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摘  要 

臺灣東部的花東縱谷地處菲律賓海板塊與歐亞大陸板塊碰撞的縫合帶，地震

活動非常活躍，且南北兩段有不同的活動特性，如同1951年花東地震序列所呈現

的時空分布。根據GCMT目錄，規模大於5.8以上的地震主要為逆衝斷層分布在縱

谷的東側且北段較為活躍，空間分佈上不同深度的地震常集中在相近震央位置。

由氣象局規模大於三以上的地震分佈剖面也有類似觀測，另外，南段有較多淺層

地震分布在縱谷西側中央山脈位置，而中段的地震活動較不活躍，尤其是淺層地

震。至於逆推三維速度構造地震分布主要在縱谷東側，深度介於0到80公里，經由

棋盤格點的解析度測試，沿著縱谷和海岸山脈淺部地殼(<15公里)有最佳解析度，

大約為10公里立方。另外，由於縱谷南段活躍的深部地震(50到100公里)，此段解

析度可達5公里。縱谷P波與S波的波速在淺部(15公里)相對較低，深部則接近菲律

賓海板塊，低速在北段延伸較深，可能是碰撞較久所致。 

 

Abstract  

 

The Longitudal Valley in East Taiwan as the collision suture between the 

Philippine Sea Plat and the Eurasia Plate exhibits high seismic activities and distinctive 

characteristics between north and south as shown in the 1951 series. The GCMT 

earthquakes show predominantly thrust type located to the east of the Valley with more 

events in the north but less spatial correlations. Projections of earthquakes from the 

CWB catalogue confirm the observations and show high shallow seismicity to the west 

of the valley in the south and a gap in the central. As for velocity inversion, the majority 

of earthquakes located to the east of the valley ranging from 0 to 80 km. As a result, the 

optimal resolutions are around 10 km3, located along the Longitudal Valley and Coastal 

Range with depths shallower than 15 km. Vp and Vs in Longitudal Valley exhibit 

relative low at shallow depth (15 km) and high at greater depth. 
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Introduction 

 

The Longitudal Valley (LV) in East Taiwan is recognized geologically as the 

collision suture zone between the Philippine Sea Plat (PSP) and the Eurasia Plate (EP). 

The Coastal Range to the right is an assemblage of Miocene through early Pliocene 

volcanic arc rocks and associated turbidite deposits, mélange, and fringing-reef 

limestone (Ho, 1988; Shyu et al., 2007). The Central Mountain Range to the left 

composed of Mesozoic to Paleogene low-grade metamorphic rocks, predominantly 

schists and slates (Ho, 1988; Shyu et al., 2007). Present-day deformation across LV as 

observed by GPS observations revealed an overall 20-30 mm/yr slip rates of 

approximately equal partition of pure thrust and left-lateral strike-slip components 

(Huang et al., 2010). The southern segment creeps at a rate of 5-28 mm/yr down to a 

depth of 15-20 km, while the northern segment is locked from surface to a depth of 20 

km (Huang et al., 2010). As a result, seismic activities along LV are very vigorous and 

pose potential seismic hazards in the future as demonstrated by the large earthquake 

series in 1951 that lasted more a month and propagated from north to south of LV (Fig. 

1; Chen et al., 2008). Although the 1951 series and general seismic distributions suggest 

that the majority of earthquakes occurred on east-dipping fault system [the Longitudal 

Vallery Faults], west-dipping fault(s) [the Central Range Fault], which may be 

seismically quiescent at present, are required to explain the Neotectonic Tableland 

structures in LV (Fig. 2; Shyu et al., 2007). In this study, we analyze spatial 

distributions of earthquakes from the CWB catalogue and patterns of focal mechanisms 

from the GCMT catalogue (Ekström et al., 2005) to study seismic characteristics in the 

LV. Furthermore, we conduct a tomographic study to invert high resolution crustal 

velocity structures in the LV using P and S arrival times as recorded by strong motion 

stations in the area deployed by CWB over the past decade or so. The resultant velocity 

structures are expected to help distinguish the presence/absence of the Central Range 

Fault and help locate potential geothermal resources.  

 

Data and Methods 

We selected a box parallel to the trend of LV and encompass LV to sort out 

earthquakes within for study (Fig. 3). Those form the GCMT catalogue (1977~2013) 

with moment magnitudes (Mw) greater than 5.8 and within the box were shown with 

focal mechanisms on the epicenters. The symbols were scaled to the size of earthquakes 

(Mw on top) with depths color-keyed (Fig. 3). Next, we adopt Fig. 4 of Kuochen et al. 

(2004) to examine the seismic distributions of relocated earthquakes by hypoDD 

methods from the CWB catalogue (1991~2002) (Fig. 4). Finally, we inverted for both 

Vp and Vs velocity structures of LV using FMTOMO package as the inversion scheme. 

Fast March methods are employed in the scheme to calculate the travel time from 

source to station, given velocity as a function of positions. Fast March is a grid-based 

method numerically solving Eikonal equation using finite-difference schemes. 

