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Abstract
This report summarizes the results of X-ray diffraction analyses of
cuttings samples (1–4 mm diameter) from Integrated Ocean Drill-
ing Program Hole C0002N, which is located offshore southwest
Japan. The analyses included 73 specimens (<2 µm size fraction)
from the upper to middle levels of the Nankai accretionary prism.
The cuttings were collected over a depth interval of 1175 to 2305
meters below seafloor (mbsf). Smectite is generally the most abun-
dant clay mineral. Within lithologic Unit IV, percentages of smec-
tite in the bulk sediment average 25.5 wt% (standard deviation =
5.7), whereas values for illite and undifferentiated kaolinite +
chlorite average 19.5 and 11.9 wt%, respectively (standard devia-
tions = 2.3 and 1.9). Within lithologic Unit V, percentages of
smectite in the bulk sediment decrease to an average of 21.4 wt%
(standard deviation = 2.1); mean values of illite and kaolinite +
chlorite are 21.6 and 14.9 wt%, respectively (standard deviations
= 2.1 and 2.5). The expandability of illite/smectite averages 64%,
and values decrease downsection. The average proportion of illite
in illite/smectite mixed-layer clays is 35%, and values increase
downsection. The illite crystallinity index shifts at approximately
1495 mbsf; values above are consistent with detrital sources that
were exposed to advanced diagenesis and anchizone metamor-
phic conditions; values below are smaller (higher apparent crys-
tallinity) due to an analytical artifact.

Introduction
Scientific ocean drilling has sampled the Nankai Trough offshore
southwest Japan (Fig. F1) numerous times over the past four de-
cades (Karig, Ingle, et al., 1975; Kagami, Karig, Coulbourn, et al.,
1986; Shipboard Scientific Party, 1991; Shipboard Scientific Party,
2001; Moore et al., 2005). The Nankai Trough Seismogenic Zone
Experiment (NanTroSEIZE) is the latest of those efforts (Ashi et al.,
2009; Screaton et al., 2009; Tobin et al., 2009; Underwood et al.,
2010; Expedition 333 Scientists, 2012; Strasser et al., 2014a; see
the “Expedition 348 summary” chapter [Tobin et al., 2015a]).
Integrated Ocean Drilling Program (IODP) Site C0002 is located
on the NanTroSEIZE transect near the seaward edge of the Ku-
mano Basin (Fig. F1). Expedition 348 deepened the holes at Site
C0002 by riser drilling into the middle accretionary prism (Fig.
F2), reaching a record depth of 3058 meters below seafloor (mbsf)
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(see the “Expedition 348 summary” chapter [Tobin
et al., 2015a]). The common lithology in cuttings is
clayey siltstone (hemipelagic mudstone), with vari-
able percentages of medium silt to fine sand (turbid-
ites). A lithologic boundary occurs at 1665 mbsf in
Hole C0002N and is defined by a sharp reduction of
sandstone content (Fig. F3). During Expedition 338
(Strasser et al., 2014a), that same boundary in Hole
C0002F was placed at 1740 mbsf (Fig. F3).

This report summarizes the results of X-ray diffrac-
tion (XRD) analyses of 73 cuttings samples (1–4 mm)
extracted from Hole C0002N. Previous investigators
demonstrated that hemipelagic mud(stones)
throughout the Nankai region change in composi-
tion largely as function of depositional age (Cook et
al., 1975; Chamley, 1980; Chamley et al., 1986; Un-
derwood et al., 1993a, 1993b; Steurer and Under-
wood, 2003; Underwood and Steurer, 2003; Guo and
Underwood, 2012; Underwood and Guo, 2013). The
cuttings from Hole C0002N contain nannofossils
that are late Miocene (>5.59 Ma) in age (see the “Site
C0002” chapter [Tobin et al., 2015b]). As a rule, mud
deposited near Nankai Trough during the Miocene
was enriched in expandable clay (smectite group),
whereas proportions of detrital illite and chlorite in-
creased steadily during the Pliocene and Quaternary.
The primary objective of this report is to show
whether or not samples from Hole C0002N conform
to that temporal trend. Another fundamental goal of
NanTroSEIZE is to document the diagenetic and hy-
dration states of clay minerals (especially the smec-
tite group) within accreted and subducting Nankai
strata (i.e., subduction inputs). That task is import-
ant because of the clay’s likely influence on fluid
production within the accretionary prism and along
the landward-dipping plate interface (e.g., Saffer et
al., 2008). This report also includes characterization
of clay mineral diagenesis over the depth range of
Hole C0002N.

