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Abstract

The aim ofthis project is to investigate the origin and deformational history ofthe Arthur
Lineament, using amulti-disciplinary approach. The field-based research concentrated on
the structural deformation ofthe study area. Laboratory-based research included
microstructural investigations, whole-rock geochemistry to investigate the mafic igneous
rocks in the study area, and metamorphic petrology and geochronology to characterise the
timing and nature of the metamorphic events that affected the lineament and surrounding
region.

TheArthur Lineament is a Cambrian age, high strain metamorphic belt located innorthwest
Tasmania, Australia. It is east-dipping, NE-trending, 5to 10 km wide and approximately
110 km long. The lineament consists ofphyllitic to schistose lithologies that have been
subject to medium- to high strain, and variably metamorphosed to blueschist, or greenschist
grade. The high strain belt comprises several different units. The major lithological unit in
the southern Arthur Lineament is the Late Neoproterozoic "eastern" Ahrberg Group, which
comprises metamorphosed psammite and psammopelite units, transitional to tholeiitic
metabasalts and mafic volcanogenic metasediments. The southern Arthur Lineament also
contains the Bowry Formation, which contains basalt/dolerite-derived tholeiitic amphibolites
that are intruded by minor deformed 777±7 Ma granitoids, aunit correlated with the Ahrberg
Group (AGC) and Neoproterozoic high strain turhidite sequences (Bumie and Oonah
Formations).

Whole rock geochemistry ofthe metabasites in the "eastem" and "western" Ahrberg Groups,
the Bowry Formation and the AGC have been examined in order to enable an understanding
ofthe tectonic setting, into which the igneous rocks were emplaced. The "eastem" and
"western" Ahrberg Group sequences, and the AGC, are interpreted to be lithostratigraphic
correlates. The units have sequences oftransitional tholeiites, that are enriched relative to
MORB, and are increasingly tholeiitic towards the top ofthe stratigraphic pile. The Bowry
Formation also comprises transitional tholeiites, however they are more evolved than the
other units, and have REE pattems only slightly enriched relative toMORB.

The main orogeny to affect northwestem Tasmania was inthe Early to Middle Cambrian.
This event (the Tyennan Orogeny) consisted ofthree deformational episodes. The first two
episodes (CaD, and CaDz) were high strain events, related to arc-continent collision. These
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involved the emplacement of allochthonous slices, and the structural repetitionof units
within the lineament. CaDi produced isoclinal folding, a schistose axial planar fabric and

shearingparallel to the CaFi axial plane. CaD2 wasmorepervasive than CaDi, and
produced tight to isoclinal folds with a schistose axial planar fabric. The CaSi and CaS2
axialplanar foliations are commonly sub-parallel, and the fold axesare close to parallel. The
orientation of CaFi and CaF2 folds changes from the low to high strain domains. In the low

strain domains, CaFi folds are variable in their orientation. CaF2 folds in the low strain

domains are gentlyeast- and west-plunging, with south-dipping axial planes. In the high
strain domains, CaFi and CaF2 folds have east-southeastdipping axial planes, and south-

plunging fold axes. This is consistent in both thenorth andthe southof the lineament.
Structural analysis suggests that the change in orientation is due to a strongly rotational shear
component during the CaD2 event, and this is interpreted as evidence for south-directed
transport.

The subsequent CaDs event, in the latest Cambrian, involvedeast-directed thrust. It
produced asymmetric folds with gentlywest-dipping longlimbsand steeply east-dipping
short limbs. The CaFs are gently south plunging, with gently west-dipping axial planes and

associated thrust faults. During the Devonian, and associated with extensive granitoid

intrusion, two episodes of open, east-west trending folding occurred.

