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Background and objectives
International Ocean Discovery Program (IODP) Site U1508 

(34°26.89ʹS, 171°20.59ʹE; 1609 m water depth) is ~130 km west of 
Cape Reinga, which is the northern tip of the Northland region of 
New Zealand (Figure F1). This location on the northeast margin of 
Reinga Basin contains folded Eocene strata and is inferred to be 
near the southern end of where subduction initiation occurred 
(Bache et al., 2012a, 2012b; Browne et al., 2016; Sutherland et al., 
2017). The site was chosen to sample a proximal record of deforma-
tion, uplift, subsidence, and early arc volcanism.

Reinga Basin is a topographic depression with water depths of 
1500–2500 m. It is bounded to the southwest by West Norfolk 
Ridge and Wanganella Ridge and to the northeast by Reinga Ridge 
and South Maria Ridge (Figure F1). Topographic highs at the edges 
of the basin are composed of deformed basin sediment and base-
ment rock with typical water depths in the range of 500–1000 m but 
are locally shallower. Seafloor sediment of the basin is mostly car-
bonate sand derived from surrounding highs such as South Maria 
Ridge, where material comprises ~50% bryozoan fragments (Nelson 
and Hancock, 1984; Nelson et al., 1981). Much of the sediment was 
probably transported by storms during lowstand sea level condi-
tions. The sediment is also sorted by the Tasman (Eastern Austra-
lian) Current, which in places has created megaripples with >100 m 
wavelength and >5 km axial length that are visible on site survey 
swath bathymetry data.

Figure F1. Regional bathymetry, seismic reflection lines, and boreholes near 
Site U1508 (not all data near Taranaki are shown). Reinga Basin is the region 
between West Norfolk Ridge, Reinga Ridge, and Northland. Stars = Expedi-
tion 371 sites, white dots = petroleum borehole sites, gray dots = Deep Sea 
Drilling Project sites.
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R. Sutherland et al. Site U1508
The subseafloor of Reinga Basin was first highlighted on recon-
naissance seismic reflection surveys (Herzer et al., 1997) but had 
not been drilled. The geology of onshore Northland has been 
mapped, and an extensive grid of seismic reflection data exists adja-
cent to Northland. The Waka Nui-1 offshore petroleum exploration 
borehole was drilled ~275 km southeast of Site U1508 in Northland 
Basin (Isaac et al., 1994; Stagpoole, 2011; Figure F1).

The geology of Northland and its adjacent basin provides con-
text for interpreting Site U1508 because it is along strike structur-
ally, presumably has a similar tectonic and stratigraphic history, and 
provides insight into the nature of terrigenous and volcanic sedi-
ment sources. Northland autochthonous basement rock is overlain 
by Eocene coal measures and Oligocene limestone, which is in turn 
tectonically overlain by deformed marine strata and Northland Al-
lochthon volcanic rocks (Isaac et al., 1994). Basement rock is known 
from magnetic surveys to have a strong northwest-striking fabric 
(Sutherland, 1999). The Junction magnetic anomaly is known from 
exposures farther south to mark the location of the Dun Mountain–
Maitai terrane, which is a Permian ophiolite and volcaniclastic se-
quence (Mortimer, 2004), and its offshore location is close to Site 
U1508 (Sutherland, 1999). Jurassic volcaniclastic sediments of the 
Murihiku terrane crop out onshore (Isaac, 1996), were intersected 
at the base of the Waka Nui-1 borehole (Stagpoole, 2011), and are 
correlated with the deepest reflectors imaged southwest of Site 
U1508 (Figure F2). Northeast of the Junction magnetic anomaly, the 
Bay of Islands terrane basement rock is a deformed sequence of 
trench and trench-slope sandstone and mudstone of Permian to Ju-
rassic age (Mortimer, 2004; Spörli, 1978) and may have represented 
a terrigenous sediment source for adjacent sedimentary basins. The 
Northland Allochthon was emplaced in the late Oligocene to early 
Miocene based on the minimum age of strata beneath the alloch-
thon and the maximum age of strata above the allochthon; addition-
ally, andesitic volcanism was active in the region during the early 
Miocene (Isaac et al., 1994; Rait et al., 1991).

Seismic reflection data near Site U1508 reveal five units (Figure 
F2). The deepest reflectors are truncated at the base of the basin fill 
and interpreted to be Jurassic sandstone, mudstone, and coal of the 
Murihiku terrane based on similarities to seismic reflection data 
near the Waka Nui-1 borehole. Localized areas of fanning reflectors 
at the base of the basin fill are interpreted to be Cretaceous exten-
sional half grabens based on regional correlation with Taranaki Ba-
sin. The half-graben fill corresponds to seismic Unit U1 of Bache et 
al. (2012b). A thick (>1 km) sequence of parallel folded reflectors is 
interpreted on the basis of regional correlations and dredged rock 
samples to be deformed Cretaceous to Eocene carbonaceous sand-
stone, mudstone, and bathyal carbonate (Browne et al., 2016; 
Sutherland et al., 2017) that corresponds to seismic Units U2–U4 of 
Bache et al. (2012b). Fanning, channeled, and onlapping reflectors 
at the basin margin record folding, uplift, erosion, and volcanic in-
put during the Eocene–Miocene. A drape sequence overlies folded 
strata with angular unconformity and records conditions similar to 
present day, when terrigenous or reworked sediment sources are 
minimal and the primary source of sediment is biogenic carbonate 
from adjacent rises (Nelson et al., 1981).

Site U1508 was selected on the basis of seismic reflection data 
collected in 2009 (Bache et al., 2012a, 2012b) and the Eocene ages 
obtained from samples of folded sedimentary rock dredged from 
the seabed elsewhere in the Reinga Basin (Browne et al., 2016). The 
objective at Site U1508 was to sample the Miocene–Eocene se-
quence, including the unconformity that marks the onset of defor-
mation (Reflector E; Figure F3). The sequence contains a record of 
uplift, erosion, and subsidence and can constrain the age and type of 
nearby volcanic activity. The high-amplitude reflector near the base 
of the planned borehole (Reflector F) is known to have regional sig-
nificance for seismic stratigraphic correlation and was hypothesized 
to represent a major change in sedimentation during the Eocene.

Figure F2. Regional seismic reflection Line REI09-012 near Site U1508 with interpretation of stratal age and structure. VE = vertical exaggeration.
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R. Sutherland et al. Site U1508
Operations
Hole locations, water depths, and the number of cores recov-

ered are listed in Table T1. All times are local ship time (UTC + 10 
h for Holes U1508A and U1508B and UTC + 11 h for Hole 
U1508C).

Hole U1508A
We completed the 546 nmi transit from Site U1507 to Site 

U1508 at an average speed of 9.5 kt and arrived at 2300 h on 20 Au-
gust 2017. Thrusters and hydrophones were lowered for dynamic 
positioning, and the rig floor was cleared for operations at 2342 h. 
At 0130 h on 21 August, we deployed an acoustic beacon for hole 
positioning. An advanced piston corer (APC)/extended core barrel 
(XCB) bottom-hole assembly (BHA) was made up, and the drill 
string was assembled and deployed to just above the seafloor. The 
top drive was installed, the nonmagnetic core barrels were dressed 
with core liners, and the orientation tool was deployed. APC coring 
in Hole U1508A started at 0900 h on 21 August.

After shooting Core 10H at 1520 h, the core line parted just 
above the sinker bar. The wireline was cut, and a new rope socket 
was installed. A rotary core barrel (RCB) was dressed with a fishing 
shoe, and by 1800 h on 21 August the sinker bars and core barrel 
with Core 10H had been recovered in two wireline trips.

Use of the core orientation tool was postponed until we cut Core 
13H because of sandy hole conditions and was discontinued after 
Core 17H because of unstable hole conditions. Temperature mea-
surements were taken on Cores 7H, 9H, 10H, 12H, 14H, and 17H.

Core 23H had to be drilled for more than 40 min to release it 
from the formation. At 0600 h on 22 August, we started to retrieve 
the drill string, and the bit cleared the rig floor at 1140 h, ending 
Hole U1508A. Total recovery for the 210.3 m cored in Hole U1508A 
was 201.13 m (96%). The time spent on Hole U1508A was 36.0 h or 
1.5 days.

Hole U1508B
The ship was offset ~20 m southwest. An RCB BHA was made 

up and deployed, and the drill pipe was assembled until the bit was 
just above the seafloor. The top drive was picked up, and drilling 
without coring in Hole U1508B started at 1745 h on 22 August 2017 

with a center bit installed in the core barrel. At ~75 m drilling depth 
below seafloor (DSF), the drill string became stuck while making a 
connection. After pumping a mud sweep, we were able to free the 
drill string. A total of 85 bbl of mud was pumped for the next ~100 
m of drilling. Drilling ahead without coring reached the target 
(186.6 m DSF) at 2245 h on 22 August. The center bit was retrieved, 
and a core barrel was dropped to begin coring with Core 2R. After 
achieving low recovery on Cores 23R through 25R and reaching a 
zone of particular scientific interest at ~417 m DSF, we decided to 
cut half cores for Cores 26R through 33R. When recovery began to 
improve, we switched back to full-length cores with Core 34R.

RCB coring continued through Core 38R (503.4 m DSF), when 
at 0700 h on 24 August a medical emergency was declared and drill 
string recovery began. Cores 2R through 38R penetrated from 186.6 
to 503.4 m DSF and recovered 133.32 m (42%). Mud sweeps were 
pumped for hole cleaning on every third core starting with Core 5R. 
Core recovery varied from 3% to 104% throughout Hole U1508B.

The acoustic beacon was released and recovered, the drill string 
was retrieved and set back in the derrick, and the rig floor was se-
cured, ending Hole U1508B at 1320 h on 24 August. The time spent 
on Hole U1508B was 49.5 h or 2.1 days.

Hole U1508C
After securing the rig floor for transit, the hydrophones and 

thrusters were raised and the 302 nmi transit to Auckland began at 
1354 h on 24 August 2017. The clocks were advanced 1 h for the 
first time at 1400 h and a second time at 0200 h on 25 August. We 
arrived at the dock in Auckland at 2106 h on 25 August (UTC + 12 
h). The medical evacuee, accompanied by two doctors and the port 
agent, and a crew member disembarked. The ship left Auckland at 
0218 h on 26 August to return to Site U1508. The clock was set back 
1 h during the transit (UTC + 11 h) and remained that way for sub-
sequent Expedition 371 drilling operations. We completed the 302 
nmi transit at an average speed of 10.9 kt and arrived at 0600 h on 
27 August. Dynamic positioning was established, and the drill floor 
was cleared for operations at 0712 h. The RCB BHA was assembled 
and deployed to the seafloor, and Hole U1508C was initiated ~20 m 
northwest of Hole U1508B at 1150 h with a center bit installed in 
the core barrel.

Figure F3. Detailed view of seismic reflection Line REI09-012 and location of Site U1508 (near CDP 8470). CDP spacing is 6.25 m. Key reflectors (A–F) are labeled.
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R. Sutherland et al. Site U1508
Table T1. Core summary, Site U1508. DRF = drilling depth below rig floor, DSF = drilling depth below seafloor, CSF-A = core depth below seafloor, Method A. 
Seafloor depth estimate methods: APC_CALC = drill string length from rig floor to the bit, plus the length of the extended advanced piston corer (APC) core 
barrel, minus the length of core recovered; OFFSET = seafloor depth is adopted from the previous hole. H = APC, R = rotary core barrel (RCB), numeric core type 
= drilled interval. (Continued on next two pages.) Download table in CSV format. 

Hole U1508A Hole U1508B
Latitude: 34°26.8902′S Latitude: 34°26.8975′S
Longitude: 171°20.6073′E Longitude: 171°20.5990′E
Water depth (m): 1609 Water depth (m): 1609
Date started (UTC): 1342 h; 20 August 2017 Date started (UTC): 0120 h; 22 August 2017
Date finished (UTC): 0120 h; 22 August 2017 Date finished (UTC): 0320 h; 24 August 2017
Time on hole (days): 1.5 Time on hole (days): 2.1
Seafloor depth DRF (m): 1619.7 Seafloor depth DRF (m): 1619.7
Seafloor depth est. method: APC_CALC Seafloor depth est. method: OFFSET
Rig floor to sea level (m): 11.0 Rig floor to sea level (m): 11.1
Penetration DSF (m): 210.3 Penetration DSF (m): 503.4
Cored interval (m): 210.3 Cored interval (m): 316.7
Recovered length (m): 201.13 Recovered length (m): 133.29
Recovery (%): 96 Recovery (%): 42
Total cores (no.): 23 Drilled interval (m): 186.7
APC cores (no.): 23 Drilled interval (no.): 1

Total cores (no.): 37
RCB cores (no.): 37

Hole U1508C
Latitude: 34°26.8905′S
Longitude: 171°20.5889′E
Water depth (m): 1609
Date started (UTC): 1912 h; 26 August 2017 
Date finished (UTC): 2009 h; 31 August 2017 
Time on hole (days): 5.0
Seafloor depth DRF (m): 1619.7
Seafloor depth est. method: OFFSET
Rig floor to sea level (m): 11.1
Penetration DSF (m): 704.5
Cored interval (m): 283.8
Recovered length (m): 184.84
Recovery (%): 65
Drilled interval (m): 420.7
Drilled interval (no.): 3
Total cores (no.): 35
RCB cores (no.): 35

Core

Top depth 
drilled 

DSF (m)

Bottom depth 
drilled 

DSF (m)

Interval 
advanced 

(m)

Recovered 
length 

(m)

Curated 
length 

(m)

Top depth 
cored 

CSF-A (m)

Bottom depth 
recovered 
CSF-A (m)

Core 
recovery 

(%)

Core on deck 
date 

(2017)

Core on deck 
time UTC 

(h)
Sections 

(N)

371-U1508A-
1H 0.0 1.3 1.3 1.35 1.35 0.0 1.35 104 20 Aug 2320 2
2H 1.3 10.8 9.5 7.44 7.44 1.3 8.74 78 21 Aug 0005 7
3H 10.8 20.3 9.5 8.04 8.04 10.8 18.84 85 21 Aug 0045 7
4H 20.3 29.8 9.5 9.30 9.30 20.3 29.60 98 21 Aug 0120 8
5H 29.8 39.3 9.5 8.95 8.95 29.8 38.75 94 21 Aug 0155 8
6H 39.3 48.8 9.5 6.84 6.84 39.3 46.14 72 21 Aug 0225 7
7H 48.8 58.3 9.5 8.87 8.87 48.8 57.67 93 21 Aug 0320 7
8H 58.3 67.8 9.5 8.15 8.15 58.3 66.45 86 21 Aug 0355 8
9H 67.8 77.3 9.5 8.60 8.60 67.8 76.40 91 21 Aug 0445 8
10H 77.3 86.8 9.5 7.42 7.42 77.3 84.72 78 21 Aug 0805 7
11H 86.8 96.3 9.5 8.95 8.95 86.8 95.75 94 21 Aug 0915 7
12H 96.3 105.8 9.5 9.82 9.82 96.3 106.12 103 21 Aug 1010 8
13H 105.8 115.3 9.5 9.77 9.77 105.8 115.57 103 21 Aug 1115 8
14H 115.3 124.8 9.5 10.01 10.01 115.3 125.31 105 21 Aug 1215 8
15H 124.8 134.3 9.5 9.16 9.16 124.8 133.96 96 21 Aug 1300 7
16H 134.3 143.8 9.5 10.12 10.12 134.3 144.42 107 21 Aug 1330 8
17H 143.8 153.3 9.5 10.01 10.01 143.8 153.81 105 21 Aug 1515 8
18H 153.3 162.8 9.5 9.94 9.94 153.3 163.24 105 21 Aug 1550 8
19H 162.8 172.3 9.5 9.58 9.58 162.8 172.38 101 21 Aug 1630 8
20H 172.3 181.8 9.5 10.01 10.01 172.3 182.31 105 21 Aug 1715 8
21H 181.8 191.3 9.5 9.30 9.30 181.8 191.10 98 21 Aug 1750 8
22H 191.3 200.8 9.5 10.09 10.09 191.3 201.39 106 21 Aug 1825 8
23H 200.8 210.3 9.5 9.41 9.41 200.8 210.21 99 21 Aug 2000 8

Hole U1508A totals: 210.3 201.13 201.13 171
IODP Proceedings 4 Volume 371



R. Sutherland et al. Site U1508
371-U1508B-
11 0.0 186.7 *****Drilled from 0.0 to 186.7 m DSF***** 22 Aug 1320 0
2R 186.7 196.4 9.7 4.75 4.75 186.7 191.45 49 22 Aug 1405 5
3R 196.4 206.1 9.7 5.27 5.27 196.4 201.67 54 22 Aug 1440 5
4R 206.1 215.8 9.7 4.51 4.51 206.1 210.61 46 22 Aug 1510 4
5R 215.8 225.5 9.7 1.73 1.73 215.8 217.53 18 22 Aug 1550 3
6R 225.5 235.1 9.6 1.35 1.35 225.5 226.85 14 22 Aug 1620 2
7R 235.1 244.7 9.6 0.20 0.20 235.1 235.30 2 22 Aug 1655 1
8R 244.7 254.3 9.6 2.21 2.21 244.7 246.91 23 22 Aug 1740 3
9R 254.3 263.9 9.6 3.41 3.41 254.3 257.71 36 22 Aug 1815 4
10R 263.9 273.5 9.6 1.80 1.80 263.9 265.70 19 22 Aug 1850 3
11R 273.5 283.1 9.6 2.23 2.23 273.5 275.73 23 22 Aug 1930 3
12R 283.1 292.7 9.6 3.56 3.56 283.1 286.66 37 22 Aug 2005 4
13R 292.7 302.3 9.6 0.29 0.29 292.7 292.99 3 22 Aug 2045 2
14R 302.3 311.9 9.6 1.67 1.67 302.3 303.97 17 22 Aug 2130 3
15R 311.9 321.4 9.5 0.49 0.49 311.9 312.39 5 22 Aug 2205 2
16R 321.4 330.9 9.5 2.85 2.85 321.4 324.25 30 22 Aug 2250 3
17R 330.9 340.5 9.6 8.66 8.66 330.9 339.56 90 22 Aug 2355 7
18R 340.5 350.1 9.6 5.55 5.55 340.5 346.05 58 23 Aug 0030 5
19R 350.1 359.6 9.5 3.33 3.33 350.1 353.43 35 23 Aug 0110 4
20R 359.6 369.3 9.7 5.86 5.86 359.6 365.46 60 23 Aug 0200 5
21R 369.3 378.8 9.5 3.96 3.96 369.3 373.26 42 23 Aug 0235 4
22R 378.8 388.3 9.5 3.47 3.47 378.8 382.27 37 23 Aug 0335 4
23R 388.3 397.9 9.6 1.07 1.07 388.3 389.37 11 23 Aug 0425 2
24R 397.9 407.5 9.6 0.84 0.84 397.9 398.74 9 23 Aug 0520 2
25R 407.5 417.0 9.5 1.33 1.33 407.5 408.83 14 23 Aug 0625 2
26R 417.0 421.7 4.7 3.39 3.39 417.0 420.39 72 23 Aug 0715 4
27R 421.7 426.7 5.0 3.65 3.65 421.7 425.35 73 23 Aug 0810 4
28R 426.7 431.3 4.6 4.20 4.20 426.7 430.90 91 23 Aug 0900 4
29R 431.3 436.3 5.0 2.56 2.56 431.3 433.86 51 23 Aug 0955 3
30R 436.3 440.9 4.6 1.62 1.63 436.3 437.93 35 23 Aug 1035 2
31R 440.9 445.9 5.0 3.37 3.37 440.9 444.27 67 23 Aug 1145 4
32R 445.9 450.5 4.6 3.26 3.26 445.9 449.16 71 23 Aug 1230 3
33R 450.5 455.5 5.0 4.28 4.28 450.5 454.78 86 23 Aug 1315 4
34R 455.5 465.0 9.5 6.66 6.66 455.5 462.16 70 23 Aug 1435 6
35R 465.0 474.6 9.6 9.35 9.35 465.0 474.35 97 23 Aug 1625 8
36R 474.6 484.2 9.6 10.02 10.02 474.6 484.62 104 23 Aug 1820 8
37R 484.2 493.8 9.6 7.33 7.33 484.2 491.53 76 23 Aug 1950 6
38R 493.8 503.4 9.6 3.21 3.21 493.8 497.01 33 23 Aug 2120 4

