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Abstract It is shown that temporal variation in hydro-
chemistry may be attributed, in part, to continuous
seismotectonic activity occurring before the onset of the
1995 “Kobe” earthquake, Japan, challenging the “one
earthquake—one signal” hypothesis with respect to poten-
tial precursory signals to this devastating event. A possible
continuous seismotectonic influence on chloride and
sulphate ion-concentration is evaluated with aggregate
earthquake-information by transforming a multivariate
earthquake time series (including coordinates and magni-
tude) into a one-dimensional time series (considering
geometric relationships between earthquakes and the well-
site). A piecewise analysis of ion-concentration and
seismotectonic-activity time series compares trends and
change points between the two time series: a positive
correlation (before the proposed onset of the preparation
stage) is followed by a negative correlation (during the
proposed preparation stage) which, in turn, is succeeded
by a positive correlation (after the heaviest aftershock
sequences). This suggests that seismotectonic processes
occurring before the Kobe earthquake dynamically influ-
enced aquifer characteristics, leading to temporal varia-
tions in the hydrochemical time series. Accordingly, a
dynamic change in the mixing ratios of waters with
different hydrochemical characteristics is proposed as a
mechanism for explaining observed variation. The re-
search can be extended by considering vectors in the stress
field that lead to changes in the aquifer-well system.
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Résumé D’apres les observations, des fluctuations hydro-
chimiques temporaires peuvent étre partiellement impu-
tées a une activité sismotectonique permanente précédant
le début du train d’ondes du séisme de Kobe (Japon) en
1995. Ceci remet en cause 1I’hypothese “un séisme — un
signal”, concernant les signaux précurseurs potentiels de
cet événement dévastateur. Une potentielle influence
sismotectonique continue sur les concentrations en ions
chlorure et sulfate est estimée par recoupement des
informations sismiques, en transformant les séries tem-
porelles multivariables (incluant les coordonnées et la
magnitude) en une série temporelle unidimensionnelle (en
prenant en compte les relations géométriques entre les
séismes et I’emplacement du puits). Une analyse par
morceaux des séries temporelles des compositions io-
niques et de I’activité sismique compare les tendances et
les points d’inflexion entre les deux séries : une
corrélation positive (précédant ’amorce des précurseurs)
est suivie d’une corrélation négative (synchrone des
précurseurs), précédant elle-méme au final une corrélation
positive (aprés les répliques les plus intenses). Ceci
suggere que les processus sismotectoniques précédant le
séisme de Kobe ont influencé dynamiquement les car-
actéristiques de I’aquifére, causant des variations dans les
séries hydrochimiques temporelles. Suivant le méme
raisonnement, un mécanisme proposé pour expliquer les
variations observées implique un changement dynamique
dans les proportions de mélange des eaux selon les
différents paramétres hydrochimiques. La recherche peut
étre étendue en prenant en compte les vecteurs du champ
de contraintes qui générent les changements dans le
systéme puits-aquifere.

Resumen Se muestra que la variacién temporal en
hidroquimica puede atribuirse en parte a la continua
actividad sismotectonica que ocurri6 antes del inicio del
terremoto de 1995 en Kobe, Japén, lo que desafia la
hipdtesis “un terremoto-una sefial” en relacion con las
sefales precursoras potenciales para este evento devasta-
dor. Se evalia una posible influencia sismotectonica
continua en la composicion de la concentracion de iones
sulfato y cloruro con informacion agregada de terremotos
mediante la transformacion de series de tiempo multi-
variables de terremotos (incluyendo coordenadas y mag-
nitud) a series de tiempo en una dimension (considerando
relaciones geométricas entre terremotos y el sitio del
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pozo). Un andlisis por partes de las concentraciones de
iones y series de tiempo de actividad sismotectonica
compara tendencias y puntos de cambio entre las dos
series de tiempo: una correlacion positiva (antes del inicio
propuesto de la etapa de preparacion) es seguido por una
correlaciéon negativa (durante la etapa de preparacion
propuesta) la cual, a su vez, es continuada por una
correlacion positiva (después de las fuertes secuencias de
réplicas). Esto sugiere que los procesos sismotectonicos
que ocurrieron antes del terremoto de Kobe influyeron
dindmicamente en las caracteristicas de los acuiferos,
ocasionando variaciones temporales en las series de
tiempo hidroquimicas. Por lo tanto, se propone que un
cambio dindmico en las relaciones de mezcla de las aguas
con las diferentes caracteristicas hidroquimicas es un
mecanismo que explica la variacion observada. La
investigacion puede extenderse tomando en consideracion
los vectores del campo de esfuerzos que pueden conducir
a cambios en el sistema pozo-acuifero.

Keywords Hydrochemistry - Tectonics - Kobe -
Time series - Earthquake

Introduction

Many geochemical precursory signals to single earth-
quakes have been reported in previous decades, as
summarized by Hauksson (1981), Toutain and Baubron
(1999), Hartmann and Levy (2005) and others. However,
previous research has focused on analyzing possible
relations between a recognized anomaly in hydrogeolog-
ical (or geochemical) time series and a recognized single
significant earthquake event. Moreover, scientific contro-
versy regarding the existence of precursory signals (Geller
1997) has led to the need for additional precursor research
in order to provide additional empirical evidence that
earthquake prediction is, in fact, possible. For this reason,
more data and more hydrogeochemical and geophysical
parameters must be tested to show that there is an
“extremely small possibility that the precursors detected
occurred randomly and are unrelated to the earthquakes”
(Biagi 1999).

Seismotectonic processes have been shown to signifi-
cantly contribute to the observed variation of hydrogeo-
logical (and hydrochemical) time series (e.g. Bolognesi
1997; Biagi et al. 2000; Hartmann et al. 2005). Changes to
the mixing ratios of waters of different hydrochemical
characteristics constitute the most frequently considered
mechanism for the generation of these hydrochemical
signals (e.g. Bolognesi 1997). Earthquake-related hydro-
geochemical signals can be observed up to several hundred
kilometres away from the hypocenter (e.g. Igarashi and
Wakita 1990; Zongjin 1990; Bella et al. 1998).

Multiple earthquake related signals have been observed
in some long-term monitoring stations (e.g. Igarashi and
Wakita 1990; Zongjin 1990; Bella et al. 1998), indicating
the possibility of a long-term seismotectonic influence on
the variation of a monitoring time series. Even small
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earthquakes (M<3, with M as moment magnitude) may
contribute to a detectable response in a hydrochemical
groundwater time series (Bolognesi 1997) and aseismic
tectonic activity in fault systems may temporarily affect
permeability (Wakita et al. 1980). Mechanisms leading to
pre- and postseismic signals such as permeability changes
and alterations to the mixing ratios of hydrochemically
different waters, are discussed in Montgomery and Manga
(2003), Hamza (2001), Heinicke and Koch (2000) and
Bolognesi (1997).

Analysis of earthquake related signals

Toutain et al. (1997) present a distinct, nearly binary,
earthquake-related signal in response to seismotectonically
induced aquifer changes. This binary response results in a
sharp increase of chloride ion concentrations that return to
previous levels several days after the reported earthquake.
Such an observation is normally interpreted as a “one
earthquake—one signal” event (either postseismic, preseis-
mic or coseismic, depending on whether the signal starts
after, before or at the same time as the referenced
earthquake). In seismotectonically active regions, it is
often difficult to ascertain whether a proposed time-series
signal is related to a single earthquake event (occurring
either before or after the signal). Shapiro et al. (1980)
present a signal in a seismotectonically active region,
which may be related to a seismic event before or after the
identified signal, thereby illustrating the difficulties in
determining whether a signal is pre- or postseismic.

Hauksson (1981), Toutain and Baubron (1999) and
Hartmann and Levy (2005) provide an overview of
proposed earthquake-related precursory signals, analysing
the relationships among signal attributes such as earth-
quake magnitude, epicentral distance, precursory time or
signal duration. They show that the potential maximum of
both the epicentral distance and the signal duration can be
described as a function of magnitude. Montgomery and
Manga (2003) identify similar findings for hydrological
coseismic and postseismic signals related to single
earthquakes.

These insights indicate a possible interconnection
among (1) the released seismic energy, (2) the geometric
relationship between the hypocentral area and the moni-
toring site and (3) the time between the two considered
events. However, there is an absence of standardized
analysis techniques and algorithms for investigating the
preliminary variation of signals before the onset of the
related major earthquakes in relation to the available
seismotectonic information. Developing such techniques
may prove valuable for uncovering processes related to
signal creation. Accordingly, an analysis technique is
herein proposed and discussed in order to investigate the
link between temporal variations in a hydrochemical time
series and calculated functions of earthquake activities. In
particular, aggregate earthquake information is used to
provide insights into the existence and complexity of
empirical precursors by analysing the relationship between
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temporal variations in a hydrochemical time series and
seismic activity. The Kobe (Hyogo-ken) earthquake,
Japan, is used as a case study to investigate the influence
of seismotectonic activity on changes in groundwater
composition before the devastating seismic event of 17
January 1995. The case study location is shown in Fig. 1.
Finally, the extent to which seismotectonic processes
influence the temporal hydrochemical variation in the
composition of the well water is investigated, strengthen-
ing the argument that seismotectonics can dynamically
influence permeabilities or other aquifer characteristics
(Muir Wood 1994; Stephenson et al. 1994).

