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I)isplacemenls and segmen! linkage in slrike-slip faull zones 
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(Re, ewed 2q Nm,t.mbt.r Iqq(I, u~ t.pted m revz.~ed h~tm 27 March Iqql ) 

Ab.',,Ira¢l--Sn'i,JII scale, wt.II exp~,,ed slrlke !.,hp laull z~me,, nt'ar Kirk~.udbrlghl, Scolland, Lul ,,,uh vertl~.al 
Iwdding, ,,,~ Ih~.ll mapped b¢:'d '.,epar almm, alh~w Ihe dlsplaeemenl~,,, linkage and ewdullqm ~1 laull ,,egmeril'., h~ ht. 
a,,sesst.d [)=,.,plaremcnl vanalion:, ahmg lilt' !,,egmenl,, can be relaled lu hlhoh~g=¢ vanatiun.,,. C~mlugalt. 
relati,m,.,htps, idl.'.,el~.,. !,e.p, menl linkage and lault Iwnd,., High t:h!~,placen'ienl gradienl.,., al Ihe lip',, ol c .nlugale and 
qdl'.,,~l Im.ilt~, pr.duce ¢¢mvex upwards,, (E rvpe) di.splaeemenl-dl'.,lance (d-,[) prohles Conlracli,nnal laull bends 
and hnka~,,e p~qnl,, art' marked IW a decrease in laull displaremenl,  pruduL mg I:|arhally t oncavt, upwards (El n,p,,.) 
d-~ pl~hlt.s Whett. laull displact'menl gradienls ale sleep, wallr¢.~ck,~ are marked hv slruelures such as ,,ynlhelic 
lau[I;,, normal dra~ hdding, duclile shairl arid veining, which Iran;,ler di;,placemenl The laulls ,',ludied lend to 
have lower rldM~ ~ ral,~s (where v = dl,,,lance helween IIie pl|inl ol maximum displa,..'emenl and Ihe laull lip ~m a 
parltcular pmhie, arid alMA x = maximum displacement un Ih¢ plohlel  Ihan are shown by nnrmal laull~ tri map 
vlt.w 'Thl,, may he becaust, v is measured parallel h~ Ihe d~,splaLemenl dlleL'llqln and/or ht'cau,~e ul hlh~dogn. 
VIII h l l l l ) f l %  

INTRODUCI"ION 

STRIKE NLIF' lault z.~mes usually consist ot complex pat 
lerns ol segments, each adding to the displacement ot 
the zones. 'This is clear Irom maps ot sl.nke slip lault 
zones (e.g. Wilcox el al. 197 ~) and I'rom the study ol the 
seismlclty of laull zones (e g. King Iqg3, 198h). Knowl 
edge nt the displacement chaructensttcs ol laull seg 
menls is Ihus =mp~rlanl. in understanding the overall 
developmenl ol lault zones This paper describes dis 
placemenl vanations ah)ng str'tke slip fault segmenls, 
and mlerprets the vartallons in terms ~t' the effects on 
laull deveh~pment nl hthoh)glc variations, conlugate 
relationships, ol'lsets, segment hnkage, and bends. Five 
small-scale slrlke slip lault zones are described hom 
Silurian sandstone-shale sequences at Raebern/ (gnd 
reference NXf~t.)t)43'7)and 131p',;y Point (gnd reference 
NX6854'35), near Kirkeudbright, Sc~ltland (Fig. I) 

'The map views ol slrlke shp laults at Raeberry and 

Gipsy Point show displacement parallel and bedding 
normal profiles. These can be compared with the 
displacement normal and bedding parallel profiles o1' 
normal faults in map view descnbed by Peacock & 
Sanderson ( Iq~-~l ). Diflerences between the Iwo groups 
,~1 faults can be related to their relationships between 
dlsplacemenl direction and bedding anlsotropy. The 
stnke slip laults descnbed here are probably very slml 
lar Io verlical cross sections Ihruugh normal faults. 

