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paper is to describe the tectonic environments for
both the gold deposits of the Lawlers district and
lhe rare-metal pegmatites of the Greenbushes
district, and to suggest possible criteria to aid
explorat'on for both types of mineralization in
Archaean terranes.

REGIONAL SETTING

Introduction
The regional setting and mineralization styles

of both the Greenbushes pegmatite distric{ and the
gold deposits ol the Lawlers dislricl hav€ been
described in detail by a number of authors (Platt et
a/., 1978; Platt, 1980; Wilde & Walker, 1982, 1984;
Partington, 1986; Partington et al, 1986; Bettenay
el al, in press; B. Eisenlohr & G.A. Partington,
unpubl. ms., 1986). A brief summary of the setting
of both deposit lypes is given below.

Lawlers
GEOLOGY

The rocks of the Lawlers district are atfected
by lower- to upper-grade greenschist facies
metamorphism (Binns et aL,1976). Struclures and

textures are heterogeneously preserved such that
precursor rocks can be recognized and, thus, the
prefix "meta" is omitted, although implied, in the
following discussion. The greenstones in this
district consist of mafic volcanics, ultramafic
rocks and interlayered gabbroic sil ls (Fig. 2).
Overlying the sequence is a sedimentary unit
consisting of conglomerates, arkoses and silt-
stones. The greenstone sequence is inlruded by
the following sequence of granitoids:
(i) A voluminous granitoid intruded to the west ol
the greenstone sequence. The €astern margin of
this granitoid is incorporated in the Waroonga
Shear and lherefore intrusion is considered to be
pre-sheanng.
(i i) The Lawlers Tonalite intruded the axial region
of  lhe  Lawl€rs  Ant ic l ine  (F ig .2 ) ,  e i th€r  dur ing  or
after folding. Numerous xenoliths of the green-
stone sequence occur in the tonalite, suggesting
thai the exoosed oart of th€ intrusion is close to
the roof zone.
(i i i) East-west aplite dykes and pods ol leuco-
granite intruded between the tonalite and lhe green-
stone sequence.

Extensive Rb/Sr isotope data, mainly for the
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surrounding granitoids and pegmatite dykes, are
available for the region (Cooper et al., 1978:
Roddick el al., 1976). Whole-rock Bb/Sr isochrons
indicate ages ranging from 2.62 to 2.65 Ga for the
bulk of the granitoids adjacent to the greenstones,
with later pegmatite and aplite intrusions having
ages between 2.58 and 2.47 Ga (Cooper et al,
1978) .

STRUCTUBE
Regional setting

Recent regional and detailed mapping
indicates that the siructures in the district are the
result of a greenstone-scale, non-coaxial deform-
ation event (Eisenlohr, this volume; B. Eisenlohr &
G.A. Partington, unpubl. ms., 1986). The major
structural features of the region are large shear
zones, kilometre-scale fold structures and a wide-
spread north-northwest-trending foliation. Criteria
used to recognize ducti le shear zones are C-S
mylonitic fabrics; asymmetric, relolded, and
sheath lolds; and pressure shadows (Berth6 et
at,1979; Bell & Hammond, 1984; Lister & Snoke,
1984). Movement directions were deduced from
criteria such as asymmetric pressure shadows and
inclusion trails behind clasts in the conglomerates,
and asymmetry ol C-S fabrics (Simpson & Schmid,
1983) .

Folds
The Lawlers Anlicl ine (Fig. 2) is the most

prominent of the regional fold structures, folding
the greenstone sequence and clastic sedimenls of
lhe Lawlers district. The Anticline plunges to the
north at about 45" and the core region js intruded
by tonalite (Platt ef al, 1978). The regionat folds in
the Lawlers district were probably tormed by
flexural slip: evidence includes the presence of
asymmetric folds associated with prominent C-S
labrics in the hinge region of the Lawlers Anticline.
The C-S fabric paralJels stratigraphic layering, and
is restricled to particular stratigraphic units. In
addition the asymmetry of the folds is compatible
with the regional iolds. The similar orientation of
the stretching l ineation in the Waroonga Shear and
plunge of the Lawlers Anticline further suggests
that the shearing and folding are related.

Shear zones
The dominant structure in the Lawlers district

(Fig. 2) is the 2 km-wide north-northeastlrending
Waroonga Shear described by platt ef al. (1978).
The Waroonga Shear separates supracrustal

rocks to the 6ast and granitoid intrusjons to the
west, and extends to lhe north where it is obscured
by Recent sediments. lt has a vertical {oljation and
subhorizontal stretching l inealion, and movement
criteria indicate dextral strike-slip displacement
(F ig .3a) .

