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	★ 以Gamma Model對台灣餘震叢集現象之研究	★ 台灣西南部GPS資造時間序列分析與地殼變形模式研究
	★ 機率式地震誘發山崩危害度分析–以國姓地區為例	★ 1999年集集大地震前後地震活動、震源機制及地殼應力分佈與變化之研究
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	摘要(中)	在探討地震發震模式時，也必須同時了解地震斷層構造；不了解地震斷層破裂構造，就無法了解地震發震及孕震機制。


研究地殼地震斷層破裂構造主要有下列幾種方法：（一）地表斷層破裂構造：然而，一般地震發震多屬於盲斷層，很少會破裂至地表，再加上地表沉積構造會覆蓋陳舊之斷層構造，且斷層活動與否更難確定，所以僅做比對用途。（二）地球物理方法探勘：一般採用淺層震測或是地電探測法，甚至是鑽探法，而這些方法均無法深究到地震發震深度。（三）地震序列分布：經由地震定位後之地震序列走向分布，大致上可以做為判別地震斷層帶之幾何分布走向。（四）地震震源機制解：地震發震模式。因此，研究地震斷層破裂構造時後兩種方法是值得研究與運用，但是地震定位精準與否、地震序列分布是否明顯、以及斷層破裂面之選定均會影響結果之判定。


由於台灣地體構造複雜，無法全由地表破裂斷層、地震序列分布走向或是雙力偶之震源機制解判斷，因此，本研究藉由以下三點探討地震破裂模式：（一）最大交點法(MAXI)之三維速度構造重新定位，將地震震源位置精確且合理定出；（二）震源位置疊合法，以統計法則調整震源位置，由餘震震源位置聚合分布幾何特性，求取可能對應之斷層滑移面；（三）近場強震有限緯度震源法決定地震破裂面等三種方法運算，不但地震定位將地震序列正確展現，加上震源機制解之地震斷層面辨別研究，再佐以已知地表斷層分布位置，藉此展現既精準且正確之地震發震構造的分布與特徵。大體而言，重定後的地震序列分布與震源機制破裂面大致上呈現一致的特性，除了地震序列分布不明顯地區或是構造轉換處，近場有限維度震源法決定地震震源破裂面提供絕佳判別發震構造之特性。


台灣現代地震網高密度、高品質的觀測儀器，紀錄到1999年9月21日集集主震及其餘震序列完整且大量高品質之地震資料，提供本研究絕佳機會探討地震發震構造之辨識與分布，進而了解台灣中部地區之震源特性及破裂構造。


本研究將集集大地震序列依空間分布劃分六大區域並得到以下結果：(一)集集主震及其東部序列主要有共軛破裂面構造及深部基底滑脫面構造，另外淺部上盤也出現背向逆衝斷層構造；（二）集集主震引發車籠埔斷層破裂，且帶動斷層南北兩端轉形滑移斷層破裂構造。北端受到原三義-埔里轉形帶之阻擋，所以只能由淺部(15km以上)越過，並形成書疊式橫移斷層及伸張變形地震密集區；（三）受到北港高區阻擋作用，地震序列沿梅山斷層走向滑移至嘉義地區，並引發一系列向西傾斜破裂之斷層；（四）集集主震東邊深部基底滑脫向西逆衝或是共軛破裂面向上抬升，造成中央山脈下淺部地殼側向應力釋放造成伸張作用，並引發高角度正斷層；由於中央山脈側向應力釋放，原本東南-西北向之板塊應力，只剩下向北之分量，因而造成中央山脈與縱谷間產生東南傾角逆斷層破裂。


最後本研究更利用有限維度震源法之原理排除點源構造特性，將台灣地區歷史地震之地震震源特性及地震矩網格化後，發現集集地震位在最低地震矩發震區。
	摘要(英)	Because the tectonic is complicated in Taiwan, it is unable to determine the rupture fault by surface broken, earthquakes sequence distribution, or the double couple of focal mechanism. This studying probes into the earthquake rupture mechanism and seismogenic by following methods: (1) The maximum intersection method(MAXI) by three-dimensional velocity structure relocation. It is accurately relocated the position of earthquakes hypocenter and depth; (2) The hypocenter collapsing algorithm is applied for statistics theory; that is collapsed the earthquake sequence distributed which is showed the characteristic of geometry, and corresponding the rupture plane of earthquakes; (3) The finite dimension source method(FDSM) is applied for near source of strong motion data to separate rupture plane or nodal plane.