GENERAL DESCRIPTION OF THE FAULT ZONES 

'The lault zones at Raeberr3, and Gipsy Point show the 
segmentation which is typical ol' sl.nke slip lault zones 
(e g. Wilcox eta/. 1973) The laull zoneswere mapped at 
a scale of approximately 1.25, using mosaics of aerial 
photographs taken using a camera at the top ol a tripod 
and pole (tolal height 7 3 m) A rope with markers at I m 
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mtervah+, pla~.'ed ahmg lhe length tel lhe laull zones, 
aided hnkage ~I lhe photug.raphs S~me dtslortton,, 
t~cL'ur because td' irnperlecl hi <~I lhe photograph~ and 
hecau.,,e ttl htp~graphic var~allons These pr~blems were 
reduced at Gipsy Pt~int by using aerial ph~tographs as 
lemplales (the aerial pholographs were laken by J. 
Allen ,~1 SI Andrew.,+ LJnlw'rslty, U.Slng a model aero 
plane) Segment.,.,al Raeherryaredesignaledby R,and 
those al ('iipsy Poinl are destgnaled by (.3, with the 
segmenls numhered P¢~rtions ~1 segment.',, n, trth or 
,,,oulh o[the maxtmum dtsplacement are denoled by (N) 
or (S), re,,,pecltvely For inslance, Ihe southern end ol 
segment 8 al Raeberry may be lermed R~(S) 

'['he Iwo study areas are m the lower Palaeozo=c 
(Caled~ reran) Soul her n LI pla nds- Longlord Down Ter 
rane As outlined hy McKerrow (Iq8'7), the.',, terrane ha.,,; 
been mlerpreled as an acerehonary wedge (MeKerrow 
el++~. Iq77, L,eggell elul. IqTq, Kemp 108h, Needham & 
Kntpe 1~-~Sh, L,eggell Iq8'7, McCurry & Anderson IqSq), 
or as a hack are/successor ba,sm (Murphy & Hulton 
l~-~h, Hull,m & Murphy IqK7, Slone ela/ Iq~7, Barnes 
elal  lqSq) The slnke slip l aultsdescr~bed here were 
produced by approximately N-S direcled compres.ston, 
whtch posl dales Ihe slrike parallel contracltunal laulls 
Bolh areas constsl ot Stlunan sandstone and shale turbi 
dries, in heds up I,~ t m Ihick (Kemp IqS0). 

STRUCTURES AT RAEBERRY AND GIPSY POINT 

This paper =,,,; concerned w=lh stake-slip laulls al h=gh 
angles,,; Io heddmg wh=ch ¢~ccur at Raeberry and (_-hpsy 
Point. 'They have strike slip dtsplacements ot up to al 
leasl 5 m, measured using displaced beds, allhough the 
lault zones descnbed here have displacements ol up to 
Im. Faull plane,',; are well exposed and are olten marked 
by calorie or dolomite. F'aull, vem and bed dip data are 
shown in Ftg. 2. II is assumed Ihat vems arc-' m~rmal Io o.~ 
(fibres are dommanlly normal t,~ vem walls), Ihal shck 
en,side,s are normal Io rL., and thai mntslral and dextral 
laulls inlerseet at +r, 'l~e laultsoften .,,;how fault ttp Iold.,J 
wtlh extenstonal kmk band geomelries, with tip Io 
approximalely 5() mm dtsplaeement (F'lg. 3) Where 
sandsh+ne beds are Iolded, hratded Iraclures occur 
whtch are ,,,Imdar to those shown by Engelder ( IqS?, fig 
2.q) 'T'he lault tip h.tlds are preserved as apparent nor 
real drag where lhe lault has propagated Ihrl~ugh them 
Rhombshaped pullaparls develop where laults cul 
sandstones at a htgh angle, and are relracled at a lower 
angle thrL+ugh the shale.,+ (Peacock & Sanders<m ICJ9l, 
fig 4) The pull apart.,,; lend In reduce the angle between 
cuniugale lault,~ to about 30" 

Folding occurs around Raeberry, but does not aft'eel 
Ihe faull zones studted, where beddmg ts sub vertical 
(+ I0" )  and strikes at about 4155" (Fig. 2a). At O=psy 
Poml, iolds occur ,n slumped units (Kemp IgXh), but 
elsewhere bedd,ng dips consislentlv al aboul 7q"' In the 
north wesl (Fig 2b). Sub vertical contract,anal k,nk 
bands ( Ramsay & Huber Iq~7, fig 2(1 28) occur a l  Gipsy 
Pomt, m~stly in thick shale urals 'These h)rm eonlugale 
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sel,,,; stnk,ng at aboul (H)~" (dextral) and 12(r' (sln,,,,Iral), 
and are occastonally cul by strike she laults 