Compared to conventional ray tracing methods, Fast March has the advantage of 

dealing with sharp velocity contrasts induced by low velocity sedimentary layer and is 

thus suitable for the purpose of this study. We focused on the region bounded by 

120.8°E/122.0°E and 22.4°N/24.3°N using stations both from the CWBSN and TSMIP 
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(Fig. 5). We conducted Checker board test to assess the resolving capability of the 

combined source-station distributions given in the study. The criteria for sorting out 

earthquakes are as following: (1) within the period between 2001 and 2010, (2) at least 

recorded by ten CWBSN stations, (3) ML greater three, (4) within the range 

120.95°E/121.85°E, 22.45°N/24.15°N, and 0~80 km in depth (Fig. 5). Checkerboard 

sizes of five and ten km3 assigned with ±0.8 km/sec anomalies from their mean are 

tested for the recovering scenarios, respectively (Figs. 6 and 7).  

 

Results 

Distributions of the GCMT earthquakes suggest that the seismic moment release is 

higher in the north than those in the south of LV and a gap in between (Fig. 4), a pattern 

similar to that of the 1951 series (Fig. 1). Almost all focal mechanisms indicate 

thrust-type earthquakes with strikes parallel to that of LV. Likewise, almost all the Mw 

greater than 5.8 earthquakes locate to the east of LV, suggesting that the PSP takes more 

elastic deformation and that the east-dipping faults are more seismic active. While those 

in the south LV seem to deeper to the east, those in the north LV are less spatially 

correlated with depth and earthquakes between 0 and 75 km and could occur at next to 

each other (Fig. 3). Projections of seismicity from the CWB catalogue also exhibit 

similar spatial patterns that those of south LV deepen to the east (profiles E-G in Fig. 4) 

and those of north LV cluster at the same epicenters regardless of depths (profiles A-C 

in Fig. 4). It is also interesting to note that profiles B and C are the most active one, in 

particular those deeper than 25 km, that profiles F and G exhibit active shallow 

earthquakes (depth < 25 km) to the west of LV (Central Mountain Range), and that 

profile E is a zone of relatively few shallow earthquakes (Fig. 4). As for inversion of 

high resolution velocity structures, a total of 3000 earthquakes between 2000 and 2010 

are met with the criteria for sorting and their arrival times will be used. The majority 

locate to the east of LV ranging from 0 to 80 km suggesting that the east side of LV will 

have higher resolution (Fig. 5). Compared the checker board tests with sizes five km3 

and ten km3 (Figs. 6 and 7), we conclude that the optimal resolutions are around ten km3, 

located along LV and Coastal Range with depths between 5 and 25 km. At some depths 

in South LV area, the resolution can reach of five km3 due to abundant in-situ deep 

earthquakes (Fig. 6).   

We show the perturbations of Vp in Fig. 8, Vs in Fig. 9, and Vp over Vs ratios in 

Fig. 10, respectively. The overall Vp in LV is relative low up to the depth of ~15 km 

and relative high below (Fig. 8). Similar pattern can be said about the overall Vs. 

Furthermore, the low velocity areas for both Vp and Vs seem to extend to greater depths 

in North LV. This may reflect that the North LV has been collided longer and the suture 

proceeds deeper. At greater depths, velocities in LV are largely similar to those of the 

Philippine Sea Plate (Figs 8 and 9). It is also interesting to note that the part of Central 

Mountain Range exhibits high velocity at shallow and low velocity at depth relative to 

those of the Philippine Sea Plate (Figs 8 and 9). The shallow part may be explained by 

the metamorphic rocks in Central Mountain Range and the deep part may be explained 

by the oceanic plate of the Philippine Sea Plate. It is intriguing that the low seismicity in 

central segment of LV (23.5°N) corresponding to relative high Vp and Vs at shallow 

depth. This may reflect that the suture process is less active here resulting less seismic 

activity. In terms of Vp /Vs ratio (Fig. 10), LV exhibit high values up to depths of 25 
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km. In the central segment of LV, the contrasts of the ratio are relatively minor, which 

may partly explain the low seismicity.   
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Fig. 1 and Table 1: Adopted from Chen et al. (2008) illustrate the temporal and spatial 

evolutions of the Hualien-Taitung earthquake series (H-T Sequence) in 1951.   
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Fig. 2: Adopted from Shyu et al. (2007). Uplift of the Wuhe Tableland would need a 

west-dipping Central Range fault. However, the seismic activity along the fault is 

relatively quiescent. 
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Fig. 3: Focal mechanisms of the GCMT earthquakes within the box with Mw (shown on 

top) greater than 5.8. Depths are color-keyed.  
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Fig. 4: Adopted from Fig. 4 of Kuochen et al. (2004), showing seismic distributions of 

earthquakes originally from the CWB catalogue (1991-2002) and later relocated with 

hypoDD methods (left). Six cross-sections normal to the trend of LV are used to project 

the earthquakes and the topography (right).   



587 

 

 

Fig. 5: (Left) Map view of station distributions (green squares for CWBSN and blue 

triangles for TSMIP) and distributions of earthquakes sorted out for velocity inversion. 

(Top right) Projection of stations and earthquakes on NS cross-section. (Bottom right) 

Projection of stations and earthquakes on EW cross-section. 
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Fig. 6: Results of checker board tests at different depths (right) for original 5 km3 grid 

size. 
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Fig. 7: Results of checker board tests at different depths (right) for original 10 km3 grid 

size. 
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Fig. 8: Perturbations of P wave velocity at different depth. 
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Fig. 9: Perturbations of S wave velocity at different depth. 
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Fig. 10: Perturbations of Vp/Vs ratio at different depth. 