The drilling technology during Expedition 338 ob-
scured the stratigraphic details of Hole C0002F by
placing a 12¼ inch drill bit at the base of the bottom
hole assembly and a 20 inch reamer bit above the
logging tools. That configuration of two cutting
tools resulted in thorough mixing of cuttings over a
vertical interval of at least 43.8 m (Strasser et al.,
2014a). Hole C0002N was drilled without the reamer
bit, so the vertical extent of mixing was reduced con-
siderably. A third objective of this report is to assess
how those differences in mixing might have affected
compositional data, through a direct comparison
among data from equivalent depths in Holes C0002F
and C0002N.

Methods
Sample preparation

All of the samples analyzed in this study were se-
lected from cuttings measuring 1–4 mm in effective
diameter (concentrated shipboard by wet sieving).
Each extracted interval of cuttings included a com-
panion specimen for shipboard bulk-powder XRD;
those scans provided estimates of the relative abun-
dance of total clay minerals, quartz, feldspar, and
calcite (Strasser et al., 2014b; see the “Site C0002”
chapter [Tobin et al., 2015b]). Isolation of the clay-
size fraction for XRD analyses started with air drying
and gentle hand-crushing of the mudstone with
mortar and pestle, after which specimens were im-
mersed in 3% H2O2 for at least 24 h to digest organic
matter. After adding ~250 mL of Na-hexametaphos-
phate solution (concentration of 4 g/1000 mL dis-
tilled H2O), the beakers were inserted into an ultra-
sonic bath for several minutes to promote
disaggregation and deflocculation. After visual con-
firmation of disaggregation, samples were washed by
two passes through a centrifuge (8200 revolutions
per minute [rpm] for 25 min; ~6000 g) with resus-
pension in distilled-deionized water after each pass.
The suspended sediment was then transferred to a 60
mL plastic bottle and resuspended by vigorous shak-
ing and a 2 min application of an ultrasonic cell
probe. The clay-size splits (<2 µm equivalent settling
diameter) were separated by centrifugation (1000
rpm for 2.4 min; ~320 g). Preparation of oriented
clay aggregates followed the filter-peel method
(Moore and Reynolds, 1989a) using 0.45 µm filter
membranes. To saturate expandable clay minerals
with ethylene glycol, slides were transferred to a
closed vapor chamber and heated to 60°C for at least
24 h prior to XRD analysis.

X-ray diffraction
Expedition 348 cuttings samples were analyzed at
the New Mexico Bureau of Geology and Mineral Re-
sources using a Panalytical X’Pert Pro diffractometer
with Cu anode. Scans of oriented clay aggregates
were run at generator settings of 45 kV and 40 mA.
The continuous scans cover an angular range of 3° to
26.5°2θ, with scan step time of 1.6 s, step size of
0.01°2θ, and the sample holder spinning. Slits are 1.0
mm (divergence) and 0.1 mm (receiving). MacDiff
software (version 4.2.5) was used to establish a base-
line of intensity, smooth counts, correct peak posi-
tions offset by misalignment of the detector (using
the quartz (100) peak at 20.95°2θ; d-value = 4.24 Å),
and calculate integrated peak areas (total counts).
Proc. IODP | Volume 348 2
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This program also calculates peak width at half
height. A glitch in this procedure was created by a
move of the X-ray diffractometer to a new building
at New Mexico Tech; technicians from Panalytical
mistakenly installed a 15 mm mask rather than the
20 mm mask that had been used previously. That
switch reduced the area of the X-ray beam, which re-
sulted in lower peak intensities and smaller dimen-
sions of peak width at half height. The switch oc-
curred after scanning cuttings samples 65 through
134 and before scanning samples 138 through 323.

Calculations of mineral abundance
The most accurate analytical methods for XRD anal-
yses require calibration with internal standards, use
of single-line reference intensity ratios, and some
fairly elaborate sample preparation steps to create
ideal random particle orientations (e.g., Srodon et
al., 2001; Omotoso et al., 2006). Given the unusually
large number of samples to analyze throughout the
NanTroSEIZE project, our strategy has been to obtain
reliable semiquantitative accuracy with optimal effi-
ciency. To accomplish that for the clay-size fraction,
we recorded the integrated areas of a broad smectite
(001) peak centered at ~5.3°2θ (d-value = 16.5 Å), the
illite (001) peak at ~8.9°2θ (d-value = 9.9 Å), the com-
posite peak of chlorite (002) + kaolinite (001) at
12.5°2θ (d-value = 7.06 Å), and the quartz (100) peak
at 20.85°2θ (d-value = 4.26 Å).

