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Abstract

We report particle size analyses measured from 28 unconsolidated
sand samples recovered during Integrated Ocean Drilling Program
Expedition 337 from Hole CO0020A. These samples span from
1277 to 2002 meters below seafloor (mbsf) across two lithostrati-
graphic units that record a transition from a nearshore estuarine/
intertidal to an offshore hemipelagic paleoenvironment. Most re-
covered lithologies, including coarse-grained lithologies, are semi-
consolidated to consolidated; however, some intervals of sand are
unconsolidated and suitable for particle size analysis. Bulk sand
samples were measured using a laser diffraction particle size ana-
lyzer. All samples fall within the range of sand to silty sand, with
silty sand more abundant deeper than 1925 mbsf. Samples con-
tain 49%-97% sand, 3%-42% silt, and 0%-13% clay. Median
grain diameter ranges from 55 to 405 pm. Clay and silt content in
these sands reach a minimum at ~1500 mbsf and then increase
below 1925 mbsf in a coal-bearing unit containing shale, silt-
stone, sandstone, and unconsolidated sand.

Introduction

Integrated Ocean Drilling Program Expedition 337 explored the
microbiology and hydrocarbon system associated with subsea-
floor coal beds in the Hidaka Trough offshore the Shimokita Pen-
insula, Japan (see the “Expedition 337 summary” chapter [Expe-
dition 337 Scientists, 2013a]) (Inagaki et al., 2015, 2016). Hole
CO020A (41°10.5983'N, 142°12.0328'E; 1180 m water depth) was
drilled to 2466 meters below seafloor (mbsf) as an extension of Ja-
pan Agency for Marine-Earth Science and Technology JAMSTEC)
Site C9001, which was originally drilled to 647 mbsf (Aoike,
2007). Spot coring began at 1276.5 mbsf at an interval of approxi-
mately one core every 100 m, and near-continuous coring oc-
curred between 1919.0 and 2002.4 mbsf across the coal-bearing
target. Cuttings were collected over the entire hole at 10 m inter-
vals but were not used in this study.

The recovered sediment sequence revealed a transition from off-
shore marine to nearshore/terrestrial environments that was de-
scribed in four lithostratigraphic units (Figure F1) (see the “Site
C0020” chapter [Expedition 337 Scientists, 2013b]) that span the
late Oligocene to early Pleistocene (Phillips et al., 2016). Unit I
(647-1256.5 mbsf; no core recovery) is composed of a hemi-
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pelagic, diatom-bearing silty clay, representing a
continental slope environment. Unit II (1256.5-
1826.5 mbsf; 7% core recovery) is composed of pri-
marily silty shale with common intervals of siltstone
and sandstone/unconsolidated sands. Unit II con-
tains an increasing frequency with depth of coarse-
grained sediments, terrestrial plant debris, biotur-
bation, and cross-lamination, along with a decrease
in diatom abundance, suggesting a continental shelf
to intertidal environment. Cruziana ichnofacies were
observed in Unit II. Well logging results indicate a
massive 60-70 m thick sandstone in Unit II and
three coal layers (0.3-0.6 m thick) that were not sam-
pled by coring. Unit III (1826.5-2046.5 mbsf; 35%
recovery) contains multiple coal beds with intervals
of sandstone/sand, siltstone, and shale. Flaser bed-
ding, cross bedding, and authigenic carbonate nod-
ules are present in Unit III. Sharp increases in mag-
netic susceptibility driven by authigenic magnetite
precipitation are present in Unit III (Phillips et al.,
2017). Unit III represents a nearshore environment
with coals derived from brackish wetlands at the top
of Unit III and freshwater wetlands at the base of
Unit II (Gross et al., 2015). Unit IV (2046.5-2466
mbsf; 8% core recovery) consists of shale, sandstone,
and siltstone, representing a tidal flat to fluvial envi-
ronment, and is largely devoid of coal except for a 30
cm coal bed at the very bottom of the hole. Unit IV
also contains numerous authigenic carbonate nod-
ules.

