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Abstract
Preliminary structural and nannofossil observations from core
materials at Integrated Ocean Drilling Program (IODP) Site C0004
indicate two age reversals and a complex history of deformation
in the Nankai accretionary prism. In order to improve nannofossil
biostratigraphy and provide more detailed age control for under-
standing this deformation history, Pliocene–Pleistocene calcare-
ous nannofossils from sediments at Site C0004 and in IODP Hole
C0008A were analyzed. This study presents the nannofossil range
chart for Pliocene–Pleistocene age-diagnostic species and provides
a detailed record of nannofossil events and zones for three holes.
The record also revealed or confirmed the presence of a number
of unconformities and/or age reversals in the sediment sequence
at Site C0004, providing detailed age control for constraining
faulting or folding intervals.

Introduction
Integrated Ocean Drilling Program (IODP) Expedition 316 is a
part of the Nankai Trough Seismogenic Zone Experiment (Nan-
TroSEIZE) complex drilling project, a coordinated multiexpedi-
tion drilling project with the purpose of investigating fault me-
chanics and seismogenesis along subduction megathrusts in the
Nankai Trough (see the “Expedition 316 summary” chapter
[Screaton et al., 2009]). During Expedition 316, four sites (C0004,
C0006, C0007, and C0008) were drilled in the Nankai Trough
(Fig. F1). IODP Site C0004 is located along the slope of the accre-
tionary prism and landward of the inferred intersection of the
megasplay fault zone with the seafloor (see the “Expedition 316
Site C0004” chapter [Expedition 316 Scientists, 2009a]). Drilling
at this site was conducted to examine the youngest sediments on
the slope overlying the accretionary prism, which consist of
slowly deposited marine sediments and redeposited material from
upslope (Fig. F2). IODP Site C0008 is located ~1 km seaward of
Site C0004 (Fig. F2) and was selected to examine the basin sea-
ward of the splay fault penetrated at Site C0004 (see the “Expedi-
tion 316 Site C0008” chapter [Expedition 316 Scientists, 2009b]).
The drilling results from Sites C0004 and C0008 also provided in-
formation necessary to explore the splay fault’s origin and evolu-
tion and its relation to the structural evolution of the Nankai
margin through time (Strasser et al., 2009).
 doi:10.2204/iodp.proc.314315316.210.2012
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The objective of this study is to provide detailed data
regarding the occurrence of age-diagnostic calcare-
ous nannofossils and to obtain better resolved bio-
stratigraphic datums for these two sites, through re-
examining shipboard nannofossil slides and data
and analyzing additional samples during the post-
cruise study.

Methods and materials
Sites and samples

Pliocene–Pleistocene calcareous nannofossils from
sediments at Site C0004 and in Hole C0008A in the
Nankai Trough were analyzed. Downcore sample
spacing is about ~150 to ~300 cm; however, addi-
tional samples were analyzed for intervals where a
biostratigraphic event horizon was located based on
initial shipboard analysis.

Site C0004
Two holes were drilled at Site C0004 on the shallow
portion of the megasplay fault system during Expedi-
tion 316. Hole C0004C (33°13.2278′N,
136°43.3312′E; water depth = 2627.0 m) was cored
from the seafloor to 134.97 meters below seafloor
(mbsf), through the slope sediments into the upper
part of the accretionary prism; and Hole C0004D
(33°13.2190′N, 136°43.3287′E, water depth = 2630.5 m)
was cored from 100 to 398.79 mbsf, from the upper
part of the accretionary prism and across its lower
boundary into the sediments below (see the “Expe-
dition 316 Site C0004” chapter [Expedition 316 Sci-
entists, 2009a]). Nannofossils from these two holes
were analyzed.

Site C0008
Three holes (C0008A, C0008B, and C0008C) were
drilled at Site C0008. Hole C0008A (33°12.8229′N,
136°43.5997′E; water depth = 2751 m) was cored
from the seafloor to 272.46 m (see the “Expedition
316 Site C0008” chapter [Expedition 316 Scientists,
2009b]). This hole recovered the longest sediment se-
quence and was selected for biostratigraphic analy-
sis.

Preparation and observation
Standard smear slides were made for all samples. In
addition, a concentration method was applied to ob-
tain more nannofossils from fine sand or silt samples
before making smear slides. About 1–3 g sediment
were put in a beaker with distilled water and stirred
for several seconds to suspend samples. The suspen-
sion was left sitting for a few minutes so that sand-
sized particles settled to the bottom first, and nanno-
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fossils were concentrated in the upper part of the
suspension, from which several drops were taken to
make smear slides.

Calcareous nannofossils were examined under
crossed polarizers and transmitted light at 500×–
1000× magnification using a Zeiss Axio Scope A1 in
the micropaleontological laboratory of the School of
Marine Geosciences, China University of Geosci-
ences (Beijing).

The degrees of preservation of calcareous nannofos-
sil species were noted as follows: 

VG = very good preservation (no evidence of disso-
lution and/or overgrowth). 

G = good preservation (slight dissolution and/or 
overgrowth; specimens are identifiable to 
the species level).

M = moderate preservation (exhibit some etching 
and/or overgrowth; most specimens are 
identifiable to the species level).

P = poor preservation (severely etched or with 
overgrowth; most specimens cannot be iden-
tified at the species and/or generic level).

Group abundance (at 250× magnification) and rela-
tive abundance of individual species (at 1000× mag-
nification) are estimated based on a seven-category
scheme: 

D= dominant (>50% or >50 specimens per field of 
view [FOV]). 

A = abundant (15%–50% or 10–50 specimens per 
FOV). 

C = common (5%–15% or 1–10 specimens per 
FOV). 

F = few/frequent (1%–5% or >1 specimen per 1–10 
FOVs). 