Numerous smaller, subsidiary shear-struc-
tures occur in the greenstone sequence marginal
to the Waroonga Shear. These are impersistent
high-strain zones, with two distinct orientations,
and dimensions up to 100 m in width and 2 to g km
in length. The first orientation varies lrom north-
south 10 northeast-southwest and the shears
have similar movement senses to the Waroonga
Shear (e.9., Emu and Donegal shear zones). They
have a steep mylonitic fabric which is commonly
folded by a series of upright non-cylindrical folds,
with fold axes paralleling the trend of the Lawlers
Anticline. Two sets of stretching l ineations are
developed. The early set parallels the fold axes,
and is indicalive of strike-slip movement, whereas
the later set is steep, indicating dominantly vertical
movement.

The second type of subsidiary shear (e.9.,
the Caroline and Mcoafferys shear zones) has a
dominantly west-northwest orientation with a
vertical foliation and dip-slip l ineation. In some
zones, for example in the Great Eastern openclt,
there is evidence for strike-slip movement which is
overprinted by a late normal dip-slip movement. A
feature common to all these subsidiary structures
rs the presence of some component of dip-slip
movement late in the history of the structure.

MINERALIZATION
Gold occurrences in the Lawlers district are

located jn structures subsidiary to lhe major,
regional shear zones. The latter are hundreds oi
metres wide, whereas the mineralized structures
are metres 10 tens of metres wide. The formation
and extent of subsidiary shears is also controlled
by lhe mechanical propenies of rocks. Composi-
tional and competency contrasts dictate whether a
rock detorms in a britt le or ducti le manner (Fig. 3b-
d). Curving of shear planes, feathering, and
brecciatjon all tend to occur at l i thologic contacts.
In addition, the presence of prior weaknesses
(e.9., foliation planes) funher constrains the
orientalion and termination of structural sites. lt is
important that, in many instances, rne rocKs are
rnechanically anisotropic and, therefore, do not fail
along the theoreticaily predicted orientations
(Donath ,  1961) .  The tens i le  s t rength  o f  fo l ia led

FIGURE 3 (see opposite page) Examples ot the fabrics observed in rocks of the Lawlers district. A: Ducti le
shear fabrics in the regional Waroonga Shear. Asymmetric pressure shadows on conglomerate clasts
suggest a dextral strike-slip sense of movement on the shear zone (width of photograph is about 0.5
m). B: Evidence for britt le delormation in the Great Eastern gold mine. The conjugat; fractures contain
gold-bearing quartz veins (width of photograph is about 2 m). C: Evidence lor britt le deformation in the
Great Eastern gold mine. En echelon tension gashes are fi l led with gold-beafing quartz veins (width of
photograph is about 2 m). D: Ducti le-britt le subsidiary, sinistral, antithetic strike-slip shear zone in the
Lawlers tonalite (width of photograph is about 0.5 m)

I
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FIGURE 4 Regional map of southweslern Australia
showing the location of the Greenbushes
districl wlth respect to major structures

rocks is weakest parallel to lhe foliation, lhus
predisposing the rocks to lail in a britt le manner in
this orientation. Most deposits in the area are
hosted by volcanic/intrusive rocks of sub-
amphibolit ic metamorphic grade. Within this class,
two structural styles are recognized: (i) alteration
haloes t quartz vein systems in shear zones, and
(ii) thick, persistent, laminated quartz veins in
fractures or shear zones. ln all cases gold
deposition postdated peak metamorphism, as the
alteration assemblages are not melamorphosed.
Whlle structure is an imDortant lactor in locating
the alteration and gold deposition, the distribution
of gold within a locality is also subject to host-rock
chemical conlrols; the predominance of gold
deposits in iron-rich host-rocks has previously
been noted by Groves et a/. (1985). An example of
hosfrock chemistry influencing the site of gold
deposition occurs in the Donegal Mine, where
stratabound oreshoots are located within a
lholeiit ic unit in the mine sequence, and at the
Great Eastern mine, where the iocations of high-
grade oreshoots ar€ influenced by mafic xenolith
contacts in the tonalite.