The CWB seismic network (CWBSN) currently includes 70 weak motion and 86 strong motion real time stations, and 685 free-field strong motion stations. In the past ten years, a large amount digital waveforms were recorded by the CWBSN. It offers a rich data set for seismological study. The 1999 Chi-Chi earthquake in Taiwan represented the island’’s largest inland seismic event of the last century. Abundant high-resolution digital seismic data were recorded by CWBSN that offered good simple to this study. In the study we relocated 83179 events and collapsed the hypocenter distribution. There are 74 medium-and-large-sized events was accurately to determine the rupture plane. We divided the Chi-Chi earthquake sequence into six areas. The results in the study suggest that the distribution of the relocated earthquakes generally agree with the rupture plane from FDSM.


Finally, we applied finite dimension source method to replace the point source and calculate seismic moment distribution in Taiwan. Focal mechanism and moment are distributed by the grid subevents. The result obtains particularity true situation about focal mechanism and moment. We compared with the moment distribution of the historical earthquake in Taiwan it happened before the Chi-Chi earthquake sequence, and we found that Chi-Chi earthquake sequence took place the low moment area.
	關鍵字(中)	
      	  ★ 最大交點法
★ 地震破裂面
★ 震源位置疊合法
★ 中央地震矩張量解
★ 有限維度震源法
★ 地震矩
★ 集集地震序列
★ 車籠埔斷層	關鍵字(英)	
      	  ★ Maximum intersection method
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★ Hypocenter collapsing algorithm
★ Seismic moment
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★ rupture plane
★ FDSM
★ Finite dimension source method
	論文目次	摘要..……………………………………………………………………...…I