Metamorphic investigations show that twometamorphic events occurred in the Arthur
Lineament. The earliest event corresponds to CaDi. This event has been pervasively

overprinted by the CaD2 event, whichhas largely obliterated CaDi metamorphic textures.
Where observed, CaDi occurred at greenschistgrade in allochthonous units. However in
units that are interpreted to be allochthonous, in theBowryFormation andwithinpart of the

"eastern" Afrrberg Group, CaDi occurredat blueschist gradewith amphibole cores recording
conditionsof approximately 700-1000 MPa and 450-500°C. Syn-CaD2 metamorphism

varies across the Arthur Lineament. Early in the CaD2 event in the western parts of the

lineament, amphibole compositions indicate thatpressures were around500MPa, and the
metamorphic gradewas in the upper greenschist facies. However in parts of the Bowry
Formation and the AGC, early CaD2 temperatures were around 460 ± 40°C, and pressures

were around 500-600 MPa. In these rocks, hornblende was stable in the metabasites, and

syn-CaD2 garnet, indicative of localised temperatures of approximately 500°C (greenschist-
amphibolitefacies transition) were found. Duringlate CaD2, pressures were around300-400
MPa and the metamorphic grade was lower greenschist facies. Outside of the lineament,

metamorphic conditions duringCaDi and CaD2 didnot exceedgreenschist grade, with
temperatures of approximately 400°C and pressures of around 350 MPa.
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Metamorphic monazites in northwestern Tasmania andKingIslandwere investigated to
define the extent of the Cambrian deformation, and provide insight into other metamorphic

events. King Island has experienceda complexmetamorphic history. There is no evidence

of the Cambrian deformation, however a pronounced 1270Ma regional metamorphic event,

contactmetamorphism related to the 760MaWickham Orogeny, and localised, mylonite
zone-relatedmetamorphismat 380Ma were observed. In the Arthur Lineament, the

dominantmetamorphic event occurredbetween510-540 Ma. Monazite growthin
metasedimentarysamples fromwithin the lineament is attributed to the early-CaDa event.

However, awayfromthe lineament the Cambrian event is muchweakerand significantly
older monazites of detrital origin, are common. No strong Devonian peak was observed.

In summary, in northwestem Tasmania, following theCambrian arc-continent collision, the
blueschistgrade (CaDi) allochthonous slices wereobducted and transported to the southof
the subductionzone, in a progressive deformational event. Other parautochthonous rocks
were also transported to the southduringthis high strainevent, with associated shearingand
folding occurring at greenschist grademetamorphic conditions. Sequential to this, a near
coaxial high straindeformational event tookplace, detaching other parautochthonous slices
that were variablymetamorphosed to greenschist andupper greenschist-amphibolite facies
(earlyCaD2), andoverthrusting the different grade slices to the south. During theseevents,
strain-related rotation of the developing folds tookplace, resulting in a change in orientation

of the fold axes from east-west to north south, and foliations from south-dipping to east-

dipping, from the lowstrainzones into thehigh strain zones. Therevised metamorphic
geochronology of theArthurLineament indicates the earlyCaDi eventoccurred around 505-
510Ma. DuringCaDx and early CaDj, the allochthonous and parautochthonous lithologies
were structurally emplacedon top of the less deformed, autochthonous units. In the final

stageof assembling the tectonostratigraphic 'pile', thevarious sliceswere stacked together,
and lower greenschist faciesmetamorphic conditions were developeduniformly in all
allochthonous, parautochthonous and autochthonous blocks(late CaD2). Subsequent to this,
the CaDs event caused the tilting of the tectonostratigraphy, to complete the evolution of the

Arthur Lineament.
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Chapter 1 Introduction

1.1 Preamble

1.1.1 Location and Access

The Arthur Lineament is situated in northwestem Tasmania and extends from the

north coast near Somerset (390000 mE, 5460000mN), to the west coast, near

Granville Harbour (335000 mE, 5370000 mN), covering an area5 to 10 kmwide and
110 kmlong (Figure 1.1). Parts of the lineament are covered byPermian, Tertiary
andQuaternary sequences. Access tovarious parts ofthe Arthur Lineament can be
gained by several different roads and disused forestry tracks, although avast area of
the Arthur Lineament is quiteremote andonly accessible on footby traversing up
creeks, orbyboatorhelicopter, due to thedense vegetation, andsteep terrain.

The southem Arthur Lineament is accessedby the C249 and C252 and Granville

Harbour roads to the north of Zeehan, and the B23 and C247 roads betweenWaratah,

Savage River and Corinna townships. The northern Arthur Lineament isprimarily
accessed by theNational Highway (1) andA2road on the north coast.

Mapping during the first field season (2/1998-4/1998) was carried out with logistical
support from Goldstream Pty Ltd, inpart using ahelicopter-camp atLucy Spur, to
the north of the ParadiseRiver, using tracks cut for a soil sampling and drilling
exploration program.

