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ABSTRACT 

Seismic data reveals the existence of flo"1er structures offshore from 

southwestern Taiwan. Structures similar to transpressional flower struc­

tures occur off the coast from the cities of Tainan and Kaohsiung, \\'·hereas 
, 

transtensional flower structures occur off the coast in Areas II&IV. The 

flower structures suggest that the structures in this area are influenced by 

strike-slip deformation. The trend of flower structures seems to conform 

to the orientation of secondary synthetic shears and antithetic X shears of 

the right-lateral strike-slip model. The mud diapirs in this study area "1ere 

probably partly initiated by the en echelon folding during strike-slip de­

formation. That the transpressional flower structures develop in t.he ori­

entation of secondary synthetic shears, \Vhile transtensional ones develop 

in antithetic X shear orientation, is possibl)' controlled by the mechanisms 

of convergence and divergence. The arrangements of the structures are 

also affected by pre-existing structures. 

(Key words: Seismic, Flower structure, Strike-slip fault, Mud diapir, 

Southwestern Tai,\'an ) 

1. INTRODUCTION 

The en echelon arrange1ne.nt of' mud diapirs offshore t'rom south\\1estern Taiwan attracts 

the attention of these authors (Figure I). It is believed that the en echelon pattern has some 

sort of 1�e]ationship with the tectonic process. In general, tectonic features are most e.asily 

detected by analyzing seismic data. The seismic reflection prot'iles acquired by two cruises, 

designated number 320 and 329, aboard the RN Oc·elln Re.�·earc·her I, are analyzed. F10\\1er 

structu14es and dit"ferent kinds ()f strike-slip faults are discovered in this of't"shore area. The en 

echelon mud diapirs and the fault orientations c<:tn seemingly be interpreted through the strike­

slip det'or1nation model. 
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Fig. I. The location of seismic sectic_)ns and en e.chelon mud diapi1·s in the stud)t 

area (t1·ends <lf mud diapi1·s are modified fro1n Chc.1ng, I 993). 

2. THE EXISTENCE- OF FLO\i,lER STRUCTURE 

Af'ter the. seismic secti()ns in this a1·ea a1·e anal)1zed, some f1()Wer structures a1·e discovered 

(Figures 2 and 3). The l()Catit)ns and orientations of· these flowe1· structures are shown in Figure 

5. The-se flower structt1res (examples are shown in Figures 2 and 3) a]so exhibit sever<:1l phe­

nomena that are characteristic ot· the strike-slip fault p1·<)posed by Christie-Blick and Biddle 

( l 985 ). They are ( I) the principal displacement Z()ne is sub-vertical at depth; (2) the up\\i·ard 

di\1erging splay· of t�aults� (3) the �1brupt \tariati()ns in seisn1ic t·aces in a single str·atigraphic unit 

across a t'ault; ( 4) the presence ot' both no1·mal- e:1nd reverse-sep�lration fat1lts in a given seismic 

prof'ile; (�5) variable p1·op()rtions ot· the same normal and reverse t·,lu1ts in different seismic 

profiles; (6) the magnitude 'tnd sense of' sepa1·ation ()t' a given t·�lult splay to vary1 from one 

horizon to another in a single prof'ile; and (7) the te.ndenC)' in successive seis1nic profiles for a 

gi\'en f'ault to dip alte.rnately in one direction and then in the ()pp<)Site direction, and to display 

variable separation (b()th magnitt1de a11d sense) fo1· a single h()fiZ()fl. 