The 1995 Kobe earthquake and the detected
hydrochemical signal

Japan is located at the intersection of three tectonic plates:
the Eurasian, the Philippine and the Pacific plates. Most
seismotectonic activity in Japan is related directly or
indirectly to the subduction of the Pacific and the
Philippine plates. Kobe is located in the active Awaji-
Rokko Fault System (Kanaori and Kawakimi 1996), north
of the easternmost left-stepping bend of the dextral
median tectonic line, MTL (Itoh et al. 2000).

An earthquake with magnitude M=7.2 struck Kobe and
surrounding regions at 5:46 am on 17 January 1995,
(Fig. 1; Kanaori and Kawakami 1996), leading to more
than 5,500 deaths. The earthquake’s quadrant-type focal
mechanism (with a maximum compression axis in an
east-west direction) caused a distinct 9-km rupture along
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Fig. 1 The monitoring station discussed (ROK well 1 and 2) is

located in the granitic mountains rising behind the city of Kobe

(Osaka Bay) and 20 km east of the main earthquake event, which

occurred on the northeast side of Awaji Island, Japan (marked by a

star)

Awaji Island
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the pre-existing Nojima fault, in the northeast of Awaji
Island. After this earthquake, Tsunogai and Wakita (1995)
analysed previously bottled groundwater from two wells
in the Rokko Mountains. Beginning in August 1994,
chloride and sulphate ion concentrations gradually in-
creased leading to statistically significant extrema
(Johansen et al. 1996). The highest pre-earthquake
concentration levels were recorded on 13 January, 4 days
before the major earthquake (Tsunogai and Wakita 1995,
1996; Silver and Wakita 1996).

The ion concentrations in the water samples taken after
the earthquake event continued to increase for approxi-
mately 4 weeks, followed by a decrease. The increasing
trend in dissolved ion concentrations before the earth-
quake event has been interpreted as a potential earthquake
precursory signal to the single referenced earthquake.
Additional potential precursory signals and phenomena
associated with the Kobe earthquake event have been
reported from a number of monitoring sites in the
earthquake vicinity (Sato et al. 1995; King et al. 1995;
Igarashi et al. 1995).

This report presents results of an investigation into
whether the observed variation in chloride and sulphate
concentrations before the Kobe earthquake is related to
seismotectonic processes before this event. Tsunogai and
Wakita (1996) conclude that the chloride variation in the
analysed ROK wells (located in the Rokko Mountains) is
likely to be the result of the mixing of normally separated
fluids induced by a breaking of barriers. Tsunogai and
Wakita (1996) state that this is related to processes
resulting in the single major earthquake under consideration.

The study site

Tsunogai and Wakita (1996) used commercially bottled
water from the ROK-site for hydrochemical analysis. The
bottled water is a mixture of waters from two 100-m-deep
wells, mixed in a fixed ratio of 60:40. The stability of the
ratio was confirmed by further analysis. These two wells,
separated by a distance of 50 m, are located 20 km east of
the epicentre of the Kobe earthquake in the granitic Rokko
Mountains behind the coastline of Kobe. Table 1 gives an
overview of the hydrochemical composition of both well
waters and the variation of the analysed parameters. Only
the time series of well 1 shows a significant variation. The
variation of the second well is very low, as illustrated by
the extrema in Table 1. It is unclear if the detected changes
in hydrochemical composition are the result of ground-
water composition changes in the sampled aquifer(s) or
the result of alterations to the mixing ratios of genetically
different waters in the well itself. The authors are unaware
of any other research that provides additional insights on
this issue.

Between 25 July 1990 and 4 April 1995, chemical
analyses were performed on 79 samples. Further analysis
(using additional samples from the two wells separately
before the major earthquake event), confirmed that the
variation in the chemical composition of the bottled water
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Table 1 Chemical characteristics of the two ROK wells (Tsunogai and Wakita 1996)

Valid N Mean Median Minimum Maximum 10-Percentile 90-Percentile SD

Well 1
Ccr 19 18.5 19.3 16.4 19.4 16.5 19.4 1.1
SO;~ 19 26.7 28.8 20.0 29.5 21.3 294 34
Si 15 10.6 10.2 9.7 12.6 9.9 12.2 0.9
Mg 15 52 52 5.0 5.6 5.1 5.4 0.1
Cazt 15 30.4 31.2 28.1 32.0 28.2 31.8 1.6
Sr?t 15 121.7 125.6 109.6 129.3 111.7 128.5 6.9
Ba2* 15 13.4 14.1 9.3 16.9 10.6 16.2 2.1
Na* 15 16.2 16.2 15.6 17.1 15.7 16.7 0.4

Well 2
Cr 19 13.9 14.0 13.5 14.1 13.7 14.1 0.1
SOF 19 14.6 14.8 14.1 14.9 14.3 14.9 0.2
Si 15 14.8 14.8 14.0 15.2 14.5 15.1 0.3
Mg2+ 15 4.7 4.7 4.6 4.9 4.6 4.9 0.1
Ca2t 15 22.9 22.9 22.0 23.5 223 23.3 0.4
Sr2* 15 89.5 89.8 86.2 92.2 87.0 91.6 1.7
Ba®* 15 8.6 8.6 6.6 10.6 7.6 10.6 1.1
Na* 15 14.5 14.4 14.0 15.0 14.1 14.7 0.3

The additional samples were taken from each well between October 1995 and April 1996. Values are given in ppm (parts per million), with
the exception of Sr and Ba (ppb parts per billion). SD standard deviation

was caused by only one of the wells (well 1). After the
Kobe earthquake, additional samples were taken from
both wells because the disaster disrupted the distribution
of bottled water (Tsunogai and Wakita 1996). The
chemical composition of the second well was stable
throughout the observation period. The uncertainties in
the absolute ion-concentrations were less than 5% for
individual ions and repeated sampling reduced measure-
ment errors. For example, chloride measurement errors
were reduced to less than 0.3%.

Tsunogai and Wakita (1996) identified a strong
correlation between the chloride and sulphate parameters
(correlation coefficient r=0.94); Kuroda et al. (1981)
found a similar correlation in the Rokko Mountains.
Kusaka et al. (1982, in Tsunogai and Wakita 1996) note
that, from deeper to shallower groundwater, an increase in
chloride and sulphate is accompanied by a decline in
silica and sodium. This is consistent with a negative
correlation (correlation coefficient »=—0.71) between
chloride and silica in the sampled water (Tsunogai and
Wakita 1996) and suggests the mixing of two end
members (probably shallower and deeper groundwater)
in well 1 (Table 1). However, Tsunogai and Wakita
(1996) note that it is implausible to assume that pressure
changes were responsible for hydrological changes in the
aquifer. Instead, they propose that a possible fracture of
barriers between aquifers with different chemical signa-
tures might be responsible for the chloride concentration
increase before the Kobe earthquake. On the other hand,
related changes in permeability due to the earthquake
preparation process may account for changes in the
groundwater mixing process of the identified end mem-
bers (Johansen et al. 1996). It is also possible that the
observed variation is caused by mixing processes related
to the well settings. Such a mechanism has been
repeatedly demonstrated at other sites (e.g. Bolognesi
1997; Bella et al. 1998; Hartmann et al. 2005). The
presence of local and absolute extrema in the chloride
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time series (Johansen et al. 1996) suggests the occurrence
of mixing ratio changes over time, giving rise to the
question of whether the mixing ratios are affected by a
dynamic process.

