8 8.4 Y 15 80
22 F 2 165.7 165.72 18.8 25.4 7.8 5.5 Y 10 60
22 F 4 168.01 168.03 190.1 5.6 26.1 7.1 Y 5 80
23 F 2 170.17 170.19 258.8 –9.7 19.8 6.1 Y 5 80
23 F 4 172.91 172.93 77.2 33.2 17.9 11.2 Y 20 50
24 F 2 175.3 175.32 305.2 4.3 16.4 12 Y 5 50
24 F 4 177.62 177.64 126.3 –1.1 26.2 6.8 Y 15 80
25 F 2 180.12 180.14 322.4 22.6 40.4 4.8 Y 15 80
25 F 4 182.3 182.32 136.8 –1.6 36.4 5 Y 5 80
26 F 2 185 185.02 233 3 30.8 2.1 Y 15 80
26 F 4 187.3 187.32 252.5 14.6 26.1 6.2 Y 20 80
27 F 2 189.81 189.83 341.8 11.4 40 8.9 Y 15 80
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First, we established magnetozones without polarity by observing
the near-180° shifts in declination data from pass-through measure-
ments on archive-half sections for Holes U1443A–U1443C using
the composite depth scale provided by stratigraphic correlations

(see Stratigraphic correlation). Taking the ChRM inclination from
discrete samples and biostratigraphic age constraints into account,
we visually correlated the inferred polarity pattern to the GPTS. Po-
larity chron intervals are more numerous than the biostratigraphic
tie points, so ages within this depth interval are determined inde-
pendently from the biostratigraphic ages (Figure F30; Table T15).
However, note that there are multiple depth intervals with contra-
dictory polarities among different holes. On-shore measurements
are necessary to confirm the magnetostratigraphy proposed here.

27 F 4 192.03 192.05 155.8 –14.3 23.9 3.5 Y 10 80
28 F 2 194.6 194.62 80.1 17.3 31.2 12.6 Y 20 80
28 F 4 196.86 196.88 255.6 –0.3 36.9 4.4 Y 5 80
29 F 2 199.71 199.73 187.7 –15.3 17.9 3.9 Y 30 80
29 F 4 201.6 201.62 180.4 –4.4 28.8 7.6 N 15 80
30 X 2 204.38 204.4 244.9 –5.6 13.9 5.2 Y 15 60
30 X 4 207.18 207.2 Disintegrated during measurements
30 X 6 209.63 209.65 143.5 –81.3 23.3 2.4 Y 30 80
31 X 2 213.48 213.5 117.8 –8.1 24.5 2.4 Y 20 80
31 X 4 216.49 216.51 252.9 –11.8 17.2 1.4 Y 15 80
32 X 2 223.81 223.83 235.4 12.5 20.3 4.6 N 20 80
32 X 4 226.62 226.64 159 –7 22.4 6.8 Y 20 80
32 X 5 228.61 228.63 87.9 46.2 27.4 11.5 N 15 80
33 X 2 232.72 232.74 201.7 41.2 3.3 3.6 Y 15 80
33 X 4 237 237.02 Only used for rock magnetic measurements
33 X 6 238.73 238.75 236.3 20.2 25.9 5 Y 10 60
34 X 1 241.79 241.81 310.6 33.4 29 26.2 Y 15 40
34 X 2 242.93 242.95 Only used for rock magnetic measurements
35 X 2 247.1 247.11 130.7 20.1 38.7 7.6 Y 10 40
35 X 3 248.43 248.45 151.3 18.5 18.3 4 Y 10 40
36 X 5 260.5 260.52 71.8 58.5 26.2 3.3 Y 10 40
37 X 1 264.48 264.5 177.8 49.5 29.3 1.4 Y 10 40
37 X 4 268.76 268.78

Noisy; potentially misoriented during measurements
37 X 6 271.88 271.9
38 X 2 274.74 274.76 238.6 –54.1 25.8 3.7 Y 20 80
38 X 4 277.43 277.45 310.5 35.1 10.8 3.9 Y 20 80
39 X 1 283.27 283.29 124 37.1 15.9 6.7 Y 20 80
39 X 4 287.17 287.19 167.7 36 27.5 14.1 Y 10 80
39 X 5 288.81 288.83 85.7 –45.5 13 5.3 Y 10 80
40 X 2 293.75 293.77 93.7 50.8 13.6 7.4 Y 40 80
40 X 4 297 297.02 193.9 26.8 23.6 2.1 Y 5 80
40 X 6 300 300.02 260.3 54.1 14.1 3.4 Y 15 80
41 X 2 303.23 303.25 256.4 67.1 21.4 10.5 N 20 80
42 X 2 308.46 308.48 94.2 –52 9.7 12 N 20 80
42 X 4 311.04 311.06 169.8 60.4 14 14.2 N 20 80

Core Type Section

Top 
depth

CSF-A (m)

Bottom 
depth 

CSF-A (m)
Declination 

(°)
Inclination 

(°)
MAD1 

(°)
MAD3 

(°)
PCA 

anchored

PCA 
start 
(mT)

PCA 
end 
(mT)

Table T13 (continued).