1.1.2 Geomorphology, Climate, Flora and Fauna
The study area ranges in elevation from sealevel to around 200m a.s.l onaverage,
with peaks reaching 500m a.s.l. Although there is only moderate elevation, the
contrast in relief is marked. Rivers and creeks typically have permanent flow, and

are deeply incised.
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Northwestern Tasmania receives between 1200 and 2400 mm of rainfall per annum.

The majority of the field area is in therange 1800 to 2400 mm. Maximum and
minimum temperatures arein the range of 12 to 25 °C, and3 to 9 °C, respectively,
per annum (courtesy of the Commonwealth ofAustralia, Bureau ofMeteorology).
Maximum temperatures andminimum rainfall coincide between January and March,
whereasminimum temperatures andmaximumrainfall coincide in June to

September. The west coast features stunted coastal heath due to prevailing westerly
winds that are frequently rain-bearing, coming from the Southem Ocean. Away
fromthe coast, the river valleys feature cool-temperate rainforest, whereas the
plateau areas are dominated by sedgeland due to poor, peaty, acid soils with ahigh
water table.

1.2 Objective and Scope of Study
The primary objective ofthis study is todocument the geological history ofthe Late
Neoproterozoic toEarly Palaeozoic Arthur Lineament, as defmed byGee (1967a),
with a focus on the tectonic setting, stmctureandmetamorphismof this important
and poorly documented feature. This has involved the detailed mapping ofthe
Arthur Lineament and the units that bound it to the east and to the west. This has

been carried out in order to establish whether the lineament bormdaries and the

lithologies within it are conformable orfault-bounded, and whether the metamorphic
boundaries are transitional or sharp in nature.

Further objectives are to:

• Usewhole rockgeochemical analysis to compare the compositions of the
different mafic sequences within theRocky Cape Group correlates, "eastern"
Ahrberg Group, Ahrberg Group correlate (AGO), Dowry Formation and
"westem" Ahrberg Group;

• Define structural domains and attempt correlation ofdeformational events

between the different units;

• Carry out detailed metamorphic texture and strain analysis across thelineament;
• Undertake a geochronological study using metamorphic monazites invariably

metamorphosed mudstones and pelites in theRocky Cape Group correlates,
"eastem" and "westem" Ahrberg Groups, DowryFormation, and the Dumie and
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OonahFormations, in order to establish themetamorphic ages of the different
units.

1.3 Geological Setting and Proposed Model
The Arthur Lineament (Gee 1967a) is aNE-trending, east-dipping Early Palaeozoic
high strain metamorphic belt in northwestem Tasmania (Figures 1.1 to 1.3). The
lithologies inthe Arthur Lineament are phyllitic to schistose and have been subject to
medium- tohigh strain, and variably metamorphosed to blueschist, or lower toupper
greenschist grade.

Turner etal. (1991) interpreted the southem part ofthe Arthur Lineament toconsist
of the "Timbs Group", and the strongly deformed Oonah Formation (Figure 1.2).
The term "Timbs Group" was first used byTurner et al. (1991), but was not formally
defmed. Furthermore the "TimbsGroup" is not a viable stratigraphic unit. It was
interpreted to bea correlate ofthe Neoproterozoic Togari and Ahrberg Groups in
northwestem Tasmania, basedonits similar stratigraphy andidentical chemistry of
the tholeiitic mafic sequences (Crawford 1992, Tumer &Crawford 1993). However,
the "Timbs Group" (Tumer etal. 1991) includes the Bowry Formation, that contains
relict glaucophane, indicating an early blueschist metamorphic history (Chapter 3
andTumer &Bottrill 2001). This is atypical of the remainder of the"Timbs Group",
andtheunit is interpreted tobe allochthonous. Rare blueschist assemblages have
been found outside of theBowry Formation; however theseare alsoconsidered to be
allochthonous (discussed inChapter 3). Furthermore, the Bowry Formation contains
a 777+7 Ma granitoid (Tumer etal. 1998). Granitoids of this age are unknown
elsewhereonmainland Tasmania. Themaximumpossible age for the base of the

