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Background and objectives

International Ocean Discovery Program (IODP) Site U1508
(34°26.89°S, 171°20.59°E; 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.

36°

3g°

40°

6000 4000 2000
Water depth (m)

' Sutherland, R., Dickens, G.R., Blum, P, Agnini, C., Alegret, L., Asatryan, G., Bhattacharya, J., Bordenave, A., Chang, L., Collot, J., Cramwinckel, M.J,, Dallanave, E., Drake, M.K., Etienne,
S.J.G,, Giorgioni, M., Gurnis, M., Harper, D.T,, Huang, H.-H.M,, Keller, A.L,, Lam, A.R,, Li, H., Matsui, H., Morgans, H.E.G., Newsam, C., Park, Y.-H., Pascher, K.M., Pekar, S.F,, Penman, D.E.,
Saito, S., Stratford, W.R., Westerhold, T., Zhou, X., 2019. Site U1508. In Sutherland, R., Dickens, G.R., Blum, P, and the Expedition 371 Scientists, Tasman Frontier Subduction Initiation
and Paleogene Climate. Proceedings of the International Ocean Discovery Program, 371: College Station, TX (International Ocean Discovery Program).

https://doi.org/10.14379/iodp.proc.371.105.2019
2 Expedition 371 Scientists’ affiliations.
MS 371-105: Published 2 February 2019

This work is distributed under the Creative Commons Attribution 4.0 International (CC BY 4.0) license.


https://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.14379/iodp.proc.371.105.2019&domain=pdf&date_stamp=2019-02-02

R. Sutherland et al.

Site U1508

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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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; Sporli, 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).

I0ODP Proceedings

VE=76:1@2km/s 0 5 10 km

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 Ul 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.
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Site U1508

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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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
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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.
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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
Latitude: 34°26.8902'S
Longitude: 171°20.6073'E
Water depth (m): 1609
Date started (UTC): 1342 h; 20 August 2017
Date finished (UTC): 0120 h; 22 August 2017
Time on hole (days): 1.5
Seafloor depth DRF (m): 1619.7
Seafloor depth est. method: APC_CALC
Rig floor to sea level (m): 11.0
Penetration DSF (m): 210.3
Cored interval (m): 210.3
Recovered length (m): 201.13
Recovery (%): 96
Total cores (no.): 23
APC cores (no.): 23

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

Hole U1508B
Latitude: 34°26.8975’'S
Longitude: 171°20.5990'E
Water depth (m): 1609
Date started (UTC): 0120 h; 22 August 2017
Date finished (UTC): 0320 h; 24 August 2017
Time on hole (days): 2.1
Seafloor depth DRF (m): 1619.7
Seafloor depth est. method: OFFSET
Rig floor to sea level (m): 11.1
Penetration DSF (m): 503.4
Cored interval (m): 316.7
Recovered length (m): 133.29
Recovery (%): 42
Drilled interval (m): 186.7
Drilled interval (no.): 1
Total cores (no.): 37
RCB cores (no.): 37

Topdepth Bottomdepth Interval Recovered Curated Top depth Bottom depth Core Coreondeck Core on deck
drilled drilled advanced length length cored recovered recovery date time UTC Sections
Core  DSF(m) DSF (m) (m) (m) (m) CSF-A (m) CSF-A (m) (%) (2017) (h) (N)
371-U1508A-

1H 0.0 13 13 135 1.35 0.0 1.35 104 20 Aug 2320 2
2H 13 10.8 9.5 7.44 7.44 13 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 9.30 203 29.60 98 21 Aug 0120 8
5H 29.8 393 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 583 67.8 9.5 8.15 8.15 583 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 773 86.8 9.5 742 7.42 773 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 1153 9.5 9.77 9.77 105.8 115.57 103 21 Aug 1115 8
14H 1153 124.8 9.5 10.01 10.01 1153 125.31 105 21 Aug 1215 8
15H 124.8 1343 9.5 9.16 9.16 124.8 133.96 96 21 Aug 1300 7
16H 1343 143.8 9.5 10.12 10.12 1343 144.42 107 21 Aug 1330 8
17H 143.8 1533 9.5 10.01 10.01 143.8 153.81 105 21 Aug 1515 8
18H 1533 162.8 9.5 9.94 9.94 1533 163.24 105 21 Aug 1550 8
19H 162.8 1723 9.5 9.58 9.58 162.8 172.38 101 21 Aug 1630 8
20H 1723 181.8 9.5 10.01 10.01 1723 182.31 105 21 Aug 1715 8
21H 181.8 1913 9.5 9.30 9.30 181.8 191.10 98 21 Aug 1750 8
22H 1913 200.8 9.5 10.09 10.09 1913 201.39 106 21 Aug 1825 8
23H 200.8 210.3 9.5 941 9.41 200.8 210.21 29 21 Aug 2000 8

Hole U1508A totals:  210.3 201.13 201.13 171
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Table T1 (continued). (Continued on next page.)