Figure F21. Archive-half paleomagnetic results for Interval 1, Hole U1443A
after 15 mT AF demagnetization. Declination was corrected to true declina-
tion using orientation tool data.
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Figure F22. Representative demagnetization results of a discrete sample
from Interval 1 (35.84–35.86 m CSF-A), Hole U1443A. Left: NRM intensity
against AF demagnetization field. Right: orthogonal vector plot. Red sym-
bols = point used in PCA, blue line = calculated ChRM direction.
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Figure F23. Archive-half paleomagnetic results for Interval 2, Hole U1443A
after 15 mT AF demagnetization.
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Figure F24. Representative demagnetization results of discrete samples from
Interval 2, Hole U1443A. Upper left: NRM intensity against AF demagnetiza-
tion field. Lower left: equal area projection of NRM directions. Circles = ChRM
direction, if available. Right: orthogonal vector plot. Red symbols = point
used in PCA, blue line = calculated ChRM direction. A. 92.31–92.33 m CSF-A
with clear ChRM. B. 89.75–89.77 m CSF-A showing very low NRM intensity
and scattered directions during demagnetization experiments.
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Figure F25. Archive-half paleomagnetic results for Interval 3, Hole U1443A
after 15 mT AF demagnetization.
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Figure F26. Representative demagnetization results of discrete samples from
Interval 3, Hole U1443A. Upper left: NRM intensity against AF demagnetiza-
tion field. Lower left: equal area projection of NRM directions. Circles = ChRM
direction. Right: orthogonal vector plot. Red symbols = point used in PCA,
blue lines = calculated ChRM direction. A. 133.80–133.82 m CSF-A with clear
ChRM. B. 124.30–124.32 m CSF-A showing high stability against AF demag-
netization.
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Figure F27. Archive-half paleomagnetic results for Interval 4, Hole U1443A
after 15 mT AF demagnetization.
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Figure F28. Representative demagnetization results of discrete samples from
Interval 4, Hole U1443A. Upper left: NRM intensity against AF demagnetiza-
tion field. Lower left: equal area projection of NRM directions. Circles = ChRM
direction. Right: orthogonal vector plot. Red symbols = point used in PCA,
blue line = calculated ChRM direction. A. 213.48–213.50 m CSF-A. B. 247.10–
247.12 m CSF-A with magnified orthogonal vector plot also shown.
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Figure F29. Magnetostratigraphy correlating magnetozones of Interval 1 to
the GPTS (Gradstein et al., 2012), Site U1443. A. Magnetozones and declina-
tions. For Holes U1443A and U1443C, true declination (black circles) and raw
declination (gray circles) are plotted. For Hole U1443B, only raw declination
data are plotted (black circles). Also shown are inferred magnetic polarities
for Holes U1443A and U1443C. Dotted lines are guides of magnetozone cor-
relations; for accurate correlation, see Table T14. B. Magnetic polarities cor-
related to GPTS. Black and white zones = normal and reversed polarity,
respectively; gray zones = magnetic polarity was not clearly determined.
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Inclination trends and long-term motion 
of the Indian plate

ChRM inclinations from discrete samples in Hole U1443A are
compiled in Figure F31. Inclination is close to 0° downhole to 230 m
CSF-A with an occasional occurrence of large positive values, which
is explained as a drilling-induced overprint. Deeper than 230 m
CSF-A, inclination begins to increase and reaches around ±50° at
300 m CSF-A. Although the large positive inclination may be due to
the drilling-induced overprint in XCB coring, the increasing trend
of inclination magnitude with depth and the presence of negative
inclinations do not fit with this explanation. Rather, the trend is best
explained as recording northward motion of the Indian plate. In
fact, the result is consistent with the inclination trend reported from
Site 758 (Klootwijk et al., 1991).

The correlation of our inclination trend with that of Klootwijk et
al. (1991) gives an age estimate of ~53 Ma at ~230 m CSF-A and ~64
Ma at ~260 m CSF-A for sediments from Site U1443. The data scat-
ter in both studies indicates that these numbers should be viewed as
very rough estimates.