Underwood et al. (2003) describe how mineral stan-
dards are analyzed to calculate a matrix of singular
value decomposition (SVD) normalization factors
(Table T1). The mixtures for those standards consist
of smectite + illite + chlorite + quartz. The average er-
rors (measured weight percent versus computed
weight percent) are 3.9% for smectite, 1.0% for illite,
1.9% for chlorite, and 1.6% for quartz. The chlorite
(002) and kaolinite (001) peaks overlap almost com-
pletely. A refined version of the Biscaye (1964)
method (see Guo and Underwood, 2011) allows sep-
aration between the kaolinite (002) and chlorite
(004) peaks. The average error of accuracy for the
chlorite/kaolinite ratio is 2.6%, and that ratio was
used to compute individual mineral percentages
from the undifferentiated weight percent of chlorite
(002) + kaolinite (001). To calculate the abundance
of individual clay minerals as weight percent in the
bulk mudstone, we multiply each relative percentage
value among the clay minerals (where smectite + il-
lite + chlorite + kaolinite = 100%) by the percentage
of total clay minerals within the bulk powder (where
total clay minerals + quartz + feldspar + calcite =
100%), as determined by shipboard XRD analyses of
collocated specimens (Strasser et al., 2014b; see the
“Site C0002” chapter [Tobin et al., 2015b]). To facili-

tate direct comparisons with other published data
sets from the region, this report also includes the
weighted peak area percentages for smectite, illite,
and undifferentiated chlorite + kaolinite as com-
puted by Biscaye (1965) weighting factors [1× smec-
tite (001), 4× illite (001), and 2× chlorite (002) + kao-
linite (001)]. Errors of accuracy using that method
are usually substantially greater (±10% or more) than
errors using SVD normalization factors (Underwood
et al., 2003).

For documentation of clay diagenesis, the saddle/
peak method of Rettke (1981) was used to calculate
percent expandability of smectite and illite/smectite
(I/S) mixed-layer clay. This method is sensitive to the
proportions of discrete illite (I) versus I/S mixed-layer
clay; the curve for 1:1 mixtures of I and I/S provides
the best match for the range of Nankai specimens. A
complementary measure of the proportion of illite in
the I/S mixed-layer phase is based on the 2θ angle of
the (002/003) peak (following Moore and Reynolds,
1989b). We use the quartz (100) peak to correct peak
position for misalignment of the detector and/or
sample holder. The I/S (002/003) peak tends to be
broad and low in intensity, so the center of the peak
needs to be picked manually. Values of illite crystal-
linity (Kübler) index are reported here as peak width
at half height (Δ°2θ) for the (001) reflection.

Results
Table T2 shows the peak-area values (total counts)
for common minerals in the clay-size fraction, sepa-
rated by lithologic unit. Table T2 also includes the
weight percent values of mineral abundance calcu-
lated via SVD normalization factors and the
weighted peak-area percentages using Biscaye (1965)
factors. Relative abundances of clay-size smectite
within lithologic Unit IV range from 53 to 28 wt%
(Fig. F4), with a mean value (µ) of 41.7 wt% and a
standard deviation (σ) of 7.1. Values for illite in the
clay-size fraction range from 39 to 27 wt% (µ = 32.3;
σ = 3.2). Percentages of undifferentiated kaolinite +
chlorite in Unit IV range from 24 to 15 wt% (µ =
19.6; σ = 2.6); in all cases, chlorite is the dominant
mineral over kaolinite. Percentages of clay-size
quartz average 3.9 wt% (σ = 4.2). Within Unit V, the
values for clay-size smectite range from 42 to 27 wt%
(µ = 33.5; σ = 3.7). Abundances of illite range from
45 to 27 wt% (µ = 33.8; σ = 4.0), whereas the content
of kaolinite + chlorite ranges from 27 to 17 wt% (µ =
23.2; σ = 2.9). The average percentage of clay-size
quartz is 6.1 wt% (σ = 3.1). Comparable values from
Hole C0002F (Underwood and Song, 2016) show no
systematic offsets or changes in scatter relative to the
results from C0002N (Fig. F4).
Proc. IODP | Volume 348 3
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Figure F5 illustrates how relative mineral abun-
dances change within the bulk sediment as a func-
tion of depth. Within Unit IV, bulk-sediment smec-
tite ranges from 35 to 11 wt% (µ = 25.5, σ = 5.7).
Most of those percentages are significantly lower
than what Underwood and Guo (2013) documented
at Sites C0011 and C0012 in the Shikoku Basin (i.e.,
the Nankai subduction inputs) (Fig. F1), where co-
eval (5 to 6 Ma) Miocene strata contain averages of
30 to 33 wt% smectite. Illite in the bulk sediment of
Unit IV ranges from 25 to 15 wt% (µ = 19.5, σ = 2.3),
and the amount of kaolinite + chlorite ranges from
16 to 8 wt% (µ = 11.9, σ = 1.9). Within lithologic
Unit V, the abundance of bulk-sediment smectite is
reduced more, ranging from 27 to 17 wt% (µ = 21.4,
σ = 2.1). Illite in the bulk sediment ranges from 27 to
15 wt% (µ = 21.6; σ = 2.1), and kaolinite + chlorite
ranges from 20 to 10 wt% (µ = 14.9; σ = 2.5). As with
the clay-size fraction, parallel plots of the bulk-sedi-
ment values from Hole C0002F (Underwood and
Song, 2016) show no systematic offsets or changes in
scatter relative to results from similar depths in
C0002N (Fig. F5). Thus, it appears as though compo-
sitional data for Site C0002 have not been affected
by the expanded and contracted vertical intervals
over which cuttings were mixed within the respec-
tive boreholes.

