
S T R I D E - C   ·   N T U  S t r u c t u r a l  S e i s m o l o g y  L a b

Hao Kuo-Chen  ·  Dept. of Geosciences, NTU  ·  STRIDE-C

郭陳澔1,2、孫維芳2、管卓康1、潘勝彥 1 、 劉耀宏 1 、傅慶州3、 古進上3

1. 台⼤地質系
2. 台⼤新碳勘中⼼
3. 中研院地球所

池上斷層多維度觀測計畫（MAGIC）之
微震觀測應⽤

Since 2022

2026.11.11 新興地質調查技術經驗分享會@犇亞商務會議中⼼



S T R I D E - C   ·   N T U  S t r u c t u r a l  S e i s m o l o g y  L a b

Hao Kuo-Chen  ·  Dept. of Geosciences, NTU  ·  STRIDE-C

深層地熱發電避免不了的問題：誘發地震
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誘發地震時空演化？舊斷層活化？
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Figure 5. Detailed view of seismic cluster associated with well pads Y6, Y7, and Y8. !e earthquake 
hypocenters are colored by date, and injection time windows for well pads Y6, Y7, and Y8 are shown for 
comparison. !e upper plot shows magnitudes and cumulative events, while the lower plots show map and 
vertical section views of earthquake distributions a"er double di#erence relocation. !e calculated seismogenic 
index (Σ) is −1.59. In the map view, red dashed lines indicate traces (at a depth of the shale formation) of 
major reverse faults, while the blue dashed lines indicate traces of horizontal wells used for hydraulic fracturing 
treatment. In section A-A’, the central moment depths are also shown.

Figure 6. Numerical model for coupled thermal-hydrological-mechanical simulation of injections in 
horizontal wells for hydraulic fracturing.

Lei et al., 2017

⽔裂(Hydraulic fracturing) 的誘發地震監測 
規模多⼤？位置？應⼒？裂隙發育？
誘發地震時空演化？舊斷層活化？
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池上斷層多維尺度監測計畫：解析地震孕育與深部流體循環的鍵連
計畫主持⼈：傅慶州地化＋地質＋地物
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池上斷層多維尺度微震監測
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GEOSEIS-AI  ·  GEOthermal SEISmic AI Platform
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waveforms
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Inversion
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Earthquake location

Fractures · seismicity

Pinpoints active fracture networks.

Focal mechanism

Stress field

Maps regional stress orientation.

Shear Wave Splitting

Structure · fractures

Detects oriented cracks at depth.

Vp and Vp/Vs Tomography

Lithology · steam · fluid

Resolves lithology and fluid pathways.

Local AI training database    ·    Modular pipeline    ·    Verifiable & rapid    · 

(Sun et al. X1.131, EGU26-16026) (Chang et al. X1.132, EGU26-15833) (Guan et al. X1.133, EGU26-17354)(Pan et al. X1.134, EGU26-18228)

Dense Seismic arrays + AI data processing

微震監測

背景地質調查
＋

誘發地震監測

(Many codes can be obtained online, but verification of the results is needed )
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Seismology for geothermal exploration
Both geothermal exploration and CCS&EGS induced EQ monitoring

First demostration CCS onland site in Taiwan in 2026

2024-08-29_1.8ML_Depth26.2km
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Seismology for geothermal exploration
Offline hand picking with dense seismic array before 2020

Kuo-Chen et al. (2019), TAO

Over 2,000 events
~58,000 P-arrivals
~27,000 S-arrivals
6 months processing data
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Seismology for geothermal exploration

Sun et al. (2024), TAO

AI picking

Low Magnitue detection

Offline AI picking with dense seismic array
Issuesd by CWA

Over 14,000 events
~64,000 P-arrivals
~61,000 S-arrivals
3 days processing data
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Low Magnitue detection
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誘發地震時空演化？舊斷層活化？

⽔裂(Hydraulic fracturing) 的誘發地震監測 

Sun et al. (2024), TAO
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Seismology for geothermal exploration

Sun et al. (2025), Sensors

RealTime monitroing for Mirco-Eq Monitoring System (RT-MEMS)
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Kuo-Chen et al. (2025), The Seismic  Recordarea with focal depths around 8–10 km, with its largest event

being anML 4.8 earthquake on 21 January. Between 30 January
and 3 February, aftershocks continued in both clusters 1 and 2,
with the largest event recorded as an ML 5.6 earthquake on
30 January (Fig. 3b,d). In Figure 3e,f, the histograms display
the daily and hourly earthquake counts from 20 January to
3 February. Three distinct peaks are observed in both histo-
grams on 20, 25, and 30 January, corresponding to the largest
events of ML 6.4, 5.7, and 5.6, respectively.