Methodology

Temporal variations in the chloride and sulphate ion
concentrations (Figs. 2 and 3) can be interpreted as a
typical earthquake related signal, displaying a significant
increase in ion concentrations before the onset of the
considered major earthquake, leaving previous confidence
intervals. Hartmann and Levy (2005) summarize this
category of signals. The identification of continuous
seismotectonic influences on geochemical time series can
be problematic if the only available information is
anticipated to be related to a single (major) earthquake.
A methodology is put forth to address this problem which
incorporates the findings of previous studies (Hauksson
1981; Toutain and Baubron 1999; Montgomery and
Manga 2003; and Hartmann and Levy 2005) and uses
relationships among the following three fundamental
categories of variables:

1. Released seismotectonic energy represented by a
function of magnitude

2. Geometrical relationships between seismotectonic
activity and the monitoring site

3. Time

Aggregation functions of observed seismotectonic
activity are defined and compared with identified
sections in the measured hydrochemical time series in
order to investigate whether, before the occurrence of
the Kobe earthquake event, variation in the hydro-
chemical time series is related to variation in seismotec-
tonic activity. This comparison is valid since a change in
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Fig. 2 Comparison of E(n=0 and n=5, e=10M/Depi2) representing
factor 1 and sulphate concentrations gained from the water samples
taken from the ROK wells (see Tables 2 and 3); E(n, e) is the sum

the mixing ratio of waters of different genesis in aquifers
(or wells) may cause changes to a well’s (or a spring’s)
water chemistry composition, which are often related to
seismotectonic processes (Bolognesi 1997; Hartmann et
al. 2005; Hartmann 2005a). Two major difficulties arise
when analysing the relationship between an earthquake
time series and a monitoring time series. First, the
earthquake time series is not a univariate, but at least a
four-dimensional time series (energy and three spatial

of all e parameters within a given time interval (n days). The Kobe
earthquake occurred on day 747. The letters L and R refer to the left
and right axes in the figure

coordinates of the location). Moreover, geometrical
relationships between the observed seismic event and
the monitoring site are different for each earthquake.
Second, the temporal occurrence of earthquakes is
neither equidistant nor synchronous with the water
sampling time.

To overcome these difficulties, a time-series transfor-
mation is proposed: univariate functions of earthquake
activities, £, with equidistant time steps (according to

8 >
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Fig.3 Comparison of £(n=0 and n=5, e=10M/Depi2) representing factor 1 with the chloride concentrations gained from the water samples taken
from the ROK wells. The Kobe earthquake occurred on day 747. The letters L and R in the labels refer to the left and right axes in the figure
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Table 2 Different e-parameter definitions were used based on physical and geometrical considerations and the following variables

1. e=M 2. e=10"
5. e=10"/Dyyp0 6. e=10"/ Dy’
9. e=10"/Depi 10. e=10"/De,;*

13. e=MJdepth 14. e=10M/depth

3. e=M/Dyypo
7. e=M/Dp;

11. e=1/depth

15. e=10M/depth?

4. e=M/Dpypo’

8. e=M/Dy2

12. e=1/exp(depth)

16, €:€dobro:10(]‘}Mas‘lg)/DcpiS

Moment magnitude (M), epicentral and hypocentral distance (Dep; and Dhyy,) and the depth of the earthquake event (depth).
Parameter 16 is calculated according to the epsilon parameter of Dobrovolsky et al. (1979) and estimates the released stress attributed

to a single earthquake

groundwater sampling times) are defined, transforming the
seismic observations according to the following two steps
(Hartmann et al. 2005).

Step 1

Transformation of the earthquake time series into a
univariate time series. The multivariate earthquake time
series is transformed into a univariate time series. Each
earthquake is expressed as a single parameter “e”. Based
on previous research (Toutain and Baubron 1999;
Montgomery and Manga 2003; Hartmann and Levy
2005), e is composed of an energy component of the
earthquake and/or a component expressing the geometri-
cal ratio of the relationship between the earthquake and
the monitoring station, e.g. e=M/D.,; (with M as magni-
tude and D, as the epicentral distance). It is important to
note that as D, increases, the influence of the earthquake
decreases. In addition, the parameter € (which estimates
the stress release attributed to a single earthquake) is
calculated (Dobrovolsky et al. 1979) because it is
frequently used for analysing seismotectonic influence on
hydrogeological time series (e.g. Bella et al. 1998). The
sixteen e-transformations used in this study (Table 2)
represent the most fundamental relationships between the
energetic component of an earthquake and/or the geomet-
rical relationship between earthquake location and moni-
toring site.

Step 2

Synchronisation of the earthquake and monitoring time
series. An earthquake activity function, E(n, e), is
calculated. E(n, e) is the sum of all e-parameters that
occur within n days before and after the sampling time #.

(1)

t+n
El‘ - E €;

t—n

In other words, E(n, e) represents the sum of all e-
parameters within a considered time interval. For example,
n=0 represents the sum of all e-parameters on day ¢ while
n=>5 represents the sum of all e-parameters within the time
interval of £5 days to #5 days.

Factor analysis (Bortz 1993), or other conventional
linear approaches (Hartmann 2005a,b; Hartmann et al.
2005), can be used to group E(n, e) variables on
“independent, hidden” factors (according to the underly-
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ing correlation matrix) since E(n, e) values depend on the
spatial-temporal earthquake distribution (Hartmann et al.
2005). Resulting groups are not necessarily based on the
similarity of e-transformations because transformations
are highly non-linear and, most importantly, earthquakes
are not equally distributed in time and space. To reduce
the number of E(n, e) values required for comparison with
the hydrochemistry, a factor analysis with orthogonal
varimax rotation (Bortz 1993) is performed, yielding a
factor loading index number. This index number not only
provides insights into the strength with which a variable
fits the extracted factor (Table 3), but also helps to
interpret similarities among variables. Bortz (1993) notes
that when the factor loading index number exceeds 0.707,
more than half of the variance in the variables can be

explained by an extracted factor.
If an E(n, e) yields a high correlation on an extracted

factor, then both the E(n, e) and this extracted factor will
have a similar time series. Even if the e parameters are
defined differently, the energetical-geometrical pattern of
seismic events may lead to similar E(n, e) patterns
resulting in high correlations (Hartmann 2005b). This
helps to limit the number of E(n, ¢) under consideration
for further analysis.

The long-term increase in chloride concentration
during the proposed preparation stage is non-linear, with
significant extrema (Johansen et al. 1996) as confirmed by

Table 3 Factor analysis with varimax rotation of the earthquake
activities £ with n=0

e= Factor 1 Factor 2
M 0.86 0.40
€dubro 0.97 0.09
10M 0.97 0.11
M/Dyypo 0.95 0.15
M/Dyypa 0.96 0.13
10/Diypo 0.98 0.09
10"/ Dyyypa 0.98 0.09
IDep; 0.96 0.15
MIDe 0.96 0.15
10M/Dp; 0.98 0.09
10/D.2 0.98 0.09
1/depth 0.61 0.75
1/exp(depth) -0.09 0.92
M/depth 0.62 0.75
10"/depth 0.95 0.23
10M/depth? 0.00 0.81
Variance 11.76 2.98
Proportional to total variance 0.74 0.19

Two factors were extracted, representing 93% of the total observed
variance
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the presence of systemic shifts or significant changes in
the time series of neighbouring monitoring stations (King
et al. 1995). Based on previous work from Johansen et al.
(1996) and King et al. (1995), the chloride time series is
divided into relevant sections in order to compare the
behaviour of the chloride and the E(n, e) time series. Two
methods were selected for this comparison: (1) a direct
comparison of both time series and (2) a correlation
analysis of E(n, e)-values and hydrochemistry using
previously defined time-series sections and well-water
sampling times.

Analysis

E(n, e) for n=0 and n=5 were calculated using earthquakes
with magnitude greater than 2 within a distance of 500 km
from the ROK-site using data provided in the earthquake
catalogue of the Meteorological Institute of Japan (MIJ).
The factor analysis of the calculated E(n, ¢) for n=0 results
in two factors (Table 3). The scree-test (Bortz 1993) was
used to determine the number of significant factors
(eigenvalue of the matrix<l as exclusion criteria). The
factors are assumed to be independent because the
varimax rotation does not change the angle between
extracted factors and preserves factors orthogonal to each
other. The two extracted factors in Table 3 explain 93% of
the total variance within the calculated E(n, e). Each of the
sixteen variations of the e-parameter shows a strong
correlation with one of the two extracted factors. For this
discussion, the high correlations on the extracted factors
enable the use of only two representative E(n, e). The
extracted factors represent the region’s earthquake activity
during the time period under consideration and may not be
representative for the analysis of other time periods.
Chloride and sulphate were chosen for analysis because
all values were present, whereas silica (and other analysed
variables) contained missing values).

Johansen et al. (1996) analysed the shape of the
chloride time series in Fig. 3 by comparing it with other
earthquake related signals; they identified significant
extrema in the chloride time series by using a fitted
function of log-periodic modulations around a leading
power law. The most significant minima coincided with
two phenomena: the global minimum of the chloride time
series around day 480 (April 1994) and a strong local
minimum around day 635 (October 1994), which coin-
cided with systemic shifts in water temperature and
pressure in neighbouring monitoring stations (King et al.
1995).

Four pre-Kobe-earthquake sections are defined based
on local and global minima in the chloride concentration
time series. Tsunogai and Wakita (1995) suggest that the
global minimum occurs at the beginning of the earthquake
precursory stage (reflecting the preparation stage of the
Kobe earthquake). At this minimum, the chloride time
series is divided into two parts (before and after day 480).
The first part is further broken into two sections (section 1
and 2) based on a dividing point in the chloride-and
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sulphate time series around day 307. Taking into account
the strong local minimum at day 635 (which coincides
with systemic shifts in neighbouring monitoring stations),
the second section of the time series is divided into two
additional parts (section 3 and section 4). It follows that
four sections can be identified, demarked by vertical lines
in Figs. 2 and 3: (1) days 0-307, (2) days 307-480,
(3) days 480—635 and (4) days 635-738.