Togari Group (correlate ofthe Ahrberg Group) is <750 Ma (Calver &Walter 2000).
The Bowry Formation amphiholites that are interlayered with the granitoid have
previously been correlated with the Kanunnah Subgroup, which has apreferred age
of 650-580 Ma(Crawford 1992, Calver &Walter 2000) (Figure L4(a)). Therefore,
the Bowry Formation cannot bea lithostratigraphic correlate ofthe Kanunnah
Subgroup or any part ofthe Ahrberg Group. Tumer &Bottrill (2001) discussed the
problems associated with large differences in
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Arthur
Lineament
A

Figure 1.4(a). Total magnetic intensity aeromagnetic image ofnorthwest Tasmania. Units in
red are anomalously magnetic,whereas blue units have minimal magneticcomponent. AL =
ArthurLineament, eAG = "eastern" AhrbergGroup, wAG = "western"Ahrberg Group, RCG=
Rocky Cape Group (and correlates), RODS =Rocky Cape Dyke Swarm, TG =Togari Group,
KB = Kanunnah Subgroup, SCk Gp / CCk Fm=Success Creek Group / Crimson Creek
Formation, CWA= Cleveland-Waratah Association, C = Corinna. Image courtesy ofAGSO.
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Figure 1.4(b). Total magnetic intensity aeromagnetic imageofnorthwest Tasmania. Units in
red are anomalously magnetic,whereas blue unitshave minimal magneticcomponent. AL =
Arthur Lineament,eAG = "eastern"Ahrberg Group, HOP = high strain Oonah Formation, LOF
= low strain Oonah Formation, wAG= "western" Ahrberg Group, BV= Bernafai Volcanics,
TV= Tunnelrace Volcanics, NF = Nancy Formation, IF = Lucy Formation, BF = Bowry
Formation, RR = Rocky River, SR = Savage River, LPS = Long Plains South, RCGc = Rocky
Cape Groupcorrelates, RODS = Rocky Cape Dyke Swarm. Imagecourtesy ofAGSO.
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metamorphic history between theBowry Formation andother parts of the"Timbs
Group". They concluded theBowry Formation hada faulted margin against the
remainder of the "Timbs Group" with a metamorphic grade difference across the

fault. TheBowryFormation, therefore, is fault boundedwithin the southern Arthur
Lineament, has internal evidence of a differentmetamorphic history (Turner&

Bottrill2001) and is probablymucholder. Thewesternsectionof the "Timbs
Group" is interpreted hereas a parautochthonous slice of theAhrberg Group, and is
referred to in this work as the "eastern" Ahrberg Group. The autochthonous Ahrberg

Group is referred to as the"western" Ahrberg Group. TheBowry Formation is
referred to here as a separate unitwithno specific correlates. There areother fault
bounded units within the Arthur Lineament. In particular, east of the Bowry

Formation and faulted against the highstrain Oonah Formation is a blockcomposed
of lithologies similar in appearance to the"eastern" Ahrberg Group. This unit is
referred to as the Ahrberg Group correlate (AGC).

The "eastern"AhrbergGroup is themajor lithological unit in the ArthurLineament
and is dominated bymetamorphosed psammite andpsammopelite units that contain
carbonates. Some units of the "eastern" Ahrberg Group contain magnetically

anomalous hasalt/dolerite-derived tholeiitic amphibolites (Figure 1.4(h)). The

Bowry Formation contains abundant hasalt/dolerite-derived tholeiitic amphibolites,
massive andhandedmagnetite, aswell asminordeformed ca. 780Ma granitoids
(Figure 1.4(h)). Tothewest of theArthur Lineament lie shallow marine siliciclastic
sediments of the Neoproterozoic RockyCapeGroup and correlates (whichare
intruded by ca. 600Ma dolerite sills/dykes (Adams el al. 1985)). TheRocky Cape
Group andcorrelates areunconformably overlain by carbonates, shelfsediments,
metahasalts and mafic volcanogenicmetasediments of the Late Neoproterozoic

"western" Ahrberg Group (to the east) (Figure 1.3). The "western" Ahrberg Group is
faulted against theArthur Lineament. To the east of the Arthur Lineament lie the
mildly deformed Neoproterozoic turbidites of the moderate- to low strain Bumieand
Oonah Formations.

NorthwestemTasmania (including King Island) underwent several changes in
tectonic setting, and experienced multiple erogenic events in theMesoproterozoic,
Neoproterozoie andEarly Palaeozoic (Figure 1.3). King Island was deformed during
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a Grenville-age event {ca. 1250 Ma), andtheWickham Orogeny at ca. 780 Ma.
Mainland northwestern Tasmania underwent its main phase of deformation during

the Tyeiman Orogenyat 510±10Ma (Turner et al. 1998).

