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Introduction

A prominent feature of the western pant of the Yilaarn

Craren s the presence of o nonsher of dense swarns of

bosaliic to sahbrode dyvkes of Late Prowernsoic o
Plancrazoie uge (e L Phe dykes veeupy o zone abiual
200 ko wde, bounded on the west by the race ol the
Darling Fault and extending ina north south direction for
aboat (00 K. The generad trend of the dyvkes 1y
nertlieest over most of the zone. aed e swan bos been
roaned the Bovaem dvke swarm by Myvers (199000 In the
northwest part of the Yilgarn Craton, the swarn is
infersected by the Musoaniuren dvke swarm, which trends
northeast: o the south it s imersected by the Cirowangerap
dvke swarm. which vends roughly casl,

Tn addition o these dense swirms ol narrow
dvkes, there i also oowidespread, hat Tess munerous.
swarmy of farge cast-northeasterly trendine dvkes which
pravverse the whele ol the cralon. These dyvkes. of Buarly
Proteroznic age. Lorn the Widgivoole dyke swaron twe
Widgiernoohha Dvhe Suite” of Sufoulis (1966},

Whereas the dyvkes of the western swarms can rarely
he traced Tar more than o fow hilometres, individual
iwenthers of the Widgtcmoollha dyvke swarm can be
Fellowed, Tn outerep or magneieally, Tor up 1o 600 ki,
Muany basie dykes are noted on the 12250 004 seale
seotogicul vaps but, exeept for the buree caster]y trending
dykes i the Fastern Goldlelds cwhere they hasve been
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prospected fur base nwetals and platinumey Hule notice has
been token vl thent. The principal canses o the neglect
are the cnornous extent ul the dyke swanns. the poir
cxpusure veer mesi ol the arew. the uoiforwity ol
camposiion and the presumed Tack of cconomic mineral
putential. This paper cxmmimes inosome detadl @ relatively
well-exposed purt of the Boyvaein dyke swarm aboor 130
ki south southeast of Perthe in e viemity of Williams.

The Willinms Wanderning: arcu was chiosen following
an cxaminativn ol the regiomul napping on a seale of
[2300000 (Wilde and Towe, T9s00 Wilde and Walker,
[OR21 Inpartecular, the LD O00-seale maps, CROSS-
MAN and DARKAN. pronpsed both numerous dekes and
a varicty ol dyke directions. The arca Hes cast of ihe
Tertinry Luterite sheet which blankets much of the Darling
Runpe. and maost of it has heen cleared Tor avriculiure, with
the resubt that the trace of major dykes is no obscared by
dence farest cover or serub veperarion.

Previous investigations

Eontil recently. little waork haul heen done on the basic dvkes
of the southwest of Western Anstealia, Prider (1915
stnmariced studies of & nwmber of sinall areas wony the
Dasetiny Scurp: and 1 Tater vewrs. koneurs students of the
Uiversery of Wostern Austradia bave mapped the sea
neur Perth o greac detwls o the cuse of Perth, o the
vicinity i Moeckering, Bewis (19703 described the
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Figura 1.

Mafic dyke swarms of the Yilgarn Craton (after Myers, 1980}
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petroeraphy and chemistry al o small aumber ol basie
dykes contaminated by nnmerous pranitic xencliths, The
palacomagnetisi of basic dykes 1o the Perth region s
heen nvestuated by Giddimgs (197600 wha concludad
Fve ages of dvke mbrusion. ranging from 2300 Ma o
00 Ma. could he distnguishod.

The availability of airhorne nmuenetie surveys over the
whole of the Yilearn Craton morecent years has led tooa
renewed interest 1o the dyke swarms. Tucker and Boyd
(LUNTY have shown i grev-scaded pixel miags prosduced
fronn fotal magnetic intensity dula can be usal woodetect
the Targer basic dvkes in the southweast of Western
Anstralia — particolarly the large westerty frendmg dykes,
which are shown o extend 1o the western margin of the
craton. Individual dyvkes of the Widgiemonottha swarny -
particularly the Timberlang Dyke (Camphelll T8ORTRTT,
Cappbelt el al. 19700 Masznchelli und Robins. 1973,
MeClay and Campbell, 197607 and the Binneringie Dyke
IVeCalt and Peers, F97 11— have received vansiderahle
aticntion: hat tere s no general account of the dyke
swarm or of individua! dvkes outside the Fastern
Goldiields Provinee of the Yilearn Craton, fsles and
Conthe (1090} distinguished six dyke suttes i the Eastern
Goldlivkds. amd discussed their spatial relationship 1o pre:
eaisting vold deposits, The only wenera] aceounts of alt
matic dyke swarnts of the Yilgarn are Jound in Parker ot
al, (14871 which provides only ashiort sunumarey ol cach
dyke swarm; and in Hallberg (198750 which revicws pust
work and provides some chemical dain,

