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The empirical relations of the thermal properties (thermal conductivity, heat capacity, specific heat, and thermal
diffusivity) to the porosity and mineral composition of clay and sandy sediments recovered in the eastern
flank of the Juan de Fuca Ridge are examined using the observed thermal properties, index properties, and
mineral composition of the sediments. Observed thermal conductivity-porosity relations are explained using
the geometric mean model. The observed relations of heat capacity and specific heat, respectively, to porosity
are given by the arithmetic mean formula. A new model for the sediment thermal diffusivity-porosity relation is
proposed based on models of thermal conductivity and heat capacity. This model, expressed by the geometric
mean model with a correction function for the porosity and heat capacities of grain sediment and pore-filling
fluid, explains the observed thermal diffusivity-porosity relations. These thermal property models are applicable
to thermal properties of other sediment lithology types and are useful as standard models for estimating the
thermal properties of marine sediment.
Key words: Thermal properties, thermal conductivity, thermal diffusivity, heat capacity, specific heat, porosity,
marine sediment, mineral composition.

1.

Introduction

Thermal properties (thermal conductivity, heat capacity,
specific heat, and thermal diffusivity) of earth materials are
important parameters for modeling the thermal structure
and transport of heat and fluid under the ground. These
properties in relation to both the porosity and mineral composition of rock, sediment, and soil have been examined,
and several empirical models for predicting thermal properties have been proposed (e.g., Drury and Jessop, 1983;
Drury, 1987; Garcı́a et al., 1991; Ochsner et al., 2001). In
terms of marine sediment, the respective relations of thermal conductivity to porosity and mineral composition have
been discussed (e.g., Woodside and Messmer, 1961), but
those of heat capacity, specific heat, and thermal diffusivity to porosity and mineral composition remain poorly understood, primarily because fewer measurements for these
thermal properties have been performed on actual marine
sediment samples.
The Juan de Fuca Ridge (Fig. 1) generates the oceanic
lithosphere west of North America. This ridge presents a
barrier to turbidite originating from the neighboring continental margin and, as a result, a thick layer of sediment
accumulates on the eastern flank of the Juan de Fuca Ridge.
This sediment acts as a hydrological seal, impeding hydrothermal exchange between the oceanic crust and ocean
bottom water (Underwood et al., 2005).
The Integrated Ocean Drilling Program (IODP) Expedic The Society of Geomagnetism and Earth, Planetary and Space SciCopyright 
ences (SGEPSS); The Seismological Society of Japan; The Volcanological Society
of Japan; The Geodetic Society of Japan; The Japanese Society for Planetary Sciences; TERRAPUB.

tion 301 was conducted on the eastern flank of the Juan
de Fuca Ridge (Fig. 1) to examine fluid pathways in the
oceanic crust and to assess the dynamic influence of hydrothermal circulation on oceanic crust evolution (Fisher et
al., 2005). The drilling sites during the IODP Expedition
301 were located over the basaltic basement, which has an
age of about 3.5 Ma, 100 km east of the crest of the Juan
de Fuca Ridge. This basaltic basement is characterized by
linear basement ridges and troughs oriented subparallel to
the spreading center. Site U1301 of the IODP Expedition
301 is located over one of the basement ridges in the area.
During the IODP Expedition 301, sediments composed
of turbidite sequences (Units IA and IB) and hemipelagic
clay layers (Unit II) (Fig. 2) were cored discontinuously to
a depth of 265.3 m below the seafloor in Hole U1301C at
Site U1301. Sediments with the same stratigraphic units
were recovered at Site 1026 of the Ocean Drilling Program (ODP) Leg 168 (Shipboard Scientific Party, 1997) 1–
2 km north of Site U1301, along the same basement ridge
(Fig. 1). Sediments at these sites show no hydrothermal alteration.
To determine the thermal structure of the sediment column at Site U1301, thermal conductivities of the sediments
were measured onboard using the needle-probe method
(Von Herzen and Maxwell, 1959; Blum, 1997). Goto and
Matsubayashi (2008) analyzed the needle-probe temperature data to measure thermal conductivity during IODP Expedition 301 and estimated three thermal properties: thermal conductivity, heat capacity, and thermal diffusivity.
In the study reported here, we investigate the characteristics of four thermal properties—thermal conductivity,
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Fig. 1. Bathymetric map of the northern Pacific Ocean (bathymetric data from Sandwell and Smith (1997)). The open circle represents the location of
drilling sites of the IODP Expedition 301 and ODP Leg 168. The inset is a location map of drilling holes where sediment cores used for this study
were recovered (bathymetric data from Shipboard Scientific Party (1997)).

