Elucidation of the Active Geosphere: from Asia and Oceania to the World

Shigeo YODEN
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Kyoto University, Kyoto 606-8502, Japan
We present a new multi-disciplinary approach for the Earth sciences that emphasizes the physical and/or chemical processes that are encompassed in the "Active Geosphere".  In this framework, we propose an integrated study of the processes that take place throughout many realms of the Earth.  We will study magma transport deep in the Earth's lithosphere, tectonic stresses in the shallow Earth's crust, general circulations of oceans and the atmosphere, and multi-timescale variations of the climate system. Common threads that link these processes include the water and energy flows that couple all portions of the Geosphere.  We emphasize the field survey and observations in Asia and Oceania because much of the Earth's dynamic activities are focused in this region. For example, most of the world's earthquakes and volcanic eruptions take place along the plate boundaries of the Pacific plate, and organized cumulus convections with interactions with oceans drive the Asia-Monsoon and El Nino-Southern Oscillations that control much of the world's weather and climate from intra-seasonal to inter-decadal time scales.
Since such phenomena evolve and interact on a variety of space and time scales, a new interdisciplinary approach based on optimal inter-related areas of the Earth sciences and recent advances in observational and computational technologies is required. The program sets traditional fields of the Earth sciences, such as Aeronomy, Atmospheric and Oceanic Sciences, Seismology, Volcanology, Geodesy, Geology, and Material Science for the Earth, as the primary ingredients, and then creates a melting pot of Field Survey/Observations, Satellite Measurements, Data Analyses, and Laboratory and Numerical Experiments, that encourage cross-disciplinary studies. Particular attention will be given to the themes of the water and heat flows throughout the Active Geosphere.
This approach is central to our interpretation of the Active Geosphere and, in a wider sense, to the sustainable coexistence of human beings on the Earth. The challenge is to improve our understanding of the complex processes within the Active Geosphere and obtain new perspectives on the individual components.
For the next 5 years form 2003 to 2007, the Graduate School of Science, RASC, and DPRI of Kyoto University will promote international research and educational activities through the 21st Century Centers of Excellence (COE) Program.

Relationship Between the Tibetan Plateau Heating and East Asian Summer Monsoon Rainfall

Huang-Hsiung HSU and Xin LIU
Department of Atmospheric Sciences, National Taiwan University, Taipei, Taiwan

This study reveals the close correspondence between the interannual variability of the dominant East Asian summer rainfall pattern and the diabatic heating over the Tibetan Plateau in both spring and summer. The heating fluctuation over the Tibetan Plateau is associated with two wave-like circulation patterns, which bear the characteristics of forced Rossby wave emanating away from the deep heating. The wave-like pattern in turn affects the East Asian summer rainfall. Because of the persistent heating over the Tibetan Plateau from spring to summer and its possible effect on the surrounding areas, the heating index defined in this study can be used as a good predictor for the JJA heating and precipitation distributions. Evidences shown suggest that external conditions other than the SST anomaly must be considered to understand the interannual variability of the East Asian summer rainfall.

Application of Large Eddy Simulation (LES) to the Understanding of the Mixing Processes in the Atmosphere and the Ocean
Yign NOH
Department of Atmospheric Sciences, Yonsei University

Seoul 120-749, Korea

Turbulence is a ubiquitous phenomenon in geophysical flows, and plays critical roles in the atmospheric and oceanic boundary layers, cumulus clouds, oceanic deep convection, etc.. Thus simulating turbulence accurately is a very important task to understand geophysical flows and to improve their models. Recently, thanks to the availability of massive computing power, significant progress has been achieved for the simulation of turbulence by large eddy simulation (LES). One important characteristic of LES is that it reproduces the randomly fluctuating eddies of turbulence thus providing us various statistical characteristics of turbulence as in the case of high frequency measurements of turbulence. This makes LES an important tool in verifying and improving parametererizations of turbulence used in the larger scale models. Here, LES results of various geophysical turbulence phenomena are presented with the applications to their parameterizations. Using the LES of the ocean mixed layer, we investigated the roles of wave breaking and Langmuir circulation, and the effects of surface heat flux on Langmuir circulation. Further, we examined the parameterizations used in the ocean mixed layer models. Meanwhile, the LES of the motions of a large number of Lagrangian particles in the ocean mixed layer helps us to clarify the particle settling process in the upper ocean, which plays an important role in the carbon cycling in the ocean by way of the biological pump. The applications of the LES results on the atmospheric boundary layer and oceanic deep convection are also discussed.
Nonlinear Balance Constraints for 3DVAR and Applications to Altimetry Data Assimilation