Results

Figures 2 and 3 compare the temporal variation in the time
series of the sulphate and chloride ion concentrations with
the temporal variation in the time series of E(n=0, e=10"/
Depiz) and E(n=5, e:1OM/Dep12), representing factor 1 of
the earthquake activities in Table 3. The Kobe earthquake
was observed on day 747 of the analysed time-period
(day 1 corresponds to 1 January 1993). In sections 2, 3
and 4, the time series of both the ion concentrations and
E(n=5, e=10M/Depi2) show similar trend characteristics: an
increase followed by a decrease. A time lag exists between
the decrease of E(n=S5, e=10M/Depi2) and the
corresponding decrease of the ion concentrations in
sections 3 and 4 of the time series. Insufficient hydro-
chemical data is present in section 1 to characterize the
behaviour of the ion concentration time series.

The most significant increase in E(n=5, e=10M/Dep12)
representing factor 1 occurs in section 4, the time period
immediately before the Kobe earthquake (days 635—738).
The associated ion concentration increase in section 3 has
been interpreted, together with section 4, as part of a
possible precursory signal (Tsunogai and Wakita 1996).

Figure 4 shows E[n=5, e=1/exp(depth)] representing
factor 2 in Table 3, along with the time series of the
chloride and sulphate ion concentrations. In this case, no
clear periodic relationship between seismotectonic activity
and hydrochemical variation can be identified. This
suggests that seismotectonic processes related to factor 2
have no influence (or at best a minor influence) on the
behaviour of the hydrochemical time series during the
analysed period.

Figure 5 shows the correlations and their trends between
E(m=5, e=10M/Depi2) at well water sampling times and the
chloride concentration time series for four sections. For
both sections 1 and 2, the regression correlation coefficients
are 7=0.29. For sections 3, 4, and the section after the Kobe
earthquake, the regression correlation coefficients are r=
—0.71, r=—0.62 and r=0.88, respectively.

A double trend change is evident: in particular, a
positive correlation in the pre-precursory period is
followed by a negative correlation (in sections 3 and 4)
of the supposed preparation-stage period and a positive
correlation (in the “after Kobe earthquake” section),
giving rise to the two correlation patterns shown in
Fig. 5. The associated correlation coefficient for the
entire data set is 7=0.87. This indicates a strong positive
correlation between E(n, e=10M/Depi2) and the chloride
ion concentration. In the correlation analysis, five
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outlying samples coinciding with the extreme aftershock
sequence (immediately after the Kobe earthquake) were
removed (£>20, up to 158), leading to the distinct trends
shown in Fig. 6. The system leaves temporarily normal
patterns, as indicated by the strong correlation of the
remaining cases.

Discussion

Discussion of earlier work

Tsunogai and Wakita (1995, 1996) classify the increas-
ing trend in the chloride and sulphate concentrations
(starting at the beginning of section 3 on day 480), as a
possible precursor to the Kobe earthquake; they also
found that other factors had no influence on the
composition of the well water. However, similarities in
the behaviour of the ion concentration time series and the
E(n=5, e=10M/Depi2) time series suggest the possibility
that long-term seismotectonic processes dynamically
influence the proposed mixing process of ion concen-
trations in the well water.

By considering local geological conditions, Tsuno-
gai and Wakita (1995, 1996) note that changes in
observed groundwater chemistry might reflect processes
in the shallow crust, thereby changing permeability in
the stratum before and after the considered major
earthquake. Furthermore, Tsunogai and Wakita (1996)
argue that the increasing ion concentration trends
(beginning several months before the earthquake) may
reflect the preparation stage of the main earthquake
rupture. They suggest that this increase in ion concen-
trations can be explained by a breaking of the barriers
between aquifers (separated before the Kobe earth-

quake). The possibility that the signal was caused by
well-water mixing processes has, to the knowledge of the
authors, not been previously discussed. Finally, there is
insufficient information for determining the exact mech-
anism responsible for the observed changes to ion
concentrations.

Discussion of the results

Chloride and sulphate ion concentrations positively correlate
with an increase of calculated E(n=>5, e—IOM/Dcpl ) at the
beginning of sections 2, 3 and 4 (Figs. 2 and 3). In sections 3
and 4, the decrease in the ion concentration time series
exhibits a time lag with respect to the decrease in the E(n, e)
time series, resulting in the observed negative correlation for
both sections. This may be attributed in part to a sub-optimal
selection of the e-transformation and earthquake events, in
addition to uncertainties associated with the mechanism
responsible for mixing waters with different chemical
compositions in the aquifer or well.

Comparing the behaviour of these time series pro-
vides insights into the unknown proposed mixing
mechanism of the two identified end members. In
particular, higher values of E(n=5, e=10M/Depi2) corre-
late with an increase in chloride and sulphate concen-
trations at the beginning of sections 2, 3 and 4, indicating
that the ratio of one end member is increased. When E
(n=5, e=10M/Depiz) decreases, the increasing trend in ion
concentrations in sections 3 and 4 (the proposed
preparation stage) continues for a significant length of
tlme Moreover, in both sections 3 and 4, E(n=5, e=10"/

epl) are higher than in section 2 (considering the
aggregation time n=5). After the major earthquake event,
the start of the decrease in chloride concentration is
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stage of the Kobe earthquake to a negative trend during the

delayed when compared to the change point in earthquake
activity E.

In section 2, the increasing trend in E(n, e) continues
longer than the chloride concentration trend. However, the
E(n, e) peaks are lower than in sections 3 and 4 and after
the Kobe earthquake. Insufficient data exists in section 1
for a separate analysis. The negative correlation between
chloride ion concentration and E(n=5, eZIOM/Depiz) in
sections 3 and 4 is partly caused by the decoupling of the
increasing trends.

The data provide at least four occurrences which
suggest that the previously proposed mechanism, a
breaking of barriers, is insufficient for explaining the
decreasing ion concentration trends after periods of
increased earthquake activity. Accordingly, it is proposed
that seismotectonic activity dynamically alters the strain—
stress field, thereby influencing the aquifer—well system
and hence the mixing ratio of waters. This provides an
alternative hypothesis to the suggestion that processes
related to a single seismic event are responsible for the
temporal variation in the ion concentration time series
(Tsunogai and Wakita 1996); in this interpretation, the
presence of other seismotectonic activity is excluded.
However, variation in earthquake activity before the Kobe
earthquake may be related to its preparation stage
(Johansen et al. 1996).

Hydrogeology Journal (2006) 14: 1307-1318

precursory stage (sections 3 and 4) and back to a positive trend after
the Kobe earthquake can be observed. b Time series courses of ion
concentration and earthquake activity during the observation period

It is observed that strong local minima in E(n, e)
demark the start of longer lasting increasing trends. On the
other hand, a decoupling of trends is observed. Three
possibilities are put forth to account for these observa-
tions: (1) the mixing mechanism is partly inert due to a
decrease in earthquake activity, (2) the increase in
seismotectonic activity influences the mixing process in
a way that endures even after a period of strong
earthquake activity, (3) the calculated E(n, e) fails to
sufficiently capture the trend changes in the mixing ratio
time series.

The proposed method provides a new perspective for
examining the relationships between the temporal varia-
tion in ion concentrations before the onset of major
earthquakes (and regional earthquake activity). The
reported 10-fold coseismic increase in the discharge level
in a neighbouring observation well (Tsunogai and Wakita
1996) provides further evidence that seismotectonics may
dynamically affect aquifer conditions in the study region.
Other signals possibly related to the Kobe earthquake
have been reported for hydrogeological (groundwater
discharge), gas-geochemical (radon), and geophysical
(crustal strain) monitoring time series (Tsunogai and
Wakita 1996; Silver and Wakita 1996; Igarashi et al.
1995), indicating a change in permeability, pore pressure,
or other aquifer conditions.
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The results also suggest that aquifer conditions in the
region were altered significantly before the major earth-
quake event. When taken together with the trend analysis
for the analysed sections, they also provide two important
pieces of evidence for supporting the hypothesis that
seismotectonics dynamically influence the aquifer system.
First, the correlation analysis includes data from before the
previously supposed barrier break. Second, ion concen-
trations decrease after the onset of increased seismotec-
tonic activity. In addition, the preparation stage of the
Kobe earthquake may have influenced the aquifer system
before the previously proposed break of barriers around
day 480, causing a significant high variance in earthquake
activity before this time.

