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ABSTRACT 

This paper presents a re"·iew of strain-stress relationships in the active 

Taiwan collision at different scales based on numerical modeling. As the 

digital computer has become an important research tool due to its capabil

it)r of performing numerical simulations of real tectonic processes, a mass 

of accurate and comprehensive database is required to assure the meaning

fulness and accuracy of simulation results. The aim of this study is to refine 

the general interpretation of the relationships between active deformation 

and geological structures. Through an evaluation of the presence and role 

of mechanical decoupling along major faults, distinctive attention \Viii be 

devoted to the role of geological discontinuities. Such decoupling pla}�s an 

important role in the distribution of regional and local stress and velocit}

patterns. In this paper, the relationship between the complexity of model

ing and the data within the range of data uncertainties is also discussed in 

order to determine the level of complexity at which a model can be built, 

validated and considered significant. The construction of numerical simu

lation depends on the scale of the model and on the data available as con

straints within that scale. The study of the Taiwan collision case provides 

an illustration of the relations hips betw·een kinematics, structure and/or 

strain fields in a curved belt. It is claimed that although 2-D numerical 

modeling provides valuable results, validation through 3-D modeling ex

periments is indispensable in accounting for the oblique dips of major bound-
• 

ar1es. 

(Key words: Numerical simulations, Mechanical decoupling, Geological 

discontinuities, Stress and "Telocit}' fields) 

1. INTRODUCTION 

Tai v..1an is on the site of' the present-day arc-continent col l i sion between the Luzon arc of' 
the Philippine Sea plate and t he Chinese continental margin (Figure 1 ) . Due to arc-continent 
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Fig� J. (a) Tectonic t'ramework and 1nain structural units i n  Tai\\1an (geodynamic 
setting in  the upper-lef't corner): rnajc)1· thrust faults \Vith triangles on the 
upthntst si de (L.V., Longi tudinal Valley �>; I, Western Foothi lls and Coastal 
Plain; I I ,  Hueshan Range� I I I ,  Backbone Range; TV, .Mesozoic/Paleozoic 
B aseme-nt;· an d V, Coastal Range. (b) Schen1at i c. cross-sect ion of Tai
wan. (AB, see location in Fig. 1 a) at�ter Teng ( 1990). 
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collision occu1-ring about 5 Ma ago in  Taiwan (f{)f detail s ,  see S uppe, 1984 and Ho, 1986), 
mountain building occurre.d a11d compressio11al tectonis1n prev·ailed. Since extensi \1e paleostress 
analyses have been conducted thf()ttgh() Ut the i s land duri ng the last l 0 years, the regional 
distribution and the ev'olution ()f .. such tectonic pale{)Stresse.s are no\:v rather \\1el l  kno\\'O ( B ar
rier, 1 985 and 1986� B arrier and A ngelier, 1 986; Angelier et lll., 1 986 and 1990; Lee, 1986; 
Chu, 1990; Lacombe et al.,  1 993; Rocher et l1l., 1996). These local paleostress determinations 
e.nable  1 -esearchers to not c_)nly· describe local mechanisms, but al so u nderstand of regi()nal 
tec.tt)t1ics at the scale ot· the plates. The regional knc)wledge obtai ned of the Late Cenozoic 
paleostress field has, tht1s, provided strong constraints in the geod)1namic i nterpretation of the 
Taiwan col lision belt. Hc)we\,.er, despite its importance in tectonics and ge()dynam ic studies 
the consistency bet\\l·een the det'ormation at the regi{)nal scale and the reconstructed paleostress 
patterns has generally remained p()Orly analyzed. Tc) assess the consistency bet\veen paleostress 
and defor1nation, i t  is nece .ssary to carr)' out numerical model ing of strain-stress relationships, 
in order to quantitatively analyze the compatibility between kinematic boundar)' conditions, 
geological structures and paleostress patterns. This mode l ing may in\1olve a variet)' of tech
niques� whicl1 depend on the actual types C)f det'c)rmati<)n. Tectonic proce.sses which at�fect a 

• 

geologically homogeneous area _prc.)duce regul ar trends in stress and strain at the re.gional scale, 
\:vhich means that the use of' a mathematical m<)del seems quite appropriate; however, any such 
assumption of continuity i s  in\1ali d  where major 'weak' f�aul t  zones (that i s ,  faul t  zones \Vi th 
l ittle mechanical coupling) a1�e present. "\\'hen a rock mass containing a structural discontinuity 
is deformed in a way that 1-elati\1e motion occurs across the di scontinuity ,  the displacement and 
stress f'ie lds are significantl)1 modified. As a result, the knowledge of these 'perturbed' fields 
must be considered \\rhen anal)1zing the discontinuous active. structure and regional deforma
tion. According, the inv'estigation of perturbations in stre.ss and det 

.
. ormation f'ields in the pres

ence of niajor mechanical discont inuities bec()mes an i mportant aspect i n  tl1e model i ng work 
discussed i n  this paper. 