heat capacity, specific heat, and thermal diffusivity—of sediments at Site U1301 using data on the thermal properties
and index properties (porosity and bulk density) of the sediments at the site. We also examine the empirical relations
of these thermal properties to the porosity and mineral composition of the sediments in the linear basement ridge and
trough area using the thermal and index properties and the
mineral composition observed for sediments at Sites U1301
and 1026 in the area.

2.

Thermal Properties of Sediments at Site U1301
in the Eastern Flank of the Juan de Fuca Ridge

During the IODP Expedition 301, sediments were classified based on visual descriptions and on basic texture—
‘clay’, ‘sand’, or ‘mixed’ lithology—in order to elucidate
the relations between the measured physical properties and
sediment lithology (Expedition 301 Scientists, 2005). The
designation ‘clay’ refers to clay-silt, and ‘mixed’ lithology
refers to sandy silt-silty sand. These lithological categories
are used in this study.
2.1 Previous studies of thermal properties of sediments
at Site U1301
Goto and Matsubayashi (2008) estimated the thermal
conductivity, heat capacity, and thermal diffusivity of sediments that had been classified according to these three lithological categories as follows. First, thermal conductivity
was estimated from needle-probe temperature data using an
asymptotic approximation formula that expresses the temperature rise of the needle-probe (Von Herzen and Maxwell,
1959; Blum, 1997). Using the estimated thermal conductivity as a constant parameter, the heat capacity is inverted

from the needle-probe temperature data using a complete
formula expressing the temperature rise of the needle-probe
(Blackwell, 1954; Jaeger, 1956). Finally, thermal diffusivity is calculated from the estimated thermal conductivity
and heat capacity.
Goto and Matsubayashi (2008) also proposed the following empirical relations of thermal conductivity K s to thermal diffusivity κs and heat capacity ρs cs .
κs = −0.176 + 2.284K s + 0.763K s2
10K s
ρs cs =
−0.176 + 2.284K s + 0.763K s2

(clay) (1)

κs = −0.279 + 2.659K s + 0.434K s2
10K s
ρs cs =
−0.279 + 2.659K s + 0.434K s2

(sand) (3)

(clay) (2)

(sand) (4)

The units of K s , κs , and ρs cs in these equations are, respectively, W m−1 K−1 , 10−7 m2 s−1 , and 106 J m−3 K−1 . Based
on a comparison between observed and calculated thermal
diffusivities and heat capacities at Site U1301, the estimation errors are within approximately 8%.
2.2 Vertical distribution of thermal properties of sediments at Site U1301
For this study, we newly estimate the specific heat of the
sediments at Site U1301 from heat capacity estimated by
Goto and Matsubayashi (2008) and bulk density measured
by Expedition 301 Scientists (2005) for these three lithological categories in cases where the following two criteria are
satisfied: the measurement location of the index properties
must be within 30 cm of the location of the measurement of
thermal conductivity, and the sediments in the interval must
belong to the same lithological category. Based on these cri-
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Fig. 2. Lithological units and porosity and thermal properties of sediments recovered from Hole U1301C at Site U1301. Core description and index
properties from Expedition 301 Scientists (2005) and thermal conductivity, heat capacity, and thermal diffusivity data from Goto and Matsubayashi
(2008). Specific heats are estimated in this study. (a) Core number, amount of recovery, and brief description of lithology; (b) porosity φ; (c) bulk
density ρs ; (d) thermal conductivity K s ; (e) thermal diffusivity κs ; (f) heat capacity ρs cs ; (g) specific heat cs .

