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Power-law scaling of particle size distributions in air,
water, and soil have been frequently reported and are
sometimes interpreted in the context of a fractal dimension
to yield estimates of the geometrical characteristics of
particles and aggregates such as their density or porosity.
However, the underlying process leading to a measure
of particle size distribution suggests that, in general, particle
size distributions in natural systems should not conform
to a simple power law. Rather, measures on a fractal object
such as a particle aggregate give rise to a very different
type of scaling known as multifractal. In this paper, data
on soil grain size distributions obtained from soil horizons
composed predominantly of clay and silt are analyzed to
illustrate the inappropriateness of a simple power law
interpretation in this case and to demonstrate the theoretically
anticipated multifractal behavior.

Introduction
Fractal geometry has been applied to the description of
numerous solid phases encountered in environmental
systems including particle size distributions of clay aggregates
in water (1), biological aggregates and marine snow (2, 3),
flocs produced in water and wastewater treatment (4, 5),
and aerosol agglomerates (6) to name a few. Fractal
interpretations and earlier power-law behaviors of the
distribution of mass of fragmented materials in soils produced
by weathering processes have been reported over a period
of nearly 30 years (7-9). Indeed, communications describing
fractal representations of sediments and soils are abundant
in the literature as evidenced by review articles by Thompson
et al. (10) and, more recently, Tyler and Wheatcraft (11, 12).
A key objective in applying fractal geometry in previous
studies has been to obtain a more fundamental descriptor
of soils that can be related to the particle size distribution,
the pore size distribution, and more macroscopic properties
such as porosity, erodability, and, ultimately, soil water
properties.

One of the most fundamental physical properties of soils
and sediments is their texture (percentages of clay, silt, and

sand). These quantities represent simple characteristics of
the particle size distribution (PSD) and are widely used in
soil classification as well as for estimation of numerous soil
properties such as capillary pressure, permeability, porosity,
water retention (13), thermal conductivity, and adsorption
properties of chemicals (14). Perhaps because PSD and
textural analysis are among the most common descriptors
of field soils, measurement and quantification are often done
simply using sieves, with results reported as summary
statistics such as the mean grain diameter and the uniformity
coefficient. However, in the past decade, considerable
interest has developed in very detailed study of soil structure
by a range of complementary methods such as mercury
porosimetry and image analysis at different size scales or
levels of organization (15-17). Investigators have turned to
fractal geometry in search of more fundamental parameters
to characterize soils (8, 11). Bartoli et al. (16), using image
analysis of silty and sandy soils concluded that the fractal
approach appears to be a potentially useful tool for under-
standing the underlying processes in the creation or de-
struction of soil structure and texture.

Inherent in many of these studies dealing with both soils
and the earlier cited works concerning suspended aggregates
is the notion that the particle size distribution in these systems
represents a distribution of mass from a real (as in the case
of a soil) or conceptual object (as in the case of the population
of aggregates in a suspension), which has a self-similar
distribution of mass with respect to length scale. There is
a large conceptual leap from applying fractal geometry to
describe mass distribution within an object at different length
scales to describing the distribution of a measure such as the
mass- or number-based particle size distribution. The
primary purpose of this communication is to suggest that,
in general, particle size distributions in natural systems should
not conform to simple power-law scaling. One implication
of this suggestion is that attempts to calculate the “fractal
dimension” of aggregates from the shape of the size
distribution of those aggregates are likely to lead to incorrect
conclusions regarding the characteristics of those aggregates
such as their density or porosity. In theory, measures on a
fractal object such as a particle aggregate give rise to a very
different type of scaling known as multifractal, in which case
a single power-law exponent (or fractal dimension) may not
hold over the entire range of the measure. In this paper, we
illustrate, using grain size distributions in soil, the in
appropriateness of a simple power-law interpretation and
demonstrate the theoretically anticipated multifractal be-
havior.

Theory
Fractals and Power Laws. Fractal geometry is based on the
idea of self-similarity, that is, the manner in which variations
of an object are repeated at another scale (18, 19). When an
apparently irregular geometry manifests itself in a similar
fashion that is independent of the scale at which an object
is observed, a power law can be used to describe the
measurable properties of the object (20). This scale invari-
ance or self-similarity concept has become widely applied
in several properties of natural soils, one of them being the
particle size distribution (PSD).

