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ABSTRACT

This study focuses on the physical properties of two logged
sites (UBGH1-1 and UBGH1-14) in the Ulleung Basin, East
Sea. Based on seismic profiles, the upper ~50-m layer at logged
sites is dominated by turbidite/hemipelagic sediments, whereas
the sediments beneath this depth are characterized by thick mass
transport deposits (MTDs). Physical property data (velocity,
density, porosity, resistivity, and natural gamma) were acquired
using Schlumberger’s logging tools during logging-while-
drilling operations. The variation of physical properties at site
UBGHI1-1 is likely mostly related to consolidation/compaction
effects within typical unconsolidated marine sediment types.
Repeated turbidite sequences also affect physical property
variability. At site UBGH1-14, density and electrical resistivity
log data are elevated and constant, respectively, throughout the
MTD. In other words, the physical properties of sitt UBGH1-14
were likely affected by MTD. The overall relationships among
the physical properties at both sites generally correlate, but are
affected by some data scattering (at UBGH1-14) and clustering
(at UBGHI-1). This is thought to result from the different se-
diment properties within the mass flow deposits (e.g., turbidite/
hemipelagic and MTD). Frequency distributions of each pro-
perty differ for the two sites. This may be indicative of the dif-
ferences in the sedimentary environments during deposition
and/or after deposition.

I. INTRODUCTION

The physical properties of marine sediments are of great
interest in a number of fields such as seafloor engineering,
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sedimentology, soil mechanics, marine geophysics, and under-
water acoustics (Hamilton, 1970, 1980; Hamilton and Bach-
man, 1982; Richardson et al., 2002; Kim et al., 2007, 2010).
They are important factors in understanding past geological
events in marine sedimentary environments and in interpreting
reflectivity within marine seismic data. Such research is often
focused on the relationships between physical and acoustic
properties and textural parameters relative to various sedimen-
tary environments.

Downhole logs (e.g., mechanical, radioactive, acoustic, and
electrical logs) can be used to distinguish between oil, gas, and
water in a reservoir. In addition, downhole log data are used to
define physical rock characteristics such as lithology, porosity,
pore geometry, and permeability (Asquith and Krygowski,
2004). In particular, acoustic log data can be used to constrain
velocity-depth profiles in seismic data collected in the area. In
the case of water-saturated marine sediments, electrical resis-
tivity variations reflect changes in porosity and fabric because
the conduction of electric currents through sediments depends,
in part, on the porosity of the sediments (Asquith and Kry-
gowski, 2004). As a result, electrical resistivity may be con-
sidered a lithology indicator for marine sediments.

In 2007 and 2010, the Gas Hydrate Research and Devel-
opment Organization of Korea acquired logging-while-drilling
(LWD) data in the Ulleung Basin, East Sea. Some of the results
of gas hydrate investigations using LWD data have been pub-
lished in previous studies (Kim et al., 2011, 2013). In this
study, the downhole log data collected from sites UBGH1-1
and UBGH1-14 (Fig. 1) during 2007 are used to interpret
physical properties. The objectives of this study are to present
the variability of physical properties with subbottom depth and
to establish relationships between the various physical prop-
erties that have been measured. In addition, by comparing the
physical properties at the two sites, we attempt to interpret and
explain their differences.

II. GEOLOGIC SETTING
The Ulleung Basin of the East Sea is a bowl-shaped back-arc
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Fig. 1.
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Physiographic map of the East Sea. The box represents the Ulleung Basin shown on the right side. Two drilling sites are marked in right

figure. Water depths of sites UBGH1-1 and UBGH1-14 are 1445 and 1354 m, respectively. Contours are in meters.

basin (Fig. 1). The basin is bounded by the continental slopes
of the Korean Peninsula, the Korea Plateau, the Oki Bank, and
the Japanese Arc. Thick Neogene strata, uplifted and faulted
by back-arc closure, are present on the southern margin (Lee
etal., 1999). The central part of the basin shows fairly smooth
seafloor topography that dips gently to the northeast in water
depths of 2000-2500 m. The basin contains a relatively unde-
formed sedimentary section up to 5 km thick, with the acoustic
basement in the southern basin lying below ~10 km of sediments
(Lee et al., 1999). The acoustic basement is interpreted to con-
sist largely of volcanic material that is overlain by thick layers
of volcanic sill/flow sediment complexes in the northern part
of the basin (Lee and Suk, 1998).