Particle size distribution in marine and terrestrial
sediments can provide insight into paleo-
environmental conditions driven by climatic and
tectonic changes (e.g., Orton and Reading, 1993; Go-
man and Wells, 2000; Ding et al., 2002; Warner and
Domack, 2002; Asikainen et al., 2007). In addition,
grain size can influence microbial biomass and mi-
crobial activity and diversity in a range of marine
and terrestrial environments (e.g., Dale, 1974;
Bender and Conrad, 1994; Sessitsch et al., 2001;
Noftke et al., 2002). Thus, grain size analysis of sedi-
ments at Site C0020 has the potential to provide in-
sight on paleoenvironmental and microbial pro-
cesses offshore Shimokita Peninsula since the late
Oligocene.

A complete downcore sampling strategy for grain
size analysis from each unit and throughout the en-
tire hole was not possible because most cored sam-
ples from Site C0020 were consolidated or semi-
consolidated, including all samples of siltstone and
finer grained lithologies. These consolidated or semi-
consolidated sediments cannot be accurately ana-
lyzed because intense disaggregation imparts error
into the grain size distribution (Gealy, 1971; Thayer
et al., 1974). However, multiple intervals of uncon-

solidated sands were recovered across Units II and
III. No cores were collected in Unit I (only cuttings),
and all sediments in Unit IV were lithified. Accord-
ingly, we report the results of particle size analysis of
28 unconsolidated sand samples from Units II and
II.

Materials and methods

All measured samples were unconsolidated sands
based on visual core description and required no
crushing to loosen individual grains. We measured
bulk, untreated samples containing all lithogenic,
biogenic, and authigenic components. These 28 un-
consolidated sand samples were selected out of a set
of 144 samples originally collected for a separate
rock magnetic and geochemical study (Phillips et al.,
2017) that covers the full range of major lithologies.
The samples measured here are representative of the
unconsolidated sands recovered from Hole CO020A.
Collection of these samples was conducted to avoid
contamination of drilling mud (Figure F2).

Each sample was treated with 20 mL of a 5.0 g/L so-
dium hexametaphosphate dispersing agent. Each
sample was then agitated using a vortex mixer, left
for a minimum of 24 h, and then agitated again im-
mediately before analysis.

All samples were measured using Malvern Master-
sizer 2000 laser diffractometer particle size analyzer
with a Hydro 2000 wet dispersion unit. Our method
is based on the approach of Sperazza et al. (2004).
Grain size measurements were made using a particle
refractive index of 1.55, a dispersant refractive index
of 1.33, and a particle absorption index of 0.01.

All samples were passed through a 2 mm (#10 mesh)
sieve before entering the dispersion unit, and no ma-
terial >2 mm was observed on the sieve in any sam-
ple. Each sample was completely dispersed in the dis-
persion unit to avoid subsampling errors, which
generally have a higher impact on sample uncer-
tainty than obscuration rate (Sperazza et al., 2004).
Samples in sodium hexametaphosphate were added
to the dispersion unit and diluted to obtain an ob-
scuration between 8% and 22% (average = 14%). The
pump speed was run at 2000 rpm, the stirrer was run
at 770 rpm, and the sample was sonicated for 10 s
prior to the sample analysis.

Grain size distributions are reported as frequencies in
89 diameter bins from 0.01 to 2187 pm. Median,
tenth percentile (d(0.1)), and ninetieth percentile
(d(0.9)) were calculated from this distribution using
the accompanying Mastersizer software. Mean grain
size was calculated as both a surface area moment
mean (Sauter mean diameter or D[3,2]) and a vol-
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ume moment mean (De Brouckere mean diameter or
D[4,3]). We calculate sand (>63 pm), silt (4-63 pm),
and clay (<4 pm) from each sample’s grain size distri-
bution based on the classification of Wentworth
(1922).