Indicators of clay diagenesis are tabulated in Table
T3 and plotted as a function of depth in Figure F6.
Values of the illite crystallinity (Kübler) index range
from 0.62 to 0.25Δ°2θ; the average value is 0.36Δ°2θ.
As a frame of reference, the boundary between ad-
vanced diagenesis and anchizone metamorphism is
set at 0.52Δ°2θ, and the achizone-epizone boundary
(incipient greenschist facies) is 0.32Δ°2θ (Warr and
Mählmann, 2015). A pronounced shift toward an ap-
parent enhancement of clay crystallinity (narrower
peak width) in Hole C0002N is found at about 1495
mbsf, and a mismatch occurs below that depth be-
tween values from C0002F and C0002N (Fig. F6).
That shift, however, is probably an artifact of having
different masks installed on the diffractometer, as de-
scribed in “Methods”. The expandability of illite/
smectite mixed-layer clays ranges from 89 to 59%.
The average value is 64% (σ = 2.1), and expandability
decreases with increasing depth (Fig. F6). The pro-
portion of illite in illite/smectite mixed-layer clays
ranges from 16 to 53%, with an average value of 35%
(σ = 7.9). Those values are scattered, but the propor-
tion of illite in I/S increases as depth increases (Fig.
F6).
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M.B. Underwood Data report: clay mineral assemblages in cuttings
Figure F1. Map of the Nankai Trough and Kumano Basin study area (NanTroSEIZE transect) showing locations
of IODP drill sites C0002, C0011, and C0012. The composition of sediment at Site C0002 is compared to coeval
(late Miocene) deposits at Sites C0011 and C0012.
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M.B. Underwood Data report: clay mineral assemblages in cuttings
Figure F2. Seismic in-line section crossing the Kumano Basin showing location of Site C0002 and lithologic
units defined by shipboard analyses of cores and cuttings (see the “Expedition 348 summary” chapter [Tobin
et al., 2015a]). LWD = logging while drilling, VE = vertical exaggeration.
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M.B. Underwood Data report: clay mineral assemblages in cuttings
Figure F3. Correlation of lithologic units and unit boundaries from Holes C0002F and C0002N. Stratigraphic
summary is from “Expedition 348 summary” chapter [Tobin et al., 2015a]).
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M.B. Underwood Data report: clay mineral assemblages in cuttings
Figure F4. Calculated abundances (wt%) of smectite, illite, chlorite, kaolinite, and quartz within the clay-size
fraction of cuttings (1–4 mm diameter) from Hole C0002F (open symbols; data from Underwood and Song,
2016) and Hole C0002N (solid symbols; this report). Stratigraphic summary is from the “Expedition 348
summary” chapter (Tobin et al., 2015a).

Relative mineral abundance in clay-size fraction (wt%)

20 60

Hole C0002N
Sandstone/

mudstone (%)

Cement contamination
Sandstone
Silty claystone

100

2200

2000

1800

1600

1400

1200

1000

D
ep

th
 (m

bs
f)

20 40 60
Smectite

20 40 60
Illite

20 40
Chlorite

10 30 10 30
Kaolinite Quartz

Unit IV

Unit V
Proc. IODP | Volume 348 10

..101/101_.htm


M.B. Underwood Data report: clay mineral assemblages in cuttings
Figure F5. Calculated abundances (wt%) of total clay minerals, smectite, illite, and undifferentiated chlorite +
kaolinite within bulk sediment cuttings (1–4 mm) from Hole C0002F (open symbols; data from Underwood
and Song, 2016) and Hole C0002N (solid symbols; this report). Values for total clay minerals are from shipboard
measurements (Strasser et al., 2014b; see the “Site C0002” chapter [Tobin et al., 2015b]). Stratigraphic
summary is from the “Expedition 348 summary” chapter (Tobin et al., 2015a).
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M.B. Underwood Data report: clay mineral assemblages in cuttings
Figure F6. llite/smectite (I/S) expandability, illite abundance in I/S mixed-layer clay, and illite crystallinity
index within the clay-size fraction of cuttings (1–4 mm) from Hole C0002F (open symbols; data from Un-
derwood and Song, 2016) and Hole C0002N (solid symbols; this report). Dashed trend lines are qualitative.
Boundaries for anchizone and epizone metamorphism are from Warr and Mählmann (2015).
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M.B. Underwood Data report: clay mineral assemblages in cuttings
Table T1. Matrix of normalization factors derived from singular value decomposition and analysis of standard
mineral mixtures, used to calculate relative mineral abundances in clay-size aggregates, Hole C0002N.