Greenbushes
GEOLOGY

The Greenbushes pegmatite group (ca 2.54
Ga) is located on the Donnybrook-Bridgetown
shear zone (Fig. 4). The pegmatite is a north-
nonhwest-trending,400 m by 6 km, dyke-like body
with subsidiary dykes and pods at its periphery
(Fig. 5). Recent exploration in the northern 1 km ol
its strike lenglh indicates lhat it contains the
world's largest resource of Ta and Li. The original

orientation of the pegmatite,, and the spatial
relationships of zones within it, are equivocal
because ol intense heterog€neous delormation.
The pegmatite varies internally lrom pod-like
bodies of coars€ pegmatite with igneous structure,
such as large radiating tourmaline suns, through
zones of fractured and aligned sil icate minerals to
ultramylonite. Even where igneous structures
arepreserved, the pegmatite is characterized by
granular, recrystall ized aggregates or granular
subgrains. Deformation is most intense along
contacts, where there are complex relationships
between pegmatite and country rocks similar to
those present along the contacl zones of some
synkinematic granitoids (e-9., Cowan Brook Dam
olulon).

The Gre€nbushes pegmatite group is hosted
by a sequence of diorit ic gneisses, amphibolites
and sediments, and occurs at or close to a contact
between dominantly mafic-ultramalic amphibolites
and sedimentary granofels (Bettenay et al., in
press). The occurrence of pil low-like, vesicular-l ike
structures, and an association with banded iron-
formations suggest lhat the amphiboli les evolved
in a deepwater-volcanic environment. The sedi-
ments resemble greywacke sequences which
commonly occur in Archaean greenstone
sequences and have a mixed granitoid-mafic prov-
€nance, as defined by geochemistry and zircon
morphology. The sequ€nce in the psgmatite
hangingwall and lootrval! is dominated by dark
green, tholeiit lc, marse- and fine-grained
amphibolites after dolerite and basalt precursors,
respectively. However, within the zone occupied
by the pegmalite, lhere are a variety of pale-green
amphibolites and ultramafic schists that have
komatiit ic affinit ies and, in this respect, they
resemble greenstone s€quences. All l i thologies
are deformsd by narrow high-strain zones with
associated biotitetphlogopit€:lquartz-{arbnate
alteration.

The metamorphic history ol the district is
complex, with geochronological evidence for three
metamorphic episodes (Partington et al., 1986).
However, the metamorphic grade within the shear
zone is mainly upper amphibolite facies, wilh
temperatures of approximately 560'C being
remrded, in contrast lo low- to mid-amphibolite
facies melamorphism on a regional scale. The
higher-grade metamorphism along the shear zones
appears to be related to migmatization and
seleclive granitoid emplacement, alihough it is
possible that viscous heating within these zones
caused the coincidence of all these leatures. The
occurrence of siaurolite-kyanite assemblages
near Bridgetown suggests relatively high-pressure
conditions during metamorphism, as does the
occurrehce of spodumene rather than petali le as a
primary phase in the pegmatite.

G.A. PARTINGTON
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FIGURE 7 Oi"gr"r -rplring structures in a
wrench tectonic regime with those of the
Kathleen Valley-Lawlors region (Eisenlohr,
this volume, lig.6). A: Predicted orienlation of
structurss in a wrench tec'tonic regime, B:
Measured orientation of structurss in the
Kathleen Valley-Lawlers region

similarit ies. The dominant structures in th€ Anger-
Lanvaux shear zong. France. are a horizontal
stretching l ineation which parall€ls told axes and a
loliaiion or slaty cleavage which wraps the axis of
the shear zon€. As in the Greenbushes pegmatite
distric't, the lolds in this shear zone hav€ axes
parallel to the gen€ral trend of the sh€ar zone (Fig.
8). This is atlributed to crustal shortening in a
direction oblique to the boundaries of the shsar
zone. In the Montagne Noirs shear zone, Franc€,
high-grade metamorphism is centred on ths axial
region of lhe shear zone, and lower{rade
assemblages occur symmetrically away from the
axial region. A similar metamorphic bilateral
symmetry sesms to b€ present in thg major shear
zones in lhe Greenbushes pegmalits district:
zones ol migmatization and anatexis ars pressnt
only in lhe ar€as of highest strain (Fig. 8), whereas
lower-grade ass€mblages without migmatization
occur in lower-slrain zon€s. A major sequence of
orthogneiss and late- to post-teclonic granitoid
intrusions occurs in the core of the Donnybrook-
Bridgetown shear zone. Th€ axial regions ol thsse
shear zones display clear evidence for partial
mslting at various scales within the deformed
gneisses, and a general associalion of pegmatite
and granitoid intrusion. Similar variations in plunge
and trend ol the l inear structures in the
Greenbushes pegmatite district are described lrom
the Mayadan, Lanvaux-Angsrs and Montagne
Noire shear zones, ln some areas, ihe l ineations
completely encircle lhe main axial orthogneiss
region, suggesting diapirism was synchronous with
transcurrent shearing (Den Tex, 1975). Such a
relationship would €xplain lh€ halo€s of down-dip
plunging l ineations that are pros€nt along the
margins of all the granitoids in the distric't and also
along the intrusivs contacls of th€ Greenbushes
^6^nr t i t6  ^ r  r r ^
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FIGURE I Schematic representation showing slruclures in the Donnybrook-Bridgetown sh€ar zon€
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FIGURE 10 Schematic diagram showing the intru-
sion sequ€nce of the Greenbushes pegmatite
group. A to C indicate progressive shearing
during pegmatito intrusion