The Mastersizer 2000 was calibrated with a Malvern
glass sphere standard with mean diameter (d(0.5)) of
61 pm, tenth percentile (d(0.1)) of 37 ym, and nine-
tieth percentile (d(0.9)) of 90 um. A local, well-sorted
sand from Wallis Sands Beach in Rye, New Hamp-
shire (US), was run four times throughout the run of
samples as a check standard for consistency. This
check standard repeated to within <1 pm for all
mean and percentile statistics: D[3,2] = 242 pm,
D[4,3] = 262, d(0.1) = 175 pm, d(0.5) = 251 pm, and
d(0.9) = 362 pm.

One sample (337-C0O020A-5R-3, 36-39 cm) was run
in duplicate as a measure of repeatability across the
range of obscuration (9% and 17%).

Results

All samples are primarily sand sized with the primary
peak of the distribution in the fine-to-medium sand
range (Figures F3, F4; see SAMPLES in Supplemen-
tary material). Each sample has a low and variable
amount of fine-grained material represented by a
long tail on the left of the distribution. Each sample
from Units II and III falls within the range of 49%-—
97% sand, 3%-42% silt, and 0%-13% clay (Table
T1). Based on the classification system of Shepard
(1954), all samples fall within the range of sand or
silty sand, with silty sand samples more common in
Unit III (Figure FS5). Median grain diameter d(0.5)
ranges from 55 to 405 pum. Surface area-weighted
mean diameter D[3,2] ranges from 9 to 178 ym, and
volume-weighted mean diameter D[4,3] ranges from
77 to 400 pm.

The overall coarsest unconsolidated material recov-
ered from Hole CO020A is found in the middle of
Unit II between 1377 and 1630 mbsf, indicated by
the highest percent sand, lowest percent silt and
clay, and highest values of d(0.1) (Figure F6). Within
Unit III, the percent sand decreases downhole, and
silt and clay contents increase relative to Unit II. Me-
dian grain size decreases in Unit III corresponding to
the increase in clay content. Sand samples from the
upper 30 m of Unit III (Figure F7) in general have
lower clay content, higher silt content, and higher
d(0.1) compared to the lower intervals of Unit III.

Sample 337-C0020A-5R-3, 36-39 cm, run in dupli-
cate, shows the sand-silt-clay percentages are repeat-
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able to within 1% and d(0.5) matches within 5 pm.
d(0.1) and d(0.9) repeat within 6 and 20 pm, respec-
tively. D[4,3] and D[3,2] repeat within 6 and 13 pm,
respectively.

Our grain size measurement from the uppermost
sample in Unit III (1925.21 mbsf) is consistent with
the grain size distribution of one sample from
1925.38 mbsf measured via sieve analysis by Ijiri et
al. (2017). Overall, these results show systematic
changes downhole that may provide insight to
paleoenvironmental conditions and the role of the
host material for microbial activity.
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Figure F1. Lithostratigraphic summary with coal bed depths, wood/lignite content, diatom content, depo-
sitional environment, lithostratigraphic unit, and biostratigraphic age. Modified from Expedition 337 Scien-

Data report: grain size distribution of unconsolidated sands

tists (2013b) with updated biostratigraphic ages from Phillips et al. (2016).
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Figure F2. Core images showing the location of selected samples collected for this study. Samples were selected
to avoid contamination by drilling mud. Images from Expedition 337 Scientists (2013b).
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Figure F3. Particle size distribution for unconsolidated sands in Unit II.
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Figure F4. Particle size distribution for unconsolidated sands in Unit III.
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Figure F5. Sand-silt-clay percentages plotted on a ternary diagram based on the classification system of Shepard
(1954).
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Figure F6. Downhole variation in summary statistics for unconsolidated sand samples in Hole CO020A.
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Figure F7. Downhole variation in summary statistics for unconsolidated sand samples in Unit III, Hole
CO020A.
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Table T1. Grain size distribution of Hole CO020A samples.