Jiang ZHU
Institute of Atmospheric Physics, Chinese Academy of Sciences

Beijing 100029, China

In many applications of 3DVAR, the balance constraints are considered via proper definition of the background error covariance matrix B (Derber and Bouttier, 1999): firstly define the background error covariance matrix B(u) (a block-diagonal matrix) of unbalanced parts of model variables; secondly define the balance operator K transforming unbalanced parts to model variables, then construct B using B = KB(u)KT. The formulation is only applicable to those linear or linearized balance constraints. We derive some generalizations based on the Derber-Bouttier formulation. Then we applied the nonlinear balance constraint to a problem of assimilating surface dynamic height.

A 3DVAR-based data assimilation scheme is proposed to estimate temperature and salinity profiles from surface dynamic height information. The scheme takes vertical correlations for both temperature and salinity background covariance and nonlinear temperature-salinity relation constraint into consideration. The assimilation scheme works directly in the model state space and does not require EOF transformations. In this study we designed some one-dimensional test cases to examine the separate and combined impacts of the vertical correlations and the nonlinear T-S relation constraint on estimations of temperature and salinity profiles by comparing with a simple 3DVAR scheme that does not consider vertical correlations and T-S relations. Results show that the simple 3DVAR scheme cannot simultaneously improve temperature and salinity profiles from their backgrounds in some cases, and could make the correction non-smooth at different depths. The consideration of vertical correlations helps to balance the magnitude of the profile correction among all depths and produce smoother results. However consideration of vertical correlations cannot help much in reducing the root-mean-square error of estimation. The consideration of the nonlinear T-S relation constraint can improve both temperature and salinity estimations in all tested cases and significantly reduce the root-mean-square error of estimations. The combined effects of both vertical correlations and nonlinear T-S relation constraint are similar to that of the latter but with vertically smoother results

Applications of Precise Satellite Positioning for Monitoring the Earth's Environment

Toshitaka TSUDA
Radio Science Center for Space and Atmosphere (RASC),　Kyoto University

Yoichi FUKUDA
Division of Earth and Planetary Sciences, Graduate School of Science,　Kyoto University

We aim at developing a new satellite observation system for monitoring the Earth's environmental changes related to global warming, water cycle and space weather. We study basic measurement techniques by applying the precise satellite positioning. We employ the GPS occultation to measure a profile of water vapor, temperature and electron density by analyzing propagation characteristics of GPS radio signals in the atmosphere and ionosphere. We also apply the satellite gravity mission to measure the fluctuation of the relative velocity between satellites and detect the small perturbation of the satellite orbit caused by the gravity field of the Earth. The two techniques are used for monitoring the Earth's environment above the surface (the atmosphere and ionosphere) and the surface fluid layers (ground water, snow/ice, and oceans), respectively. In particular, the monitoring system is characterized by a long-term stable observation without a calibration, and a wide observation region extending from the Earth's surface to the upper atmosphere.

Contributions to Active Geosphere Investigations in Indonesia : 
An Activity Plan for ITB-Kyoto University Cooperation

Dadang K. MIHARDJA, Nanang T. PUSPITO, Zadrach L. DUPE, and Tri W. HADI

Department of Geophysics and Meteorology, Institut Teknologi Bandung

This paper briefly outlines the historical background of The Department of Geophysics and Meteorology, Bandung Institute of Technology (GM-ITB), as the first educational institution in Indonesia that taught geophysics, oceanography and meteorology to undergraduate students. Current educational activities which cover undergraduate and graduate programs are also described, while ongoing research activities in the fields of (among others) regional geodynamics and climate variablitiy are highlighted. Past and present collaborations between GM-ITB and other national and international research and educational institutions are overviewed.  In addition, short and long term development plans of the  GM-ITB are also presented. Contributions of GM-ITB to active geosphere investigations in Indonesia are then summarized in terms of the past and present achievements and promoted in terms of a future plan related to the Center of Excellence (COE) program of The Kyoto University, which  encompasses activities in the field of education, research, and community development. These activities include on-site and remote courses, seminars and symposiums, and collaborative researches. The important goals of the plan are (1)to build the national and regional capacity in the education of sciences and technologies related to active geospheres, (2)to improve local capacity in the management of scientific data and information  for sharing with international community, and (3)to enhance the  contribution of local researches to the development earth sciences in tropical and equatorial regions. 