Table T2. Results of X-ray diffraction analyses (<2 µm size fraction) for cuttings samples (1–4 mm), Hole
C0002N. (Continued on next page.)
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Chlorite –3.5636057E–04 –6.7378140E–05 2.5121504E–03 5.2290707E–05
Quartz 9.3573136E–03 3.6491468E–03 3.2755411E–03 1.4825645E–02

C
ut

tin
g

s 
in

te
rv

al

D
ep

th
 (

m
bs

f)

Integrated peak area (total counts)

Relative abundance in clay-size fraction

Relative abundance in bulk 
sediment (wt%)SVD normalization factors (wt%)

Biscaye factors 
(%)†

Sm
ec

tit
e 

(0
01

)

Ill
ite

 (
00

1)

C
om

p
os

ite
 k

ao
lin

ite
 (

00
1)

 +
 c

hl
or

ite
 (

00
2)

Q
ua

rt
z 

(1
00

)

C
om

p
os

ite
 k

ao
lin

ite
 (

00
2)

 +
 c

hl
or

ite
 (

00
4)

H
al

f p
ea

k 
ch

lo
rit

e 
(0

04
)

Sm
ec

tit
e

Ill
ite

K
ao

lin
ite

 +
 C

hl
or

ite

K
ao

lin
ite

*

C
hl

or
ite

*

Q
ua

rt
z

Sm
ec

tit
e

Ill
ite

C
hl

or
ite

 +
 k

ao
lin

ite

To
ta

l c
la

y 
m

in
er

al
s

Sm
ec

tit
e

Ill
ite

C
hl

or
ite

 +
 k

ao
lin

ite

348-C0002N-
Unit IV

65 1175.5 25,593 4,225 4,278 419 2,917 1,669 42.1 31.8 20.4 0.0 20.4 5.7 50 33 17 64.6 28.8 21.8 14.0
69 1195.5 24,344 4,405 3,556 264 2,497 775 43.2 36.6 18.4 9.1 9.3 1.8 50 36 14 56.9 25.0 21.2 10.6
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173 1655.5 6,441 2,189 1,844 375 1,225 413 28.2 33.8 20.2 8.7 11.5 17.8 34 46 20 31.9 11.0 13.1 7.8

Mean: 41.7 32.3 19.6 3.9 15.7 6.5 56.9 25.5 19.5 11.9
Standard deviation: 7.1 3.2 2.6 4.2 3.1 4.0 6.8 5.7 2.3 1.9

Unit V
177 1677.5 12,393 2,127 2,229 218 1,800 785 40.6 31.8 21.3 3.8 17.5 6.3 49 34 18 45.0 19.5 15.3 10.2
184 1695.5 8,519 2,218 1,847 217 1,246 455 33.0 37.0 20.6 7.5 13.1 9.4 40 42 18 54.6 19.9 22.3 12.4
188 1515.5 8,280 1,634 1,984 267 1,606 853 34.8 29.2 23.2 0.0 23.2 12.8 44 35 21 56.3 22.5 18.9 15.0
192 1735.5 10,579 2,709 2,483 235 1,856 903 32.6 37.0 22.5 0.9 21.6 7.9 40 41 19 56.1 19.9 22.5 13.7
197 1755.5 14,008 3,260 2,428 168 1,843 740 37.4 40.7 19.3 5.2 14.1 2.7 44 41 15 54.4 20.9 22.7 10.8
201 1775.5 13,043 2,943 2,333 207 1,652 575 37.1 38.2 19.6 7.9 11.7 5.0 44 40 16 56.6 22.1 22.8 11.7
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* = proportions of kaolinite and chlorite use ratio from Guo and Underwood (2011) method and SVD results for undifferentiated chlorite (002) +
kaolinite (001). † = Biscaye (1965) weighting factors are 1× smectite (001), 4× illite (001), and 2× undifferentiated chlorite (002) + kaolinite
(001). SVD = singular value decomposition.