Priorto theWickham Orogeny, northwestem Tasmania was in a passive continental
margin setting. The Wickham Orogeny onKing Island is represented bythe 760 ±12
MaKing Island Granitoid, multiple episodes ofductile deformation and
metamorphism (Cox 1973, 1989). InTasmania the Wickham Orogeny is represented
byanintrusive 777 ± 7Ma granitoid inthe Dowry Formation, outcropping inthe
Rocky River, Owen Meredith River, and in lower Stringer Creek; however, this
granitoid may bepart ofwhat isconsidered to be anallochthonous slice that also
contains relict blueschist facies assemblages. A low angle unconformitybetween the

Rocky Cape Group andtheoverlying "western" Ahrberg andTogari Group
correlates is the only other interpreted representation of theWickham Orogeny in
Tasmania (Turner et a/. 1998).

Thesubsequent 510±10 MaTyennan Orogeny has been interpreted to represent the
abortedsubductionof the LateNeoproterozoic passive margin in an arc-continent
collision, followed by exhumation andpost-collisional re-equilibration (Berry &
Crawford 1988, Crawford &Berry 1992, Turner et al. 1998). The TyennanOrogeny
involved crustal collision and was associated with emplacement ofultramafic-

bearing allochthons and early high P, low Tmetamorphism (Turner et al. 1998). The
Tyennan Orogeny produced high strain deformation and is interpreted to have
resulted in the formation of the Arthur Lineament. It is regionally significant in

westernTasmania, and has been correlated withthe Ross Orogenyin Antarctica, the
Delamerian Orogeny in South Australia and episodes of thePan-African Orogeny
(Berry 1994). The latest event ofthe Tyennan Orogeny in the Late Cambrian led to
westover east folding andthrusting and was followed much laterby theMiddle
DevonianTabberabberan Orogeny (intrusion of granitoids, contactmetamorphism
andmild deformation). These subsequent deformational episodes resulted in a series
of complex faulting and folding pattems.

For some time, the origin of the Arthur Lineament has been contentious. It was
regarded byBerry (1994) tobea product of the 760-770 MaWickham Orogeny,

10
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representing a major detachment between the weakly foldedupper thrust sheet
(Rocky Cape Group) and the strongly deformed footwall (Bumie and Oonah
Formations). However,Tumer et al. (1998) showed that, based on amphibole-

derived K-Ar ages from amphibolites within theDowry Formation in the Arthur

Lineament, the main episode of deformation in the lineament occurred as part of the

Tyennan Orogeny at 510 ± 10Ma. Berry (1994) interpreted parts of the Dowry

Formation to he allochthonous, emplaced at ca 500 Ma.

The Arthur Lineament is host to several styles of ore deposit. The Dowry Formation

has numerous magnetite lenses along the eastemmargin of the Arthur Lineament.

The largest lens occurs at Savage River (351000 mE, 5404000mN), with numerous

other smaller lenses occurring along strike, at RockyRiver (349500 mE, 5389000

mN), and LongPlains South (348000 mE, 5396000 mN) (Figure L4(b)). Associated
with the magnetite is minorCu-Aumineralisation. Also within the DowryFormation
is magnesitemineralisation, forming potentially economic deposits atMain Creek
(347000 mE, 5399000 mN), Savage River (351000 mE, 5404000 mN) and at the
Arthur-Lyons Rivers in the north. Within the LucyFormation of the "eastem"

Ahrberg Group there is alsominorMiddleDevonian-age, granite-related An
mineralisation (Figure 1.4(h)) (Tumer et al. 1998). To the west of the "eastem"

Ahrberg Group, in the "westem" Ahrberg Group, silicification and subsequent

leaching of dolomite has resulted in silica flour deposits that are currentlybeing

mined.

1.4 Previous Work

Several Tasmanian governmentgeologists in the late 1800's and the early 1900's

mentioned the presence ofmetamorphic schists in northwestemTasmania, within

what is now known as the Arthur Lineament. Thureau (1884) recorded the presence

ofmicaceous schists in the SpecimenReef region, and Montgomery (1894)

described of a range of Ethologies including schists in the Coriima district. Harcourt

Smith (1897) discussed Cu andFe mineralisation in associationwith mafic schists in
the RockyRiver area andTwelvetrees (1900, 1903) recorded the presence slates and
sandstones, which are separated by schistose rocks in the Whjde and Rocky River

area.