My Active Geosphere Investigations and Expectation to Kyoto University COE21
Michio HASHIZUME
Department of Geology, Chulalongkorn University
I expect Kyoto COE21 Active Geosphere Program would give higher priority on human development of countries in active geosphere. Earth science research in developing countries needs, among all; scientific leaders, and collaborators, and it will be most effectively promoted through joint observation of the earth. Their scientific interests naturally start from local events which may sometimes not be in good harmony with the interests of scientists in developed countries. I reached such belief through my own research experiences and through my service as a program specialist at UNESCCO. 

My research started with two topics, Investigation of Microearthquakes and Deep Seismic Sounding of the Crust. My interest gradually came into the geological process of crustal formation. Unlike general concept of the crust, that is the crust is complex and heterogeneous, my conclusion was that there are two distinguished parts in the crust all over the world, granitic layer and basaltic layer separated by Moho. My final research was on the Canadian Shield. I found the crust is remarkably uniform regardless of its age of formation. My research progressed when I could obtain good observational data and was encouraged by collaborators with deep insight of geology.

With my experience, I am presently working for Chulalongkorn University to create geophysical course as the first such university in this country. The start line is establishment of meteorological course at the Department of Geology. 
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The picture is a field work of Radio Sonde Observation at the Observatory for Atmospheric Radiation Research at SriSamrong.
Determination of Gravitational Model by New Satellite Missions 

CHAMP and GRACE
Houze  HSU

Institute of Geodesy and Geophysics, Chinese Akademy of Sciences

430077  Wuhan  China

Following the launch of the satellites CHAMP and GRACE the determination of gravity field by this new technology becomes a hot topic in geodesy. This paper gives a brief introduction concerning the research work done in our institute, including:
(1)    Simulation of expected accuracy of recovery geiod and gravity from hl-SST and ll-SST techniques; 
(2)   Preliminary results of determination of longwavelength gravity modelusing CHAMP POD and accelerometer data; 
(3)   Evaluation of gravity data obtained from EIGEN-2 and GGM01S models by terrestrial and altimetey data. In addition, the methods of precise orbit determination are also summarized.


Millennial-scale Oscillations in Global Climate Caused by Solar Cycles: an 8,000-yr Record of Lake Varves at 500Ka 

Fujio MASUDA 
Division of Earth and Planetary Sciences, Graduate School of Science, 