These flowe.r structures develop along both conve1·gent strike-slip f'aults and along diver­

gent faults.The ones al<)ng conve1·gent f'aults imply n1uch the same as the transpressional flower 

struct11res (Harland, I 97 I; Sylvester and Smith, I 976; Ha1·ding and Lowell, 1979;Harding et 

a.l., 1983; Harding, 1985), where.as the ones along divergent f'aults in1ply· the same as the 

transtensional flower structures (D'Onfro and Glag()lct, 1983� Harding, 1983; Harding et 
lll., I 985). Christie--Blick and Biddle ( 1985) have also pointed that the development ot' t'ault 

struct11ral styles 1nay als(1 be int1uenced by the rotation ot' small blocks that can produce seg-• 

1nents ()f dive1·gence. and con\'ergence \:vithin a st1·ike-slip f'at1lt regime. 
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Fig. 2. Seismic section (let�t) and interpretation (right) of tra11stensional flower 

structure ()n seismic J ine �1CS329- I 3. L-ocati()fl shown 'ts hea\'Y line in 

Fig. 1. 
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3. OTHER STRIKE-SLIP FAULTS 

Generally·, not ()nly the t'lo\\ier structu14es exist in the she1t' pa14t of the studied area, but 

some structures in the continental slope. area n1ay also represent the. existence ot· strike-slip 

f'aults. The apparent 1·elative movement t'requently found on seismic sections does not mean 

the actual relative movement (Davis, 1984 ). This is due to there being several factors which 

could result in such rnotion on the seis1nic section : the orientation ()f. layering� the strike and 

dip of the fault plane� the slip on the t'ault� and the orientation of the seis1nic section in which 

any separation is \,iewed. The let't-lateral strike-slip faulting ot· a tilted se.quence of strata in 

this area have produced structural relationships that in a cr<)Ss-secti()nal view· are easily misin­

terpreted as simple reverse faulting. So, frequent occu1�rence (Jf tlO\\ie.r structu1·es and strike­

slip faults in this ot't'shor�e area indicates that the. sedimentary strata in many places in this area 

are deformed due to strike-slip t'aults. 

Coincidently, an()tl1er earthquake. strike-slip f'£lult-the Hsinhua Fault (Chang et al., 1947) 

is located onshore in an orientati()n e.xtending tro111 an oft'shore strike-slip fault zone where a 

t'lower struct111·e trend devcl()ped. In addition to this, Biq (I 990) , Yang et l.1/., (I 99 1) and Yang 

et c1l., ( 1994) proposed that a large t1·anstension zone does occur tl) the south of the Peikang 

High, which is close to the studied area. A1so, owing to indentatil)n tectonics, Lu ( 1994) sug­

gested that the southern edge ot· the Peikang High is bt)unded by a strike-slip f'ault zone. All 

this evidence imp] ies that strike-slip t�ault det'ormat.ion sh()Uld exist in the nearby onshore coun­

te1·pa1·t ot· the ()f'fsh()re a1·ea studied. The explanation (ts t<) \:vhy fe\\i strike-slip faults, such as 

the Hsinh11a Fault, are disco\1ered in this onshore counterpart is that the recognition ot· the 

strike-slip t'attlts usually· requi1·e.s a high stand<:trd ()f. outcr()p {)r seismic data. Geomorphologi­

cally, some portions of this onshore C<)Unterpart are covered by mountains, and the ()the1· por­

tions a1·e coastal p1ain. The CC)astal plains hav·e be.en developed into met1·opolitan areas and 

smaller cities, such as Kaohsiung and Tainan Cities. The elevation variance ot' the mountains, 

as well as the noise from the cities, causes t.he. t'ield seismic data to deteriorate badly. Neverthe­

less, the authors predict that 1nore strike-slip faults vv·ill be recognized in this counterpart after 

much careful analysis. In t�act, t'urther such study is already in progress. 

4. RIGHT-LATERAi_. STRIKE-SLIP MODEL 

The orientations of' the ab<.)\/e-rnenti()ned structures t'ound at the shelf' portion in the stud­

ied offsho1�e area ca11 be interpreted as a right-lateral strike-slip t'ault system as shown in Fig­

ures 4 and 5, althot1gh tl1e structural patte.rns at the continental slope ha\1e been obscured by 

canyons, mud volcan()es, and the highly· irregt1lar variance o·t" the sea floor. LT sing clay, uncon­

solidated sand, or sheets of paraffin \\1ax., this 111odel can reproduce the frequently observed 

structures in strike-slip regimes (Lo\vell� 1972� Wilcox et al., 1973; Courtillot et al., 1974; 