誌謝………………………………………………………………………...V


目錄…………………………………………………..……...…………..…VI


圖目………………………………………………………………...IX


表目……………………………………………………………...…….XV


符號說明………………………………………..………………...XVI


第一章	緒論…….....…………………………………………………...…...1


1.1	研究動機.…………………………………………………………..1


1.2	研究範圍.…………………………………………………………..5


1.3	文獻回顧.…………………………………………………………..8


1.4	內文簡介.…………………………………………………………..8


第二章	研究方法..………..…………………………………….……...11


2.1	概論……….……………………………………………………11


2.2	地震三維速度定位…………………….………………………12


2.2.1	「主站法」之原理………………..………………………14


2.2.2	「初步震源位置」之決定……………………………..…17


2.2.3	「最後震源位置」之決定………………………………..20


2.2.4	「最大交點」三維速度構造定位法之改進法………………20


2.3	震源位置疊合法－－『雲中尋雁蹤』…………………………..25


2.3.1	方法………………………………………………………..25


2.3.2	實際資料驗證及測試……………………………………..29


2.4	有限維度震源法之原理……………………………………….33


2.4.1	方法…...…………………………………………………...33


2.4.2	地震破裂模型…………………………...………………...34


2.4.3	波形誤差計算(合成地震波形與觀測波形比較)…………...38


2.4.4	實際資料驗證及測試………………………………………..39


2.5	地震震源機制解網格分區及地震矩有限維度震源化………….52


第三章	資料收集及分析………………………………………….............55


3.1	三維速度構造重新定位………………………….……………....55


3.1.1	短週期地震定位資料收集..…………………….…………...55


3.1.2	三維速度構造模型控制分析………………….…………….58


3.1.3	「初步震源位置」之決定能力………………….………….58


3.1.4	「最後震源位置」之決定能力………………….………….58


3.1.5	實際資料測試…………………………………….………….60


3.1.6	資料分析…………………………………...….……………..71


3.2	震源位置疊合法－－『雲中尋雁蹤』………....….……………71


3.3	近場有限維度震源法………………………………….……...….78


3.3.1	資料收集－－震源機制解與近場強震資料……….……….78


3.3.2	資料分析……………………………………….………...…..84


3.4	地震震源機制解網格分區及地震矩有限維度震源化.….…...…88


3.4.1	地震震源機制解網格分區………...………………..……….88


3.4.2	地震矩有限維度震源分布…………………………………106


第四章	結果與討論……………………………………………………...113


4.1	【A區】— 集集主震附近及其東部序列...…………………….113


※【共軛破裂面構造】………………………………………122


※【深部基盤滑脫面構造】…………………………………126


4.2	【B區】—集集主震東南部序列……...………………………...128


4.3	【C區】—集集主震東北方地震密集帶………………………..134


4.4	【D區】—集集主震西南部序列(北港高區南緣地震序


列)……………………………………...…………...137


4.5	【E區】—集集主震西部序列(車籠埔斷層下盤區)...………….141


4.6	【F區】—台灣東部中央山脈地震………...…………………...150


4.7	地震序列發震順序及特性……………………………………...156


第五章	結論……………………………………………………………...165


參考文獻………………………………………………………………….167


附錄A	1898~1988年台灣災害地震目錄……………………………….179


附錄B	近場強震有限維度震源法測試－－『瑞里地震』……...………185


附錄C	近場強震有限維度震源法測試－－『佳里地震序列』…...……197


附錄D	近場強震有限維度震源法－－『集集地震序列』……………..203


英文摘要………………………………………………………………….269


作者簡介………………………………………………………………….271
	參考文獻	Angelier, J., E. Barrier, and H. T. Chu, 1986. Plate collision and paleostress trajectories in a fold-thrust belt: the Foothills of Taiwan. Tectonophysics, 125, 161-178.


Angelier, J., H. T. Chu, and J. C. Lee, 1997. Shear concentration in collision zone: Kinematics of the Chihshang Fault as revealed by outcrop-scale quantification of active faulting, Longitudinal Valley, eastern Taiwan, Tectonophysics, 274, 117–143.


Barrier, E., and J. Angelier, 1986. Active collision in eastern Taiwan : the Coastal Range, Tectonophysis, 125, 39-72.


Biq, C. C., 2000. The 1999 Chia-I earthquake of Taiwan and the coseismic strike-slip duplexing, CGS, Special Publication, 12, 183-190.


Boore, David M., 2001. Effect of baseline corrections on displacements and response spectra for several recordings of the 1999 Chi-Chi, Taiwan, earthquake. Bull. Seism. Soc. Am., 91, 5, 1199-1211.


Bradley, D. C., and W. S. F. Kidd, 1991. Flexural extension of the upper continental crust collisional foredeep, Bull. Seism. Soc. Am., 103, 1416-1438.


Chemenda, A. I., R.-K. Yang, J. F. Stephan, E. A. Konstantinovskaya, and G. M. Ivanov, 2001. New results from physical modeling of arc-continent collision in Taiwan: evolutionary model, Tectonophysics, 333, 159-178.


Chan, C. H., K. F. Ma, 2004. Possibility of Forecasting Aftershock Distribution from Stress Change: a case study of inland Taiwan, TAO, 15, 3, 503-521.


Chang, C.-P., T.-Y. Chang, J. Angelier, H. Kao, J.-C. Lee, and S.-B. Yu, 2003. Strain and stress field in Taiwan oblique convergent system: constraints from GPS observation and tectonic data, Earth and Planetary Science Letters, 214, 115-127.


Chen, C. C., and C. S. Chen, 1998: Preliminary result of magnetotelluric soundings in the fold-thrust belt of Taiwan and possible detection of dehydration. Tectonophys., 292, 101-117.


Chen, K.-C., B.-S. Huang, J.-H. Wang, W.-G. Huang, T.-M. Chang, R.-D. Hwang, H.-C. Chiu, and C.-C. P. Tsai, 2001. An observation rupture pulses of the 20 September 1999 Chi-Chi, Taiwan, earthquake from near-field seismograms. Bull. Seism. Soc. Am., 91, 5, 1247-1254.


Chen, P.-F., G. Ekatrom, and E. A. Okal, 2004. Centroid Momemt Tensor Solutions for Taiwan Earthquakes of the WWSSN Era(1963-1975), TAO, 15, 1, 61-73.


Chi, W.-C., D. Dreger, and A. Kaverina, 2001. Finite-source modeling of the 1999 Taiwan (Chi-Chi) Earthquake derived from a dense strong-motion network, Bull. Seism. Soc. Am., 91, 1144–1157.


Chi, W.-C., and D. Dreger, 2002. Finite fault inversion of the September 25, 1999 (Mw = 6.4) Taiwan earthquake: Implications for GPS displacements of Chi-Chi, Taiwan earthquake sequence, Geophysical Reaseach Letters, 29, no. 14, doi: 10,1029/2002 GL015237.


Chinn, D. S., and B. L. Isacks, 1983. Accurate source depths and focal mechanisms of shallow earthquakes in western South America and in the New Hebrides island arc, Tectonics, 2, 529-563.


Das, S., and C. H. Scholz, 1981. Off-fault aftershock clusters caused by shear increase ? Bull. Seism. Soc. Am., 71, 1669-1675.