Kyoto University, Kyoto 606-8502, Japan
Millennial-scale productivity cycles are present in Middle Pleistocene (ca. 500 Ka) laminated diatomite at Hiruzen, Okayama, Japan. The diatomite consists of alternating ca. 2-mm-thick couples of light- and dark-colored laminae. The light-colored lamina is made up mostly of the winter diatom Stephanodiscus sp. and the dark-colored lamina of the spring and autumn species Cyclotella comta, and the two coupled laminae make up an annual band, "varve." The varves were deposited in a lake dammed by volcanic lavas in the Hiruzen intra-arc basin. 
We measured the thicknesses of laminae for a continuous 8,000-year series of varves, 16 m thick, using photographic film under a microscope. These thickness variations reflect climate-related changes in diatom productivity. We detected temporal variations in the spectral density of 11-year sunspot cycles by spectral analysis of laminae-thickness variations using the fast Fourier transformation (FFT) method. The temporal variations in the Sun's strength show millennial-scale cycles of 1,200 and 2,300 to 2,500 years. 
   Recent instrument observations have revealed an apparent relationship between solar activity (cosmic rays) and climate (e.g. cloudiness) for short periods (Svensmark and Fris-Christensen, 1997; Carslaw et al., 2002). These results strongly imply that solar-activity controls the global climate system over longer-term intervals. This possibility is supported by the correlation of the Little Ice Age and the Maunder sunspot minimam (Schonwiese et al., 1994), and by millennial-scale cycles in the variation of atmospheric 14C production (Stuiver et al., 1991). 
The discovery of worldwide millennial-scale oscillations in climate, the  so called "Dansgaard-Oeschger cycles" and "Heinrich events" have also been reported. These oscillations have been detected in Greenland ice cores (Grootes et al., 1993), in North Atlantic sediment cores (Freeman et al, 1993), and in records from many other regions (Ruddiman, 2001). These oscillations are larger when global glacial ice sheets exist, and smaller during interglacial climates such as today's. Solar variations are thought to be one of the causes of millennial-scale climate oscillations, but this idea has lacked supporting evidence until now. 
The discovery in the present study that varved lake deposits represent millennial-scale cycles in solar activity lasting 1,200 and 2,300 to 2,500 years strongly implies that millennial-scale changes in the Sun's strength have caused millennial-scale  oscillations in global climate.
Utility of Magnetic data to probe the Lithosphere
Mita RAJARAM
Indian Institute of Geomagnetism, New Panvel, Navi Mumbai - 410218. India.
With the launch of three satelites Orsted (1999), CHAMP and SAC-C (2000) in near-Earth orbit measuring the scalar and vector magnetic fields at the nT accuracy level, magnetic field studies are in a period of unprecedented opportunities. To isolate the lithospheric anomalies from the satellite data one has to remove the contributions due to the core field and the external current contribution. These anomalies contain information of the long wavelength structures of the magnetic lithosphere above the Curie isotherm. From a study of the Standard Earth Magnetisation Model (SEMM) developed from the global POGO / Magsat data, a strong correlation between surface metamorphic grade and magnetization over Russia has been observed. The greenschist grade metamorphic terrains and granites exhibit the lowest magnetisation while granulite grade metamorphic terrains exhibit the highest. Regional metamorphism appears to be a key factor, out of the multitude processes that act on a rock to change its magnetisation. For a closer look at the magnetic signatures of the granulite terrains the aeromagnetic maps acquired over Indian Peninsula (from 8 to 24 degrees North) together with available marine magnetic maps are utilised to generate a regional crustal anomaly map of the region. The sources of these anomalies are identified by the analytic signal and it is found that much of the sources are associated with charnockites and iron ores. The thickness of the magnetic lithosphere is calculated using filtering techniques and spectral depths. It is found that the Southern Granulite Terrain (SGT) reflect thin magnetic crust. Seismic reflection / refraction profiles also depict a change in velocity around the same depth caused possibly by magmatic underplaiting. From the SEMM of the satellite data, crustal anomaly depth over the Indian subcontinent is derived. There is a reasonably good comparison between the depth estimates for the different tectonic blocks from the satellite derived and aeromagnetic derived crustal depth values. The implications of the depth estimates of the entire region will be discussed.

In addition to the static field anomaly one can use the time varying magnetic fields also to probe the lithosphere. The Indian Institute of Geomagnetism conducted ground Magnetic, Geomagnetic Deep Sounding, Long Period Magnetotellurics and GPS studies to explore the seismotectonics of the Bhuj region recently devastated by major earthquake. The magnetic sources, derived by analytical signal method, form four independent structural units related to the neo-tectonic activity of the region and appear to be controlled by faults in the area. The thin sheet model based on the block structures derived from magnetization (high conductivity for low magnetizations assuming it to be due to fluids in the sedimentary column) could reproduce the magneto- variation observations very well. The long period magnetotelluric measurements have shown evidence of a crustal conductor in the depth range of 10-17 km. This depth range compares very well with the aseismic layer derived from the depth sections of the aftershocks. A tectonic model constructed integrating these geophysical data sets will be presented.
Anatectic Fluids as a Mantle-Energy Carrier: Helium and Carbon Isotope Evidences from Thermal Springs in the Earthquake Zones in Sichuan, Southwestern China 
Jianguo Dua,c, Wanzhen Chengb, Keiji Takemurac,Chunlin Jiea, Zhijun Guanb, Wei Liua, Zhongquan Caod 