If a fractal object in M-dimensional space is covered by
M-dimensional “cubes” having a side length δ, the number
of such cubes, N(δ), needed to cover the object varies as δ-D

when δ f 0:
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where C is a proportionality constant and D is the Haussdorf-
Besicovitch dimension, commonly referred as the fractal
dimension (18). Power laws of this type have been applied
to describe the mass distribution of objects ranging from
stars in galaxies to colloids in aggregates. In these examples,
the fractal dimension (Haussdorf-Besicovitch dimension)
is related to the physical scale or size of the geometric object
under consideration (21).

Numerous attempts have also been made to fit power
laws to particle size distributions in air or water as well as
grain size distributions in soils. Tyler and Wheatcraft (11,
12) used such a power law to describe the cumulative PSD
based in number of soil particles (N) or mass of soil particles
(M) as follows:

where N(R e r) is the number of particles of size R or greater
and M(R e r) is the mass of particles of size R or greater. C1

and C2 are proportionality constants, and D is the fractal
dimension of the soil.

Later work has shown that there are several problems in
using a simple power law or fractal dimension as a descriptor
for the distribution of mass at various length scales in soils.
Different values of D are obtained using N(R e r) or M(R e
r), which perhaps draw into question the scale invariance of
particle density (22, 23). Also, Perfect et al. (24) have shown
that a single value of D may not be applicable across all size
classes, perhaps leading one to concluded that different
values of D apply at different scales for the same soil.

Multifractals. The preceding discussion suggests that
power-law behavior of particle size distributions is frequently
not observed and therefore cannot be expected to hold as
the general case. Moreover, the “fractal dimension” calcu-
lated from a power-law fit of PSD data and the fractal
dimension(s) of objects making up that distribution are very
different quantities. Methods for arriving at the fractal
dimension of aggregates in a suspension from their PSD have
been proposed (e.g., ref 2). However, the conditions required
to meet the assumptions imbedded in such analyses are
highly constraining and there is no basis for determining
whether these conditions will be satisfied in natural systems.

In contrast, theory suggests that particle size distributions
should not be described by a single fractal dimension except
under very restrictive conditions. Rather, the conditions
leading to particle (or aggregate) size distributions in nature
would lead us to anticipate that PSDs should display
“multifractal” behavior. For example, a multiplicative gen-
erating process in which a measure varies over a nonuniform
fractal gives rise to a multifractal distribution of that measure
(20). Such might be the case if the PSD is viewed as a measure
distributed over an object such as a soil or a suspension
having a spatial distribution of mass, which is itself fractal.
Alternatively, the PSD might be viewed as a measure which
represents the ensemble of multiple interrelated processes
such as degradation, weathering, precipitation, and aggrega-
tion. In either case, the measure (PSD) may display a self-
similarity referred to as “multifractal” (25).

For example, in this work soil texture is studied in terms
of the percentage of volume distributed in different particle
sizes obtained from measurements with an electrical sensing
zone (ESZ) type particle counter. If a constant density is
assumed for all particles, volume measurements may be
expressed as mass. Thus, one measure may be taken as the
fraction of soil particle mass (or equivalently volume), pi, in
a size class “i”. In this work, the support of this measure is
the set of real numbers corresponding to particle diameters
from 0.48 to 20 µm. This interval encompasses particles

classified as clay or silt and includes to a very good
approximation 100% of the soil material examined in this
work. The lower bound of this support corresponds to the
limit of detection of typical ESZ instruments. Thus, pi can
be interpreted as the probability of finding soil particles of
a certain mass within particle size interval “i” and it follows
that p((0.48,20]) ) 1 (or 100%). However p may be spread
over the interval (0.48,20] in such way that the concentration
of mass varies widely.

With this definition of a probability measure, pi, the idea
of fractal dimension is extended by considering the various
moments, q, of the measure normalized by their sum:

where n(δ) is the number of subintervals of size δ in largest
interval (0.48,20], µi is the percentage of volume in the
subinterval i, and q is the weight or moment of the measure.
The sum in the denominator of eq 4, µ(q, δ), is dominated
by the highest values of pi when δ f 0 if q > 0 and by the
smallest values of pi if q < 0. In an analogous sense, averages
of particle diameter are skewed to the high end of particle
diameter when the average is based on particle volume, and
the lower end when based on particle number. The similarlity
of eq 4 to a partition function suggests an analogy with
thermodynamics which is exploited in interpreting the
resulting scaling functions.