teria, we found 20 sets of thermal and index property data
for clay, four for sand, and four for the mixed lithology that
we subsequently used to calculate the specific heat of each
set.
Figure 2 depicts the vertical distributions of index properties and thermal properties at Site U1301. All thermal
and index properties depend strongly on the lithologies. For
clay, porosity decreases systematically with depth down to
100 m below the seafloor. In the same depth interval, the
heat capacity and specific heat decrease with depth. In contrast, the bulk density, thermal conductivity, and thermal
diffusivity increase with depth. For sand and mixed lithologies, no clear depth dependence was found for porosity,
indicating that, compared with clay, both sand and mixed
lithology are resistant to compaction by the accumulation of
sediment. Bulk density, thermal conductivity, heat capacity,
and thermal diffusivity for sand and mixed lithology also
show no depth dependence, corresponding to the porosity
distributions. Because of the lack of observed data, depth
trends of specific heat for sand and mixed lithology are unknown. Below 100 m, discontinuous core recovery prevents
any analysis of trends in the index and thermal properties.

3.

Models of Thermal Properties of Sediments in
the Basement Ridge and Trough Area in the
Eastern Flank of the Juan de Fuca Ridge

We report here our study of the empirical relations of
thermal properties to the porosity and mineral composition
of clay and sand in the linear basement ridge and trough
area in the eastern flank of the Juan de Fuca Ridge. At Site
U1301, we obtained only 20 sets of thermal property and

porosity data for clay and four for sand. Therefore, we also
use thermal conductivity and porosity data for sediments
recovered at Site 1026 (Fig. 1) of ODP Leg 168 for this
purpose.
3.1 Thermal and index properties and mineral composition of sediments at Site 1026
Sediments recovered at Site 1026 show similar stratigraphic units (turbidite bed and hemipelagic mud layers
(Units IA and IB) and a similar hemipelagic mud sequence
(Unit II)) to those at Site U1301. Lithological characteristics of the sediments at Site 1026 also resemble those of sediments recovered at Site U1301, indicating that these sites
are under the constraints of a similar sediment accumulation environment (Shipboard Scientific Party, 1997; Expedition 301 Scientists, 2005). During ODP Leg 168, sediments were classified into ‘mud’ and ‘sand’ based on their
visual description and basic texture, similar to the classification used by Expedition 301 Scientists (2005) (no mixed
lithology was classified during ODP Leg 168) in order to
allow a comparison of the measured thermal and physical
properties with sediment lithology. The sediment classified
as ‘mud’ in ODP Leg 168 corresponds substantially to the
‘clay’ classification of the IODP Expedition 301; we therefore refer to the ‘mud’ as ‘clay’ hereafter.
At Site 1026, 26 sets of thermal conductivity and porosity data for clay and two sets for sand satisfy our criteria
of selecting pairs of thermal and index properties (see Section 2.2). However, no estimates of thermal diffusivity, heat
capacity, or specific heat of sediments are available. For
this study, we calculate thermal diffusivity κs and heat capacity ρs cs from observed thermal conductivity K s using
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Table 1. Index and thermal properties of seawater and major sediment-constituent minerals.

Quartz
Albite
Anorthite
Orthoclase
Muscovite
Smectite
Chlorite
Calcite
Pyrite
Seawater

Density
103 kg m−3

Thermal conductivity
W m−1 K−1

2.648a
2.620a
2.760a
2.570a
2.831a
2.608a
2.800a
2.710a
5.011a
1.024j

7.69b
2.20b
1.68b
2.32b
2.32b
1.88c
5.15d
3.59b
19.21b
0.596h

Thermal diffusivity
10−6 m2 s−1

Specific heat
J kg−1 K−1

Heat capacity
106 J m−3 K−1

741f
776f
745f
707f
796j
795g
818j
820f
518i
3993h

1.96j
2.03j
2.06j
1.82j
2.25j
2.07j
2.29j
2.22j
2.60j
4.09i

3.92j
1.08j
0.82j
1.28j
1.03e
0.91j
2.25e
1.62j
7.40j
0.146h

a Johnson

and Olhoeft (1984); b Horai and Simmons (1969); c Brigaud and Vasseur (1989); d Horai (1971); e Drury (1987); f Drury et al. (1984); g Skauge
et al. (1983); h Kaye and Laby (1986); i Robie et al. (1978); j Calculated from other properties.
Table 2. Mean volume fraction of minerals of sediments recovered at Site 1026.
Sediment type
Clay∗1
Sand∗2