At G,psy Poml, one group ol laulls al a low angle hp 
beddmg are displaced by, and so ere date, the strike shp 
laulls 'Theme may be related to the untl houndmgcon 
Iracttonal faull zones described hy Kemp (IqX7) 'The 
dtsplacemenl dtrechon is nol clear, bul a taull in the 
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F'ig i, E')ia~tam l it exlen41onal kink band lype hfldirig at a laull tip, 
this bemg preserved as apparent dra~ ah:mg the propagatmf:, lault At 

Gipsy P.mt ,  the Inlds havl-' displacements ol a b o u t  ~0 mm Relative 
exiens=un and omtrachon  i~ccur =n Ihe wallrock,~ on e=ther 41de ol the 
laull Stippled and unstlppled layer:, represent beddml~,, but do n<ll 

have hlhllh.'4~lcal slp, nlhcance 

north wesl of the area shows drag which indicales SlnlS 
Iral shear. Another group ol faults al a low-angle tcl 
bedding lend to cut the strike slip I'aulls; Iw~l such [aull 
zones occur in the north and south ol the mapped lault 
zones, with evidence ol duplex developmenl m Ihe 
northern zone 'These low angle taulls appear to be 
amsoiropy controlled reverse faults, possibly developed 
at a high angle to ai in the same N-S directed compres 
slonal stress system as Ihe strike slip faults 

DISPLACEMENTS ALONG STRIKE-SLIP FAULT 
SEG MENTS 

The displacement-.dtstance ( d - x ' )  method (Williams 
& Chapman 1~-)83) is used to analyse the faults, with 
offset beds marking strike slip displacements Distance 
ts measured m a straight hne I rom the northern end ol 
each segment, as an approximation Ior the actual dis 
lance along the Irace. Displacements Ior small synlheitc 
branches are added to the main fault, with larger seg 
menis being measured separalely Normal drag has been 
measured, but is not included on the. d-~ graphs Ducllle 
walhock deh.lrmalion lends to smooth oul d- (  profiles 
when it is added to faull displacement (Walsh & Walter 
son Iq87). Normahzed dtsplacemenl--dtslance data 
(D-X graphs, see Peacock & Sanderson 19ql) for the 
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Fig ,4 Nurmahzed di4placemenl-.d[slanl.'e (D-,li ') dala Io l  sef.;menl,',, 
al Raeber  W (Inanfzles) and Gipsy Piiinl (Cl'O,,.,,%e',,), conMsling ol 2Hi 
dala poml,',, hum 'g) segmenls Profiles lot Ihe ninKle evenl elasltc 
mudel (A) and Ihe Walsh & Wallerson (IqRT) cumuh.lllve shp mlldel 

(B) are also s h o w n  

strike slip laulls at Raeberrv and (_]tpsy Point (l:;'lg 4) 
show ccmmderable scalier. Variabdtty m D - X  data is 
explained here in terms of laull dtsplacemenl variations 
caused by lilhologlc variaitcms, conlugate relationships, 
ollsets,  segment hnkage and laull bends 

Clas,s'rficalron o.f dl,~placement-dr,~t,mce pn~fih' tvpe,s' 

Several d - i  profile types have been descnhed (F'tg 5) 
(see Peacock & Sanderson 19ql) Pollard & Segall 
(lt4t'17) descnbed single-event ideal elasllc Iractutes, 
wilh elliptical ,t-.i profiles (here termed i,h,al or I.Ivpe). 
Walsh & Wallerson (19t47) denved a czmlulatlve shp 
profile Ior isolated planar faults by assuming thai propa 
gatmg faults accumulate shp incremenls according to the 
elastic model, the amount ol mcremenlal shp being 
proportional h.'l fault length The cumulative-slip profile 