a Center for Analysis and Prediction, China Seismological Bureau, Beijing 100036; 
b Sichuan Bureau of Seismology, Chendu 610041,China;  c Institute of Geothermal Science, Graduate School of Science, Kyoto University, Japan; d Xizhang Bureau of Seimology, Lasha 850000, China
Plenty of mantle energy is carried by fluids to the crust and surface. Helium isotope ratios are correlate directly to heat flow, because heat flow consists of heat derived from crust and mantle, and helium in spring gases is derived from crust and mantle too (Ozima and Podosek, 1983; Polyak et al., 1985; Du et al., 1998). In addition, earthquake is a kind of event releasing energy in the form of waves in the earth. The earthquake energy is mainly derived from mantle heat, crust heat and the mechanic energy of tectonics. Therefore, earthquakes have a close relationship with active-deep faults and geothermal anomalies since earthquake generation needs energy. Here, we discussed the origins of gases from hot springs and earthquake activity in the western part of Sichuan province, Southwestern China in terms of isotopic geochemistry of helium and carbon, and energy released by earthquakes. 
Carbon and helium isotope compositions were measured with the MAT 251 and VG5400 MS, respectively. The results ofδ13C (PDB) and 3He/4He have analytical uncertainties of less than 0.1‰ and 7%, respectively.δ13C values of carbon dioxide in free and dissolved gases range from -3.34‰ to -17.09‰, and 3He/4He ratios vary from 1.5×10-8 to 3.63×10-6. The isotopic compositions indicate that carbon dioxide from the hot springs are the mixture of crust and mantle CO2, and that the helium is derived from crust, mantle and atmosphere.
At least 518 earthquakes with magnitude (M) larger than 4.7 on the Richter scale have been recorded in the studying area since 186 BC. One hundred of them are with M≥6.0 and 23 shocks with M≥7.0. Values of δ13C (PDB) and 3He/4He of the thermal springs varied evidently from one earthquake zone to another, as well as from one part to another of the same zone. The more tectonically active the district is, the much larger δ13C and 3He/4He values are, and the more earthquakes have occurred, which means that more heat energy was carried from the deep earth by anatectic fluids migrating upwards in the active-tectonic district, such as in Kangding district. Therefore, anatectic fluids are the important carrier for mantle heat, and hot spring gases (He, CO2 etc.) may be important geochemical tracers for seismological and tectonic activities.
Coupling Between Deformation Processes and Fluid flow in the Earth’s Crust – 
A View from the Field and the Laboratory 

Stephen F COX
Department of Geology and Research School of Earth Sciences

The Australian National University, Canberra, ACT 0200, Australia

Fluids are commonly present in grain-scale pore spaces, microfractures, and macroscopic fractures in deforming rocks in a variety of geodynamically active settings.  In fluid-active environments, chemically reactive, high pore fluid factor fluids play a key role in influencing the strength and mechanical behaviour of the crust.  For example, in convergent tectonic settings, fluid-assisted, grain-scale dissolution-precipitation creep processes commonly control rates of deformation associated with folding and foliation development. Faults and shear zones in a variety of tectonic settings contain widespread evidence for fluids being closely involved with deformation processes.  Key evidence includes hydrothermal alteration and vein development in and around faults and shear zones at all depths from the shallow to deep crust. 
Fluid transport and fluid pressure evolution in the crust is controlled by complex interactions between deformation processes, fluid pressure, and permeability in actively deforming structures.  Experimental approaches have been important in exploring the nature of this coupling. In non-deforming rocks at low pore fluid factors, permeability tends to be vanishingly small. The evolution of permeability in rocks at elevated temperatures is governed primarily by a dynamic competition between crack growth and crack healing/sealing processes.  High pressure experiments demonstrate that permeability increases of up to three orders of magnitude can be generated by strains as low as 0.1, provided pore fluid factors are high.  However, rapid crack healing and sealing processes can destroy deformation-induced permeability on short time-scales.  Accordingly, permeability in rocks is transitory and can only be maintained during active deformation at high pore fluid factors.   Devolatilisation processes can also enhance the permeability of rocks.  High-pressure, high-temperature experiments demonstrate that decarbonation and dehydration reactions can transiently increase permeability by up to three orders of magnitude.
Particularly in the seismogenic regime of the continental crust, the internal structures of fault rocks and associated veins provide evidence for repeated slip, associated permeability enhancement, and intervening periods of fluid-controlled fault healing and permeability destruction.  Large, cyclic changes in permeability promote episodic fluid flow and substantial fluctuations in fluid pressure. Repeated cycling of fluid pressures and shear stresses are implicated in controlling the nucleation and recurrence of earthquakes within fault systems in many parts of the continental crust.
Future research at ANU on the nature of coupling between fluid flow, reaction and the mechanical behaviour of the crust will explore several avenues; these include:

• The application of high-pressure, high-temperature experiments to determine time-dependence of fluid transport properties in faults in the seismogenic regime, and examine how this influences the time-dependence of the strength and mechanical behaviour of seismogenic faults.

• The linked roles of static stress change, fluid pressure waves, and fault geometry in controlling the distribution of earthquakes, enhanced permeability, and high flux fluid flow within fault networks; this work is　being applied to exploring controls on distribution of lode gold deposits in fault systems.