Regional geology

That part of the western margin of the Yilearn Craon
intruded by matic dvke swarms is browdly comerdent
with Uhe Western Goeiss Terrane of Gee et al, (1981
The terrang caonsists ol repeatcdly deforowed and
meetamorphosal ortho- and parapncisses of o variety of
ages. intrwded by gramites which bave also beer delormed.
Foctosed sreenstone belts are small and discontinueus.
particularly when vompared with their abundance
in the remainder of the craton. The upe of much of the
enciss Is wore than 3.0 Ga, Cores of detoral zircon from
orthoguartzites bave been dated at 331 Gao and mela-
iarphic overarowtls ot 318 Ga (Nieuwland and
Cinupstont, 19811 Younger pneesses and detornied
erauites have Sm=Nd puxlel ages hetween 341 and 2,74
i i Fleteher et al TYRAY

the gneiss,
arcas in he seutle of the Weslern Cineiss

Undeformed granites. which intrede

utderlie Larg

Terrane and have been dated by e R Srosochren
methes] at 200 38 Ga (1.abby and Jde Lueter, 11795, an age
~tmilur ey the widespread sranite indrusions throughout the
remainder aof the craron. Zircons lton sediments and felsic
vuleanivs of the Saddleback Greenstone Beln o sl
greenstone helt voelosed by the granite. give o siailar aoe
af 2.65 Gu iWilde and Pulecan, 19861,

The Willtwns Wandering arew s underkann by o variety
of sranites wligh form part of the Darling Range Batholith
SWlde amd Lo, 198000 (e Trpest 0 2.7--2.5 Gy intruded
the soathern parl of the Wesrern Gaciss Terrane. The

Barhiolith is orestly undeformed, hut encloses rennuants of
older migmatite and pneiss,

Pothe west, the Yilgorn Craton s lerminated by the
Drarhing oot o ojor normal Gl that was actve doriny
Palacosoie and Mesozow times. Duaring that e, up 1o
G kne of sedimentary recks were deposited o 1he Perth
Busin (Playlord et al. 19700 Benearh the basin bes the
Lurgely unknown Pinjarra Oropen {Myars, [9UNY of
Proterneoic ape. Phe intruston of the basie dvke swarms
1 the nerghbouring Archacun Yifeaen Craton s probably

related 1o the Tinal post-cropenne phise of developanent of
{hae Minjarra Oresen.

The bhasic dykes
Widgiemooitha dyke swarm

Two megor pacidlel ibvhes of the Widgienmooltha dvhe
swalrmy ave present in dhe Williams ares. The Binneringis
Divke, wlueh passes close 1o the town, extends o further
600 ki castwards o Noesenwan and bevond, A second
dyke, parallel tothe Binneringic Dyvke and 6 ko south of
Withiunts, 15 vonfined 1o DARKAN {1700 0007 and s
characterizad by abundant praninc xenoliths. Both ot the
cencrally well exposed in the vicinity of
Willlanwe, although parts ot the outcrep are capped by
laterite,

dvkes ure

Acromasnetic dataondicate that the Binneringie Dvke
aceupics o single, continuons Brictuee, and that i has o
positive magoehe anemaly east of Nareogin and o negative
anontaly to the west UMwker and Bowd, T9871 Tnthe feld,
hoswewer, the dvke s discontimueous in outerop and
occupics a sertes of paradlel fractures over o total wilih
of up 1o 3 ko i Tg Bust of Wichepin, the dvke forns
i pusitive phvsiographic fertore, particuboly i the
Wedemun Hills northeast of Kotin where the dyvhe is at Teast
A0 mowade and Forms a ridee about 300 highe An
Walters THIE, 3 kmcast of Wickepin. the dvke ocenpies
the sumimit ridpe but is farpely ohscured by laterite.
Tlsewhere the Binneringie Dyvke oceurs as low ridses of
Boubders and smadl outerops and 18 eenerally 150=2000m
wile.

Between Wickepin and Narrogin, the dyke oveupies
at least Tour fractures, which siep novthward as the
deke continues 1o e west. Flere the dyvke commonly
forms a distinet neyative dopoeesphie Teahee, up 1o 3000m
wide, mosty soil covered. but with o few small oulcrops
and scateered bBoeulders. Tn othe Williams arca, amd 1o
s weasiorn terminabion south of Meridian Fhll, the
Binnerineic Dvke agwn forms o strony positive Teature,
Individual scoments of the dybe are up o 4 koo long and
A0 m wade. i are well exposedd in narcow ridges ap o
B higl

Throusheut 1ost ol its feneth, e Binneringie Dyke
pocupies stratehit paraliel sidec vertead Tractures: but. in
the Willioms aren and o the west, the dyvke pinches, swells,
and branches mio short apophyses, amd 11s froce 1 Sinuous,
Iy this section. the dyke sppears o be g passive ntrosion
mte the grange, For most al i lengthe the Binneringie
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Figure 2.
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The Binneringie Dyke between Kulinand Williams,
showing the location of analysed samplies. See
Table 1 for sample numbers

S0

Pivke s singde intrusive phase of coarse - praimed gabbeo.
similar s cachs of the separated oucrops, However, about
5 km onerth of Willtams, o 75 im=wide dvke, similar o
eerall comprsition and parallel to the onin dvke. dips
TS and shows prominent banding ona 201 an seale,
Posatble eress-bedding can be seen o parts. Stoilar
feiures were desenbed by MeCall and Peers 619711 from
the eastern end of the Binneringic Dvke. where the haading
1= bedieved o resub from the combined effects of
convection currends within the masn and progressive
erystallization inwurds from the dvke tootwall

Pods and veins, often several metres Tong aod ap toa
medre across, of medium erained. pink, aplitic rock are
lound throughout the leneih of the main dyke. Thee s
no cvidence of sraritic seooliths o the dyvke: the podas
are probably senresations ot the final et fraction.