A log-log plot of a selfsimilar measure, µ(q, δ), vs δ at
various values for q will give:

where τ(q) is called the qth mass exponent (20). If eqs 5 and
1 are compared, τ(q) is seen to play the role of a fractal
dimension but it is not constant over all length scales, δ.
Instead, if τ(q) is plotted vs q, a multifractal measure will
yield a convex function (26).

Results can be expressed in terms of the measure’s
multifractal spectrum, f(R), which is defined by a Legendre
transformation as follows:

where R is the Lipschitz-Hölder exponent or “crowding
index” of the data, which characterizes the average strength
of singularity in the measure µ (27). The quantity f(R) may
be interpreted as the fractal dimension of the subset of the
interval (0.48,20] that dominates the sum in eq 4 for different
weights q having the same Lipschitz-Hölder exponent (R)
(26).

The f(R) curve typically has a parabolic shape. A
particularly meaningful parameter from the spectrum is the
entropy dimension of the measure, defined for the case when
q ) 1, as

The entropy dimension of the subset describes the uniformity
of the measure, a value of 1 corresponding to a uniform
spread (26).

Materials and Methods
Despite the enormous importance of the PSD in soils,
surprisingly few studies (e.g., ref 6) have used electronic

N(R e r) ) C1R-D (2)

M(R e r) ) C2R3-D (3)

µi(q,δ) )
pi
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q

)
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q
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µ(q,δ) ∼ δ-τ(q) (5)

R(q) ) - d
dq

τ(q) (6)

f[R(q)] ) qR(q) + τ(q) (7)

R1 ) R(1) ) f[R(1)] (8)
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particle counters to determine the particle size distribution
in soils. In this work, an electronic sensing zone (ESZ) type
particle counter (Coulter Multisizer Counter) was used to
obtain enough data points in mass and number of soil
particles coming from different horizons to allow a multi-
fractal analysis.

Soil. Samples were obtained from three soil horizons
(collected in September 1996) of the Lake Charles-urban
complex association found in Houston. The pH of the soil
was measured after immersing the samples in deionized water
using an Orion Expandable Ion Analyzer EA 920 (28). The
OC (organic carbon) analyses were determined using a
carbonaceous analyzer (method 9060) by Inchcape Testing
Services at Houston. The global mineralogical composition
was determined by X-ray diffraction (Phillips 42202 diffrac-
tometer, Co anticathode). The conditions used for this
analysis are 25 min from 3 to 78° 2θ for the global
characterization of powder disoriented and 15 min from 3
to 33° 2θ for oriented preparations of clay minerals. Ethylene
glycol treatment was made for smectite identification.

Particle Size Distribution Analysis. The bulk horizon
samples were oven-dried (37 °C) and then sieved using a
nest of ASTM sieves with mesh openings of 8 (2.36 mm), 10
(2 mm), 12 (1.68 mm), 14 (1.168), 16 (1.180), 18 (1 mm), 20
(0.85 mm), 25 (0.707 mm), 30 (0.6 mm), 35 (0.5 mm), 40
(0.425 mm), 45 (0.354 mm), 50 (0.3 mm), 60 (0.25 mm), 70
(0.212 mm), 80 (0.18 mm), 120 (0.125 mm), 140 (0.106 mm),
170 (0.09 mm), 200 (0.075 mm), and 230 (0.063 mm). For the
finest sieves, the samples were washed through the sieves
using tap water and then oven-dried. The 230 mesh opening,
at approximately 63 µm, was used to separate the clay + silt
fraction (defined as the fraction < 60 µm) from the sand +
gravel fraction (fraction >60 µm). The clay fraction (<2 µm)
for the horizons 1 and 2 was isolated from the silt fraction
(2-60 µm) by sedimentation as estimated by Stoke’s law
(29). It was not possible to separate the clay and silt fractions
in horizon 3 by sedimentation. The initial quantities of
horizon samples and each retentate on the sieves were
normalized in order to express each retentate in mass
percentage.