∗1 Referred
∗2 Referred

Smectite

Mica

Chlorite

Volume fraction (%)
Quartz

Feldspar

Calcite

Pyrite

24.29±4.79
5.78±3.52

13.14±3.32
7.51±4.96

9.90±2.61
5.98±1.76

26.29±3.16
36.07±6.61

23.29±3.83
42.92±8.29

1.02±1.47
0.84±0.93

2.07±1.86
0.89±0.76

to as “mud” by Shipboard Scientific Party (1997).
to as “turbidite sand” by Shipboard Scientific Party (1997).

Table 3. Grain thermal properties, as estimated from observed thermal property-porosity relations of sediments at Sites 1026 and U1301 and predicted
from mineral composition of sediments at Site 1026.
Sediment
Clay (observed)
Clay (mineral composition∗1 )
Sand (observed)
Sand (mineral composition∗1 )
∗1 Shipboard

Thermal conductivity
W m−1 K−1
2.99±0.81
3.40±0.15∗2
3.54±0.46
3.59±0.28

Thermal diffusivity
10−6 m2 s−1
1.41±0.54
1.64±0.07∗2
1.55±0.25
1.78±0.15

Specific heat
J kg−1 K−1

Heat capacity
106 J m−3 K−1

828±137
758± 10∗2
881± 27
751± 8

2.25±0.37
2.07±0.01∗2
2.38±0.11
2.02±0.02

Scientific Party (1997); ∗2 Goto and Matsubayashi (2008).

Eqs. (1)–(4) for clay and sand. Specific heat cs is calculated
from ρs cs calculated using the equations presented above
and the bulk density ρs measured onboard (Shipboard Scientific Party, 1997).
We also use the mineral composition of clay (originally
called ‘mud’) and sand at Site 1026 determined during ODP
Leg 168 (Shipboard Scientific Party, 1997) because (1) the
mineral composition of sediments at Site U1301 was not
determined during the IODP Expedition 301; (2) Site 1026
is close to Site U1301 (Fig. 1); (3) the lithological characteristics of the sediments at Site 1026 resemble those of sediments recovered at Site U1301 (Shipboard Scientific Party,
1997; Expedition 301 Scientists, 2005). The thermal properties of major and minor sediment-constituent minerals are
presented in Table 1. The grain thermal properties estimated
from observed thermal property-porosity relations and predicted from the mineral composition of sediments at Site
1026 (Table 2), both of which are discussed later in this report, are presented in Table 3.
3.2 Thermal properties of clay
3.2.1 Thermal conductivity The thermal conductivity of a material depends on the direction of the medium
and the grain arrangement. Unconsolidated water-saturated
marine sediment, however, can be treated as an aggregate in

which the sediment grains are both oriented and distributed
randomly. Thermal conductivity of an aggregate is well
modeled by the geometric mean model, which was first proposed by Woodside and Messmer (1961) as
K s = K wφ K g1−φ ,

(5)

where φ is the fractional porosity, K w is the thermal conductivity of seawater that fills pore spaces in the sediment, and
K g is the thermal conductivity of the grain sediment. This
model was generalized for the thermal conductivity of N mineral component aggregate by Drury and Jessop (1983)
as