The general structu1-e of Tai\van has been described in numerous papers (e .g . ,  S uppe� 
1984; Ho, 1986). I n  this  paper, the focus is  on the reconstruction of the stress and deforn1ation 
t'ields because they provide constraints in model i ng.  A l though the general l ink betw·een the 
cc.) 1npression i n  Tai 'A1an and the plate convergence is  ob,ri()US (Figure ·2a), the quantitati v·e 
relationships in tern1s  of- displacement and de.formation tre.nds are difficul t  to recognize due to 
the complex shape of· the plate bl)Undar)' and the obl i qtiity of relative motion. I n  1986, based 
on the available structural and tect()nic knc.)wledge of� the Tai wan area, and taking into account 
othe1- i ndependent i nfc)rmation on the kinematics of the Phi lippine Sea plate rel ati \'e to Eu1·asia 
(Seno, 1977; M i nster and Jordan, 1 979; Ranken et al., 1984; Huchon, 1986). Huchon et al . 
( 1 986) p1-oposed the first vi scous 2-D t'inite-element model including differe .nt rheologies and 
a discussion of the role of' variable bottndary conditions. That study e:1ime.d at simt1lating a rigid 
body, the Luzon a1-c , 'A1hich i ndented into a rigid-pl ast1c material , the Chinese continental 
margin ( Figure 2b). Mea11 while�  Lee (1986) prop()Sed �l 2D t'i nite-element model of p lane 
strain with the joint e lement in <)rder to pa1�tially simulate the effects of me.chanica1 decoupl ing 
a}()ng the active Longitt1dinal Val ley Fault, the Lishan F�1ult and the Okinawa trough. In short, 
both ()f' these models successt't1l l y  produced the t'an-shaped C()mpressiona1 stress patterns radi
ating trom the col l ision zone, i llustrating that the trends of stress trajectories were sensitive. to 
the direction of� the colli si9n. A t  about the same time, Vial lon et al_ ( 1986) p1·oposed a 2-D 
t'ini te-eleme nt model vvith an e las t()-p lastic behavior, and sh()Wed that the opening of the . 
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OkinaVv'a basin behind the RyL1kyL1 trench cot1 ld be Vv'ell  explained by' a retreating trench ffi()del 
\\1ith lateral anchoring cat1sed by tl1e col l ision in  Taiwctn. They highl ighted the role of� a suction 
force. at the edge of the ove1�ridi ng plate due to the subducti()n of the oce£1nic lithosphere of the 
Phi l i ppine Sea plate . More recent ly�  Song ( 1 993) p 1 -oposed a 2-D fin i te-element model to 
investigate the effect of let�t-late14al strike-sl ip (l]ong the Longitudin [ll Val ley Faul t  unde14 ob
lique convergence . In this mc)del ,  dit.ferent types of lateral strike-slip motion \\'ere in1planted 
along the C()nvergence bottndary b)' incorporating son1e split nodes with assume.ct let�t strike
slip ''alues to simulate discontinuous inotions across s l ip faul t pl�lne . Subsequently,  Lu and 
Mala\,rie i l le ( 1 994) laid  ()Ut an expe1-i1nental sandbox m()del ing which al lc)WS f()r a description 
of the de\1elc)pment and kinerne:tt ics ot' structures in  1 11ottntain bel t f()r111ed during ()blique con
\'ergence (Figure 2c ) .  However, i t  is fl()t yet clear \\lhether the ()l d  metamorphic tectonic units 
which f(1rm the core t)f the Taiwan l\1ountain Belt are st1-ong en()Ugh to be C()nsidered capable  
ot' serving as a backst()p. For the pu1 ·pose (lt· understandi ng the stress distribL1tio11 in  and ar()Und 
Taiwan, Che.ng et al. ( 1 995)  e1nployed a 3-D e lastic fini te-ele.ment mode l .  Ev· en mo14e re
cently, i n  an atte.mpt to explain the re lationships bet\V·een the stress distribution and the con
vergent ki11emati cs during the Plio-Pleistocene in  the \:v·hole subductic)n and col l i sion zones in 
and around Taiwan, Hu et ell. ( l 996a) presented a 2-D plane stress e lastic and elasto-plastic 
fin ite-element n1odel (Figure 2d)  t'o1- both the Tai\van ()f<.)gen and the neighboring arc-and
trench S),.Stems .  

B oth Httchon et c1l ( 1986) and Hu et (;ll. (I 996a) ce:tlculated stress t1·ajectt)ries i n  the Te:ti
wan region \Vith the t'inite-e.lement rnethods and compared them to the available tectl)nic infc1r
mat i c_)n.  In their models, the slip component along the L()ngitudinal Val ley Faul t  (L VF) \Vas by 
definition ignored, su ch that despite the val Liable inf()rtnatic)n that we:1s general ly  provi ded, 
their ffi()del s  t'ai led to 1-ep14esent the actual st14ess-strain si tuation i n  the vi c i ni ty of the major 
tectonic boundar)' \vhere let't-lateral strike-s l ip  illl)tion has been inv'() }ved. 

Two i mp()rtant concerns i n  model ing \Vhich e:1ppl)' to the analyses ()f' geodynamic pr()b
lems deal with (I) the level ot· detai l vvhich can be ()btained in real i st ic con ditions using the 
tech11 iques adopted and the data avai l able, and (2) the need f()r the full consideration ()f. get)
l ogical discontinui ties� \vhich are known to pl ay a maj()r role in tectonics even i t· they' ha\'e 
been poorly accounted for through a model ing of continuous media. I t  i s  no\v possible,  h<)W
ev·er� to gc) f'urther i n  the 1node.l ing of the C() l l i sion zones, f'irst bec(.tuse ot· tl1e more sophist i 
cated techniques a\1ai l <:1ble, such as distinct-e lement model ing., and second because of the avail 
abi l ity of a large mass of new data, includi ng a more con1p1·ehensi ve description of paleostress 
and a ne\V reconstructic)n of the _present-day det·ormation t�ie ld bc1sed ()n GPS stttdi es. 

This being the case, we hctve cc)nseque.ntly chosen Taiwan e:ls a case example t'c)r thi s  study 
since it provides an opt imal ()pp( )rtunity f'o1- understandi11g the behavior c.Jf. a C())li s i ()n Z<)ne 
-v.1it.h act ive shortening and strcJng mechanical C()Upling bet\veen subduction zones and rnajc)r 
faul t  zones where mechanical decoupling ()Ccurs. 

2. INFLUENCE OF YIECHANICAL DECOUPLING 

The mechanical behavior of' a f()Ck niass is often strt) ngly influenced by discontinuities. 
Recent advance1nents i n  disct)ntinuum model ing hav'e indeed made i t  very· te.mpt ing to try' to 
incorporate a broader depth of' detail of the gec_)logical struct t1re int() the model .  This  howeve1·, 
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f ... i(�· 2. Dit't'erent model s ()f. T<:li \\1an col l i s il )n .  (':t) Stress  tre:�ject( :)14ie.s and plate 
C()nvergence, for tW<) events of Taiwan C() l l ision (Plio-Pleist()Cene on the 
Iet't, Pleistocene-H()[()Cene. 011 the right), at'ter Angelier et al. ( 1 986). Phil
ippine Sea plate i s  represented b)' hatched l ines .  Eu14asia i s  \V'hi te. Con
vergen ce b()Undary of eastern Taiwan \V·i th triangles on the upper side. 
La14ge e:1rr()WS: re lat iv·e  ITI()t i()n Phi l i ppine Sea-Eurc1sia  (azimuths indi
cated). Trajectories of s 1 V\1i th <:1ve1·age de\1iations rel ative to the direc
tion ot' pl c:tte c<.)nvergence., i n  degrees (+, clock\\1i se� - ,  cot1nterc lockwise). 

Dashed l ines present distributic)n ot· s I paleostress in no14thernmost Tai
\V·an due tt) c lockwise. r()tatio11 (with questil)n ma1�ks because in  1 986 no 
paleomagnetic results \:Vere avai l able). (b) Stress trajecto14ies based on a 
2-D t'inite-ele111ent visC()US 111odel (after H uchon et lll., 1 986) .  Continu
ous l i nes� 111aximum C()mpressive stress trajectories� la14ge. <lpen arrovvs, 
d i 14ecti()ns t)f' motion ()f the. indenter (azi1nuth indicated);  small sol id ar
rows i n  lower-left corners, angle between extreme stress trajectories. (c) 
Experimental sandbox 1nodel (_)f the Taiwan 1nountain belt (after Lu and 
Malav ie i l l e ,  1 994 ): thrust wedge created by oblique i ndentation of a 
-w·edge-shaped bac kstop. ( d )  Geometr ·)' and b()Undar:y· condit i ( )n S  ot· the 
finite-e lement el asto-plastic ITI<)del of Tai wan CC) l l i s ion (after H L1 et al., 
l 996a) . For ge()graphic  C()C)rd inates, see the cc.)ast ot· Tai'A1an sh(1\:vn as 
thin dotted l ine. S I, S2, S3 ,  S4, SS and S6 are. subdon1ains �·ith different 
rheologies (decreasing Y()Ltng's modul us) .  Boundar)' conditions: open 
triangle t'or t'i xed corner; open c i1·c les \:vith bar, rol ler in  <.)ne direction; no 