At three Tovations i this area the Banneringie Thvke is
aomudtipie dvke. AL Tarbling Sprng, sonthwest ol
Nirropin. d coarse dalerite dvbe aboul 2080 1 wide foros
alow pidee to the noith ol the main dyvke ond separated
rowm 11 hy anaerew screen of grantte ppote S0 oewide, A
simelar pattern s present 5 ko seuthwest ol Wilhans,
where o vabbrowe dyvke, o the south o the nun dyvkse,
shovwe yowel-developed chillad nrargtn againsy an
meennplele sereen of granile pods caely about 3001 Jong
by T o wide, Farther southwests neac Mendian Hitll a
doderiie phiase os present on the nocthern sade of the dyhe;
this iy be o second intrusion or s owedes chiatlad margin
of the o dvhe.

Southy of Williames o oscoond member of the Widgie
ool dyhe swarnm. bere nomed the Binneringie Dyvke
South, 15 cliragterized by abundant gramie xenoliths,
This dhvkhe 1 complex. and nceupics a narrow rone af
fractimes 30 hm lone. rrending 0707, and paralled to the
main Bieogrinpis Dybhe, Magaetic pixel maps of Tucker
and Brsal £ 1987 1 show o faine negaitse anomaly continuing
the e trend for o fuerther 0 Em west -<onthwesr: but for
tmueh ol this distance. the anomaly 15 coincident with o
nrjor water supply pipeline. 1 is probahle thae the dvke

Lerrinites close ta the wes
certaimiv, neithor the nostly
Jdvkes extend woese ol anager perthwesterly frending

sie e lincament of the Darkan el

rnrmrost euferap: and adnrost

ar sowthern Binneringie

Thye ke South = reliativele rectilinear,
aned Toe nest of s leneth, cecupies wosinele Traciure, o
tay fractures sepuridad by oosereen ol eranite severud
bumdred metres wule. The dykes are genceally 2000 3000
wide: but where asingle dvke is prosent, it may he up 1o
SO o owide. Where the dyke iy cressed by the Adbans
Ehighwoy 6 ko couth of Williaos, and continuing 1o
custern tevminatton. the Binnerineic Dyvke South s
cutnmwndy made wp of o number ol pacslic] dyvkes. eoch
athont A=500 ny seide and tegethier necupying 4 sone up o
1k wide, Threnghout s lengthe the dyke s notalde for
the prosence ol abundant senocrysts ol plavinclase qond
quarte. erinidic xenoliths up w10 em across and. rarely,
Laveer xenaliths up o 1o acress, 10 is probable tar the
dvke intrudes acomtemporanecos Lult zone,
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Petrography

the Binneringie Dyie: Throuchoul vs lengtl, the
Limneringic Dyke i Forky unifoems, coarse- grained uarty
wabbre, varyving only i oaberation products aml the
propertion of interstitial granophyric intergrowth,
Pasentially, the rock coensists of prissus of anhedral 1o
subhedral plagiocluse 205 o Jong - zoaed [roon cores
of Tabradorite (An, ) Lo nareow imes of alizoclase
LA and abundanft anhedral to subhedral augite
reresates 1-3 min across, Jlmenite, and pseudonwrphs
aller orthopyroxene, are common and rarely vecurring
vrains of pipeonie wre enclosed by uugite. Late-stage
crystallization has procuced smadl anseaaes of olive-brown
hornbiende and hiotde, awd ubigquitons interstisiad patches
of vranaphiyee and guartz, Accessory perthile. apatite. and
d variety ol secendary minerads, ure ulso present. anid
hideke v ife Is o rare ooelmvenee o suine sunples.

Muost samples are partty altered: plagioctase is
cominonly sutssaritized or sevieitized and sugtie may he
sehillerteced wul party replaced by secondary anphibaeles
A fow extensiveby epidotized speciimens

o chlorie.
contain laroe terstitial masses of clinosoisie nnd
prehingre,

The nost pronvineat late-stope interstitiad phase 5 a
sranoplivee consisting ol gquartz and penthite or Tess

commianlv, posrly twinned albite. Caaetz and perthite oy
alaer lormo diserete, well formed ervstals, The proportion
of granephyric materil varies. Wost of Nareogin. the
propertien is 5 0% amd the rock s a normal quarts
subbro: cast of Nurogine the proportion of 2ranophyre
increnses 10 hetween 13 aned 23% ol the rock und Torms
an irresular granophyre netwirk throuchoul the rock. The
abundunce of granaphyre in sune speciniens prodoces the
appearinee ol o hvhrid rock with patehes af gubbroic

textured pligiochse, aupne, and ithoenite ia sea of

granaplye, quartz. and pertiine.