The relevance for further research

The proposed analysis algorithm can be used to test
whether groundwater-monitoring sites are sensitive to
seismotectonic activity and to analyse proposed earth-
quake precursory signals. This research presents a serious
challenge to the one earthquake—one signal paradigm.
Accordingly, the development of more sophisticated
methods for the analysis of supposed earthquake precur-
sors and their underlying mechanisms is encouraged. The
methodology herein proposed and described can be easily
adapted by modifying e-parameter definitions, selecting
different earthquake events and including knowledge of
regional tectonic settings. The additional detection of
systemic shifts or signals in monitoring time series from
sites, close to the ROK well site, suggests that future

Hydrogeology Journal (2006) 14: 1307-1318

observations, directly after the Kobe earthquake, left clearly normal
patterns, coinciding with extraordinarily strong calculated earth-
quake activities £

earthquake-precursor research should combine a variety of
techniques for the identification of earthquake precursors.
In Japan, groundwater-monitoring networks are estab-
lished with the purpose of identifying earthquake pre-
cursors (Oki and Hiraga 1988). These kinds of networks
might be a suitable backbone for future research on the
characteristics of earthquake-related signals using aggre-
gated earthquake information.

Bernard (2001) proposes that future research should
focus on transients (such as fluid instabilities and episodic
fault creep) because previously identified supposed pre-
cursors occur infrequently. The analysis technique put
forth in this report is expected to aid in the search for trend
changes in the relationship between groundwater compo-
sition and E(n, e). Alternatively, representative functions
of strain tensors can be used.

Molchan (1997) notes that earthquake prediction also
involves decision making, i.e. defining which of the
several possible types of alerts should be declared. An
optimal earthquake prediction strategy should take into
account all relevant information sources in order to better
support earthquake decision making. The proposed anal-
ysis algorithm can provide additional information about
the relationship between hydrochemical time series and
seismotectonic activity, thereby enhancing earthquake-
prediction decision support. However, a reliable earth-
quake alert system requires the verification of station
stability and sensitivity (a monitoring site must be
demonstrably sensitive to seismotectonics). Finally, mech-
anisms must be understood in sufficient detail in order to
detect earthquake-related signals.
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Conclusions

Functions of aggregated earthquake information were
compared with hydrochemical groundwater changes in
order to investigate proposed earthquake precursory
signals. The suggested earthquake activity concept shows
that the time series of potential precursory signals can be
partly correlated with seismotectonic activity before a
major earthquake takes place. The use of aggregation
functions provides additional insights about the relation-
ship between the hydrochemical time series and seismo-
tectonic activity beyond information gleaned from the
traditional one earthquake—one signal analysis. The
method introduced is also suitable as a decision-making
tool if a monitoring site is sensitive to seismotectonics; a
positively identified monitoring site can be included in an
earthquake prediction and mitigation network.

Previous work has interpreted the presented temporal
variation in ion concentrations as a precursory signal to
the Kobe earthquake. The current work established a
strong correlation between calculated earthquake activity
E(n, e) and the ion concentration time series for
distinguished sections, based on minima in the ion
concentration curves. It follows that E(n, e) variations
before the Kobe earthquake may be interpreted as part of a
precursor to a major earthquake, indicating the preparation
stage of the Kobe earthquake. The temporal variation in
the ion concentrations can also be interpreted as a long-
term effect due to changed aquifer—well conditions
(responsible for altering the mixing ratios of waters with
different hydrochemical signatures) because of variations
in seismotectonic activity.

The E(n, e) definition of earthquake activity used in this
study constitutes an aggregate function of seismic activity.
It is recommended that future work extend the E(n, e)
concept by considering vectors in the stress field that result
in changes to the aquifer (or well) environment. This, in
turn, may help identify detailed mechanisms leading to
differences in the mixing ratios of waters with different
hydrochemical signatures, providing insights into the
search for earthquake precursors.

Acknowledgements This work was partly financed by the German
Science Foundation (DFG) within the framework of the post-
graduate programme “Natural Disasters” and the Japanese Society
for Promotion of Science within the framework of the 21st Century
Center of Excellence Program. The authors are thankful for the
constructive comments of the reviewers and the editors.

References

Bella F, Biagi PF, Caputo M, Cozzi E, Della Monica G, Ermini A,
Gordeez EI, Khatkevich YM, Martinelli G, Plastino W (1998)
Hydrogeochemical anomalies in Kamchatka (Russia). Phys
Chem Earth 23:921-925

Bernard P (2001) From the search of “precursors” to the research on
“crustal transients”. Tectonophysics 338:225-232

Biagi PF (1999) On the existence and complexity of empirical
precursors. Nature, Letter March 18, 1999

Hydrogeology Journal (2006) 14: 1307-1318

1317

Biagi PF, Ermini A, Cozzi E, Khatkevich YM, Gordeev EI (2000)
Hydrogeochemical precursors in Kamchatka (Russia) related to
the strongest earthquakes in 1988-1997. Nat Haz 21:263-276

Bolognesi L (1997) A tentative correlation between seismic activity
and changes in the composition of thermal waters on Vulcano
Island, Italy. Geothermics 26(3):379-392

Bortz J (1993) Statistik (fiir Sozialwissenschaftler) [Statistics (for
sociologists)]. Springer, Berlin Heidelberg New York, p 753

Dobrovolsky IP, Zubkov SI, Miachkin VI (1979) Estimation of the
size of earthquake preparation zones. Pure Appl Geophys
117:1025-1044

Geller RJ (1997) Earthquake prediction: a critical review. Geophys J
Int 131:425-450

Hartmann J (2005a) Long-term seismotectonic influence on the
hydrochemical composition of a spring located at Koryaksky-
Volcano, Kamchatka deduced from aggregated earthquake
information. Int J Earth Sciences DOI: 10.1007/s00531-005-
0055-5

Hartmann J (2005b) Difference information criterion for the
analysis of a seismotectonic influence on a radon time series
at KSM-site, Japan. Geophys J Int 160:891-900

Hartmann J, Levy JK (2005) Hydrogeological and gasgeochemical
earthquake precursors: a review for application. Nat Haz
24:204-279

Hartmann J, Berner Z, Stiiben D, Henze N (2005) A statistical
procedure for the analysis of seismotectonically induced hydro-
chemical signals: a case study from the Eastern Carpathians,
Romania. Tectonophysics 405:77-98

Hamza VM (2001) Tectonic leakage of fault bounded aquifers
subject to non-isothermal recharge: a mechanism generating
thermal precursors to seismic events. Phys Earth Planet Int
126:163-177

Hauksson E (1981) Radon content of groundwater as an earthquake
precursor: evaluation of worldwide data and physical basis.
J Geophys Res 86:9397-9410

Heinicke J, Koch U (2000) Slug flow: a possible explanation for
hydrogeochemical earthquake precursors at Bad Brambach,
Germany. Pure Appl Geophys 157:1621-1641

Igarashi G, Wakita H (1990) Groundwater radon anomalies
associated with earthquakes. Tectonophysics 180:237-254

Igarashi G, Saeki S, Takahata N, Sumikawa K, Tasaka S, Sasaki Y,
Takahashi M, Sano Y (1995) Groundwater radon anomaly
before the Kobe earthquake in Japan. Science 269:60-61

Itoh Y, Takemura K, Ishiyama T, Tanaka Y, Iwaki H (2000) Basin
formation at a contractional bend of a large transcurrent fault:
Plio-Pleistocene subsidence of the Kobe and northern Osaka
Basins, Japan. Tectonophysics 321(3):327-341

Johansen A, Sornette D, Wakita H, Tsunogai U, Newman WI,
Saluer H (1996) Discrete scaling in earthquake precursory
phenomena: evidence in the Kobe earthquake, Japan. J Phys I
France 6:1391-1402

Kanaori Y, Kawakimi S (1996) The 1995 7.2 magnitude Kobe
earthquake and the Arima-Takatsuki tectonic line: Implications
of the seismic risk for central Japan. Eng Geol 43(2-3):135-150

King CY, Koizumi N, Kitagawa Y (1995) Hydrochemical anoma-
lies and the 1995 Kobe earthquake. Science 269:38-39

Kuroda K, Sakamaki Y, Mochizuki T, Obi I (1981) On the quality
of groundwater yielded within granite regions accompanying
fault zones. J Jpn Soc Eng Geol 22:118-131

Kusaka Y, Fukui Y, Tsuji H, Tamari Y, Fujiwara Y (1982) Studies
on chemical species dissolved in groundwaters from the
Neogene strata: a comparison between shallow and deep
groundwaters. Jpn J Limnol 43:254-262

Molchan GM (1997) Earthquake prediction as a decision making
problem. Pure Appl Geophys 149:233-247

Montgomery DR, Manga M (2003) Streamflow and water well
responses to earthquakes. Science 300:2047-2049

Muir Wood R (1994) Earthquakes, strain-cycling and the mobilisa-
tion of fluids. In: Parnell J (ed) Geofluids: origin, migration and
evolution of fluids in sedimentary basins. Geol Soc Spec Publ
78:85-98