The Ulleung Basin is characterized by two distinct sedimen-
tation patterns consisting mainly of mass-transport deposits
(MTD) laid down during the late Neogene, and extensive
turbidite and hemipelagic sedimentation since the Pleistocene
(Riedel et al., 2012). During the late Neogene, slope failures
caused by the regional deformation due to the back-arc closure,
resulted in the widespread deposition of mass flow complexes
in the basin (Riedel et al., 2012). Since the Pleistocene, and con-
tinuing on to the present, mass flow processes have rapidly
shifted landward, forming debris aprons in the base-of-slope
region, while turbidite and hemipelagic sedimentation has
prevailed in the central basin. The southern part of the basin is
characterized by slide or slump deposits (Lee and Suk, 1998;
Lee et al., 1999; Chough et al., 2000).

1. ACQUISITION OF DOWNHOLE LOG DATA

For the purpose of gas hydrate exploration, LWD was con-
ducted using the proprietary Schlumberger logging tools Geo-
Vision, SonicVision, PowerPulse, and AdnVision on board the
Fugro vessel RemEtive from 21 September to 11 October 2007.

LWD data (i.e., natural gamma, resistivity, velocity, porosity,
and density) were acquired from the seafloor to ~220 mbsf
(meters below seafloor). Density porosity (density-derived
porosity) was calculated from matrix density, formation bulk
density, and fluid density (Asquith and Krygowski, 2004).
The two LWD sites (UBGH1-1, UBGH1-14) were located on
the southwestern flank of the Ulleung Basin in water depths of
1445 and 1354 m, respectively (Fig. 1).

IV. RESULTS AND DISCUSSION

1. Seismic Characteristics around Logged Ssites

Site UBGH1 is located in the western slope of the Ulleung
Basin (Fig. 1). The site is characterized by high-amplitude bottom-
simulating reflections (BSRs) (Fig. 2). Site UBGHBI1-14 is
located in the southern part of the Ulleung Basin (Fig. 1).
Based on seismic data (Figs. 2 and 3), the logged sites in the
southwestern part of the Ulleung Basin of the East Sea are
generally characterized by MTDs and turbidite/hemipelagic
sediments (THS). The upper sediments of the logged holes
contain turbidite/hemipelagic sediments, whereas the middle
and lower sediments are characterized by MTDs and/or a mixed
type of MTD and THS. A strong and regionally extensive
BSR occurs around the logged sites (Figs. 2 and 3). Generally,
the BSR signature provides traditional evidence for gas hydrate
and/or opal A/opal CT conversion within sediment layers
(Berndt et al., 2004). The BSR typically runs parallel to the
seafloor because of the stability condition for gas hydrate pre-
sence depending on temperature and pressure. The BSRs in the
Ulleung Basin are likely related to the presence of gas hydrate
(Yoo et al., 2008; Horozal et al., 2009), considering their depth
(generally shallower than 200 mbsf).

As shown in Figs. 2 and 3, seismic features such as MTD,



898 Journal of Marine Science and Technology, Vol. 24, No. 4 (2016)

WEST EAST
4900.0 4800.0 4700.0 4600.0 4500.0 4400.0

UBGHI-1

TWO-WAY TRAVELTIME (sec.)

Fig. 2. [East-west seismic profile through site UBGH1-1. The position of the bottom-simulating reflection (BSR) is indicated by arrows. Regional
acoustic blanking above the BSR is also shown. Mass-transport deposits (MTD) are widely distributed. The drilled depth is approximately
220 mbsf (meters below seafloor).
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Fig. 3. South-north seismic profile through site UBGH1-14. The position of the BSR is indicated by arrows. Regional acoustic blanking above the
BSR is also shown. Note that the MTD deposits are penetrated. The drilled depth is approximately 215 mbsf.
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variation in physical properties with burial depth.
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Fig. 5. Profile of physical properties at sitt UBGH1-14. The thick MTD is apparent in the profile. Note the low velocity around 180 mbsf.