pI€SSUfe = lithostatic pressure) the containing
stress in ths host rocks must docrease to allow the
magmatic pr€ssurss containsd within ths
psgmatite melt to €xceed the host-rock confining
pressures. Experimenlal work and computer
modell ing indicate that during movements in ducli le
shear zones, high strains build which evenlually
result in strain hardening (White st aL,1980 ). This
process continues until failure o@urs and movs-
ment is lnit iated within the shear zone. Spaces wil l
not actually open in lhe ducti ls l ield but, as
predicted by computer modell ing (Mclntyre, 1985),
major pressure reduction occurs in certain sites,
such as in the lee of ridged bodies or along curved
shear planes. Sinistral movements along the
Donnybrook-Bridgetown shear zone created major
north-northwest-south-southeasl anisotrooies
and secondary east-wsst anisolropies which,
combined with the anastomosing charact€r of ths
high strain zones, rssulted in irregular shear
planes within the regional shear zon€. Later
movements caused ths shear to "open', rgsulting
in zones of intsnss pressur€ reduction. Any melts
or f luids in ths system at this time would have
migrated towards this zone, thus init iating intrusion
of lhe pegmatits (Fig. 10). Then th€ hydrostatic
pressure in th€ pegmatite magma would have
increased, forcing further tailure and associated
zones of intense pressure reduction, and
permitting intrusion of p€gmatite magma along the
shear zone. Furth€r movoment in lns snear zone

was triggsred by th6 intrusion of ths hot magma,
which would have lubricated the shear system and
aided turther ducti le deformation. This. in turn.
attracls more melt into the syslem, allowing the
p€gmatite to increase in size until ths site cools
sutficiently and further movement c€ases.

This type of loctonism tapped large expans€s
of the lower crust, mixing melts, hydrothermal
fluids and/or metamorphic fluids. Such processes
may account for lh€ large size ol the Greenbushes
pegmatite group and explain ths obvious controls
that th6 Donnybrook-Eridgetown shear zone
sxerts on the intrusion of not only pegmatile, but
also associated granitoids and later mafic dyk€s.
The structural control on igneous activity in the
district is emphasized by the similar intrusion some
2.1 Ga lat€r ol the Ferndale (Kepert, 1985) and
Malulyup (S6et, 1986) pegmatite groups.

GUIDES TO EXPLORATION

A comparison of the struclural and metamor-
phic features of ths two types of minsralization is
giv€n in Tabl6 1, and is shown schomatically in
Figure 1 1. Ths pr€senc€ of rare-metal p€gmatites
in similar structures to gold mineralization
suggests that th€se magmatic fluids utl l ized
similar structural channelways to the Au-bearing
ore fluids. This similarity emphasizes the
importance of greenston€-scale snear zones tn
localizing l luid flow in Archa€an terranes. How€ver.
although the struclures which mntrol the
deposition oI Au and intrusion of rare-metal
pegmatites are the same, the metamorphic grade
and style ol delormation associated with €ach type
of mineralization ar€ quite differont. cold deposits
generally occur in structures within the britt le-
ducti ls f ield associated with greenschist to low
amphibolite lacies metamorphism (Fig. 1 1). In
contrast, rare-metal pegmatites tend to occur in
slructures formed in the ducti le f ield associated
with mid- to upper amphibolite facies meta-
morphism (Fig. 1 '1).

Preliminary data suggest that striks-slip
movement occurred both prior to and during peak
metamorphism botween ca 2.8 Ga and 2.S Ga
across the Western Australian craton. The
teclonism would have allowed fluids or melts to
become minsralized because of: (i) access to large
volumes of rock through craton-wide fault
syst€ms, (i i) increased solubil ity ol Au at high€r
P-T conditjons, and (i i i) lhe @ncentration ol rare-
metals by anatexis deep in ths crust (cL Groves ef
a/., 1985). Lower metamorphic conditions preval-
ent within lhe subsidiary structures outside the
malor shear structures (Fig. 11) allowed tluid
localization and Au deposition under a suitable
temperature regime (e.9., Seward, 1984). In
contrast, rare-metal pegmatites generally intruded
inlo arsas of the crust where higher tomperatures
and prsssures were presenl (Fig. 11), associated
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Original Archaean surface