DOI 10.1007/s10040-006-0030-7



1318

Oki Y, Hiraga S (1988) Groundwater monitoring for earthquake
prediction by an amateur network in Japan. Pure Appl Geophys
126:212-240

Sato T, Takahashi M, Matsumoto N, Tsukuda E (1995) Anomalous
ground water discharge after the 1995 Kobe (Hyogo-ken-nanbu)
earthquake in the Awaji Island. Chichitsu News 491:29-32

Shapiro MH, Melvin JD, Tombrello TA, Fong-Liang J, Giu-Ru L
(1980) Automated radon monitoring at a hard-rock site in the
southern California transverse ranges. J Geophys Res
85:3058-3064

Silver PG, Wakita H (1996) A search for earthquake precursors.
Science 273:77-78

Stephenson EL, Maltman AJ, Knipe RJ (1994) Fluid flow in
actively deforming sediments: “dynamic permeability” in
accretionary prisms. In: Parnell J (ed) Geofluids: origin,
migration and evolution of fluids in sedimentary basins. Geol
Soc Spec Publ 78:113-125

Hydrogeology Journal (2006) 14: 1307-1318

Toutain JP, Baubron JC (1999) Gas geochemistry and seismotec-
tonics: a review. Tectonophysics 304:1-27

Toutain JP, Munoz M, Poitrasson F, Lienard AC (1997) Springwater
chloride ion anomaly prior to a M’L=5.2 Pyrenean earthquake.
Earth Planet Sci Lett 149:113-119

Tsunogai U, Wakita H (1995) Precursory chemical changes
in groundwater: Kobe earthquake, Japan. Science 269:
61-63

Tsunogai U, Wakita H (1996) Anomalous changes in groundwater
chemistry-possible precursors of the 1995 Hyogo-ken Nanbu
earthquake, Japan. J Phys Earth 44:381-390

Wakita H, Nakamura Y, Kita I, Fujii N, Notsu K (1980) Hydro-
gen release: new indicator of fault activity. Science 210:
188-190

Zongjin M (1990) Earthquake prediction: nine major earth-
quakes in China. Springer, Berlin Heidelberg New York,
p 332

DOI 10.1007/s10040-006-0030-7



	The influence of seismotectonics on precursory changes in groundwater composition for the 1995 Kobe earthquake, Japan
	Abstract
	Résumé
	Resumen
	Introduction
	Analysis of earthquake related signals
	The 1995 Kobe earthquake and the detected hydrochemical signal
	The study site
	Methodology
	Step 1
	Step 2

	Analysis
	Results
	Discussion
	Discussion of earlier work
	Discussion of the results
	The relevance for further research