Davis, D., J. Suppe, and F. A. Dahlen, 1983. Mechanics of fold and thrust belts and accretionary wedges, J. Geophys. Res., 88, 1153– 1172.


Davis, G. H., and S. J. Reynolds, 1984. Structural geology of rocks and regions-2nded., John Wiley & Sons, INC., USA, 269-371.


Deffontaines, B., Lacombe, O., Angelier, L., Chu, H. T., Mouthereau, F., Lee, C. T., Deramond, J., Lee, J. F., Yu, M. S., and Liew, P. M., 1997. Quaternary transfer faulting in the Taiwan Foothills: evidence from a multisource approach, Tectonophysics, 274, 61-82.


Dziewonski, A. M., T.-A. Chou and J. H., 1981. Woodhouse, Determination of earthquake source parameters from waveform data for studies of global and regional seismicity, J. Geophys. Res. 86, 2825-2852.


Font, Y., H. Kao, S. Lallemand, C.-S. Liu, L-Y. Chiao, 2004. Hypocentre determination offshore of eastern Taiwan using the Maximum Intersection method, Geophys. J. Int., 158, 655-675.


Heki, K., S. Miyazaki, H. Takahashi, M. Kasahara, F. Kimata, S. Miura, N. Vasilenco, A. Ivashchenco, and K. An, 1999. The Amurian plane motion and current plane kinematics in eastern Asia, J. Geophys. Res., 104, 29147-29155.


Herak, M., 1989. HYPOSEARCH – An earthquake location program, Computers and Geosciences, 15, 1157-1162.


Ho, C.-S., 1986. A synthesis of the geologic evolution of Taiwan. Tectonophysics, 125, 1-16.


Hsu, V., 1990. Seismicity and Tectonics of a continent-island arc collision zone at the island of Taiwan, J. Geophys. Res., 95, 4725-4734.


Hu, J. C., J. Angelier, and S. B. Yu, 1997. An interpretation of the active deformation of southern Taiwan based on numerical simulation and GPS studies, Tectonophysics, 274, 145-170.


Hu, J. C., S. B. Yu, and J. Angelier, 2001. Active deformation of Taiwan from GPS measurements and numerical simulations: J. Geophys. Res., 106, 2265-2280.


Huang, B.-S., and Y. T. Yeh, 1992. Source geometry and slip distribution of the April 21, 1935 Hsinchu-Taichung, Taiwan earthquake, Tectonophysics, 210, 77-90.


Huang, W.-G., J.-H. Wang, B.-S. Huang, K.-C. Chen, T.-M. Chang, R.-D. Hwang, H.-C. Chiu, and C.-C. P. Tsai, 2001. Estimate of source parameters for the 1999 Chi-Chi, Taiwan, earthquake based on Brune’s source model. Bull. Seism. Soc. Am., 91, 5, 1190-1198.


Huang, B. S., 2002. Ground rotational motion of the 1999 Chi-Chi, Taiwan Earthquake as inferred from dense array observation, Geophys. Res. Lett., 30, 6, 1307.


Hwang, W.-T., and C.-Y. Wang, 1993. Sequential thrusting model for mountaun building: constraints from geology and heat flow of Taiwan, J. Geophys. Res., 98, 9963-9973.


Jones, R. H., and R. C. Stewart, 1997. A method for determining significant structures in a cloud of earthquakes, J. Geophys. Res., 102, 8,245-8,254.


Johnson, K. M., Y. J. Hsu, Paul Segall, and S. B. Yu, 2001. Fault geometry and slip distribution of the 1999 Chi-Chi, Taiwan earthquake imaged from inversion of GPS data, Geophy. Res. Lett., 28, 2285-2288 .


Kanamori, H., 1978. Quantitication of earthquakes, Nature, 271, 411-414.


Kanamori, H., 1989. Pasadena very-broad band system and its use for realtime seismology, extended abstract for the U. S.-Japan Seminar for Earthquake Research, Morro Bay, California, Sept. 11-15,1988, U.S.G.S. Open-file Report,1989.


Kao, H., and W.-P. Chen, 1991. Earthquakes along the Ryukyu-Kyushu arc: Strain segmentation, lateral compression, and the thermomechanical state of the plate interface, J. Grophys. Res., 96, 21,443-21,485.


Kao, H., and W.-P. Chen, 1994. The double seismic zone in Kuril-Kamchatka: The tale of two overlapping single seismic zones, J. Geophys. Res., 99, 6913-6930.


Kao, H., and W.-P. Chen, 1995. Transition from interplate slip to double seismic zone along the Kuril amchatka arc, J. Geophys. Res., 100, 9881-9903.