Freund, 1974; l\1andl et l1l., 1977; Graham, 1978; Groshong and Rodgers, 1978; Rixon, 1978;; 

Garnand, 1983; Odonne. and Vialon, 1983; Harris and Cobbold, 1984), in the experimental 

deformation of homogeneous r()Ck unde.r C()nflning pressuer (Logan et al., 1979; B a14llett et c1l., 
198 I), and in the. det'ormation ()f alluv·iL1rn dt1ring large earthquakes (Sharp, 1976, 1977; Philip 

(lnd 1\1egard� i 9·77·). Sev·eo sets ot· structt1res are commonly observ·ed (Figure. 4; Christie-Blick 

(lnd Biddle, 1985): (I )en echel()n t'olds; (2)S)1nthetic strike-slip faults(R)� (3)antithetic R' strike-
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slip faults; (4)antithetic X st1·ike-slip faults, \Vhich are ciescribed by Bartlett et c1l. ( 198 1) as 

ha\'ing the same sense ot' offset with R'� (5)sec<)ndary synthetic faL1lts (P): (6)normal f'aults 

resulting from extension; and (7)t·aults parallel to the principal displacement zone (Y). Figttre 

4 indicates the approximate orientation of the t'olds and asS()Ciated f'aults in simple conditi()ns. 

For the illttstrated i·ight-lateral S)'Stem, synthetic t'<:1ults (R) and sect)ndary synthe-tic t'aults are 

right-handed ( WilC()X et al, 1973; Biddle and Ch1·istie-Blick, 1985), \V·hereas antithetic R' and X 
faults are left-ha11ded. As discussed belo\v, however� the 1·eal ge<.)logical situation te·nds to be 

more comp1icated, and the ()bser\'ed arrangements d<) not ha\le to coincide with those pre­

dicted by n1odels or experiments (Christie-Blick and Biddle, 1985). This is due to the rocks 

being heterogeneous, the structures developing seque.ntially rather than instantanet)usly 'I and 

pre-existing structures tending to be rotated during prl)tracted def't)rmation. 

On closer investigation of the flower strLtctures and mud diapirs, followed by· con1parison 

with the strike-slip fault n1odel, it see.ms that the trends t)f' mud diapirs (:1nd the faults in flo\ver 

structures can indeed be interp1�eted by this model. The en echelon mud diapirs can probably· 

be related to the en echelon t'olds i11 the n1odel (Figure 4 ). The trend of similar transpressional 

tlower structures off Tainan (Area I) is <)riented approximately N75<)E-S75()\\l (Figure 5). If 

the orientation ot· the 1nud diapirs off Tainan is to t'it the. ()rientati<)n of the en echel()TI t'olds of 

the strike-slip fault model, then the trend at· the strike-slip faults of these transpressiona1 flower 

st1·uctures seems to cont·orn1 to the secondary sy·nthetic f'aLtlts in this tnodel. C<.)incidently·, the 

trend of the strike-slip faults off Tainan is simila14 t() that of the strike-slip Hsinhua Fault caused 

by earthqua·ke. The.ref.ore, it is suggested that the Hsinhua Fault has sorne sort of relationship 

with the origin of the strike-slip faults. Further stud)' into this kind ot· relationship is being 

d()ne. Besides Area I (the area off Tainan City)� the transpressi(lnal tlower struc.tu1·es \\1ere �llso 

disco\'ered in Area III (the a1·ea off KacJhsiung City). Similarly, it· t.he ()rientati<)n ot· the mud 

diapirs in Area III is fitted to the en echelon folds of the st1·ike-slip model, the trend <.)f the. 

strike-slip faults of the transpressi()na] flo\V·er structures see1ns to CC)nf'o14m t<.) secondar)1 syn­

thetic faults ('Figures 4 and 5 ). ln contrast, the transtensional tlo\\'er structures occur in Areas 

ll&IV (Figure. 5). It's interesting that, af'ter fitting the orientations C)f' the Jnud diapirs tc) the en 

echelon folds of this model, the trends of the strike-s Ii p t',1ul t at· the transtensional tlower 

st1·uctures in Areas II&IV tend to occur in the direction of the antithetic X faults of this strike­

slip mode.I (Figures 4 and 5) . The phe1101nenon that the secondary s)rnthetic t'aults noticeably 

develop along with the transpressi()nal flovv·er structures, and that the antithetic faults deve}()p 

with the transtensional st1·uctures, is probably' dL1e tc) the mechLlnis1ns ot' divergence and con­

vergence during strike-slip. 

