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Abstract— Radionuclide activities of*'"Pb and “*Ra were measured
to determine bioturbation coetficients (D) in seven sediment cores
from the Korean licensed block for polymetallic nodules in the
Clarion—Clipperton Fracture Zone. Variability in D, is considered
inthe context ofthe sedimentological, geochemical, and geotechnical
properties of the sediments. D, values in the studied cores were
estimated using a steady-state diffusion model and varied over a
wide range from 1.1 to 293 em/yr with corresponding mixing depths
(L) of 26 to 144 cm. When excepting for spurious results obtained
from cores where diffusive mixing does not apply, D, values range
from 1.1 to 9.0 em*/yr with comresponding mixing depths (L) 0f26
to 63 cm. Such wide variability in Dy and L values is exceptional in
sites with water depths of ~5000 m and is attributed in this study to
an uneven distribution of sediment layers with different shear
strengths and total organic carbon (TOC) contents. caused by erosion
events. The studied cores can be grouped into two categories based
on lithologic associations: layers with high maximum shear strength
(MSS) and low TOC content. showing a narrow range of D, values
(1.1-9.0 cm::"yr}; and layers with low MSS and high TOC content,
yielding much higher D, values of over 30 cm:,fyr. The distribution
of different lithologies. and the resultant spatial variability in MSS
and labile organic matter content, controls the presence and maximum
burrowing depth of infauna by affecting their mobility and the
availability of food. This study provides a unique case showing that
shear strength, which relates to the degree of sediment consolidation,
mightbe an important factor in controlling rates of bioturbation and
sediment mixing depths.

Keywords — bioturbation coefficient, polymetallic nodule, Clarion-
Clipperton Zone. excess Pb-210
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1. Introduction

In the marine environment, burrowing, feeding, and
relocation of benthic organisms, collectively referred to as
biotwrbation, result in the digplacement and mixing of
sediments and can thus substantially modify the physical,
chemical, and biological properties of sediment (DeMaster
and Cochran 1982;Boudrean 1994). Anthropogenic activities,
such asthe exploitation of polymetallic nodul es, can disturb
the deep-sea floor and have negative impacts on benthic
ecology (Thiel 2001). For example, the biogeochemical
environment of the seabed along and around seabed mining
routes can be altered significantly due to the resuspension of
sediments, the release of chemically active substances into
the water column, and the subsequent resettlement of
aforementioned materials. Bioturbation is a process that
disperses recently deposited inputs through the upper several
tens of centimeters of the sediment column and decreases
their concentrations at the sediment surface. Therefore, a
cquantitative understan ding of biological mixingisimportant in
predicting the behavior of resettled substances from mining
adtivities. For this reason, the scientific community recommends
the determination of bioturbation coefficients, ameasure of
the rate of particle mixing, at and around planned seabed
mining sites (ISA 2001). A series of recomm endations have
been issued for this purpose for exploration license holders
by the International Seabed Authority (ISA), an autonom ous
intemational organization that regulates and controls activiti es
relating to seabed mineral resources beyond the limits of
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Fig. 1. Locations of the studied cores and other cores for which bioturbation coefficients have been reported. Core locations arc from
DeMaster and Cochran (1982), Cochran (1985), Smith et al. (1997), Yang and Zhou (2004), and Schmidt et al. (2006)

national jurisdiction (ISA 2013).

The Clarion—Clipperton Fracture Zone (CCFZ) in the
northeastPacific shows the densest occinrences ofpolymetallic
nocules and hosts 16 tenures for the exploration of polym etallic
nodules. Despite the crowded distribution of the tenured
blocks and the vast size of each tenure (~75,000 km” each),
bioturbation coefficients have been reported from only nine
gites to date in the CCFZ (DeMaster and Cochran 1982;
Cochran 1985; Smith et al. 1997; Yang and Zhou 2004;
Schmidt et al. 2006; see Fig. 1 for the location of the study
sites). The bioturbation coefficientis a parameter that must
be incorporated into numerical simulations of geochemical
processes in deep-sea sediments that may be impacted by
future mining. Thusg, its variability needs to be investigated
systematically at potential mining sites in the context of
lithology, geochemistry, and geotechnical properties. In this
study, bioturbation coefficients were determined at seven
sitesin a Korean licensed block using theradi onuclides™'"Pb
and “*Ra (Fig. 1), and variability amongst the coefficients was
investigated in terms of sediment properties such as lithologic
distribution, manganese and organic matter content, porosity,
dry bulk density, and shear strength. This study provides
valuable bioturbation coefficient data in the CCFZ where
data coverageissparse. It al so addresses the potential causes
of spatial variations in bioturbation rates in the study area.

2. Theoretical Background

*“Pbhasbeenusedtocharacterizethemixing characteristies of
deep-sea sediments along with many radionuclides of the

natural uranium and thorium series (e.g. Nozaki et al. 1977,

f Springer

Peng et al. 1979; DeMaster and Cochran 1982; Cochran 1985;
Suckow et al. 2001). *"
water column by the decay of

Pb, produced in the atmosphere and

pb.l

Raand 7R, is exported to

210

the seabed by sinking particles. The = "Pb incorporated into

the sediment from thisprocessiscalled ‘excess™ "Pb’ (*'°Pb,,) as

2L

it exists in excess of ~ Pb that is produced in situ from the

2206,

decay of *“Ra and ““Rn within the sediment column
(‘supported *“Pb’). The *“Pb_, signal decreases over time and
approaches zero after about 100 years (half-life of22.3 years).
If sediment accumulation alone controls the distribution of
*'pb,,, then *'“Pb,, activity shouldnot be detectable in parts
of the sediment column deposited prior to 100 years ago.
However, the *'°Pb,, signal comm only extends downwards,
below the expected depth for zero activity in deep-sea sediments,
due to sediment mixing by bioturbation (B enninger et al.
1979; D eMaster and Cochran 1982; Boudreau 1994).
Goldberg and Koide (1962) desecribed these biological
mixing processes in terms of a bioturbation coefficient (D,
cm’fy) that is comparable to a diffusion coefficient in a steady-
state eddy diffusion model of radionuclides, as follows:
A{ et

ox

ps%_phA|+pp_R=0 (0=x<L) (1)

F
D 5.6

where 4" = total activity concentration of the radionuclide
(dpm/g sediment), x = depth in the sediment (cm), L = depth
of the mixed layer (cm), D, = particle mixing coefficient
(cm’/yr), § = sediment accumulation rate (cm/yr), 1 = decay
constant of the radionuclide (yr™"), P = production rate of the
radionuclide from the in situ decay of its parent (dpm/g yr),
R = rate at which the radionuclide is removed fiom the sediment
by dissolution (dpm/cm’ yr), and p = dry bulk density of the
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studies with more intensive sampling are necessary to better
understand D, variability in terms of shear strength and the
depth distribution oflabile organic matter at the study site.
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