Brunhes/Matuyama boundary
The Brunhes/Matuyama (B/M) polarity boundary observed in

pass-through measurements on the archive halves coincide with an
ash layer situated at the bottom of light-colored sediment (Figure
F32). A previous investigation using samples from Site 758 posi-
tioned the ash layer below the B/M boundary and very close to the
older end of oxygen isotope Stage 19 (Hall and Farrell, 1995). On the
other hand, the B/M boundary is inferred toward the young end of
isotope Stage 19 based on sediment cores from elsewhere with high
sedimentation rates (e.g., Channell et al., 2010). If the B/M bound-
ary in Site U1443 is close to the ash layer, it is implied that processes

such as delayed remanence lock-in have brought the apparent B/M
boundary deeper than the true B/M boundary age. Because pass-
through measurements suffer from signal blurring due to convolu-
tion, we examined discrete samples from Hole U1443C to better
constrain the position of the B/M boundary in Site U1443.

Discrete samples were taken from Section 353-U1443C-3H-4W
at 82, 97, and 105 cm offsets (Figure F32). The upper boundary of
the ash layer is found in Section 3H-4W between 108 and 118 cm
offset. Stepwise AF demagnetization revealed clear ChRM for the
upper two samples, with positive inclination and declination consis-
tent with pass-through measurement of the archive-half section
above the B/M boundary (Figure F33A–F33B). Sample 3H-4W,
105–107 cm offset, shows a rapid decrease in NRM intensity upon
AF demagnetization. Although the sample did not yield a well-de-
fined ChRM direction, after demagnetizing by 10 mT inclination
became negative and the remanence direction moved toward a di-
rection antiparallel to the ChRM of the other samples (Figure
F33C). We interpret this observation as Sample 3H-4W, 105–107
cm, recording reversed polarity. It follows that the B/M boundary is
between 97 and 105 cm of Section 3H-4W. The polarity record from
discrete samples indicates that the distance between the ash layer
and the B/M boundary is approximately 7–15 cm.

Relative paleointensity proxy
NRM in sediments is not only related to the magnetic field

strength during their deposition but also to the concentration, grain
size, and mineralogy of the magnetic remanence carriers. Compen-
sating for these variations, which are often linked to environ-
ment/climate forcing, developments have led to the construction of
sedimentary relative paleomagnetic intensity (RPI) records by nor-
malizing NRM with rock magnetic parameters. Even though the re-
covery of paleomagnetic information from sediments is in reality a

Table T14. Summary of magnetostratigraphy for Interval 1, Holes U1443A–U1443C. NA = not applicable. Download table in .csv format.

Hole U1443A 
chron top depth

CSF-A (m)

Hole U1443B 
chron top depth

CSF-A (m)

Hole U1443C 
chron top depth

CSF-A (m)

Composite chron 
top depth 

CCSF-A (m)
Chron top 
age (Ma) Chron name

0 0 0 0 C1n (Brunhes)
7.2 10.7 10.75 13.3 0.781 C1r.1r (Matuyama)

10.5 13.93 NA 16.4 0.988 C1r.1n (Jaramillo)
NA 15.18 NA 17.2–17.7 1.072 C1r.2r
NA NA NA Excursional 1.173 C1r.2n (Cobb Mountain)
NA NA NA Excursional 1.185 C1r.3r

21.3 25.55–26.15 24.1 28.5–29 1.778 C2n (Olduvai)
23.3 27.8 27.45–28.1 30.8 1.945 C2r.1r

NA NA NA NA 2.128 C2r.1n (Reunion)
NA NA NA NA 2.148 C2r.2r

30.05–32.85 NA 32.75–36.4 37.87–41.68 2.581 C2An.1n (Gauss)
36.1 39.7 40.8 45 3.032 C2An.1r (Kaena)
37.1 40.65 NA 46 3.116 C2An.2n
38.3 41.6–42.3 NA 47.1 3.207 C2An.2r (Mammoth)

38.7–39.35 42.9 43.3 48 3.33 C2An.3n
41.5–43.15 46.–46.2 46.35 51.5 3.596 C2Ar (Gilbert)

49.3 53.5 53.4 59.3 4.187 C3n.1n (Cochiti)
50.2 55.35 55.25 61.1 4.3 C3n.1r

52.15–52.95 NA NA 63.–63.5 4.493 C3n.2n (Nunivak)
54.6 58.65 NA 65.5 4.631 C3n.2r
57.6 61.97 61.35? 68.3–68.7 4.799 C3n.3n (Sidufjall)
58.7? 62.3–63.2 62.75 69.9 4.896 C3n.3r

58.95–59.8 64.7 64.25 71.3 4.997 C3n.4n (Thvera)
62.55 67.35 67.35 74.6 5.235 C3r