R = rare (<1% or >1 specimen per 20 FOVs). 
T = trace (<0.1% or <1 specimen per 20 FOVs). 
B = barren (0; this level is used only for group 

abundance).

Biostratigraphic zonations and timescales
The Neocene timescale followed Lourens et al.,
(2004). The biostratigraphic zonation of calcareous
nannofossils is based upon the schemes of Martini
(1971) and Okada and Bukry (1980), modified by
Young (1998). The orbitally turned ages for biostrati-
graphic datums were compiled mainly from Raffi et
al. (2006).

A summary of the timescale and nannofossil zones
used in this study is given in Figure F3 and Table T1.

Taxonomic remarks
Several species of genus Gephyrocapsa are commonly
used as Quaternary biostratigraphic markers. The Ge-
2
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phyrocapsa species show a wide range of variation in
sizes and other morphological features, causing
problems in identification (Su, 1996). Size-defined
morphological groups of this genus, suggested by
Young (1998) (i.e., Gephyrocapsa spp. medium [>3.5
µm], Gephyrocapsa spp. medium I [>3.5–<4 µm], Ge-
phyrocapsa spp. medium II [≥4.5–<5.5 µm], and Ge-
phyrocapsa spp. large [≥5.5 µm]), were used during
shipboard and shore-based studies. Reticulofenestra
pseudoumbilicus is identified by reticulofenestrid
specimens having a maximum coccolith length >7
µm in its uppermost range (lower Pliocene), after
Young (1998). Identification of other calcareous nan-
nofossils mainly followed the compilation of Perch-
Nielsen (1985).

Results
Range charts of age-diagnostic nannofossil species
for Holes C0004C, C0004D, and C0008A are given in
Tables T2, T3, and T4.

Site C0004
In Hole C0004C, a total of 14 nannofossil biostrati-
graphic events were recognized (Table T5). Three in-
consecutive nannofossil zones were distinguished:
Pleistocene Zones NN21 and NN19 and middle Plio-
cene Zone NN16, indicating the presence of uncon-
formities between Zones NN21 and NN19 and be-
tween Zones NN19 and NN16.

A total of 16 nannofossil events were recognized for
age and depth correlation in Hole C0004D (Table
T6). The upper part (from the top of the hole to
255.27 mbsf) was assigned to Zones NN16, NN15–
NN14, and NN13 of early–middle Pliocene age. The
middle part of this hole (259.53–291.05 mbsf) was
characterized by two Zone NN16 intervals sand-
wiched by a Zone NN15–NN14 interval. The lower
part of Hole C0004D (from 312.16 mbsf to the bot-
tom of the hole) was assigned to early Pleistocene
Zone NN19.

The biostratigraphic results for Site C0004 are corre-
lated to lithology, log interpretation, and core recov-
ery, and are summarized in Figure F4A. This correla-
tion suggests that Units II and III defined for the
prism sediments in the megasplay fault system are of
early–middle Pliocene age (Zones NN16, NN15–
NN14, and NN13), whereas sediments above and be-
low the prism are Pleistocene age (i.e., upper Pleisto-
cene sediments lie above the prism and lower Pleis-
tocene sediments lie below it). The lowermost
sediments at this site are <1.67 Ma, according to the
presence of Gephyrocapsa spp. medium I (>3.5–<4
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µm); however, the presence of Zone NN19 sediments
below Zone NN16 sediments at the bottom of the
hole as well as the presence of multiple nannofossil
zone repetitions and age reversals implies significant
disturbances of the sedimentary sequence in the
area, likely due to accretionary prism formation and
subsequent disruption.

Site C0008
For Hole C0008A, 17 nannofossil events were recog-
nized (Table T7). The upper part (from the top of the
hole to 241.78 mbsf) is Pleistocene age (Zones NN21
and NN19), whereas the lower part is middle–late
Pliocene age, containing Zones NN18, NN17, and
NN16.

The correlation of these zones with lithology, log in-
terpretation, and core recovery for this hole are sum-
marized in Figure F4B. The data are interpreted to in-
dicate that most of Unit I is of Pleistocene age (Zones
NN21 and NN19), and the lowest part of Unit I and
Unit II are of late Pliocene age (Zones NN18, NN17,
and NN16). The bottom sediments in this hole are
<3.65 Ma, according to the absence of Sphenolithus
spp.

Biostratigraphic correlation between sites
Figure F4 shows the correlation of zones and impor-
tant nannofossil events between Site C0004 and
Hole C0008A. The correlation of two Pleistocene
nannofossil events, first occurrence of Gephyrocapsa
spp. large (≥5.5 µm, 1.56 Ma) and last occurrence
Calcidiscus macintyrei (>11 µm, 1.60 Ma), between
Site C0004 and Hole C0008A indicates most of Unit
II (75.94–312.16 mbsf) (Tables T4, T5) at Site C0004
is heavily faulted and that the faulting probably oc-
curred roughly between 1.60 and 1.56 m.y. The
faulted interval at Site C0004 can be further subdi-
vided into an upper part (75.94–255.27 mbsf) with a
normal and relatively intact and continuous zone se-
quence (Zones NN16, NN15–NN14, and NN13), and
a lower part (259.53–291.05 mbsf) characterized by
common faults, missing intervals, disruptions, and
age reversals. Although further investigation would
be required to more completely delineate these dif-
ferent intervals and to illuminate the detailed nan-
nofossil sequence, the data can be interpreted to rep-
resent the influence of (1) uplift of the accretionary
prism (the upper part of the faulted section) and
(2) disruption of the uplifted prism by splay faulting
or out-of-sequence thrusting (the lower, more in-
tensely disrupted part of the faulted section). This se-
quence of events parallels that interpreted based on
Strasser et al. (2009).
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Conclusions
In conclusion, this study presents the range chart of
Pliocene–Pleistocene age-diagnostic nannofossils
and provides better resolved nannofossil datums and
zones for Site C0004 and Hole C0008A.