C) 6 
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FI/~,. S Ideahzed d lsp lacrmen l -d ls lanc¢ ( d - t )  g laph,  showinR a 
t lassth( 'al ton ol d -  ~ prclhles The ~.waph t.~ normalizt=d (i t D -  X ), wtl h 
Ihe point  ol m&xtmum dlspla¢cmcnl  al dislance zero and Ihe tips al - I 
and I "this is done Io  i l lustrate the relal ionsblp bc lwcen normahzed 
and non n t l rmahzed data I type = Ideal elaslic, C' Iype = cone 
shaped, M lype = mesa 4haped, E iVpe=  eh, i,uled ahove Ibe (-' lype 
profi le', D lype = depFe,v.s'ed below Ihe C' lype prohle E' lypes can be 
s lmdal  Io I IVpe,~ , bul ate nol genl ly curved See lexl Io1' exp lanahon 
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Fng h (a) Stmphhed map  ol a laull z u n e  al C;npsv Poinl 'T'wu Ihtck shale unils are shown m lht' Suulh ol Ihe zone 'The real 
ol Ihe ',.eque nce consnsls ol shale and sandslone beds averabqng ab .u l  I) 2 m wide (b) Dnsplacemenl-..dislance (d-Tt )~.,'ffaph Ior 
(a) Dtsplacemenl on segmenl  G'2 1, decreases rapidly soulhwards m Ihe IhJck shale untls. Ihts prc~ducmg an E lype D-).' 
gTaph lot Ihe Soulh eft (3'2 l, Dtsplacemenl also decreases rapndly Mmlhwards al Ihe cunlracltonal bend.  produenng a C) Ivpe 

prohle lot Ihe soulh ol Ihe whole laull zone 

approxtmales to Ihe C type (cone-shaped) profile de- 
scnbed by Muraoka & Kamata (1983), whnch is typncal 
of faults nn homogeneous nncompelenl malenal.  Mur 
aoka & Kamata (Iq83) also descnbed M.type (mesa 
shaped) profiles whtch have a flat central porluon where 
they cut a ngnd unit, and sleep flanks with hugh displace 
menl gradlenls where they pass into incompetent units. 

Faults usually dfl'l'er Irom the cumulalive-shp profile 
because ol complexnlies m th~'nr slip-propagalnon re 
lationships. Two more d-L profiles can be defined (Fng 
5) from the data of Peacock & Sandersun (1991) and 
Irom Ihe RaeberrT. and Gipsy Point data. Firstly, E type 
profiles, which are partially or completely eh'vated 
above the C.lype profile, and are convex upwards 
These occur where sleep displacement gradients are 
developed at fault lips Secondly, D type profiles, which 
are partnally or completely depressed below the C type 
profile, and are partially concave upwards. 

This five fold clasmficalton of d-,t profiles (Fig. 5) us 
complex, and it may be difficult to asmgn fault data to an 
indivndual class. E lype profiles can be mmdar to I-types, 
but are not genlly curved. ']"he genenc term I-type 

should not be used unless HI ns certann thai the prohle iso[ 
a single event Iraclure The term M type, as used by 
Muraoka & Kamala (1983), also has genenc tmph- 
catiqms, and should be apphed only to profiles with flat 
portions around the poml of maximum displacement. 

E~fi'cls o/hlhologic vanalkms 

Muraoka & Kamala (1983) dnscussed Ihe effects o1' 
hthologic vanations on d-~ profiles, and showed thai 
competent untts can either mnlnate or mhibd [aulting, 
dependnng on whelher stress concentrahon m com. 
pelenl units exceeds their strength At Raeberry and 
Gipsy Point, laults tend to cut several units, so the 
elfects of hthologlc variations are dil'ficull to distinguish. 
However, displacement on faull G'23 appears Io de 
crease rapidly southwards nn thick shale unnls (Fig. 6). 
Fault R.21 (F'ig 7) appears Io have been unable to 
propagate through a Ihtck sandstone uml soulhwards 
E.type profiles are produced because propagation ns 
hindered bul displacemenl continues Io accumulate, 
causing a sleep displacement gradienl at the fault tip 
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sleep dtsplacemenl k,'Fadtenl suulhwards apparenlly caused by an ,nab,lily ol the laulls Io propagale Ihtrlugh the Ih,ck 

sandslone tK-'d 

Con/ugate relanonshtp,~ 

Conjugate segments G25 and G28 show E-type d-.~ 
profiles (F~g. 8). It appears thai propagation and slip are 
inhibited by interact=on between the faults (F'tg. 9). The 
po=nt ol maximum displacement can probably migrate 
away from the point of fault initiation. Horsfield (1980) 
demonstrated that conjugate normal faults can show 
systematic cross-culling relat=onships. 'This study shows 
thai it is not necessary Ior conjugate laults to cross cut; 
instead they can meet at a point of zero displacement, 

around whwh strain builds up until new conjugate sys 
terns develop away from Ihe in=lial meeting po=nt 