The particle size distributions of the clay and silt fractions
were obtained by suspending soil material in water and
analyzing the suspensions with an electronic particle counter
(Coulter Multisizer, Coulter Electronics Ltd., Luton, England).
This instrument operates on the electrical sensing zone
principle and allows for quantitative measurements of the
volume and size of particles in suspension larger than

approximately 0.48 µm. Accuracy of this method is limited
to particles having diameters between 2 and 50% of the orifice
diameter. For this reason, measurements using several
orifices may be necessary to determine the size distribution
of suspensions containing particles that differ considerably
in size. Preliminary analyses showed that the silt and clay
fractions of the samples contained almost no particles larger
than 20 µm. Both 19 and 50 µm apertures were used for
particle measurements in this work. Analyses were per-
formed in a 2% NaCl electrolyte solution (by weight). Samples
were dispersed mechanically 30 min and left wetted 1 day
before analysis to allow the clay particles (smectite) to absorb
water into their structure. Before each measurement,
samples were sonicated 3 min to break up potential ag-
gregates of particles. The analyses were replicated three
times. The volumes given by the Coulter Counter were
converted into mass assuming a value of 2.65 g/cm3 for their
density (31) to allow comparison of data from the electronic
particle counter with data on particle mass passing through
sieves. The results were expressed as weighted mass
percentages of the clay and silt fractions determined after
separation by sieving and sedimentation. Mass percentages
were reconverted to number fractions using the following
relationship:

where Ni is the number of particles, Mi the mass, and di is
the diameter of particles (assumed to be spherical) in class
“i”. Thus, two different measures were considered in the
multifractal analysis: one based on the mass and the other
one based on the number of particles.

Evaluation of Power Law Scaling. Under the assumption
of constant power law, scaling of the PSD’s calculation of the
“fractal dimension” of the PSD was carried out in two steps:
first with the data obtained from the sieves and second with
the data obtained from the analyses of the silt and clay
fractions made using the electronic particle counter. The
diameters of the particle sizes (2r) were used to fit a regression
line between log M(2r > 2R) and log(2R), the slope of which
is S, where:

An estimate of the fractal dimension for the distribution of
mass by size class comparable to those reported by previous

TABLE 1. Main Characteristics of the Different Horizons of the Soil Studieda

mineralogical composition (%)

horizon depth description OC (%) pH (in H2O) Sm Q F C

1 ≈0-50 cm very firm, dark gray clay 0.511 8.20 79 21 0 0
2 ≈50-80 cm very firm, yellowish red clay 0.395 8.73 76 19 2 3
3 ≈90-120 cm very firm, yellowish brown clay with

light olive brown concretions
0.0675 8.27 70 25 2 3

a OC ) organic carbon; Sm ) smectites; Q ) quartz; F ) feldspar; C ) calcite.

TABLE 2. Texture of the Studied Horizons Determined by Sieving and Coulter Counter

horizon 1 horizon 2 horizon 3

size
classe

sieves and
sedimentation

coulter
counter

sieves and
sedimentation

coulter
counter sieves

coulter
counter

<2 µm % clay 17 23.41 13.8 31.16 72 38.57
2-60 µm % silt 65 58.59 82.8 65.44 33.43
60 µm-20 mm % sand 13.85 2.74 24.32
>20 mm % gravel 4.15 0.59 3.68

Ni )
6Mi

2.65πdi
3

(9)

M(2r > 2R) ∼ (2R)S (10)
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investigators (11) is calculated from the slope, S, as

Subsequent analysis demonstrates that the mass distribution
through the size classes is not adequately described by a
single fractal dimension. Rather, a multifractal approach is
shown to yield a more valid representation of the data.

Calculation of Multifractal Spectrum. The determina-
tion of the multifractal spectrum, f(R), was done for each
horizon using 217, 152, and 175 points, respectively, for the
horizons 1, 2, and 3. Because the mass percentage was
predominantly in the clay fraction and silt fraction (with
most of the particles e 20 µm) in all the horizons, the study
was done in the size range from 0.48 to 20 µm inclusive.

Several methods have been proposed to calculate f(R)
such as the histogram method and the method of moments
(26). For experimental data with a low dimension, as in the
current case, a direct determination of the f(R) as suggested
by Chhabra and Jensen (32) is preferable.

The following relationships were applied to calculate f(q)
and R(q) from the normalized measures [µ(0.48,20) ) 1] of
mass and number:

f(R) is then obtained by plotting f(q) vs R(q) for each value
of q. Equation 12 is essentially a restatement of the
Boltzmann formula for statistical entropy when q ) 1 at which
value it is clear by comparison with eq 13 that R(1) ) f(1).
The “entropy dimension,” f(1), also referred to as the
information dimension within the context of information
theory, can be expressed as a function of a random variable’s
standard deviation.