	Conclusions
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AardvarkPSMT
    /AceBinghamSH
    /AddisonLibbySH
    /AGaramond-Italic
    /AGaramond-Regular
    /AkbarPlain
    /Albertus-Bold
    /AlbertusExtraBold-Regular
    /AlbertusMedium-Italic
    /AlbertusMedium-Regular
    /AlfonsoWhiteheadSH
    /Algerian
    /AllegroBT-Regular
    /AmarilloUSAF
    /AmazoneBT-Regular
    /AmeliaBT-Regular
    /AmerigoBT-BoldA
    /AmerTypewriterITCbyBT-Medium
    /AndaleMono
    /AndyMacarthurSH
    /Animals
    /AnneBoleynSH
    /Annifont
    /AntiqueOlive-Bold
    /AntiqueOliveCompact-Regular
    /AntiqueOlive-Italic
    /AntiqueOlive-Regular
    /AntonioMountbattenSH
    /ArabiaPSMT
    /AradLevelVI
    /ArchitecturePlain
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMTBlack-Regular
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeLight
    /ArialUnicodeLight-Bold
    /ArialUnicodeLight-BoldItalic
    /ArialUnicodeLight-Italic
    /ArrowsAPlentySH
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /Asiana
    /AssadSadatSH
    /AvalonPSMT
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BankGothicBT-Light
    /BankGothicBT-Medium
    /Baskerville-Bold
    /Baskerville-Normal
    /Baskerville-Normal-Italic
    /BaskOldFace
    /Bauhaus93
    /Bavand
    /BazookaRegular
    /BeauTerrySH
    /BECROSS
    /BedrockPlain
    /BeeskneesITC
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /BennieGoetheSH
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /Bethel
    /BibiGodivaSH
    /BibiNehruSH
    /BKenwood-Regular
    /BlackadderITC-Regular
    /BlondieBurtonSH
    /BodoniBlack-Regular
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /BodoniBT-Bold
    /BodoniBT-BoldItalic
    /BodoniBT-Italic
    /BodoniBT-Roman
    /Bodoni-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Regular
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolFive
    /BookshelfSymbolFour
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /BookwomanDemiItalicSH
    /BookwomanDemiSH
    /BookwomanExptLightSH
    /BookwomanLightItalicSH
    /BookwomanLightSH
    /BookwomanMonoLightSH
    /BookwomanSwashDemiSH
    /BookwomanSwashLightSH
    /BoulderRegular
    /BradleyHandITC
    /Braggadocio
    /BrailleSH
    /BRectangular
    /BremenBT-Bold
    /BritannicBold
    /Broadview
    /Broadway
    /BroadwayBT-Regular
    /BRubber
    /Brush445BT-Regular
    /BrushScriptMT
    /BSorbonna
    /BStranger
    /BTriumph
    /BuckyMerlinSH
    /BusoramaITCbyBT-Medium
    /Caesar
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-Italic
    /CalligrapherRegular
    /CameronStendahlSH
    /Candy
    /CandyCaneUnregistered
    /CankerSore
    /CarlTellerSH
    /CarrieCattSH
    /CaslonOpenfaceBT-Regular
    /CassTaylorSH
    /CDOT
    /Centaur
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldStyle-BoldItalic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Cezanne
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGOmega-Regular
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /Charting
    /ChartreuseParsonsSH
    /ChaseCallasSH
    /ChasThirdSH
    /ChaucerRegular
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /ChildBonaparteSH
    /Chiller-Regular
    /ChuckWarrenChiselSH
    /ChuckWarrenDesignSH
    /CityBlueprint
    /Clarendon-Bold
    /Clarendon-Book
    /ClarendonCondensedBold
    /ClarendonCondensed-Bold
    /ClarendonExtended-Bold
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /ClaudeCaesarSH
    /CLI
    /Clocks
    /ClosetoMe
    /CluKennedySH
    /CMBX10
    /CMBX5
    /CMBX7
    /CMEX10
    /CMMI10
    /CMMI5
    /CMMI7
    /CMMIB10
    /CMR10
    /CMR5
    /CMR7
    /CMSL10
    /CMSY10
    /CMSY5
    /CMSY7
    /CMTI10
    /CMTT10
    /CoffeeCamusInitialsSH
    /ColetteColeridgeSH
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialPiBT-Regular
    /CommercialScriptBT-Regular
    /Complex
    /CooperBlack
    /CooperBT-BlackHeadline
    /CooperBT-BlackItalic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Medium
    /CooperBT-MediumItalic
    /CooperPlanck2LightSH
    /CooperPlanck4SH
    /CooperPlanck6BoldSH
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /CopticLS
    /Cornerstone
    /Coronet
    /CoronetItalic
    /Cotillion
    /CountryBlueprint
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CSSubscript
    /CSSubscriptBold
    /CSSubscriptItalic
    /CSSuperscript
    /CSSuperscriptBold
    /Cuckoo
    /CurlzMT
    /CybilListzSH
    /CzarBold
    /CzarBoldItalic
    /CzarItalic
    /CzarNormal
    /DauphinPlain
    /DawnCastleBold
    /DawnCastlePlain
    /Dekker
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Denmark
    /Desdemona
    /Diploma
    /DizzyDomingoSH
    /DizzyFeiningerSH
    /DocTermanBoldSH
    /DodgenburnA
    /DodoCasalsSH
    /DodoDiogenesSH
    /DomCasualBT-Regular
    /Durian-Republik
    /Dutch801BT-Bold
    /Dutch801BT-BoldItalic
    /Dutch801BT-ExtraBold
    /Dutch801BT-Italic
    /Dutch801BT-Roman
    /EBT's-cmbx10
    /EBT's-cmex10
    /EBT's-cmmi10
    /EBT's-cmmi5
    /EBT's-cmmi7
    /EBT's-cmr10
    /EBT's-cmr5
    /EBT's-cmr7
    /EBT's-cmsy10
    /EBT's-cmsy5
    /EBT's-cmsy7
    /EdithDaySH
    /Elephant-Italic
    /Elephant-Regular
    /EmGravesSH
    /EngelEinsteinSH
    /English111VivaceBT-Regular
    /English157BT-Regular
    /EngraversGothicBT-Regular
    /EngraversOldEnglishBT-Bold
    /EngraversOldEnglishBT-Regular
    /EngraversRomanBT-Bold
    /EngraversRomanBT-Regular
    /EnviroD
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErasITC-Ultra
    /ErnestBlochSH
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EuroRoman
    /EuroRomanOblique
    /ExxPresleySH
    /FencesPlain
    /Fences-Regular
    /FifthAvenue
    /FigurineCrrCB
    /FigurineCrrCBBold
    /FigurineCrrCBBoldItalic
    /FigurineCrrCBItalic
    /FigurineTmsCB
    /FigurineTmsCBBold
    /FigurineTmsCBBoldItalic
    /FigurineTmsCBItalic
    /FillmoreRegular
    /Fitzgerald
    /Flareserif821BT-Roman
    /FleurFordSH
    /Fontdinerdotcom
    /FontdinerdotcomSparkly
    /FootlightMTLight
    /ForefrontBookObliqueSH
    /ForefrontBookSH
    /ForefrontDemiObliqueSH
    /ForefrontDemiSH
    /Fortress
    /FractionsAPlentySH
    /FrakturPlain
    /Franciscan
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FranklinUnic
    /FredFlahertySH
    /Freehand575BT-RegularB
    /Freehand591BT-RegularA
    /FreestyleScript-Regular
    /Frutiger-Roman
    /FTPMultinational
    /FTPMultinational-Bold
    /FujiyamaPSMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /GabbyGauguinSH
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garcia
    /GarryMondrian3LightItalicSH
    /GarryMondrian3LightSH
    /GarryMondrian4BookItalicSH
    /GarryMondrian4BookSH
    /GarryMondrian5SBldItalicSH
    /GarryMondrian5SBldSH
    /GarryMondrian6BoldItalicSH
    /GarryMondrian6BoldSH
    /GarryMondrian7ExtraBoldSH
    /GarryMondrian8UltraSH
    /GarryMondrianCond3LightSH
    /GarryMondrianCond4BookSH
    /GarryMondrianCond5SBldSH
    /GarryMondrianCond6BoldSH
    /GarryMondrianCond7ExtraBoldSH
    /GarryMondrianCond8UltraSH
    /GarryMondrianExpt3LightSH
    /GarryMondrianExpt4BookSH
    /GarryMondrianExpt5SBldSH
    /GarryMondrianExpt6BoldSH
    /GarryMondrianSwashSH
    /Gaslight
    /GatineauPSMT
    /Gautami
    /GDT
    /Geometric231BT-BoldC
    /Geometric231BT-LightC
    /Geometric231BT-RomanC
    /GeometricSlab703BT-Bold
    /GeometricSlab703BT-BoldCond
    /GeometricSlab703BT-BoldItalic
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /GeometricSlab703BT-Medium
    /GeometricSlab703BT-MediumCond
    /GeometricSlab703BT-MediumItalic
    /GeometricSlab703BT-XtraBold
    /GeorgeMelvilleSH
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansBC
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSansCondensed-Bold
    /GillSansCondensed-Regular
    /GillSansExtraBold-Regular
    /GillSans-Italic
    /GillSansLight-Italic
    /GillSansLight-Regular
    /GillSans-Regular
    /GoldMinePlain
    /Gonzo
    /GothicE
    /GothicG
    /GothicI
    /GoudyHandtooledBT-Regular
    /GoudyOldStyle-Bold
    /GoudyOldStyle-BoldItalic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleExtrabold-Regular
    /GoudyOldStyle-Italic
    /GoudyOldStyle-Regular
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GraceAdonisSH
    /Graeca
    /Graeca-Bold
    /Graeca-BoldItalic
    /Graeca-Italic
    /Graphos-Bold
    /Graphos-BoldItalic
    /Graphos-Italic
    /Graphos-Regular
    /GreekC
    /GreekS
    /GreekSans
    /GreekSans-Bold
    /GreekSans-BoldOblique
    /GreekSans-Oblique
    /Griffin
    /GrungeUpdate
    /Haettenschweiler
    /HankKhrushchevSH
    /HarlowSolid
    /HarpoonPlain
    /Harrington
    /HeatherRegular
    /Hebraica
    /HeleneHissBlackSH
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HenryPatrickSH
    /Herald
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HogBold-HMK
    /HogBook-HMK
    /HomePlanning
    /HomePlanning2
    /HomewardBoundPSMT
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /IBMPCDOS
    /IceAgeD
    /Impact
    /Incised901BT-Bold
    /Incised901BT-Light
    /Incised901BT-Roman
    /Industrial736BT-Italic
    /Informal011BT-Roman
    /InformalRoman-Regular
    /Intrepid
    /IntrepidBold
    /IntrepidOblique
    /Invitation
    /IPAExtras
    /IPAExtras-Bold
    /IPAHighLow
    /IPAHighLow-Bold
    /IPAKiel
    /IPAKiel-Bold
    /IPAKielSeven
    /IPAKielSeven-Bold
    /IPAsans
    /ISOCP
    /ISOCP2
    /ISOCP3
    /ISOCT
    /ISOCT2
    /ISOCT3
    /Italic
    /ItalicC
    /ItalicT
    /JesterRegular
    /Jokerman-Regular
    /JotMedium-HMK
    /JuiceITC-Regular
    /JupiterPSMT
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /KarlaJohnson5CursiveSH
    /KarlaJohnson5RegularSH