O fleet segm('n£~ 

Walsh & Watlerson (1987) demonstrate that isolated 
normal faults have approximate C-type profiles, and 
Peacock & Sanderson (19ql) establish that an E type 
profile is produced as =nleraction occurs between offset 
normal faults. Contractional and extensional offsets 
along stnke slip faults at Raeberrv and Gipsy Point 
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Fig 8 (a) S imp l i hed  map  ol  ¢on luga le  lau l ls  al G ipsy  Poml  (b)  DIsp lacement - -d ls lan¢e graph lot  segmenls ( ]2 ' )  and (32H 
in (a) 'The c l 'miugale segmenl, ,  have s l e e p  d i s p i a e e m e n l  g r a d i e n l s  w h e r e  IheV mle ra¢ l  and lo in (no r l hwards ) ,  and Ihus have 
E Ivpe d-,t graphs.  An idealized E, lype prohle ts shown on Ihe graph 'The sleep displacement g~adlenl appears I o  be 

partially a¢cl~mmodaled hv considerable veining m Ihe e~tenslonal areas ol Ihe walhucks 

(Figs. 10 and II) also show the developmenl ol E type 
d-t profiles, as interaction produces high displacement 
gradients at offset tips. Contractional offsets are concen- 
trated in shales (Fig IO), where high displacement 
gradients are accommodated (Muraoka & Kamata 
1083). Small extensional offsets can occur in the corn 
pelent sandstones, where they can Iorrn calote- 
dolomite rhomb-shaped pull aparts (Fig. I I) 'There 
appears to be httle difficulty in creating extensional 
openings in the sandstones, where pull-aparts are devel 
oped because o1' taull refraction. Dmplacements can be 
rapidly transferred by single beds when the offset and 
displacements are of the same, order of magnitude as the 

bed thickness When the c)[Iset ts larger (e g Fig 7a), 
displacement is transferred more gradually, often by 
veining and connecting laults 

Linkage of initially O~/~'ct segment,s' 

Imtmlly offsel segments can be hnked by L;onnectmg 
faults to eventually form contractional or extensional 
bends. Linkage points are usually marked by displace 
merit minima, which may produce D type profiles (Fig. 
12) (Peacock & Sanderson iqt)l) Structures between 
segments O21 and G23 (Figs. b and 12) represent an 
example ol a contractional hnkage, and structures be 
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(b) Intevacllnrl slarls tll i~tcuf (t)The laull lips meel and furlher plopagahun is hailed, wllh high di,',.placemenl gradlenl'., 
parlly accornmodaled by vetoing near Ihe mler,,ecl.~n (d) Furlher displacemenl i~ccurs by Ihe develnpmenl nl new 

ClmlUgale ,~yslems, ur by one ol Ihe laull,, propagallng beyond the inler~cellon pnlnl 

Iween segments R I1) and R 14 (Figs. 7u and 12) represent 
an example of an extensional linkage Fault displace 
ment minima at hnkage points also occur on hnked 
normal faults (Peacock & Sandersnn 1991) where des 
troyed relay ramps are preserved as normal drag EIIns & 
Dunlap ( It~88 ') describe displacement minima at thrusl 
linkage points. 

From the above, I'our stages can be recogmzed m the 
development of displacement parallel olfsets at Rue 
berry and Gipsy Point (Fig 13). 

(a) Imlial development ol non overlapping taults, 
each with an approximately hnear d-.x profile. 

(b) Overlap development as fault segments propagate 
towards each other, causing the displacement gradient 
to increase al oflsel tips Displacement ns transferred 
between the ollsel laulls by ductile deformation or by 
minor fractures. 

(c) Connecting fault(s) link the olTset segments 
(d) The offset ts destroyed, producing an extensional 

or contracltonal bend. 

Fault bends 

Fault bends can be produced by the hnkage ol ollsets 
(Fig. 13), or by vatiattons m Ihe ptopagalion dffechon of 
a single fault. Extensional and contrachonal bends show 
a decrease m luult displacement when they are Iormed 

from the Innkage ~1 two segments which each have 
maximum displacement away Irom the bend (Figs. 6, 7 
and 12) Al'ter extensional bends torm, they do not 
appear to cause further displacement variahons because 
there is no tendency Ior vnlume decrease and normal 
drag. In ccmtrasl, contractional bends are characlensed 
by displacement minima caused by normal drag, which 
accommodales Ihe tendency for volume decrease al the 
bend (G 1q-(32'~ m F'igs. 0 and 12) Ellis & Dunlap (1988) 
showed that laull bends usually represent barners to 
displacemenl. It is probable thai the displacement gradi. 
ent wdl increase untd the bend is broken down by 
synthetw (Woodcock & Fmcher Iq8h, Swanson 1989, 
I~ t ) )  ,~r anlnthetnc faulls. 

