
台灣西南部麓山帶之構造

中央大學地球科學系
洪日豪

薄皮與厚皮構造的造山模式對地下構造的解釋

- 基底滑脫面的存在與否
- 基底滑脫面的深度與形貌

地下構造與地震資料的結合

西部麓山帶之構造型式

正斷層重新活動的模式與力學機制

新構造運動

- 長期（地質時間）VS 短期(大地測量) 滑移速率
- 地震規模的估算
- 構造與地形演化



Tectonic Tectonic 
map of map of 
TaiwanTaiwan



Geodynamic models of  TaiwanGeodynamic models of  Taiwan
Mode of Mode of CrustalCrustal DeformationDeformation

--DecollementDecollement, Escape, Escape
CurustalCurustal--UppleUpple mantle couplingmantle coupling
DelaminationDelamination
SubductionSubduction –– continetalcontinetal or lost slabor lost slab
Upper mantle flowUpper mantle flow
CollisionCollision
IntraplateIntraplate deformationdeformation
ThinThin--skinned skinned ---- SuppeSuppe
ThinThin--skinned with skinned with subductionsubduction –– LellamandLellamand, , MalavilleMalaville
LithosphericLithospheric thickening thickening -- WuWu







台灣地區台灣地區

19911991--20012001
年地震震央年地震震央
分布圖分布圖



Tectonic map of Taiwan 
showing the Ryuku and 
Manila Trenches and 
their associated arcs The 
star in the upper left is 
the estimated epicenter 
of the 1604 M=8 
earthquake and 1996 
refers to the M=6.5 
earthquake in 1996.  



台灣的地震分布和地體構造台灣的地震分布和地體構造
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台灣地質構造剖面台灣地質構造剖面

火成之海岸山脈,與歐亞陸塊碰撞，陸塊與其上的沉積物抬升形成中央山脈,岩體並
產生變質作用。在東側變質程度愈強(片岩),往西則變質轉弱(板岩),到西部麓山帶, 
沉積岩沒有變質但大量變形，形成覆瓦狀褶皺與斷層構造.
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Other Geodynamic models of TaiwanOther Geodynamic models of Taiwan





台灣式碰撞台灣式碰撞



造山帶構造山帶構
造演化的造演化的
四個過程四個過程

a. 海洋板塊遞隱沒
b. 初期弧陸碰撞
c. 全盛期弧陸碰撞
d. 島弧坍陷與隱沒





Evidences of thinkEvidences of think--skinned Tectonicsskinned Tectonics

Pros:Pros:
Southern Offshore TaiwanSouthern Offshore Taiwan
Onshore Field evidencesOnshore Field evidences
PP--wave velocity wave velocity 
Earthquake dataEarthquake data

Cons:Cons:
Gravity modelingGravity modeling
Earthquake dataEarthquake data
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Structures in southern offshore TaiwanStructures in southern offshore Taiwan



3-D structural interpretation of the Taiwan mountain belt for the area offshore southwestern
Taiwan

<<



薄皮構造



120 Km



Structure Cross section across northern Taiwan Structure Cross section across northern Taiwan 
as interpreted from Thinas interpreted from Thin--skinned tectonicsskinned tectonics



NanchuangNanchuang Formation as a Formation as a DecollementDecollement horizon in SW Taiwanhorizon in SW Taiwan



DecollementDecollement faults in western faults in western 
Taiwan Fold ad Thrust BeltTaiwan Fold ad Thrust Belt

Field EvidencesField Evidences
Locations of detachments in TaiwanLocations of detachments in Taiwan
PrePre--Miocene : bottom of Miocene : bottom of WuchihshanWuchihshan FmFm
Miocene: Miocene: NanchuangNanchuang Fm.Fm.
Pliocene: Pliocene: ChinshuiChinshui Fm.Fm.
Depth of basal Detachment )~10 km depthDepth of basal Detachment )~10 km depth
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Stratigraphic Separation Diagram

Stratigraphic
separation 
diagram helps to 
identify the 
location of the 
detachments. 



FaultFault--Fold geometry of a Fold geometry of a DecollementDecollement faultfault
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P-wave velocity of 5.5 km is the boundary between sedimentary rocks and basement





嘉義地區震源分佈圖(1022地震後), A linear belt of earthquake foci located 
between 10-12 km deep is seen in lower left figure (饒瑞君等, 2002)



Earthquake indicated that Earthquake indicated that SaniSani thrust is rooted thrust is rooted 
beweenbeween 88--10 km deep10 km deep





Thick-skinned 
interpretation of 
structures in 
Central and 
north Taiwan

All reverse faults 
are interpreted as 
reactivated normal 
faults



ThickThick--skinned skinned 
(above) and(above) and
thinthin--skinned skinned 

(below) (below) 
interpretation interpretation 

of the of the 
structures near structures near 
the the KuanzulinKuanzulin

anticlineanticline



Gravity model shows that the material Gravity model shows that the material undernearthundernearth Central Range is Central Range is 
not compensated by thinnot compensated by thin--skinned tectonicsskinned tectonics



造山帶造山帶
前緣的前緣的
褶皺褶皺--斷斷

層構造層構造





NoramlNoraml faults faults 
reactivate as reactivate as 

reverse faults or reverse faults or 
cut by later thrust cut by later thrust 
faults in western faults in western 
offshore Taiwan offshore Taiwan 
(star is the pay(star is the pay--

zone of gas zone of gas 
reservoir)reservoir)



Gradual change of Gradual change of stratigraphicstratigraphic thickness (green color) thickness (green color) 

across major thrust faultsacross major thrust faults



Abrupt change of formation thickness (green color) across Abrupt change of formation thickness (green color) across 
the the ChukouChukou fault, and high fluid pressure helps to reactivate fault, and high fluid pressure helps to reactivate 

at shallow part of the preat shallow part of the pre--existing normal faultexisting normal fault



HighHigh--angle angle 
reverse fault at reverse fault at 
depth (depth (TapuTapu
earthquake fault)earthquake fault)



Abnormal Fluid Abnormal Fluid 
pressure pressure 

encountered in encountered in 
wells drilled in wells drilled in 

the Foothills belt the Foothills belt 
of Western of Western 

TaiwanTaiwan

λλ = Pf/Pr ~ 0.7= Pf/Pr ~ 0.7



逆衝斷片的移動機制逆衝斷片的移動機制

逆衝斷層作用在力學的矛盾逆衝斷層作用在力學的矛盾

力學矛盾的解答力學矛盾的解答
–– 超正常流體液壓超正常流體液壓 ((HubbertHubbert and Ruby, 1959)and Ruby, 1959)
–– 斷層岩石呈流體或塑性變形斷層岩石呈流體或塑性變形 ((KehleKehle, 1970), 1970)
–– 重力擴散重力擴散(Elliot, 1976)(Elliot, 1976)
–– 重力下滑重力下滑 ((HubbertHubbert and Ruby, 1959)and Ruby, 1959)
–– 三角楔形體三角楔形體

塑性流動楔形塑性流動楔形 ((ChappleChapple, 1978; , 1978; StockmalStockmal, 1983), 1983)
脆性摩擦楔形脆性摩擦楔形 (Davis et al., 1983)(Davis et al., 1983)



FoldFold--thrust Belt of thrust Belt of 
Western TaiwanWestern Taiwan





Gravity sliding of the Gravity sliding of the AlishanAlishan NappeNappe propose propose 
by by BiqBiq (1969, 1972)(1969, 1972)



CoulombCoulomb--
Frictional Frictional 
wedge wedge 
ModelModel



Surface Surface 
motion of motion of 
various various 
Wedge Wedge 
StatesStates
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