THS, and BSR occur widely through the Ulleung Basin (Yoo
et al., 2008; Horozal et al., 2009). Kim et al. (2011) reported that
the physical properties of MTD in the Ulleung Basin are dif-
ferent from those of THS. The hemipelagic sediments in the
study area most likely derived from the southern upper slope
and shelf area (further away to the south of sitt UBGH1-14)
and extended to the basin plain during the Quaternary. These pro-
cesses are mostly responsible for gravity mass transport fea-
tures, such as slides, slumps, debris-flows, and turbidity current
(Lee et al., 1996).

In addition to sites UBGH1-1 and UBGH1-14 (Figs. 2 and
3), enhanced reflections below the BSR are identified at many
other locations in the Ulleung Basin. These are likely caused

by strong acoustic impedance contrasts due to the presence of
free gas (Holbrook et al., 1996; Wood and Ruppel, 2000),
which causes a distinct decrease in compressional wave ve-
locity. Amplitude blanking within THS is also possible due to
the presence of gas hydrate (Horozal et al., 2009). However,
there was no direct evidence of this phenomenon in the log
data. As shown in Fig. 3, gas seepages frequently appear on
the seafloor of site UBGH1-14. These are probably respon-
sible for the free gas escaping from seafloor sediments. In
addition, the chaotic characteristics of the seafloor can be
interpreted as the upper expression of a recent debris flow,
which has not yet been buried and covered by smooth turbidite
sediments.
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Fig. 6. Comparison of density, porosity, and velocity for the two sites.

. Interpretation of Variations in Physical Properties with
Depth

The depth variations of physical properties for the two sites
are shown in Figs. 4 and 5. The greatest advantage of such log
data is that they contain a relatively high-resolution and con-
tinuous record of the physical properties of the sediments in
the logged hole. The density and porosity of sitt UBGH1-1 show
increasing and decreasing patterns with high variation as depth
increases (Fig. 4). The frequent variations are likely due to the
difference in sedimentary environment and/or processes, caused
by the repeated transition of the turbidite/hemipelagic sediment
(THS) boundary (Fig. 2). Physical properties (e.g., porosity,
density) of unconsolidated marine sediments are important
variables contributing to sound velocity variation (Hamilton,
1970; Hamilton and Bachman, 1982). In general, lithological
variability of recent unconsolidated marine sediments is de-
scribed predominantly by changes in grain size distribution,
which in turn is responsible for the variation of physical prop-
erties (Hamilton and Bachman, 1982; Richardson et al., 2002).
Thus, the physical properties of recent sediments (mainly sea-
floor sediments) are likely to reflect the variation of sediment
texture (e.g., mean grain size) rather than the effects of
diagenesis (e.g., compaction and/or consolidation). However,
porosity and water content generally decrease with burial depth
as a result of dewatering by compaction and consolidation. As

For comparison, Hamilton’s curves (1976, 1980) are plotted as well.

a result, the velocity of site UBGH1-1 increases linearly from
1450 to 1650 m/s with burial depth (Fig. 4). The resistivity and
natural gamma signatures of site UBGH1-1 do not show dis-
tinct characteristics. The sharp peaks of density (> 1.8 g/cm’),
porosity (< 50%), velocity (> 1700 m/s), and resistivity (> 1.2
ohm-m) at approximately 77 mbsf are likely responsible for
carbonate nodules, which sometimes appear within the sedi-
ments (KNOC, 2008).

The density and porosity of site UBGH1-14 show inter-
esting patterns with sediment depth (Fig. 5). As shown in Fig.
5, the sediments above the MTD show significant variation
with depth. The physical properties at the depth interval cor-
responding to MTD are characterized by a distinct boundary.
At the interval between 15 and 30 mbsf, the high density
(1.65-1.75 g/em?), velocity (> 1550 m/s), and resistivity (~1.5
ohm-m) values are likely attributable to the presence of sandy
materials. Whereas at just above 15 mbsf, the low density,
porosity, and gamma values and the high values of velocity
and resistivity may be attributed to the presence of gas hydrate
in the sediments. Within the MTD unit, the log data of high
density (roughly 1.7 g/cm’) and low porosity (< 60%) are
almost constant throughout the MTD. The velocity increase
ranges from slight to constant. Resistivity and natural gamma
are constant relative to the upper sediments. This suggests that
the sediments of the MTD may be formed by one sedimentary
event. Beneath the MTD, the section is characterized by the



G. Y. Kim and D. G. Yoo: Physical Property Interpretation of Sediments in the Southwestern Slope 901

high values of density (> 1.8 cm®) and velocity (~1750 m/s)
and low porosity values (< 50%). Resistivity and natural
gamma are relatively constant. Therefore, this may be consid-
ered the other MTD event, although the evidence for such an
event is not clear in the seismic profile (Fig. 3). The abrupt drop
(~1500 m/s) of velocity at 180 mbsf, despite the lack of sig-
nificant variation of density and porosity, is likely due to free
gas. Generally, small amounts of gas significantly decrease the
compressional wave velocity (Wilkens and Richardson, 1998).