The mranopbivre his formed from e accwmulation of

a final “pranitic” residuwim in the contral and upper parts
of the ntruston. Whoere tos ressduum complately
separated from the erystallizing magnee, 1 formed aplinic
puds of perthite, alizoclase, quints, and small anjeunts of
hornhlende,  There are no partly reserbed sencerysts of
ety ot plaginelase (o suggast an origin from ussioulated
srunitic senaliths. I the western part ol the dyke, the
residuum cither did notseparate or it misrated too portion
ol the dvke now lost by erosion. 1018 possible that, 1o the
western portion ol the dyvke, w deeper cross seation T
heen cxposed by uplift and erosion relative wthe castern

section, The magnetie sienature of the dyvke alse changes,
fron posifive in e castern section to negateve o the
WOSLLTTE section,

The Binnerireic Dyvke Sond: The southeru, senalith
bearing memher of the Wilgiemoolbtha dyke swarm s a
medinvm-erained fivbrid rock containine. movarying
preporions, senocrysis of plogioclose and quarts and
aenodiths of sranite. The senaolithic material has been
partly romelted, and s relationship te the surrounding
wranites ganot be derernuned: bul norock tepes other than
wranite have heer found s aenoliths, Tocorporaiion of the
lonee-ternperature ekt traction Trony the xenoliths, and the

iy

complete assimilarion of smaler frrments, i glven rise
1o the hybrid nawre of the bulk roc

[ thin sectien, the reck hins adoleritic appearance. b
vordains ahancant laths of altered plagioctase up o f mm
lang, anliedral erams ol augtie abour 0.2 1 across, wd
acicular supiwe up o 2 mm long, Prisimatic orliopyeoxens
ap to ooy Jone s pseudanterphed by chlorite and
actinalite, or serpentine, Also prosent are smadl palches
of toersttial guartz, and abusdant ineerstiteal clowdy
leldspathic material that gonstintes up fo 405 of e rock
ard proves o he extremely fine-grained intergrowths of
uaits amd Jeldspar

Xenvorvsts of plagiochime and quarls, up 1o 2 aun
acreess, mihe upr A0=13% al the rock. The plasioclase is
rovnded. strongly saossuritized. wud contains abundang
el cannels along cleavapes: e quarts s embayed amd
conunoniy frimged by <od! diopsidic augiie erystals: both
were derived Trom the disageregation ol sranitic rocks.
Ciranitic senolithy within the naoma show all stuges of
meliny and disi

gorepation,

The Bovagin dyke swarm

Fhe dvkes of the Bovagin swarn were nugpped by atpboto
interpretaton, and brielfy checked in the Bedd Tor aecuracy
and rock sapling. Only isolited and dissecred rennonis
al Taferite are present in the Willinms Wandering arca.
Outerop s onore commenly shscured By oa than residual
sundy sotl, Feow dykes present o continuous ouferop
through the Tectiary Taterite or Quaternary soil. A nunher
al easterfy trending cabbroic dvkes, particularly in the
Wilkiams area, are moderutely well exposed for o kilometre
or more bal est dolente dykes wre exposed Tor only a
ow o tedres, or are found only as cobbles and boulders in
the sorl, Ohnarphotos, however, many dykes show ap as
dark lineaments 1 the soland can be eastby plotted. A
field check showed only rare exanples ol cultural features,
fenee times, beng nitstuben for dvkes, A nounther of
dvkes were present onby as dwrk, laerinzed ridees. The
Tinad dyke putlern, slightly shoplilied. 5 presented in
Iieure 3,

[

Alldvhes checked o the Neld were exsentiully verteal.
and very carely Tess thaon TG me wide, However, in
nuiker of areis, 10 wits evident thae many smaller dyvkes.
whicih did not show ip as photo Tincaments, were present,
these rangred feoare leas than oo o as ok as 100 13 m
wihe With the excepton of the Binneringie Dyke and
s assozintes, the dykes plotted an Fivoare 3 range from
about HD (o 30wy in windrbe bun e examples reach
LOCE etres. Pigure 3 prabably reprosends 80% of the
dykes i s sivze rangss Mostomissions are claser w 10m
of the tatal dvke swarm omitted. 1For the dyvkes plorted
on Figuee A the averace thickness s between 13 mod 20 m.
Dvkes Tess than 1[G hick, and nes ploted on Figare 3,
prohably represent at least an addittonat 0% 0 but many
would be thin and impersestent,

A prasenied i Fioure 3, e 2900 malie dykes plotied
im the Willlwes Wandering aren Forme o patiern only in
Lioyited aeeis where ene dyhe romd s predommant. When
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Figure 3. Mafic dykes in the Williams-Wandering area



Figure 4. Generalized fracture pattern in the Williams-Wandering area

simplificd as w generalized tracture pattern (Rig D or
plotted an i rose dingram (g, $)0 1000w evident tha the
dykes folbow o limited nomber ol trerds and form distinee
dvke sets which intersect et other. North of Willians
iwu remdy predonunate: nowthwest {3 E0=3307 0 and west
nortvest 20001 dyvkes, A Tess prominent trend (07073 1~
alsrr evident in some
of laree wesrerly {260=27071 wremading: dyhes are present,
The Binveringre Dvke trending 0707, fraverses the

L the Williams arca, a mumber

Williarms areu. but is not included in the rose diagerans of
Figure 5.

Throughout the western and southern parts of the
mapped arca, dykes trending 2702907 form the most
provminent swarm. Only m the Dateoning and Congelin
arcas de dvkes vending northwest ostnumber those
trending west mowthwesi (Fig. 310 Inthe Windering and
Irgarda arcas the dvkes vt conunonly trend hetween



Wandering

Dwarda

Quindanning

Dattening

Congelin

Williams

Figure &.