Kao, H., S. J. Shen, and K.-F. Ma, 1998. Transition from oblique subduction to collision: Earthquakes in the southernmost Ryukyu arc–Taiwan region, J. Geophys. Res., 103, 7211–7229.


Kao, H., G.-C. Huang, and C.-S. Liu, 2000. Transition from oblique subduction to collision in the northern Luzon arc–Taiwan region: Constraints from bathymetry and seismic observations, J. Geophys. Res., 105, 3059–3079.


Kao, H., and W. P. Chen, 2000: The Chi-Chi earthquake sequence: Active, out-of-sequence thrust faulting in Taiwan, Science, 288, 2346-2349.


Kao, H., 2002. Seismogenic patterns of the 1999 Chi-Chi, Taiwan, earthquake sequence: Source parameters of aftershocks and tectonic implications on orogeny, submitted to J. Geophys. Res.


Katsumata, M., and L. R. Sykes, 1969. Seismicity and tectonics of the Western Pacific: Izu-Mariana-Caroline and Ryukyu-Taiwan regions, J. Geophys. Res., 74, 5923-5948.


King, G. C. P., R. S. Stein, J. Lin, 1994. Static stress changes and the triggering of earthquakes, Bull. Seism. Soc. Am., 84, 935-953.


Lacombe, O., F. Mouthereau, J. Angelier, and B. Deffontaines, 2001: Structural, geodetic and seismological evidence for tectonic escape in SW Taiwan, Tectonophysics, 333, 323-345.


Lee, S. J., and K. F. Ma, 2000: Rupture Process of the 1999 Chi-Chi, Taiwan, Earthquake from the Inversion of Teleseismic Data, TAO, 11, 591-608.


Legrand D., and B. Delouis, 1999. Determination of the fault plane using single near-field seimic station with a finite-dimension source model, Geophys. J. Int., 138, 801-808.


Lin, C. H., 2001. The 1999 Taiwan earthquake: a proposed stress-focusing, heel-shaped model, Bull. Seism. Soc. Am., 91, 5, 1053-1061.


Lin, C. H., 2002. Active continental subduction and crustal exhumation: the Taiwan orogeny, Terra Nova, 14, 281-287.


Lin, C. H. and M. Ando, 2004. Seismological evidence of simultaneous mountain-building and crust-thickening from the 1999 Taiwan Chi-Chi earthquake (Mw=7.6), Earth, Planets and Space, 56, 163-167.


Lu, C.-Y., H. T. Chu, and J. C. Lee, 1997. Structural evolution in the Hsuehshan Range, Taiwan, J. Geol. Soc. China, 40, 1, 261-279.


Ma. K.-F. and Kanamori, H., 1994. Aftershock sequence of the 3 December 1988 Pasadena earthquake, Bull. Seism. Soc. Am., 81, 2310-2319.


Ma, K.-F., J.-H. Wang, and D. Zhao, 1996. 3-D seismic velocity structure of the crust and uppermost mantle beneath Taiwan, Jour. of Phy. Earth, 44.


Ma, K.-F. and R.-Y. Chen, 1999. Focal Mechanism Determination of the 1991 Chaili Earthquake (ML=5.7) sequence, TAO,10, 447-470.


Ma, K.-F., C.-T. Lee, Y.-B. Tsai, T.-C. Shin, and J. Mori, 1999. The Chi-Chi, Taiwan Earthquake: Large Surface Displacements on an Inland Thrust Fault, EOS, Trans., 80, 605-611.


Ma, K.-F., T.-R. Song, S.J. Lee and S.I. Wu, 2000. Spatial Slip Distribution of the September 20, 1999, Chi-Chi, Taiwan, Earthquake --Inverted from Teleseismic Data, Geophy. Res. Let. , 27, 3417-3420.


Ma, K.-F., Mori, J., S.-J. Lee and S.-B. Yu, 2001. Spatial and Temporal Distribution of Slip for the 1999 Chi-Chi, Taiwan Earthquake, Bull. Seis. Soc. Am., 91, 1-19.


Ma, K.-F. and S.-I. Wu, 2001. Quick slip distribution determination of moderate to large inland earthquakes using near-source strong motion waveforms, Earthquake Engineering and Earthquake Seismology, 3, 1-10.


Miyazaki, S. and K. Heki, 2001. Crustal velocity field of southwest Japan: Subduction and arc-collision, J. Geophys. Res., 106, 4305-4326.