NA NA 76.2 84.5 6.033 C3An.1n
74.7–75.3 NA NA 87.6–89.8 6.252 C3An.1r

NA NA 81.25 90.7 6.436 C3An.2n
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complex problem, RPI as a proxy for paleomagnetic field change
shows strong similarities across contrasting sedimentary environ-
ments (e.g., Peck et al., 1996; Guyodo and Valet, 1999; Valet et al.,
2005; Yamazaki and Oda 2005). Adequate match of sediment RPI
records with other independent paleomagnetic intensity recon-
structions from marine magnetic anomalies (e.g., Gee et al., 2000),
cosmogenic isotope records from ice cores (e.g., Muscheler et al.,
2005), and sedimentary cores (Carcaillet et al., 2004) further sup-
port the validity of sedimentary RPI records. In addition, RPI re-
cords have been proven to greatly augment traditional polarity and
oxygen isotope–based chronology (e.g., Channell et al., 2009),
which typically provide good age constraints only at times of rever-
sals or terminations. RPI records can potentially provide valuable
high-resolution stratigraphic correlation constraints at timescales
of a few millennia. For this reason, it may be possible to refine the
depth/timing of particular polarity changes (which typically occur
over a period of <5 ky) that may be missing or are difficult to inter-
pret from magnetic declinations in Site U1443 sediment cores.

Because of time constraints on board the ship, preliminary tests
were made only on the upper 70 m of Hole U1443A. The half-core

point magnetic susceptibility (κ) (see Magnetic susceptibility) was
chosen as a basic normalizing parameter. The magnetic susceptibil-
ity time series was resampled (piecewise linear interpolation) at 5
cm resolution to match the NRM measurement intervals. Figure
F34 shows a selection of RPI plots with highlighted intervals where
a polarity change was observed in the true declination data. We
must note that the following observations/interpretations are
speculative, as the method was very rudimentary due to time con-
straints during the expedition, and that further work is needed. A
decrease in RPI is observed at these boundaries, which would be ex-
pected because the absolute field intensity during reversals often
decreases to 10% of its original value. Curiously, the RPI scale here is
able to show these boundaries quite clearly, although only as an ini-
tial and fairly basic construction. This suggests that the main rema-
nence carrier is represented fairly well by magnetic susceptibility.
Furthermore, constructing basic RPI timescales could be a useful
method for identifying reversal boundaries and improving age de-
termination for sedimentary successions during expeditions. For
example, the B/M boundary based upon a decrease in relative pa-
leointensity is located in Section 353-U1443A-2H-4, 105–125 cm
(~7.2 m CSF-A).

Rock magnetism
Several rock magnetic experiments were conducted on discrete

samples taken from Hole U1443A (see Paleomagnetism in the Ex-
pedition 353 methods chapter [Clemens et al., 2016] for explana-
tion). There are clear variations in the magnetic properties of
sediment with depth that show some correlation to lithostratigra-
phy (Figure F35).

Anhysteretic remanent magnetization (ARM) (Figure F35A)
shows a clear minimum between ~100 and 70 m CSF-A (Subunit
IB) and coincides with the most scattered magnetic declination
found within Interval 2. This suggests a decrease in the relative con-
centration of fine-grained (single to pseudosingle domain) fer-
rimagnetic minerals (e.g., magnetite/maghemite) and, therefore, a
weaker NRM signal. A steep peak in ARM (>0.2 A/m) is observed
just deeper than ~290 m CSF-A, suggesting a significant increase in
the relative concentration of fine-grained magnetite/maghemite.
This peak occurs just before the Cretaceous/Paleocene boundary in
the transition from clayey nannofossil chalk to calcareous chalk
with clay (Subunit IIIb), and we speculate that this peak reflects an
increase in terrigenous input.

Other rock magnetic parameters were measured between 0 and
120 m CSF-A, representing approximately the last ~11–12 My (see
Biostratigraphy). Isothermal remanent magnetization (IRM) ac-
quired at 100, 300, and 1000 mT (saturation isothermal remanent
magnetization) (Figure F35B) all co-vary with ARM (correlation co-
efficient R2 = 0.84–0.87). These measurements suggest that the bulk
IRM (up to 1000 mT) is largely controlled by the fine-grained mag-
netite/maghemite fraction. The S-ratio calculated with IRM100mT is
slightly low (Figure F35C), averaging 0.84 ± 0.05 and implying that
~16% of remanence is acquired by minerals with coercivities be-
tween 100 and 1000 mT. The S-ratio calculated with IRM300mT is
close to 1 (0.96 ± 0.01), meaning the bulk remanence acquired up to
1000 mT is controlled by the low-coercivity fraction, likely magne-
tite (representing IRM up to 100 mT) and maghemite (representing
IRM between 100 and 300 mT). Therefore, the bulk magnetic prop-
erties of the mineral magnetic assemblage are principally controlled
by changes in the concentration of (fine grained) magnetite/maghe-
mite. The hard isothermal remanent magnetization (HIRM) (Figure
F35D) correlates well with IRM and ARM (R2 = 0.85–0.88 and 0.73,

Figure F30. Magnetostratigraphy correlating magnetozones of Interval 3 to
the GPTS, Site U1443. Blue and red zones = normal and reversed polarity,
respectively. Note that polarity determination is not based on the data itself
but on correlation to the GPTS. Dotted lines are guides of magnetozone cor-
relations; for accurate correlation, see Table T15. GPTS: Black and white
zones = normal and reversed polarity, respectively.
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respectively). HIRM tracks relative changes in the concentration of
high-coercivity magnetic minerals (coercivities > 300 mT [e.g., he-
matite]). This correlation suggests that increases in both low- and

high-coercivity minerals occur in tandem. However, because of near
remanence saturation at 300 mT, it is probable that increases in
HIRM reflect total increases in remanence rather than relative con-
centrations in higher coercivity minerals. Additional work is needed
to decompose the true signal of any higher coercivity minerals, if
they are present in significant amounts.