A comparison of sites UBGH1-1 and UBGH1-14 for den-
sity, porosity, and velocity is shown in Fig. 6. Hamilton (1976,
1980) reported the gradient of physical properties (e.g., density,
porosity, velocity) with burial depth for various sediment types
(e.g., calcareous sediment, diatomaceous and radiolarian ooze,
pelagic clay, diatomaceous 0oze, and terrigenous sediment) using
a consolidation test and elastic rebound theory. Hamilton (1976,
1980) suggested that his model can be applied to terrigeneous
shelf in the world ocean for similar texture and composition.
In this study, the equation for terrigeneous sediment of Ham-
ilton (1976, 1986) was applied for comparison. As shown in
Fig. 6, the overall trends with burial depth are similar to those
of Hamilton (1976, 1980). However, site UBGH1-14 shows
higher density and lower porosity than those of Hamilton,
likely owing to MTDs. In contrast, sitt UBGH]1-1 is charac-
terized by low density and high porosity relative to Hamilton’s
curve. Interestingly, the velocities of the two sites are signi-
ficantly lower than those reported by Hamilton. One of the
reasons for this is the presence of shallow gas and/or free gas
related to gas hydrate dissociation in the sediments. Generally,
site UBGHI1-1 is characterized by more frequent depth varia-
tion compared with site UBGHI1-14. As mentioned earlier,
this is thought to be the reason for the differences in physical
properties found in individual sediment layers as indicated by
the repetition of turbidite sequences with burial depth, which
in turn are likely due to differences in gradient with depth based
on sediment types and/or sedimentary environment.

3. Relationships among Physical Properties

1) Velocity-Porosity

In unconsolidated marine sediments, the most important pa-
rameters controlling porosity are the size, shape distribution,
mineralogy, and packing of the solid grains (Hamilton, 1970,
1980; Hamilton and Bachman, 1982). The velocity is largely
determined by the effect of pore-water compressibility as op-
posed to that of the mineral solids (Hamilton, 1976, 1980). A
cross plot of velocity-porosity is illustrated in Fig. 7. The re-
lationship of velocity to porosity is particularly useful for dis-
tinguishing the consolidation state of sediment from the extent
of diagenesis. In general, increasing consolidation in soft sedi-
ments tends to increase velocity through a decrease in porosity;
whereas the cementation produces an increase in velocity
through an increased rigidity of the sediment with little or no
reduction in porosity (Dadey and Klaus, 1992).

Numerous studies have been conducted to determine a rela-

+ UBGHI-1

- O UBGHI-14
Wyllief e Hamilton (1970)

2400

2200

2000

Velocity (m/s)

1800

16003 T

1400 - T T T T T T T T T T T TT T T T T T
40 50 60 70 80 90 100
Porosity (%)

Fig. 7. Relationship between porosity and velocity. The curves of Wood
(1941), Wyllie (1958), and Hamilton (1970) are plotted as well.
Note the data clustering for each site.

tionship between velocity and porosity for a variety of sedi-
ments and rock types. The curves of Wood (1941) and Wyllie
et al. (1956) are shown for reference (Fig. 7). Wood’s curve
describes the relationship between velocity and porosity in
clay sediments (i.e., no rigidity and in suspension). The Wyllie
time-average equation has been most widely used as a function
for describing sedimentary rocks having complete rigidity. This
relationship is only reliable for consolidated sandstone over a
small porosity range of 25% to 30% (Raymer et al., 1980).
Thus, Wood and Wyllie’s equations roughly define the lower
and upper boundaries of velocity variation with porosity, re-
spectively. The curve in Hamilton’s (1970) study is also plotted
for comparison (Fig. 7). The data from this study lies above
the fitting line suggested by Wood (1941), and below Hamil-
ton’s curve. This is likely owing both to the sediment being finer
than that used by Hamilton and to the sedimentary environ-
ment being different. Interestingly, the plotted data are clearly
separated into two sites (Fig. 7), likely because of the above-
mentioned differences in the physical properties each site.
However, a general trend of decreasing velocity with increasing
porosity is apparent, as would be expected in marine sediments.