At Site C0004, Unit II and III prism sediments in the
megasplay fault system are of early–middle Pliocene
age (Zones NN16, NN15–NN14, and NN13); sedi-
ments above and below the prism are Pleistocene age
(upper Pleistocene sediments lie above the prism and
lower Pleistocene sediments below it). In Hole
C0008A, the majority of Unit I is of Pleistocene age
(Zones NN21 and NN19), and the lowest part of Unit
I and Unit II are of late Pliocene age (Zones NN18,
NN17, and NN16).

Biostratigraphic correlation between Site C0004 and
Hole C0008A suggests that most of Unit II at Site
C0004 comprises faulted sediments and that faulting
probably occurred roughly between 1.60 and 1.56
m.y. The faulted interval can subdivided into two
parts: an upper part with normal zone sequence and
a lower part characterized by common faults and age
reversals. These two zones may correspond to uplift
and subsequent disruption of the accretionary prism,
similar to the interpretation of Strasser et al. (2009).
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Figure F1. Drilling area of IODP Expedition 316 in the Nankai Trough (see the “Expedition 316 summary”
chapter [Screaton et al., 2009]). In inset, EP = Eurasian plate, PP = Pacific plate, NAP = North American plate,
PSP = Philippine Sea plate.
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Figure F3. Pliocene–Pleistocene timescale and magnetostratigraphic and biostratigraphic events. FO = first oc-
currence, LO = last occurrence.
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Figure F4. Correlation of calcareous nannofossil zones and important events between Site C0004 and Hole
C0008A. A. Site C0004. B. Hole C0008A. See text for details. FO = first occurrence, LO = last occurrence.
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Table T1. Calcareous nannofossil events (based on Raffi et al., 2006, with slight modification) used as biostrati-
graphic tie points in this study. 

* = datum based on Atlantic or Mediterranean records. X = crossover in abundance, RE = reentrance, AE = acme end, FO = first occurrence, FCO
= first consistent occurrence, LO = last occurrence, LCO = last consistent occurrence. 

Taxon event
Zone
(base)

Age
(Ma)

X Gephyrocapsa caribbeanica (>3.5 µm) - Emiliania huxleyi 0.063
FO Emiliania huxleyi NN21 0.291
LO Pseudoemiliania lacunosa NN19 0.436
LCO Reticulofenestra asanoi 0.9
RE Gephyrocapsa spp. medium II (≥4.5–<5.5 µm) 1.04
FCO Reticulofenestra asanoi 1.078*
LO Gephyrocapsa spp. large (≥5.5 µm) 1.24
LO Helicosphaera sellii 1.34
FCO Gephyrocapsa spp. large (≥5.5 µm) 1.46
FO Gephyrocapsa spp. large (≥5.5 µm) 1.560
LO Calcidiscus macintyrei (>11 µm) 1.60
FO Gephyrocapsa spp. medium (>3.5 µm) NN19 1.67
LO Discoaster brouweri NN18 2.06
AE Discoaster triradiatus 2.135
LO Discoaster pentaradiatus NN17 2.393
LO Discoaster surculus NN16 2.52
LO Discoaster tamalis 2.87
LO Sphenolithus spp. 3.65
LO Reticulofenestra pseudoumbilicus (>7 µm) NN15–NN14 3.79
FCO Discoaster asymmetricus 4.13
LO Amaurolithus primus 4.50
LO Ceratolithus acutus 5.04
FO Ceratolithus rugosus NN13 5.12
FO Ceratolithus acutus 5.32
LO Discoaster quinqueramus NN12 5.59
Proc. IODP | Volume 314/315/316 9



X. Su Data report: age-diagnostic nannofossil species
Table T2. Calcareous nannofossil range chart of age-diagnostic fossils, Hole C0004C. (Continued on next
page.)
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N
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1H-1, 13.0–15.0 0.01 0.01 0.01 D VG D F D D D R
1H-4, 15–17 2.99 3.01 3.00 A VG A F C A C
1H-7, 11.0–13.0 5.76 5.78 5.77 D VG C F D D D R
1H-CC, 0.0–5.0 6.25 6.30 6.27 D VG F F D D D R
2H-2, 6–10 7.75 7.79 7.77 C G R R C C C F

N
N

19

2H-4, 6–10 9.06 9.10 9.08 D VG F D D D C
2H-5, 37–39 10.69 10.72 10.70 D VG F D D D C
2H-CC, 0.0–5.0 16.31 16.36 16.33 A VG C A D C
3H-1, 59–64 16.43 16.48 16.46 D G F C D C R
3H-2, 62–65 17.78 17.81 17.80 D G   C A D C R
3H-4, 51–54 18.99 19.02 19.00 D G C C D A C
3H-6, 59–63 20.40 20.44 20.42 D G C C D A C
3H-9, 56–59 23.05 23.08 23.06 D G  C D A C
3H-CC, 0.0–5.0 25.57 25.62 25.60 A G C D A F
4H-2, 60–63 27.27 27.30 27.28 A G   F A C
4H-3, 70–74 28.70 28.73 28.71 A G   F A C
4H-5, 51–55 29.84 29.88 29.86 A G  C C C A C
4H-7, 60–63 32.62 32.64 32.63 A M  C F C A C
4H-CC, 5.0–10.0 35.34 35.39 35.36 A G  C C F A C
5H-3, 61–64 38.16 38.19 38.18 C M  F F C C C
5H-7, 61–64 42.27 42.30 42.28 F M  F F C C C
5H-CC, 4.0–9.0 44.93 44.98 44.96 A M  C C F A C
6H-2, 31–33 45.95 45.97 45.96 A G  A C C A C
6H-6, 60–62 50.13 50.15 50.14 C M  F F C C C
6H-CC, 11.0–16.0 54.60 54.65 54.62 A VG T A C C D C
7H-2, 60–63 55.71 55.74 55.73 A G  F A A A C
7H-5, 60–62 58.38 58.40 58.39 F M   F F F F
7H-CC, 0.0–5.0 63.77 63.82 63.79 A G T A A C D C
8H-2, 114–116 65.73 65.74 65.73 F M   F F F F
8H-6, 60–62 69.19 69.21 69.20 C M  T F C C C F
8H-CC, 23.5–28.5 72.83 72.89 72.86 A M R T R C C C C
9H-1, 59–64 73.46 73.51 73.49 A M    C C C C
9H-2, 79–83 75.05 75.09 75.07 A M    C C C F
9H-5, 64–67 77.92 77.95 77.94 C M  T T   C C C F  
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IIA