205 1795.5 14,090 2,842 2,744 288 1,913 797 37.4 33.7 21.2 4.9 16.3 7.7 46 37 18 58.0 23.5 21.2 13.3
209 1815.5 11,236 2,426 2,604 248 2,015 839 34.8 33.5 23.5 5.4 18.1 8.2 43 37 20 58.3 22.1 21.3 14.9
213 1835.5 10,688 2,265 2,254 294 1,837 729 35.5 32.4 21.3 6.0 15.3 10.8 44 37 19 56.1 22.4 20.4 13.4
218 1855.5 9,895 1,992 2,622 257 2,187 712 33.9 30.2 25.9 11.9 14.0 10.0 43 34 23 60.5 22.8 20.3 17.4
222 1875.5 7,778 1,878 2,316 281 1,756 868 30.8 30.9 25.2 0.4 24.8 13.1 39 38 23 57.1 20.2 20.3 16.6
226 1895.5 9,210 2,247 2,648 236 2,035 863 31.1 33.5 26.1 5.5 20.6 9.3 39 38 23 57.5 19.7 21.2 16.5
230 1915.5 9,446 2,694 3,029 213 2,152 1038 28.4 36.7 27.4 1.4 26.0 7.5 36 41 23 55.0 16.9 21.8 16.3
234 1935.5 8,553 2,332 2,670 209 1,964 734 29.2 35.5 26.9 9.2 17.8 8.4 37 40 23 57.0 18.2 22.1 16.8
239 1955.5 3,874 746 774 107 691 273 37.1 30.8 20.9 6.0 14.9 11.2 46 35 18 63.9 26.7 22.2 15.1
243 1975.5 11,682 2,917 2,748 340 1,901 590 32.7 34.6 21.8 10.8 11.0 10.9 40 40 19 63.5 23.3 24.7 15.5
250 1995.5 14,670 2,805 2,975 246 1,993 689 38.0 33.4 22.9 9.4 13.5 5.7 46 35 19 62.1 25.0 22.0 15.0
252 2005.5 14,405 2,715 2,900 340 2,053 872 37.6 31.3 21.7 4.5 17.2 9.4 46 35 19 59.5 24.7 20.6 14.3
259 2015.5 10,641 1,909 1,575 184 1,083 429 41.9 34.0 17.9 5.1 12.8 6.2 50 36 15 60.3 27.0 21.8 11.5
261 2025.5 13,711 2,728 2,350 217 1,245 525 39.3 35.8 19.8 4.3 15.5 5.1 47 37 16 57.0 23.6 21.5 11.9
264 2035.5 13,893 3,180 2,221 206 1,384 498 38.0 39.7 17.8 6.7 11.1 4.5 45 41 14 56.2 22.4 23.4 10.5
266 2045.5 11,813 2,579 1,720 185 913 470 39.4 38.9 16.6 0.0 16.6 5.0 46 40 13 59.2 24.6 24.3 10.4
268 2055.5 13,685 3,492 2,261 162 1,267 409 36.3 43.2 17.9 8.3 9.6 2.6 43 43 14 58.3 21.7 25.9 10.7
270 2065.5 9,229 2,181 2,436 368 1,730 839 32.0 30.5 22.8 1.0 21.8 14.7 40 38 21 60.7 22.8 21.7 16.2
272 2075.5 13,630 3,047 2,821 367 2,029 872 35.1 33.7 20.7 4.0 16.7 10.5 43 39 18 58.9 23.1 22.2 13.6
274 2085.5 7,393 1,706 2,120 303 1,494 500 31.5 29.4 24.2 10.6 13.6 14.9 40 37 23 62.1 23.0 21.5 17.6
276 2095.5 8,656 2,112 2,812 385 1,796 712 29.9 29.1 25.6 7.2 18.3 15.5 38 37 25 62.8 22.2 21.6 19.0
278 2105.5 11,431 2,301 2,885 266 2,282 988 34.6 31.2 25.5 4.7 20.7 8.8 43 35 22 54.8 20.8 18.7 15.3
281 2115.5 6,459 1,504 1,672 185 1,299 506 32.6 32.6 24.0 7.2 16.8 10.8 41 38 21 56.6 20.7 20.7 15.2
283 2125.5 6679 1,749 2,209 386 1,663 605 29.3 28.4 23.9 8.7 15.1 18.5 37 39 24 54.0 19.4 18.8 15.8
285 2135.5 10,812 2,167 2,948 235 2,231 966 33.8 30.9 27.3 5.1 22.2 8.0 43 34 23 59.5 21.9 20.0 17.7
287 2145.5 12,433 2,708 2,967 241 2,081 778 34.5 34.2 24.5 8.3 16.1 6.8 43 37 20 58.2 21.6 21.4 15.3
289 2155.5 17,104 5,101 3,449 224 2,357 1052 32.2 44.8 19.8 3.0 16.8 3.3 39 46 16 58.0 19.3 26.8 11.8
291 2165.5 10,893 2,391 3,123 271 2,143 873 32.2 31.6 27.0 6.9 20.1 9.2 41 36 23 61.8 21.9 21.5 18.4
296 2175.5 10,657 2,180 2,848 277 2,044 803 33.7 30.5 26.0 7.6 18.4 9.9 43 35 23 52.4 19.6 17.7 15.1
298 2185.5 10,968 2,813 2,742 236 1,908 727 32.0 36.7 23.7 7.6 16.0 7.5 40 41 20 60.4 20.9 24.0 15.5
300 2195.5 15,574 3,853 3,313 190 2,194 776 34.5 40.3 22.4 8.8 13.7 2.8 41 41 18 58.8 20.8 24.4 13.6
302 2205.5 9,126 1,821 2,170 282 1,557 581 34.8 29.7 23.2 7.9 15.3 12.2 44 35 21 58.2 23.1 19.7 15.4
304 2215.5 12,602 2,665 2,715 211 1,745 483 36.1 35.1 23.2 13.3 10.0 5.5 44 37 19 54.1 20.7 20.1 13.3
306 2225.5 5,505 1,490 1,872 331 1,267 535 28.8 28.5 23.9 5.1 18.8 18.8 36 39 25 56.6 20.1 19.8 16.7
308 2235.5 9,243 2,157 2,738 232 1,939 742 31.3 32.5 27.1 8.6 18.5 9.1 40 37 23 56.9 19.6 20.3 17.0
310 2245.5 8,122 2,035 2,074 165 1,442 815 32.1 36.4 24.5 0.0 24.5 7.0 40 40 20 53.9 18.6 21.1 14.2
312 2255.5 11,483 3,444 2,832 275 1,798 695 30.3 39.6 21.8 6.7 15.1 8.3 37 45 18 59.0 19.5 25.5 14.0
314 2265.5 7,825 2,279 2,238 256 1,613 609 29.4 35.6 23.6 7.8 15.7 11.5 37 43 21 57.0 18.9 22.9 15.2
316 2275.5 6,553 1,860 2,444 285 1,761 696 27.4 31.1 27.2 7.8 19.4 14.3 35 39 26 60.2 19.3 21.8 19.1
318 2285.5 5,409 1,502 2,285 360 1,664 656 26.9 26.9 26.8 7.7 19.1 19.3 34 38 29 61.4 20.5 20.5 20.4
321 2295.5 6,144 1,528 1,992 234 1,586 644 29.7 30.5 26.3 6.8 19.5 13.5 38 38 25 57.8 19.9 20.4 17.6
323 2305.5 7,100 2,148 2,650 322 1,812 807 26.9 32.0 26.5 4.0 22.4 14.6 34 41 25 62.9 19.8 23.6 19.5