Generally, the variations in magnetic parameters and ratios fol-
low the lithostratigraphic boundaries set for Hole U1443A (see
Lithostratigraphy; Figure F35). Rock magnetic parameters suggest
Unit I may be split into 3 “magnetic” subunits on the basis of rema-
nence intensities. The first unit is between 69.0 and 107.8 m CSF-A
where ARM and IRM intensities are low, the second unit is between
37.5 and 69.0 m CSF-A where remanence intensities are high, and
the third interval is between 0 and 37.5 m CSF-A where remanence
intensities are low. The remanence intensities reflect the concentra-
tions of both magnetite/maghemite and any higher coercivity min-
erals present. This in turn is most likely related to the flux of
terrigenous materials and levels of dissolution/alteration. With
higher resolution measurements, and therefore removing any inter-
val biasing/aliasing, the extents to which these variations relate to
paleoclimate change are promising.

Figure F31. Downhole trend in ChRM inclination identified by discrete sam-
ples, Hole U1443A.
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Table T15. Summary of magnetostratigraphy for Interval 3, Hole U1443A–U1443C. Italics = boundary is very close to the core ends. Download table in .csv
format.

Hole U1443A 
chron top depth

CSF-A (m)

Hole U1443B 
chron top depth

CSF-A (m)

Hole U1443C 
chron top depth

CSF-A (m)

Composite chron 
top depth

CCSF-A (m)
Chron top 
age (Ma)

Chron 
name

111.2 127.7 9.984 C5n.2n
119.1 130.5 11.056 C5r.1r
119.9 131.3 11.146 C5r.1n

132.2 144.–145 13.032 C5AAn
132.6 145.–146 13.183 C5AAr

146.5 13.363 C5ABn
135.8 147.5 13.608 C5ABr

130.8–131.8 136.6 149.–150 13.709 C5ACn
151.33 137.8 151.4 14.07 C5ACr

138.9 14.163 C5ADn
136 154.7 14.775 C5Bn.1n
136.7 155.3 14.87 C5Bn.1r
138 156.6 15.032 C5Bn.2n
160 160 18.524 C5Er
142.5 161.5 18.748 C6n
151.3 155.–156 156 166.–170 19.722 C6r
152.5 157.4 159 171.4 20.04 C6An.1n
154 158.9 160.5 172.5–173.5 20.213 C6An.1r

156.4 163 175.5 20.439 C6An.2n
160.2 180.2 20.709 C6An.2r

170.7 186 21.403 C6AAr.1n
21.767 C6Bn

172.1 192 22.268 C6Bn.2r
173.8–174.6 194.6 22.564 C6Cn.1n

177 197.7 22.754 C6Cn.1r
177.8 182.5 198.7 22.902 C6Cn.2n
179.1 183.7 199.7 23.03 C6Cn.2r
181.6 2002.2 23.23 C6Cn.3n
182.6 203.5 23.3 C6Cr
188.3 193.6 194.6 209.–211 23.96 C7n
190 200.5 210.–215 24.47 C7r

205.1 220.1 24.98 C7Ar
205.5 220.5 25.1 C8n
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Figure F32. Section image and declination data for archive half surrounding
the Brunhes/Matuyama boundary. A. Section 353-U1443A-2H-4A. B. Section
353-U1443B-2H-2A. C. Section 353-U1443C-3H-4A. Vertical brown bars = ash
layer intervals. Pink bands = region containing the B/M boundary based on
declination data. Arrows = offsets where discrete samples were taken from
the corresponding working half.
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Figure F34. A–D. Relative paleointensity values across several polarity transitions (gray bands), Hole U1443A sediments.
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Physical properties
Physical property measurements were completed on whole-