2) Velocity-Density

The plot of velocity versus density is positively correlated
(Fig. 8). However, sites UBGH1-1 and UBGH1-14 are sepa-
rated on the plot, indicating a difference in their physical pro-
perties. Density can be affected by mineralogy, compaction,
consolidation of sediment, and water content (Hamilton, 1970;
Hamilton and Bachman, 1982). Thus, the velocity-density rela-
tionship for marine sediments is a function of mineral compo-
sition, subbottom depth, and depositional history. Therefore,
the seismic velocity of marine sediment generally increases
with increasing density. This result follows the general pattern as
well as Hamilton’s curve, although Hamilton’s line lies above
the curve of our data within the range of low densities and ve-
locities.

3) Velocity-Resistivity
Velocity also has a positive relationship with resistivity,
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showing increasing velocity with increasing resistivity (Fig. 9).
However, there is considerable scattering of data, which is
clearly separated by each site, indicating different physical
property. UBGHI1-1 is characterized by one cluster, indicating
no significant change in physical properties. In contrast, site
UBGHI1-14 shows severe scattering and three clusters. This
may suggest that the physical properties of site UBGH1-14
can be grouped according to differences in the sediment pro-
perties. As mentioned earlier, this site is characterized by MTD,
and results in a variation of sediment properties. Generally,
electrical resistivity for unconsolidated marine sediment is the
range of 1.0 to 1.5 ohm-m (mostly < 1 ohm-m) in the upper 300
mbsf (Hyndman et al., 1999), caused by seawater saturation of
porous sediments. However, the value can be increased with
a significant change in the physical properties by sediment
diagenetic processes such as silica diagenesis (Nobes et al.,
1992; Kim et al., 2007). In addition, gas hydrate has a high
resistivity (Hyndman et al., 1999; Collett and Ladd, 2000; Kim
et al., 2011, 2013), and free gas also increases resistivity.
Nonetheless, although this site is located within a gas hydrate
occurrence zone, the hydrate does not seems to significantly
affect physical properties other than velocity.

4. Frequency Distribution of Physical Properties

Frequency distributions of density, velocity, and natural ga-
mma ray measurements from sites UBGH1-1 and UBGH1-14

are shown in Fig. 10. The distribution patterns of each prop-
erty are obviously different. The density distribution at site
UBGH -1 ranges mainly from 1.4 to 1.7 g/em’. Site UBGH1-14
shows 1.65 to 1.8 g/em’. Velocity also has different frequency
distributions. Site UBGH1-14 is characterized by frequency dis-
tributions of higher velocity (> 1600 m/s) than site UBGH1-1
(mostly < 1600 m/s). In the case of natural gamma, sitt UBGH 1-
1 has close to a normal distribution (mainly 50-120 API). Site
UBGH1-14 shows a narrow normal distribution pattern (mainly
60-100 API), indicating changes in the physical properties
caused by differences in sedimentary environment and proc-
esses as well as the presence of MTD. As described above, the
MTD at site UBGH1-14 is thicker than that of site UBGH1-1.
High values of density, velocity, and resistivity and low values
of porosity are observed in the MTD.

CONCLUSIONS

The upper sediments of logged sites are dominated by tur-
bidite/hemipelagic sediments, whereas the lower sediments are
characterized by mass transport deposits. Based on physical
properties, site UBGH1-1 appears to have been most affected
by consolidation/compaction effects and the type of sediment.
In addition, frequent variations in physical properties with
depth at site UBGH1-1 are likely attributable to repeated turbid-
ite sequences. At site UBGH1-14, MTD significantly affected
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the variability of physical properties. Exceptionally, free gas
produced during the dissociation of gas hydrate was respon-
sible for low velocities. The overall relationships between phy-
sical properties follow general patterns of marine sediments,
but some data scattering and clustering occurred for each site
exist. This can be interpreted to be the result of differences in
the sediment properties caused by mass flow deposits. Addi-
tionally, the frequency distribution of physical properties for
the two sites likely reflects the differences in depositional
environments.
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