Hole U1508B totals: 503.4 133.29 133.30 142

371-U1508C-
11 0.0 278.0 *****Drilled from 0.0 to 278.0 m DSF***** 27 Aug 0820 0
2R 278.0 283.0 5.0 1.83 1.83 278.0 279.83 37 27 Aug 0855 3
3R 283.0 287.6 4.6 2.89 2.89 283.0 285.89 63 27 Aug 0925 3
4R 287.6 292.6 5.0 0.82 0.82 287.6 288.42 16 27 Aug 0955 2
51 292.6 316.0 *****Drilled from 292.6 to 316.0 m DSF***** 27 Aug 1055 0
6R 316.0 321.0 5.0 0.23 0.23 316.0 316.23 5 27 Aug 1130 2
7R 321.0 330.7 9.7 3.40 3.40 321.0 324.40 35 27 Aug 1215 4
81 330.7 450.0 *****Drilled from 330.7 to 450.0 m DSF***** 27 Aug 2030 0
9R 450.0 455.4 5.4 3.70 3.70 450.0 453.70 69 27 Aug 2135 4
10R 455.4 465.0 9.6 5.52 5.52 455.4 460.92 58 27 Aug 2310 5
11R 465.0 474.6 9.6 7.30 7.30 465.0 472.30 76 28 Aug 0050 6
12R 474.6 484.2 9.6 5.02 5.02 474.6 479.62 52 28 Aug 0230 5
13R 484.2 493.8 9.6 7.50 7.50 484.2 491.70 78 28 Aug 0350 7
14R 493.8 503.4 9.6 10.26 10.26 493.8 504.06 107 28 Aug 0555 9
15R 503.4 513.0 9.6 0.30 0.30 503.4 503.70 3 28 Aug 0740 2
16R 513.0 522.5 9.5 0.36 0.36 513.0 513.36 4 28 Aug 0920 2
17R 522.5 532.1 9.6 1.02 1.02 522.5 523.52 11 28 Aug 1145 2
18R 532.1 536.6 4.5 0.60 0.60 532.1 532.70 13 28 Aug 1250 2
19R 536.6 541.6 5.0 0.52 0.52 536.6 537.12 10 28 Aug 1405 2
20R 541.6 551.2 9.6 9.13 9.13 541.6 550.73 95 28 Aug 1615 8
21R 551.2 560.8 9.6 10.02 10.02 551.2 561.22 104 28 Aug 1730 8
22R 560.8 570.3 9.5 6.87 6.87 560.8 567.67 72 28 Aug 1910 6
23R 570.3 579.8 9.5 9.36 9.36 570.3 579.66 99 28 Aug 2120 8
24R 579.8 589.5 9.7 9.45 9.45 579.8 589.25 97 28 Aug 2255 8
25R 589.5 599.1 9.6 8.56 8.56 589.5 598.06 89 29 Aug 0045 8
26R 599.1 608.8 9.7 7.76 7.76 599.1 606.86 80 29 Aug 0305 7
27R 608.8 618.4 9.6 6.12 6.12 608.8 614.92 64 29 Aug 0525 6
28R 618.4 627.9 9.5 9.79 9.79 618.4 628.19 103 29 Aug 0745 8

Core

Top depth 
drilled 

DSF (m)
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Table T1 (continued). (Continued on next page.)
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The plan was to drill to ~480 m DSF, ~20 m above the total 
depth of Hole U1508B, and resume coring. We also decided to spot 
core two scientifically interesting intervals that had particularly low 
recovery in Hole U1508B. After drilling without coring to 278 m 
DSF, we pulled the center bit and collected Cores 2R through 4R
from 278 to 292.6 m DSF at half-core intervals. The center bit was 
deployed again to drill ahead from 292.6 to 316.0 m DSF before cut-
ting a half core and a full core (6R and 7R, respectively) from 316.0 
to 330.7 m DSF. The center bit was deployed again, and drilling 
without coring advanced from 330.7 to 450.0 m DSF. At 0730 h on 
28 August, we retrieved the center bit and resumed RCB coring un-
til penetration rates slowed to ~2 m/h. Although short of the de-
sired target depth, at 0300 h on 31 August we decided to stop coring 
and conduct wireline logging. Collectively, Cores 2R through 38R 
and the two interspersed drilled intervals penetrated from 278.0 to 
704.5 m DSF and recovered 185.04 m of sediment (65% of cored in-
tervals).

At the end of coring, the hole was cleaned with a 30 bbl high-
viscosity mud sweep. Next, the rotary shifting tool (RST) was de-
ployed to trigger the mechanical bit release (MBR) and drop the bit 
at the bottom of the hole (0325 h). The reverse RST was deployed to 
shift the MBR sleeve back into the circulation position (0430 h). 
Next, the hole was displaced with 194 bbl of 11.0 lb/gal mud and the 
end of the drill string was set at 86.7 m DSF. An additional 10 bbl of 
mud was pumped to ensure the entire hole was displaced with 
heavy mud.

At 0745 h on 31 August, assembly of the modified triple combo 
logging tool string began, using the same configuration as was used 
in Hole U1507B with the exception that no source was installed in 
the density tool. The logging tools were deployed at 0900 h, and 
data were collected while lowering the tool string to the bottom of 
the hole. After logging uphole 128 m for a calibration run, the tools 
were run back to the bottom of the hole and the main logging pass 
began. At ~1230 h, the tool string became stuck at ~270 m wireline 
log depth below seafloor (WSF). The logging line was cut at the rig 
floor and terminated with connectors that would allow assembly of 
drill pipe over the logging line to wash down and over the logging 
tools with the open-ended BHA. The logging tools were free at 2105 
h. The tool was pulled to 155 m WSF using the T-bar procedure, at 
which point sufficient logging line had been retrieved to make a 
connection with the aft coring line, which was used to pull the log-
ging tools to the surface. The logging tools were recovered and 
cleaned by 0315 h on 1 September. The drill string was recovered, 
and the end of pipe cleared the rig floor at 0650 h. The positioning 
beacon was recovered, the rig floor was secured for transit, the 

thrusters and hydrophones were raised, and the transit to Site 
U1509 began at 0730 h on 1 September.

Lithostratigraphy
Site U1508 lies at a moderate water depth (1609 m) along the 

northeast margin of Reinga Basin (see Background and objec-
tives), ~130 km west of the northern tip of New Zealand, and is the 
easternmost site drilled during Expedition 371. It was designed to 
sample a record of flat-lying Neogene sediment overlying folded 
and fanning Paleogene strata deposited proximal to Eocene sub-
duction initiation. As such, Neogene strata were expected to in-
clude sediment sourced from the nearby slope and rises (e.g., 
Nelson, 1978). Paleogene strata were anticipated to bear some re-
semblance to age-correlative outcrops of limestone, claystone, and 
chert on New Zealand (e.g., Campbell et al., 2012; Hollis et al., 2005).

The recovered sedimentary sequence at Site U1508 consists of 
~700 m of Pleistocene to lower Eocene heterogeneous sediments di-
vided into three lithostratigraphic units (I–III; Figure F4; Table T2). 
Lithostratigraphic divisions are based on differences in lithology 
and sedimentological characteristics, as identified by macroscopic 
and microscopic (smear slide, thin section, and scanning electron 
microscope [SEM]) core descriptions (Figure F5) and aided by car-
bonate content, X-ray fluorescence (XRF), and X-ray diffraction 
(XRD) analyses.

Unit I consists of ~90 m of Pleistocene to Pliocene foraminiferal 
ooze with varying amounts of nannofossils and coarse-grained bio-
clasts, which are composed mainly of bryozoans (Figure F6). The 
Unit I/II boundary is defined by an abrupt change from foramin-
iferal ooze with bioclasts to clayey nannofossil ooze with biosilica 
(Unit II).

Unit II consists of ~290 m of upper Miocene to upper Oligocene 
calcareous ooze and chalk and is divided into two subunits. Subunit 
IIa consists of clayey nannofossil ooze interbedded with rare ash 
layers (Figure F7). Subunit IIb consists of beds of coarser grained 
foraminiferal ooze and chalk with lithic and volcanic grain contents 
that increase downhole to a peak in Core 371-U1508B-17R (~337 
m) (Figures F8, F9) and then subsequently decrease downhole back 
to biogenic sand-sized grains near the base of the subunit. The Sub-
unit IIa/IIb boundary is defined by the first occurrence of a coarser 
grained, sharp-based bed of foraminiferal chalk. The Unit II/III 
boundary is defined by the deepest occurrence of a coarser grained 
bed (i.e., nannofossil-rich foraminiferal chalk).

Unit III is composed of upper to lower Eocene moderately bio-
turbated nannofossil chalk and is divided into two subunits (Figure 

29R 627.9 637.5 9.6 8.28 8.28 627.9 636.18 86 29 Aug 1005 7
30R 637.5 647.1 9.6 8.98 8.98 637.5 646.48 94 29 Aug 1210 8
31R 647.1 656.6 9.5 8.06 8.06 647.1 655.16 85 29 Aug 1435 7
32R 656.6 664.1 7.5 6.96 6.96 656.6 663.56 93 29 Aug 1805 6
33R 664.1 666.1 2.0 2.51 2.51 664.1 666.61 126 29 Aug 2005 3
34R 666.1 675.6 9.5 3.74 3.74 666.1 669.84 39 29 Aug 2325 4
35R 675.6 685.3 9.7 4.91 4.91 675.6 680.51 51 30 Aug 0325 5
36R 685.3 685.8 0.5 0.62 0.62 685.3 685.92 124 30 Aug 0530 2
37R 685.8 694.9 9.1 5.43 5.43 685.8 691.23 60 30 Aug 1030 6
38R 694.9 704.5 9.6 7.02 7.02 694.9 701.92 73 30 Aug 1600 6

Hole U1508C totals: 704.5 184.84 184.84 181
Site U1508 totals: 1418.2 519.26 519.27 494
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F10). Subunit IIIa consists of moderately to heavily bioturbated 
clayey nannofossil chalk and contains at least 40 centimeter-scale si-
liceous intervals (cherty limestone; Figure F11). Subunit IIIb is 
marked by lower clay content, a gradual downhole color lightening, 
and a progressive loss of cherty limestone nodules. Subunit IIIb is 
composed of nannofossil chalk and limestone.

Unit I
Unit I is ~90 m of Pleistocene to Pliocene white (2.5Y 8/1) to 

light gray (2.5Y 7/2) foraminiferal ooze with nannofossils and bio-

clasts in the upper ~46 m and white (2.5Y 9/1) foraminiferal ooze 
with sand- to granule-sized bioclasts below (Figure F6). The upper 
eight cores suffered from severe soupy-type drilling disturbance, 
and discrete intervals of similar drilling disturbance continue to the 
base of this unit. The unconsolidated and coarse-grained nature of 
Unit I required some compaction of sediments inside the core liners 
on the core recovery platform; therefore, some observations may re-
flect artifacts of core handling. Outside of disturbed intervals, in 
Cores 371-U1508A-3H and 4H (10.8–29.5 m), sediment color varies 
subtly at ~1 m scale between white (N/8 and 2.5Y 8/1) and pale olive 

Figure F4. Lithostratigraphic summary of sedimentary section, Site U1508. cps = counts per second.
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R. Sutherland et al. Site U1508
(5Y 6/3). Rare small grayish blebs that may be sulfide minerals are 
scattered in a few intervals throughout this unit. Downhole from 
Core 7H (48.8 m), sediment is white foraminiferal ooze containing 
common to abundant bioclasts that consist mainly of bryozoans 1–
5 mm in size. Bryozoan concentrations appear relatively constant 
throughout this interval with no apparent trend. The base of Unit I 
is marked by a sharp transition from foraminiferal ooze to clayey 
nannofossil ooze with biosilica (Figure F5).

Unit II
Unit II is ~290 m of Pliocene to upper Oligocene calcareous 

ooze and chalk with changes in the relative proportion of fine-
grained (nannofossil-dominated) versus coarse-grained (foramin-
ifer-dominated) facies, resulting in this unit being divided into two 
subunits (Figure F4). Subunit IIa is light greenish gray (GLEY 
1 7/10GY) nannofossil ooze and chalk with varying amounts of for-
aminifers, clay, or sponge spicules and sporadic volcanic-rich beds 
(Figure F7). Subunit IIb consists of light greenish gray (GLEY 
1 7/10GY) to greenish gray (GLEY 1 6/10Y) nannofossil-rich fora-
miniferal ooze and chalk with common to abundant clay and clino-
ptilolite zeolite and rare to common glauconite grains (Figure F8).

Subunit IIa
Subunit IIa is Pliocene to upper Miocene light greenish gray 

clayey nannofossil ooze and chalk with common to abundant fora-
minifers (Figure F7), consistent with a bathyal environment (see 
Biostratigraphy and paleoenvironment). Faint, subtle color band-
ing varying from light greenish gray (GLEY 1 7/10Y and GLEY 
1 7/10GY) to greenish gray (GLEY 1 6/10Y) at roughly 1–2 m scale 
was observed from the top of this subunit (Section 371-U1508A-
11H-3, 61 cm; 90.08 m) to the base of Core 16H (144.32 m). Moder-
ate bioturbation was observed throughout this subunit, although it 
is sparser in the lighter colored sediments than the darker sedi-
ments and consists of Planolites and Zoophycos burrows. Pyrite was 
rarely observed as small dark gray centimeter-sized blebs in Cores 
16H through 23H (124.8–200.6 m). Five centimeter-thick beds con-
taining volcanic material occur between 135 and 178 m (Figures F4, 
F5). Drilling disturbance is generally lower in Unit II than in Unit I. 
However, moderate, severe to locally destroyed mousse-like drilling 
disturbance occurs in most Subunit IIa cores. Severe basal flow-in 
affected the lower three sections of Core 22H. No deformational 
structures were observed in this subunit. The Subunit IIa/IIb 
boundary is defined by the highest occurrence of sharp-based fora-
miniferal chalk beds with lithic grains.

Subunit IIb
Subunit IIb is middle Miocene to upper Oligocene foraminiferal 

ooze and chalk with variable amounts of clay, nannofossils, sand-
sized silicate minerals, lithic grains, and glauconite, indicative of re-
working (Figure F8). The upper part of Subunit IIb (Cores 371-
U1508B-2R through 17R; 200.6–300.9 m) is characterized by an in-
creasing frequency of sand-sized sediments, starting as thin beds of 
biogenic foraminiferal ooze and chalk in Core 2R, followed by in-
creasing downhole abundance of silicate minerals, volcanic grains, 
and glauconite starting in Core 9R, and peaking in Cores 16R and 
17R (~321–337 m). Below ~335 m (Section 17R-5), silicate minerals 
and glauconite decrease, resulting in a clean foraminiferal chalk in 
the lowest 30 m of the subunit.

In the upper part of Subunit IIb (Cores 371-U1508B-2R through 
8R), nannofossil chalk is interbedded with thin beds of light green-
ish gray (GLEY 1 7/10GY) foraminiferal chalk, often with a sharp 
basal contact. In Core 9R, sediments darken downhole to greenish 
gray (GLEY 1 5/10Y and GLEY 1 5/5GY) concomitant with an in-
crease in clay content, suggesting increasing detrital input (Figure 
F5). This suggestion is supported by a decrease in CaCO3 content of 
more than 20% and a significant increase in magnetic susceptibility 
and natural gamma radiation (NGR) values (see Geochemistry and 
Petrophysics). The interval between 278.0 and 335.82 m (Sections 
371-U1508B-11R-1 through 17R-4 and Cores 371-U1508C-2R 
through 4R) is dominated by interbedding of nannofossil-rich fora-
miniferal chalk and nannofossil chalk with foraminifers (Figure F8). 
However, depositional trends are difficult to ascertain because of 
limited core recovery (25%) for this interval (i.e., Cores 371-
U1508B-4R through 16R and 371-U1508C-2R through 4R) despite 
some of this section being double cored. However, the downhole 
Natural Gamma Radiation Logger (NGRL) data show high-ampli-
tude variations, with high values presumably representing the 
coarser grained intervals with silicate minerals and glauconite and 
lower values representing finer, more biogenic-rich sediments at the 
multimeter scale (see Petrophysics). Glauconite grains occur in 
trace amounts throughout Subunit II. Volcanic material, described 
in the macroscopic sediment description worksheets as silicate 
minerals and lithic grains, increases in abundance downhole in 
Cores 371-U1508B-9R through 17R. This volcanic origin is sup-
ported by XRD analyses performed on decarbonated samples and 
smear slide results from this interval that reveal abundant quartz 
and volcanic material, especially plagioclase and clinoptilolite zeo-
lite (Figure F12).

Table T2. Lithostratigraphic units of the sedimentary section, Site U1508. BOH = bottom of hole. Download table in CSV format. 

Lith. 
unit

Depth CSF-A 
(m)

Thickness 
(m) Interval Lithology Stage

I 0.00–90.08 90.10 371-U1508A-1H-1, 0 cm, to 11H-3, 61 cm Foraminiferal ooze with varying amounts of 
nannofossils and coarse-grained bioclasts

Pleistocene to Pliocene

IIa U1508A: 90.08–200.93
U1508B: 186.70–200.61

U1508A: 110.85
U1508B: 13.91

371-U1508A-11H-3, 61 cm, to 23H-1, 13 cm
371-U1508B-2R-1, 0 cm, to 3R-4, 0 cm

Clayey nannofossil ooze with varying 
amounts of foraminifers and sponge 
spicules and rare ash layers

Pliocene to upper 
Miocene

IIb U1508A: 200.93–209.92
U1508B: 200.61–379.30
U1508C: 278.00–288.30 

and 316.00–324.28

U1508A: 8.99
U1508B: 178.69
U1508C: 8.28

371-U1508A-23H-1, 13 cm, to 23H-CC (BOH)
371- U1508B-3R-4, 0 cm, to 22R-1, 50 cm
371-U1508C-2R to 4R and 6R to 7R

Interbedded foraminiferal ooze and chalk 
with varying concentrations of clay, silicate 
minerals, and volcanic clasts

middle Miocene to 
upper Oligocene

IIIa U1508B: 379.30–491.43
U1508C: 450.00–491.61

U1508B: 112.13
U1508C: 41.61

371-U1508B-22R-1, 50 cm, to 38R-3, 69 cm (BOH)
371-U1508C-2R-1, 0 cm, to 13R-CC

Clayey nannofossil chalk with sporadic 
centimeter-scale siliceous intervals (cherty 
limestone)

upper Eocene to middle 
Eocene

IIIb 493.80–701.92 208.12 371-U1508C-14R-1, 0 cm, to 38R-5 (BOH) Nannofossil chalk and nannofossil limestone 
with foraminifers

middle Eocene to lower 
Eocene
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R. Sutherland et al. Site U1508
Figure F5. Major biogenic and lithologic constituent abundances in sediment based on smear slide analysis, Site U1508. + symbols and darkest lines = Hole 
U1508A, x symbols and medium-shaded lines = Hole U1508B, circles and lightest colored lines = Hole U1508C. D = dominant (>50%), A = abundant (25%–
50%), C = common (10%–25%), R = rare (1%–10%), T = trace (>0%–1%).
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R. Sutherland et al. Site U1508
Cores 371-U1508B-16R and 17R contain repeated thin, sharp-
based, normally graded, moderately bioturbated foraminiferal beds 
with bioclasts (e.g., ~1 mm size benthic foraminifers, genus Lenticu-
lina spp.; see Biostratigraphy and paleoenvironment) and rare 
amounts of glauconite and silicate minerals (Figure F9). At 321.48 
m, an irregular, bioturbated erosional surface sharply separates me-
dium sand–sized foraminiferal ooze with rare glauconite above 
from nannofossil chalk with foraminifers below. This surface 
represents a ~5 My hiatus (see Biostratigraphy and paleo-
environment). Another sharp erosional and bioturbated contact 
occurs at 336.99 m (Section 17R-5), separating greenish gray (GLEY 
1 5/5GY) silicate mineral–rich foraminiferal chalk with bioclasts 
above and light greenish gray (GLEY 1 8/5GY) foraminiferal ooze 
with sand-sized glauconite grains below. Pale green laminae occur 
in this light greenish gray interval between ~336 and 339 m. The 
nannofossil-rich foraminiferal chalk darkens downhole once again 
to greenish gray (GLEY 1 6/5GY) and gray (5Y 6/1) where silicate 
minerals and glauconite grains are rare. Silicate minerals decrease 
in abundance downhole in the foraminiferal chalk and were rarely 
observed in the sediments to the base of Core 19R (353.33 m).