� 

symbc) ] ,  f'ree segments; l arge b lack arrc)WS, comn1( )n direction of dis-
placeme11t based ( )n plate ki nematics. 
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l eads to a basic di lemma if the . purpose ()f� the 111 ode l t() be of' practical interest to structural 
gelllogists (Figure 3 ) . In l ight of· dete1-mining the level of� complexity at \\?hi ch  a model can be 
built� \1al idated and considered sig11ificant, Figure 3 shows the relati onsh ip  between the le\rel 
()f complexity· of' model ing and the range of uncertainties in the data (Figure 3 ). The point in  

question is vvhether the model should i ncl ude as much geological detail as possible� or 'Ai'hethe1-
it should prim(:1ri l )1 ain1 for a simpl it'ied analysis.  As f'()l- the t'irst pre1n ise, it must be noted that 

it is futile - to expect to obtain sut'ficient ge() ]ogical data de.scribing the medium i n  every de.tail ,  
that the computer hard\-\iclre requi1-eme.nts tor such a modeling rapidly exceed those capacities 

typically avai lable ( the shaded zone in Figure 3), and that ,  lTI()St i mportantly', a s ignit'icant 
control by relevant data beC( )mes less eff�ect ive as a greate1- source ot· ccJn1plexity· is  added, 
because many' dift.e1 -ent models  can explain the sa111e data. Concerning the second pre1nise, the 
perceived difficul t)' is that the p1·oblen1 1nay appea1· C)\1ers impl it'ied: h()V..' can one be certain 
that none of the c 1·itical structures h a\'e been ( ) ffii tted t'rom the anal ysi s'? The ffi()St realistic 

S( )lution to the d i le1nma, the-ref()fe'I cons ists  ot' building as s imple a 1nodel as possible which 
t'its the- data available� th is i s  then enhanced a11d re.t'ined through a pr(>cess ot· graduall y  increas
ing i ts c.omplexity until a g<.)Od f'it i s  ()btained with in  the range of datcl uncertainties (Figure 3) .  
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Fig. 3. Nlodeling dilemma i n  the relationships between data adjustment and C( Jn1-
plexity ot" the model . �1odel 3 i s  i ns11ft'icient detai l .  :\1odel N is  appr()pri
ate. Useless  model i s  excessive detail .  



' 

453 

Hu et al. (� l 996b) carried out two nun1erical modelings for the detailed investigation ot· the 
stress and velocity fields in  the. coll ision be.It and foreland arot1nd the basement high (Peikang 
High). The f'inite-element model (Figu11e 4<:1) successfull)' explai ns the general shape ot· the 
regional stress t�ields in te1·ms ot' compressic)nal trends but t'a i ls  to account t·<.)r deviations near 
major thrt1st zones and f'(lr the ()Ccurre11ce of� exten si()n (ln b(lth sides ot· the Peikang High .  In 
contrast, the effect  ot· the presence ()f. discontinuities is well acc<)unted for th11ough the use ()f 
the distinct-element method ( FigL1re 4b) by 'A' hi ch c:t 1nt1ch better fit is obtaine.d� ne\iertheless, 
numerous local dev·iations ()f the st11ess <:lnd vel()City f'ields still cannot be analyzed at the sc�l]e 

considered. 
Di stinct-element m(ldel (Figure 4b) sho\:\IS signit.ica11t stress deviat ions near the ma_j()t· 

regi()nal disconti nuities ( t.he Lc)ngi tudinal Valley Fault  ctnd the t\\10 111ajor th11usts ot' the vvest
ern belt, see F igt1re 1) relat ive t() the dominant N\Vr -SE cc)mpressi()nal stress patte1 ·n and these 
cann()t be neglecte.d in the gec)d;·namic tnode1ing ot' the Taiwan ffi()Untain bel t .  The de .viations 
explaining nearly E-W C()n1 p11essional stress t1 ·ends are e1:-t'ecti vel)' observed. These resu ] ts 
reveal that the p11esence of large di scontinuities plays an i mportant f() ]e in the distribution ()f. 
local stress patterns .  The heterogeneous di stribut i <)n ()f the stress t'ields rnay be attributed to 
the C()mplex pattern at· the f'())ded-faulted blocks ()f' S(1uth\:\1estern Taiwan; these could not be 
take11 into consideration at the scale of the prese11 t  mc)del ing . The variable location of the 
active fau lts  through tin1e 11as made the. resulting pa leostress pattern even 1n()1·e complex a11d 
explain the high vari�lb il ity in compressional tren ds. 

In contrast tc) Figure 4a� Figure 4b shows the extens ional stress ()fl b(lth the northe1·n a11d 
southern sides of� the Peikang High, t11ending approxirnately parallel to the 111aj()r discontinL1ities. 
These results are generally consistent with the pre.sence ot' fl()rn1al f<:1u] ting south ot' the Peikang 
H igh (:Yang et (11., 1 99 1  ). i\n<:1l )1ses ()f' earthqt1akes t·ocal mechc1nisms J1ave also re\1eaJed son1e 
NE-SW trends of s3 axes nea1· the Kaoshiung area, and nearly E-W ones in the S()Uthern part of 
Taiwan (Yeh et al., I 99 1 � Ka<) and \\1u, J 996 ) . . Significant south\\1estward escaping probabJ ;· 
()Ccurs in  this are,l. Based C)n the distinc.t-elernent method with plane strain CC)nditions, the �E
SvV extensional stress trends inay be attributed to such a tecton ic prc)cess. 

T(1 Sum up, 2-D experin1ents invol\iing accurate comparisons between t'inite-element and 
distinct-elen1ent modeling de1n()nstr'-lte that in  a sim ilc:1r context of acct11·ac;' <:1nd data control, 
the inethod that accounts f<>1· the p1·esence ot· discc)ntinuities ,  namely,  tl1e dist i 11ct-elernent 
111eth()d, certainly provides m t1ch bette.1· results in te1·n1s of both the di stributic)n ot' co1npres
si<)nal trends and the ()Ccu1·1·ence of extensional trends on both sides (Jf� the Peikang High. ,.L\_t 
the scale considered� i t  seems dif't'i cult  t() g() t'urther in ter111s ()f' m()del co1npJexity (Figure 3) 

owing t() the limited kn()Wledge C.)f-the distribution of· 'A'eakness zones smaller than th()Se shown 
in Figu1·e 4, and in consideration ot' the p()Ssible control b)' the data C)n the actual stress t'ields. 