Stru('tures whrch Iran,~li,r dLwlac(vnent at fault nps, 
£,~t].~,t,l.~' arid ben,L~, ' 

At Raeberry and Gipsy Point, d.splacemenl is trans 
letted at lault tips, offsets and bends by synthet.c faults, 
m~rmal drag I'olding, ductile strata and vetoing Syn 
Ihettc faults transler displacement between extensional 
and contractional oll'sels which are too large lot dis 
placement to be ttanslerred by duct,le strain m single 
shale units, an example being Fig. 7(a), where the offsets 
are much larger than bed thickness Normal drag folding 
(Fig "~) occurs at the tips of I'aulls and at contractional 
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Fig 10 (a) Simphhed map ol u laull zone wilh a conlracl ional oHsel al Raeberry (b) Ehsplaeemenl-dtslance gnaph Io¢ Ihe 
laulls In (a) "l~e segmenls show sleep displaeemenl I..,'9'adlenls al Ihe idl'sel Dr.,plaeemenl Iransler al Ihe oll'sel is 

accommodaled by Ihmnmf~ ol Ihe shale bed 

bends and offsets (Figs 12 and 13). 'The shales can 
accommodate large amounts of ductile strain and high 
displacement gradients (Fig. 10). As shown in F'lg. 3, the 
walhocks on one side of a fault can show relahve 
contraction, whilst those on the other side show relal=ve 
extension. Veins are common =n Ihe extensional areas ol 
wallrock (Fig. 8a), and are prel'erentmlly developed in 
the sandstones. Granter ( 1985, figs. 2a and 9d) showed 
this pattern of horselad veining at oH'sel and conJugate 
I'aulls It seems likely Ihat horsetails (and other fault 
related slruclures) develop where there are high dis 
placemenl gradients at fault tips, and develop to accom- 
modate wallrock strain. 

r/dMAx RATIOS FOR RAEBERRY AND 
GIPSY POINT 

Figure 14 shows a graph ol r against alMA x Ior the 
slrike-slip laull segments at Raeberry and Chpsy Point 

(where r = distance helween Ihe point el maximum 
displacement and Ihe laull r ipen a particular profile, and 
dMAX = maximum displacement on Ihe profile). The 
laulls are exposed parallel I f  Ihe displacemenl direction, 
which is normal Io amsolropy The rldMAx values range 
from I 34 to 11.)9, which shows Ihal the faults have 
considerable variability. 'The average rldMAx ralto of 
Ihe segments is 24.'2 'These values can be compared wi lh 
Ihe average rldMAx ratio of 143 Ior isttlaled British 
coalfield normal faults (Walsh & Walierson 1987) and 
h5 3 for Ihe normal fault segmenl data of Peacock & 
Sanderson (19ql),  which are exposed normal I f  the 
displacemenl direction Although il is possible Ihal the 
strike slip laulls at Raeberrv and G.psy Point are gee. 
melncally and/or mechanically different Irom the coal- 
field laults and those el Peacock & Sanderson (19ql), 
Ihe lower values Ior Raeberry and Gipsy Point could be 
explained in terms el two related effects 

First, the relationship between the direcllons of dis 
placement and l i ihologlc variat,ons may have an effect 
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F'tg II (a)Stmphhedmapola laul lzonewtlhane~ler ls tonalol - lse la l (3 tp~yP~unl  Ch 'domt le~ccursasws tdmmetahza l ion  
m Ihe pull aparts (rhombothasm.s),  wllh mleClton ol wallrock shales also oecunmg (b) Chsplacemenl-dlslance t.,~'aph h)r 
Ihe laulls m (a) "llae segments sh~)w sleep dtsplacemenl gtadienls al Ihe ofl.,,;et Dtsplacemenl Iransler af Ihe nl"lsel IS 