•  Development of percolation theory approaches for analysing the dynamics of time-dependence of high permeability linkages among components of fault networks during progressive deformation in the seismogenic regime; this is being used to explore changes in the distribution of fluid flow and associated fluid-driven earthquake nucleation.

•  Application of microstructural studies, stable isotopes and trace element chemistry to explore fluid fluxes, distribution of fluid flow and the dynamics of fluid-rock interaction in naturally deformed rock masses.
Temperature Measurements and Earthquakes

James MORI

Disaster Prevention Research Institute, Kyoto University

Uji, Kyoto 611-0011
We use temperature measurements from boreholes that penetrate the fault of the 1999 Chichi, Taiwan earthquake (Mw 7.7) to estimate the levels of frictional stress during the mainshock rupture. Temperature measurements from 2 shallow boreholes in the northern and southern sections of the fault show temperature profiles that increase across the narrow fault zone. If we assume this temperature increase was caused by frictional heating during faulting of the earthquake, thermal modeling gives the results that the fault generated much less frictional heat in the north, compared to the south. If these frictional values are extrapolated to depth, using  higher normal pressure, we estimate that the earthquake produced a total of about 2 x 10**17 joules of frictional heat. Adding the radiated and thermal energy gives a total energy of the earthquake (neglecting the fracture energy) of about 2.1 x 10**17 joules. This implies an average seismic efficiency is about 5%. The average energy values for the earthquake can be quite different from the energy balance on smaller portions of the fault. For example, most of the radiated energy is generated by a large asperity on the northern part of the fault, which has an area that is about 20% of the whole fault surface. For this region of large slip, it has been suggested that the dynamic friction may be very low. 
Various physical mechanisms, such as fault melting, fault lubrication, or thermal pressurization have been propose to explain the slip-weakening process that likely occurred on this portion of the fault.  The shallow location of the main asperity of the Chichi earthquake provides a rare opportunity to examine a fault on which a large amount of slip has recently occurred. We will drill a deep borehole (1 km) into the fault, primarily to examine the physical properties of the fault surface. Determination of the frictional levels and slip mechanisms is important for understanding of how large earthquakes occur.
Interdisciplinary Research toward Understanding Earthquake Mechanism

in China Seismological Bureau
Shengli MA
Institute of Geology, China Seismological Bureau
Beijing 100029, China

Strong earthquake cases indicate the complexity in seismotectonics and earthquake mechanism in continental China. To understand such complexity, China Seismological Bureau (CSB) has organized several projects toward earthquake mechanism and prediction with multi-disciplinary research in recent years. Here I mainly introduce such a project called “the Mechanism and Prediction for Strong Continental Earthquakes”, which is the biggest research project in the history of CSB. The project is a five-year plan started in 1999 and will be finished at the end of this year. The main purpose of the project is to study mechanism and prediction theories of continental earthquakes and the main target is assessments of the likely places of future earthquakes in continental China. 
The multi-disciplinary approaches are used in the project. (1) Active faulting research and dating techniques are used to study the time series of major neotectonic events, rate of active faulting, paleoseismological history, earthquake recurrence intervals along major active faults in continental China. (2) Various geophysical observations and data analyses (including active and passive seismic observations, seismic tomography, geo-electromagnetic observations) are conducted in different scales in order to reveal the seismotectonics and the deep structures and dynamic processes beneath major active regions in continental China. (3) GPS and other kinds of geodetic data are used to study the present crustal deformation and kinematic models of different regions in continental China and to analyse the tectonic strain field and its relationship to the occurrence of strong earthquakes. (4) Laboratory experiments are conducted to understand faulting behaviour, physical and rheological properties of rocks at the deep depth in the crust. Various numerical simulations are carried out to study the physical process of preparation and occurrence of strong earthquakes and dynamic process of meizoseismal regions in continental China.
I will present the main results of the project in following aspects.

(1) The pattern of tectonic deformation in continental China, including
• Delineation of tectonic block regions and tectonic blocks in continental China based on late Quaternary tectonic activity.

• The crustal structures of major tectonic blocks in continental China revealed by geophysical sounding.

• The velocity and kinematic models of tectonic blocks in continental China resulted from GPS monitoring. 

• Distribution of strong earthquakes and its relation to tectonic blocks in continental China.

(2) The tectonic conditions and mechanism for strong earthquakes, including 

• Deep structures and environments in boundaries of tectonic blocks with occurrence of strong earthquakes revealed by geophysical sounding.

• Mechanical properties of rocks and stress concentration for strong earthquakes deduced from laboratory experiment and numerical semination.