11
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In the 1920's and 1930's Tasmanian government geologists made further references

inMinesDepartment reports to the schistose rocks and their association with
mineralisation in area (Reid 1924,Scott 1926,Blake 1939). During the 1950's the
Hydro-Electric Commission Tasmania commissioned reconnaissance geological
mapping of areasof western andnorthwestem Tasmania, for thepurpose of
identifying prospective dam sites.

The schistose lithologieswerenamed as the CorinnaBeds andbrieflydescribed by
Spry &Ford(1957), whogrouped ail lithologies bounded by theBald Hill
pyroxenite to the northeast ofCorinna and by thegranite of theMeredith Range to
the east, including the schistose lithologies. Lithologies to the west of thesewere
briefly described, and defined as theDonaldson Beds, the Interview Beds and the
Rupert Beds; however the "Donaldson Beds" didnot account for all lithologies in the
Mt Donaldson area..

Subsequent to this. Spry (1957a) redefmed the schistose lithologies as theWhyte
Schist, disregarding the term"Corinna Beds". Spry (1957a) considered theWhyte
Schist andRupertBeds to be older Precamhrian in age, andalso renamed the Oonah
Quartzite definedby Hills &Carey (1949) as the OonahQuartzite and Slate.

Spry(1958a) discontinued useof the term"Donaldson Beds", preferring the tenn
Donaldson Formation, and addressed all units in the Mt Donaldson area, naming

them the Delville Chert, Savage Dolomite,Bemafai Volcanics and the Corinna Slate.

Further to this. Spry (1958a) redefined the Interview Beds as the Interview Slate and
Quartzite, and disregarded the term Rupert Beds, proposing theywerepart of the
DonaldsonGroup. The RockyCapeGroup was definedby Spry (1957b) as
consisting of the sediments previously referred to by Twelvetrees (1903, 1905) as the
"RockyCapequartzites". Spry (1962) suggested correlation between the Oonah
Quartzite and Slate and theBumie Quartzite andSlate,andalso made correlations
between units within the Rocky Cape Group and the Donaldson Group.

Spry(1957a) tentatively proposed that themorehighly deformed and
metamorphosed rocksbelonged to a group of olderPrecambrian rocks that had
undergone a Precambriantectonic event, thereinnamed the "Loddernian

12
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Metamorphic Disturbance". The author also introduced the term "Penguin

Movement", defining the tectonic event which separatedwhat was considered

younger Precamhrian fromthe UpperMiddleCambrian. This terminologywas
partly revised by Spry (1962),who introduced the term "Frenchman Orogeny" to

define the tectonic event that produced extensive regional metamorphism and minor

basic igneous activity. The author emphasised the complexity of the geology in

northwestern Tasmania, and outlined the difficulty in establishing the relationship

between the strongly deformed and relatively undeformed rocks due to their

lithological similarity. On this hasis. Spry (1962) put forward an alternative

hypothesis to explain the differing degree of deformation in thePrecamhrian rocks.
He proposed that themetamorphosed older Precamhrian rockspossiblyrepresented
the younger Precamhrianrocks,but in a more deformed condition, as was first
suggestedby Spry (1957c) and supported by Bums (in Spry, 1962). Further to this.
Spry (1962) interpreted theFrenchman Orogeny as separating the older and younger
Precamhrian rocks, and further defined the "Penguin Movement" as the late

Precamhrian tectonic event in the that separated all of the Precamhrian rocks from

the Cambrian.

Spry (1964) discussed theWhyte Schist in detail, and attempted to resolveon the
hasis ofpetrographic observations the relationship between rocks that were

considered to be part of the Rocky Cape Geanticline, including the Whyte Schist, and

those elsewhere in the state. Spry (1964) recorded the presence of relatively

undeformed lithologies on either side of the WhyteSchist, and considered the Whyte

Schist to represent a remnantPrecamhrianbasement high, againstwhich the younger

Precamhrian was deposited. He attributed thismetamorphismand deformation to the

Frenchman Orogeny.