Core, section, Depth Lith. D(4,3) D(@3,2) d(0.1) d(0.5) d(0.9) Clay Silt Sand
interval (cm) (mbsf) unit (um) (um) (um) (um) (um) (%) (%) (%)
337-C0020A-
1R-1, 82-84 1277.33 1l 270 49 26 246 541 1 17 82
1R-2, 79-51 1278.57 1l 156 14 5 142 346 8 27 65
2R-2, 104-106 1288.45 1l 161 15 5 137 367 8 28 65
2R-3, 60-65 1289.42 1l 216 60 31 201 417 1 17 82
4R-2, 84-87 1377.27 1l 239 178 138 228 363 0 3 97
4R-3, 74.5-77 1378.20 I} 155 27 12 147 309 4 22 75
5R-3, 36.5-39 1492.23 1l 179 83 94 172 282 1 6 94
5R-3, 36.5-39 1492.23 1l 185 71 88 176 302 1 6 93
6R-4, 44-46 1499.03 1l 133 57 46 121 238 1 14 85
8L-6, 49-51 1608.66 1l 440 94 69 405 808 1 9 91
9R-4, 108-110 1629.47 1l 235 48 24 156 552 1 19 80
14R-6, 55-57 1826.36 1l 202 23 9 195 406 5 21 75
15R-6, 115-116 1925.21 1] 287 21 8 230 668 5 22 73
16R-1, 67-68 1929.18 1] 324 45 21 310 641 2 17 81
16R-2, 15-18 1929.68 1] 342 56 33 327 640 1 13 86
16R-3, 86-88 1931.15 1] 358 48 26 341 702 2 14 84
16R-4, 95-97 1932.25 1] 132 22 8 119 286 4 30 65
16R-5, 32-34 1932.64 1] 283 27 9 244 638 3 24 72
17R-4, 40-41 1939.11 1] 294 43 20 282 578 2 17 81
17R-9, 22.4-25 1944.38 1] 169 25 9 145 374 4 28 68
20R-1, 5-7 1959.56 1] 141 24 9 128 296 4 28 69
20R-2, 41-43 1961.33 1] 77 16 6 64 153 6 42 52
21R-CC, 2-4 1972.54 1] 156 24 8 147 325 4 27 69
22R-5, 48-50 1978.13 1] 130 9 3 55 347 13 38 49
24R-1, 45-47 1992.47 1] 243 38 18 234 465 2 16 81
24R-2, 39-41 1993.62 1] 246 34 14 237 486 3 19 78
24R-CC, 5-7 1994.67 1] 17 18 7 84 270 5 38 57
25R-5, 129-131 2001.29 1] 186 17 5 149 438 6 28 65
Proc. IODP | Volume 337 “ 9



	Data report: grain size distribution of unconsolidated sands offshore Shimokita Peninsula, Japan (IODP Site C0020)
	Stephen C. Phillips and Joel E. Johnson
	Abstract
	Introduction
	Materials and methods
	Results
	Acknowledgments
	References
	Figures
	Figure F1. Lithostratigraphic summary with coal bed depths, wood/lignite content, diatom content, depositional environment, lithostratigraphic unit, and biostratigraphic age. Modified from Expedition 337 Scientists (2013b) with updated biostratigraph...
	Figure F2. Core images showing the location of selected samples collected for this study. Samples were selected to avoid contamination by drilling mud. Images from Expedition 337 Scientists (2013b).
	Figure F3. Particle size distribution for unconsolidated sands in Unit II.
	Figure F4. Particle size distribution for unconsolidated sands in Unit III.
	Figure F5. Sand-silt-clay percentages plotted on a ternary diagram based on the classification system of Shepard (1954).
	Figure F6. Downhole variation in summary statistics for unconsolidated sand samples in Hole C0020A.
	Figure F7. Downhole variation in summary statistics for unconsolidated sand samples in Unit III, Hole C0020A.

	Table
	Table T1. Grain size distribution of Hole C0020A samples.






