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Investigation on the temporal change in attenuation within ruptured fault zone of the 199¢
Chi-Chi, Taiwan earthquake

MA, Kuo-fong'* ; WANG, Yu-ju!
IDepartment of Earth Sciences, National Central University

Attenuation, noted as 1/Q, had been considered as a geophysical parameter related to the fluid content, temperature and fract
of the medium. The attenuation parameter related to S-wave named as Qs has more significant indication to the factors indicat
above. The damage zone of a large earthquake was often considered as a fracture zone, especially the hanging wall of a thr
faulting earthquake, which suggests a zone with possible high attenuation (decrease in Q). Earlier Qp and Qs tomography studi
revealed the feature with high attenuation on the hanging wall of the ruptured Chelungpu fault of the 1999 Chi-Chi earthquake. Tt
examine the attenuation character in the rupture fault, we further investigate the temporal variation of the attenuation, specificall
in Qs, within the hanging wall before, following and after the earthquake. We observed a decreasing in Qs within the fault
rupture zone two years following the 1999 Chi-Chi earthquake by Qs tomography images and an analysis of single-path Q
near the Chelungpu fault. The synthetic and sensitivity tests of the Qs determination were carried out accordingly to justify the
temporal variation. A Qs value within the hanging wall above the hypocenter was determined to be 157 two years following
the Chi-Chi earthquake, which is significantly lower than the values of 238 and 289 prior to and two years after the main shock
respectively, from the Qs tomography. Similar values using a signal-path Qs analysis, from events within the ruptured fault zone
to stations along the fault were obtained. The corresponding Qs values were 247 prior to the Chi-Chi earthquake. After the
earthquake, we obtained the Qs values of 158 and 318 for the time, two years following and two years after the earthquake
respectively. Considering the two independent methods in determination of Qs, the reduction in Qs of 89 two years following the
Chi-Chi earthquake in both method is significant. Along with 1% Vs reduction revealed by the analysis of repeating earthquakes
our studies suggested possible reduction both in Vs and Qs within the fault zone after the Chi-Chi earthquake. The observatic
of temporal changes in Qs after the Chi-Chi earthquake implies variations of pore fluid saturation in the ruptured fault zone. The
reduction in Qs two years following the Chi-Chi earthquake might indicates high pore-fluid saturation within fractured fault zone
rocks due to post-seismic redistribution of the fluid.
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Chemical characteristics of hot springs in Southwestern part of Taiwan

SUGAI, Shutd* ; TANAKA, Hidemi! ; TERUSAWA, Shuji ; TSUNOMORI, Fumiaki ; MURAKAMI, Masaki® ; KAWA-
BATA, Kuniyo?

ISchool of Science, The University of Toky#Geochemical Research Center, Graduate School of Science, The University of
Tokyo,20YO Corporation

Taiwan is located at the junction of the Ryukyu Trough and the Manila Trench which are the boundaries of the Philippine Sea
Plate and the Eurasian plate. While the Philippine Sea plate is subducting beneath the Eurasian plate at the offshore of easte
Taiwan, the Eurasian plate is subducting beneath the Philippine Sea plate at Manila Trench at the south offshore of westel
Taiwan. The plate boundary is riding on the Taiwan Island in the vicinity of Kaohsiung, southern Taiwan, and the plate boundary
appears as active faults to the north. Many faults striking NE - SW have been developed, and there are some hot springs and m
volcanoes (Hamada et al., 2009) along those faults.

We focused on the hot springs around Chiayi and Tainan, southwestern Taiwan in this study. These hot springs show temper
ture around 34 - 70C which are distributed about 20 km apart from the active faults to the east, arranging from north to south.
We have conducted chemical analyses for the hot spring water taken from these springs and report the results of these analy:

in this presentation.
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Estimate of isotopic composition and flux of Arima type fluid

TANAKA, Hidemi'* ; TERUSAWA, Shuiji ; SUGAI, Shutd ; TSUNOMORI, Fumiaki ; MURAKAMI, Masaki® ; KAWA-
BATA, Kuniyo?

ISchool of Science, University of TokydGeochemical Research Center, Graduate School of Science, University of Tokyo,
30YO Corpoartion

It has been well known that change in chemical compositions of ground water is associated with crustal activities including
large earthquakes. Research for change in chemical compositions of fluids associated with earthquakes is still continuing all ove
the world. However, reasons to choose the location of wells to measure the chemical and isotopic compositions of the fluids, an
to choose particular chemical and isotopic compositions for measurements have not been unambiguous so far.

Because no deterministic theory has been established to predict large earthquake from anomalous chemical precursor sign
so far, and fluid-monitoring research to explore earthquake precursor is significantly declined in the community, it would be less
meaning to collect more chemical precursors of the earthquakes by repeating procedure in future.

Instead, there are some meaning if observed chemical change can be explained by physical and chemical process in the cr
associated with crustal activities. At present, following three subjects are especially important. First, establishing the reliable
basis to choose proper fluids and wells, second, designing and constructing the mass-spectrometer which has sufficient perf
mance for fluid continuous monitoring at on-site close to the fault zone, and finally, establishing and improvement of diagnostic
theory of fault zone fluid.