• Tectonic conditions in brittle regime for strong earthquakes deduced from field data, numerical simulation and laboratory experiment.

• The movement of a tectonic block and its relation to strong earthquakes deduced from field data and laboratory experiment.

• The formation of meizoseismal regions and the migration of strong earthquakes in these regions in continental China by numerical simulation.

(3) Assessments of the likely places of strong earthquakes in near future (10 years) in continental China
Tibetan Lakes as Sensitive Indicators of Climate Change

J.P.MATTHEWS
Division of Earth and Planetary Sciences, Graduate School of Science, 

Kyoto University, Kyoto 606-8502, Japan
Satellite imagery clearly shows that many of the thousands of lakes on the Tibetan plateau possess fossil shorelines which are indicative of wetter eras when lake levels were higher. In fact, geomorphological evidence points to the existence of an Ancient Great Lake between 40-25Ka, some 4.3 times larger in area than the present combined lake surfaces and about 50 times greater in volume. Drier conditions, on the other hand, are known to have caused a general contraction in lake levels, although evidence of these smaller proto-lake shorelines must naturally be submerged now. This talk is concerned with the use of satellite techniques to detect aspects of the ancient, presently submerged topography of Tibetan lakes and to define basic limnological parameters within these unique high altitude water bodies. In this way it might be possible to complement existing environmental records based on exposed shoreline studies and drilled sediment profiling. Identification of bottom topography features relies on both the direct penetration of light to the lake bottom through clear water and on the modulation of sunglitter intensity as enhanced currents alter surface roughness. Within the latter (sunglitter) regime, recent images from Japan’s ASTER sensor on NASA’s TERRA spacecraft show the great complexity of small scale surface roughness variation in superb quality. If we can learn how to interpret these data then many of the features and processes taking place within Tibetan lakes will become clearer and our understanding of their environmental history will be improved.

Integrated Field and Laboratory Studies towards the Understanding of 

Earthquake Mechanisms 
Toshihiko SHIMAMOTO
Division of Earth and Planetary Sciences, Graduate School of Science, 

Kyoto University, Kyoto 606-8502, Japan, shima@kueps.kyoto-u.ac.jp
One of the principal targets of KAGI21 projects is to perform integrated fault and earthquake studies towards the understanding of earthquake mechanisms with an emphasis on the effects of fluids on earthquake generation. To attain such a goal, one must integrate (1) field studies on faults to understand deep intrafault processes, (2) laboratory work to reproduce those processes and determine mechanical and transport properties of fault zones, (3) theoretical and numerical studies analysing earthquake generation processes based on the constitutive properties determined by laboratory studies, and (4) seismological and geodetic studies revealing not only fault motion during earthquakes, but also diverse aseismic fault behaviours. Recent advances in fault studies, particularly those in high velocity frictional properties of faults, are rapidly filling the gap between field/laboratory studies on faults and seismological/geodetic studies on earthquakes. Ideally, such integrated studies should be carried out for a selected fault that produced an earthquake with good seismic/geodetic records so the prediction from (1) to (3) can be fully tested with (4), rather than selecting favourite data in the literature. 

The 1999 Taiwan Chi-chi earthquake is an ideal example for such integrated studies because fault motion during earthquake is clearly analysed based on near-field strong motion data (probably the best existing records in the world), and because the Chelungpu fault zone, that caused the earthquake, is exposed on lands and has been drilled at several places. More specifically, behaviours of northern and southern parts of the fault were distinctly different and the nature of faults is different between the two. I feel that if fault motion during Chi-chi earthquake cannot be predicted based on fault studies, fault motion during other earthquakes will not be predicted. Thus we have selected this earthquake as our primary target in KAGI21 projects. Subduction-zone earthquakes are another interesting target because behaviours of subducting plate boundaries are far more complex and diverse than other faults, as being revealed by seismic/geodetic studies in the last several years. Not only mechanical properties of various rocks, but also the chemical and mechanical effects of fluids will be essential to understand such complex behaviour. IODP drilling into seismogenic zone in Nankai Trough, a nation-scale project in Japan, will enables fault and laboratory studies possible. Thus “From Taiwan to Subduction Zones” will be our catchword. 