5. DISCUSSION 

Development of the structural patterns in the study area seems to be C()ntrolled by1 three 

facto1·s, which deri\re t'rom the- abo\le-mentioned strike-slip fault model. These f'actors are : ( 1) 

the inechanisms of· flower structure; (2) the sequence of fc.)rmation; and (3) the pre-existing 

structures. Each of these facto1�s tends to \'ary along any gi\1en fau1t and, except t'or the latter, 

they change \V'ith time (Re-ading, 1980; Aydin and Nur, 1982; Mann et al . ., 1983). 

Mec·hani.�·1n.�· o.f'flolr1;er !)'fructure,r; - The fact that secondary synthetic faults de.velop in 

,.L\reas I and III (\\1ith structures simila1· to transpressional flower structu1·es) in the study area 



C"/i(Jvv et ell. 529 

'A-' hi le an tithe.tic t'aults develop in Areas II&IV (with trans tensional flo'A-'e1· structures), is prob­

ably· related tc.1 the mechanisms ot' either convergence ()f di\1ergence present in tlc)wer struc­

tures. The coexistence of con \1ergent and divergent strike-slip deformations in a specit'ic area 

common]y occur in the wo1·Id (Terres and Sy·l\1ester, 1981; Dibblee, 1977). 

The con\/ergent strike-slip t·aults that produce transpressional tlo\ver structures lead to the 

development not ()Illy· ()f en echelon f�olds, but also of many' reverse faults (Lo\\1ell, 1972; 

Wilcox et al., 1973; Sylveste1· and Smith, 1976; Le'At·is� 1980; Mann et a l. , 1986; Steel et lll., 

1985). It's not surprising that the en echelon t'olding resulting t'rt)m baseme11t-in\1olved strike­

slip t·aults can initiate the raise ot' the en e.che.lon mud diapirs. In cases of pronounced conver­

ge.nee, as in the \\1estern Trans\,erse. and C()ast Ranges l)f Calif()rnia, the structural style be­

comes similar to that of the thrust and t'old belts (Nardin and He.nyey, 1978� Suppe, 1978; 

Yeats, 1981, 1983 � Crouch et c1 I.,  1984; Davis and Lagoe, 1984; \\1 ent�1orth er cil., 1984; 

N amson et czl., 1985 ) . The f'o1ds and fat1lts locate.ct in the ()nshc)re counterpart ot· the stud),r area 

ina)' involve pronounced convergence \Vith strike-slip det'ormation as in the \\1estern Trans­

verse and Coast Ranges. 

Seqiience o.f f(>rniafi()/1 - It was noted that some S()rt ot' rotation occurs in the trends of the 

n1ud diapirs near the coastal area (Figure 5). This same rotatic)n alS() happens in the trends of 

the Barnpinsarn and Sousarn mud diapirs, probably because early-formed structures tend to 

rotate during later progressive def'ormation (Tchalenko, 1970; Wilcox et al., 1973; .Rixon, 

1978� Odonne and VialcJn , 1983 ) . Therefore, the final orientations of' t'olds and faults depend 

upon the time at which these structure.s formed dt1ring the deformation histc)ry. lndi victual 

faults are frequently the ele.ments ot· broader regions of deformation, and dit'ferent faults may 

be acti\1e episodicalJy at different times as a result of block f()tatic)n ()r the reorganization ot· the 

block boundaries. Given a long geological timescale and the fact that 14ocks and sediments are 

hete1�ogeneous even bet'ore def·ormation, it is easily understood that the orientation and geom­

etry of observed structures in the strike-slip regime depart significantly from those predicted 

b)' the above-mentioned model (Chr·istie-B lick and Biddle, 1985). 