Based on the idea mentioned above, the results of examination of fluid of hot springs at Arima area are presented. There a
several hot spring sources which are flown out continuously to the surface. After hot spring drillings at the 1940 to 1950'’s con-
stant amounts and quality of these hot springs are maintained by branch of coal government office of Kobe City. Many researche
have been done for the hot springs so far, including surface geology, shallow underground structure, source of fluids and fluid
paths. Fluid paths are inferred to be fracture zones of particular fault zones by results of geological survey and resistivity analysi:
Itis important to recognize these kinds of fluids as "fault zone fluids”, since identification whether monitored fluids flow through
fault zone or not is important issue to examine the crustal activities from the chemical and isotopic compositions of the fluids.
It is also well known that fluids from Arima hot springs show specific isotopic compositions which is inferred to be very deep
origin. In this presentation, we discuss about quantity of flux of deep source fluids of Arima hot spring which is important issue
to answer the question why we need to observe the fluids for crustal activities and where? and compare the results between tt
and previous studies.
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Basic experiments for continuous monitoring of CH3 in the field by Mass spectrometer
KAWABATA, Kuniyo * ; TSUNOMORI, Fumiaki ; MURAKAMI, Masaki® ; TANAKA, Hidemi?

LGeochemical Research Center, Graduate School of Science, The University of Dlegartment of Earth and Planetary
Science, Graduate School of Science, The University of Tok&O Corporation

Continuous gas monitoring in the field is important issue for various purposes such as for heat trapping gas monitoring
poisonous gas monitoring and scientific objective. In order to analyze the gas in the field, small-sized gas analyzer using ma:
spectrometer have been developed in our group. In the field, identifying the location of the emitted gas is needed. To detec
gas-emission in distant places from the analyzer, we made basic laboratory experiments using methane gas. In this presentati

we introduce the results of the experiment.
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Getophysical Research of Tachikwa Fault Zone by Rn-222 and CI- Concentration in Grour
water

SHIMODATE, Tomoyd* ; TSUNOMORI, Fumiaki ; YASUHARA, Masayd ; HAYASHI, Takeshi
Hnternational Christian University,The University of Tokyo3AIST, *Akita University

The 2011 off the Pacific coast of Tohoku Earthquake enhanced the probability of earthquake in Tachikawa Fault Zone. Tc
evaluate the physical condition of Tachikawa fault zone, we researched Rn-222 concentration in groundwater, which is knowr
as a precursory anomaly of earthquake. Additionally, we focused on the connection between the concentration of chloride io
in groundwater and fault damage zone and measured chloride ion in groundwater as well. Our purpose in this paper is to dete
suitable groundwater for continuous measurement: (1) The depth of aquifer is deep enough to reach the bedrock. (2) Wate
contains much enough radon to monitor. (3)Water contains chloride ion whose concentration is controlled by the condition of
fault damage zone.

Radon concentration in confined aquifer is supplied by alpha decay of radium in the surface of the grain. If the specific surface
area of the grain changes according to physical condition of fault, radon concentration in the groundwater would change. Th
upper edge of bedrocks, main source of radon, has a depth of under 2,000 m around Tachikawa Fault Zone and it deepen in t
west.

We focus on the distribution of chloride ion around Ayasegawa Fault is similar to one around Tachikawa Fault Zone. Low
concentration of chloride ion in groundwater around Ayasegawa Fault is affected by fault damage zone, and we expect the
groundwater around Tachikawa Fault Zone also shows low concentration of chloride ion due to fault damage zone. We us
RTM1688(SARAD) for radon measurement, and ion chromatography for chloride ion measurement.

As a result, samples around the fault show high concentration of radon and low chloride ion. This suggests that the wel
around fault reach the bedrock and contain low concentration of chloride ion due to fault damage zone. These samples woul
show concentration change according to earthquake.
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Precursory Change of Radon Concentration in Groundwater before 2011 Tohoku Eartr
guake

TSUNOMORI, Fumiaki*
LGraduate School of Science, University of Tokyo

We will report characteristics of radon concentration changes in groundwater at the Nakaizu observatory around the Tohok
earthgauke, 2011.

Radon concentration in groundwater sometimes responds to crustal deformation before the earthquakes. The phenomen
was well known in 1980, and many scientists tried to detect such anomalous signals in order to find a chemical indicator of
earthquakes. However few researches have studied a mechanism of the phenomenon. Nonetheless a lot of anomalies of the ra
concentration relating to earthquakes are reported every year, thus it is important to clarify the fundamental process of rado
concentration change in an aquifer. We would like to report the characteristics of radon concentration change around the 201
Tohoku earthquake, and to discuss a fundamental model of the radon concentration change in an aquifer.

An anomalous increase in radon concentration was measured at the Nakaizu observatory on the 1zu Peninsula prior to the 20
Tohoku earthquake using a custom-made radon counter. Since the increase was more than three times the standard devial
of radon concentration variations over 35 years of recorded data, it is considered likely that it is a precursor to the earthquake
Following the earthquake, the radon concentration decreased exponentially to the background level. The anomalous increase
explained using a modified volatilization model containing three important aquifer parameters: the groundwater saturation ratio
the fracture surface area per unit volume, and the porosity. The modified model can also explain the radon concentration behavi
prior to the 1978 I1zu-Oshima-Kinkai earthquake.
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