N
N


Vj
Kg =
Kj
Vj = 1 ,
(6)
j=1

j=1

where K j and V j represent the thermal conductivity and
volume fraction, respectively, of the j-th mineral. Because
of its mathematically simple form, the empirical formula
has been widely used to calculate sediment thermal conductivity as a function of porosity and mineral composition
(e.g., Kinoshita, 1994; Goto and Matsubayashi, 2008).
Figure 3(a) shows plots of thermal conductivity versus
porosity for clay sediments at Sites U1301 and 1026. The
thermal conductivity data at Site 1026 vary widely and are
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Fig. 3. Relations between porosity and thermal properties. Solid lines and curves represent thermal property-porosity relations for clay (black) and
sand (red), as estimated from the observed relations. Dashed lines and curves represent thermal property-porosity relations for clay (black) and sand
(red), as predicted from these mineral compositions at Site 1026. Each observed grain thermal property for clay and sand is calculated from its
observed thermal property-porosity relation data at Sites U1301 and 1026. (a) Thermal conductivity vs. porosity; (b) heat capacity vs. porosity; (c)
specific heat vs. porosity; specific heat-porosity relation predicted from the mineral composition of clay is overlain by that predicted from the mineral
compositions of sand; (d) thermal diffusivity vs. porosity.

apparently slightly higher than those at Site U1301. It is
possible to estimate the grain thermal conductivity by fitting Eq. (5) to the plots and extrapolating the fitting result.
Thermal conductivity data with a wide range of porosity
values must be used to do this because the nonlinearity of
Eq. (5) impedes an accurate estimation of the grain thermal
conductivity. The porosity data on the clay samples used for
this study, indicating a range of 40–80%, are insufficient to
estimate the grain thermal conductivity accurately through
extrapolation. In this study, we first calculate the grain thermal conductivity value for each of the sets of thermal conductivity and porosity using Eq. (5) and then calculate the
mean value of the grain thermal conductivity values. The
mean value of grain thermal conductivity calculated from
individual observed conductivities at Sites U1301 and 1026
is 2.99±0.81 W m−1 K−1 . Using Eq. (6), Goto and Matsubayashi (2008) predicted the conductivity from the mineral composition of clay at Site 1026 as 3.40±0.15 W m−1
K−1 , which is higher than that estimated from the observed
thermal conductivity-porosity relations. However, a thermal conductivity-porosity relation curve calculated from
the mineralogy-based grain thermal conductivity value also
fits to the observed thermal conductivity-porosity relation
data, indicating that a difference of approximately 15% of

grain thermal conductivity is insensitive to the calculation
of thermal conductivity of clay with a high porosity (in the
present study, φ > approx. 50%).
The mean mineralogy-based grain thermal conductivity
value for clay is closer to that for sand than that estimated
from the observed thermal conductivity and porosity relations for clay (Table 3). The thermal conductivity of clay
at Site 1026 is apparently higher than that at Site U1301.
The respective thermal conductivities of quartz and pyrite
are considerably higher than those of other sediment constituent minerals (Table 1). For sediment at Site 1026, pyrite
is the minor mineral (Table 2) and therefore contributes less
to the thermal conductivity of the sediment. This fact suggests either that clay at Site 1026 actually contains a higher
amount of quartz than clay at Site U1301, or that the clay
originates from a possible artifact that was present in some
samples classified as “mud” during ODP Leg 168, including
those classified as “mixed” during IODP Expedition 301,
which might contain higher amounts of quartz than clay
(Goto and Matsubayashi, 2008).
3.2.2 Heat capacity and specific heat The heat capacity and specific heat of materials are scalar quantities.
The heat capacity of the earth material, which is an aggregate of two-phase components of solid and fluid, is ex-
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pressed arithmetically (Garcı́a et al., 1991) as
ρs cs = φ ρw cw + (1 − φ) ρg cg ,

(7)

where ρg , cg , and ρg cg represent the density, specific heat,
and heat capacity, respectively, of the grain part of the earth
material, and where ρw , cw , and ρw cw signify the density,
specific heat, and heat capacity, respectively, of the fluid
that fills in pore spaces in the material. The grain heat capacity of aggregate composed of minerals of N -components
is expressed using the arithmetic mean formula (Drury et
al., 1984)