Moser, T. J., 1991. Shirtest path calculation of seismoc rays, Geophysics, 56, 59-67.


Pezzopane, S. K., and S. G. Wesnousky, 1989. Large earthquakes and crustal deformation near Taiwan. J. Geophys. Res., 94, 7250-7264.


Press, W. H., S. A. Teukolsky, W. T. Vetterling, and B. P. Flannery, 1986. Numerical recipes in Fortran. The art of scientific computing, Cambridge.


Rau, R.-J. and Wu, F. T., 1995. Tomographic imaging of lithospheric structures under Taiwan, Earth Planet. Sci. Lett., 133, 517-532.


Reasenberg, P. A., and R. W. Simpson, 1992. Response of regional seismicity to the static stress change produced by the Loma Prieta earthquake, Science, 255, 1687-1690.


Reid, H.F., 1910. The Mechanics of the Earthquake, The California Earthquake of April 18, 1906, Report of the State Investigation Commission, Vol.2, Carnegie Institution of Washington, Washington, D.C. (see especially pages 16-28).


Roecker, S. W., Y.-H. Yeh, and Y. B. Tsai, 1987. Three-dimensional P and S wave velocity structures beneath Taiwan: deep structure beneath an arc-continent collision, J. Geophys. Res., 92, 10,547-10,570.


Seno, T., Moriyama, T., Stein, S., Woods, D. F., Demets, C., Argus, D., Gordon, R., 1987. Redetermination of the Philippine Sea Plane motion(abstract), EOS Trans., 68, 1474.


Schwartz, S. Y., J. W. Dewey, and T. Lay, 1989. Influence of fault plane heterogeneity on the seismic behavior in the southern Kurile islands arc, J. Geophys. Res., 94, 5637-5649.


Sipkin, S.A., 1982. Estimation of earthquake source parameters by the inversion of waveform data: synthetic waveforms. Phys. Earth Planet. Inter., 30: 242-259.


Song, T.-R. and K.-F. Ma, 2002. Estimation of Thermal Structure for Young-Orogenic Belt.-Central Range of Taiwan. Geological Society of Am., 358,121-136.


Suarez, G., T. Monfret, G. Wittlinger, and C. David, 1990. Geometry of subduction and depth of the seismogenic zone in the Guerrero, Mexico, Nature, 345, 336-338.


Suppe, J., and Wittke, M., 1977. Abnormal fluid pressure in relation tostratigraphy and structure in the active fold-and-thrust belt of northwestern Taiwan, Petrol. Geol. Taiwan, 14, 11-24.


Suppe, J., and J. Jamson, 1979. Fault-bend origin of frontal folds of the western Taiwan fold-and-thrust belt, Petrol. Geol. Taiwan, 16, 1-18.


Suppe, J., 1980. Imbricated structure of Western foothill belt, south-central Taiwan, Petro. Geol. Taiwan, 17, 1-16.


Suppe, J., 1984. Kinematics of arc-continent collision, flipping of subduction, and back-arc spreading near Taiwan, Mem. Geol. Soc. China, 4, 67-90.


Teng, L.-S., 1990. Geotectonic evolution of late Cenozoic arc-continent collision in Taiwan, Tectonophysics, 183, 57-76.


Teng, L. S., C. T. Lee, Y. B. Tsai, and L. Y. Hsiao, 2000. Slab breakoff as a mechanism for flipping of subduction polarity in Taiwan, Geology, 28, 155-158.


Tsai, Y.-B., 1986. Seismotectonics of Taiwan, Tectonophysics, 125, 17-37.


Tsai, C. S., M. D. Lin, and Y. B. Tsai, 1983. Relocation of the 12 March 1966 earthquake sequence in northeast Taiwan offshore, Open Rep. ASIES-CR8306, Inst. Earth Sci. Acad. Sinica, Taipei, Taiwan.


Wang, C. Y., and T. C. Shin, 1998. Illustrating 100 years of Taiwan seismicity. TAO, 9, 589-614.


Wang, C. Y., C. H. Chang, and H. Y. Yen, 2000: An Interpretation of the 1999 Chi-Chi Earthquake in Taiwan Based on Thin-Skinned Thrust Model, TAO, 11, 609-630.


Wells, D.L., and Coppersmith, K.J., 1994, New empirical relationships among magnitude, rupture length, rupture width, rupture area, and surface displacement: Bulletin of the Seismological Society of America, 84, 4, pp. 974-1002.