round sections and section halves from cores collected in Holes
U1443A–U1443D. Gamma ray attenuation (GRA), MS, P-wave ve-
locity (VP), and natural gamma radiation (NGR) measurements
were made on all whole-round sections using the Special Task Mul-
tisensor Logger (STMSL), the Whole-Round Multisensor Logger
(WRMSL), and the Natural Gamma Radiation Logger (NGRL). In
Hole U1443A, the STMSL sampling resolution was set to 2.5 cm
and WRMSL sampling resolution was set to 7.5 cm. Data duplica-
tion in Hole U1443A was done for cross-validation purposes. All
sections were first logged using the STMSL (prior to thermal equil-
ibration), generating a set of GRA and MS data. Following thermal
equilibration (>19°C), the sections were logged using the WRMSL,
generating VP and another set of GRA and MS data. Core sections
from Holes U1443B–U1443D were run on the STMSL and WRMSL
concurrently, without thermal equilibration, to speed up the acqui-
sition of MS and GRA data for stratigraphic correlation. Sections 1,
3, 5, and 7 were run on the STMSL and Sections 2, 4, 6, and the core
catchers were run on the WRMSL. After the sections thermally
equilibrated to 19°–20°C, they were logged using the NGRL. Sam-
ples from the working-half sections were taken for moisture and
density (MAD) measurements. In Hole U1443A, these samples
were taken from Sections 2, 4, and 6. In Hole U1443C, the samples
were taken from Section 2 between 0–100 and 150–209 m CSF-A.
Between 100 and 150 m CSF-A, a sample was taken from every core
section. Color reflectance and point MS were run on the archive-
half sections using the Section Half Multisensor Logger (SHMSL).
Red, green, and blue (RGB) were measured on the Section Half Im-

aging Logger (SHIL). Downhole temperature measurements were
recorded in Hole U1443A.

Magnetic susceptibility
The MS values from the whole-round core (STMSL and

WRMSL) analyses show low variability, reaching up to 40 instru-
ment units (IU) downhole, after conditioning the data in order to
remove outliers (Figure F36). The MS data from whole-round core
measurements closely track point MS (SHMSL) fluctuations but
with slightly lower absolute values when compared to whole-round
core data. The bottom of Hole U1443A shows larger MS values
reaching up to 40 IU with large variations between 242 and 341 m
CSF-A with a minimum of ~2 IU at ~311 m CSF-A. This interval is
overlain by an interval showing an overall decrease to lower values
ranging from 0 to 12 IU between 107 and 242 m CSF-A with some
intermittent large fluctuations up to 40 IU between 242 and 251 m
CSF-A. We observe relatively moderate variations with a gradual in-
crease in MS ranging from 0 to 10 IU from 0 to 107 m CSF-A. In
general, higher MS values at this site are likely due to a relative in-
crease in the concentration of strongly magnetic particles (i.e., iron-
bearing minerals associated with ash layers) and/or due to a higher
input of terrigenous material. Based on the MS data, we have di-
vided Site U1443 into three physical property (PP) units (1–3).
These units, as zones of distinct physical properties, can be found in
all holes and in most of the physical property data sets (Table T16).

Natural gamma radiation
NGR counts range from 0.001 to 20 counts/s and show large

variations downhole (Figure F36). The variations in NGR counts
represent total variation in the activity of the radioactive elements

Figure F36. Physical properties including P-wave velocity; magnetic susceptibility from the WRMSL, STMSL, and point SHMSL; GRA bulk density from WRMSL,
STMSL, and MAD (green stars); porosity (blue stars); L*, a*, and b*; and NGR, Hole U1443A. MS, bulk density, NGR, and P-wave data were conditioned to remove
outliers; a 3-point running average is shown.
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uranium, thorium, and potassium. There is generally higher total
NGR counts between 291 and 341 m CSF-A ranging between 5 and
12 counts/s in PP Unit 3 followed by relatively lower NGR counts
between 133 and 285 m CSF-A, ranging between 0.001 and 5
counts/s in PP Unit 2. The upper part of PP Unit 3 coincides with
the lithostratigraphic Subunit IIIa/IIIb boundary (see Lithostratig-
raphy). PP Unit 2 follows a small peak in NGR counts between 107
and 133 m CSF-A, after which there is a gradual increase in NGR
counts between 0 and 107 m CSF-A (PP Unit 1), reflecting poten-
tially higher clay content in the sediment. The bottom of PP Unit 1
at 107 m CSF-A also coincides with the lithostratigraphic Unit I/II
boundary (see Lithostratigraphy). The higher NGR counts in the
bottom of the hole reflect relatively higher compaction followed by
lower NGR counts because of the higher carbonate content of nan-
nofossil ooze and chalk. The highest NGR counts at the top of Site
U1443 are potentially due to the relatively higher clay content of the
sediment, as is evident in the description of lithostratigraphic Unit I
(see Lithostratigraphy). The NGR data set is fairly repeatable, in
terms of finding three distinct units, in Holes U1443B–U1443D
(Figures F37, F38, F39).

Thermal conductivity
We attempted to collect thermal conductivity data from Sec-

tions 353-U1443A-2H-3, 3H-3, 4H-3, and 5H-3. However, we were
unable to get a good reading from the instrument despite several at-
tempts to adjust the settings. In order to save time, thermal conduc-
tivity measurements were ceased for the remainder of the
expedition.