Rose diagrams of dyke direction and lenglh for each 1:50 000 map sheel in the

Williams—Wandering area (radius of circle = 20 km}

TR und 3000 hat e the Quindannig and Willians areas
Ueere i s o strong 26022707 trend ibio, 31 1L appears
thut, 1n the southern parts of the regien. the sencral rend
of the dykes swings shightly romy sestoorthwest o west
bur fram Praure 41 i evident that they {ornn o single dyke

LTHE

The wese-porthwestaly rrending dy hes are ot coarse-
orained doterire. and some show disunct chilled hasaltic
marginal sones. They range up o G m acrass, but we
mostly aboot 30 mowide and occupy rectibinear or pently
curving fractores. A number o dykes con be taced Tor
ap o 3 km, hut exposures are geszrally poor. A comnnion
Jeature of the dykes 1 o promiuent, raised. margnal zone
ol granite. generally a metre or so hivh and o tew metees
wide, with the dyke itsell only posrely exposed. A few of
the fareer dykes in the Willinms area ceoupy the crests of
srante redges that can be as nweh s 20 m higho o
sencrul. the presence of upstanding horntelsed wrandic
wnareing appears o he o funetion of the width ol the dvke.

although ol ull Tarpe ddvkes have noticeahle contit

aurcuies,

Acsevand o dyke ser evident rom Figuees 4 aol 5,
trends approsimarely nosthwest, e the north of the
mapped areas the most protoinent dykhe dection s 3307,
bt this progressively swings eound 1o 3167 in the Williams
and Quimdanning arcas, he dyhes ure hasaltic to doleritic
1 testues, between 10 and 200m wide, and traceable on
auphedes for Jess than Tk Groups of related dykes
arranged en echelon nay be traced for several kifomenres,
particulurly 1ecthe Danening arcar many sinalter dvkes are
net detectable an airphotes. Fxposure of the dyvhes s
poors oulerops ure rarely maore than 1000 fonye and
comutenly consist anly of scattered boulders, The fow
dvkes whieh form strong pestttve Featres an the Landseope
are usially thorouehly laters

FARIE

A soiall numnber of dyvkes, particularly e Congelin

arci trend between Oo and (0707,

and spgest o distinet



cast-northeasiorly trending set. These are narew. delerisic
dvkes, petrographieally distinel Trom the Binneringic
Dyvhe, which bis o similar trend: they probably cecupy
lractures conjugate te the west-northwesterly and
morthwesterly tremling dykes

tothe noerthwesten Ty and west
dvke swurms 15 difticole o

The refutive apes of
aorthwesterly trending
determine, us few examples of dvkes intersecting each
ather were found in the fiedd. Fron abphoto interpreration.
and the few examples founsd in ooterop, the two dyke sets
appear Lo be corernporangous.

Petrogrophy

The petrography of the Boyvagin dyke swarne i< Juirly
poiferm: the dlvkes range lrom course grnnad quurls
doleriic to basalt. Uhe principal mioerals are plognochsse
liths up o 3 mon lengs prisniate to anhedral nterstitial
augite op o 2 muacross, smali wnourts of thnentre. and
varving proparions of interstitial guaetz and cranaphyeic
intererowth. Inoafow dvkes, inteesutial oralos and cores
of pigeonite are prominent. A siwd] amoum o Tae-stage
nlive brawn hornblende i comnnondy present. but botwe
aeecars rarely, Accossory apaiite I connoen: srcon il
haddelvine wore rarely noted. A fow dyvkes display ophitic
ar sith-ophitie rexture, and the chilled basaltic mgrgnal
Licios of muny Jdykes carries abundant small augite
pheancrysts.

Plagiochuse 1s convnonly zoned, ranging from cores of
byvtownite (An,) (o rimy of awlesine iAn ]
aestly uniform in compositien. bul o few eryvstals show
rhythmic zoning,  Thnenite varies from sonall anhedral
vrains about 0.2 mim across, to large skeletad ervstads up

:\ui;HL I

0 2 Ny across,

The most promunent varation s in the propoviion ol
interstittal quortz and granop h\m, intererawth, Most
cotnonly, there s lexs than 3% of such interarewtle,
howeever, the proportion nuy rise o about 15% - sty
quartz. but including patchies of coarse pranophyre. The
sranoplivre is connmenty confiued oothe coarse central
Part ol the dyke: his sugpeests that it is e result of the
Fte-stare accumutation of o re

wrnninie” residuun

Mot dykes are extensive

oriemal westires we preserved.
ieed, and B osome cases. partly replaced by prehnite.
Hmenite is fcucosenized. and avgie has been replaced by
actinodite amd chlorite, Secondwy eprdote s common, and
there are o fow grains of scoondary pyrite, A den dvlees
are completeby fresh and preserve hothe origimal extures

v altered. although the
Plaginctase 15 saussurit-

ane mineralogy.

Chemistry

Thirty samples from the Binnerineie Dreke and Bovagin
cyke swarm were analysed Yor miapor and trace clements,
and ure reporred i Tubles 1--30 The locations ol analyvsed
spccimens of the Binnetigre Dvke are given on Pioure 2
Varuion diveranes (big, 60 <how thats chemically, the
Binneringie Divke s casily distinguished from the Boyaein