3. FROl\1 2-D TO 3-D 

,� 2-D approximation no1·ma l l y· represents a reasc)nable s i m pl i t'ic at ion t'c .1r tl1e 3-D 

geodyna111ic p1·oblems, although it inV()}\'es a drastic simplit'ication ( including such shortC()JTI
ings as the ne.glect of the rheo]<)gical stratification, deep strt1cture of the li thosphere, dips <.)f:
n1a_jor structure am()ng 111an·y others) .  \\1ith regard to the conv·ergent boundary in T�liwan� the 
situati()n is essentia l ly 3-D due to the fact thGlt the 111ajor di scc)ntinuit.ies <ire nt)t v'e1·tical . The 

' 
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Fig. 4. 2-D fin ite-element and distinct-element models of collision in southern 
Taiwan, in  terms of stress distributions (after H u  et al., 1 996b) .  (a) Com
puted stress distribution, t�inite-element ffi( )del .  Continuous lines 1 and 4: 
rheol ogical boundaries. Pairs of� conve14gent arrowheads: maximum com
p14essive stre-ss. (b)  Computed stress distribution, distinct-element mode. I .  
Continuous l ines: 1 and 4, rheological boundaries� 2� 3 and 4, mechani
cal d iscont�nui tie.s. Bars: max i mu m  compressive stress. Pairs of' d i,rer
gent arro\\1he.ads, indicate exte-nsional stress. 
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major b<.)undary, the active L()ngitudinal Val 1ey Fault, is a th1·ust \\1i th a 11 1in() f  left- l ateral 
component; with a dip angle ot· ab()Llt 55() (Tsai et c1!., 1 977), there is  a l arge th1·ust C<.)mponent 
(Hsu, 1 976� B arrier and Ange1ier, 1 986).  T() elucidate the i 1 1tluence ot· this djpping surface (.i n  
2-D model ing, the plane is impl i cit!)' considered \iertical ) ,  the 3-D app1·0,tch i s  compulsory 
'N·hen 1nodel i ng the p l ate convergence in Taiwan. Such 111odel ing 1n ay 11ot onl;' reve,tl ne\v 
insights in terms of stress-st1·ain re lationships, but 1nay also lead to a clarification ot· the sig
nificance and l imitations of· the earlier 2-D model i ng. I n  ()rde1· t{) e\1al L1ate the ef'f'ects C)f .. the 
obliquit)1 C)t· discontint1ity, several experiments \\?ere carried OLlt, involv'ing C<.)n1parisons be
t\veen 3-D distinct-element model ing ('Figures 5 and 6a� b") and 2-D C)nes (Figure 6c, d ) .  In 
both, the boundary C<.)nditi()ns \Vere other�1ise si1ni l a1·. 

I n  order to best 1-epresent the n1echanical behavior ot· dit·t·erent regions (Figure 5 ), the 
model used in this comparison is a 3-D distinct-elen1ent model which includes t\\'O subdom<:1ins 
w· ith dit't'e1·ent material properties.  Tl1 i s  C()11t'iguration is  chosen ()n the basis of the regi<)nal 
structural frame\vork of the �trea under i nv·est igation (Figure. Sa) . T·he  3-D models used f()t� the. 
fi 1·st-order app1·oximation are of' C()Ut�sc large])' s impl it'ied in compctriS()Il with actt1al patter11s.  
The gec_)metry of the 1nodel i s  represe.nted by a rectangle which C(lvers a rectang11lar area. As 
for the parameters ot' the bound,11�y C()nditions. \1elocities are t1 sed here instead ot· f'orces be
cause the l atter are. diffi cult  to estimate, while tl1e ve locity of· p late move.1ne1-1t between the 
Philippine Sea plate and the Eurasian pl ate is wel l  known (.Seno et (tf., 1993 ). Figure 6 sl 10\VS 
the stress and ve}()Cit)' fields of the '2-D 111odel C)f the cc) llisic)n zone (Figures 6c1, b) <:1nd of the 
3-D C<.)1·responding models (Figures 6c, d). Despite the l ar·ge di t"t�erence in st1·uctt11 �e due l() the 
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Fil?· 5. A prelimin£1ry 3-D disti11ct-element mc)del c)f Taiwan collisio11. (a) L()Ca
tic)n c)f the 111odel in niap. (b) Geomer1 -y an(i b<)undar)' co11ditions ()f' the 
dist inct-ele111ent model at· eastern Tai\van (Philippine Se<:1 plate inde11ter 
1·emo\1ed t() sh()\\/ d ips of bound,11·ies ) .  B()t1nda1·)i condit ions: Sol id tri
angles, t"ixe.d bounda1·y . Open circles �1ith bar, 1·()]ler in <.)ne dire.ctio11 . No 
symbol, t'ree t;eg1nents .  Large ar1·0\\i', direction ()f' displacement based on 
plate kinc1natics .  
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Fig. 6-_ Distinct-ele.ment ill()del ot· eastern Tai\van . (a) C()1nputed stress distribu
tit)n in the 2-D rnodel . (b) Trends of velocity t'ields in the 2-D ffi\)del . (a) 
Computed stress distributio11 in the 3-D rnodel . (b) Trends of v'e(()Cit)' 
f'ields in the 3-D model . 

50° dip of the major Longitudinal Val l ey F ault zone in the 3 -D model as compared t( )  the 
implicit vertical attitude in the 2-D model, the stress (Figures 6a and c) and velocity (Figt1res 
6b and d) pattern s obtained in the 2-D and 3-D model s respectively are quite simil ar. It is 
therefore conclude here that the 2-D approximation is a reasonable si1nplificati()n at l east in 
th.is case. This inference is important in that 2-D numerical modeling is easier to handle and, 

t'or a simi Jar memory size and run time, a l l O\\i'S f'or the use of a n1ore sophisticated representct
tion ()f' regional patterns than 3 -D modeling. 
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4. RES UL TS OF 1"10DELING 

4.1 Fit V\rit.h Regional Stress Fields 

The 2-D t'i n i te-ele111e11t e lasto-p l astic m<)del previ( )Us ly  presented by H u  et l�tl. ( 1 996) 
co\,.ered a much vvider area, inc. Juding .not only the whole Taiw[tn Orogcn bt1t C;ll so the neigh
boring arc-and-trench syste1ns ( Figure I a) .  The 1nain constraints used t() adj ust  this ge11era] 
finite-element model ca1ne fr()Til the geological and geophysical 1 ·ec()t1struction ot· stress i:-ields 
in Taiwan ( Angel ie1· et (ll, 1 986; Ba1·rier and Angelier, 1 986� Lee, ·1 986� A ngelier et l"ZI., 1 99(): 
Chu, 1 990) .  The compa1·ison between the <. )bsef\ied and rec<)11st1·ucted st1·ess t�ields i s  SL1m111a
rized i 11 Figures 7a and b, respecti vel:y·. 1 11 F igure 7b, an inte1 ·pol �1t ion pr()Cedure prop<)sed b:y· 
L.ee and Angel ier ( 1 994) w�1s adc)pted to C()nstrt1ct smc1<.)thed t1·aject()ries 'A1i th large numbe1·s l1f. 
local p�tleostress results .  Several 1naj ( )r ge()d)1namic problems \Ve1·e <:1dd1·essed 111 this  e.arl ie1· 
model ing, including that C.)f. the. relati(1nships betwee.n the Tai\\l<:ln C(ll l ision� the Okina\va bc1ck
a1·c opening ct1 1d the Ryukyu trench retreat, which str()11gly i nfluence the distribt1t i ( )n of strain
stress fie lds in northern Tai Wctn. 