Below Core 371-U1508B-19R to the base of Subunit IIb, the sed-
iments are mainly light gray (5Y 7/2) nannofossil-rich foraminiferal 
chalk. In Core 20R (360–364 m), repeated normally graded (me-
dium sand size fining upward to fine sand size), nannofossil-rich 
foraminiferal chalk beds occur with sharp basal contacts. In Core 
21R (369.3–373.1 m), the nannofossil-rich foraminiferal chalk dark-
ens to gray (5Y 6/1), with faint color banding occurring at the 1.0–
1.5 m scale. Bioturbation is moderate to locally heavy in this inter-

val, except for coarser (i.e., medium sand size) foraminiferal chalk, 
where bioturbation is generally absent.

Deformational structures were not observed in this subunit. 
Drilling disturbance in the upper part of Subunit IIb (200–300 m) 
includes slight fracturing, moderate biscuiting, and moderate up-
arching. The lower 80 m displays slight to moderate fracturing and 
biscuiting. The Unit II/III boundary is defined at an abrupt contact 
where foraminiferal chalk overlies nannofossil chalk. This boundary 
coincides with another hiatus of ~6 My (see Biostratigraphy and 
paleoenvironment).

Unit III
Unit III is ~320 m of upper to lower Eocene nannofossil chalk 

that is divided into two subunits. Subunit IIIa consists of moderately 
to heavily bioturbated clayey nannofossil chalk that contains rare 
centimeter-scale siliceous intervals (cherty limestone). Subunit IIIb 
consists of moderately bioturbated nannofossil chalk and nanno-
fossil limestone. It is differentiated from Subunit IIIa by lower clay 
content and the near absence of siliceous facies.

Subunit IIIa
Subunit IIIa is ~110 m of upper to middle Eocene light greenish 

gray (GLEY 1 7/10Y to GLEY 1 8/5GY) clayey nannofossil chalk 
with rare to common foraminifers (Figure F10) with sporadic 
greenish gray (GLEY 1 6/5GY) cherty limestone nodules and very 
thin chert beds (Figure F11). The cherty layers are distinguished 
from the surrounding chalk by their hardness and a dulling of color 
to gray upon drying.

At least 50 such cherty horizons were observed in Hole U1508B 
between 380 and 490 m, and at least 15 were observed in partially 
overlapping equivalent depths in Hole U1508C. Numerous distinct 
peaks in downhole resistivity logs are interpreted to be cherty hori-
zons (see Petrophysics) on the basis of their occurrence in the 
depth range where the cherty limestone layers were observed in 
macroscopic core description (Figure F13). Resistivity peaks in the 
logging data are most abundant and of highest amplitude in the up-
permost 40 m of Subunit IIIa (~380–420 m wireline log matched 
depth below seafloor [WMSF]), where recovery was poorest (aver-
aging ~15% in Cores 371-U1508B-22R through 25R; see Petrophys-
ics), suggesting the poor recovery of this interval is due to its heavy 
silicification. Individual cherty layers have between 50 and 75 wt% 
CaCO3 content (see Geochemistry). SiO2 in the layers occurs as tri-
dymite, cristobalite, and most prominently quartz (Figure F14). 
Thin section analysis identified recrystallized siliceous microfossils 
(radiolarians and sponge spicules), as well as quartz occurring in 
voids, particularly as infills of foraminiferal chambers. The occur-
rence of siliceous microfossils observed in thin section from cherty 
horizons contrasts with a general lack of siliceous microfossils in 
the surrounding chalk. The cherty limestone layers are typically 1–6 
cm thick and occur at intervals of tens of centimeters between ~380 
and ~490 m. The cherty limestone is also heavily bioturbated, and 
the contacts with the clayey nannofossil chalk with foraminifers are 
generally gradual when the core is intact, although often the core is 
broken and brecciated between the two lithologies.

The strata in Subunit IIIa are generally heavily bioturbated and 
contain Planolites, Nereites, and Zoophycos burrows. Subtle light to 
dark color variations occur at the 1–2 m scale. Rare alterations, such 
as pale green laminae and halos, and intermittent pyrite were ob-
served as grayish blebs and small (generally subcentimeter size) 
nodules throughout this interval. Tilting of the beds was observed 

Figure F6. Representative Unit I lithologies, Site U1508. A. Foraminiferal (frm) 
ooze with bioclasts. nanno = nannofossil, sp = sponge spicule. B. Foramin-
iferal ooze with bryozoans (bry). bcl = bioclast. PPL = plane-polarized light, 
XPL = cross-polarized light.

U1508A-3H-4,
60-75 cm

65 

65 

75 

75 

0.05 mm 0.05 mm

0.05 mm 0.05 mm

0.05 mm 0.05 mm

frm

nanno nanno

frm

XPL

frm

nanno nanno

frm

sp sp

frm frm

bcl bcl

nanno nanno

f

bry

bry

0.5 cm 0.5 cm

U1508A-10H-2,
60-75 cm

U1508A-3H-4, 75 cm U1508A-3H-4, 75 cm

U1508A-3H-4, 75 cm U1508A-3H-4, 75 cm

U1508A-7H-3, 84 cm

U1508A-10H-CC

U1508A-7H-3, 84 cm

U1508A-8H-CC

> 63 µm 63-710 µm

cm

cm B

A

XPLPPL

XPLPPL

PPL
IODP Proceedings 10 Volume 371



R. Sutherland et al. Site U1508
below ~475 m, with a maximum tilt of ~10°. Fracturing increases in 
this subunit, typically occurring at 35° to 45° to the bedding plane.

Subunit IIIb
Subunit IIIb is differentiated from Subunit IIIa by a clay content 

decrease between Cores 371-U1508C-13R and 14R (491.61–493.80 
m), as indicated by a slight color change (GLEY 1 7/5GY to GLEY 
1 8/GY) and smear slide data (Figure F5). Carbonate content in-

creases (from 53% to 81%) downhole over an ~36 m interval (495.6–
522.7 m; see Geochemistry). Cherty limestone nodules and very 
thin chert beds become rare downhole and were last observed at 
~504 m (Core 15R). Pyrite occurs as large blebs, nodules, and infills 
of burrows and fractures beginning in Core 371-U1508B-37R 
(484.20 m) and extending almost to the bottom of the hole (685.92 
m). Diagenetic halos and pale green laminae occur in most cores to 
~690 m. Black millimeter-scale blebs, rich in pyrite and probably 

Figure F7. Representative Subunit IIa lithologies, Site U1508. A. Nannofossil (nanno) ooze with clay. B. Nannofossil ooze with foraminifers (frm). C. Foraminiferal 
nannofossil ooze with sponge spicules (sp). D. Volcanic ash. gls = volcanic glass/shards, clay = clay minerals.
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marcasite, occur sporadically, especially in Sample 371-U1508C-
11R-3, 83–84 cm. Two medium–thick beds of limestone occur at 
532.6 and 536.6 m, and a medium–thick bed of limestone with fora-
minifers occurs at 547.6 m. Faint color banding was observed with 
cycle lengths of ~1 m throughout this subunit. Bioturbation inten-
sity is heavy, especially in the darker intervals associated with color 
banding. Below ~685 m, the nannofossil chalk grades into nanno-
fossil limestone and the intensity of the decimeter-scale color band-
ing increases. Diagenetic features such as pale green laminae, halos, 
and pyrite are rare in the lowermost two cores. Deformational 
structures are dominated by tilt of the sediments, ranging from ~12° 
in the upper half of Subunit IIIb to ~15° in the lower 60 m. Shear 
veins were observed from ~600 to ~645 m (Core 371-U1508C-26R 
through Section 30R-7) with incipient shear banding. The apparent 
dip of the shear bands ranges from 10° to 15°. Low-angle stepped 
normal microfaults are recorded in Core 27R. Drilling disturbances 
occur in the majority of Subunit IIIb cores and include slight to oc-
casionally severe fracturing, moderate biscuiting, and rare pulveriz-
ing and fall-in.

Ooze–chalk transition
The entire ~210 m of Hole U1508A, including all of Subunit IIa 

and the uppermost ~9 m of Subunit IIb, is poorly lithified carbonate 
ooze (with varying contributions of nannofossils, foraminifers, and 
other bioclasts). However, the overlapping interval in Hole U1508B 
(186.7–209.92 m) is more lithified nannofossil chalk. Representative 
sections of this ~30 m overlapping interval from both holes were 

compared side-by-side to ensure there were no inconsistencies in 
description, and it was clear that Cores 371-U1508A-21H, 22H, and 
23H are nannofossil ooze (easily deformable by a finger), whereas 
overlapping Cores 371-U1508B-2R, 3R, and 4R are nannofossil 
chalk (not deformable with a finger but easily deformable with a fin-
gernail). As such, the ooze–chalk transition seemingly occurs below 
209.92 m in Hole U1508A and above 186.7 m in Hole U1508B, an 
apparent discrepancy of more than 30 m. An offset of that magni-
tude in depth scales between the two holes is extremely unlikely; in 
fact, a robust stratigraphic tie point between Cores 371-U1508A-
23H (ooze) and 371-U1508B-4R (chalk) was identified (see Strati-
graphic correlation). Differential drilling disturbance between the 
two holes (Hole U1508A was APC cored, whereas Hole U1508B was 
RCB cored) could possibly explain the difference in apparent degree 
of lithification. However, it is unlikely that RCB coring significantly 
altered the texture of sediments in the uppermost cores from Hole 
U1508B because those cores preserve fine structures such as lami-
nations and burrows (Figure F8), and it is difficult to explain an in-
crease in apparent degree of lithification from ooze to chalk by any 
known type of drilling disturbance. Perhaps APC coring, which is 
traditionally considered to preserve fine sediment textures more 
faithfully than rotary coring, may in this case have imparted a de-
structive disturbance to chalk, rendering it softer and thus de-
scribed as ooze. Alternatively, the depth of the ooze–chalk 
transition might be extremely laterally heterogeneous, varying by 
depths of more than 30 m over only 20 m of lateral offset between 
Holes U1508A and U1508B.

Figure F9. Erosional bioturbated surfaces. Boxes indicate surface locations. A. Sharp erosional surface at 321.48 m separates light greenish gray (GLEY 
1 7/10GY) nannofossil-rich foraminiferal chalk with rare amounts of glauconite above and greenish gray (GLEY 1 5/10Y) nannofossil chalk with foraminifers 
below. B. Sharp erosional bioturbated surface at 336.24 m separates greenish gray (GLEY 1 5/5GY) normal-graded, fine sand–sized, silicate mineral–rich fora-
miniferal chalk with bioclasts above from greenish gray (GLEY 1 5/5GY) silt-sized, silicate mineral–rich foraminiferal chalk with bioclasts below. C. Sharp ero-
sional surface at 336.99 m separates greenish gray (GLEY 1 5/10GY) silicate mineral–rich foraminiferal chalk with bioclasts above and light greenish gray (GLEY 
1 8/5GY) nannofossil-rich foraminiferal chalk with glauconite below.
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Figure F10. Representative Subunit IIIa and IIIb lithologies, Site U1508. 
A. Clayey nannofossil (nanno) chalk. frm = foraminifer, clay = clay minerals. 
B. Cherty limestone.
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Figure F12. XRD diffractograms and PPL smear slide photomicrographs of three samples from Subunit IIb, Site U1508. Carbonate was removed (decarb.) to 
enhance noncarbonate fraction signal. Samples show similar composition, dominated by quartz (qtz) with minor amounts of plagioclase (plag) and clin-
optilolite (clin) zeolite. The latter is recognizable in smear slide as small needles in the finest fraction. glc = glauconite. Note decreasing amount of volcanic 
minerals from upper part of Subunit IIb (black; A) to that from lower part (blue; C).
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Biostratigraphy and paleoenvironment
Site U1508 is located in Reinga Basin, relatively proximal to land 

and where subduction is thought to have initiated. Geophysical data 
for this location reveal a complex tectonic setting with a presumed 
shallower depth regime in the past (nearby erosional truncation) 
followed by subsidence to the present-day water depth of ~1500 m 
(see Background and objectives).

Micro- and macrofossil assemblages were analyzed to interpret 
the timing of uplift and folding events by biostratigraphically con-
straining the age of deposited units in their geophysical context. 
Moreover, microfossil groups were employed to reconstruct the his-
tory of the basin in terms of paleodepth, coastal proximity, and ter-
restrial linkages. Reworking was assessed to constrain the timing of 
the main erosional events and the age of the eroded units.

Site U1508 recovered a highly diverse assemblage of macro- and 
microfossils. Nannofossils and planktic foraminifers range from 
abundant in most samples to common or frequent and rare, respec-
tively, in a few intervals. Benthic foraminifers are few to rare in most 
samples. Radiolarians fluctuate from abundant in the upper 300 m 
to rare to few in the lower part of Hole U1508B and in Hole 
U1508C. Ostracods are common in the upper half of Hole U1508A 
but are rare to absent in other samples from this and other holes. 

Nearly all samples analyzed for palynology yielded rich paly-
nological assemblages. Preservation of microfossil groups at Site 
U1508 generally decreases with depth, but an apparent inflection in 
preservation occurs in Hole U1508B across most groups. This in-
flection corresponds to intervals of lower carbonate content in 
lithostratigraphic Subunit IIb and pyritization of sponge spicules 
and foraminifers in Holes U1508B and U1508C. Pyritization corre-
sponds to a zone surrounding the present-day sulfate–methane 
transition (SMT) (see Geochemistry).

Despite significant reworking and downhole contamination, 
many stratigraphically important microfossils were found at Site 
U1508 that allow for the construction of an age-depth model (Fig-
ures F15, F43). Microfossil data indicate that sediment recovered at 
this site ranges in age from the late Pleistocene to early Eocene (Ta-
ble T3). However, four hiatuses identified on the basis of calcareous 
nannofossil biostratigraphy punctuate this record. The first hiatus 
was found between Samples 371-U1508A-12H-4, 75 cm, and 12H-
CC (101.55 and 106.02 m) in the early Pliocene–late Miocene with 
an estimated duration of ~2 My. A ~1 My hiatus occurs during the 
middle–early Miocene between Samples 371-U1508A-23H-1, 75 
cm, and 23H-2, 75 cm (203.05 and 206.05 m), and between Samples 
371-U1508B-3R-CC and 4R-1, 75 cm (201.57 and 206.85 m). The 
third stratigraphic gap, which lasted at least 5 My, separates the 
lower Miocene and the upper Oligocene sediments between Sam-
ples 371-U1508B-16R-1, 6 cm, and 16R-1, 75 cm (321.46 and 322.15 
m). The oldest and deepest hiatus is recognized between Samples 
21R-CC and 22R-1, 70 cm (373.26 and 379.50 m), and separates the 
upper Oligocene from the upper Eocene. This oldest hiatus spans at 
least 6 My.

Reworked sediments were commonly found in all microfossil 
groups in all holes drilled at Site U1508. The most significant re-
working was present from 322.15 to 497.01 m in Hole U1508B, indi-
cating erosion and associated deposition increased during the 
Oligocene to late Eocene. In this interval, reworked middle Eocene 
calcareous nannofossils (e.g., chiasmoliths, including Chiasmolithus 
gigas, Chiasmolithus grandis, and Chiasmolithus solitus, and dis-
coasters, including Discoaster barbadiensis, Discoaster kuepperi, 
Discoaster lodoensis, Discoaster saipanensis, and Neococcolithes du-
bius) were often present, and occasional Paleocene specimens were 
also found (e.g., Prinsius spp., Toweius spp., and Discoaster multi-
radiatus). In Sample 371-U1508B-20R-CC, contamination is signif-
icant, as late Miocene/early Oligocene planktic foraminifers were 
found in late Eocene strata. Samples 22R-CC to 23R-CC, placed in 
the late Eocene, contain a well-preserved middle Eocene assem-
blage.

Mixtures of shallow- and deep-water indicative benthic fora-
minifers and ostracods and pelagic to inner neritic dinocysts were 
found in most intervals. Such mixtures typically reflect a deep-wa-
ter setting characterized by significant distal transport of sediment. 
Based on benthic foraminifers and ostracods, paleodepth was 
bathyal throughout most of the sedimentary sequence and in-
creased to lower bathyal to abyssal in the middle Eocene. Addition-
ally, increased reworking in the Oligocene to late Eocene partially 
coincides with a late Oligocene palynological assemblage lacking 
pelagic components and a peak in shallow-water ostracods, indicat-
ing more proximal conditions. In this interval, large amounts of ter-
restrial sporomorphs indicate significant amounts of offshore 
transport from a nearby landmass. Conspicuously, this interval is 
located right above a 6 My hiatus around the Eocene–Oligocene 
transition (EOT), which suggests the recorded changes in relative 
sea level might have been related to EOT-associated global sea level 

Figure F14. Detail of siliceous interval (371-U1508B-22R-1, 100–102 cm). 
A. XRD spectrum of homogenized cherty limestone with peaks of calcite 
and SiO2 forms tridymite, cristobalite, and quartz identified. B. Cherty lime-
stone interval between nannofossil chalk. C–E. Cherty limestone demon-
strating foraminifers (frm), radiolarians (rad), glauconite (glc), sponge 
spicules (sp), and quartz (qtz) as foraminiferal chamber infill.
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Figure F15. Biozonations, Site U1508.
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Table T3. Microfossil datums and chrons used to construct Site U1508 age model. * = datum and age used by Geological and Nuclear Sciences (GNS). T = top, 
B = bottom, Tc = top common occurrence, Bc = bottom common occurrence, Ba = base acme. (Continued on next page.) Download table in CSV format.