9H-6, 60–63 79.10 79.13 79.11 A M R R F F F R    F C  
9H-CC, 0.0–5.0 80.87 80.92 80.90 F M T F F F T F  
10H-1, 63–65 81.37 81.39 81.38 C M R R F C F T F C R
10H-CC, 0.0–5.0 84.62 84.67 84.64 F G T T F C T F F R
11H-3, 58–63 87.00 87.05 87.02 B
11H-CC, 0.0–5.0 89.20 89.25 89.23 R M R T R R R R R
12X-2, 59–61 90.99 91.01 91.00 F M R  R R T   T
12X-5, 13–15 94.58 94.60 94.59 C M R R F F F R  T
12X-CC, 0.0–5.0 98.49 98.54 98.51 F M F R C C T T C
13X-2, 59–61 100.72 100.74 100.73 B
13X-6, 63–65 104.83 104.85 104.84 B
13X-CC, 25.5–30.5 108.37 108.42 108.40 R M F R R R T F
14X-6, 60–62 114.13 114.15 114.14 B
14X-CC, 0.0–5.0 117.77 117.82 117.80 R M F C C T T C
15X-5, 52–54 123.45 123.47 123.46 F M R  R R T   
15X-CC, 0.0–5.0 127.28 127.33 127.31 R M F C R R T R
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X. Su Data report: age-diagnostic nannofossil species
Abundance: D = dominant, A = abundant, C = common, F = few, R = rare, T = trace, B = barren. Preservation: VG = very good, G = good, M =
moderate, P = poor.
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Table T2 (continued).
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Table T3. Calcareous nannofossil range chart of age-diagnostic fossils, Hole C0004D. (Continued on next two pag
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NN16

1R-1, 60.0–61.0 100.60 100.61 100.61 R M T T T
1R-2, 60.0–61.0 102.01 102.02 102.02 C G–M R F F R
1R-3, 60.0–61.0 103.41 103.42 103.42 F M F R R T R
1R-CC, 0.0–5.0 103.81 103.86 103.84 F G F T F R T
2R-1, 50–52 110.00 110.02 110.01 F M F R R R T T
2R-CC, 0.0–5.0 110.81 110.86 110.84 C G F R T F R R T
3R-1, 48–50 119.49 119.51 119.50 C M F R T F R R R
3R-CC, 0.0–5.0 120.40 120.45 120.43 C M F T T F R R T
4R-1, 48–50 128.98 129.00 128.99 F M F R R R R
4R-CC, 8.5–13.5 129.43 129.48 129.46 C G F T F F R T
5R-1, 50–52 138.00 138.02 138.01 T P T T
5R-2, 50–52 139.32 139.34 139.33 R P R T T T
5R-CC, 0.0–5.0 140.20 140.25 140.23 F M F T F R R T
7R-2, 5–7 152.96 152.98 152.97 F M F R R R R
7R-CC, 0.0–5.0 153.76 153.81 153.79 R M F T R R
8R-1, 117–118 157.17 157.18 157.18 
8R-CC, 9.0–14.0 157.46 157.51 157.48 R M F T T T
9R-1, 55–57 161.05 161.07 161.06 C M F R R R R
9R-CC, 0.0–5.0 163.01 163.06 163.04 R M F T R T
10R-CC, 0.0–5.0 165.00 165.05 165.03 F M F T F R T T
11R-3, 25–27 171.16 171.18 171.17 C G F R R R R T
11R-CC, 0.0–5.0 171.38 171.43 171.40 F M F F F R T
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22R-1, 36–38 242.86 242.88 242.87 T M
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24R-2, 77–99 253.68 253.70 253.69 T P T T
24R-CC, 0.0–5.0 253.92 253.97 253.94 R M R T T T T
25R-1, 59–60 256.59 256.60 256.60 C M T R T T R T
25R-1, 79 256.79 256.79 C M T T R T T F R
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26R-1, 79–80 261.29 261.30 261.30 C M F T F F R T
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m
id

d
le

Pl
io

ce
ne

NN16

27R-1, 40–42 265.40 265.42 265.41 C M F T T F F R
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27R-CC, 0.0–5.0 267.39 267.44 267.41 C M R T R F F R T
28R-1, 102–103 270.52 270.53 270.53 C G F F F R T
28R-2, 121–122 272.12 272.13 272.13 C M F T T F F R
28R-CC, 0.0–5.0 272.97 273.02 273.00 C M R T F F R T
29R-1, 67–69 274.67 274.69 274.68 R M T T R R T
29R-2, 39–40 275.44 275.45 275.44 F M F R R R T
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31R-1, 69–71 283.69 283.71 283.70 A M F R F F F
31R-2, 69–71 285.10 285.12 285.11 A M F R F F R
31R-CC, 3.0–8.0 287.13 287.18 287.16 C M F R F F R T
32R-2, 51  289.52 289.51 C M R R F F R
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Table T3 (continued). (Continued on next page.)
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erate, M = moderate, P = poor.