Discussion
With the 2025 CN-RT-MEMS, we can generate SeisBlue earth-
quake catalogs in near-real time, enabling detailed investigations
of fault geometry within a short timeframe and identifying the
causative faults of earthquakes. Traditional manual picking,
such as that conducted by the CWA, is currently unable to
achieve this, particularly given the large number of aftershocks
that occur immediately after the mainshock. Moreover, accurate

earthquake locations obtained through 3D velocity relocation
are essential for tectonic interpretation and understanding fault
systems. For instance, a horizontal band of earthquakes is
observed at a depth of 4 km (Fig. 2c), suggesting poor con-
straints in the 1D velocity model; such artifacts are a common
occurrence. The CWA initially reported the mainshock depth as
9.70 km, whereas SeisBlue estimated it at 8.10 km; however, after
3D velocity relocation, the depth was revised to 15.50 ± 5.01 km
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Figure 2. The first 15-day deep-learning-based seismicity catalog of the 20
January 2025ML 6.4 Dapu earthquake sequence (UTC). (a) Map view and
(c) northwest–southeast (NW–SE) profile of the 1D located SeisBlue
earthquake and M 4.8+ autoBATS Centroid Moment Tensor (CMT)
catalogs; (b) map view and (d) NW–SE profile of the 3D NonLinLoc
relocated SeisBlue earthquake andM 4.8+ autoBATS CMT catalogs. Stars
and focal mechanism plots represent epicenters and CMT solutions of the
10M 4.8+ autoBATS CMT catalog, respectively, and are rainbow-colored
by focal depth. The rainbow-colored and white dots represent the
aftershock sequence.
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⽔裂(Hydraulic fracturing) 的誘發地震監測 
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⽔裂(Hydraulic fracturing) 的誘發地震監測 