Gee (1967a) claimed that based on sedimentary facing directions within the Rocky
Cape Group (overtumedand facing east) and theBumie Formation(overturnedand
facing east) adjacent to the Arthur Lineament, it was impossible for the lineament to
represent a basement high. The Penguin Movementwas renamed the Penguin

Orogeny by Gee (1967a)who interpreted the associated structural deformation to

represent the southeast-directed transport of theRockyCapeGroup and Bumie
Formation towards the Precamhrian Tyerman Nucleus. Further to this, he noted the
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similarity in mineral assemblages between the Whyte Schist and the Keith

Metamorphics, thereby proposing their correlation. Gee (1967a) introduced the term

'Arthur Lineament' to describe the metamorphic units, referring to the lineament as

"a ribbon-like belt of sheared metamorphic rocks", and proposed the Arthur

Lineament represented the "fundamental tectonic structure of the Proterozoic in

northwestem and westem Tasmania".

Gee (1967a) and Turner (1984, 1989)proposed that based on field evidence, the

metamorphosed lithologies of the ArthurLineament are transitionalwith the adjacent

less deformed imits. Tumer (1989) suggested that as the term 'Arthur Lineament' is

a tectonic term, the name 'Arthur Metamorphic Complex' should be used as a

stratigraphic term to describe the rocks within the lineament.

1.5 Lithostratigraphy of the Arthur Lineament and

surrounding area

1.5.1 Introduction

The Arthur Metamorphic Complex consists of the highly deformed, schistose meta-

sedimentary and meta-igneous "eastern" Ahrberg Group ("Timbs Group" ofTumer

et al. (1991)), previously known as theWhjde Schist (Spry 1964), and the highly

deformed turbiditic Bumie and Oonah Formations (Spry 1964) which lie to the east

oftheAGC (Figure 1.2).

Correlation between the Bumie and Oonah Formations was suggested by Spry

(1962)based on lithological similarities and further supported by Gee (1967a), who

also considered the Bumie Formation to be contemporaneous with the Smithton

Dolomite. Tumer (1989) and Tumer et al. (1992) made a tentative correlation (based

on lithological similarities) between the Oonah Formation and the basal unit of the
AhrbergGroup (Donaldson Group of Spry 1958a). Tumer (1989) noted that despite

the lithological similarities between the Oonah Formation and the Ahrberg Group,

the tholeiitic Bemafai Volcanics of the Ahrberg Group were unrelated to the

intraplate alkaline pillow basalts in the upper Oonah Formation. Due to the tholeiitic

whole rock chemistry, the mafic rocks of the Ahrberg Group were tentatively
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correlated with the basalts ofCrimson Creek Formation and Smithton Volcanics

(Turner 1989) (Figure 1.1).

Turner et al. (1992) noted the absence ofa strict definition of the Oonah Formation,
and defined it as the rocks describedby Hills&Carey (1949) at OonahHill, the
continuation of those rocks to the west (Spry 1958a) and to the north (Brown 1986).
Turner et al. (1991) observed a decrease instrain of the strongly deformed Oonah
Formation to the east of the Arthur Lineament over the distance of several

kilometres.

In thesouthern part ofthe Arthur Lineament to the west of the "eastern" Ahrberg
Group lies the weakly deformed and metamorphosed, slaty tophyllitic
metasedimentary and meta-igneous "westem" Ahrberg Group (Figures 1.1 to 1.4).
The boundary between the "westem" and "eastem" Ahrberg Groups was previously
interpreted to be faulted (Turner etal. 1991), defined bya sharp transition in
metamorphic grade and texture. The "westem" Ahrberg Group unconformably
overlies the weakly deformed, slaty, siliciclastic Rocky Cape Group (to the west) at a
low angle (15 degrees). To the north, in the Smithton Synclinorium the basal unit of
the Togari Group (Ahrberg Group correlate), also unconformably overlies the Rocky
Cape Group at low angle (22°)(Gee 1967a, 1968). This was suggested byGee
(1967a) to have possibly resulted fi-om adepositional dip component in the overlying
conglomerate, although more recent mapping would suggest that the unconformity
represents aperiod ofgentle regional folding (Seymour &Calver 1995). Unit
symbols given below refer to Tumer et al. (1991).