Moisture and density
Two methods were used to evaluate bulk density at Site U1443.

The GRA method (described above) provided bulk density esti-
mates from whole-round sections. MAD measurements on discrete
samples provided a second, independent measure of bulk density
and measurements of dry density, grain density, water content, and
porosity. Changes in MAD and GRA bulk density values are well
correlated throughout the sections (Figure F36). The mean MAD
bulk density is 1.686 (bulk) and 2.716 g/cm3 (grain), similar to the
GRA bulk density values that vary from 1.5 to 2.1 g/cm3. Grain den-
sity varies between 2.597 and 2.906 g/cm3. In general, density is
higher with larger fluctuations between 242 and 341 m CSF-A, av-
eraging 1.9 g/cm3 before decreasing sharply to 1.66 g/cm3 at ~238 m
CSF-A. Values decrease gradually to 1.47–1.55 g/cm3 between 0 and
133 m CSF-A.

Overall, the porosity profile shows a gradually decreasing trend
downhole with small intermittent variations (Figure F36). Porosity
varies between 42.7% and 76.1%. The porosity data for Hole
U1443C are also in good agreement with Hole U1443A (Figures
F36, F38).

Table T16. Physical property units, Site U1443. Download table in .csv for-
mat. 

Unit
Depth 

CSF-A (m)

3 341–285
2 285–107
1 107–0

Figure F37. Physical properties including magnetic susceptibility from the WRMSL, STMSL, and point SHMSL; GRA bulk density from WRMSL and STMSL; L*, a*,
and b*; and NGR, Hole U1443B. MS, bulk density, and NGR data were conditioned to remove outliers; a 3-point running average is shown.
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Compressional wave velocity
Compressional P-wave velocity measurements using the P-wave

logger (PWL) were performed on whole-round sections for Holes
U1443A and U1443C. Discrete compressional wave velocity mea-
surements were conducted using the P-wave caliper (PWC) contact
probe system on the working halves of selected core sections. The
PWC data were found to be very unreliable because of the soft na-
ture of the nannofossil ooze. The PWL data range between 1460 and
2000 m/s downhole (Figure F36). P-wave velocity values decrease
from the highest value of ~2000 m/s at 341 m CSF-A to ~1530 m/s
at 241 m CSF-A. We observe an increase in velocity between 241
and 249 m CSF-A, averaging ~1650 m/s. The P-wave velocity values
gradually decrease, averaging ~1515 m/s between 133 and 241 m
CSF-A, with intermittent smaller anomalies related to sediment
compositional changes. PP Unit 1 between 0 and 107 m CSF-A
shows a very slight decrease in P-wave velocity and coincides with
the same unit from density at this site. P-wave velocity boundary
units in Holes U1443A and U1443C are in good agreement with
boundary units derived from density at this site (Figure F38).

Diffuse reflectance spectroscopy and 
digital color image

Spectral reflectance was measured on archive halves from all
holes at Site U1443 using the SHMSL. L* ranges between 40 and 82
and is highly variable (Figure F36). Reflectance a* and b* values
show ranges between −0.35 and 10 and −3 and 18, respectively.
High-resolution cyclicities are observed in the color reflectance
data, but they are not conformable with lithostratigraphic unit
boundaries (see Lithostratigraphy). There is a step change in b*

Figure F38. Physical properties including P-wave velocity; magnetic susceptibility from WRMSL, STMSL, and point SHMSL; GRA bulk density from WRMSL,
STMSL, and MAD (green stars); porosity (blue stars); a* and b*; L*; and NGR, Hole U1443C. MS, bulk density, NGR, and P-wave data were conditioned to remove
outliers; a 3-point running average is shown.
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Figure F39. SHIL RGB color data, Hole U1443A.
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and a* data showing an increase at ~242 m CSF-A. The second step
change is a decrease in b* and a* data at ~107 m CSF-A, which cor-
relates with an increase in the L* data in Hole U1443A. The color
reflectance change is due to compositional changes (e.g., at this site
higher a*, b*, and L* data suggest increased concentration of nanno-
fossil ooze, whereas lower values reflect relatively higher clay con-
centrations in PP Unit 1 and the presence of darker sediments in PP
Unit 3). Spectral reflectance data from Holes U1443B–U1443C are
very similar to data from Hole U1443A.

The SHIL obtained records of RGB color from the moist surface
of the archive half. The RGB data have an average range of R = 78, G
= 84, and B = 83 between 316 and 334 m CSF-A (Figure F39). The
RGB index increases to a mean value of approximately R = 170, G =
168, and B = 130 between 115 and 296 m CSF-A with intermittent
step variations within this interval. There is a gradual change in
RGB data values from 0 to 90 m CSF-A with RGB data of approxi-
mately R = 160, G = 170, and B = 164 decreasing to R = 62, G = 55,
and B = 40. The RGB data broadly correspond with the color reflec-
tance data. The data for Holes U1443B and U1443C are plotted in
Figures F40 and F41.