(Fig. 2). This significant shift in the hypocenter could lead to the
identification of different seismogenic zones. Consequently, the
mainshock is now associated with cluster 1 rather than cluster 2,
as initially determined based on the CWA’s original location or
the SeisBlue 1D location (Fig. 3). This could lead to misinter-
pretations by geologists in identifying seismogenic faults.
After 3D velocity relocation, the aftershock sequence can be cat-
egorized into three distinct clusters (Fig. 3b,d). Based on the dis-
tribution of the aftershock sequence, the initial rupture (cluster
1) occurred between 20 and 24 January at depths of ∼8–18 km,
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Figure 3. The spatiotemporal evolution of the selected 3D-NonLinLoc-
relocated SeisBlue catalog of the 20 January 2025 ML 6.4 Dapu earth-
quake sequence (UTC). (a) Map view with symbol color indicating
hypocenter depth and (c) NW–SE profile of the M 4.8+ autoBATS CMT
catalog seismicity. (b) Map view and (d) NW–SE profile of the three
seismicity clusters for the M 4.8+ autoBATS CMT catalog with symbol
color indicating hypocenter occurrence time. The stars and focal
mechanism plots represent epicenters and CMT solutions of the 10M 4.8
+ autoBATS CMT catalog, respectively. The color-coded and white dots
represent the aftershock sequence. (e) Daily and (f) hourly earthquake
numbers of the original (blue bars) and selected (red bars) 3D-NonLinLoc-
relocated SeisBlue catalogs, respectively.
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(Fig. 2). This significant shift in the hypocenter could lead to the
identification of different seismogenic zones. Consequently, the
mainshock is now associated with cluster 1 rather than cluster 2,
as initially determined based on the CWA’s original location or
the SeisBlue 1D location (Fig. 3). This could lead to misinter-
pretations by geologists in identifying seismogenic faults.
After 3D velocity relocation, the aftershock sequence can be cat-
egorized into three distinct clusters (Fig. 3b,d). Based on the dis-
tribution of the aftershock sequence, the initial rupture (cluster
1) occurred between 20 and 24 January at depths of ∼8–18 km,
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Figure 3. The spatiotemporal evolution of the selected 3D-NonLinLoc-
relocated SeisBlue catalog of the 20 January 2025 ML 6.4 Dapu earth-
quake sequence (UTC). (a) Map view with symbol color indicating
hypocenter depth and (c) NW–SE profile of the M 4.8+ autoBATS CMT
catalog seismicity. (b) Map view and (d) NW–SE profile of the three
seismicity clusters for the M 4.8+ autoBATS CMT catalog with symbol
color indicating hypocenter occurrence time. The stars and focal
mechanism plots represent epicenters and CMT solutions of the 10M 4.8
+ autoBATS CMT catalog, respectively. The color-coded and white dots
represent the aftershock sequence. (e) Daily and (f) hourly earthquake
numbers of the original (blue bars) and selected (red bars) 3D-NonLinLoc-
relocated SeisBlue catalogs, respectively.
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(Fig. 2). This significant shift in the hypocenter could lead to the
identification of different seismogenic zones. Consequently, the
mainshock is now associated with cluster 1 rather than cluster 2,
as initially determined based on the CWA’s original location or
the SeisBlue 1D location (Fig. 3). This could lead to misinter-
pretations by geologists in identifying seismogenic faults.
After 3D velocity relocation, the aftershock sequence can be cat-
egorized into three distinct clusters (Fig. 3b,d). Based on the dis-
tribution of the aftershock sequence, the initial rupture (cluster
1) occurred between 20 and 24 January at depths of ∼8–18 km,
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Figure 3. The spatiotemporal evolution of the selected 3D-NonLinLoc-
relocated SeisBlue catalog of the 20 January 2025 ML 6.4 Dapu earth-
quake sequence (UTC). (a) Map view with symbol color indicating
hypocenter depth and (c) NW–SE profile of the M 4.8+ autoBATS CMT
catalog seismicity. (b) Map view and (d) NW–SE profile of the three
seismicity clusters for the M 4.8+ autoBATS CMT catalog with symbol
color indicating hypocenter occurrence time. The stars and focal
mechanism plots represent epicenters and CMT solutions of the 10M 4.8
+ autoBATS CMT catalog, respectively. The color-coded and white dots
represent the aftershock sequence. (e) Daily and (f) hourly earthquake
numbers of the original (blue bars) and selected (red bars) 3D-NonLinLoc-
relocated SeisBlue catalogs, respectively.
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折射震測原理 看岩層速度
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⽔裂(Hydraulic fracturing) 的誘發地震監測 
Nodes

Nodes + DAS

管卓康等 (2026) 115年中華民國地質與地物年會
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Sun et al. (2026), Optic Seismology and the Next Era in Seismic Sensing, SSA, Kona
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反射震測原理