Wu, C., M. Takeo, S. Ide, 2001. Source Process of Chi-Chi Earthquake: A Joint Inversion of Strong Motion Data and Global Positioning System Data with a Multifault Model, Bull. Seism. Soc. Am., 91, 5, 1128-1143.


Wu, F. T., R. J. Rau, and D. Salzberg, 1997: Taiwan orogeny: thin-skinned or lithospheric collision? Tectonophys., 274, 191-220.


Yao, Z. X., and D. G. Harkrider, 1983. A generalized reflection- transmission coefficient matrix and discrete wavenumber method for synthetic seismograms, Bull. Seismol. Soc. Am., 73, 1685–1699.


Yeh, Y.-H., and Chen, C.-H., 1996. Three-dimensional P and S wave velocity structures beneath Taiwan from regional three component digital data, manuscript in preparation.


Yu, S. B., H. Y. Chen, and L. C. Kuo, 1997. Velocity field of GPS stations in the Taiwan area：Tectonophysics, 274, 41-59.


Yu, S. B., L. C. Kuo, R. S. Punongbayan, and E. G. Ramos, 1999: GPS observation of crustal deformation in the Taiwan-Luzon region. Geophys. Res. Lett. 26, 923-926.


Yu, S. B., L. C. Kuo, Y. J. Hsu, H. H. Su, C. C. Liu, C. S. Hou, J. F. Lee, T. C. Lai, C. C. Liu, C. L. Liu, T. F. Tseng, C. S. Tsai, and T. C. Shin, 2001: Preseismic deformation and coseismic displacements associated with the 1999 Chi-Chi, Taiwan, earthquake, Bull. Seism. Soc. Am., 91, 5, 995-1012.


Zeng, Y., and J. G. Anderson, 1996: A composite source model of the 1994 Northridge earthquake , Bull. Seism. Soc. Am., 84, 91-104.


Zhou, H.-W., 1994: Rapid three-dimensional hypocentral determination using a master station method, J. Geophys. Res., 99, 15,439-15,455.


王乾盈、顏宏元、周錦德、孫志財、張漢忠、李俊延、邱俊達、翁群評(2000) 集集地震車籠埔斷層面測繪及其構造意義。第八屆台灣地區地球物理研討會論文集, 78-91。


王乾盈(2001) 集集地震車籠埔斷層反射震測調查。第四屆海峽兩岸地震科技研討會暨台灣地區強地動觀測研討會(四)論文集, 127-134。


地震測報中心SDP 定位小組，1996。CWBSN 效能探討。第二屆台灣地區強地動觀測計畫研討會論文集，第204-207 頁。


何春蓀(1982) 台灣地體構造的演變。中華民國經濟部。


何春蓀(1997) 台灣地質概論台灣地質圖說明書。中華民國經濟部中央地質調查所。


何美儀、辛在勤(1995) 台灣西部地區三維速度構造。氣象學報, 40, 216-234。


辛在勤、呂佩玲, 1990. 台灣地區地震發生之潛能的探討，氣象學報, 36, 2, 129-136。


辛在勤、呂佩玲、何美儀（1991） 地震潛能分析探討，第三屆台灣地區地球物理研討會論文集，60-70。


辛在勤、張建興(1993) 1992年地震回顧。氣象學報, 38, 218-232。


辛在勤、張建興、陳國誠(2000) 由集集餘震資料探討滑脫面之運動。「地震活動及地殼變形」研討會論文集, 1-7。


辛在勤（2000）台灣西北部地區地震應力分析（III）。行政院國家科學委員會專題研究計劃成果報告。


李元希、盧詩丁、石同生、饒瑞鈞(2003) 集集地震南段地表破裂的變形機制—逆斷層-走向滑移斷層-走向滑移斷層板塊(TFF)三接點模式。經濟部中央地質調查所彙刊, 15, 87-101。


沈聖書(1996) 由波形逆推地震震源機制解探討台灣東北外海隱沒與碰撞構造之特性。國立中央大學地球物理研究所碩士論文。


林正洪(2001) 集集大地震前後之微震特性變化。第四屆海峽兩岸地震科技研討會暨台灣地區強地動觀測研討會(四)論文集, 62-65。


周穎蔚(1999) 台灣西部前陸盆地地體架構、彎曲隆起演化極彎曲張裂構造型態。國立台灣大學海洋研究所博士論文。


姚英傑、黃蕙珠和歐國斌(2000) Seismic distribution of Chiayi earthquake(991022) and aftershocks。第八屆台灣地區地球物理研討會論文集，216-223。