~Jcc~mmodaled b~, a whomb shaped pull aparl, which t,, hlled by dolnmile and shale malenal 

on elliptical [aull shape Barnett et al. (1987) showed 
that isolated normal faults in sub horizontal bedding 
Ideally have elliptical lip lines, with Ihe long axis (direc 
lion ol lowest displacement gradient) normal to the 
displacement direct=on. Bnhsh coalfield laults (Walsh & 
Walterson 1987) and the normal laults ~1 Peacock & 
Sanderson (Iqt~l) are therefore probably measured par 
allel Io I he long axis of fault ellipse Barnett ('t ul suggest 
thai the ellipllcal fault shape is caused by hthoh~glc 
variations Such a pattern is indicated by the results <-)f 
Muraoka & Kamata (1983), who show that the HdMAx 
ratios of C lype faults lend Io be nearly tw,ct-' as large as 
those of M-types This ,s because the M-Iype profiles 
have very high displacement gradients m mcompetenl 
units at fault tips. 'The h:)ng axis of the laull elhpse will 
there[ore be parallel Io bedding, and it seems probable 
thai slnke-shp laults cutting sub-vertical bedding (as at 
Raeberr'y and Gipsy Point) will alsf~ have shorl axes 

parallel Io the displacement dlrechon The average 
rldMAx ratio I or normal lault segmenls ol Peacock and 
Sanderson ( Iqq l )  (05.3) divided by Ihe average rldMAx 
ratio Ior slrtke slip segments at Raeberry and Gipsy 
Poinl (24.2) is 2.7 This ratio is within the elhpticily 
values (1.25-3) Ior Bntish o-~alfield normal laulls found 
by Walsh & Watlerson (Iq89) 

Second, the slip and propagat,.m vanahons caused by 
conjugates, off'sets and bends can also explain the rela- 
lively h:)w tit~MAX ratios. Displacemenl parallel bends 
and oH'sets at Raeberry and Gipsy Point tend to have 
hzgher dl.,;placement gradients than the displacement 
normal bends and offsets descnbed by Peacock & San- 
derson ( 1991 ). 1"his may be because displacement can be. 
translened more rapidly by the displacement normal 
anzsotropy at Raeberry and Gzpsy Poznt 'The mznzmum 
r/dMA× ratio at Gipsy Point (I.34) is for segmenl 
GIq(S), which shows maximum displacement al an 
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Ft[, 12 D Ivpe D-,~' prllflleS I = 'The soulhern end ol Ihe laull zone 
5huwn in Fig hia) (segmenls G21, C;22 and (_;~ ~ added Iugelhe! ), wllh 
depression beh~w Ihe C' lype prohle caused by Ihe conlracl .mal  bend 
2 = (."omF~sile pmhl~' Ir, r IIle ,,,oulh ul sei.,mlenls R II~ R I4, which Inrm 
a large exlensional i~ltset/bend (F'ig 'Ta) ~ = Segmenl Ci21(S), wilh 
Ihe D Iype pmhle caused hy propagallcm beylmd Ihe eonlracllcmal 
bend (Fig Oa) 4 = F aull Rh(N), which has a conlrathunal  bend and/ 
or cunsisls i~l linked segmerils '~ = Segmenl R7(N), which appears ll~ 

he climposed ul several small linked segmenls 

exl,ensnonal ollsel, wilh displaeemenl being translerred 
rapidly onl,o l,he adJacent segment 

CONCLUSIONS 

Del,aded mapping ol small scale sl,rlke-slip laull, zunes 
at Raeberrv and Gipsy Point, which have displacements 

~1 up IL~ I rn, has revealed,,everal lealures whwh ma~,' he 
typical ~1 ~ther laull z.~)nes, mcludmg l,h~,,,e with much 
greater displacemenls 

( I )'T'he l aull, z~ne~ are composed ol oft,~el and linked 
se.gmenl,s 

(2) Lil,hoh~glc varlal,lons, C~mlugale relal,lonshlps, otl 
sets, segmenl hnkage and l aull bends produce c¢)nstder 
able vartal,ion m d- t  graphs, wtlh marked deparl,ures 
tr,~m Ihe single evenl elastic model and Ir,~m Ihe 
eumulaltvc slip model ,~1 Walsh & Wallerson (1987). 