Marker event Zone base

Top core, 
section, interval 

(cm)

Bottom core, 
section, interval 

(cm)
Age 
(Ma)

Top 
depth 

CSF-A (m)

Bottom 
depth 

CSF-A (m)

Midpoint 
depth 

CSF-A (m) ± (m)

Calcareous nannofossils 371-U1508A- 371-U1508A-
Ba Emiliania huxleyi NN21 1H-CC, 0–10 2H-CC, 0–10 0.29 1.25 8.64 4.95 3.70
T Pseudoemiliania lacunosa NN20 3H-CC, 0–10 4H-CC, 0–10 0.44 18.74 29.50 24.12 5.38
B Gephyrocapsa (>4 μm) 4H-CC, 0–10 5H-CC, 0–10 1.73 29.50 38.65 34.08 4.58
T Discoaster brouweri NN19 6H-CC, 0–10 7H-CC, 0–10 1.93 46.04 57.57 51.81 5.77
T Discoaster pentaradiatus NN18 7H-CC, 0–10 8H-CC, 0–10 2.39 57.57 66.35 61.96 4.39
T Sphenolithus spp. 10H-CC, 0–4 11H-4, 75 3.54 84.68 91.72 88.20 3.52
T Reticulofenestra pseudoumbilicus NN16 11H-4, 75 11H-CC, 18–28 3.70 91.72 95.65 93.69 1.97
T Amaurolithus spp. 12H-4, 75 12H-CC, 26–36 3.92 101.55 106.02 103.79 2.24
T Ceratolithus acutus 12H-4, 75 12H-CC, 26–36 5.04 101.55 106.02 103.79 2.24
T Discoaster quinqueramus NN12 12H-4, 75 12H-CC, 26–36 5.59 101.55 106.02 103.79 2.24
T Discoaster hamatus NN10 17H-CC, 26–36 18H-CC, 17–27 9.53 153.71 163.14 158.43 4.71
B Discoaster hamatus NN9 21H-CC, 0–10 22H-CC, 23–33 10.55 191.00 201.29 196.15 5.15
B Catinaster coalitus NN8 23H-1, 75 23H-2, 75 10.89 201.55 203.05 202.30 0.75
T Coccolithus pelagicus 23H-1, 75 23H-2, 75 10.97 201.55 203.05 202.30 0.75
T Cyclicargolithus floridanus 23H-1, 75 23H-2, 75 11.85 201.55 203.05 202.30 0.75
Tc Calcidiscus premacintyrei 23H-1, 75 23H-2, 75 12.38 201.55 203.05 202.30 0.75

371-U1508B- 371-U1508B-
B Discoaster hamatus NN9 2R-2, 75 3R-CC, 0–10 10.55 198.65 201.57 200.11 1.46
B Catinaster coalitus NN8 3R-CC, 0–10 4R-1, 75 10.89 201.57 206.85 204.21 2.64
T Coccolithus pelagicus 3R-CC, 0–10 4R-1, 75 10.97 201.57 206.85 204.21 2.64
T Cyclicargolithus floridanus 3R-CC, 0–10 4R-1, 75 11.85 201.57 206.85 204.21 2.64
Tc Calcidiscus premacintyrei 3R-CC, 0–10 4R-1, 75 12.38 201.57 206.85 204.21 2.64
T Sphenolithus heteromorphus NN6 6R-1, 38 6R-CC, 12–22 13.53 225.88 226.75 226.32 0.44
Tc Discoaster deflandrei 7R-CC, 10–20 8R-CC, 0–10 15.80 235.20 246.81 241.01 5.81
B Sphenolithus heteromorphus NN4 16R-1, 6 16R-1, 75 17.71 321.46 322.15 321.81 0.35
T Dictyococcites bisectus (>10 μm) ~NN2 16R-1, 6 16R-1, 75 23.11 321.46 322.15 321.81 0.35
T Zygrhablithus bijugatus 17R-5, 70 17R-CC, 0–10 23.76 337.35 339.46 338.41 1.06
T Sphenolithus ciperoensis NN1 20R-2, 75 20R-CC, 4–14 24.43 361.76 365.46 363.61 1.85
B Sphenolithus ciperoensis NP24 21R-CC, 7–17 22R-1, 70 29.62 373.26 379.50 376.38 3.12
T Reticulofenestra umbilicus NP23 21R-CC, 7–17 22R-1, 70 32.02 373.26 379.50 376.38 3.12
T Isthmolithus recurvus 21R-CC, 7–17 22R-1, 70 32.49 373.26 379.50 376.38 3.12
T Coccolithus formosus NP22 21R-CC, 7–17 22R-1, 70 32.92 373.26 379.50 376.38 3.12
T Discoaster saipanensis NP21 24R-1, 24 24R-CC, 0–10 34.44 398.14 398.64 398.39 0.25
Bc Isthmolithus recurvus NP19/NP20 35R-CC, 0–10 36R-2, 70 36.97 474.25 476.81 475.53 1.28
B Chiasmolithus oamaruensis NP18 36R-2, 70 36R-CC, 15–25 37.32 476.81 484.52 480.67 3.85
T Chiasmolithus grandis 36R-2, 70 36R-CC, 15–25 37.98 476.81 484.52 480.67 3.85

371-U1508C- 371-U1508C-
B Sphenolithus heteromorphus NN4 6R-CC, 0–10 7R-2, 57 17.71 316.23 322.69 319.46 3.23
T Dictyococcites bisectus (>10 μm) ~NN2 6R-CC, 0–10 7R-2, 57 23.13 316.23 322.69 319.46 3.23
T Discoaster saipanensis NP21 7R-CC, 29–39 9R-1, 70 34.44 324.40 450.70 387.55 63.15
T Reticulofenestra reticulata 7R-CC, 29–39 9R-1, 70 35.40 324.40 450.70 387.55 63.15
Bc Isthmolithus recurvus NP19–NP20 11R-3, 70 11R-CC 36.97 468.35 472.20 470.28 1.92
B Chiasmolithus oamaruensis NP18 12R-CC 13R-1, 70 37.32 479.62 484.90 482.26 2.64
T Chiasmolithus grandis 12R-CC 13R-1, 70 37.98 479.62 484.90 482.26 2.64
T Sphenolithus spiniger 17R-CC 18R-1, 20 39.70 523.52 532.30 527.91 4.39
B Sphenolithus obtusus 17R-CC 18R-1, 20 39.70 523.52 532.30 527.91 4.39
B Dictyococcites bisectus (>10 μm) ~NP17 18R-1, 20 18R-CC, 0–10 40.36 532.30 532.60 532.45 0.15
T Sphenolithus furcatolithoides B 19R-CC, 0–10 20R-CC, 0–10 40.48 537.12 550.63 543.88 6.76
Bc Reticulofenestra reticulata 22R-CC, 0–10 23R-2-75 42.16 567.67 572.42 570.05 2.38
T Nannotetrina cristata 25R-CC, 0–10 26R-CC, 0–10 42.69 598.06 606.76 602.41 4.35
B Reticulofenestra umbilicus NP16 25R-CC, 0–10 26R-CC, 0–10 42.69 598.06 606.76 602.41 4.35
B Sphenolithus furcatolithoides B 26R-CC, 0–10 27R-CC, 0–10 43.48 606.86 614.82 610.84 3.98
T Chiasmolithus gigas NP15c 28R-4, 75 28R-CC, 9-19 44.12 623.39 628.09 625.74 2.35
B Chiasmolithus gigas NP15b 31R-2, 60 31R-CC, 0–10 45.49 648.93 655.06 652.00 3.07
B Sphenolithus furcatolithoides A 31R-2, 60 31R-CC, 0–10 45.42 648.93 655.06 652.00 3.07
B Nannotetrina fulgens NP15a 33R-CC, 17–27 34R-2, 55 46.29 666.61 668.02 667.32 0.70
B Nannotetrina cristata ~NP14b 36R-CC, 0–10 37R-2, 82 47.43 685.92 687.84 686.88 0.96
T Discoaster lodoensis 37R-2, 82 37R-CC, 0–10 47.85 687.84 691.13 689.49 1.64

Planktic foraminifers 371-U1508A- 371-U1508A-
T Globorotalia tosaensis PT1b 4H-CC, 0–10 5H-CC, 0–10 0.61 29.60 38.65 34.13 4.53
T Globigerinoides obliquus 5H-CC, 0–10 6H-CC, 0–10 1.30 38.75 46.04 42.40 3.65
T Globorotalia tumida* 8H-CC, 0–10 9H-CC, 0–10 3.03 66.45 76.30 71.38 4.93
T Hirsutella margaritae PL3 9H-CC, 0–10 10H-CC, 0–4 3.85 76.40 84.68 80.54 4.14
T Globoconella pliozea* 10H-CC, 0–4 11H-CC, 18–28 4.41 84.72 95.65 90.19 5.47
T Globoconella miotumida >10% of population with >4.5 chambers* 11H-CC, 18–28 12H-CC, 26–36 6.96 95.75 106.02 100.89 5.14
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changes and/or reflect a signature of regional uplift in the Eocene–
Oligocene (see Background and objectives).

Calcareous nannofossils
Calcareous nannofossil biozones were assigned to sediments 

from Cores 371-U1508A-1H through 23H, 371-U1508B-2R 
through 38R, and 371-U1508C-2R through 38R. Analyses are pri-
marily based on core catcher samples (paleontology; PAL), with ad-
ditional samples from working-half sections used to refine ages for 
select intervals, particularly those across hiatuses. Calcareous 
nannofossil distribution data are based on shipboard observations 
that focus on species that are age diagnostic; therefore, distribution 
data may not represent the full nannofossil assemblage (Table T4).

Calcareous nannofossils are common to abundant in the upper 
section of Hole U1508A (Cores 1H through 9H) and abundant 
through the lower section of Hole U1508A and most of Holes 
U1508B and U1508C. The exceptions are six samples in Hole 
U1508B and three samples in Hole U1508C in which calcareous 
nannofossils range from rare to common. Preservation at Site 
U1508 varies from good to poor, generally decreasing with depth 
(Figure F16).

The Neogene sections from Holes U1508A–U1508C contain 
minor Paleogene reworking. The Paleogene sections from Holes 

U1508B (Core 16R and below) and U1508C (Cores 7R through 13R) 
contain major early to middle Eocene and rare Paleocene rework-
ing, sometimes inhibiting the correct position of top events.

Hole U1508A drilled Pleistocene (Zones NN21 through NN17), 
Pliocene (Zones NN16 through NN15), and Miocene (Zones NN11 
through NN6) successions. Sequences recovered in Hole U1508B 
consist of the middle–early Miocene (Zones NN6 through NN1) 
through the Oligocene (Zones NP25 through NP21) to the late and 
middle Eocene (Zones NP19/NP20 through NP17). Spot cores 
drilled in Hole U1508C (Cores 2R through 4R and 6R) recovered 
sediments of early Miocene age (Zone NN4), and Core 7R recov-
ered sediments of late Oligocene age (Zone NN1). The rest of the 
succession drilled in Hole U1508C (Cores 9R through 38R) contains 
a near continuous sequence from the late Eocene to the early Eo-
cene (Zone NP19/NP20 through Subzone NP14a).

The uppermost section of Hole U1508A records Pleistocene, 
Pliocene, and late to middle Miocene aged sediments. Based on the 
dominant presence of Emiliania huxleyi in Sample 371-U1508A-
1H-CC (1.25 m), this sample has an age younger than 0.3 Ma (Zone 
NN21). From Samples 2H-CC to 3H-CC (8.60–18.74 m), the recov-

T Globoquadrina dehiscens* 16H-CC, 34–44 17H-CC, 26–36 8.96 144.42 153.71 149.07 4.65
T Paragloborotalia mayeri M12 22H-CC, 23–33 23H-CC, 19–29 10.46 201.39 210.11 205.75 4.36

371-U1508B- 371-U1508B-
T Paragloborotalia mayeri M12 3R-CC, 0–10 4R-CC, 0–10 10.46 201.67 210.51 206.09 4.42
T Fohsella peripheroronda 5R-CC, 0–10 6R-CC, 12-22 13.80 217.53 226.75 222.14 4.61
T Praeorbulina sicana 6R-CC, 12–22 7R-CC, 10-20 14.53 226.85 235.20 231.03 4.18
B Orbulina suturalis M6 7R-CC, 10–20 8R-CC, 0–10 15.10 235.30 246.81 241.06 5.76
B Praeorbulina sicana M5a 9R-CC, 12–22 10R-CC, 14–24 16.38 257.71 265.60 261.66 3.95
T Globigerina euapertura M1a 16R-CC, 8–18 17R-CC, 0–10 23.03 324.25 339.46 331.86 7.60
B Globoquadrina dehiscens* O7 19R-CC, 11–21 20R-CC, 4–14 25.20 353.43 365.36 359.40 5.97
T Globigerinatheka index E16 22R-CC, 18–28 23R-CC, 8–18 34.60 382.27 389.27 385.77 3.50

371-U1508C- 371-U1508C-
T Globoconella zealandica* 2R-CC, 7–17 3R-CC, 0–10 16.70 279.83 285.79 282.81 2.98
B Globoconella miozea s.s.* 2R-CC, 7–17 3R-CC, 0–10 16.70 279.83 285.79 282.81 2.98
T Tenuitella gemma 6R-CC, 0–10 7R-CC, 29–39 23.50 316.23 324.30 320.27 4.04
B Globoquadrina dehiscens* O7 7R-CC, 29–39 9R-CC, 13–23 25.20 324.40 453.60 389.00 64.60
T Globigerinatheka index E16 7R-CC, 29–39 9R-CC, 13–23 34.60 324.40 453.60 389.00 64.60
T Acarinina bullbrooki E12 17R-CC, 0–10 18R-CC, 0–10 40.49 523.52 532.60 528.06 4.54
B Globigerinatheka index 27R-CC, 0–10 28R-CC, 9–19 42.64 614.92 628.09 621.51 6.59
T Morozovella crater* E8 33R-CC, 17–27 34R-CC, 14–24 45.70 666.61 669.74 668.18 1.57

Radiolarians 371-U1508B- 371-U1508B-
T Cryptocarpium ornatum RP20a 20R-CC, 4–14 22R-CC, 18–28 33.78 365.46 382.27 373.87 8.40
T Lychnocanium amphitrite RP20a 20R-CC, 4–14 22R-CC, 18–28 33.78 365.46 382.17 373.82 8.36
T Eusyringium fistuligerum 24R-CC, 0–10 26R-CC, 17–27 35.36 398.74 420.29 409.52 10.78
T Podocyrtis papalis RP19 28R-CC, 18–28 30R-CC, 13–23 35.70 430.90 437.82 434.36 3.46
T Lychnocanium bellum RP19 26R-CC, 17–27 28R-CC, 18–28 35.70 420.36 430.80 425.58 5.22
T Eucyrtidium nishimurae 36R-CC, 15–25 38R-CC, 0–10 37.14 484.62 496.91 490.77 6.15
B Eucyrtidium spinosum zRP14 34R-CC, 21–31 36R-CC, 15–25 38.15 462.16 484.52 473.34 11.18

371-U1508C- 371-U1508C-
B Zealithapium mitra zRP13 15R-CC, 0–10 17R-CC, 0–10 39.30 503.70 523.42 513.56 9.86
T Artobotrys biaurita 17R-CC, 0–10 19R-CC, 0–10 39.30 523.52 537.02 530.27 6.75
T Artobotrys biaurita 17R-CC, 0–10 19R-CC, 0–10 40.70 523.52 537.02 530.27 6.75
B Cryptocarpium ornatum 23R-CC, 0–10 25R-CC, 0–10 41.62 579.66 597.96 588.81 9.15
B Eusyringium fistuligerum zRP12 25R-CC, 0–10 27R-CC, 0–10 42.60 598.06 614.82 606.44 8.38
T Lithochytris archaea 37R-CC, 0–10 38R-CC, 0–10 47.41 691.23 701.82 696.53 5.29
B Spongatractus pachystylus 38R-CC, 0–10 48.87 701.82 701.92 701.87

Marker event Zone base

Top core, 
section, interval 

(cm)

Bottom core, 
section, interval 

(cm)
Age 
(Ma)

Top 
depth 

CSF-A (m)

Bottom 
depth 

CSF-A (m)

Midpoint 
depth 

CSF-A (m) ± (m)

Table T3 (continued).

Table T4. Nannofossil distribution and occurrence data, Site U1508. Down-
load table in CSV format.
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ered section is defined as late Pleistocene based on the rare pres-
ence of E. huxleyi and the absence of Pseudoemiliania lacunosa
(Zone NN20). Cores 4H through 6H (29.50–46.04 m) are ascribed 
to the early Pleistocene based on the presence of P. lacunosa and 
Gephyrocapsa spp. and the absence of Discoaster spp. (Zone NN19). 
A Pliocene succession (Zones NN18 through NN15) is present from 
Samples 7H-CC to 12H-4, 75 cm (57.57–101.55 m). A late to middle 
Miocene section (Zones NN11 through NN6) is bracketed by the 
absence of Discoaster berggrenii in Sample 12H-CC (106.02 m) and 
the absence of Sphenolithus heteromorphus in Sample 23H-CC 
(210.11–210.21 m).

The late middle Miocene (Zones NN9 through NN6) is re-
corded in both Holes U1508A and U1508B (163.14–210.21 and 
191.35–225.88 m, respectively). Only one specimen of Heli-
cosphaera ampliaperta was found (Sample 371-U1508C-3R-CC; 
285.79–285.89 m); therefore, it could not be used as the zonal 
marker for the top of Zone NN4. The top common occurrence of 
Discoaster deflandrei was thus used as a secondary marker in Hole 
U1508B to approximate the top of this zone (241.01 m), as sug-
gested by Backman et al. (2012).

The early Miocene is recorded from Sample 371-U1508B-8R-
CC to the base of S. heteromorphus in Sample 15R-CC (246.81–
312.39 m) and in spot Cores 371-U1508C-2R through 4R and 6R. A 
5.4 My hiatus from Zones NN4 to NN1 is recorded between Sam-
ples 371-U1508B-16R-1, 6 cm, and 16R-1, 75 cm (321.46 and 322.15 
m), and between Samples 371-U1508C-6R-CC and 7R-CC (316.23 
and 324.40 m). Zone NN1 can be recognized in Sample 371-
U1508B-20R-2, 70 cm (323.61 m), by the presence of Dictyococcites 

bisectus and in Samples 371-U1508C-7R-2, 57 cm, to 7R-CC. The 
absence of the Oligocene/Miocene boundary markers (i.e., Spheno-
lithus capricornutus and Sphenolithus delphix) in either Hole 
U1508B or U1508C samples means this boundary could not be 
identified using nannofossil biostratigraphy.

Two samples (371-U1508B-20R-CC and 21R-CC; 365.36–
373.26 m) indicate a late Oligocene age due to the presence of Sphe-
nolithus ciperoensis. Moreover, as neither Sphenolithus distentus
nor Sphenolithus predistentus were found, these samples are as-
signed to Zone NP25. Samples 22R-2, 55 cm, to 23R-1, 45 cm 
(380.71–388.80 m), contain frequently occurring Coccolithus for-
mosus, Isthmolithus recurvus, and Reticulofenestra umbilicus, indi-
cating they are no younger than Zone NP21. The high abundance of 
reworked forms is particularly challenging when trying to identify 
the top of the rosette discoasters. This biohorizon and therefore the 
base of Zone NP21 were tentatively placed in Sample 24R-1, 24 cm 
(398.14 m), where these taxa start to show a rare and discontinuous 
abundance. The Eocene/Oligocene boundary also could not be con-
strained by nannofossil biostratigraphy.

Both Holes U1508B and U1508C contain a late to middle Eo-
cene sequence. The base of I. recurvus recorded between Samples 
371-U1508B-35R-CC and 36R-2, 70 cm (475.53 ± 1.28 m), a 76.21 m 
thick section, coincides with the base of Zone NP19/NP20. The late 
Eocene (Zone NP19/NP20) interval in Hole U1508C is recorded 
from Samples 371-U1508C-9R-1, 70 cm, to 11R-3, 70 cm. The base 
of Chiasmolithus oamaruensis between Samples 371-U1508B-36R-
2, 70 cm, and 36R-CC (480.67 ± 3.85 m) and between Samples 371-
U1508C-12R-CC and 13R-1, 70 cm (482.26 ± 2.64 m), marks the 

Figure F16. Microfossil preservation and abundance, Site U1508. Abundance: D = dominant, A = abundant, C = common, F = few, R = rare, P = present, tr = 
trace, B = barren. Preservation: E = excellent, VG = very good, G = good, M = moderate, P = poor.
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base of Zone NP18. Samples 371-U1508B-36R-CC to 38R-CC 
(484.52–497.01 m) are assigned to Zone NP17 due to the top of C. 
grandis occurring at 480.67 m (±3.85 m) and the presence of D. bi-
sectus, the base of which approximates the base of Zone NP17. Zone 
NP17 is assigned to Samples 371-U1508C-13R-2, 60 cm, to 18R-1, 
20 cm (486.27–532.30 m).

Middle Eocene Zone NP16 extends from Sample 371-U1508C-
18R-CC to Sample 25R-CC (532.60–598.06 m). The base of this 
zone is usually approximated by the base of R. umbilicus because 
the top of Blackites gladius is an unreliable datum. In Hole U1508C, 
the base of R. umbilicus is also difficult to apply because rare speci-
mens ascribable to this taxon were recognized below the top of C. 
gigas (Subzone NP15b marker), hindering the recognition of Sub-
zone NP15c. The top of Nannotetrina spp. is thus used to approxi-
mate the base of Zone NP16, which is recognized between Samples 
25R-CC and 26R-CC (602.41 ± 4.35 m). The base and top of C. gigas
are used to define Subzone NP15b, which spans Samples 28R-CC to 
31R-2, 60 cm (628.09–648.93 m). The base of Nannotetrina fulgens
defines the base of Subzone NP15a at 667.32 m (±0.7 m). The lower 
part of the sequence belongs to Zone NP14 and was divided into
Subzones NP14b and NP14a using the base of Nannotetrina spp. re-
corded between Samples 36R-CC and 37R-2, 82 cm (686.88 ± 0.96 
m), which also approximates the Ypresian/Lutetian boundary.

Planktic foraminifers
Planktic foraminiferal biozones were assigned to sediments 

from Cores 371-U1508A-1H through 23H, 371-U1508B-2H 
through 39R, and 371-U1508C-2R through 33R. All analyses are 
based on PAL core catcher samples. Planktic foraminifer abundance 
oscillates between dominant to rare in the majority of samples, with 
a general decrease in abundance in Hole U1508C.

Planktic foraminifer preservation is excellent to generally good 
in the uppermost sections of Hole U1508A (Samples 1H-CC to 
10H-CC; 1.25–84.72 m) (Figures F16, F17), which largely corre-
sponds to the foraminiferal ooze in lithostratigraphic Unit I. Below 
this interval, preservation decreases briefly (Samples 11H-CC to 
13H-CC; 95.65–115.57 m) but is good to the bottom of the hole 
(Samples 14H-CC to 23H-CC; 125.21–210.21 m).