F F C R C
T F F C C T R

R F F  F T
R R F  F

  C C F C R R
 F F  F  

 F C C R C R R
T F C C F C R F

 F F  F  
R R C F C R T

  R C F C T R
R F F R F  
R F C R C T
T R F R C R
T F C  C R

R C C
 R F  F  
 R F  F  

C C
C C

 R F  F  
C C
R C

 T F  F  
R R C

  F F C R R

  F  F  
R R F

  F R F  
R

  F  C  
R F R F T T

  F  C  
T

D
is

co
as

te
r 

ta
m

al
is

D
is

co
as

te
r 

tr
ira

di
at

us

Em
ili

an
ia

 h
ux

le
yi

G
ep

hy
ro

ca
ps

a 
sp

p
. l

ar
ge

 (
≥5

.5
 µ

m
)

G
ep

hy
ro

ca
ps

a 
sp

p
. m

ed
iu

m
 II

 (
≥4

.5
–5

.5
 µ

m
)

G
ep

hy
ro

ca
ps

a 
sp

p
. m

ed
iu

m
 I 

(>
3.

5–
<4

 µ
m

)

G
ep

hy
ro

ca
ps

a 
sp

p
. s

m
al

le
r 

(≤
3.

5 
µm

)

H
el

ic
os

ph
ae

ra
 s

el
lii

Ps
eu

do
em

ili
an

ia
 la

cu
no

sa

Re
tic

ul
of

en
es

tr
a 

as
an

oi

Re
tic

ul
of

en
es

tr
a 

ps
eu

do
um

bi
lic

us
 (

>7
 µ

m
)

Sp
he

no
lit

hu
s 

ab
ie

s

Abundance: D = dominant, A = abundant, C = common, F = few, R = rare, T = trace, B = barren. Preservation: G = good, G–M = good to mod

ea
rly

 P
le

is
to

ce
ne

IV NN19

38R-1, 12  314.62 314.62 A G F
38R-CC, 0.0–5.0 315.27 315.32 315.29 C G R T
39R-1, 37–39 319.37 319.39 319.38 F M R
39R-3, 103-104 321.44 321.45 321.45 F M R
39R-CC, 0.0–5.0 321.82 321.87 321.85 A G R
40R-1, 127-129 324.78 324.78 324.78 F M F
40R-CC, 4.0–9.0 325.43 325.48 325.45 C G F
41R-CC, 0.0–5.0 330.37 330.42 330.40 A G F
42R-2, 55-57 334.46 334.48 334.47 F M F
42R-CC, 5.0–10.0 336.55 336.60 336.57 A M F
43R-CC, 5.0–10.0 340.09 340.14 340.11 D G R
44R-2, 60-61 343.50 343.50 343.50 F G R
44R-CC, 0.0–5.0 345.22 345.27 345.25 A G F T
45R-CC, 0.0–5.0 347.92 347.97 347.95 C G R T
46R-1, 60-61 351.10 351.11 351.11 C M R
46R-CC, 0.0–5.0 352.36 352.41 352.39 F G R
47R-1, 28-30 355.28 355.30 355.29 F M R
47R-3, 7-9 357.89 357.91 357.90 F M R T
47R-CC, 14.0–19.0 358.31 358.36 358.33 F M R
48R-CC, 0.0–5.0 361.79 361.84 361.81 F M F T T
49R-1, 46-48 364.46 364.48 364.47 F M R
49R-CC, 17.0–22.0 368.40 368.45 368.42 F M R T
50R-CC, 16.0–21.0 370.75 370.80 370.78 R M R
51R-3, 93-95 376.76 376.80 376.78 F M R
51R-CC, 10.0–15.0 377.12 377.17 377.14 F M R
52R-3, 59-61 379.50 379.52 379.51 C M R T T
52R-CC, 0.0–5.0 381.66 381.71 381.68 B
53R-1, 47-48 382.48 382.50 382.49 F M R T T
53R-CC, 0.0–5.0 384.56 384.61 384.58 F M R T
54R-2, 12-14 388.03 388.05 388.04 F M R   
54R-CC, 0.0–5.0 390.89 390.94 390.91 R P
55R-2, 89-91 393.30 393.20 393.25 A P R   
55R-CC, 16.0–21.0 394.74 394.79 394.76 F G R T T
56R-2, 64-66 397.67 397.69 397.67 A P R   
56R-CC, 0.0–5.0 398.64 398.69 398.67 T P T
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Table T3 (continued).



X. Su Data report: age-diagnostic nannofossil species
Table T4. Calcareous nannofossil range chart of age-diagnostic fossils, Hole C0008A. (Continued on next page.)
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316-C0008A-

Pl
ei

st
oc

en
e

I

N
N

21

1H-1, 4.0–6.0 0.04 0.06 0.05 A G R R R A F F F R F
1H-4, 6.0–8.0 1.90 1.92 1.91 A G R R R C C C F R F
1H-5, 6.0–8.0 2.87 2.89 2.88 D G T T F C C D T F
1H-CC, 0.0–5.0 6.81 6.86 6.83 D G F F D D D R F
2H-1, 78–80 7.58 7.60 7.59 A G T R C C A R
2H-3, 81–83 8.98 8.99 8.99 C G R C C C R