In its counterpa1·t in Figure 7 a, this f'in ite-eleme11t nl()del ing at the sc�1le ot� se\'eral hund1·ed 
km is  t1nable to acc<)u11t for the deviations £:lnalyzed he1·ein at the sca]e of· sev·e1·al tens ot· k111 . 
The effects ot· mecha11 i c �1l decoupl ing £tcross di SC()11t inui ties e:11·e ig11ored, <:1lthough they· rest1lt 
in signit'icant dev-i c1ti()ns  ( )f pri ncipal st1·e.ss . These eft'ects vvere take.n i 11to acc<)unt in the ne\\/ 
distinct-elen1ent. model i ng ( Figu1·es 6 and 7). 

4.2 Fit '''ith Regional Deformation }.,ields 

In the ea1·l ier steps ot· nu111e.rical 1nodel ing, the st1 .. ess-pe:1 leost1·ess t·i elcl s  were extensivel )1 
use.d for ·  constrai ning the n1odcl . �1ore recently, accurate data c1n the p1·esent-day defo1·mati cl11 
be.cc1111e avai lable becaL1se l1f the development C)f GPS studies i n  soL1thern Tai\\i·an (YL1 anLi 
Chen 1 994). T<.) \terify and i·et.inc  the gene1�a1 inte11J1·etati()n <>f� the rel ati( )nships bet\veen <:1ctiv·e 
de.f�ormation and ge(1 logical structure� t\\.'O independent n ume1·icLtl 1nodel i 11g techniques (fi 
nite- and distinct-element codes)  were thus used with the constraints of· the det'o1Amation f_.ie. ld 

as revealed by GPS n1ec1st1rements (Yu a11d Chen 1 994). Figure 7c su1111na1·izes the rest1l ts ( )f. 
the last model a11d sh()\VS both the (lbserved \'e]()C ity fields (f�ro111 the GPS results :  with trajec
tories indicating dashed lines) and the co1npt1ted velocity f'i clds ()f the distinct-element model 
(\\1i th t 1·ajectories i ndicating by sc ) l id l ines) .  The patterns ( )f. trajecto1·ies  were clrc1w11 us ing e:111 
inte1-polation smoothing prc)cedure pr()p()Sed by Lee and A ngelie1· ( 1 994). 

With both the s impl it)'ing assumptions C)f, the numerical n1odeling a11d the \1clrious S()U1 ·ces 
of uncertainties taken int() account, the azimuthc1l f'i t betwe.en the GPS i·esults and the final 
1 ·econstruction model ing is ,  in  general ,  ratl1er g()()d. Some local mist.its at·e notable., especi ,l l ly 
arour1d the Peikang High area: tl1e traject()ries based on the GPS show str()nger de.viations th[ln 
those of the final model presented here, which ma)' be explai11e.d by lateral extrL1sion proce.sses 
n.ear the Peikang High (iue. to indentati<)Il. 

The fit� however, 1nust be considered n ()t  ,just in te1�ms of· trends; ()n the cont1·ar:y·, i t  1nt1st 
• 

be \'iewed in terms of velocity n1ag11itudes (n()t shO\\ll1 in Figure. 7c ).  Fi 1·st� there is a gene1·e:1l 



458 

a 

c 

TAO. V(J/. 7, N<J. 4t Del'e111her 1 996 

. . . . . . . . . . . ' . . . . . 
·. . . ·: .. ; . . : ' .. : .. 

. . 
. . . . . . . . .. . . . . . . 

' . 
.. 

. .. . 

. . . . . 

' ' . . . . . ' . ,,:, .,,, . , ,  . \ . . :;,.'.�· . •' . · ... . . . 
. ,  . .. . . .. .. · · '· · · 

' 
. . 

. . 

. . . ·,· . . . ·• ' ·''.\" .. .. . . . : .. ..... ·•· . . . . . . . 

. 
. ·

. : .... ·.
·
:· .:·

· 
... : 

.
.. 
· 
... 

:� ��-"�
·
:· ,,:

·· ... .. . 
�·.-

·
·�· � · .. : .

· 
...

.. : . : : _  . ..

. 

" 
... . . .  

• • • , •• ·
� "·. '• • • J • 

, 
• •

• • : • • • • • • • • . . . , ;... .., .. - ) .... . . . ,. . -, ' .·. . .... _ . .  - . . . . . . . . ; ' > ·
.
/•'!'',. �.': ...

. · 
... 

\ · " • · ' . ,  . 
. '. . .. �- - . .... · ...... . .. .. .. , _  , 

.
. : . . . . �r � . ' . 

• • > • •  ,; .... .. • • • • • • . . . . � ... " , . .. : .' . .. 
. . . . 

• "' - -,· � r ',,J. .· i.... •. •• • • • • · . · ' I �· • : ., A • • 
. . . � . . � ., _.,. : : • ... "'=" _> , - • '· • • ._ • • •' 'I "" r" O • '  ,• • ' • .  · . ··. > ...... · ; ,· 1. .... ... .. · . . . 

.
· ·' � .... .... _ 

'·; . � ....... : . 
. . ... .... . < ,  . . ' • .  � ... · ...... .... . # •, • ', . � "''· · '<:  .• . • '::! . . ... . . ·  •· .  ·.'� ., .. .. .. .;, . ... .. ........ · . . · . .. .  - · -' ! ..... ; ...,..___ • • • .. ..· ... '• ..

...... . . . �. . . .. , • -:c.1.:1:, ... \ ...... ...... . ''"\- . . 

• . 
-

::.; 

·

s::� ; �:;� ;���, - . -
. _ � . � b .. .. : ' """-"""· "" "' ... .... . 

' ' . .. ' 
. .. . . , . -· ... � 'J, ';. . ....... .. � ... . . . 

· , ' . · . . -.·?..,_.":----" If./ ] • , ' "· · . 
. : . . · . . � ; .. '·.· .. · ...... . . . 

. � .. ·- . . ·.- .. ·. .... : '.:�·· . . . . . .. "· . 
• -· • • • ""! • • • .. • • . . . . : 

. 
. ..... . . . . - . .. . . . � .. 