Preservation in Hole U1508B ranges from very good to poor and
decreases with depth (Figure F16). Assemblages are generally dom-
inated by middle- to high-latitude species such as Globigerina 
bulloides, Globoquadrina dehiscens, and Globigerinatheka index. A 
number of primary and secondary markers defined in low to middle 
latitudes (Wade et al., 2011) are absent from this site (Table T5).

For Hole U1508A, top datums were used for planktic foramin-
iferal biostratigraphy. This method was used in part to reduce error 
in the preliminary age model (see Age model and sedimentation 
rates) because of the moderate to severe downhole contamination. 
For example, Hirsutella hirsuta has a late Pleistocene last recorded 
occurrence in New Zealand strata but occurs in Sample 371-
U1508A-8H-CC, which is dated as early or middle Pliocene. Sam-
ples 1H-CC to 6H-CC (1.35–46.04 m) were placed in the Pleisto-
cene by the occurrence of Globorotalia truncatulinoides. The top of 
Globorotalia tumida between Samples 8H-CC and 9H-CC (71.38 ± 
4.93 m) indicates the transition into the Pliocene. Because of the 
lack of sufficient marker species, the Pleistocene/Pliocene boundary 
is loosely defined by planktic foraminifer biostratigraphy to lie 
somewhere between Samples 6H-CC and 9H-CC (46.04–76.4 m). A 
population of Globoconella miotumida where 10% have more than 
4.5 chambers (Crundwell et al., 2016) serves as a proxy for the Plio-
cene/Miocene boundary and is located between Samples 10H-CC 

and 11H-CC (100.89 ± 5.14 m). The top of Paragloborotalia mayeri, 
which defines the Zone M13a/M12 boundary, is located between 
Samples 22H-CC and 23H-CC (205.75 ± 4.36 m).

The Miocene interval in Hole U1508B has several age-diagnos-
tic taxa. The top of P. mayeri was placed between Samples 371-
U1508B-3R-CC and 4R-CC (206.9 ± 4.42 m), which aligns with the 
same datum in Hole U1508A (see Age model and sedimentation 
rates). Samples 6R-CC to 10R-CC (226.75–265.7 m) yield a nearly 
continuous middle Miocene sequence with the Praeorbulina–Or-
bulina evolutionary lineage. This lineage is rare at Site U1507 to the 
north (see Biostratigraphy and paleoenvironment in the Site 
U1507 chapter [Sutherland et al., 2019b]), suggesting less effect of 
dissolution through the interval at Site U1508. The Miocene/Oligo-
cene boundary was identified between Samples 16R-CC and 17R-
CC (331.86 ± 7.60 m) based on the top of Globigerina euapertura, 
which is used to approximate this epoch boundary in New Zealand 
(Raine et al., 2015).

The Oligocene/Eocene boundary was tentatively placed be-
tween Samples 371-U1508B-22R-CC and 23R-CC (385.77 ± 3.50 
m), as indicated by the first occurrence of G. index. These samples 
exhibit moderate to poor preservation and include large amounts of 
Oligocene and Eocene taxa with a limited number of species found.

Major redeposition of middle Eocene sediments from the 
nearby Reinga Ridge likely happened during deposition of Samples 

Figure F17. Preservation state of planktic foraminifers. Scale bars = 200 μm. 
A. Excellent (371-U1508A-1H-CC). B. Very good (371-U1508B-2R-CC). 
C. Good (371-U1508A-8H-CC). D. Moderate (371-U1508C-38R-CC). E. Poor 
(35R-CC).
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Table T5. Planktic foraminifer distribution and abundance data, Site U1508. 
Download table in CSV format.
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371-U1508B-22R-CC and 23R-CC (382.27–389.27 m) because a ro-
bust middle Eocene assemblage of well-preserved planktic foramin-
ifers occurs in Sample 23R-CC. The aforementioned persistence of 
the nannofossil C. oamaruensis indicates a late Eocene age for this 
interval, which is consistent with the presence of Hantkenina ala-
bamensis spines in Samples 26R-CC to 31R-CC (420.39–444.17 m). 
In New Zealand, H. alabamensis ranges in the upper part of the late 
Eocene Kaiatan Stage (Hornibrook et al., 1989), roughly equivalent 
to the base of the tropical planktic foraminifer Zone E14 of Wade et 
al. (2011). Samples 23R-CC to 38R-CC (579.56–701.92 m) are as-
sumed to be in Zones E14–E15 due to the presence of G. index and 
the absence of Hantkenina australis, a species that appears in the 
late Kaiatan Stage in New Zealand (Hornibrook et al., 1989).

In Hole U1508C, Samples 2R-CC to 6R-CC are assigned to the 
early to middle Miocene Subzones M5b–M4a based on the top of 
Globoconella zealandica and base of Globoconella miozea s.s. be-
tween Samples 2R-CC and 3R-CC (282.81 ± 2.98 m). Identification 
of G. index, located between Samples 7R-CC and 9R-CC (389.00 ± 
64.60 m), indicates the downhole transition into the Eocene. The 
lack of Orbulinoides beckmanni indicates either that the middle Eo-
cene Zone E12 was not recovered or is a very condensed interval or 
that the site was located in cooler waters outside of the species’ tem-
perature range. The consistent occurrence of Acarinina bullbrooki
is recognized between Samples 17R-CC and 18R-CC (528.06 ± 4.54 
m) and indicates Zones E11–E10. The top of Morozovella crater is 
located between Samples 33R-CC and 34R-CC (668.18 ± 1.57 m). 
This datum marks the base of the Porangan Stage and corresponds 
to the Zone E8/E7b boundary (Raine et al., 2015). Samples 34R-CC 
to 38R-CC (669.74–701.92 m) were placed in Zones E7–E5 by the 
consistent occurrence of M. crater.

Benthic foraminifers
Benthic foraminifers were examined semiquantitatively in core 

catcher samples from the 23 Hole U1508A cores and qualitatively 
from 28 Hole U1508B cores and 35 Hole U1508C cores (Table T6). 
This faunal group is rare relative to total sediment particles in the 
>63 μm fraction of most studied samples. However, the benthic 
abundance is few (1%–10%) for the uppermost two samples (371-
U1508A-1H-CC and 2H-CC) and for seven samples of Miocene 
sediment from all three holes. No benthic foraminifers were recov-
ered from Sample 371-U1508B-35R-CC.

Benthic foraminifer preservation in Hole U1508A ranges from 
mainly excellent in Cores 1H through 4H to very good in Cores 5H 
through 19H and moderate to poor for the lowermost four cores. 
Preservation is mainly poor through the Miocene, Oligocene, and 
Eocene intervals of Holes U1508B and U1508C. A total of 2442 
specimens were picked from Hole U1508A sediment, and 131 taxa 
were identified. For Holes U1508B and U1508C, more than 2000 
specimens were picked, representing 135 and 123 taxa, respectively. 
All samples are strongly dominated by calcareous taxa, and aggluti-
nated taxa generally form a minor component of the assemblages.

The Pleistocene interval is characterized by peaks in relative 
abundance of Globocassidulina subglobosa, Cassidulina spp., Cas-
sidulina carinata, miliolids, Cibicides spp., Cibicidoides mundulus, 
lagenids, Planulina spp., and Pleurostomella spp. The assemblages 
are mainly made up of infaunal morphogroups. Pliocene assem-
blages are dominated by infaunal taxa, specifically stilostomellids 
and nodosariids, and the lowermost Pliocene sample (371-U1508A-
11H-CC) contains abundant bolivinids (including Bolivina byra-
mensis). These three groups remain common to abundant in the 
late Miocene, where Cassidulina crassa, C. carinata, G. subglobosa, 

Melonis barleeanum, Pleurostomella spp., and Trifarina bradyi also 
become common components of the assemblages. Generally low di-
versity assemblages of the middle to lower Miocene sediments con-
tain common bolivinids, nodosariids, stilostomellids, and 
Cibicidoides truncanus.

Cores 371-U1508B-7R through 16R contain abundant reworked 
benthic foraminifers, as inferred from the mixture of different col-
ors and preservation states of tests (from excellent preservation to 
very poorly preserved, broken, pyritized, and infilled). Taxa from 
different ages were identified, including pre-Paleocene/Eocene 
Thermal Maximum species such as Arenobulimina truncata and 
pre-Oligocene species such as Nuttallides truempyi. Different 
paleoenvironments include reworked shelfal taxa such as Planorbu-
lina zelandica, Amphistegina, Ehrenbergina, and large (~1 mm) 
shallow-water Lenticulina (<100 m depth).

The Oligocene fauna are similar to the Miocene fauna but less 
diverse. Late Eocene assemblages are also similar but include Cibi-
cides spp., Cibicides collinsi, Cibicidoides spp., T. bradyi, and Uviger-
ina rippensis as additional common components.

The upper and middle Eocene sequence contains common 
Anomalinoides spp., Bulimina tuxpamensis, Bulimina spp., Cibi-
cides parki, Cibicidoides eocaenus, Cibicidoides dohmi, G. sub-
globosa, Gyroidinoides spp., Hanzawaia ammophila, Lenticulina
spp., nodosariidae, N. truempyi, Oridorsalis umbonatus, Pullenia 
bulloides, Spiroplectammina cubensis, U. rippensis, and stilostomel-
lids. A peak in relative abundance of Aragonia aragonensis (to 12% 
of the assemblages) was observed between 551.5 and 550.5 m 
(nannofossil Zone NP16; Samples 371-U1508C-20R-CC and 21R-1, 
16–18 cm). This likely opportunistic species proliferated in the deep 
sea during and after Paleogene warming events (Alegret et al., 2016; 
Arreguín-Rodríguez et al., 2016).

Site U1508 presently lies at ~1600 m water depth, and only a few 
useful paleobathymetric taxa were recovered from the Pleistocene 
interval, including a few Cibicidoides bradyi, Cibicides robertso-
nianus, Nuttallides umbonifera, Planulina wuellerstorfi, stilo-
stomellids, and Pleurostomella spp. Such an assemblage indicates a 
deep middle bathyal to lower bathyal paleodepth, consistent with 
modern conditions. However, shelf- or upper bathyal–restricted 
benthic foraminifers, including Ehrenbergina, Cibicides vortex, No-
torotalia spp., and Elphidium spp., are sporadically present, likely 
indicating some redeposition of material from the nearby shelf.

The Pliocene to Miocene interval contains a variety of predomi-
nantly lower bathyal species (Hopkinsina mioindex, Tritaxilina zea-
landica, and Tritaxia instar) and lower bathyal to abyssal taxa 
(Eggerella bradyi, P. wuellerstorfi, and C. mundulus) whose upper 
depth limit is 1000 m or deeper (van Morkhoven et al., 1986). Pre-
dominantly abyssal taxa (Epistominella exigua and N. umbonifera) 
are very scarce. These data indicate a lower bathyal depth of depo-
sition during the Pliocene and Miocene. Traces of reworked shal-
low-water taxa, including P. zelandica, Ehrenbergina, and 
Amphistegina, were observed through the Miocene sequence.

Oligocene and upper Eocene samples contain some primarily 
bathyal taxa such as Anomalina visenda (=Anomalinoides capita-
tus), Cibicides ihungia, or C. robertsonianus but also taxa that are 
most common at lower neritic to bathyal (T. bradyi) and upper 
bathyal (B. tuxpamensis) depths (van Morkhoven et al., 1986; Hol-
bourn et al., 2013). The presence of large costate and spinose uvi-
gerinids, including U. rippensis and the closely related Euuvigerina 

Table T6. Benthic foraminifer distribution and abundance data, Site U1508. 
Download table in CSV format.
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bortotara, indicates a lower middle bathyal zone (800–1000 m) 
depth of deposition (Tjalsma and Lohmann, 1983).

The remaining part of the Eocene (Zone NP14) contains more 
common lower bathyal to abyssal taxa, including Anomalina aotea
and C. dohmi, which indicate a slightly deeper, lower bathyal pa-
leodepth. No reworked shallow material was observed.

Ostracods
In total, 894 ostracod specimens were picked and 71 taxa were 

identified at Site U1508. Ostracods are barren to abundant with 
preservation ranging from moderate to poor, with mixtures of ner-
itic and bathyal taxa in multiple intervals (Figure F18). A particu-
larly strong shallow-water signal was found below the late 
Oligocene–early Miocene hiatus (321.48 m). Despite strong re-
working, paleodepth estimates based on ostracod assemblages sug-
gest a deep-sea setting (lower to middle bathyal) throughout Holes 
U1508A–U1508C. Neritic taxa presumably are transported from 
shallow localities.

Abundance data are normalized to the number of specimens per 
45 cm2 tray, which ranges from 0 to 31 (Figure F18). Dominant gen-
era are Bairdoppilata spp. and Krithe spp., which mostly inhabit 
neritic to middle bathyal and middle bathyal to abyssal waters, re-
spectively (Mazzini, 2005; Alvarez Zarikian, 2015). Other abundant 
taxa include Cytheropteron spp., Bradleya spp., and Debissonia 
fenestrata. The first two genera have wide paleodepth distribution 
ranges. D. fenestrata has been recorded in lower bathyal regions, 
and few have been recorded in abyssal regions in the southern Tas-
man Sea (Mazzini, 2005). Ostracod fossils are moderately to poorly 
preserved, with a visual preservation index (VPI) (Dwyer et al., 
1995) ranging from 2 to 7.

Synchronous changes occurring in ostracods and lithostrati-
graphy were found throughout Holes U1508A–U1508C. The litho-
stratigraphic Unit I/Subunit IIa boundary (90.08 m) corresponds to 
a minimum in ostracod abundance between Samples 371-U1508A-
10H-CC and 11H-CC (84.68–95.75 m) (see Lithostratigraphy; Fig-
ure F18). Compared with Unit I, Subunit IIa shows slightly deeper 
water characteristics: a lower abundance of ostracods, relatively less 
Bairdoppilata spp., and relatively more Krithe spp. In Subunit IIb, 
the overall abundance significantly increases with the occurrence of 

both bathyal and neritic taxa, especially below the hiatus at 321.48 
m. The Subunit IIb/Unit III boundary (379.3 m) is marked by an 
abrupt and temporary decrease in ostracod abundance from 31 
specimens/tray in Sample 371-U1508B-21R-CC (373.16 m) to bar-
ren in Samples 22R-CC to 38R-CC (382.17–497.01 m). Following 
the last occurrence of cherty limestone at ~504 m, ostracod abun-
dance slightly increases again with the presence of both bathyal and 
neritic taxa, which is comparable with CaCO3% behavior in similar 
intervals. In Subunit IIIb, samples are mostly barren, except for 
Samples 371-U1508C-31R-CC to 32-CC (655.06–663.56 m), where 
ostracods are very rare.

Radiolarians
A total of 50 core catcher samples from Site U1508 were exam-

ined for radiolarian abundance, preservation, and biostratigraphy 
(12 from Hole U1508A, 20 from Hole U1508B, and 18 from Hole 
U1508C; Table T7). In the upper part of Site U1508 from 1.25 to 
76.40 m, only small amounts of well-preserved radiolarians are 
present and some samples are barren (Figure F16). Between 95.65 
and 210.61 m, radiolarians are generally well preserved and more 
frequent, varying between few and abundant. From 217.43 m down-
hole, radiolarian abundance decreases, with a barren interval be-
tween 226.75 and 303.97 m. Radiolarians are only common at the 
bottom of Hole U1508C (Sample 38R-CC, 701.87 m). Preservation 
decreases throughout the hole to moderate and poor, possibly due 
to the deeper burial of the sediments.

Because of only rare radiolarian occurrence in the uppermost 
part of Site U1508 from 1.25 to 38.75 m (Samples 371-U1508A-1H-
CC to 5H-CC; 1.25–38.75 m) and the absence of distinct marker 
species, this interval remains unzoned (Figure F15).

A very diverse Pliocene–Miocene assemblage was observed 
from 95.65 to 210.21 m (Samples 371-U1508A-11H-CC to 23H-
CC). However, it was not possible to apply the low-latitude radio-
larian zonation throughout the Pliocene–late Miocene interval be-
cause these datums were not in agreement with nannofossil and 
planktic foraminifer datums. The Pliocene species Theocorythium 

Figure F18. Summary of ostracod preservation, abundance, and assemblage composition, Site U1508.
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vetulum occurs throughout the interval. Additionally, Miocene spe-
cies such as Stichocorys peregrina (Zones RN9–RN11), Stichocorys 
delmontensis (Zones RN2–RN8), Didymocyrtis laticonus (Zones 
RN4–RN6), Didymocyrtis mammifera (Zones RN2–RN5), and Cyr-
tocapsella tetrapera (Zones RN1–RN6) co-occur and are present in 
most of the studied intervals between 95.65 and 210.61 m (Samples 
371-U1508A-11H-CC to 23H-CC, 371-U1508B-2R-CC, and 4R-
CC). S. peregrina, Didymocyrtis spp., and T. vetulum were often ob-
served in the assemblages, a frequency which is almost certainly not 
an artifact of reworking. Thus, further study is needed to investigate 
whether some species may have a longer range in the mid-latitudes 
than in the low latitudes. The interval between 226.75 and 365.46 m 
remains unzoned due to the absence or only trace occurrence of 
radiolarians.

A late to middle Eocene radiolarian assemblage was found in the 
lower part of Site U1508 between 382.17 and 598.06 m (Samples 
371-U1508B-22R-CC to 38R-CC and Cores 371-U1508C-9R 
through 25R). The base of southwest Pacific Zealandia Zone zRP14 
were placed between Samples 371-U1508B-34R-CC and 36R-CC 
(473.34 ± 11.18 m) based on the base of Eucyrtidium spinosum
(38.15 Ma). The top of Zone zRP14 cannot be defined because the 
marker species is absent. The tops of Cryptocarpium ornatum and 
Lychnocanium amphitrite (33.78 Ma in low latitudes) between Sam-
ples 371-U1508B-20R-CC and 22R-CC (373.87 ± 8.36 m) occur 
close to the Oligocene/Eocene boundary. Three additional events 
were identified in the late Eocene interval: the top of Eusyringium 
fistuligerum (35.36 Ma) between Samples 371-U1508B-24R-CC and 
26R-CC (409.52 ± 10.78 m), the top of Podocyrtis papalis (35.7 Ma) 
between Samples 28R-CC and 30R-CC (434.36 ± 3.46 m), and the 
top of Lychnocanium bellum (35.7 Ma) between Samples 26R-CC 
and 28R-CC (425.58 ± 5.22 m). The top of Eucyrtidium nishimurae
was found between Samples 371-U1508B-36R-CC and 38R-CC 
(490.77 ± 6.15 m). Reworking of early Eocene to late Paleocene spe-
cies Buryella tetradica and Lithochytris archaea was observed in 
several mid- to late Eocene samples (371-U1508B-22R-CC, 30R-
CC, 32R-CC, and 36R-CC). This reworking may indicate erosion of 
older strata in the middle to late Eocene.

The base of Zone zRP13 was placed between Samples 371-
U1508C-15R-CC and 17R-CC (513.56 ± 9.86 m) based on the base 
of Zealithapium mitra. Zone zRP13 was placed in the upper part of 
Hole U1508C and the lower part of Hole U1508B. The top of the 
zone cannot be determined in Hole U1508C because E. spinosum is 
absent in that hole. The base of Zone zRP12 was placed between 
Samples 371-U1508C-25R-CC and 27R-CC (606.44 ± 8.38 m) based 
on the base of E. fistuligerum. Two events were identified in Zone 
zRP12: the top of Artobotrys biaurita (in Zone RP15 in low lati-
tudes) between Samples 371-U1508C-17R-CC and 19R-CC (530.27 
± 6.75 m) and the base of C. ornatum (in low-latitude Zone RP14) 
between Samples 371-U1508C-23R-CC and 25R-CC (588.81 ± 9.15 
m). The low-latitude datum of the top of A. biaurita (40.7 Ma) fits 
the age-depth plot (constructed using nannofossil and planktic for-
aminifer datums) better than the southwest Pacific datum (39.3 Ma) 
(Figure F43). The interval between 614.82 and 691.23 m remains 
unzoned due to the scarcity of marker species. Sample 371-
U1508C-38R-CC (701.82–701.92 m) is assigned to low-latitude 
Zones RP9–RP10 due to the presence of L. archaea (top in Zone 
RP10) and Stylatractus pachystylus (base in Zone RP9).