N
N


ρg cg =
Vj ρ j c j
Vj = 1 ,
(8)
j=1

j=1

where V j , ρ j , c j , and ρ j c j denote the volume fraction,
density, specific heat, and heat capacity, respectively, of
the j-th mineral. These formulas have been used widely to
predict heat capacity. For marine sediment, however, these
formulas have not yet been verified using actually observed
data.
Figure 3(b) depicts plots of heat capacity versus porosity for clay sediments at Sites U1301 and 1026. The
mean grain heat capacity value calculated from the observed heat capacity-porosity relations at Sites U1301 and
1026 is 2.25±0.37×106 J m−3 K−1 , which is consistent
with that predicted from mineral composition of clay sediments at Site 1026 (2.07±0.01×106 J m−3 K−1 ) by Goto
and Matsubayashi (2008). Both the heat capacity-porosity
relation lines calculated from the mineralogy-based and observed grain thermal heat capacity explain the observed heat
capacity-porosity relations.
Figure 3(c) presents plots of specific heat versus porosity
for clay sediments at Sites U1301 and 1026. The mean
value of grain-specific heat calculated from the observed
relations between specific heat and porosity at Sites U1301
and 1026 using Eq. (7) is 828±137 J kg−1 K−1 and is
consistent with the grain-specific heat predicted from the
mineral composition of clay, 758±10 J kg−1 K−1 (Goto and
Matsubayashi, 2008). The curves of the specific heat and
porosity relations calculated from these grain-specific heat
values fit the observed specific heat-porosity relations.
3.2.3 Thermal diffusivity To date, the thermal diffusivity model for seawater-saturated sediment has not been
presented because of the difficulty in making measurements. Using Eqs. (5) and (7), the thermal diffusivity of
sediment is modeled as

Equation (9) expresses the thermal diffusivity of sediment
using the geometric mean model with a correction function of porosity and heat capacities of seawater and grain
sediment. As presented in Table 1, the heat capacity of
minerals that compose marine sediment is almost constant
(1.8–2.3×106 J m−3 K−1 ). The use of ρg cg = 2.07 × 106
J m−3 K−1 (Goto and Matsubayashi, 2008) and ρw cw =
4.09 × 106 J m−3 K−1 (Table 1) produces β = 2.0.
Figure 3(d) presents plots of thermal diffusivity versus
porosity for clay sediments at Sites U1301 and 1026. The
thermal diffusivity data at Site 1026 are calculated from
clay thermal conductivity data of the site using Eq. (1). The
thermal diffusivity at Site 1026 varies widely and is slightly
higher than that at Site U1301, as derived from the same
features of thermal conductivity-porosity relations at Site
1026 (Fig. 3(a)). The mean value of grain thermal diffusivity of the clay sediments at Sites U1301 and 1026 is calculated as 1.41±0.54×10−6 m2 s−1 . The thermal diffusivityporosity relation curve using the grain thermal diffusivity value fits the observed thermal diffusivity-porosity relations (Fig. 3(d)). The mean grain thermal diffusivity is
estimated as 1.24±0.47×10−6 m2 s−1 from the observed
thermal diffusivity-porosity relations, yielding an underestimation if the simple geometric mean model ( f = 1) is
applied.
The grain thermal diffusivity of the sediment composed
of N -constituent minerals can be approximated using the
following simple geometric mean model because the heat
capacity of major sediment-constituent minerals is almost
constant (Table 1).
 


N
N
N




V j
Vj
Vj
ρj cj
·
Kj
κj
Kg
j=1
j=1
j=1
κg =
= N
=
N


ρg cg
Vj ρ j c j
Vj ρ j c j
j=1

≈

N

j=1



V

κj j

N



Vj = 1

j=1

(12)