Mean: 33.5 33.8 23.2 6.1 17.1 9.5 57.9 21.4 21.6 14.9
Standard deviation: 3.7 4.0 2.9 3.1 3.9 4.2 3.3 2.1 2.1 2.5
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Table T2 (continued).
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M.B. Underwood Data report: clay mineral assemblages in cuttings
Table T3. Illite/smectite expandability values, illite abundance in illite/smectite (I/S) mixed-layer clay, and
illite crystallinity index (<2 µm size fraction) for cuttings samples (1–4 mm), Hole C0002N. (Continued on
next page.)

Cuttings 
interval (N)

Depth
(mbsf)

Smectite (001) 
saddle (cps)

Smectite (001) 
peak (cps)

Saddle: 
peak ratio

Expandability
(%)

Illite (002) + 
smectite (003) 

(°2θ)
Illite in I/S 

(%)
Illite crystallinity 

index (Δ°2θ)

348-C0002N-
Unit IV

65 1175.5 208 317 0.66 64 16.10 37 0.53
69 1195.5 210 311 0.68 63 16.15 41 0.47
73 1215.5 213 333 0.64 65 16.17 42 0.57
83 1235.5 184 275 0.67 64 15.98 28 0.39
87 1255.5 172 299 0.58 67 16.09 36 0.48
91 1275.5 210 353 0.59 67 16.13 39 0.48
95 1295.5 182 297 0.61 66 16.29 49 0.43
99 1315.5 179 276 0.65 64 16.03 32 0.56