Limit of greenschist facies metamorphism

Zone of bri t t le-ducti le deformation

zone of ducti le-bri t t le deformation

Granitoid intrusion and shear-heating
precludes gold deposit ion and widens
the zone of ducti le deformation

Ducti le transitaon

Upper amphibol i te facies metamorphism,
anatexis and granitoid intrusion

Zone ol ducti le delormation

FIGURE 11 Crustal cross-s€c1ion showing the potential zones of gold and rar€-metal pegmatite
mineralization with respect to metamorphic and struclural rsgim€s in an Archaean greenstone
sequgnce

serpentrne
talc
anthophyll ite
tremolite
hornblende
quartz
cummingtonrte
garnet
Ca-plagioclase
biotite
carcrle
muscovite

staurolrte
cordierite
andalusite
kyanite
sil l imanite
gedrite

TABLE 3 Structural and metamorphic leaturss
indicalivs of ductile reoimes

Metamorphic minerals Structures

types rarely occur together bscause of lhe
ditferent tempsraturs-prsssurs regimes under
which they form. Ths lypes of structures and
metamorphic conditions associated with each type
of minsralization is distinctiv€. Gold deposits
occur in britllsiuctil€ structures which were
associated with low- to medium-gradg metamor-
phism. In contrasl, rare-mstal magmas occur in
oarts of the crust in which ductile delormational
oroc€sses dominat€d and which wer€ associated
with medium- to high-grade metamorphic condi-
tions. Thersfore, it should be possible to use the
crileria outl ined abov€, in conjunction with detailed
structural and metamorphic mapping, to identify
the most prospective parts ol these fault or shear
systems Jor gold or rare-melal mineralization.
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layering
feldspar augen
recrystallization
micaJich
pressure-shadows
C-structures
S-structures
shear bands
flattened grains
quartz ribbons
stretching l ineation
pull apart structures
conjugate lolds
asymmetric folds
sheath folds
non cylindrical folds
helicit ic structures

CONCLUSIONS

Faults and shgar zones were a dominant
control of mineralizaiion in Archasan terranes.
These structurss acted as channelways tor both
Au-bearing ore fluids and highly lractionalsd
magmatic melts. However, these mineralization

FAULT ZONE

Potential zone of
gold/mtrr�et alizalion

Rare-element
mineral izat ion

' 
'j:_---

. . . . . . - / - _ \

l'1,@r
l\i:/i',i,i



I 19 t-909 t
'gl poe'uoel ceqano 'eutur 

z uosropuoH
oql Iq polerlsnllr sp euoz Jeeqs e lo lueur
dolo^op lecrueqoouloo6 eql pue sprnll 6utzl
-lereurur lo uorlnlo^s eql uesMloq uorlPlaroc

v e86r'f /\ou3-l r '9llnv8!,'lvHcuv ' f vHne '?rr-g9r '88 '�4v S cos
loeg sueJl /t^ol^ol l6uq P :plalqs uellEilsnv
urelse4 eql lo slleq euolsueer6 ueeeqoy
ur uorlezrlereurur p1o6;o slolguoo leuotOel pup
stseueo'ernleu eql 996|'ll S NnOISnOH
I 

'3S 
OH 

'N0 
Sdtl-IHd 

'tO 
SIAOUC

'uJEprauou
'Eurelleg 

VV'Z!Z-689 dd 'sttsoda1 pp1 lo
stsauag pue fuptweqcoag 'r{6ope? aqf :Zg,
plog 'lpa) 

d'U relsoj u/ elprlsnv uralsaM
ur slsodap plob leureqlorpltl uEepqerv

lo uorlnqulsrp uo slorluoc t86 t 
' y\| 0

ovoM ? 3n yHvtc 'vc NosulcNfH
'ls oH 'N0 sdnlHd ''t o sf^ou9 'suautag ,(6o1oag at6
'lapour luaurasPloar-crqororlrPlour E :plarqs
uerlerlsnv urolso6 eql 1o slrsodep p1o6
ueoeqcrv uo slorluoc cruolcel pue srsouao
eq1 'sserd ut "N 

C Sdll'1Hd t 
'l 

C SjAOUg
lq3€rln 'ssord acuorcs

nNA 9et-9t0 
'9 

loA 
'ssd6uoC 

1ec16o1oeg
puoneuraul qUA aql lo sdupeetud
:I6opa9 ueuqweca./d u/ plolqs uplprlsnv
ulalseM oql ol acuereler rplncrupd ql,\
sllaq auolsu€er6 uEeBqc]V ur suollErcosse
crue6o1le1eu lo uorlnqulsrp snoaua0oleleq
aql uo slorluoc t86l 

'o 
M l-lvg I l o s]AoEe

'ZgZ-LgZ'EEL uopuoT eos ToaO f suJals,(s

lnel uropour pue slloq ]Paqs ueuqurPcord
ueeMloq drqsuorlelar €q1 116! 