N
N

19

2H-4, 71–73 9.90 9.92 9.91 A G ? F C A C T
2H-5, 35–37 10.79 10.81 10.80 A G ? F C A C T
2H-6, 72–74 12.30 12.31 12.30 A G F F A C T
2H-7, 112–114 13.82 13.84 13.83 D G F F D C T
2H-CC, 4.0–9.0 16.98 17.03 17.01 D M R F D F A R R F
3H-2, 104–106 17.73 17.75 17.74 D M F F A A C
3H-5, 97–99 20.36 20.38 20.37 C M T R R C C F
3H-7, 12–14 22.19 22.21 22.20 D G T R D C C
3H-CC, 0.0–5.0 25.60 25.65 25.62 D G T R D C C
4H-2, 74–76 26.82 26.84 26.83 C M T R C C F
4H-6, 68–70 30.47 30.49 30.48 A G T R A C F
4H-8, 59–61 32.79 32.81 32.80 C M R C C R R
4H-9, 39–41 33.77 33.79 33.78 D G R D A
4H-CC, 6.5–11.5 35.50 35.55 35.53 D G R T R F D R A R T
5H-2, 50–52 36.14 36.16 36.15 C M C C
5H-3, 70–72 37.58 37.60 37.59 B
5H-5, 58–60 39.00 39.02 39.01 C M C C
5H-6, 95–97 40.32 40.34 40.33 C M C C
5H-7, 58–60 41.19 41.20 41.19 A G T T F A C R
5H-CC, 0.0–5.0 44.78 44.83 44.80 D M T A C D A T
6H-6, 7–9 48.88 48.90 48.89 F M T T T F C F
6H-8, 114–116 52.12 52.14 52.13 F M T T T F C F T T
6H-CC, 56.5–61.5 54.79 54.84 54.82 D G R T C C F D T A T T
7H-4, 37–39 57.23 57.25 57.24 F M T T F C F T T
7H-8, 42–44 60.83 60.84 60.83 F M T T T F R R F F
7H-CC, 65.5–70.5 64.35 64.40 64.38 D M R T C C F D T A T
8H-3, 110–112 66.73 66.75 66.74 F M T F C F T
8H-6, 87–89 69.35 69.37 69.36 C M T C R R C F
8H-CC, 0.0–5.0 72.11 72.16 72.13 A M R T T C C C A T C T T
9H-CC, 0.0–5.0 78.47 78.52 78.50 A M R R R C C C A R C T T
10H-3, 14–16 83.51 83.52 83.52 F M T F F F F F T
10H-7, 10–12 87.11 87.12 87.11 A M R T C C C A C T T
10H-CC, 0.0–5.0 90.36 90.41 90.39 D M T R C A C D T C R R
11H-6, 62–64 95.99 96.00 95.99 F M T F R R F F T
11H-8, 58–60 98.50 98.51 98.50 T M T T
11H-CC, 0.0–5.0 100.52 100.57 100.54 A M T C C F A F C T
12H-5, 44–46 105.36 105.38 105.37 F M T F R R F F T
12H-CC, 0.0–5.0 106.42 106.47 106.45 D P T R R A F D R C
13H-2, 77–79 111.69 111.71 111.70 F M T F R R F T F T
13H-CC, 0.0–5.0 118.19 118.24 118.21 D M T R F A C D F C R R
14H-CC, 51.5–56.5 119.52 119.57 119.54 D P T R R A C D R C R F
15H-5, 101–103 123.77 123.79 123.78 R M R T T R R T
15H-7, 103–105 126.43 126.45 126.44 R M R T T R R T
15H-CC, 0.0–5.0 127.22 127.27 127.25 F P T R F F F R R R
16H-5, 44–46 129.54 129.56 129.55 F M T F R R F R F T
16H-CC, 0.0–5.0 129.66 129.71 129.68 D M T R R A C D R C R F
17H-4, 86–88 134.24 134.26 134.25 R M R T T R R T
17H-9, 64–66 138.76 138.77 138.76 R M R T T R R T
Proc. IODP | Volume 314/315/316 15



X. Su Data report: age-diagnostic nannofossil species
Abundance: D = dominant, A = abundant, C = common, F = few, R = rare, T = trace, B = barren. Preservation: G = good, M = moderate, P = poor.

17H-CC, 18.5–23.5 141.31 141.36 141.34 A P T R T C C C R C R

Pl
ei

st
oc

en
e

I

N
N

19

18H-4, 88–90 144.17 144.19 144.18 F M T T F R R F R F T
18H-CC, 25.0–30.0 148.70 148.75 148.73 A P T R T C C C R C R
19H-1, 112–113 151.01 151.02 151.02 F M T T F R R F R F T
19H-CC, 12.5–17.5 152.66 152.71 152.69 D M T C C C C R C R
20H-1, 27 152.66 152.66 A M T T C C C A R C R
20H-CC, 0.0–5.0 158.34 158.48 158.41 D P T F A C D R C R T
21H-3, 30.0 161.46 161.46 D M T R R A A A C R
21H-CC, 29.0–34.0 168.022 168.27 168.25 T P T
22H-1, 24 168.68 168.68 F M T F F F F
22H-CC, 5.0–10.0 177.426 177.48 177.46 C M T T R F F C C T
23H-1, 61 178.34 178.34 C M T T F F F R C R R
23H-4, 17–18 181.84 181.85 181.84 F M R F F F R C R
23H-CC, 7.5–12.5 186.18 186.23 186.21 A M F R C C C F C R R
24H-1, 15–17 187.36 187.38 187.37 C M R F F F R F
24H-4, 47–49 190.31 190.33 190.32 F M R F F F R C R
24H-CC, 0.0–5.0 197.92 197.97 197.95 C M C F C R C R
25H-1, 78.0 197.35 197.35 C M F F C R C T T
25H-4, 73–75 199.54 199.56 199.55 F M R R R F F R
25H-CC, 0.0–5.0 201.70 201.75 201.72 C M F C R C T T
26H-1, 40–42 201.29 201.31 201.30 R M T T T R R
26H-CC, 0.0–5.0 205.94 205.99 205.97 C M R F C R C T T
27H-1, 83–85 211.22 211.24 211.23 R M T R R T R
27H-CC, 0.0–5.0 219.54 219.59 219.56 F M R R F F T
28H-1, 47–48 220.35 220.36 220.36 F M F R T F R F
28H-CC, 0.0–5.0 224.55 224.60 224.58 B
29H-1, 55–57 225.27 225.29 225.28 C M F T R C
29X-CC, 0.0–5.0 234.06 234.11 234.08 D M F F C R A T T
30H-3, 22–24 236.50 236.52 236.51 F M R T R F
30X-5, 60  238.69 238.69 A M C F R C T T
30X-8, 31–33 240.83 240.85 240.84 F G R T F F
30X-CC, 0.0–5.0 242.69 242.74 242.71 B
31X-1, 52–54 244.21 244.23 244.22 F M R F F
31H-3, 93–95 246.79 246.81 246.80 C M F T F R C
31X-CC, 0.0–5.0 254.08 254.13 254.10 D M C C R A R F
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io