Results and Discussion
Characteristics of Soil: Description and Soil Size Distribu-
tion. The association Lake Charles-urban complex is
described by the National Cooperative Soil Survey (33) as
“somewhat poorly drained, very slowly permeate, clayed and
loamy soils.” This association belongs to the typical Uderts
Vertisols developed along the Texas gulf coast from fluviatil
sediments (34). Characteristics of the three soil horizons
sampled in this study are summarized in Table 1. The average
organic carbon content (OC) is low (<1%) and smectites are

FIGURE 1. log mass vs log(2R)-1 for sand and gravel fractions for
the three horizons. Lines are the calculated regression lines given
in Table 3.

TABLE 3. Linear Regression between log(2R)-1 and
log[M(2R>2r)]

horizon
number of

points R 2 slope ( se constant ( se
D

(3-slope)

1 20 0.98 0.388 ( 0.011 1.913 ( 0.026 2.612
2 20 0.93 0.467 ( 0.029 1.416 ( 0.064 2.533
3 20 0.96 0.473 ( 0.022 2.195 ( 0.048 2.527

D ) 3 - S (11)

f(q) ) limδf0

∑
i)1

n(δ)

µi(q,δ)log[µi(q,δ)]

log δ
(12)

R(q) ) limδf0

∑
i)1

n(δ)

µi(q,δ)log[µi(1,δ)]

log δ
(13)

FIGURE 2. log mass vs log(2R)-1 for only the silt and clay fractions
for the 3 horizons. Lines are the regressions lines shown on Figure
1.

FIGURE 3. Mass distribution (expressed in percent) of the particles
of the horizon 1: (A) from 0.48 to 20 µm and (B) from 3.18 to 11.28
µm. Number distribution (expressed in percent) of the particles of
the horizon 1: (C) from 0.48 to 20 µm and (D) from 3.18 to 11.28 µm.
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the main clay minerals. The three horizons are visually quite
distinct. The top horizon is contained within approximately
the upper 50 cm and is composed of a very firm dark gray
clay. The middle horizon (approximately 30 cm thick) is a
very firm, yellowish red clay, while the deepest layer (about
30 cm thick) is a very firm, yellowish brown clay with light
olive brown concretions. A similar pH was measured for the
three horizons with a value around 8.20. One concludes
that the silt fraction is dominant in the first and second
horizons (>50%) independent of the size characterization
technique used (sieves and sedimentation or particle counter).
In the third horizon, the percentages of silt and clay (33.43
and 38.57, respectively) are similar (Table 2). The particle
counter provides very detailed information on the clay
fraction; however, it is not able to detect particles with
diameters less than approximately 0.48 µm. Comparing the
total mass analyzed by the particle counter to the mass
actually added to the initial solution and recognizing that
the assumed density for conversion from volume to mass
likely represents a maximum, we estimate that 6.79, 10.47,
and 33.39% of the “clay” mass is composed of particles smaller
than 0.48 µm for horizons 1, 2, and 3, respectively. These
particles belong to the colloidal fraction and are typically
included in the clay fraction by the soil scientists. The three
horizons analyzed correspond in the USDA classification as
loam soil, silty-clay soil, and clay-loam soil for, respectively,
horizons 1, 2, and 3 (Table 2).

Power-Law Fits. A plot of the log of particle mass (mass)
vs the log of inverse particle diameter (2R-1) is shown in

Figure 1 for the three horizons. Only data for the sand and
gravel fractions obtained by sieving were used to obtain the
regression lines and calculate the slope and fractal dimension
(D) for each horizon (Table 3). All the horizons have values
of D close to 3, similar to the results reported by Tyler and
Wheatcraft (35) for clay and silty soils. The goodness of fit
(R2) and standard errors (se) of parameter estimates (Table
3) confirm the hypothesis of a linear relationship between
the variables plotted (Figure 1). If the scale is changed to the
clay and silt fractions, the scaling property should continue
and the regression lines should be the same. However, when
only these finer fractions are plotted (Figure 2), it is obvious
that the regression lines obtained before do not fit over the
entire range of particle diameters. In horizons 1 and 2, the
silt fraction accounts for the highest percentage of mass with
no more than 32% of the mass attributable to the other
fractions, and in the horizon 3, clay and silt quantities are
quite similar (Table 2). If a regression line is fit for different
size intervals (Figure 2) for each horizon, the values obtained
for the slope vary from 0 to 3, corresponding to fractal
dimensions (D) of 3 to 0. In other words, we can obtain all
the possible values for D by selecting different ranges of
particle size. This means that depending on the scale selected
to calculate D, the same horizon will yield different fractal
dimensions. Moreover, in some cases, this value can even
be negative. This has been reported previously by Logsdon
et al. (23). Similar observations have been made by