I will present our recent results on high-velocity frictional properties of faults as studied using a high velocity friction apparatus and a deformation and fluid-flow gas apparatus in Kyoto, to illustrate the current status towards integrated fault and earthquake studies. Fault properties at seismogenic slip rates and large displacements had not been studied systematically until recently. A fault loses strength as it slips and an earthquake occurs if this strength loss is more rapid than the removal of nearby tectonic stress. Thus the strength reduction and the weakening distance, Dc, are the primary parameters controlling fault instability. However, a big enigma over the last decade has been the several-orders difference in Dc between laboratory measurements (10-5 to 10-3 m) and seismically determined values (10-1 to 1 m).  Frictional melting experiments with A. Tsutsumi and T. Hirose were the first to show that this Dc paradox may be solved by considering the frictional heating, but frictional melting will not be covered in my talk. Thermal pressurization analysis on a MTL fault zone (Tsukide ourtcrop in Mie, a very impermeable fault zone) by C. Wibberley was our next advance indicating that pore pressure (Pp) build-up due to frictional heating and resultant reduction in effective normal stress can cause Dc exactly in the same range as determined seismically. H. Noda solved thermal pressurization for Hanaore fault in Kyoto (an impermeable fault zone, but not as much as MTL at Tsukide), and he obtained Dc close to seismic values too. J. Rice of Harvard also solved thermal pressurization problem and showed that not only Dc, but also fracture energy of the same order as that determined seismically can be predicted (presented at SCEC meeting in Oxnard, CA, Sept. 2003). Thermal pressurization might become the first mechanism for which integrated fault and earthquake studies realize. When fault-zone permeability is below 10-17 to 10-18 m2, thermal pressurization becomes ineffective and temperature in the deformation zone increases even by several hundreds degrees Celsius. High velocity experiments on Nojima fault gouge by K. Mizoguchi demonstrate that Dc can become on the same order of seismic values. Studies on thermal pressurization, frictional heating and frictional melting are being combined now for complete understanding of the seismogenic fault motion during large earthquakes. 

The role of eclogitization in the subducted slab: Deep fluid reservoirs and anchor　for the subduction.
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Recent synthetic experiments and petrological studies of eclogite-faciesrocks demonstrate that a number of hydrous phases can be stable into much deeper levels of the Earth’s mantle. The synthetic experiments in basaltic systems predicted that phengite, a K-bearing mica containing ca. 5wt% H2O fixed as -OH form in the crystal structure, and lawsonite, a Ca-Al hydrated silicate with ca. 12 wt% H2O, can be stable until ca. 300km depths. The petrological studies of the ultra-high pressure (UHP) metamorphic rocks, which was formed under coesite and/or diamond stability depths, i.e., 80-150km depths, carried out during these two decades, confirm that phengite is a common stable phase in UHP rocks, but epidote, with ca. 2 wt% H2O, is a common Ca-Al hydrated silicate instead of lawsonite in them. The UHP metamorphic rocks were found from both in the western Alps and Norway in 1984 at first time. The two areas are the cradle of the eclogite study since the beginning of the 20th century, and the volume amount of UHP rocks was limited in the huge eclogite terrain mentioned above. Therefore, the UHP metamorphism had been considered as an exceptional phenomenon through the Earth history at that time. At present, the UHP rocks were found from more than 20 areas, which cover the major continent-continent collision type orogenic belts in the world and formed from Pre-Cambrian to Cenozoic. These new data suggest that the large scale material cycling in the solid state commonly taken place at the final stage of Wilson cycle and the subducted solid materials, most of which should be the eclogite-facies metamorphic rocks, carry the water into the much deeper part of the mantle. Another fascinating result obtained from the eclogitization of basaltic rocks through the synthetic experiments is a drastic density increase from 2.7g/cm3 in basalt to 3.4-3.5 g/cm3 in eclogite. This prediction is also confirmed by the density measurement using the natural UHP rocks. The density of the eclogite is larger than that of the mantle rocks so the eclogite is considered to give a driving force of the subduction. For COE21 project, we proposed the comprehensive study of “Fluid/Heat flow at the convergent plate boundary”. For the first target, we selected as a case study of the subduction of younger plate, i.e., Philippine Sea plate, subducted beneath the SW Japan. The preliminary compile, combining seismic, geothermal and petrological data, suggest that the eclogitization of the Philippine sea plate should take place beneath the Kii-Peninsular but not beneath Shikoku, and may contribute an important role to the bending of the suducting plate at 50-80 km depth beneath Kyushu.
The picture is a field work of Radio Sonde Observation at the Observatory for Atmospheric Radiation Research at SriSamrong.
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