105 1335.5 166 251 0.66 64 15.95 25 0.44
109 1355.5 169 253 0.67 64 16.15 41 0.46
113 1375.5 176 299 0.59 67 16.18 43 0.62
117 1395.5 203 368 0.55 69 16.03 32 0.47
121 1415.5 262 449 0.58 67 15.93 24 0.48
125 1425.5 208 351 0.59 67 15.97 27 0.43
130 1455.5 271 441 0.61 66 15.95 25 0.54
134 1475.5 278 452 0.62 66 15.85 16 0.51
138 1495.5 114 173 0.66 64 16.11 38 0.35
142 1515.5 104 154 0.68 63 16.01 30 0.29
148 1535.5 72 112 0.64 65 16.09 36 0.26
152 1555.5 100 159 0.63 65 16.06 34 0.29
156 1575.5 72 114 0.63 65 15.82 13 0.27
160 1595.5 86 122 0.70 62 16.08 36 0.34
164 1615.5 94 131 0.72 62 — 0.32
169 1635.5 93 163 0.57 68 16.23 46 0.30
173 1655.5 67 100 0.67 64 16.03 32 0.34

Unit V
177 1677.5 99 156 0.63 65 — 0.31
184 1695.5 84 120 0.70 62 16.13 39 0.30
188 1515.5 60 98 0.61 66 16.04 33 0.27
192 1735.5 99 143 0.69 63 16.09 36 0.33
197 1755.5 122 191 0.64 65 16.11 38 0.34
201 1775.5 118 171 0.69 63 16.12 39 0.38
205 1795.5 116 189 0.61 66 15.96 26 0.31
209 1815.5 99 154 0.64 65 16.06 34 0.27
213 1835.5 101 151 0.67 64 16.08 36 0.35
218 1855.5 83 126 0.66 64 16.18 43 0.26
222 1875.5 75 112 0.67 64 16.09 36 0.29
226 1895.5 89 134 0.66 64 16.24 46 0.36
230 1915.5 106 144 0.74 61 16.17 42 0.29
234 1935.5 82 116 0.71 62 16.26 47 0.43
239 1955.5 23 45 0.51 70 16.18 43 0.25
243 1975.5 108 158 0.68 63 — 0.33
250 1995.5 118 179 0.66 64 16.23 46 0.28
252 2005.5 111 172 0.65 65 16.17 42 0.33
259 2015.5 87 144 0.60 66 16.37 53 0.30
261 2025.5 111 177 0.63 65 — 0.29
264 2035.5 112 176 0.64 65 16.06 34 0.35
266 2045.5 87 151 0.58 67 16.18 43 0.30
268 2055.5 120 183 0.66 64 16.17 42 0.35
270 2065.5 76 117 0.65 64 15.95 25 0.30
272 2075.5 111 174 0.64 65 16.07 35 0.28
274 2085.5 73 106 0.69 63 16.09 36 0.29
276 2095.5 84 119 0.71 62 16.10 37 0.28
278 2105.5 99 152 0.65 64 15.96 26 0.27
281 2115.5 32 63 0.51 71 16.04 33 0.31
283 2125.5 66 91 0.73 61 16.14 40 0.23
285 2135.5 95 140 0.68 63 16.07 35 0.31
287 2145.5 118 180 0.66 64 15.97 27 0.38
289 2155.5 157 224 0.70 62 16.19 43 0.42
291 2165.5 103 159 0.65 64 15.89 20 0.30
296 2175.5 97 140 0.69 63 16.14 40 0.31
298 2185.5 106 158 0.67 64 15.98 28 0.34
300 2195.5 129 210 0.61 66 16.00 30 0.44
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cps = counts per step, — = peak intensity too low to resolve position of center.

302 2205.5 75 126 0.60 67 15.96 26 0.34
304 2215.5 95 153 0.62 66 15.96 26 0.36
306 2225.5 65 94 0.69 63 16.08 36 0.30
308 2235.5 99 147 0.67 63 16.03 32 0.29
310 2245.5 69 108 0.64 65 16.01 30 0.39
312 2255.5 137 183 0.75 60 16.16 41 0.41
314 2265.5 103 141 0.73 61 15.92 23 0.35
316 2275.5 83 119 0.70 62 16.21 45 0.34
318 2285.5 66 93 0.71 62 16.05 34 0.29
321 2295.5 64 93 0.69 63 16.05 34 0.30
323 2305.5 89 122 0.73 61 16.08 36 0.30

Mean: 64.3835616438 35.0 0.36
Standard deviation: 2.0991409419 7.9 0.09

Cuttings 
interval (N)

Depth
(mbsf)

Smectite (001) 
saddle (cps)

Smectite (001) 
peak (cps)

Saddle: 
peak ratio

Expandability
(%)

Illite (002) + 
smectite (003) 

(°2θ)
Illite in I/S 

(%)
Illite crystallinity 

index (Δ°2θ)

Table T3 (continued).
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