'f 
ILOCOU9
'99-et

'l FnV'cos peg slqnd cad5 OB6L'qued
'unrsodurls 

lBuorlpurelul puoceg :,{6o1oeg
uEaeq3rv '(spa) 'l 

o se^oro 3 f'f rs^ole
u/ erlerlsnv uralseM ')icol8 ureqr^ ueaeqcrv
aql ur lueLudole^ep lElsn]C t86! 

'U 
l

st/'lvt-lltM I vs fol|M' t t' uf-LXV8' o u ll9
'0tg-00e'0t lsnv ?os 7oa0 ? ecur^o]d

reser3-,{ueq1y crozorelord aq} olur lcesuEjl
lssaqlnos :ll - erlerlsnv urolsoM ')icolg

u]e6lr^ upaeqcrv aql lo suroieur eqt ssor"e
sa6e tapour pN-rus eg6r 

"U 
f'y NVy'tSOU

3 0M A8€r1 VS fOl|M 
'Ht 

UrHCrf]l
' 
9ZZ-902' L p$a d ot qdr o wep W

f uortpLUrolep pup LusrqdroLueleu leuorOel
6uunp eseqd pnll aql lo elor eql e86l
''HU 

NONUT^ ? f A 
'l'lVM 'Vt/\| 

l9otufH-Lf
'L I 

lqnd 
'elleqsnv 'tsa/tA '^!un 'uolsue$:l

'^!un 
I pao 7oa9 slrsooeo ploc uPuquiPc

-er4 6urpuelsrapu6 ur seoue^pv luacag'(spa)
'l 

O se^org t f S oH uy uorpzllereultu plob
ueaeqcrv rol suorleoldlut eu.tos pue 'prlprlsnV

uralsaM 'uorOar srelMel-Iallen u€6lqlpy aql

1o,(6o1oe6 lernpnrls aurnlo^ slql '8 
UHO1NfSl3

'066-986'U lnA
'wV'oos pag slcor "rdorlosrue ur arnlrel
resqs lo lpnls ;eyueuuedxS t96r 'V'J H-LVNOC

'uep]slsr!v' oc'lqnd puElloH-quoN
'6L-Zg dd'slweulpoag u! ssa0ud 'Gpa)
'f H loopuou 3'u v euJoslru' f 0 elrepelro8
u/ lueureseq ctusOoro prlos ssal ro aiour
Ul /v\oll leoq a^lpe^Uoo lol eSPc aql :Seulop
ssraub pallueur ,(llpLuoql 926 L 

' 
f Xf-L NfC

'69-lE'Z SAA ueqqweea./d serpnls

lecrueqcoeb pup Jrdolosr JS/qU Iq u^ oqs
se 'e|l€Jlsnv uralsaM 'uorber /vleubv oql ul

lueurdota^ap lplsnrC 816L 
'f g Ult,'IIUOy'l

3 df !-\nd Mu rLrSsfN vf uSdooc
'dd 9g't299 daA aB uado "NnS

jo€e ouevo s1sodep p;o6 apol upaeqolv lo
ur6uo aql rol lapoLr.r palproelur uV tB6f ' g O
doour € st uf9Ntuds'H) Nfslnod ''s rNo!,!uvt/'l f v otvNoocv!'{ rf I v'l
fNcrAVr "fv No l f v\| uSHcounc ' 
r'vl AUUSHC 

"t 
V SMfUONV 

"C 
V f NtArCrJ

'dd 999'8 4ooqH esrnoC yotls
'ueC cossv leoury h$npq pue oousrcs
ur sollerloed Jtuerg 286! 

'pa 'd 
 NUfC

'e6L-LLI'EZ enblsiqd a ldeJ6o?6
ap p anbweulp at5oloob ep anAeA
'solelsnlc sarnpnrls le elrssar6ord uorle
-uirotgo t86L "d fNnouynoHc 3 df NnuB

'l]o^ /vl€N 'IelrM uqof sLe
-EoE dd'LlpeJ aqt lo tuotstH iUef aqt'(pe)
'j g ^elpurM u/ erterisnv urelseM ')j"ol8

ureblr^ urolspf aql ul s eq euolsueoro lo
lueudola^ep pue sujoupd crqdrouplal1 926|
' t o sl^oue 3 'r'u fduoH.LNn9 'v u sNNrs 'IuPureg'ue6l}n]S'6unlpueqqcnq