The preliminary results of Site U1508 show the limitations in 
applying radiolarian biostratigraphy at this site due to the general 
low abundance throughout the holes, particularly in the Paleogene. 
In addition, poor preservation of the specimens also hampers cor-

rect taxonomic identification. Only a few low-latitude marker spe-
cies are present at this site, and they occur sporadically throughout 
the Eocene interval (e.g., Dictyoprora mongolfieri, P. papalis, and 
Podocyrtis mitra). Likewise, the southwest Pacific zonation has lim-
itations (e.g., sporadic occurrence of marker species) but was used 
at this site.

Palynology
A total of 19 core catcher samples from Holes U1508A (N = 3), 

U1508B (N = 8), and U1508C (N = 8) were processed and analyzed 
for palynological content (Table T8). Nearly all samples from Site 
U1508 yielded rich palynological associations with both marine (di-
nocysts, prasinophytes, acritarchs, and organic foraminiferal lining) 
and terrestrial (sporomorphs and phytoclasts) components (Figures 
F19, F20, F21, F22). Amorphous organic material and pyritized si-
liceous microfossils also occur in select intervals. In particular, from 
~408 m downhole, pyritized radiolarians become a conspicuous 
component, which could reflect a diagenetic signal because this in-
terval broadly coincides with the SMT zone (see Lithostratigraphy
and Geochemistry). Fungal spores and insect remains were found 
sporadically. Because of the much lower sample resolution com-
pared with other microfossils groups, shipboard dinocyst biostrati-
graphy was employed only for supportive age control. Moreover, 
semiquantitative analysis of the palynological assemblages provides 
information for paleoenvironmental interpretations.

Dinocyst assemblages are generally diverse and well preserved, 
although preservation distinctly decreases below ~600 m (Table 

Table T8. Palynological assemblage data, Site U1508. Download table in 
CSV format.

Figure F19. Selected dinocyst taxa. Scale bars = 50 μm. A. Areosphaeridium 
diktyoplokum (371-U1508C-20R-CC). B, C. Cleistosphaeridium diversispinosum
(371-U1508B-22R-CC). D, E. Cleistosphaeridium placacanthum (22R-CC). 
F. Corrudinium otagoense (37R-CC). G, H. Corrudinium regulare (371-U1508C-
18R-CC). I. Diphyes colligerum (371-U1508B-33R-CC).
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T9). Assemblages include taxa reflective of open-ocean, inner and 
outer neritic, and lagoonal conditions. The relative proportions of 
these assemblages change throughout the sedimentary sequence, 
with most proximal conditions in the late Oligocene. Heterotrophic 
dinocyst taxa (Lejeunecysta and Selenopemphix) consistently occur 
at a relative abundance of ~10%, indicating nonoligotrophic condi-
tions.

Stratigraphy
The Miocene and Pliocene samples from lithostratigraphic 

Units I and II (0–379.30 m) only contain sparse age-diagnostic dino-
cysts. However, the simultaneous occurrence of Filisphaera filifera, 
Cerebrocysta poulsenii, and Impagidinium patulum in Sample 371-
U1508B-11R-CC (275.63–275.73 m) confirms an early Miocene 
age.

A relatively large number of biostratigraphically relevant dino-
cysts were found in samples from lower Subunit IIb and Unit III. 
The latest Eocene is represented by taxa such as Areosphaeridium 
diktyoplokum, Hemiplacophora semilunifera, and Stoveracysta or-
nata. A number of middle to early Eocene biostratigraphic index 
species were recorded from upper Unit III, including Corrudinium 
regulare, Dracodinium waipawaense, Dracodinium rhomboideum, 
Heteraulacacysta porosa, S. ornata, and Wilsonidium echinosutura-
tum. Furthermore, longer ranging Eocene markers such as Cleistos-
phaeridium diversispinosum, Diphyes colligerum, Elytrocysta brevis,

Figure F20. Selected dinocyst taxa. Scale bars = 50 μm. A. Dracodinium rhom-
boideum (371-U1508C-13R-CC). B. Dracodinium waipawaense (13R-CC). 
C, D. Enneadocysta pectiniformis (371-U1508B-25R-CC). E. Histiocysta palla
(371-U1508C-20R-CC). F. Hystrichosphaeridium truswelliae (18R-CC). G. Impa-
gidinium sp. (371-U1508A-11H-CC). H. Lejeunecysta sp. (371-U1508B-25R-
CC). I. Spiniferites pseudofurcatus (25R-CC).
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Figure F21. Selected dinocyst and sporomorph taxa. Scale bars = 50 μm. 
A, B. Membranophoridium sp. (371-U1508B-21R-CC). C, F. Stoveracysta ornata
(25R-CC). D, E. Bisaccate pollen grain (21R-CC). G. Nothofagidites sp. (21R-CC). 
H, I. Trilete spores (21R-CC).
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Figure F22. Selected palynomorphs and palynofacies. Scale bars = 50 μm. 
A, B. Prasinophyte phycoma cf. Pterospermella (371-U1508B-15R-CC). C. Tas-
manites sp. (371-U1508A-11H-CC). D. Tasmanites sp. (371-U1508C-13R-CC). 
E. Biserial organic foraminiferal lining (22R-CC). F. Spiral organic foraminiferal 
lining (21R-CC). G. Fungal spore (371-U1508B-21R-CC). H. Insect spine (371-
U1508A-21H-CC). I. Pyritized siliceous microfossils (371-U1508B-29R-CC).
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Table T9. Dinocyst and sporomorph distribution and occurrence data, Site 
U1508. Download table in CSV format.
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and Hystrichosphaeridium truswelliae were recorded throughout 
Unit III. The presence of these age-diagnostic taxa demonstrates
the potential for postexpedition refinement of dinocyst biostrati-
graphy.

Paleoenvironment
Miocene–Pliocene (4 samples; 1–276 m)

In the Miocene–Pliocene interval, a well-preserved paly-
nological assemblage predominantly consists of dinocysts and 
sporomorphs. Dinocysts consist of mostly outer neritic (Cleistos-
phaeridium spp. and Spiniferites spp.) and pelagic components. 
Sporomorphs consist of saccate (windblown) pollen, angiosperm 
pollen (including Nothofagus spp.), and spores. In the sporomorphs, 
the dominance shifts from spores in the late Miocene and Pliocene 
to pollen in the early Miocene. Although high sporomorph abun-
dance indicates a large amount of terrestrial input, the consistent 
abundance of pelagic taxa such as Impagidinium spp., Nematos-
phaeropsis labyrinthus, and Batiacasphaera spp. suggests this is an 
open-ocean setting with high amounts of offshore transport.

Oligocene (2 samples; 340–373 m)
The late Oligocene Sample 371-U1508A-21R-CC (373.16 m) 

contains a palynomorph assemblage of excellent preservation that 
records a very proximal location. Sporomorphs are the dominant 
palynomorph, consisting of dominantly saccate pollen with contri-
butions of angiosperm pollen (including Nothofagus spp.) and 
spores. Additionally, a diverse and rich dinocyst assemblage was re-
covered, with large amounts of inner neritic taxa, an absence of oce-
anic taxa, and some reworking of Eocene forms. This assemblage 
coincides with a shallow-water signal recorded in depth-indicative 
ostracod species (see Ostracods above) in the same interval. These 
combined lines of evidence indicate a possible drop in relative sea 
level combined with high levels of offshore transport in the late Oli-
gocene. Conspicuously, this interval is located right above a 6 My 
hiatus around the EOT (see Lithostratigraphy), which suggests the 
recorded changes in relative sea level might have been related to 
EOT-associated global sea level changes and/or reflect a signature 
of regional uplift in the Eocene–Oligocene (see Background and 
objectives).

Eocene (13 samples; 382–686 m)
Eocene palynological assemblages predominantly consist of di-

nocysts with only trace amounts of terrestrial material, reflecting 
much lower offshore transport compared with younger material. 
Preservation typically decreases downhole. The lowermost ana-
lyzed sample is effectively barren of palynomorphs. Spiniferites spp. 
dominates the dinocyst assemblages and reflects outer neritic con-
ditions. However, in the uppermost Eocene (~500–440 m), an in-
crease of inner shelf species belonging to the Areoligera–
Glaphyrocysta complex (cpx) (Sluijs and Brinkhuis, 2009) was 
found. Notably, this depth interval has a very high abundance of 
prasinophyte species with affinity to the genus Pterospermella. A 
high abundance of the prasinophyte algae Tasmanites was observed 
around 492 m (Figure F22). This record is similar to those from the 
Tethys Ocean (Brinkhuis and Biffi, 1993), indicating this “bloom” of 
green algae might have been supraregional to global in scale.

Reworked Cretaceous dinocyst species occur sporadically 
throughout the Eocene samples and are typically characterized by 
poor preservation, but higher resolution sampling and more elabo-
rate counts are necessary to further substantiate this observation.

Invertebrate fossils
Site U1508 cores contain varying amounts of invertebrate fos-

sils. Echinoderm spines and siliceous sponge spicules are rare but 
persistent components throughout all holes. More obviously, the 
upper Pleistocene and Pliocene Cores 371-U1508A-1H through 
10H, which correspond to lithostratigraphic Unit I, contain diverse 
and well-preserved invertebrate fauna (Figure F23). These fauna in-
clude intervals with abundant branching forms of bryozoa and mol-
lusk fragments. Brachiopods, gastropods, and rare otoliths can also 
be found. Delicate gastropod shells and articulated brachiopods ex-
hibit excellent preservation. Because many of these fauna inhabit a 
shallow shelf or neritic environment, they indicate a nearby source, 
possibly the Reinga Ridge to the east of Site U1508. Common bryo-
zoa fragments, found in all holes at Site U1508 with moderate pres-
ervation, indicate these bioclasts may have been transported from 
greater distances, possibly by strong currents. Indeed, temperate 
skeletal carbonate sediments have been observed on the south Mar-
iana Trench region slightly south of Site U1508. Here, principal car-
bonate components include abundant bryozoans, bivalves, and 

Figure F23. Invertebrate and vertebrate fossils. Scale bars = 200 μm unless 
otherwise noted. A. Crinoid columnal (371-U1508B-33R-CC). B. Otolith (371-
U1508A-5H-CC). C. Bivalve (371-U1508C-26R-CC). D. Sponge spicule (371-
U1508B-24R-CC). E. Articulate brachiopod (371-U1508A-8H-CC). F. Bryozoa 
fragment (6H-CC). G. Echinoderm spine (8H-CC). H. Gastropod (1H-CC).
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foraminifers (Nelson and Hancock, 1984). Previous authors note 
that the modern counterparts of the skeletal assemblages occur in 
water depths 100–150 m higher than their living counterparts near 
Site U1508. This observation supports emplacement of the inverte-
brate fossils from the South Maria Ridge (Figure F1) during times of 
sea level lows associated with glacial periods throughout the Pleis-
tocene (Nelson et al., 1981; Nelson and Hancock, 1984). Because
water depths at Site U1508 were recorded as middle to lower 
bathyal throughout the Pleistocene, this interpretation suggests 
shelfal taxa found at the site were emplaced during sea level low-
stand conditions.

Paleomagnetism
Pass-through paleomagnetic measurements were performed on 

most archive-half sections from Site U1508. However, we excluded 
a number of sections from lithostratigraphic Unit I in Hole U1508A 
(0–90.08 m; Figure F24). Cores in this uppermost sediment interval 
consist of foraminiferal ooze with high sand and water content and 
were highly disturbed by RCB drilling. This sediment also has very 
weak natural remanent magnetization (NRM) intensity, mostly in 
the 10−5 to 10−3 A/m range. Therefore, only a few selected sections 
from Unit I were subjected to paleomagnetic measurements. A total 
of 83 discrete samples (15, 39, and 29 samples from Holes U1508A, 
U1508B, and U1508C, respectively) were taken from intervals in 
Units II and III. Most discrete samples from above 300 m were 
taken by pushing 7 cm3 paleomagnetic cubes into sediment. Below 
this depth, most samples were cut from cores as 2 cm × 2 cm × 2 cm 
cubes.

Paleomagnetic results
Paleomagnetic data show variable quality for different sediment 

intervals (Figures F24, F25, F26). Hole U1508A sediments are char-
acterized by NRM intensity around 10−3 A/m. NRM inclination in 
the few sections measured in Unit I appears to be random, most 
likely because of core disturbance. NRM inclination values in Sub-
unit IIa (~90–210 m) are mostly positive, probably due to a drilling-
induced overprint. NRM inclination after alternating field (AF) 
cleaning at 20 mT and filtering the data using a 10-point moving av-
erage shows numerous swings between positive and negative values 
without any clear polarity pattern. Overall, the quality of paleo-
magnetic data from Hole U1508A is poor, which can also be seen 
from the lack of bimodal distribution in the histogram of inclination 
values (Figure F27A).

In contrast, despite the low recovery, high-quality paleo-
magnetic data were obtained for sediments from Subunit IIb in 
Hole U1508B. From ~250 to 380 m, NRM inclination after 20 mT 
AF cleaning reveals a series of geomagnetic reversals (Figure F25) 
that exhibit a bimodal clustering on a histogram (Figure F27). This 
interval also has an NRM intensity around 10−2 A/m. From Subunit 
IIb to Unit III (~380 m), NRM intensity decreases to between 10−4

and 10−3 A/m. Poor paleomagnetic data without a clear bimodal 
clustering of inclination were obtained from this interval.

Figure F24. Pass-through paleomagnetic data, Hole U1508A. Black dots = 
NRM intensity and inclination, gray dots = inclination after 20 mT AF clean-
ing interpolated by 10-point moving average (black line), red dots = inclina-
tion of directions from discrete sample analysis.
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Figure F25. Pass-through paleomagnetic data, Hole U1508B. Black dots = 
NRM intensity and inclination, gray dots = inclination after 20 mT AF clean-
ing interpolated by 10-point moving average (black line), red dots = inclina-
tion from discrete sample analysis. Magnetic polarity: black = normal, white 
= reversed, gray = unidentified. Correlation with GPTS2012 is shown.
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Hole U1508C cores generally have weak NRM intensity, mostly 
about 10−4 A/m, which results in poor paleomagnetic behavior. 
NRM after 20 mT cleaning in Hole U1508C is dominated by nega-
tive inclination (Figure F27D). However, some intervals seem to 
show reliable paleomagnetic inclination data supported by principal 

component analysis (PCA) of discrete samples, revealing the pres-
ence of different geomagnetic polarity. This polarity can be ob-
served between 278 and 324 m (Cores 371-U1508C-2R and 3R) and 
between 655 and 700 m (Cores 32R and 38R) (Figure F26).

PCA on discrete samples enables isolation of characteristic re-
manent magnetization (ChRM) components of the NRM in 12 of 15 
discrete samples from Hole U1508A (Figure F28). These data are 
not sufficient to support a reliable magnetostratigraphic interpreta-
tion. In Hole U1508B, 29 of 39 (74%) discrete samples show excel-
lent AF demagnetization behavior; the samples have ChRM 
directions linearly trending toward the origin of the demagnetiza-
tion diagrams after AF demagnetization of 10–20 mT. In Hole 
U1508C, 21 of 29 (72%) discrete samples show similarly good AF 
demagnetization behavior. The good paleomagnetic behavior of 
some discrete samples, particularly those from the lower interval in 
Hole U1508C (~650–700 m), supports the results obtained from 
pass-through paleomagnetic data from this interval (Figure F26).

Anisotropy of magnetic susceptibility
Anisotropy of magnetic susceptibility (AMS) was measured on 

all 83 discrete samples from Site U1508 (Figure F29). Samples from 
Hole U1508A are magnetically weak and were collected by pushing 
paleomagnetic cubes, which resulted in a poorly defined orientation 
of the AMS tensor. Most samples from Holes U1508B and U1508C 
were trimmed in cubes with a precise orientation control and ex-
hibit a well-defined oblate AMS fabric dominated by foliation, with 
the minimum axis of the AMS ellipsoids (κmin) statistically oriented 
perpendicular to the bedding plane. Such an AMS pattern is typical 
for undeformed sedimentary rocks. This AMS result also indicates 
that the measured paleomagnetic directions are not affected by 
synsedimentary deformation.

Magnetostratigraphy
Despite low core recovery, paleomagnetic reversals were identi-

fied in cores from Hole U1508B. Integration with biostratigraphy 
(see Biostratigraphy and paleoenvironment) allows correlation of 
these reversals with the geomagnetic polarity timescale (GPTS) 
(Figure F25). The short normal polarity interval observed at 226.05 
m is tentatively correlated with the midpoint of Chron C5ABn (Ta-
ble T10). In Hole U1508C, reliable paleomagnetic results from an 
interval in Unit III allow extending paleomagnetic correlation of 
Site U1508 with Chron C21r (~48 Ma) (Figure F26; Table T10).

Figure F26. Pass-through paleomagnetic data, Hole U1508C. Black dots = 
NRM intensity and inclination, gray dots = inclination after 20 mT AF clean-
ing interpolated by 10-point moving average (black line), red dots = inclina-
tion from discrete sample analysis. Magnetic polarity: black = normal, white 
= reversed, gray = unidentified. Correlation with GPTS2012 is shown.
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Figure F27. Inclination values after 20 mT AF demagnetization from pass-through paleomagnetic measurements of archive-half sections. A. Hole U1508A. 
B. Hole U1508B (180–380 m). C. Hole U1508B (380–500 m). D. Hole U1508C. N = number of data points.
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Petrophysics
Whole-Round Multisensor Logger measurements, including 

gamma ray attenuation (GRA) bulk density, magnetic susceptibility, 
and NGRL measurements, were performed on all cores from Site 
U1508. Thermal conductivity, color reflectance, magnetic suscepti-
bility, P-wave velocity, and strength measurements were conducted 
on section halves, and discrete sample moisture and density (MAD) 
measurements were also performed on all cores. With deployment 
in Hole U1508C of a modified triple combo wireline tool, a high-
quality data set, including caliper, NGR, resistivity, and P-wave and 
S-wave velocity, was acquired from 87 to 660 m WSF.

Variations in physical properties define three distinctive bound-
aries at ~90, ~200, and ~500 m and correlate with reflections on 
multichannel seismic (MCS) data and with lithostratigraphic 
boundaries. The upper interval (lithostratigraphic Unit I) has low 
density, high porosity, and P-wave velocity values of ~1700 m/s. At 
~90 m (Unit II), there is a shift to higher bulk density and lower po-
rosity and velocity values. At ~200 m (top of Subunit IIb), ooze tran-
sitions to chalk, shear strength decreases from ~100 to ~30 kPa, and 
the gradient of P-wave velocity (P-wave caliper [PWC]) increases. 
Velocity values are ~1900 m/s by 380 m. Between 380 and 500 m, 
variance increases in bulk density, grain density, and porosity in 
chalk with interbedded layers of cherty limestone. Below 500 m 

Figure F29. AMS data for discrete samples from (A) Hole U1508A, (B) Hole U1508B, and (C) Hole U1508C. Top: stereoscopic plots. Blue squares = κmax axes, green 
triangles = κint axes, purple circles = κmin axes. Mean directions of κmax (open square), κint (open triangle), and κmin (open circle) axes, shown along with their 95% 
confidence ellipses. N = number of samples. Bottom: corresponding lineation (κmax/κint) vs. foliation (κint/κmin) data from each hole.
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Table T10. Magnetostratigraphic tie points, Site U1508. Download table in CSV format.