倪偉峰(2003) 集集地震前後車籠埔斷層下盤地區地震活動之研究。國立成功大學地球科學研究所碩士論文。


徐名同(1979) 地震學, 黎明文化事業公司出版。


徐世豪(2004) 台灣西南部發震構造之研究。國立成功大學地球科學研究所碩士論文。


高弘(1997) 使用三維速度構造之即時地震定位。中央氣象局技術彙編, 14, 187-204。


黃柏壽(2001) 利用強震儀陣列資料分析集集地震震源破裂過程與動態空間變形。第四屆海峽兩岸地震科技研討會暨台灣地區強地動觀測研討會(四)論文集, 19-20。


黃文紀(1999) 嘉南地區地震震源特性之研究。國立中央大學地球物理研究所博士論文。


黃國欽(1997) 從震源機制的觀點探討隱沒板塊在呂宋島弧和台灣碰撞帶之間的構造特性。國立台灣大學海洋研究所碩士論文。


陳燕玲、辛在勤(1998) 台灣地區三維速度構造。氣象學報, 42, 135-169。


陳文山、陳于高、張徽正、李元希、宋國誠、李昆杰、李龍昇(2001) 921集集地震斷層與槽溝挖掘研究。第四屆海峽兩岸地震科技研討會暨台灣地區強地動觀測研討會(四)論文集, 69-70。


陳榮裕、高弘、陳于高、劉育華、羅博文、張建興、郭鎧紋(2002) 集集地震序列之地震震源構造探討。第九屆台灣地區地球物理研討會論文集, 254-261。


陳榮裕、高弘、張建興、郭鎧紋，2002；由強震震波形決定地震破裂面，第九屆台灣地區地球物理研討會論文集，188-197。


陳璿臣、邱俊達、王乾盈(2000) 車籠埔斷層細部震測影像。第八屆台灣地區地球物理研討會論文集, 334-348。


陳穆申（2004） 狹長造山帶的擠壓--伸張轉換過程：以臺灣東部中央山脈的地震活動為例。國立成功大學地球科學研究所碩士論文。


許雅儒(2004) 集集地震之震前、同震及震後變形模式研究 。國立中央大學地球物理研究所博士論文。


曾煥儒(2004) 集集地震前後雪山山脈南部地區地震活動性變化之探討。國立成功大學地球科學研究所碩士論文。


陶彩霞(1999) 花東縱谷豐濱段之發展構造辨識及分布特性。國立台灣大學海洋研究所碩士論文。


張建興、辛在勤,(1994) 1993年地震回顧。氣象學報, 39, 202-217。


張建興(2004) 高密度地震資料分析及其用於台灣中部及東部孕震構造之研究。國立中央大學地球物理研究所博士論文。


張繼元(2004) 1999年集集地震前後(1991-2003)台灣西北部地震活動性變化之研究。國立成功大學地球科學研究所碩士論文。


詹忠翰(2002) 利用雙差分地震定位演算法重新定位過去十年台灣中、大型地震之餘震。國立中央大學地球物理研究所碩士論文。


鄭世楠、葉永田(1989) 西元1604年至1988年台灣地震地區地震目錄，中央科學研究院地球科學研究所。


鄭世楠、葉永田、游明聖、徐明同(1998) 1906年梅山地震斷層的回顧與探討，中國地質學會87年學術研討會，225-226，中壢。


薩宜光(2003) 南部中央山脈之地震活動性探討。國立成功大學地球科學研究所碩士論文。


饒瑞鈞、倪偉峰(2001) 利用地震震源機制探討大地應力在1999年台灣集集大地震震央地區之時空變化。第四屆海峽兩岸地震科技研討會暨台灣地區強地動觀測研討會(四)論文集, 21-21。
	指導教授	
      	  蔡義本、高弘
(Yi-Ben Tsai、Honn Kao)
      	 	審核日期	2005-7-19
	推文	
      	  [image: ]facebook   [image: ]plurk   [image: ]twitter   [image: ]funp   [image: ]google   [image: ]live   [image: ]udn   [image: ]HD   [image: ]myshare   [image: ]reddit   [image: ]netvibes   [image: ]friend   [image: ]youpush   [image: ]delicious   [image: ]baidu   
      	 
	網路書籤	
      	  [image: ]Google bookmarks   [image: ]del.icio.us   [image: ]hemidemi   [image: ]myshare   
      	 


  

  











若有論文相關問題，請聯絡國立中央大學圖書館推廣服務組 TEL:(03)422-7151轉57407，或E-mail聯絡
	       - 隱私權政策聲明



	