-soBlan eqcs,ueqrazre,^ qcs f 
'wntsodwlg

OOgVt t4ua^es aqt lo s6wpaacot4
'alrlEr!6ad seqsnquearC lpleur-orpr lupro
aqy 1o lueLueceldu.re pue arnlEN sserd ur 'l 

O
S3AOU9 f Ve NOl9NtrUVd 

'l 
AVNSLtfe

'zr- le't
pa9 pn4s rouoz rPaqs uecuourv qlnos
aql lo eldurexe €tll:salrupr6 lo uorlEurolep
lPrxPoc-uou pue e1uo|,(u.t 'ssrou6oquo 616 |,
'o stvdv9 8 'd fNnouvnoHc 'c 

JHluls '989-199
'26 ,{6opeg ? seuoz o}ruollur lo fulotllooo

teuretur "ql uo t86t 
'1H 

cNowy'ivH E -L'l'lfs

s3cNSUSlfH

'srseql 
lPJopop eqt lnoq6norql

prer\V olEnpprblsod qllpa/v\uour uroC p lo ldlgcsl
ur sp^ ]oqlne aq1 lduosnueuJ ?tll lo ulsrorlu3
e^rlcrulsuoc rol pe)jueql sr oH s ro 'seep pue

9J_LLVWOSd eJ.-uS JO NO|SnALNl I NOILISOd30 nV lO S-LNSWNOAIANI ClNOrCSl



82

HARDING T.P., 1976. Teclonic significance and
hydrocarbon trapping consequences of
sequentlal folding synchronous with San
Andreas laulting, San Joaquin Valley, Cali-
fornia. Am. Assoc. Petrol. Geol. Bu . 58,356-
378.

HARLAND w.8., 1971 . Tectonic transpression in
Cafedonian Spitzbergen. Geol. Mag. 108,27-
42.

HO S.E., this volume. Fluid inclusions: their
ootential as an exoloration tool for Archaean
gold deposhs. /n Ho S.E. & Groves D.l. (eds),
Recent Advances in Understanding Precam-
brian Gold Deposits. Geol Dept & Univ.
Extension, Univ. West. Australia, Publ. 11.

HUBERT C., TRUDEL P. & GELINAS 1., 1985.
Archaean wrench lault tectonics and
structural evolution of the Blake River Group,
Abitibi Belt, Quebec. Can. J. Eanh Sci. 21,
1024-1032.

KEPERT D.A., 1985. The struclural environment
and age of the Ferndals Pegmatiie: a re-
evaluation of the tectonics of the Balingup
Metamorphic Belt. B.Sc. (Honours) thesis,
Univ. Western Australia, Nedlands (unpubl.).

KERRICH R. & ALLISON 1., 1978. Vein geometry
and hydrostatics during Yellowknile minera-
lizalion. Can. J. Eanh Scl- tq 1653-1660.

LISTER G.S. & SNOKE A.W., 1984. S_C
mylonites. J. Strucl Geot. 6,617-638.

LOWELL J.D., 1985. Structural Styles in
Petroleum Exploration. Oil and Gas Consutt-
ants International Publications. Tulsa, Okla-
homa, 450 pp.

McINTYRE J., 1985. Finite element modell ing of
lhe behaviour of bodies ol contrasting
physical properties during bulk simple
shearing: an analogy to sulphide migration
during deformation. B.Sc. (Honours) thesis,
Univ. Western Australia, Nedlands (unpubl.).

MAITLAND A.G., 1979. The Gold Depsits of
Western Australia. Hesperian Press, Perth,
92 pp. [Extract from The Mining Handbook:
Geol. Surv. Mem. 1, Chap ll., Economic
Geology Parl l l l . , Section 1., 1 9191.

NEWHOUSE W.H.. 1942. Ore Deposils as Related
to Structural Features. Princeton Univ. Press,
Princeton, 280 pp.

NICOLAS A., BOUCHEZ J.1., BLAISE, J. &
POIRIER J.P., 1977. Geological aspecls of
d€tormation in continental shear zones.
Tecto noph ys ics 42, 55 -73.

PARTINGTON G.A., 1986. The tectonic controls
on the intrusion of specialized pegmatites in
the Greenbushos Pegmatite Districl, Weslern
Australia. Bur. Miner. Besour.. Rec. 1986/10,
53-54.

PARTINGTON G.A.. McNAUGHTON N.J., KEPERT
D.A., COMPSTON W. & WILLIAMS I.S., 1986.
Geochronology of the Balingup Metamorphic

Belt: conslraints on the temporal evolution ot
lhe Greenbushes Pegmatite Districi. Bur.
Mine r. Resour., Bec. 1 96/1 0, 55'56.