Chron boundary

Top core, 
section, interval 

(cm)

Bottom core, 
section, interval 

(cm)
Age 
(Ma)

Top 
depth 

CSF-A (m)

Bottom 
depth 

CSF-A (m)

Midpoint 
depth 

CSF-A (m)

371-U1508B- 371-U1508B-
C5ABn (mid of chron) 6R-1, 0 6R-1, 110 13.108 225.50 226.60 226.05
C5Br/C5Cn.1n 10R-2, 25 10R-2, 30 15.974 265.07 265.12 265.095
C5Cn.3n/C5Cr 12R-2, 60 12R-2, 65 16.721 285.04 285.09 285.065
C5Dn/C5Dr.1r 14R-1, 10 14R-1, 80 17.533 302.40 303.10 302.75
C6Cr/C7n.1n 17R-6, 140 18R-1, 0 23.962 339.42 340.50 339.96
C7n.1n/C7n.1r 18R-3, 130 18R-3, 135 24.000 344.70 344.75 344.725
C7r/C7An 20R-1, 105 20R-1, 140 24.761 360.65 361.00 360.825
C8n.2n/C8r 21R-3, 35 21R-3, 80 25.987 372.60 373.05 372.825

371-U1508C- 371-U1508C-
C20n/C20r 28R-4, 49–51 29R-4, 33–35 43.432 623.13 632.23 627.68
C20r/C21n 31R-6, 100 32R-1, 0 45.724 655.06 656.60 655.83
C21n/C21r 35R-2, 75 37R-1, 13 47.349 677.67 685.93 681.80
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(Subunit IIIb), gradients in bulk density, porosity, and P-wave veloc-
ity are higher. At the base of Unit III between 680 and 700 m, a hard
limestone layer correlates with P-wave velocity and bulk density in-
creases to ~3600 m/s and 2.45 g/cm3, respectively. Discrepancies
between the wireline (Dipole Sonic Imager [DSI-2]) and laboratory-
measured P-wave velocity values (PWC) vary between 0 and 300
m/s but do not directly follow the divergent trend with depth asso-
ciated with porosity rebound, indicating some lithologic depen-
dence.

NGR and color reflectance data also show the three distinctive
boundaries at ~90, ~200, and ~500 m and changes associated with
lithology, which are predominantly changes in clay content. Mag-
netic susceptibility is low, except between ~240 and ~380 m in Sub-
unit IIb, where higher concentrations of lithic grains and
volcanogenic minerals are inferred (see Lithostratigraphy).

Five in situ temperature measurements were made in Hole
U1508A, and together with the thermal conductivity, they were
used to calculate the heat flux. Temperature increases below the
seafloor with a gradient of 56.1 ± 6.4°C/km, and the heat flux is 62.4
± 7.0 mW/m2; these values are in line with the tectonics of the re-
gion.

Density and porosity
Bulk density was measured on whole-round sections (GRA) and

discrete samples (MAD) (Figure F30).
MAD bulk density values increase with depth in Unit I (0–90 m)

from 1.50 to 1.60 g/cm3, concurrent with a porosity decrease from
75% to 65%. Grain density ranges from 2.70 to 2.65 g/cm3 in this in-
terval.

MAD bulk density values increase to ~1.65 g/cm3 at the top of
Subunit IIa (90 m) and remain constant to the base of the subunit
(200 m), which is in accord with the nature of nannofossil-rich ooze
in this subunit. MAD bulk density values plot on the low side of the
GRA bulk density profile, which is attributed to the bias toward si-
liciclastic material rather than carbonate in the GRA bulk density
calibration method. Grain density is lower (2.65–2.60 g/cm3) in this
subunit than in Unit I. Porosity decreases from 65% to 60% in the
upper part of the subunit (90–140 m), following the same trend as in
Unit I, but remains constant at 60% in the lower part of the subunit
(140–200 m).

MAD bulk density values increase to 1.75 g/cm3 at the very top
of Subunit IIb (200 m), which corresponds to the first occurrence of
nannofossil chalk. This increase is followed by a drop to 1.50 g/cm3

at ~220 m. Throughout the rest of Subunit IIb (240–380 m), MAD
bulk density values increase with depth from 1.50 to 1.75 g/cm3 with
local variations as high as 0.20 g/cm3 that may relate to density con-
trasts between nannofossil chalk and interbedded foraminiferal
chalk. Grain density ranges from 2.65 to 2.75 g/cm3 in this subunit.
Porosity values increase to 70% in foraminiferal chalk at the top of
Subunit IIb and gradually decrease to 50% at the base of the subunit
(Figure F30).

Bulk density increases at a higher rate with depth in Subunit IIIa
(380–493 m), from 1.85 to 2.0 g/cm3. Over this depth range, grain
density shows significant variance between 2.50 and 2.70 g/cm3.
This scatter may be due to the interbedding of differing lithologies
of chalk and cherty limestone (see Lithostratigraphy). In this sub-
unit, porosity values are also scattered but generally decrease with
depth from ~50% to ~40%.

Figure F30. Bulk density, grain density, porosity, and P-wave velocity. Large dots = MAD and PWC values, black lines = wireline logging bulk density and P-wave
velocity, small dots = whole-round section GRA density and P-wave velocity (P-wave logger [PWL]). Horizontal lines = lithostratigraphic unit boundaries,
dashed horizontal lines = subunit boundaries. For porosity, best-fitting exponential decay curve (line) is shown (see text for details). WMSF scale is for logging
results; CSF-A scale is for core results. 
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Bulk density continues to increase in Subunit IIIb to 1.9 g/cm3 at 
493 m and 2.2 g/cm3 at 700 m. Near the base of the hole (700 m), a 
hard limestone layer has a bulk density of 2.4 g/cm3. Grain density 
remains constant throughout the subunit, indicating that the bulk 
density increase is attributable solely to a decrease in porosity, 
which drops from 40% to 30% over this interval.

A best-fitting curve of porosity (ϕ) decrease with depth (z) (i.e., 
ϕ = ϕoe−z/c) has ϕo = 76% ± 1% and c = 783 ± 26 m (Figure F30). In 
Unit I and Subunit IIa, the curve fits the measurements on average. 
At the transition from Subunit IIa to Subunit IIb (200 m), a ~10% 
step increase in porosity is likely due to the diagenetic change from 
ooze to chalk that occurs at that depth. In Unit III, the curve fits the 
porosity on average but the decrease with depth is steeper than pre-
dicted by the overall best fit. The reason for this steep decrease is 
unclear, given the change from foraminiferal ooze and chalk in Sub-
unit IIb to the clayey nannofossil chalk in Subunit IIIa.

P-wave velocity
P-wave velocity measurements (PWC) were not possible on 

Cores 371-U1508A-1H, 2H, and 3H because the material was too 
soupy for effective coupling between the core material and the cali-
per and bayonets (PWC and P-wave bayonet). In Cores 4H through 
5H (20–40 m), velocity values are ~1600 m/s, and in Cores 6H 
through 10H (40–85 m) they are ~1700 m/s, indicating two distinct 
layers in Unit I (Figure F30). At the Unit I/Subunit IIa boundary (90 
m), velocity decreases to 1600 m/s and is approximately constant to 
the base of the subunit at 200 m. This decrease in velocity is associ-
ated with a MAD bulk density increase and lower grain density (and 
porosity). A velocity decrease coupled with a density increase is un-
usual and occurs in a layer that comprises nannofossil ooze with 
varying amounts of clay, foraminifers, and sponge spicules. In Sub-
unit IIb in foraminiferal nannofossil chalk (see Lithostratigraphy), 
velocity increases from ~1600 to ~1800 m/s by 230 m and then 
ranges between 1700 and 1950 m/s to the base of Subunit IIb.

The wireline logging (DSI-2) P-wave velocity values are ~1700–
1800 m/s from 100 to 200 m WMSF (Subunit IIa) and then increase 
to 2300 m/s by 380 m WMSF (Subunit IIb) (Figures F30, F31). 
DSI-2 and PWC P-wave velocity profiles are offset in Unit II due to 
a strong rebound-induced effect. The DSI-2 P-wave velocity values 
are higher by about 150 m/s (10%) at 100 m WMSF and by as much 
as 300 m/s (15%) at 380 m WMSF. However, divergence between the 
velocity values from the two tools does not increase uniformly with 
depth, and rebound magnitudes are inferred to vary with sediment 
composition.

Laboratory (PWC) and wireline (DSI-2) P-wave velocity values 
are more consistent deeper than 380 m. P-wave velocity increases 
downhole from ~1900 to ~2200 m/s in Subunit IIIa, where the 
lithology is clayey nannofossil chalk interbedded with thin cherty 
limestone beds. Discrete P-wave velocity on cherty limestone beds 
(e.g., 389.1 m; Core 371-U1508B-23R) has high values of ~3300 m/s.

P-wave velocity increases downhole from 2200 to 2500 m/s in 
Subunit IIIb between 493 and 650 m (Figure F30). Below 650 m to 
the bottom of the hole, P-wave velocity (PWC) gradients are higher 
and values increase with depth from ~2500 to ~3600 m/s in hard, 
high-density limestone (Cores 371-U1508C-36R through 38R).

Magnetic susceptibility
Magnetic susceptibility was measured on whole-round sections 

(loop magnetic susceptibility [MSL]), on section halves (point mag-
netic susceptibility [MSP]), and in situ with the magnetic suscepti-
bility sonde (MSS) dual-coil sensor (Figure F32). Drilling-induced 

artifacts occur in the magnetic susceptibility data (MSL and MSP) 
as spikes in the top section of each core. These spikes are ~150 in-
strument units (IU) above the background low value of ~5 IU in 
Unit I and Subunit IIa but decrease in amplitude and disappear be-
low 150 m.

Between ~240 and 360 m, magnetic susceptibility increases to 
~50–200 IU in Subunit IIb. These higher magnetic susceptibility 
values are attributed to the higher concentration of lithic grains and 
volcanogenic minerals in this interval (see Lithostratigraphy). Sus-
ceptibility decreases abruptly at the base of Unit II to ~5 IU and re-
mains approximately constant to ~701 m. Magnetic susceptibility 
measured by the MSS decreases downhole from ~90 to 660 m 
WMSF, with an interval of higher values between ~240 and 360 m 
WMSF that correlates with the higher values measured in the cores 
(MSL and MSP).

Natural gamma radiation
NGR was measured on whole-round sections with the NGRL 

and in situ with the Hostile Environment Natural Gamma Ray 
Sonde (HNGS; Figures F31, F32). Variations in NGR are positively 
correlated with clay content and negatively correlated with carbon-
ate concentration. NGR measured by the NGRL in Unit I increases 
from 4 to 14 counts/s between 0 and 30 m and then decreases to ~2 
counts/s at the bottom of the unit. An abrupt increase from 2 to 22 
counts/s occurs at the top of Subunit IIa where clay content in-
creases (see Lithostratigraphy); NGR decreases with depth in the 
subunit to ~5 counts/s at the base. In Subunit IIb, NGR increases 
with depth to ~25 counts/s in the middle of the unit and then de-
creases to ~10 counts/s near the base at 380 m. In Subunit IIIa, 
NGR is ~10 count/s at 380 m, is constant to ~450 m, and then de-
creases to ~5 count/s at the base of the subunit at ~500 m. In Sub-
unit IIIb, NGR decreases to ~4 counts/s at 560 m, increases to ~10 
counts/s at ~600 m, and remains approximately constant to 700 m.

NGR data acquired by wireline logging show similar trends to 
core measurements but include complete data across zones of low 
core recovery (Figures F31, F32). A distinct positive excursion of 
>45 gAPI occurs at 327–337 m WMSF. This excursion corresponds 
to the interval of silicate mineral–rich foraminiferal chalk with bio-
clasts identified in Cores 371-U1508B-16R and 17R (321–337 m) 
(see Lithostratigraphy). A ~6 My hiatus was identified at the top of 
this interval by nannofossil and foraminifer biostratigraphy (see 
Biostratigraphy and paleoenvironment).

Thermal conductivity and in situ temperature
Thermal conductivity measurements were made on the domi-

nant lithology in most cores from Holes U1508A–U1508C (Figure 
F33A–F33B). Thermal conductivity data show a gradual and in-
creasing trend with depth from 1.0 to 1.4 W/(m·K) over the upper 
~400 m (lithostratigraphic Units I and II). Below 400 m to about 600 
m, thermal conductivity has substantial variance and increases to 
about 1.6 W/(m·K). Below about 600 m, conductivity increases from 
~1.6 to ~2.1 W/(m·K) in lithostratigraphic Unit III.

In Hole U1508A, in situ temperature was successfully measured 
with the advanced piston corer temperature tool (APCT-3) at five 
depths just after cutting Cores 7H, 9H, 12H, 14H, and 17H (30–153 
m DSF). The APCT-3 measurement at the base of Core 371-
U1508A-10H failed when the coring line broke and the sensor pack-
age failed. The time-temperature records from coring intervals 9H, 
12H, and 14H were good quality, with little deviation during most of 
the 10 min sensing interval following the initial heat impulse during 
core penetration. The record from the depth of Core 7H has consid-
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erable noise, with an uncertainty on the inferred ambient tempera-
ture of >1°C.

Temperature increases below the seafloor with a gradient of 56.1 
± 6.4°C/km (Figure F33). Thermal conductivity was measured on 
cores from approximately the same depth interval and increases lin-
early with depth. Because thermal conductivity is not constant with 
depth, the Bullard method was used to estimate heat flux (see Pet-
rophysics in the Expedition 371 methods chapter [Sutherland et al., 
2019a]). The constant slope between thermal resistance (Ω) with 
temperature is consistent with a thermal regime close to a conduc-
tive state. From the plot of temperature with thermal resistance, we 
estimated the heat flux to be 62.4 ± 7.0 mW/m2 from the slope and 

the temperature at the seafloor to be 3.2° ± 0.7°C from the intercept. 
The heat flux is in line with the tectonics of the region (Pollack et al., 
1993).

Sediment strength
Sediment strength was measured with both the automated vane 

shear and penetrometer on all cores from Hole U1508A (Figure 
F34). Vane shear strength has low values (~25 kPa) from near the 
seafloor to ~80 m. Values increase to ~100 kPa by 180 m. Strength 
values then decrease to ~30 kPa around 200 m. Similar depth-
strength trends were observed for compressive strength: values are 
low (~50 kPa) from near the seafloor to ~65 m, increase with high 

Figure F31. Wireline logging data for hole size, gamma ray, resistivity, P-wave velocity, and S-wave velocity, Hole U1508C. HSGR = total spectral gamma ray, 
HNGS = Hostile Environment Natural Gamma Ray Sonde. mbsf = meters below seafloor.
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variance to ~450 kPa by ~200 m, and then decrease abruptly to 
~100 kPa below ~200 m. This strength weakening occurs in an in-
terval of undercompacted sediments between ~200 and 250 m, 
where porosity is close to seafloor values of ~70%.

Color spectrophotometry
Color reflectance L*, a*, and b* profiles have sharp offsets at ~45 

and ~90 m (Figure F32). At ~45 m, where lithology changes from 
foraminifer ooze with nannofossils (darker) to foraminifer ooze with 
bioclasts (lighter), L* increases from ~60 to ~70, a* increases from 
~1.5 to ~2.5, and b* decreases from ~4 to ~0. At ~90 m (top of litho-
stratigraphic Subunit IIa), color values are similar to those in the up-
per ~45 m of the hole. L* and a* color values decrease at the top of 
Subunit IIa and then remain approximately constant with depth. A 
positive offset occurs in b* values to ~5 at the top of the subunit, 
followed by a decrease to ~3 and constant values to the base. In Sub-
unit IIb, L* values are lower (~40–50), indicating darker colors that 
are attributed to increased clay content (see Lithostratigraphy), 
whereas a* and b* values are largely unchanged from Subunit IIa. In 
Unit III, L* values increase with depth from ~50 to ~60, whereas a* 
and b* values decrease from ~4 to approximately −2 and 2 to −2, 
respectively. A subtle change in the gradient occurs between Sub-
units IIIa and IIIb for L* and a* values. This increase in lightness (L*) 
and greenness (a*) is attributed to the change from clayey nanno-
fossil chalk in Subunit IIIa to nannofossil chalk and limestone in 
Subunit IIIb.

Two-way traveltime to depth conversion
Acoustic impedance and a synthetic seismic trace were calcu-

lated from bulk density and velocity measurements on cores and 
from downhole wireline velocity (Figure F35A, F35C; see also Pet-
rophysics in the Expedition 371 methods chapter [Sutherland et al., 
2019a]). The synthetic trace correlates well with the trace extracted 
from MCS data (common depth point [CDP] 8470; black line) re-
corded at Site U1508. The effect of porosity rebound on shallow, 
core-measured velocity is assumed to be negligible because the 
traveltime to the first subseafloor reflection (A) on the seismic trace 
correlates well with the traveltime for Reflector A in the synthetic 
model. Therefore, no rebound correction was applied to the labora-
tory data. Where prominent reflections on the synthetic trace cor-
relate well with the MCS trace, two-way traveltime (TWT) depth 
points were selected (Figure F35C; Table T11).

Traveltimes for Reflectors A–E in the seismic trace match 
traveltimes for reflections in the synthetic trace. Both the phase and 
amplitude of Reflectors B, C, and D are modeled by the synthetic 
trace. Seismically quiet zones between Reflectors A and B, B and C, 
and D and E are also reproduced in the synthetic trace. Although 
Reflector C is the highest amplitude reflection on the seismic trace, 
the arrival correlates with a wide zone of low impedance rather than 
a large discrete peak. This correlation may arise from the response 
of the incident seismic wave to impedance contrasts at depth being 
frequency dependent.

Figure F32. Magnetic susceptibility (MSL and MSP), NGR, and L*, a*, b*, Site U1508. Black lines = wireline logging measurements of magnetic susceptibility and 
NGR (scales at bottom). Horizontal lines = lithostratigraphic unit boundaries, dashed horizontal lines = subunit boundaries. WMSF scale is for logging results; 
CSF-A scale is for core results.
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Figure F33. Heat flow. Note the vertical scale unit changes. A. APCT-3 temperature with depth profile, Hole U1508A. B. Thermal conductivity with 95% confi-
dence interval estimate with three repeat measurements shown as error bars, Hole U1508A cores. C. Bullard plot (see Petrophysics in the Expedition 371 meth-
ods chapter [Sutherland et al., 2019a]) showing thermal resistance (Ω) vs. measured temperature. D. Thermal conductivity with error bars as in B, Hole U1508A 
(red), U1508B (orange), and U1508C (blue) cores.
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Figure F34. Strength, Site U1508. A. Shear strength measured by automated vane shear. B. Compressive strength measured using pocket and needle pene-
trometers.
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Geochemistry
The geochemistry program at Site U1508 was designed to char-

acterize the composition of pore water and solid sediment and to 
assess the potential presence of volatile hydrocarbons. Site U1508 in 
the Reinga Basin has a thick (>700 m) sediment column. Presently, 
the basin is starved of terrigenous input, with a large fraction of sed-
iment that is biogenic carbonate derived from surrounding rises 
(see Background and objectives; Nelson et al., 1981). However, or-
ganic-rich rocks may exist at depth and provide a source for 

thermogenic hydrocarbons (Uruski et al., 2004; Uruski, 2010). 
Downhole chemical profiles might give indications of deep gas and 
show influences of diagenesis due to dissolution of primary compo-
nents and precipitation of secondary authigenic minerals. The latter 
is especially important for assessing potential modifications to sedi-
mentary components employed for paleoceanographic reconstruc-
tions, including biogenic carbonate and magnetic minerals.

Headspace hydrocarbon gases
A total of 89 headspace (HS) gas samples were taken, typically 

one from every core in the top of the last section or core catcher. 
Some samples from Hole U1508C were measured multiple times to 
assess reproducibility.

Hydrocarbon gas concentrations were below the detection limit 
for the upper 450 m at Site U1508. Below this depth, methane (CH4) 
concentration generally increases downhole to a high of ~6000 
parts per million by volume (ppmv) at 686 m (Table T12; Figure 
F36). Below 580 m, the increase in CH4 is accompanied by an in-
crease in ethane (C2H6) concentration to a maximum of 36 ppmv at 
701 m, the deepest sample examined. Scatter in the gas profiles is 
attributed to the sampling method (see Geochemistry in the Expe-
dition 371 methods chapter [Sutherland et al., 2019a]), including
the loss of gas during core recovery and handling and potentially 
large differences in the volume of sediment (and pore space) placed 
into vials for gas analysis.

Interstitial water analyses
A total of 75 interstitial water (IW) samples were collected from 

Site U1508 by three different methods: whole-round squeezing (46), 
Rhizon sampling (21), and half-round squeezing (8) (see Geochem-
istry in the Expedition 371 methods chapter [Sutherland et al., 
2019a]) (Table T13). Two adjacent samples from Cores 371-
U1508B-14R and 20R were sampled by both whole-round and half-
round sample squeezing. Additionally, one mudline sample was 
taken from the top of Core 371-U1508A-1R.