Pre-exi�·ti11g Strul�tiJ.re."i- In addition to the rotation ()f mud diapirs (folds) mentioned above, 

some normal f'aults \Vere reactivated as st1·ike-slip faL1lts in this area. Thus, the arrangements of 

the strike.-slip faults in this area are probably influenced by the pre-existing normal faults. This 

kind ot' process can also be obser\1ed in other parts of the world. The pre-existing normal t·aults 

parallel to the Upper Rhine graben were reactivated to become strike-slip faults during the 

uplift of the Alps in the Pliocene to Hol()Cene period (Illies, 1975: Illies and Greiner., 1978; 

Ahorner, 1975). The l<)Cation of some major transf()rm faults in the ._.L\tlantic equatorial mega­

shear zone has been controlled by the 'Ai'eakness \\1ithin the continents since a time prior to 

C()ntinental separation ( Bonatti and Crane, 1984; Zalan et c1!., 1985). 

6. CONCLUSIONS 

Transtensional structures and structures similar to transpressional tlow·er structures are 

discov'ered in this area. The tlo'A-'er strL1ctures ha-v·e seven of the same characteristics as strike­
sl i p t�au]ts, such as the ab1·upt \1ariation in seismic t'acies in a single st1·atigraphic unit ac1·()SS a 

t·ault. The t14anspressional flower structures occt1r in the areas ot'f Tainan and Kaohsiung 

Cities, \vhe1·eas the transtensional fl()Wer st1·uctures occu14 in .A.reas II and IV. 
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In this ot'fsh()fe area there exist 11(1t only the tl()Wer st1�uctures, but also other structures 

that ·represent seg1nents ot' strike-slip f'aults. An(1ther ()nshore earthquake strike-slip fault is 

located in the same orientation as an of'f'shore strike-slip f'ault zone in a transpressional flower 

structure zone. All these data suggest that the strike-slip t·ault doe.s indeed influence the. struc­

tural patterns in this st11dy area. 

The orientation of the structures ot· the shelf portion in the studied area can be interpreted 

in the right-lateral strike-slip fault syste.m model. If the trends of· the n1ud diapirs are fit to the 

en-echelon folds of the strike-slip system mode.I, the orientation ot' the strike-slip faults of the 

transpre.ssional flo'A1er structures off Tainan and Ka<1hsiung Cities (Areas I and III) seem to 

conform to the secondary S)'nthetic strike-slip t'aults ()f. this mc.)del .. \vhereas the <.1rientation of 

the strike-slip faults of the transtensional tlo\ver structu1·es in Areas II&IV seem to conf(1rm to 

the antithetic X strike-slip t'aults of this model. 

The real geological situation te.nds to be more complicated than the strike-slip model in 

the experimental det'ormation of· homogeneous materials. Therefore, a1though this model can 

explain most ot· the arrangen1ent of· the structures in the. study are,l, there are three other control 

factors deriv'ed f'rom this model \\i'hich influence the development of the structural pattern in 

this are.a. 

The strike-slip f'ault-ind11ced en echelon f�olds possibly play a 1·0Ie in the initiation in the 

raising ot' the mud diapirs. The transpression,ll tlo\\1e1· structures de\1elop in the orientation at· 

the secondary1 synthetic shears of� the. strike-slip t�aults model, \:vhereas the transtensional flower 

structures deve}()p in the ()rientati(1n <.)f' tl1e. antithetic X shears. The occurrence of either sec­

ondary synthetic shears <.1r antithetic X shears is pr(1babl)' a result <.)f. mechanisms be.ing either 

con\tergent or dive1·ge.nt. 

A sort of rotatil)ll is present in the trends <.)f the mud diapirs near the. coastal area. Such 

rotation possibly took place \Vith the early-t�ormed 1nud diapir trends during later det'ormation. 

Some normal faults were reacti\t'ctted as strike-slip fe:1t1lts in this a1Ae,1, which means that the 

arrangement of the strike-slip faults in this area is likely tcJ be influenced by pre-existing nor­

mal fat1lts. 
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