Source *convolve
Earth reflectivity Seismogram=

看地層界面



1-3 Ӧౚނ౛௖୎ᆶӦ᎜ᢀෳ؁߃ԋ݀ 
ԣ΢ᘐቫ᎜ෳჴᡍ 

ଯှޑෳጕ৖ຯߏෳӅΟచࡼϐ໔Ǵޣٿᒸ༜ǵ࿤ӼаϷޑი໗2020ԃ11Дӧԣ΢Ӧ୔زࣴ

ᄬ೷Ƕ᎜ෳওय़ᡉҢԣ΢ᘐޑుቫ׳৖ຯෳጕаᕇளߏ৔᎜ෳ (კ1-14(ѓ))ǴճҔשϸ৔ᆶࡋ݋

ቫޑϩЍ۳׳ՋᜐǴЪӧ500ӭϦЁుࡋԖ΋மϸ৔य़ (კ1-14(Ѱ))Ǵ՟Яᘐቫྖ୏ݮࢂ๱Ԝϸ৔

य़ӛՋ౽୏(ഋࢅ⏞Ǵ2022)ǶќѦǴӧԣ΢ᘐቫՋୁऊ300-700ϦЁ໔ǴӦቫೲࡋԖܴᡉᘋ୏Ǵё

Տ࿼࣬ޑ౦தࡋβᝆΒ਼ϯᅹ೯ໆᆶ᱾਻ᐚޑٮග܌ቹៜǴᆶ᏾ӝीฝϣޑઇ຋஥܈ᘐቫޓࣁૈ

಄ӝǴᡉҢࣴز୔ୱΠନΑ΋ঁЬाޑԣ΢ᘐቫϐѦǴ߈ܭӦ߄ೀวػрኧచޓᘐቫ܈ઇ຋஥Ǵ

ёှញҁࣴ܌زϩ݋рٰޑβᝆ਻ᡏ౦தϩѲ௃׎Ƕ  
 

 
კ1-14Ǻ(Ѱ)ᒸ༜ෳጕ(20-CSF-A)(ѓკᙔጕ) ᆶࠄчӛෳጕ(20-CSF-C)(ѓკᆘጕ) ಔӝওय़Ƕ(ѓ)Ӛෳ

᎜ෳጕϩѲკǴआՅჴጕࣁԣ΢ᘐቫӦ߄ॉၞǴᙔᆘ໳Οჴጕࣁ᎜ෳෳጕǶ 
 
ԣ΢ቨᓎӦ᎜ᆛ 

ᛖܿ޸ܭᕵكӦ׎ज़ڋǴᕵكቨࡋ໻2-7ϦٚǴࣁୁٿଯξӦ׎Ǵଯξෳઠး೛֚ᜤࡋၨѳӦ܈భ

ξගଯόϿǴӢԜᆵ᡼ܿ೽ۓڰޑӦ᎜ઠӭϩѲܭᕵੇܿ܈ك۞ǴܿՋӛෳઠኧໆԖज़Ǵࠄчӛ߾ѳ

֡ෳઠຯᚆϼᇻ(20~30Ϧٚ)Ƕᆵ᡼౜ԖۓڰӦ᎜ᅱෳᆛхࡴύࣴଣӦౚ܌(BATS)ǵ਻ຝֽ(CWBSN)ǵ
୯ࣴଣ୯᎜ύЈ(SANTA)฻(კ1-15)ǴЬाаᅱෳزࣴ܈୔ୱЁࡋӦ᎜ࢲ୏(Regional seismicity)ࣁҞ

኱ǴԶҁीฝ߾ଞჹԣ΢ᘐቫޑӦ୔༾᎜٣ҹ (local micro-seismicity)ࣁЬǴ࿶ຑ՗ࡽԖۓڰቨᓎӦ᎜

ᆛෳઠϩѲ(კ1-15)Ǵӧԣ΢Ӧ୔ڬൎ40*40Ϧٚϣ٠คۓڰቨᓎӦ᎜ઠ(კ1-15ϐआਣ)ǴคݤԖਏୀ

ෳλӦ᎜٣ҹ(ೕኳ<3.0)ǶԾ2021ԃ߃໒ۈೕჄ೛࿼ԣ΢ቨᓎӦ᎜ᆛǴаԣ΢Ӧ୔ࣁύЈǴѦൎऊ10
Ϧٚ೛࿼ΟঁӦ᎜ઠǴ۳чϷࠄऊ20-25ϦٚӚ೛΋ઠǴ2021ԃ11ДֹۭԋӦ᎜ઠࢎ೛Ǵхࡴ൤ٚ୯ύ

[CS01]ǵཥݓ୯ύ[CS02]ǵڰ޸ઠ[CS03])ǵჱ঵୯λ[CS04]ϷΎ༧ছ[CS05]฻ϖઠ(კ1-15) (৊ᆢޱ฻)Ǵ
ය໔ഌុլܺၗ਑໺ᒡୢᚒϷෳ၂ෳઠᛙ܄ۓǴ2022ԃϤДۭӄኧࣁׯջਔ໺ᒡǴҞ߻Ӧ᎜ᆛ೴؁ᛙ

 ၮᙯǶۓ
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⽔裂(Hydraulic fracturing) 的誘發地震監測 

Chen, 2022, matser thesis
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規模多⼤？位置？應⼒？裂隙發育？
誘發地震時空演化？舊斷層活化？

⽔裂(Hydraulic fracturing) 的誘發地震監測 

DAS-VSP

管卓康等 (2024) DAS在震測上的應用-以米崙斷層VSP震測為例，DAS技術交流工作坊
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Broadband seismic network + AI

(6 Boreholes)Seismic reflection

Chen, 2022 Sun et al. (2026), Optic Seismology and the Next Era in Seismic Sensing, SSA, Kona

Sun et al. (2024), TAO

Seismic refraction

管卓康等 (2026) 115年中華民國地質與地物年會