The deepest IW samples collected came from 209 m in Hole 
U1508A, 488 m in Hole U1508B, and 499 m in Hole U1508C. The 
bottom 200 m of the sequence provided no IW samples because the 
combination of low porosity and sediment induration precluded 
flow of pore water, even after crushing 20 cm long whole-round 
samples. Results from all three holes are displayed together but dis-
tinguished for discussion. The discussion of results is generally 
based on squeezed IW samples from whole-round samples (Figure 
F37), except when specifically mentioning half-round and Rhizon 
samples.

Salinity, pH, and alkalinity
The salinity, pH, and alkalinity profiles display different trends 

above and below ~200 m (Table T13; Figure F37). Salinity varies be-
tween 35.5 and 36.5 for the uppermost 227 m and decreases gradu-
ally to 32.5 at 500 m, although the lowest value (31.5) occurs at 478 
and 491 m. pH varies slightly between 7.69 and 7.87 in the upper 
275 m, increases to 8.48 at 322 m, and decreases to 7.64 at 478 m. 
The pH profile displays higher values in Hole U1508C than in Hole 
U1508B between 279 and 322 m. Alkalinity increases from 2.69 mM 
in the mudline sample to 4.45 mM at 209 m and then decreases to 
2.96 mM at 275 m. Between 279 and 322 m and like pH, alkalinity 
differs in Holes U1508B and U1508C, with higher values in Hole 
U1508B than in Hole U1508C. Below 279 m, alkalinity reaches a 

Figure F35. Borehole data to MCS data tie, Site U1508. A. Impedance calcu-
lated from combined laboratory-measured and wireline log P-wave velocity 
and density data vs. TWT. Horizontal lines = lithostratigraphic unit boundar-
ies, dashed horizontal lines = subunit boundaries. B. TWT calculated from 
depths below seafloor, PWC P-wave velocity data (0–87 and 655–700 m CSF-
A), and in situ wireline log P-wave velocity (87–655 m WMSF). Numerical 
solution for TWT (t) with depth (z) is given by z = 319.67t2 − 788.69t. Circles = 
positions of strong reflectors shown in C and D (red = strongly correlated, 
open = not well correlated), dashed lines = match between real data in D 
and synthetic trace in C. C. Synthetic seismograms (red) and MCS trace data 
at CDP 8470 (black). Seismic Reflectors A–E* and seafloor (SF) are labeled. 
D. MCS data.

2.1

2.2

2.3

2.4

2.5

2.6

2.7

2.8

2.9

T
w

o-
w

ay
 tr

av
el

tim
e 

(s
)

2 4 6 8 10

Impedance
(106 Pa·s/m)

0 200 400 600
Depth (m)

-10 0 10
Amplitude

8520
CDP

8470

SF

A

B

C

D

E

I

IIb

IIIa

IIIb

IIa

E*

A B C D

Table T11. Seismic reflectors, two-way traveltimes (TWT), and depths for 
reflectors identified on multichannel seismic data, Site U1508. Major seis-
mic reflector depths are estimated from synthetic modeling of borehole 
physical properties (see main text and Expedition 371 methods chapter 
[Sutherland et al., 2019a]). Reflectors are shown on Figure F35. Download 
table in CSV format.

Seismic 
reflector

TWT 
(s)

TWT below 
seafloor (s)

Total 
depth (m)

Depth below 
seafloor (m)

SF 2.144 0 1609 0
A 2.259 0.115 1704 95
B 2.395 0.251 1799 218
C 2.517 0.373 1894 339
D 2.598 0.454 1989 424
E 2.656 0.512 2084 488
E* 2.826 0.682 2179 687

Table T12. Gas elements data, Site U1508. Download table in CSV format.
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minimum value of 0.88 mM at 322 m and a maximum value of 4.36 
mM at 453 m.

Sulfate and ammonium
Sulfate concentration decreases slightly from 28.6 mM in the 

mudline sample to 27.1 mM at 279 m (Table T13; Figure F36). Be-
low 279 m, SO4

2− decreases almost linearly to 0.7 mM at 499 m with 
a concentration gradient of 0.12 mM/m. Ammonium concentration 
increases from 10.2 μM in the mudline sample downhole, reaching 
a maximum value of 943.7 μM at 478 m. As with SO4

2−, a significant 
change in the concentration gradient occurs at 279 m.

Calcium, magnesium, and potassium
Dissolved Ca, Mg, and K concentrations vary slightly in the up-

per ~250 m and vary considerably below this depth (Table T13; Fig-
ure F37). Calcium concentration starts at 10.6 mM in the mudline 
sample, similar to that of seawater, and varies between 10.0 and 11.2 
mM in the uppermost ~288 m. Calcium increases to a maximum 
value of 14.9 mM at 491 m. Mg and K concentrations vary between 
50.3 and 53.4 mM and between 9.7 and 10.8 mM, respectively, in 
the uppermost 265 m. Again, these concentrations are similar to 
those of seawater. Below 265 m, however, Mg and K concentrations 
decrease to 26.9 and 6.0 mM, respectively, at 491 m.

Chloride, bromide, and sodium
The Cl−, Br−, and Na concentration profiles share somewhat 

similar trends (Table T13; Figure F37). Concentrations of all three
increase from the mudline sample to the first IW sample. Below, all 
three remain constant to ~280 m. Below 280 m, Cl− and Na concen-
trations decrease by ~20 and ~34 mM, respectively, at ~450 m and 
increase slightly in the bottom ~50 m of the site. Br− concentrations 

in both Holes U1508B and U1508C increase downhole, although 
the values are ~25 mM higher in Hole U1508C than those from sim-
ilar depths in Hole U1508B. In the whole sediment column, Br− con-
centration reaches a maximum value of 0.92 mM at 500 m.

Strontium, barium, and lithium
Sr, Ba, and Li concentrations barely change in the upper 275 m 

but increase sharply below that depth (Table T13; Figure F37). For 
reference, dissolved concentrations of these elements are 89, 0.77, 
and 26.2 μM, respectively, in the International Association for the 
Physical Sciences of the Oceans (IAPSO) standard seawater (see Ta-
ble T14 in the Expedition 371 methods chapter [Sutherland et al., 
2019a]). Sr concentration increases slightly from 89 μM in the mud-
line sample to 158 μM at 275 m and escalates to 1193 μM at 491 m. 
Ba concentration generally increases from 0.17 μM in the mudline 
sample to 0.27 μM at 275 m but increases almost exponentially to 
8.01 μM at 491 m. Li concentration decreases slightly from 27.5 μM 
in the mudline sample to 18.7 μM at 189 m and increases quickly to 
683.7 μM at 491 m. Such extreme values are more than 13, 10, and 
26 times higher than the Sr, Ba, and Li concentrations, respectively, 
in standard seawater.

Boron and silica
B concentration increases from 418 μM in the mudline sample 

to 473 μM at 29 m and barely changes from 29 to 256 m (Table T13; 
Figure F37). Below 256 m, B concentration increases to a maximum 
of 1489 μM at 453 m and decreases slightly to 1241 μM at 491 m. Si 
concentration increases from 130 μM in the mudline sample to 884 
μM at 181 m, decreases to a minimum value of 210 μM at 316 m, 
and increases slightly below to between ~400 and ~600 μM.

Iron and manganese
Dissolved Fe and Mn concentrations are generally <1 μM and do 

not show much variation, except between ~240 and ~370 m, where 

Figure F36. Methane in bulk sediment and sulfate and ammonium in IW, Site U1508.
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Table T13. Interstitial water chemistry, Site U1508. Download table in CSV 
format.
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Figure F37. IW chemistry, Site U1508.
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both Fe and Mn concentrations increase (Table T13; Figure F37). 
High Fe concentrations start to appear at 246 m, reaching an acme 
of 14.2 μM at 303 m. Below that depth, Fe concentration decreases 
to 0.1 μM at 453 m. Mn concentration decreases from 1.2 μM in the 
mudline sample to ~0.2 μM in the uppermost ~200 m, reaches a 
peak of 0.7 μM at ~300 m, and remains around 0.5 μM in most of 
the samples below 300 m.

Half-round samples
Because the half-round samples were taken 1–2 days after the 

cores were split, their chemistry likely changed in response to tem-
perature and pressure more than standard sampling. The samples 
may also have been contaminated by seawater during drilling or by 
water during core splitting. For many samples, the half-round sam-
ples yield lower values than in adjacent whole-round samples (Table 
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T13; Figure F37), in accordance with potential water contamina-
tion. Concentrations in the upper three half-round samples gener-
ally display larger offsets from expected profiles compared with 
those from the lower five samples. These offsets may reflect the lack 
of trimming before squeezing for the upper three samples (see Geo-
chemistry in the Expedition 371 methods chapter [Sutherland et 
al., 2019a]).

Despite issues with the half-round samples, they generate chem-
ical profiles comparable with whole-round samples for dissolved 
SO4

2−, Sr, Ba, and Li. In Hole U1508B, the half-round samples yield 
consistently lower salinity and alkalinity but higher pH than the 
whole-round samples. Salinity in the half-round samples is also 
lower than in the whole-round samples in Hole U1508C. Ca, Mg, 
Cl−, Br−, Na, and B concentrations are systematically lower in the 
half-round samples than in the whole-round samples.

Rhizon samples
Rhizon samples at Site U1508 yield reasonable data. For most 

samples, values are close to those of squeezed samples at nearby 
depths. Considering the unconsolidated sand layers where Rhizon 
samples were taken, however, pore water collected by both methods 
was vulnerable to contamination by infiltrating seawater. As a re-
sult, the records from Rhizon samples show wide scatter (Figure 
F37).

Bulk sediment geochemistry
Downhole carbonate contents display large, 100 m scale fluctua-

tions between highs of ~95 wt% and lows of ~40 wt% (Table T14; 

Figure F38). These maxima and minima correspond fairly well to 
measured physical sediment properties, in particular L* and NGR 
(see Lithostratigraphy and Petrophysics), and to the suggested 
lithostratigraphic units. High CaCO3 contents >80 wt% characterize 
Unit I. Subunit IIa has CaCO3 contents generally between 70 and 80 
wt%, whereas those of Subunit IIb decrease to ~30 wt%. Unit III has 
CaCO3 contents of 60–80 wt%.

Total organic carbon (TOC) contents are 0.76 ± 0.36 wt% for the 
upper 520 m without any consistent downhole trend. Below this 
depth, TOC measurements were consistently at or below the detec-
tion limit (see Geochemistry in the Expedition 371 methods chapter 
[Sutherland et al., 2019a]). Total nitrogen (TN) is low throughout, av-
eraging 0.014 ± 0.03 wt%.

Discussion
Hydrocarbon gases

Average TOC content at Site U1508 (0.76 wt%) is only slightly 
higher than that at Sites U1506 (0.35 wt%) and U1507 (0.31 wt%). 
Therefore, high methane and ethane concentrations probably can-
not be explained by in situ microbial gas genesis. Instead, it suggests 
migration of gases from elsewhere.

Pore water chemistry
Sediment of Unit I is poorly consolidated sand, which makes the 

collection of sediment and uncontaminated pore water difficult. 
The dissolved Mn concentration profile does not show a typical 
peak in the uppermost meter or so, which suggests the true mudline 
is missing. Adjacent samples from the upper ~100 m of the section 
show large variance because of sand. Despite this and other issues, 
prominent features are recorded in IW samples of Unit I and deeper 
sediment.

Table T14. Bulk sediment geochemistry, Site U1508. Download table in CSV 
format.

Figure F38. Bulk sediment profiles of CaCO3, total carbon (TC), total inorganic carbon (TIC), TOC, and TN, Site U1508.
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Breaks in pore water chemistry profiles
All of the pore water chemistry profiles change at some break 

point, although at different depths for each element. Dissolved 
SO4

2−, Mg, K, Cl−, and Na start to decrease and NH4
+, Ca, Br−, Sr, Ba, 

Li, and B increase from ~280 m downhole. These abrupt changes do 
not correlate with any lithostratigraphic boundary but occur in the 
middle of Subunit IIb (see Lithostratigraphy). One possibility is 
deep penetration of seawater to ~280 m through very permeable 
sediment. This idea can be ruled out, however, by considering the 
significant differences between pore water and seawater for some 
profiles (e.g., alkalinity, Sr, and Li) in the uppermost sediment. No 
impermeable layer was recovered at ~280 m, but the recovery rates 
of cores near this depth were low. Therefore, an impermeable layer 
may not have been recovered by drilling. Wireline logging data re-
veal that P-wave velocity values change with large amplitudes at 
~280 m, suggesting layers with anomalous physical properties.

Sulfate reduction coupled to methane oxidation
The coupled changes in sulfate and ammonium in the upper 

~280 m suggest limited sulfate reduction of organic matter. Below 
this depth, the linear decrease in dissolved SO4

2− reaches near zero 
concentrations at about 500 m. This is about the same depth where 
CH4 concentration initially increases, which suggests a SMT at 
~460 m, where anaerobic oxidation of methane presently occurs. 
This microbially mediated reaction is described as follows (e.g., Jør-
gensen and Kasten, 2006):

CH4 + SO4
2− → HCO3

− + HS− + H2O.

Importantly, consumption of CH4 and SO4
2− releases HS− and 

HCO3
−, which can diffuse away from the SMT and facilitate precip-

itation of authigenic sulfide and carbonate minerals (e.g., Jørgensen 
and Kasten, 2006). Indeed, nodules and infills of sedimentary pyrite 
(FeS2) and other iron sulfide minerals, as well as pyritized siliceous 
microfossils, are recorded at 484–496 m in Hole U1508B and at 
321–657 m in Hole U1508C (see Lithostratigraphy and Biostratig-
raphy and paleoenvironment). It is expected that pyrite formation 
was associated with dissolution of magnetic minerals under Fe-re-
ducing conditions, which would have contributed to a deteriorated 
magnetic signal (see Paleomagnetism). It would also explain the in-
terval of high dissolved Fe concentrations between 246 and 303 m 
and the low Fe values below, where iron sulfide minerals were 
found.

The downhole decreasing SO4
2− concentrations between 300 

and 500 m are accompanied by increasing Sr, Ba, and Li concentra-
tions. In deep-sea sediment with dissolved SO4

2−, barite (BaSO4) is a 
ubiquitous component that exists as small crystals originally 
formed in association with organic matter (Dehairs et al., 1980). 
However, when pore water becomes SO4

2− depleted, barite dissolves 
and subsequently generates an upward diffusion profile of Ba2+ (von 
Breymann et al., 1992). The extremely high Sr and Li concentrations 
may come from the dissolution of biogenic carbonate.

Other elements
At the same depth where SO4

2− concentration starts to decrease 
rapidly downhole (~280 m), Ca concentration starts to increase but 
Mg and K decrease. The changes in Ca, Mg, and K probably involve 
reactions of the pore water with components of surrounding sedi-
ment, particularly dispersed volcanic and terrestrial minerals.

Dissolved H4SiO4 concentration peaks near 200 m, where the 
Subunit IIa/IIb boundary is located (see Lithostratigraphy). The 
high H4SiO4 concentrations may result from the dissolution of vol-
canic minerals, terrestrial silicate minerals, or biogenic silica, the 
latter of which is abundant in the uppermost 200 m, and the preser-
vation of biogenic silica switches from good to moderate and poor 
at ~200 m (see Biostratigraphy and paleoenvironment; Figure 
F16). “Bullseye” diagenetic fronts and diagenetic halos were found 
in Hole U1508C cores from 487 to 585 m, reflecting dissolution of 
silicate minerals, which explains the high silica concentrations be-
low 450 m.

Stratigraphic correlation
Magnetic susceptibility and NGR data were loaded into the Cor-

relator software (version 2.1) in an attempt to correlate overlapping 
intervals between Holes U1508A, U1508B, and U1508C. For the 
first two holes, a single tie was established based on prominent fea-
tures in the NGR record between Samples 371-U1508A-23H-6, 80 
cm, and 371-U1508B-4R-3, 50 cm (Figure F39). For Holes U1508B 
and U1508C, three tie points were tentatively established using 
NGR data: between 371-U1508B-35R-1, 110 cm, and 371-U1508C-
11R-4, 90 cm; between 371-U1508B-37R-5, 10 cm, and 371-
U1508C-13R-1, 90 cm; and between 371-U1508B-38R-1, 110 cm, 
and 371-U1508C-13R-4, 120 cm (Figure F40). The tie points are 
further supported by correlation in light reflectance data (L*, a*, and 
b*) and core images. Calcareous nannofossil datums also support 
the correlation with two assumptions: (1) the identified base of I. 
recurvus in Hole U1508C is actually the base common of I. recurvus
(see Agnini et al., 2014), and (2) the top of C. grandis and the base of 
C. oamaruensis lie in a core gap in Hole U1508C. In any case, be-

Figure F39. Depth correlation between Holes U1508A and U1508B based on 
NGR records and core images. Black line = tie point.
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Figure F40. Depth correlation between Holes U1508B and U1508C based on 
NGR records, nannofossil data, and core images. Black lines = tie points.
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Table T15. Offsets applied to cores based on correlation to wireline logs 
using NGR data, Site U1508. Download table in CSV format.

Figure F41. Depth correlation between Hole U1508B core data and wireline data across Unit II/ III boundary based on (A) NGR and (B) magnetic susceptibility 
records. Green = whole-round core NGR and MSL data on CSF-A scale, blue = shifted NGR and MSP core data on WMSF scale, red = wireline logging NGR and 
magnetic susceptibility data.
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cause the overlapping interval is relatively short, no core composite 
depth scale was established.

Ties between Holes U1508B and U1508C can be used to gener-
ate a short continuous record (~22 m) of the late Eocene spanning 
the nannofossil Zone NP17/NP18 boundary (base of C. oamaruen-
sis). Correlation between holes is possible due to the high degree of 
lithification in Unit III, which left the cores largely intact and undis-
turbed despite rotary coring.

Hole U1508A–U1508C cores were correlated with downhole 
logging data by matching NGR records. This method permitted the 
translation of core depth scales from core depth below seafloor 
(CSF-A) to the Hole U1508C logging depth (WMSF) (Table T15). 
The Unit II/III boundary was tied to 381.4 m WMSF (Figure F41). 
The ~22 m continuous interval spans from 471 to 493 m WMSF 
(Figure F42), but strong coring disturbance prevents reliable cor-
relation of Core 371-U1508C-12R. Other unit boundaries were not 
mapped because they either fell in a core gap or were in cores where 
no correlation was possible.

Alignment of magnetic susceptibility measured on cores and by 
logging supports the NGR-based ties made between core depth and 
logging depth (Figure F41B). Offsets required to map core data to 
logging data at Site U1508 range between −4.8 and 5.3 m for all 
cores. Compared with results from Site U1507, these offsets are 
larger, likely resulting from stronger coring disturbance and lower 
recovery at Site U1508.
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Figure F42. Depth correlation between Hole U1508B and U1508C core data and wireline data across overlapping interval based on NGR records. Red and blue 
lines = shifted whole-round core NGR data on WMSF scale, black line = wireline logging NGR data.
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Age model and sedimentation rates
At Site U1508, a 704 m thick sequence of Pleistocene to upper 

Eocene nannofossil ooze, chalk, and limestone was recovered. Cal-
careous nannofossils are present throughout lithostratigraphic 
Units I–III, and only a few polarity chron boundaries were identi-
fied. Linear sedimentation rates (LSRs) and mass accumulation 
rates (MARs) were calculated using a mix of these datums for Site 
U1508 on the CSF-A depth scale from 0 to 48 Ma (Table T3; Figure 
F43) (see Biostratigraphy and paleoenvironment and Paleomag-
netism).

Sedimentation rates at Site U1508 are generally uniform despite 
two minor and two major hiatuses. Late to early Eocene LSRs are 

relatively steady around 20 m/My. LSRs in the late Oligocene de-
crease from 20 to 10 m/My. The early Oligocene is highly con-
densed from 33 to 25 Ma. The condensed interval at around 380 m 
also marks the lithostratigraphic Unit II/III boundary and is inter-
preted to be concurrent with seismic Reflector D (see Petrophys-
ics). Another extensive condensed interval spans the early Miocene 
(23–18 Ma; ~320 m). The middle to late Miocene LSRs are on aver-
age ~20 m/My, interrupted by a hiatus from 11 to 12.5 Ma (~200 m). 
After another 1.5 My condensed section in the latest Miocene to 
earliest Pliocene, LSRs in the Pliocene–Pleistocene vary between 
~10 and 80 m/My.

MARs over time closely mimic observed changes in LSRs and 
average ~3 g/cm2/ky, with a dominant range of 0–6 g/cm2/ky.
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