ce
ne

N
N

18

32X-3, 70–72 255.96 255.98 255.97 F M R T F F
32X-5, 77 258.12 258.12 C M C F F F F C R T
32X-9, 11–14 260.92 260.94 260.93 T M T T
32X-CC, 2.5–7.5 264.15 264.20 264.17 T M T T
33X-3, 25.0  266.55 266.55 C M C T F F C R T

N
N

17

33X-5, 58–60 267.61 267.63 267.62 F M R T T R F
33X-7, 7–9 269.09 269.11 269.10 C M F R R T R R

II

33X-CC, 0.0–5.0 269.61 269.66 269.64 F M F T F T R F
34X-CC, 0.0–5.0 272.84 272.89 272.86 C M C R F F C R T

N
N

16

35X-1, 2.0 281.78 281.78 C M C R F R R T F F C R
35X-CC, 34.0–39.0 282.33 282.38 282.35 T P T
36X-1, 9 291.34 291.34 T P T
36X-CC, 13–14 291.62 291.63 291.63 T P T
36X-CC, 18.0–23.0 291.67 291.72 291.69 C P C F F R F F R R T
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Table T4 (continued).
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e C0004C.

, FCO = first consistent occurrence, LO = last occurrence, LCO = last consistent occurrence.

Top Bottom Mean
depth
(mbsf)Event

Core, section,
interval (cm)

Depth
(mbsf)

Core, section,
interval (cm)

Depth
(mbsf)

316-C0004C- 316-C0004C-
ribbeanica (>3.5 µm) - Emiliania huxleyi 1H-7, 11.0–13.0 5.77 1H-CC, 0.0–5.0 6.27 6.02 
i 2H-2, 6–10 7.77 2H-4, 6–10 9.08 8.42 
 lacunosa 2H-2, 6–10 7.77 2H-4, 6–10 9.08 8.42 
a asanoi 2H-CC, 0.0–5.0 16.46 3H-1, 59–64 16.43 16.44 
p. medium II (≥4.5–<5.5 µm) 3H-6, 59–63 20.42 3H-9, 56–59 23.06 21.74 

a asanoi 3H-CC, 0.0–5.0 25.60 4H-2, 60–63 27.28 26.44 
pp. large (≥5.5 µm) 4H-3, 70–74 28.71 4H-5, 51–55 29.86 29.29 
 spp. large (≥5.5 µm) 7H-CC, 0.0–5.0 63.79 8H-2, 114–116 65.73 64.76 
pp. large (≥5.5 µm) 8H-CC, 23.5–28.5 73.22 9H-1, 59–64 73.49 73.36 
weri 9H-5, 64–67 77.94 9H-6, 60–63 79.11 78.53 

radiatus 9H-5, 64–67 77.94 9H-6, 60–63 79.11 78.53 
lus 9H-5, 64–67 77.94 9H-6, 60–63 79.11 78.53 
lis 9H-5, 64–67 77.94 9H-6, 60–63 79.11 78.53 
Table T5. Nannofossil biostratigraphic events, Hol

X = crossover in abundance, RE = reentrance, FO = first occurrence

Epoch Zone
Age
(Ma)

Pl
ei

st
oc

en
e

NN21 0.063 X Gephyrocapsa ca
0.291 FO Emiliania huxley

NN19

0.436 LO Pseudoemiliania
0.900 LCO Reticulofenestr
1.040 RE Gephyrocapsa sp
1.078* FCO Reticulofenestr
1.240 LO Gephyrocapsa s
1.460 FCO Gephyrocapsa
1.560 FO Gephyrocapsa s

m
id

d
le

Pl
io

ce
ne

NN16

2.060 LO Discoaster brou

2.393 LO Discoaster penta
2.520 LO Discoaster surcu
2.870 LO Discoaster tama
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.