j=1

The grain thermal diffusivity that is calculated using the
thermal diffusivity definition (κg = K g /ρg cg ) from the
mineralogy-based grain thermal conductivity and grain heat
capacity of clay sediment by Goto and Matsubayashi (2008)
is 1.64±0.07×10−6 m2 s−1 . The grain thermal diffusivity predicted using Eq. (12) from the mineral composition of clay at Site 1026 is 1.65±0.07×10−6 m2 s−1 , corresponding to that calculated by Goto and Matsubayashi
(2008). These mineralogy-based grain thermal diffusiviφ
1−φ
Ks
Kw Kg
ties are larger than those estimated from the observed therφ 1−φ
κs =
=
= f κw κg , (9)
mal diffusivity-porosity relations. However, the thermal
ρs cs
φ ρw cw + (1 − φ) ρg cg
diffusivity-porosity relation curve that is calculated from
where κw is the thermal diffusivity of seawater in the pore the mineralogy-based grain thermal diffusivity (1.64×10−6
space of sediment, κg is the thermal diffusivity of the grain m2 s−1 ) using Eq. (9) fits the observed thermal diffusivityporosity relations (Fig. 3(d)), indicating that a difference of
sediment, and f is defined as the following.
approximately 20% of grain thermal diffusivity is insensiβφ
tive to a calculation of thermal diffusivity of clay with high
f =
(10)
porosity (in the present study, φ > approx. 50%).
1 + (β − 1)φ
ρw cw
Similarly to the clay thermal conductivity, the
β=
(11)
mineralogy-based grain thermal diffusivity value is
ρg cg
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closer to that for sand than that estimated from the observed
thermal diffusivity and porosity for clay sediment (Table 3),
suggesting either that clay sediment at Site 1026 contains a
higher amount of quartz than that at Site U1301, or that it
is an artifact: some samples categorized as “mud” during
ODP Leg 168 contain materials categorized as “mixed”
during IODP Expedition 301.
3.3 Thermal properties of sand
Sites U1301 and 1026 yielded only six sets of thermal
property-porosity relation data. Furthermore, the range of
porosity is limited (37–45%). Consequently, thermal property models for sand cannot be examined in detail. The
grain thermal properties of sand estimated from the observed thermal property-porosity relations and predicted
from the mineral composition of sand (Table 2) show similar values (Table 3) if we adopt the same thermal property model as that used for clay. The observed grain thermal conductivity and diffusivity are distinctly higher than
those for clay. On the other hand, the observed grain values of heat capacity and specific heat resemble those of
clay. Similar characteristics are apparent for mineralogybased grain thermal properties for clay and sand, indicating the difference in the amounts of quartz between those
of sand and clay. The thermal conductivity-porosity relation curve and the thermal diffusivity-porosity relation
curve calculated from the mineralogy-based grain thermal
properties seem to fit the observed relations. On the other
hand, the mineralogy-based heat capacity-porosity relation
line and specific heat-porosity relation curve are located
slightly lower than the observed relations on the plot, but
they do explain the trend of the observed relations. From
these results, we infer that the thermal property-porosity relations for sand are also explainable using the same thermal
property model as that for clay.

4.

Conclusion

We examined the characteristics of four thermal
properties—thermal conductivity, heat capacity, specific
heat, and thermal diffusivity—for sediments recovered at
Site U1301 in the eastern flank of the Juan de Fuca Ridge.
The results demonstrate that thermal properties of clay
sediments depend strongly on the distribution of porosity.
The vertical distribution of the thermal properties of sand
and mixed lithology is apparently less variable, reflecting
the constant porosity distribution of these lithologies with
depth.
The empirical relations of the thermal properties to the
porosity and mineral composition of the clay and sand in
the linear basement ridge and trough area in the eastern
flank of the Juan de Fuca Ridge were investigated using
data for thermal properties, porosity, and mineral composition of the sediments in the area. For clay, the observed
thermal conductivity-porosity relations are explainable using the geometric mean model. The observed heat capacityporosity and specific heat-porosity relations are given by
the arithmetic mean formula. Based on the models of thermal conductivity and heat capacity, we have proposed a new
sediment thermal diffusivity model that is expressed by the
geometric mean formulation with a correction function of
porosity and heat capacities of grain sediment and pore-
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filling seawater.
The observed thermal property-porosity relations for
sand are explainable using the same models as those used
for clay, which suggests that these thermal property models
are applicable to thermal properties of sediments of other
lithological types. These results will advance our understanding of sediment thermal properties and are expected to
be useful as standard models to predict the thermal properties of marine sediment for actual applications in marine
geothermal sciences and engineering and laboratory experiments of marine sediment thermal properties.
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