~thie Binneringic Dvike is hipher
amml l:m-m in _\-TQ_U, 0. and ol FeO than the
Eiter dyke swarm. The wends Jor (iNaO 1 KO versus
Cad are similie. hut the Binneringic Dyke is more alkalic
and less calete than the Bovagin dyvkes, Aliough the
range ol Medihle © Berrano s sontlar Lor both groups of
rivcka. the Mo comtent foml henee FeO=le 0 3 s
consistently higher Tor the Bovagin dvhe swarm. o
venetdl. the analvees show that the Binneringie Dvke s a
calealkaline basalie andesite, wherens the dvkes of the
Hovasin swarntare low-K 1holeniles,

dvke swarm.
i Sy,

Aoplot ol the analyses en o vaciety of iangolay
tectanamagonitic discrimination dizerams (Fig, 7
confirms the cale-alkaling nature of she Binneringic Dyke.
s supeests thet the Bovagin dyvke swarm has aomorg
primitive veennic signaare, Tewlenic huplications of tese
stznutures Pearee and Conne 19735 sueeest that the
ciplacenent of the Binneringie 1 henee the
Widgienmmithio dvke swarm, wis relaled Gy o converaing
plate marein, while the Bovagin swarm was rebited 0o
diverging plawe margin, The Bioneringie Dyke
reasonably relwed 1o the foroeemic” field of Pearce oL ol

(L9771, hul the Bovagin dykes are seustered throuyhout the
‘veeanic” aml continentl” Nedds (Fig, 700 Hlowever, the
cliserimination is hased on the compositdon and tectonic
setling ol young basalts and omay pot applby in detadl o
Proteriaoic dvkes

[erer
118

Dyke. o

The trace-cienent contents For the ewo eroups of
analvses are also stamiticantly dilferent. 'I'} ¢ Hnlncringic
Proke s comparartively enriched i B LRUE RbTh, and
Ph: Dt contains only balt the amount of \-' and Cu;
bas Tower values Tor Cro e, and Zne than the Bovagin
Jdvkes.

il

Analvaes ol the Bioneringre ke (Table T shaw a
au ol composions, bul no svstematic variation alonyg
the fength of the dyvke. The vartation probably retieces the
proportisn of interstitial pranophyre present in cach
spectimen. Consistent wiil the field umd perrogruphic
abservativns. the twao samples trone west of Wiltiams
Clable ToA0TC amd 4077 show Teast deflerentianien and are
lrwe 3 SICE and abkalis and heeh o AL My und Cat),
compared with the remunder of the samples, The two
samaples are almaost identicat o composition, bt 4000 1,
feam a laler dyke. chillad agaimst the wawn dyke from
whiclt saple 107 was collee Swnples A4k and 411
are alsa relatively undiferenitated. and siovilar in
composiion 1o the Binneringic Phke west of Williims
sample #4015 Toan o later dyke seporwed by @ granite
sereen froy the nunn dyvke csmuple 23810 while ._'\'dI]]PlL' =144
i frome a narrew, dederitic portion of the muun dyvke, near
kulin.

el

The weestent portiog o the Binnevingie ke deserilyed
here 1 sl 1o L“]]‘Pll\lt'-\ll'l 1o the ‘nornl gabbree’
described by MoCuall and Peers (14713 from the castern
end of the dyke o the Distern Golidticlds. Ahhoagh the
dy ke pinches amd sweltin the Willians arca i1 does net
show the extreme variatian o thickness or chenoatry
veportcd by MeCall and Peers. Throughout the lensth of
the nuin dyke. there i< noevidence that the magma has
Bocn wnodified by lugh-Teve] asatonlanon of wenoliths or
of o Tow-melting fractzon from the wall rocks. Any
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Figure §. Major-element variation diagrams

mudilcution of an erginal basIne msgma tao produce the
present hasaltic wdesite, whether by tractionation or
aestmibatinn, must bave cccurred deep in the crust

[lewewver, the magmi source, andd the mechanism ol

intrusion for a dyke over 000 km long wd of relativels
uniform cempasiion, remain prohlents,

The two analyses of the xenobith vich Binonermzie Dvke
South {Tuble 1. samples 36 and 4500 are dilTiewlt Ly
trterpeet if the simple model of gssinilation of graniie. o
aofow melting point grangric froction. by cale uikaling
mag s osssunicd. Silea and KO are suitably clevarad,
and Cat) depressed. bot ALOL s fower than botle hasalt

amd pranite. and MeO renaans hish; amonyg the oace
etements, Crat 30H0—00 ppm is exceptionally abundant.
Althiougb, on field and petrograpbiv evidence, the dvke i<
prohably relatad o the Binneringle Dyke. the nature of
the erizinal magove and s byhridization reoans
problematic,

Two specimens Clable 10 AZNAR300 endlected as pant
of the Binneringic Dyke. acre chemieally dissimitar to the
ather analyses. ad platwith the Bovagin dyke swarm in
variasion dieprams g G

cabhraic rocks w

Bl are course-orained

[, gt fronne e paucily ol intersutial
erancpliyre. appear simibar 1o the other Bimerineie Pvhe



northeisterly trending members of the Bovagin swarmooand
aceupy lractures conjueate to te principal wast
nortlnvesterly and northwesterly trending fructures. The
imtrusion of the dyvkes was possihby intluenced by the pre-
existing Binneriugie Dyke, which follows the sane cast-
netheasrerby fremd.