Top Bottom Mean
depth
(mbsf)

Core, section,
interval (cm)

Depth
(mbsf)

Core, section,
interval (cm)

Depth
(mbsf)

316-C0004D- 316-C0004D-
1R-1, 60.0–61.0 100.6 1R-2, 60.0–61.0 102.02 101.31 
1R-2, 60.0–61.0 102.02 1R-3, 60.0–61.0 103.42 102.72 
16R-1, 60–61 202.61 16R-CC, 20.5–25.5 203.51 203.06 

oumbilicus (>7 µm) 19R-CC, 0.0–5.0 227.00 20R-CC, 10.0–15.0 228.80 227.90 
us 22R-CC, 0.0–5.0 243.79 23R-1, 28–30 247.29 245.54 

24R-CC, 0.0–5.0 253.94 25R-1, 59–60 256.60 255.27 
     
25R-CC, 0.0–5.0 257.75 26R-1, 79–80 261.30 259.53 

us 25R-CC, 0.0–5.0 257.75 26R-1, 79–80 261.30 259.53 
25R-CC, 0.0–5.0 257.75 26R-1, 79–80 261.30 259.53 
25R-CC, 0.0–5.0 257.75 26R-1, 79–80 261.30 259.53 

oumbilicus (>7 µm) 26R-2, 48–49 262.40 26R-CC, 0.0–5.0 262.83 262.62 
26R-CC, 0.0–5.0 262.83 27R-1, 40–42 265.41 264.12 
27R-2, 6–7 266.48 27R-CC, 0.0–5.0 267.41 266.95 
32R-2, 51 289.51 33R-1, 20 292.59 291.05 
33R-CC, 0.0–5.0 296.06 37R-CC, 0.0–1.0 312.62  

(≥11 µm) 37R-CC, 0.0–1.0 312.62 38R-1, 12 314.64 313.63 
edium (>3.5 µm) 55R-CC, 16.0–21.0 394.76 56R-2, 64–66 397.67 396.22 
Table T6. Nannofossil biostratigraphic events, Hole C0004D

FO = first occurrence, LO = last occurrence.

Epoch Zone
Age
(Ma) Event

ea
rly

–m
id

d
le

Pl
io

ce
ne

NN16
2.52 LO Discoaster surculus
2.87 LO Discoaster tamalis
3.65 LO Sphenolithus spp.

NN15–NN14
3.79 LO Reticulofenestra pseud
4.13 FO Discoaster asymmetric

NN13 4.5 LO Amaurolithus primus
? Faulted zone

m
id

d
le

Pl
io

ce
ne

NN16

2.06 LO Discoaster brouweri
2.39 LO Discoaster pentaradiat
2.52 LO Discoaster surculus
2.87 LO Discoaster tamalis

NN15–NN14? 3.79 LO Reticulofenestra pseud

m
id

d
le

Pl
io

ce
ne

NN16
2.52 LO Discoaster surculus
2.87 LO Discoaster tamalis
3.65 LO Sphenolithus spp.

? Faulted zone

ea
rly

Pl
ei

st
oc

en
e.

NN19

1.60 LO Calcidiscus macintyrei 
1.67 FO Gephyrocapsa spp. m
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bundance, RE = reentrance, AE = acme end, FO = first occurrence, FCO = first consistent occurrence, LO = last occur-

Top Bottom Mean
depth
(mbsf)

Core, section,
interval (cm)

Depth
(mbsf)

Core, section,
interval (cm)

Depth
(mbsf)

316-C0008A- 316-C0008A-
.5 µm) - Emiliania huxleyi 1H-4, 6.0–8.0 1.91 1H-5, 6.0–8.0 2.88 2.40 

2H-3, 81–83 8.99 2H-4, 71–73 9.91 9.45 
2H-3, 81–83 8.99 2H-4, 71–73 9.91 9.45 
2H-7, 112–114 13.83 2H-CC, 4.0–9.0 17.01 15.42 

 (≥4.5–<5.5 µm) 3H-5, 97–99 20.37 3H-7, 12–14 22.20 21.29 
4H-8, 59–61 32.80 4H-9, 39–41 33.78 33.29 

5 µm) 5H-6, 95–97 40.33 5H-7, 58–60 41.19 40.76 
11H-8, 58–60 98.50 11H-CC, 0.0–5.0 100.54 99.52 

5.5 µm) 20H-1, 27.0 152.66 20H-CC, 0.0–5.0 158.41 155.54 
5 µm) 22H-CC, 5.0–10.0 177.46 23H-1, 61.0 178.34 177.9

) 23H-4, 17–18 181.84 23H-CC, 7.5–12.5 186.21 184.02 
>3.5 µm) 30X-8, 31–33 240.84 30X-CC, 0.0–5.0 242.71 241.78 

31X-CC, 0.0–5.0 254.10 32X-3, 70–72 255.97 255.04 
32X-3, 70–72 255.97 32X-5, 77.0 258.13 257.05 
33X-3, 25.0 266.56 33X-5, 58–60 267.62 267.09 
34X-CC, 0.0–5.0 272.86 35X-1, 2.0 281.78 277.32
36X-CC, 13–14 291.62 36X-CC, 18.0–23.0 291.67 291.64 
Table T7. Nannofossil biostratigraphic events, Hole C00

* = datum based on Atlantic or Mediterranean records. X = crossover in a
rence, LCO = last consistent occurrence.

Ep
oc

h

Zone
Age
(Ma) Event

Pl
ei

st
oc

en
e

NN21 0.063 X Gephyrocapsa caribbeanica (>3
0.291 FO Emiliania huxleyi

NN19

0.436 LO Pseudoemiliania lacunosa
0.900 LCO Reticulofenestra asanoi
1.040 RE Gephyrocapsa spp. medium II
1.078* FCO Reticulofenestra asanoi
1.240 LO Gephyrocapsa spp. large (≥5.
1.340 LO Helicosphaera sellii
1.460 FCO Gephyrocapsa spp. large (≥
1.560 FO Gephyrocapsa spp. large (≥5.
1.600 LO Calcidiscus macintyrei (>11 µm
1.670 FO Gephyrocapsa spp. medium (

Pl
io

ce
ne

NN18
2.060 LO Discoaster brouweri
2.135 AE Discoaster triradiatus

NN17 2.393 LO Discoaster pentaradiatus

NN16
2.520 LO Discoaster surculus

<3.65 LO Sphenolithus spp.
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