Downhole temperature
In Hole U1443A, downhole temperature measurements were

recorded for Cores 353-U1443A-4H, 7H, 10H, and 13H. The down-
hole temperature profile shows linear variation starting at 3.26°C at
30 m CSF-A to 7.36°C at 115.5 m CSF-A (Table T17). The overall
geothermal gradient is 48.23°C/km (Figure F42).

Summary
Overall, the physical property data collected at Site U1443 were

found to be in good agreement with the lithostratigraphic data (see
Lithostratigraphy). Data from the whole-round measurements are
in good agreement with the split core measurements. The NGR
counts and color reflectance data suggest the presence of darker and
compacted sediments at the bottom of the hole, followed by the
presence of lighter sediments (nannofossil ooze) in the middle sec-
tion and sediments with higher clay content at the top of the sec-
tion. The density, MS, and P-wave velocity data are in general
agreement, displaying changes in sediment composition and/or de-
positional processes in the marine environment. In general, based
on physical property characteristics, this site can be divided into
three broad PP units, but their boundaries do not necessarily corre-
spond with the lithostratigraphic boundaries. These differences in
physical property boundaries are mainly due to the change in sedi-
ment lithology and/or secondary postdepositional processes at Site
U1443. We observe an overall geothermal gradient in Hole U1443A
of 48.23°C/km.

Figure F40. SHIL RGB color data, Hole U1443B.
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Figure F41. SHIL RGB color data, Hole U1443C.
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Table T17. Downhole temperature measurements from the APCT-3, Site
U1443. Download table in .csv format.

Depth 
CSF-A 

(m)
Temperature 

(°C)

0 1.93
30.36 3.26
58.94 5.04
87.2 6.02

115.87 7.36
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Stratigraphic correlation
A composite scale (CCSF-A) and a splice (CCSF-D) were con-

structed for Site U1443 using Holes U1443A–U1443C (as defined in
Stratigraphic correlation in the Expedition 353 methods chapter
[Clemens et al., 2016]). Splicing among these holes enabled us to
construct a continuous stratigraphic sequence to ~195 m CCSF-D
(Tables T18, T19; Figure F43).

Construction of CCSF-A scale
We selected the core with the best mudline recovery (Core 353-

U1443D-1F) to anchor the composite depth scale and defined the
top as 0 m CCSF-A. The CCSF-A scale for Site U1443 (see Table
T18) is based on correlation of RGB color data and secondarily on
MS, NGR, and reflectance spectroscopy b* data. RGB green color
was primarily used in correlations for Site U1443. MS and NGR
were measured on whole-round sections, whereas green was mea-
sured on archive-half sections (see Physical properties for details).
The remaining red and blue components of the RGB triplet are
highly correlated to green and to each other because, on the first
order, all are measures of the reflectivity of the sediment. The small
differences between R, G, and B can be expressed as ratios such as
red/green, red/blue, or green/blue. However, ratios were not em-
ployed in our correlation due to lack of time (see the Expedition
353 methods chapter [Clemens et al., 2016]).

Construction of CCSF-D scale
A combination of Holes U1443A, U1443B, U1443C, and

U1443D cover the stratigraphic section to ~195 m CCSF-D. When
constructing the splice, we tried to minimize inclusion of disturbed
intervals and avoid whole-round sampling intervals (notably from
Hole U1443A) as much as possible. Selected splice intervals are
listed in Table T19. Postcruise, the splice interval tables were modi-
fied using the Splice-File-Fixer program to ensure that each depth
has been assigned the correct sample ID. Both the affine and the
corrected splice interval tables were uploaded into the Laboratory
Information Management System (LIMS) database during the first
postcruise meeting in June 2015. The core top depths in the affine
tables were not corrected and hence may be slightly incorrect in a
range of <2 cm. However, the offsets are correct.

Reliance on RGB, which sometimes has fuzzy character due to
cracks and defects of the split core surface, precluded, in places, the
definition of unique correlations. Features and general trends were
used instead, reducing the accuracy of the splice to the decimeter
range. As a result, correlation should be viewed with caution deeper
than ~175 m CCSF-A, notably if high-resolution sampling is
planned. Onshore X-ray fluorescence scanning, color reflectance
rescanning, and bulk δ18O should provide better means of correla-
tion.

Figure F42. Downhole temperature measurements, Hole U1443A.
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Table T18. Vertical offsets (affine) applied to cores in order to align structure
in adjacent holes, Site U1443. Download table in .csv format.

Table T19. Splice intervals, Site U1443. Download table in .csv format.
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