The mean compositions of the west-northwesterly and
nerthwesterly rending dykes of the Bovuain dvke swarm
are sutliciently similue o indicate that they are co-

maginatic ¢ lable 2, column By Table 3 column C) and of

.'{u;fl'TZ—timlciitc composition,  In addition. the twvo cast-
nertheusterfy rending theleinte dykes associated with the
Binneringie Dyhe iTable | samples 42

similar composition: this is consistent with ther being purt
of the same dyke swarm. On variation dingrans iFgs 6,
T, all the dyvkes plotogether. confirming that they arve u
stnule swarnt.

cluster closely sroumd the mean composition, wlole those
of the west northwesterly remdimg swarm are more
variahle in their major-clement chemistry, This probably
rellects the tuct that the noerthwesterly tending dykes are
conunonly less than 20 m thick and were nat subject w
post-eotplocement differentiation, whereas the west:
nesthwesteriy trending dvkes are up 1o 100 01 wide and
allen shiow the acewmulation of o lnal prasopbyric phiase
i the central pants of the dvke.
176 (Table 2y From the contral part o) a Targs eust nending
cdhvke, s bigh in SiO el alkalis ot e in Ca0y and MeO
comprmed with the mean composdion: the race clewents
are enriched in LREEL Y. and Ze and depleted i Cro N,
and V.o In generad, the raee clement contents of the two

For examnple. sapecimen

A2 and 1331 we al

Figure 7. Triangular tectonomagmatic discrimination diagrams. Symbols as
B — after Pearce and Cann, 1973. C — after Pearce etal,, 1977. (CAB, calc-alkaline basalt; MORB, mid ocean ridge
hasalt; 1AT, island-arc tholeiite; WPEB. within nlate basalt)

sumyples. T is prabable thal fhe two dyvhes are @

in Figure 6. A — after Pearce et al., 1975.

arvaps of dykes are comparahle, and the ooby netable
feiture i3 number of dykes with more than 200 ppan Co,

At anadyses excepl that for saneple 3532 Clahle 31 are
guarts mocmastive, Buc s dske s low i 510, and Cal,
s s bigh KO comtent and vers Ingh 0O and s olivine
noroslive, However, the trace eleuents Bao [RELL Nh,
and Seoare bighowhile Croand Nicare low whon compared
with the quaty theleiites. Penographically the rock s
sttnilar fo other members of the dvke swarm, bt s
chenmstey s dilficul fo mterpret.

Discussion

ftis evident that nrembers ot teo independent basie Jdyvke
swarins are present in the Williams ares the Binnerinpic
Ivhes oo mamnber of the Wideiemonltha dyvke swann.
certred o the castern e of the Yilvarn Craton: aned
e numereus basalie and doteritic dykes of the Brvawio
dvhe swarnn wineh bove been ciplaced wong the westeen
margia ol the cvden, The dvke swanns differ in ase.
caomposition, wnl pattern o introsion. althouple the
presence of the lorse Binneringie Dyke appears o have
locally influcnced the trend of the Tater Bovaein swaron

I the KabzooTie areas the Widpiemnooltha dyke swarnm
i generally represented by oo soal]l number ot very large
dvkes, olten more s 2000 ko fong. wnd up e a kilometre
or mere wides The dyvkes sre cole-athaline. ontby Tightls
metaumorphosed, and frend intwo owjor dicections, cast
pertheast wd cast. Avramuagnetic dati used by Tsles amld
Cooke 119907 sugerest thal many inore dykes are concealed
honeath Chaternary covers Witinn tlos swarm, the



Table 3. Analyses of the Bionetingie Dyke and associated dykes
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Table 2. Analyses of the Bovagin dyke swarn (west-nortbwesterly trending dykes)
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Dimeringie Pvhe which extends across most of twe width
of the craton. i the longest. Two meimbers of e swarm
have heen dated at abour 221 Ga (Turek, 19660, Fletcher
ot al, 9871 and intrusion followed o widespread period
of tectenesnt and granite intrusion ot abouat 206 G,

The western termination of the Bianeringie vk ad
thar of 1the associated senetith-rich Binneringie Dyvke
Sauth, uppear o be at or cluse 1o the Darkan Faudt, one
of 4 numher of prominent nurthwest teending magnetically
deliped lincaments cutting the southwest corner ol the
Yilaarn Craton (lTucker and B Addario, (986) These
faults vr fractore #ones are associaed with the Piojaery
Orowen, which 1« beheved wo have been ininaed between
2bamd 14 GooMyers, 1990, and are known Lo displace
purts wf the Alhany Prasee Orogen, which s duted

e

Botween T8 and 1.0 Gao However, the Darkan Taualt s
s associated with e Saddlelback greenshme belt, duted
al 2,63 Go (Wilde inul Pidyeon, TUS6) uml pepmariee
intruding o shatlar sheor sone o the Greenbuoshos aren s
dated al 2,33 Gu (Partington et al, TYS6E o is possible
thut the carlicst moventent o the Diarkan faol and other
shear zanes in the souwthsest s relaed ty the 2.65 Gu
preso-Darling Fadle tBlicht et al, 198100 and that further
displacement oceurred imtermitiently over an extonded
periad, s 15 ¢o, the Barkan Fault woubd have existed
before 2.4 Ginamd coudd have formed a terminating cross-
fracture when the Binneringic Dyke was intruded,

Intrusien ol e Bovagi dvke swaro tollowed the
forrnation of the iojuerg Oropen, a narrow belt of aranites
and pneisses west of the Darling Fault that is maostly huricd