.
· • 

J . . . . � . . . . . . . . . . . ...... .. , . ,! 
,I 

, 

. . . . . 
. . 

. . . . . 
" . 

. . 
..

. 

. . , . . 

. ·. . . . 

. . 
. . . 

' 

' 

• 
.. .. 

. 
' ' ' \ . I 

'· 
, I . . 

._ J I . . 
' ' :, .. � I 

. ' . 
' , . . · .. . ' ' . . .. 

� t • ' .. \ . 
. ' .. . ... . . 
' ' I ' \ • .. 

' , ' . .. ' · .. • • 1 • • • .. 

I 

I ' \ " " � .. 
, ' ' ' .. . .. .. 

' .. � .. .. . . .. .. .. 

I 

I 

. .. . .. .. " .. .. 
I 

' 

.. • ...... .. .. " . ... I . 
. .. . 

. . 
. . . .. . . . . . . .. ." . .. .... . . .. . .. .. . .. ·; .. . .. .. . . . ... .. .. .... . . .. . . .. . .... . .. . . . . . .. . . .  - .. .. . . . - ..... .. . .. . . - . .. . . !" . .. . ..

.. 
� .. .. 

. .. .. 
" . . . .. . ... . .. .. . .. .. .. .. .. .. .. . . .. .. . ' ,. - . .. .. .. ..... .. .. 

. . 

. 
- .. .. 

. . 
... 

·
/ 

.. .. 
. 

. . - - . . .  - .. .. .. . .. .. .. .. .. 

. .. . . 
..... .. . 

. . ... 1· . . .. .. .. . . . .. . . . .. . .. .. 
. 

.. ... . .. .. .. .. . . .. .. 

· - - - - - - - - - · · - · - · - ·· · . .. _ -; ...
.. ..

..

.. .. .. .. .. . 
.. 

. . . . . . .. .. .. . .  - - · · · · - .. ..  · .. ' ·  " .. .. . .. 
. . - -

. . 
.. . ... . 

.. . .. 
. . . . . .. . .. . 

. . 
-

- -
. 

- . ... 

... 
. .. .. 

- � - - -
. 

· .  
.. .. . ..  . .. · .. .  .. . .. 

. .. 
. 

. - - . 
... 

. 

.. 

. . .. .. .. .. . .. . . . - . .. - .. .. . .. .. . .. . 
. . ·- . . . - - - .. .. . ... .. .. .. .. .. .. .. 

. . . .. . .. .. . . .. 

,.. - . . - - ... .. .. .. .. .. 
.. · _ _  . .. .

. . . .. .... . .. . . . . . . .. .. .. .. . .. .. .. .. . . - .. .. .. . .. . 
-

.. .. 
.. - - - - .

.. 
· . .. .. .. .. .. . .. ..  · .. 

. 
..

.. 

..
- � - . . . .. 

... - ... . ·
... 

· . 
" �  .. . 

� .. .. - - .. - .. .. · ..  ... ... .. .. .. .. · . " .. ..  .. ..  
· .. .. 

� · .. . .. . ..  -

_ .
.. 

- - . .. .
. 

· - .. . .... .. .. .. .. .. .. .. .. .. .. 
. - - .. .. .. .. .. .. ... .. 

· · ... - : :.:. : · · - - . .. .. . . 
· 

... "
.,. 

.. ..
.. .. · . 

.. . .... .. .. -
-

. . .. ... .. .. . ... .. 
.. .. . .. ... ... . .. .. ... . .. 

.. 
. .. ... . .. .. .. . . . 

. . . .. .. . .. .. .. .. . 
. . .. .. . 

. .. : " . . .. . .. .. 
. .. I .. .. . .. .. " .. . .. .. .. . . . .. 

' 
! 

<"'" ... 
' .... .... 

' ... ... ... 

Fig. 7. (a) St1·ess di stributi()n calculctted in the C()n\1e1·gence-tre11ch retreat elast<)

pl astic model .  Structure, rheology and b()Undary conditions def�i ned in 

Fig. 2d. Pri ncipal stresses in  the horiz<)ntal plane, shovvn as smal l couples 
ot· a14f()WS. Pairs <)t. convergent ar140\\'S represent maximum C<)mpressiv·e 
stress.  Note the stress concentration in  the Tai\Vcln col l ision zone .. the fan 
shaped d i stri buti<.)n throughcJ Llt the i s l and and the p14on0Llnced stress tra
jector4y de\1i ation nea1· the north\vestern C<)rner of the Phi l ippine Sea p late. 
Pairs ()f di\1ergent arf()\\'S represent min i mum extensional stress, espe
c i al ly· northee:1st of- Tai wan, in  the Okina\\'a Trough a14ea. (b) The distri 
buti<)n ()f' Quaternary and present-day stresses throught)Ut Tai \\t·an . Main 
compressional stress field assc1ci ated with the Qu aternary coll is ion t'rl)m 
\larious S<)Urces (f'()Cal mechan isms, b()rehole breakouts and Quaternar)' 
fat1lt-s l ip  data). Plate boundary added as thick l ine with t1·iangles  on the 

upthrust side. Vector of· rel ative plate ITTl)tion as blac.k arrow. (c)  Trends 
of' velocity fields in the. final  mode l :  cc)mputed trajectories ( th in  continu
ous l i nes)  and obse1·ved traject()I4ies based on GPS data ( dashed l ines ) .  

Boundary conditio11s and i·he<.)logical properties al so i l l u strated (2, 3, 4, 
discont inu ities as for Figure 4b ) .  
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agreement bet�1een the 1·eg ional di stributions of co111puted and ()bse.1·ved velocit ies.  Second, 

the largest azimttthal misfi ts occur t'<.1r the smallest \1eloc it ies and� thus ,  cannot be conside1·ed 

very· s ignit'ican t  \\1 i thi n  the gener<:tl t'rarne ot' the model . Such ininor pertu1·bat i ()ns near the 

Peikang High are dependent ()n local strt1ctu1·e, which cann()t be taken to 1·epresent the scale ot· 

the model here and a1·e p()()rly kn()Wn anyway� conseqLlently, a mo14e cornplex model cannot be. 

regarded rel i able  ( Figtt1·e 3 ) .  I n  Summary, the mist.its are sn1al l  in  terms of both tl1e azim uths 

and the \ie]oci ties t'or al l  the st£:1tions \\1 ith <:t l<:11·ge displacement rel at i \'e t() the stable f'orel,lnd C)t· 

the T<-tiWcln coll is i ()n belt .  Again th i s  shows that the accL11·acy ()f. a re,1li stic I11l)del as \\lel l  els the 

choice of' technique <:1dopted la1·ge])I (fepends <.)n  the scale at· the a11al;1s is  and on the extent ()f' 

data avai lable. 