Topdepth Bottomdepth Interval Recovered Curated Top depth Bottom depth Core Coreondeck Core on deck

drilled drilled advanced length length cored recovered recovery date time UTC Sections
Core  DSF(m) DSF (m) (m) (m) (m) CSF-A (m) CSF-A (m) (%) (2017) (h) (N)
371-U1508B-

1 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 9.7 527 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 2158 2255 9.7 1.73 1.73 215.8 217.53 18 22 Aug 1550 3
6R 2255 235.1 9.6 1.35 1.35 2255 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 2447 2543 9.6 2.21 2.21 2447 246.91 23 22 Aug 1740 3
9R 2543 263.9 9.6 341 341 2543 257.71 36 22 Aug 1815 4
10R 263.9 2735 9.6 1.80 1.80 263.9 265.70 19 22 Aug 1850 3
1R 2735 283.1 9.6 223 223 2735 275.73 23 22 Aug 1930 3
12R 283.1 2927 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 3214 9.5 0.49 0.49 3119 31239 5 22 Aug 2205 2
16R 3214 3309 9.5 2.85 2.85 3214 324.25 30 22 Aug 2250 3
17R 3309 340.5 9.6 8.66 8.66 3309 339.56 920 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 9.5 333 333 350.1 35343 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 3788 3883 9.5 347 3.47 3788 382.27 37 23 Aug 0335 4
23R 388.3 397.9 9.6 1.07 1.07 3883 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 9.5 133 1.33 407.5 408.83 14 23 Aug 0625 2
26R 417.0 4217 4.7 339 339 417.0 420.39 72 23 Aug 0715 4
27R 421.7 426.7 5.0 3.65 3.65 421.7 42535 73 23 Aug 0810 4
28R 426.7 4313 4.6 4.20 4.20 426.7 430.90 91 23 Aug 0900 4
29R 4313 436.3 5.0 256 2.56 4313 433.86 51 23 Aug 0955 3
30R 4363 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 4459 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 4746 484.62 104 23 Aug 1820 8
37R 484.2 493.8 9.6 733 733 484.2 491.53 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-

1 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 2926 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 54 3.70 3.70 450.0 453.70 69 27 Aug 2135 4
10R 455.4 465.0 9.6 552 552 455.4 460.92 58 27 Aug 2310 5
1R 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 5225 9.5 0.36 0.36 513.0 513.36 4 28 Aug 0920 2
17R 5225 532.1 9.6 1.02 1.02 5225 523.52 11 28 Aug 1145 2
18R 532.1 536.6 4.5 0.60 0.60 5321 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 5703 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 5703 579.66 29 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
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Table T1 (continued).

Site U1508

Topdepth Bottomdepth Interval Recovered Curated Top depth Bottom depth Core Coreondeck Core on deck
drilled drilled advanced length length cored recovered recovery date time UTC Sections

Core  DSF(m) DSF (m) (m) (m) (m) CSF-A (m) CSF-A (m) (%) (2017) (h) (N)
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 2.0 251 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

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
DSEF, 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 DSE. 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 1b/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
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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 I0).

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
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Figure F4. Lithostratigraphic summary of sedimentary section, Site U1508. cps = counts per second.
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F10). Subunit IIla 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 |

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

Lith. Depth CSF-A Thickness

unit (m) (m) Interval Lithology Stage

| 0.00-90.08 90.10 371-U1508A-1H-1,0 cm, to 11H-3,61 cm Foraminiferal ooze with varying amounts of Pleistocene to Pliocene

lla U1508A: 90.08-200.93
U1508B: 186.70-200.61

Ib U1508A: 200.93-209.92
U1508B: 200.61-379.30
U1508C: 278.00-288.30

and 316.00-324.28
llla U1508B:379.30-491.43
U1508C: 450.00-491.61

lb 493.80-701.92 208.12 37

U1508A:110.85  371-U1508A-11H-3,61 cm, to 23H-1,13 cm
U1508B: 13.91 371-U1508B-2R-1, 0 cm, to 3R-4,0 cm

U1508A: 8.99 371-U1508A-23H-1, 13 cm, to 23H-CC (BOH)
U1508B:178.69  371-U1508B-3R-4, 0 cm, to 22R-1,50 cm
U1508C: 8.28 371-U1508C-2R to 4R and 6R to 7R

U1508B:112.13  371-U1508B-22R-1, 50 cm, to 38R-3, 69 cm (BOH)
U1508C: 41.61 371-U1508C-2R-1,0 cm, to 13R-CC

-U1508C-14R-1, 0 cm, to 38R-5 (BOH)

nannofossils and coarse-grained bioclasts
Clayey nannofossil ooze with varying
amounts of foraminifers and sponge
spicules and rare ash layers
Interbedded foraminiferal ooze and chalk
with varying concentrations of clay, silicate
minerals, and volcanic clasts

Pliocene to upper
Miocene

middle Miocene to
upper Oligocene

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

Nannofossil chalk and nannofossil limestone
with foraminifers

upper Eocene to middle
Eocene

middle Eocene to lower
Eocene

(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 |l

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 Ila 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
17/10GY) 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).

Subunitlla

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
17/10GY) 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.
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Subunitllb

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 CaCO; 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).
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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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Figure F6. Representative Unit | 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.
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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-

I0ODP Proceedings

10

Site U1508

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 [l

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 llla

Subunit ITIa 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 IIla (~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%
CaCO; content (see Geochemistry). SiO, 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 IIla 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
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Site U1508

Figure F7. Representative Subunit lla 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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Figure F8. Representative Subunit Ilb lithologies, Site U1508. A. Nannofossil (nanno) chalk with foraminifers (frm). B. Nannofossil-rich foraminiferal chalk.
C. Silicate mineral-rich foraminiferal chalk with bioclasts. gtz = quartz, bt = biotite, vic = volcanic clast.
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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 Illb

Subunit IIIb is differentiated from Subunit IIla 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
18/GY) and smear slide data (Figure F5). Carbonate content in-
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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
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Figure F9. Erosional bioturbated surfaces. Boxes indicate surface locations. A. Sharp erosional surface at 321.48 m separates light greenish gray (GLEY
17/10GY) 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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