PERRING C.S., GROVES D.l. & HO S.E., lhis
volume. Constraints on the source of

Archaean fluids for Archaean gold deposits.
/n Ho S.E. & Groves D.l. (eds), Recent
Advances in Understanding Precambrian
Gold Deposits. Geol. Dept & Univ. Extension,
Univ. West. Australia, Publ.11.

PHILLIPS W.J., 1972. Hydraulic f racluring and min-
eralization. J. Geol. Soc. London 128, 337-
359.

PLATT J.P., 1980. Archean greenstone belts: a

structural lest of tectonic hypotheses.
Tecto nophys ics 65, 127 -'1 50.

PLATT J.P., ALLCHURCH P.D. & RUTLAND R.W. ,
'1978. Archean tectonics in the Agnew supra-
crustal belt, Western Australia. Prccambrian
Bes.7,3-30.

RAMSAY J.G. & ALLISON 1., 1979. Structural
analysis of shear zones in an Alpinlsed
Hercynian granile. Schweiz. Mineral. Petrog r.
Mift.59,251-279.

ROBERT F. & BROWN c., 1986. Archean gold-
bearing quartz veins al the Sigma mine,
Abitibi greenstone belt, Quebec: Part l.
Geologic relations and lormation of the vein
system. Ec'or. Geol. 81,578-592.

RODDICK J.C., COMPSTON W. & DURNEY D.W-,
1976. The radiometric age ot the Mount Keith
Granodiorite, a maximum age estimate lor an
Archean gresnslone sequ€nce in the Yilgarn
Block, Western Auslralia. Precambrian Res.

a s5-78.
SEET 1.H., 1986. Pegmatite K{eldspars as guides

lo rare-metal mineralization and crustal
evolution in the Balingup Metamorphic Belt,
W.A.. B.Sc. (Honours) thesis, Univ. Western
Australia, Nedlands (unpubl.).

SEWARD T.M., 1984. The transport and deposition
of gold in hydrothermal systems. /n Foster
R.P. (ed.), Gold '82: The Geobgy, Geochem-
istry and Genesis ot Gold Deposits, Pp. 165-
181. A.A. Balkema, Rotterdam.

SIBSON R.H., 1977. Fault rocks and f aull mech-
anisms. J. Geol. Soc. London 133, 191 -213.

SIMPSON C. & SCHMID S.M., 1983. An evaluation
ol cri leria to deduce lhe sense of movement
in sheared rocks. Geol. Soc. Am.. Bu . 94,
1281-1288.

WHITE S.H. ,  BRETAN P.G.  &  RUTTER E.H. ,  1986.
Fault zone reactlvation: kinomatics and
mechanisms. Phil. Trans Roy. Soc. London
4317,81-97.

G,A. PARTINGTON



'dd 90'l]u6d "lsnv ls6 A'runs 'pac PlPJtsnv uJa$eM 'teet/F leJtaopeg
000 09e:l plul ur l--uouaqued eqt uo setoN
,0oreuetdxl t86! "M1 H]y]VM ? 'V'S fo-llM

'dd ge 'quod "FnV
'lsoM ^rns 'ploag 'elP$snv uJg$e$'peqg
pc!6ope9 ooo o9z:| a! uJ er.fi uo selr.N
tuopwldg 'z86t "Mt u]x]vM ? 'v's 3o1M

'96-t L'29'Ing "pa?'lo0ad
'3ossv 'wv sJruopal q3usrr c!se8 '6/61
"u'o Alf f s I 'd I 9NIoHVH ":l'u xoc'lt^ 'Lgl
-gll 'Z 'pa9 'rJruls 

rssuoz rP6qs ellpnP
u1 se1uo1{ur uO '086! ''f! SA3UHdy\tnH
? '0'N svHSuuvc "3's sMouuns "H's sItHM

es s:LLllvweJd e!-u9 lo NotsnatNt I NoutsoEo nv Jo srNJwNoaANS ctNorclr


	IMAGE0205.PDF
	IMAGE0206.PDF
	IMAGE0207.PDF
	IMAGE0208.PDF
	IMAGE0209.PDF
	IMAGE0210.PDF
	IMAGE0211.PDF
	IMAGE0212.PDF
	IMAGE0213.PDF
	IMAGE0214.PDF
	IMAGE0215.PDF
	IMAGE0216.PDF
	IMAGE0217.PDF
	IMAGE0218.PDF
	IMAGE0219.PDF
	IMAGE0220.PDF
	IMAGE0221.PDF