5. EVOLUTION OF THE COLLISION 

The results ot· brittle tcctc)nic analyses, especial l y  in te1·111s of the di stribL1t i ()n ()f' co1npres

si\1e det'o1·rnations during '-l succe.ssio11 ot· events rel <:tted to the Pl io-Qu,ttern,11·y Taiwan col l i 

sion we1·e u sed i n  an atte1npt to model tl1e evt) lut i () t1 ot' col l i s ion .  The <:1uth(1rs here aimed at 

understanding the re l at i ()nships  between the ea1· I ie 1· ki ne111atics ot· p l <:1te C () n ve1·gence �l11d 

pa]e()Stress distributions. N u111erical nl()del i 11g ex peri 111e11ts can be ca1·ried out f'c)1- ectrl ier si tLt

ations ,  provided that the actual shape of' the col l is i on zone i s  consi dered at each step ()f' the 

col l i s ion, in stead of inere l)' the pr-esent cont'i guration .  The k i ne111atic reconstrt1ct ion at· the 

col l i sion bet\;v·een the Luz()n ai·c and the i\sian C()ntine11t can be obtained by restori ng the p1·e

C<.)ll i s i ()nal patte1·n of the Asia11 C()ntinentc.tl n1�lrg in and the trave l path ()f' the Luzc)n a1·c-trench 

system (Figure 8) .  It shoLt ld  be nc)ted th(lt becaL1se th is  reC()11sr1·L1ctic)n i s  bc1sed 011 the conven

tional rec(lnstruction of· the £lrc-cont.inent cc) l l i sion bet\\leen the Luz()I1 a1·c and the Asian con

tinent (Teng, 1 990), so that tl1e alte1·nt:tte i nte1·pret(1tio11 i 11 terr11s C)t� arc-l:1rc cc.1 l l i sion propc)sed 

by Hsu et al. ( 1 995)  i s  not C()nsidered herei 11 .  

The motion of· the Phi l ipp i ne Sea plclte c<:111 appare11tly be d iv ided i 11t() twc1 stctges i n  the 

last 1 5  i\1a ( Se110 'lnd l\1aruya111a, 1 984 ) .  The chct11gc ()f. 111c)t ion f�1·om no1·th- 11c)1·th-weste1·Iy to 

w·est-northwesterly i s  bel ieved t() have take11 p l <.1ce at ar<)und 5 M a  (Sena and M a1·uya111a� 

1 984) .  B y  t'o llowing the nl()tion c)f' the Phi l i  11pi 11e Sea plate� the trC:1 vel pC:1th of the LLIZ()n a1·c-

t1·ench S)'Stem can be bac kt1·<1c ked ( Figttres 8;:1, 8b ) .  Based ()n the 1·ec<)nst1·ucted LLtZ<)n V()}c,1nic 

arc, the paleoposi tions of· the Mani la  t1·ench can be est<-1b l i shed by extend i 11g the trace of" the 

trench (Figure 8c ). For the def.()1·n1ed seg1nent i n  the det·o1·111ctt i()t1 fr()l1t� the p£1 leoposi tions a1·e 

restc)red by geomet1·ic inte.rpc)l c1ti c)n ()f. the Tai 'A'a11 col l i s i()n, the trend based 011 the f'inal st1·uc

ture and the calct1 I e:1t ion ()t' the 111otion ot' the Phi l ippi11e Se<-l p l <-1te (Figu1·e 8d) .  

A1 th<.)ugh cl C()mplete presentc1ti(l11 ot· the i·esults c£:11111()t be do11e he1·e in ( t'c)r detai ls .,  see .Hu, 

1 995), Figu1·e 9 sh(l�'s tl1e t\V() 111ajo1· steps ( 5  M<-1 (.lnd 2 Iv1'=l ) ,  b<:1sed l1n tl1e resL1 l ts  t)f. ·2-D finite

element mode l i ng inc l L1ding the recon st1·uction ()t. the p£1leopl)S it ions of· the n1�-tj()1· b()unda1·ies 

and s trt1ctural uni ts f1·01n present -da )' t() 9 1\1 C:t ( Figu1·e 8 ) .  Sl1 as to rep1·esen t the <:l verage rn e

c han ical beha \1 i () 1· of' di i:-f:-et�ent 1·egi()11s,  tl1e I11()de l s  L1sed i 11cl ude a \lariety ()f. S Ltbdomai 11s \\1 i th 

dif't'erent 1naterial properties ( s i 111pl it'ied in  FigL11·e 9: f'()1· detL1 i l s �  see Hu, l 995 ). F(11· the param

eters l1t' the boundar)' C()ndit i()l1S� the \/e)ocities '11·e Ltsed instectd ()f' fc)1·ces in the present study. 

The nc.) 1·th\\1estern c.orner ()f' the i11odel is t'i xed: the i r11pf)Se.d displace111ent in the 111<.)del at 2 Mt.1 

( Figu1·e 9a) i s  7 c m/yr <.l l ()ng the azi 111 t1th 3 2()() . For the 111()(ie I �tt 5 I\t1a, the co1·resp()ndi n g  
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Fig. 8. Paleopositions ot· the m aj ()f  structural boundari es used i n  the Tai\:van 

retrotectonic inodels,  fron1 present-day to 9 Ma. Numbers denote differ

ent stc1ges in  \1.a.  (·a) M igration of western boundar)' ot· the Luz()n A1·c. 

(b) Migration C.)f. the boundary of the Luzon Arc-Phi l ippine Sea Plate. (c) 

M igration ()f subduction zones (R)1ukyu at1d M c1n i la).  (d) M igration of 

the det .. ormation t'ront due to Tai �1an col l  i s  ion ( shaded area i ndicates 

Chinese 111a1�gin) .  

azimuth of convergence is  335l>. I t  i s  worth pointing out that in  Figure Ya an additional dis

p lacement i s  app l ied at the Ry·ukyu trench i n  order to simulate the opening of the Okina\\1a 

Trough as discussed bef.()re., v.1hereas i n  Figure 9b this  displ acement i s  absent., because, ac

cording to Letouze)' and Ki mura ( 1 986), extension i n  the Okina�·a Trough began unt i 1  ap

proximatel y  2 Ma. 