FIGURE 4. Mass distribution (expressed in percent) of the particles
of the horizon 2: (A) from 0.48 to 20 µm and (B) from 3.18 to 11.28
µm. Number distribution (expressed in percent) of the particles of
the horizon 2: (C) from 0.48 to 20 µm and (D) from 3.18 to 11.28 µm.

FIGURE 5. Mass distribution (expressed in percent) of the particles
of the horizon 3: (A) from 0.48 to 20 µm and (B) from 3.18 to 11.28
µm. Number distribution (expressed in percent) of the particles of
the horizon 3: (C) from 0.48 to 20 µm and (D) from 3.18 to 11.28 µm.
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investigators attempting to fit PSD data on particle suspen-
sions from aquatic environments to a power law and estimate
values for the power-law exponent â (see, for example, ref
36).

Self-Similar Measure. We propose that because the PSD
is a measure rather than a geometric object, that the measure
itself may display self-similarity. If this is the case, it should
be possible to describe the data as a multifractal and a plot
of f[R(q)] as function of R(q) should yield a single-humped
curve. The point at which a line with slope of unity is tangent
with this curve yields the entropy dimension.

Inspection of the mass (Figures 3a, 4a, and 5a) and number
distributions (Figures 3c, 4c, and 5c) reveals that the
distribution from 0.48 to 20 µm of particle diameter has a
similar profile to the same distribution plotted from 3.18 to
11.28 µm (Figures 3b, 4b, and 5b for the mass distribution
and Figures 3d, 4d, and 5d for the number distribution). This
is particularly evident in the number distributions. That is,
the shape of the PSD is similar at different scales of resolution.
The high resolution of the PSD (more than 150 data points)
produced by ESZ-based particle counters provides sufficient
data to perform a multifractal analysis of the measures (both
mass and number).

The multifractal spectrum for both measures (mass
distribution in Figure 6a and number distribution in Figure
6b) calculated for the three horizons using eqs 12 and 13 as
described in the Materials and Methods exhibit multifractal
behavior characterized by a convex curve (20). The mass
distributions for the three horizons result in similar spectra
(Figure 6a) with a common amplitude in R (Rmin ) 0.4 and
Rmax ) 1.1). In contrast, the spectra calculated from the
number distributions (Figure 6b) are more spread out with
a common Rmin ) 0.5 and different Rmax depending on the
horizons (1.7, 2.4, and 2.5 for, respectively, horizons 1, 2, and
3). In this case, the greatest differences between spectra for
the number distributions are observed for the negatives values
of q. This means that these distributions differ most in the
smallest values of the measure (number %) while the largest
values of the measure are quite similar. Comparing the

spectra obtained from the two measures, a significant
difference in the amplitude of the Lipschitz-Hölder expo-
nent, R, is observed. When the R amplitude is bigger,
singularities of the measures are more pronounced and the
self-similarity behavior is clearer.

As discussed previously, the entropy dimension, R(1), is
an important parameter of the spectrum. In the cases
considered here, possible values of the entropy dimension
are 0 < R(1) < 1. A value of 1 signifies an evenly spread
distribution of irregularities across the particle sizes. When
R(1) < 1, there is a subset of particle sizes (the domain of the
measure) in which the irregularities concentrate. The entropy
dimensions [R(1)] for the three horizons obtained from the
mass distribution are larger than 0.85 [R(1) < 1] (Table 4).
Therefore, the values of R(1) found in these three horizons
reflects a degree of “emptiness” of the irregularities present
in the data set that is quite similar. It is also significant that
the values of R(1) obtained from the particle number
distribution for the three horizons are lower than those
obtained from the mass distribution. This indicates that the
distribution in particles number is more concentrated than
that for mass as previously shown in Figures 3, 4, and 5. The
entropy dimension may be a useful statistic for comparing
properties of soils, sediments, and suspensions. We conclude
that simple power laws are not likely to be applicable to PSD
data from many natural systems as a general case. Rather,
these data may be more appropriately described as multi-
fractal.
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