    /KarlaJohnson6BoldCursiveSH
    /KarlaJohnson6BoldSH
    /KarlaJohnson7ExtraBoldCursiveSH
    /KarlaJohnson7ExtraBoldSH
    /KarlKhayyamSH
    /Karnack
    /Kartika
    /Kashmir
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KeplerStd-Black
    /KeplerStd-BlackIt
    /KeplerStd-Bold
    /KeplerStd-BoldIt
    /KeplerStd-Italic
    /KeplerStd-Light
    /KeplerStd-LightIt
    /KeplerStd-Medium
    /KeplerStd-MediumIt
    /KeplerStd-Regular
    /KeplerStd-Semibold
    /KeplerStd-SemiboldIt
    /KeystrokeNormal
    /Kidnap
    /KidsPlain
    /Kindergarten
    /KinoMT
    /KissMeKissMeKissMe
    /KoalaPSMT
    /KorinnaITCbyBT-Bold
    /KorinnaITCbyBT-KursivBold
    /KorinnaITCbyBT-KursivRegular
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /Kristin
    /KunstlerScript
    /KyotoSong
    /LainieDaySH
    /LandscapePlanning
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /Latha
    /LatinoPal3LightItalicSH
    /LatinoPal3LightSH
    /LatinoPal4ItalicSH
    /LatinoPal4RomanSH
    /LatinoPal5DemiItalicSH
    /LatinoPal5DemiSH
    /LatinoPal6BoldItalicSH
    /LatinoPal6BoldSH
    /LatinoPal7ExtraBoldSH
    /LatinoPal8BlackSH
    /LatinoPalCond4RomanSH
    /LatinoPalCond5DemiSH
    /LatinoPalCond6BoldSH
    /LatinoPalExptRomanSH
    /LatinoPalSwashSH
    /LatinWidD
    /LatinWide
    /LeeToscanini3LightSH
    /LeeToscanini5RegularSH
    /LeeToscanini7BoldSH
    /LeeToscanini9BlackSH
    /LeeToscaniniInlineSH
    /LetterGothic12PitchBT-Bold
    /LetterGothic12PitchBT-BoldItal
    /LetterGothic12PitchBT-Italic
    /LetterGothic12PitchBT-Roman
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Regular
    /LibrarianRegular
    /LinusPSMT
    /Lithograph-Bold
    /LithographLight
    /LongIsland
    /LubalinGraphMdITCTT
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSansUnicode
    /LydianCursiveBT-Regular
    /Magneto-Bold
    /Mangal-Regular
    /Map-Symbols
    /MarcusHobbesSH
    /Mariah
    /Marigold
    /MaritaMedium-HMK
    /MaritaScript-HMK
    /Market
    /MartinMaxxieSH
    /MathTypeMed
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /MaudeMeadSH
    /MemorandumPSMT
    /Metro
    /Metrostyle-Bold
    /MetrostyleExtended-Bold
    /MetrostyleExtended-Regular
    /Metrostyle-Regular
    /MicrogrammaD-BoldExte
    /MicrosoftSansSerif
    /MikePicassoSH
    /MiniPicsLilEdibles
    /MiniPicsLilFolks
    /MiniPicsLilStuff
    /MischstabPopanz
    /MisterEarlBT-Regular
    /Mistral
    /ModerneDemi
    /ModerneDemiOblique
    /ModerneOblique
    /ModerneRegular
    /Modern-Regular
    /MonaLisaRecutITC-Normal
    /Monospace821BT-Bold
    /Monospace821BT-BoldItalic
    /Monospace821BT-Italic
    /Monospace821BT-Roman
    /Monotxt
    /MonotypeCorsiva
    /MonotypeSorts
    /MorrisonMedium
    /MorseCode
    /MotorPSMT
    /MSAM10
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MSReference1
    /MSReference2
    /MTEX
    /MTEXB
    /MTEXH
    /MT-Extra
    /MTGU
    /MTGUB
    /MTLS
    /MTLSB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MT-Symbol
    /MTSYN
    /Music
    /MVBoli
    /MysticalPSMT
    /NagHammadiLS
    /NealCurieRuledSH
    /NealCurieSH
    /NebraskaPSMT
    /Neuropol-Medium
    /NevisonCasD
    /NewMilleniumSchlbkBoldItalicSH
    /NewMilleniumSchlbkBoldSH
    /NewMilleniumSchlbkExptSH
    /NewMilleniumSchlbkItalicSH
    /NewMilleniumSchlbkRomanSH
    /News702BT-Bold
    /News702BT-Italic
    /News702BT-Roman
    /Newton
    /NewZuricaBold
    /NewZuricaItalic
    /NewZuricaRegular
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NigelSadeSH
    /Nirvana
    /NuptialBT-Regular
    /OCRAbyBT-Regular
    /OfficePlanning
    /OldCentury
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OpenSymbol
    /OttawaPSMT
    /OttoMasonSH
    /OzHandicraftBT-Roman
    /OzzieBlack-Italic
    /OzzieBlack-Regular
    /PalatiaBold
    /PalatiaItalic
    /PalatiaRegular
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PalmSpringsPSMT
    /Pamela
    /PanRoman
    /ParadisePSMT
    /ParagonPSMT
    /ParamountBold
    /ParamountItalic
    /ParamountRegular
    /Parchment-Regular
    /ParisianBT-Regular
    /ParkAvenueBT-Regular
    /Patrick
    /Patriot
    /PaulPutnamSH
    /PcEncodingLowerSH
    /PcEncodingSH
    /Pegasus
    /PenguinLightPSMT
    /PennSilvaSH
    /Percival
    /PerfectRegular
    /Pfn2BlackItalic
    /Phantom
    /PhilSimmonsSH
    /Pickwick
    /PipelinePlain
    /Playbill
    /PoorRichard-Regular
    /Poster
    /PosterBodoniBT-Italic
    /PosterBodoniBT-Roman
    /Pristina-Regular
    /Proxy1
    /Proxy2
    /Proxy3
    /Proxy4
    /Proxy5
    /Proxy6
    /Proxy7
    /Proxy8
    /Proxy9
    /Prx1
    /Prx2
    /Prx3
    /Prx4
    /Prx5
    /Prx6
    /Prx7
    /Prx8
    /Prx9
    /Pythagoras
    /Raavi
    /Ranegund
    /Ravie
    /Ribbon131BT-Bold
    /RMTMI
    /RMTMIB
    /RMTMIH
    /RMTMUB
    /RMTMUH
    /RobWebsterExtraBoldSH
    /Rockwell
    /Rockwell-Bold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RomanC
    /RomanD
    /RomanS
    /RomanT
    /Romantic
    /RomanticBold
    /RomanticItalic
    /Sahara
    /SalTintorettoSH
    /SamBarberInitialsSH
    /SamPlimsollSH
    /SansSerif
    /SansSerifBold
    /SansSerifBoldOblique
    /SansSerifOblique
    /Sceptre
    /ScribbleRegular
    /ScriptC
    /ScriptHebrew
    /ScriptS
    /Semaphore
    /SerifaBT-Black
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /Sfn2Bold
    /Sfn3Italic
    /ShelleyAllegroBT-Regular
    /ShelleyVolanteBT-Regular
    /ShellyMarisSH
    /SherwoodRegular
    /ShlomoAleichemSH
    /ShotgunBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SignatureRegular
    /Signboard
    /SignetRoundhandATT-Italic
    /SignetRoundhand-Italic
    /SignLanguage
    /Signs
    /Simplex
    /SissyRomeoSH
    /SlimStravinskySH
    /SnapITC-Regular
    /SnellBT-Bold
    /Socket
    /Sonate
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /SpruceByingtonSH
    /SPSFont1Medium
    /SPSFont2Medium
    /SPSFont3Medium
    /SpsFont4Medium
    /SPSFont4Medium
    /SPSFont5Normal
    /SPSScript
    /SRegular
    /Staccato222BT-Regular
    /StageCoachRegular
    /StandoutRegular
    /StarTrekNextBT-ExtraBold
    /StarTrekNextPiBT-Regular
    /SteamerRegular
    /Stencil
    /StencilBT-Regular
    /Stewardson
    /Stonehenge
    /StopD
    /Storybook
    /Strict
    /Strider-Regular
    /StuyvesantBT-Regular
    /StylusBT
    /StylusRegular
    /SubwayRegular
    /SueVermeer4LightItalicSH
    /SueVermeer4LightSH
    /SueVermeer5MedItalicSH
    /SueVermeer5MediumSH
    /SueVermeer6DemiItalicSH
    /SueVermeer6DemiSH
    /SueVermeer7BoldItalicSH
    /SueVermeer7BoldSH
    /SunYatsenSH
    /SuperFrench
    /SuzanneQuillSH
    /Swiss721-BlackObliqueSWA
    /Swiss721-BlackSWA
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721-LightObliqueSWA
    /Swiss721-LightSWA
    /Swiss911BT-ExtraCompressed
    /Swiss921BT-RegularA
    /Syastro
    /Sylfaen
    /Symap
    /Symath
    /SymbolGreek
    /SymbolGreek-Bold
    /SymbolGreek-BoldItalic
    /SymbolGreek-Italic
    /SymbolGreekP
    /SymbolGreekP-Bold
    /SymbolGreekP-BoldItalic
    /SymbolGreekP-Italic
    /SymbolGreekPMono
    /SymbolMT
    /SymbolProportionalBT-Regular
    /SymbolsAPlentySH
    /Symeteo
    /Symusic
    /Tahoma
    /Tahoma-Bold
    /TahomaItalic
    /TamFlanahanSH
    /Technic
    /TechnicalItalic
    /TechnicalPlain
    /TechnicBold
    /TechnicLite
    /Tekton-Bold
    /Teletype
    /TempsExptBoldSH
    /TempsExptItalicSH
    /TempsExptRomanSH
    /TempsSwashSH
    /TempusSansITC
    /TessHoustonSH
    /TexCatlinObliqueSH
    /TexCatlinSH
    /Thrust
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-ExtraBold
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Oblique
    /Times-Roman
    /Times-Semibold
    /Times-SemiboldItalic
    /TimesUnic-Bold
    /TimesUnic-BoldItalic
    /TimesUnic-Italic
    /TimesUnic-Regular
    /TonyWhiteSH
    /TransCyrillic
    /TransCyrillic-Bold
    /TransCyrillic-BoldItalic
    /TransCyrillic-Italic
    /Transistor
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /TranslitLS
    /TranslitLS-Bold
    /TranslitLS-BoldItalic
    /TranslitLS-Italic
    /TransRoman
    /TransRoman-Bold
    /TransRoman-BoldItalic
    /TransRoman-Italic
    /TransSlavic
    /TransSlavic-Bold
    /TransSlavic-BoldItalic
    /TransSlavic-Italic
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TribuneBold
    /TribuneItalic
    /TribuneRegular
    /Tristan
    /TrotsLight-HMK
    /TrotsMedium-HMK
    /TubularRegular
    /Tunga-Regular
    /Txt
    /TypoUprightBT-Regular
    /UmbraBT-Regular
    /UmbrellaPSMT
    /UncialLS
    /Unicorn
    /UnicornPSMT
    /Univers
    /UniversalMath1BT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Italic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-CondensedOblique
    /UniversExtended-Bold
    /UniversExtended-BoldItalic
    /UniversExtended-Medium
    /UniversExtended-MediumItalic
    /Univers-Italic
    /UniversityRomanBT-Regular
    /UniversLightCondensed-Italic
    /UniversLightCondensed-Regular
    /Univers-Medium
    /Univers-MediumItalic
    /URWWoodTypD
    /USABlackPSMT
    /USALightPSMT
    /Vagabond
    /Venetian301BT-Demi
    /Venetian301BT-DemiItalic
    /Venetian301BT-Italic
    /Venetian301BT-Roman
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /VinetaBT-Regular
    /Vivaldii
    /VladimirScript
    /VoguePSMT
    /Vrinda
    /WaldoIconsNormalA
    /WaltHarringtonSH
    /Webdings
    /Weiland
    /WesHollidaySH
    /Wingdings-Regular
    /WP-HebrewDavid
    /XavierPlatoSH
    /YuriKaySH
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Medium
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZappedChancellorMedItalicSH
    /ZurichBT-BlackExtended
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