The stress data used to constrain the m odel a1·e complicated. B ased on brittle tectonic 

analyses, Angelier et c1l. ( 1 990) divided the paleostress distribution i n  the Hs�ehshan Range in 

northern Tai�1an int() f'ive main e \1ents ; for a1 1  of' Tai wan is land, Chu ( 1990) identified s ix  

ev·ents.  Regardless ot .. thus discrepancy, i t  i s  doubtf'L1 l tl1at the k inematic h istory of the plate 

con\1ergence has changed dramatical l y  since the beginning of the Taiwan orogen .  Lee. et al. 
(

. 

l 99 1 ) , based on the. ir s tudy· of magnetic fabric analy·sis  and taking i nto account 1·otations 

1·e-v·ealed by paleomagnetism, pointed ot.1t that two principal l i neatil)OS \\'ere observed i n  the 

eastern Coastal Range, Vv1hich they said were i ndicative of' tW() trends of compressional tecton-
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Fig . . 9. - Example of stress distributions calculated in the 2-D finite-element elasto
plastic Inode.l ot' the retrotectonic e\1l) lution ot' Taiwan col lision. S truc
ture, rheology and boundary conditions such as for Fig. 2d .  Principal 
stresses in the h ()rizontal p lane shown as smal l  couples of arrows. Pairs 
of convergent arrows represent n1axin1u1n compressi\1e st1·ess .  (a) 2 Ma. 
(�b) 5 Ma. 
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ics. This obse.r\1ation was consistent \Vi th the earlier identification of two m ajor compressional 
ev·ents during the PJ io-Quaternary· col l ision (Angel ier et al., 1 986

.
) ;  according to that study, t'or 

the older event \\1as characterized with NNW-SSE to NW-SE regional trends ot' C()mpressil)n, 
compatible �1i th an azi m·uth of convergence. ot' about 335<) (.Figure 2a, l eft) ,  whereas f'or the 
younge.r e\1ent, compre.ssional trends were NW-S E  to Vvr -E, for an azi muth of' convergence of 
about 300<) (Figure 2a, right) .  

The changes in the direction of mot ion of the Phi lippine Sea p late relative to Eurasia 

resul ted in changes in the a\1erage trends of the fan- shaped patterns of maximum compres

sional stress trends ( Figure 9 compared with Figure 7a) ,  and the resul ts of mode l ing �·ere 

interesting in terms of' relationships bet\:veen ampl itudes of rotations sugge.sting that the con
figu1�ation of bounda1·ies at the north�1estern corner of the Phi l ippine Sea plate played a larger 
rol e  than the direction of' conve1·gence, in te.rm s of the resulting patterns of' compressional 

trends.  The situation ot· stress distribution that prevailed during the latest step of the col l ision 



462 TA 0, V(J/. 7, N(J. 4, Del·e111he 1 ·  J 996 

( 2  Ma, Figu1 ·e 9a) differs t'r<)m the begi 11ning ot· the Plio-Quaternary C() l l ision (.5 Ma, Figure 
9b) because b()th the di1·ection ()f. motion has changed, and alS() the configuration of' the plate 
bounda1·y itself' h as shit'ted about 15() counterc lockwise. Although the kine.matic change is 
rel atively s imple, the apparent  cc)mplexi ty ()f the actual successive di stributil) n  of' regional 
paleostress n1ain l )' resul ts t'rom the p1·esence ()f multiple perturbations i n  stress trajectories 
related to inhomc)genei ties ( maj l)r t'<:tul t  structures and stratigraphic discontinui ties�) and from 
the rot.ations ()f' blc)cks dt1ring the successi\1e co l l i sion events in  Taiwan. As a Cl)nsequence, it 
is  suspected that the. rnodels 11 1entioned here are not directly appl icable t() the earl ie1 ·  steps of 
the Taiwan C() ] l i s ion� because b<)th tl1e st1 ·L1ctures and st14ess bec<.Jme increasingly poorly con
srr�aine.d back in ti111e. 

6. DISCUSSION AND CONCLUSION 

Zoback et czl. ( 1 989)  Ct)ncl ude.d that i n  severcl l  pl C:1te interiors the maximum horizc)ntal 
st1 ·ess i s  subpa1·a 1 1e l  tc) the directio11 of abst) lute plate ITil)t i ()n; hovv·ever, in  many· othe1· cases, 
such as those in 1nountain belts, stress directi()n  111ay· signit'icant1)7 differ t�rom plate directi()ns.  
Nun1erical mode l i 11g provides �l \Vay t() C ()nt-i14m and quantify the t4e l at i (1nsh ip  be.tween the 
geological structure� the kinematic bou11dary C()nditions, and the stress ()f strain fields. How 
detai le.d thei1� analyses can actual ly' gc·) depends on the data constraints ( qualit)' ,  consi stency 
at1d acct1raC)' of the data) .  The ITI()St real istic results, however, are obtaine.d through a p1 ·ocess 
ot' progress i'v·ely inc1 ·easing the cc)mplexi ty of the mc_)de] unti l a satist-actory fit is C)btained� to<) 
complex model s should be �tvoided because available data cannot CC)nstrai n them (Figure 3) .  
We conclude that unde1� certain ] imitations the presence C)f. 'weak' mechanical diSC()ntinuities is 
\\'el l  acc()Unted for by distinct-eleme11t model ing and that this new 111odeli ng i s  particu lar ly  
suitable in the case of soutl1ern Taiwan� where several sources ()f inhomogeneity concur, thereby 
producing complex def'()rmations. These sources are relate.ct not only to the presence of a rela
t i'v·ely rigid p1·omont()r),. at the front C)f' the active belt ( the Peikang H igh) ,  but al S() to the exist
ence of' a weak domai n tc) the south ( the �lccretionary prism at the northern t ip ()f the Manila 

subduction Z()ne) �tnd of se\ie1·�ll 1najor 1\\'eak' shear zt1nes (the f'ront th14usts of' the Taiwan belt 
t() the west and the L VF tc) the east) .  

, 

The cc1se of the Taiv\?an col l isic.)n belt i 11v(1 lves a sharp Cl1rner ot· the plate bounda14y which 
gives rise to a C()mplex di stributi<)n ()f. stress and det·ormation ( Figur�e 2). I t  is  sho'A-1n here that 
although the problem ()f· 1�e 1 ationsh ips

.
bet\veen kinematics, structure and st1·ess-st1·ain fie ld, 

albeit three-dimensio11al in essence, c�tn be clarified through a C()mbination C)t .. e labo14ate 2-D 
TI1()de1 p1·ocessing ( Figu1 ·es 2d, 4 and 7) and s impl it-ied 3-D model i ng control experi ments 
( Figt1res 5 and 6), this approach takes adva11tagc ()f. the capabil ity ot' 2-D model ing to account 
fo1 ·  more realistic ge()graphic shapes and the re.qL1 irement f<)r a 3-D \/alidation of geodyrnamic 
proble111s, especi al ly conce1·ning obl ique ly  dipping bound,tries (Figure 5 ). 

To co11c lude, such a numerical ffi()del ing can be used to investigate ea14J ie1 · steps ()f re
gio11al tecto11ics prc>v ided th,tt the evolt1til)n of· a geome.trical structure is  taken into acc(1unt 
through reconstruction. The displacement-det·ormati<)n t'ields bri ng st1·ong const1�aints \vhen 
the p14esent-day e\1olution is  ffi()deled (Figure 7b) .  In {)rder to \1erit'y the retrt)tectc)nic models ,  
the stress pattern obtained (Figt1 1 ·e 9) in  thi s \\1ay· should be con1pared \Vi th actual paleostress 

patterns reconstructe.d by means of' geological tect<)nic analyses. 
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