(a) Lilh~h~.glc varlallons, conlugale relationships, 
idl'.,,,els and the hnkage ed' segmenls (~1 approximately 
Ihe same size near Ihetr poml,s ol maximum displace 
menl,s, all pr~duce E [ype ¢t-~ pruhles. These are 
convex up, elevaled above Ihe Walsh & Wall,erson 
(1~-~87) cumulahve slip profile because Ihey have high 
displacemenl gradienl,s at, theft Ups For such laulls, 
Ihe displacemenl increase is proporl,tonally larger 
Ihan Ihe lenglh as predtcl,ed hy l,he Walsh & Waller 
son cumulaltve slip prohle 

(h) C'onlracl,ional bends and sc'gmenl I,nkage poml,s 
are ollen marked hy displacemenl mimma, which 
pr,)duces irregular D lype profiles. 'l]lese are parl,ally 
c, mcave up, depressed part,ally or complel,ely helow 
Ihe Walsh & Wallers, m (1987) eumulal.tve slip pro 
file. Faull displacement, minima occur where slruL' 
lures such as drag, ductile dc'l'ormation and veins 
Iransler displacemenl al bends and offset,s. Total 
(brtllle and duchle) detormalton aero.,,s Imkages and 
hend.,,, may be approxtmalely conslanl Such laull.,,, 
have complex shp-propagal,lon relationships 
(~) F;'~ur slages can be idenl,il-ied in lhe developmenl ~)I 
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F'tg I '~ [hakn'am~, ufslages in Ihe developmenl ol a ¢lmlraLItemal bend, wilh LL~nesp~mdlngdtsplacemenl-dtslance graphs 
(cl Peacock & Sanderson I~1 ,  fig 12) (a) Slage I, oflsel, urldedappmg laulls (h) Slage 2, rwedap ol laulls, wllh 
displacemenl IranMenedbelweenlhe laulls (c) Slage 'l,,Iheoflsel laullsare hnked byconneclinglaulls (d)Sla~e4, a 
cqmlraeltemal bend is prl)duced, wtlh normal drag caustng a dtspla~.'t'menl de~.~'ase al Ihe bend, wtlh a p,u~sible dtsplacemenl 

decrease m one dlre~.iton 
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Fig 14 L ogarnlhmnc (base I0) graph ol ~ dgalnM #MAX, whelp 
r = dnslance bPIween the pOml ol m,*~,mum dl.~placemenl and Ihe laul l  
Inl:~, and d'MA x = ma.xnmum d=.splacemcnl ( )pen ,+quare.,, = Raeberry 
and G,p.,,y Petal,  Inanp, les = n . rmal  laul l  segrnenl horn Peat .ok  & 
Sanderson ( I qq l ) ,  hlled .,,quale = normal  laull  zone horn Peacock & 
~ander,,im ( I qq l ) ,  PlUS.,,cs = Bnl,'~h coalheld nurmul laul l  dala ul 
Wal,,h & Wallev,+tm (I'.~H'7) The R,+eherrv and Oip,.,y Pcqnl dala have 
h~wcl r/dr, l ~  laho.,, Ihan Ihe lauLl,, de,,cnbed by Pcac.ck & SanderP,on 

( Iqql ) and Ihe Brnln,,h ct)al~elds laull.s 

displacemenl parallel offsets, Initially nsolated laulls 
(slage I) can pmpagale Iowards each other so thai 
interact=on occurs (stage 2). L"onneclmg I'aull(s) hnk Ihe 
ollset segment,,+ (slage 3) so thai an extens,onal or 
conlrachonal bend is produced (stage 4). 

(,-1) Indw,lual segments tend Io have much lower 
p/CtM~X ratios than shown by Bnl.mh coalfield faults 
(Walsh & Walterson Iq~7), and by the normal lault 
segments of Peach,ok & Sanderson (Iqql) Thin may be 
because measurement,,+ at Raeberry and Gipsy Point are 
made parallel Io Ihe displacemenl direction and normal 
Io anis, qropy, with d~splacemenl gradlenls being higher 
m Ihis dnrectiun 

,4cl~nuwledl4emenl,~--i am gla le lu l  to M 'T' Swanson, S H 'T'reagus 
and an ammymtm~ reviewer loi  Iheir helptul cl~mmenls I am inde-bled 
m L) J ~andcr;+on, who supervised Ihe p,~lsl graduale re,,..earch Mu 
denl,,.,l.p, whnch was hnanced hy Ihe Nalural Envtlonmenl Re,',,eafch 
Councd 'The dmgrams wPtp produced wllh Ihe help ol P Dumhl rd  
'Thl~, paper i,, dedicated m (.iordr+rl 1." PeacoPk 
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