Table 3. Analyses of the Boyagin dyvke swaom (nortles esterdy Lrending dykes
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beneatl o thick cover of Planerazote sedimeants forming
the Pertly Basin, Bascemnent rocks of fhe orecen have
Sue -Nd model ages between 207 and F Ga il-etcher et
ab 19851 but, hetween 1L and 007 Ga. there was a final
phase ol ecronic and metamorphie activiry donmaed by
stniabral transcurrent faulting (Hueris, F987) Normal
fautring contiued v the Parting Taalt inta Padacocoic and
Mesozoe thues,  Dykes are not known 1o mtrude the
leeuwin Comples, the unly exposed portion of the
southern part of the Pinjarra Orogen, but are found cutting
the Moo and Cardup Group seiimentary rocks afong the
Macling Fault, The age of the Cadup Group is thousht
o be hetween 730 and 600 Ma (Compston and Pidueon,
19620 Plaviord et al., 19767 Northeaster]y wending dvkes
of the Mugeamura dyke swann, whielois hroadly soatlar
wage G the DBovazin swarin, murade the Nocthaanpon
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Comples and have been dated an 7300 amd 330 My
tEirbleton aned Selanidt, 198500 The anly ape derarmun
o on b dvke of the Bovagin swarne is lrom o sheared
and metasomatized dyke murgin: it wave an age of
60 3090 Mo (Compstun and Acriens, T968) However,
this dvhe 15 Tromy an cloagaied zone cast of the Darlimyg
boalt, where Diatite Rb- Sroapes have been exiensively
reser to 4500 300 Ma bbby sod de Taeter, 19797, and the
dating of the dyke may reflect this event. Thus, the ape
of the Boyogin dyvke swarm is between 730 and S0 M.
mitst prehably around 630 Mo,

In the area studied. and tor much of the area ol the
swarry. the structural paitern of the Bovagin dyke swinnm
s dofined by two sets of dvkes rremding northwest and
west northwesl with a minor set teending east-northesst,



The northwesterly trending dvkes foliow Lhe general
venlogical grain of the region, partivalarly the major
froclure somes of the Davkan Fouli and s associates. the
Saddlehack ereenstone bett, amd the vone ol ancient
gocisses cust of Perthe Fhe west-northwesterly trending
swarimn of dykes tuneares these structures ae an angle of
ahout 107, The resulting dyvke pattern 5 thal of a comugale
set of Riedel shears produced withen o brosd wrench zone
with sinisirad principad displacement. As notedd earlier, the
final lectonic phase of the Pinparra Qrogen sas dominated
by sinistrat reanscurrent faulting concentrated o the proto-
Darling Fuult, Thus, the Bovarin dyke swann may he seen
as the finull post-orogenic phase ol the Pinfarea Orogen.
i aulclition, the mwjor Eoeaments of the Darkan Faull. and
the other shoear zomes which transect the southwest of the
Yilgarn Craton, can also he interpreted as Riedel shears
turmed in the earlicst, ductide phuases of pre orogenice
sinistral movement aleng the proto-Darling Faudt,

Berween the tme of formarion of the Darkun Fault and
s associated lincuwnents, and the emplacement ot the
Bovagio dyke swurnm, the Binoeringic Dyke was intruded,
The emplacement af the dyke was the resull ol tectanis
avents in the castern parts of the craton; but at its weasdern
el its course may have heen influenced by residunl
stresses associated with the prole-Theling Fault, As
resull. the presence of the Bimneringie Dvkes influenced the
cinplaceient of the Boviagin dyhe swormn when sinistrad
sirews wis renewed in late Proterozoie times, causing the
dvke trends 1o be deflected annclockwise through about
27,

Conclusions

The results of thes study can be hriefly suunarized as
follows;

1o In the Willinos arca there are vwor independent malie
dyvhe swarms:

(a1 the Widgieowooltha dyke swaem of cale alkaline
composition and Eorly Proterezone age
represented by the large, gabbraic Binneringic
Mvke. and the sialler. senehith rick Bisaeringic
Dvke South: and

(b the Boyugin dyke swarm of quarty-thelelite
composition and Late Proleresote (or early
Pulacosone) ape -— represented by many thin ond
nnpersistent dolerite dykes.

)

The Binnerineic Dyke extends more than 600 kim in a
west <oufthwest direction aeross the width of the
Yifgarn Craton and includes o paralfel xenolith-ech
dvke in the Williams area. Both dykes terminate at,
or close o, the prominent magnetic Hincament of the
Parkan Fault.

3 The Boyagin dyke swarm conprises two puerseeling
sets ol dykes, one rending northwesterly and the ather
trending west-northwesterly, and a minor set that trends
east northeasterty, The three sets of dykes are
contemporaneous. The dyke pattern s best explained
as tntrusion along o eonjupate set of Riedel shears

sA

formed g broad sinistral wrench zone along the
wostern nasin of the Yilgarn Craton, The wreench
sone b ssociated with the Pogarra Orocen and s
principad displacetsent was locadized afong the proto-
Iraeling Baualt

A0 The implications for the structoral development of the

soutliwest of Western Aastrafin are that the prominent
ngnetie Tmearents ol the area are Ricdel shears.
wloneh formed dunng the earliest and onest ducule
plase of defurmation snoa wrench zone U preceded
the development of the Pogarca Orogen and the
ernplucement oi the Binnermygie Dvke, The wrench
cone (uml associated shear vones). with 1t poincipal
Jdisplacement localized along the prote- Durbing Fault,
continued gy develop throughout the Pinjarra Oropeny.

The Bovagin dvke swarnn mtrodes Ricdel shears o o
reactivated wrencle cone that represents Uwe Tinaf phuse of
brattde deforoueen of thwe Pinjarra Grocen.
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