1.5.2 Rocky Cape Group

The Rocky Cape Group consists offour main lithologies in its type section on the
north coast (Gee 1968; Gee 1989);

TOP (Not exposed)
Jacob Quartzite

Irby Siltstone

Detention Subgroup

Cowrie Siltstone

Supermature quartzarenite with silica cement, with abundant
planar cross-bedding.
Siltstone with minor black shale, dolomite, sub-greywaeke and
hematitic breccia.
Supermature cross-bedded quartz sandstone with minor
interbedded siltstone.

Black pyritic shale with interbedded siltstone.
BASE (Not exposed)
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The Rocky Cape Group correlate lithologies in the Crescent Hills - Longback -

lower Pieman River area consist ofan upwards coarsening, eastward younging,

siliciclastic shallow marine sequence. Lowermost in the sequence studied is a

variably chloritic and pyritic, laminatedto thinlybedded micaceous, slaty siltstone

and mudstone {Prs, Prsg) (338400mE, 5393750mN). This is overlain by chloritic,

fme-grained, thin- to medium-bedded sandstonewith interbeds with a micaceous

matrix and medium to coarse-grained, medium- to thickly-bedded white to silicified

quartz sandstone (Prq, Prqq) (341040 mE, 5398900 mN). No specificcorrelation

has been made between the lithologies in the southem study area and the north coast,

however a broad lithological comparison can be made between the Detention

Subgroup and Cowrie Siltstone horn the north coast, and unitsPrq andPrs. The
mnxirmim age of the Rocky CapeGroup is 1200 Ma based on a SHRIMPU-Pb date

from detrital zircons (Black et al. 1997).

1.5.3 Burnie and Oonah Formations

The Bumie Formation consists predominantly of sandy turbidite-facies quartzose

wacke and slaty mudstone, intmded by minor altered mafic dykes and containing

occasional basaltic pillow lavas (eg. 398790mE, 5457875 mN). The quartzwacke

consists of quartz grains with minor detrital muscovite and chert fragments, in a

chloritic-sericitic matrix. Sedimentary stmctures indicate deposition by

northeasterly-directed turbidity currents and reworking by transverse traction

currents (Gee 1989). Tholeiitic dolerite sills and transgressive sheets are common

within the Bumie Formation (Spry 1957b, Gee 1967a, Gee 1989). At Cooee on the

northwest coast a syn-sedimentary alkaline dolerite intmsion originally reported by

Spry (1957a)was reportedby Crook(1979) to have a minimumage of 725 ± 35Ma
based on a K-Ar ratios in biotite (Spry 1957a, Gee 1967b). The Oonah Formation is

similar in character, although it displays more lithological variation (Pou, Poq, Pom,

Pas). It is made up ofrelatively clean quartz sandstone, dolomite, chert and

conglomerate (Turner 1989, Seymour& Calver 1995). Turner et al. (1998) proposed

that the Bumie and Oonah Formations and the Ahrberg Group were sourced from the

Rocky Cape Group to the west, as a result of the Wickham Orogeny.
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With increase in strain the Oonah Formation undergoes a gradual transition in

texture, fromphyllitic to schistose (Posm). This is best illustrated along theLower
PiemanRd, from the StanleyRiverbridge (357580 mE, 5381380mN)where the
OonahFormation is weaklycleaved, to the southeast ReeceDam spillwayabutment
(344930 mE, 5378880 mN) where thelithology isphyllitic to schistose, with strong
development of two cleavages. The lithology in this transect is dominated bya fine-
tomedium-grained quartz sandstone, withminor interbeds ofmudstone andchert. It
is typically fine- tomedium-bedded, with common grading features.

1.5.4 "Eastern" Ahrberg Group and the Ahrberg Group

correlate (AGC)

The "eastern"Ahrberg Group ("Timbs Group" ofTumeret al. 1991) is an east-
dipping package ofmeta-sedimentary and meta-igneous rocks that together with the
high strain Bumie and Oonah Formations make up theArthur Metamorphic
Complex. The meta-igneous predominantly comprise ofamphibolitised tholeiitic
metabasalts, interlayered withminormaficvolcanogenic psammopelites. Tumer et
al. (1991) named theeasternmost metabasalt-dominated unittheDowry Formation,
and the other two metabasalt-dominated imits to the west of the Dowry Formation

were referred to as the Lucy and Nancy Formations, based on their status as

mappable units (Tumer 1992) (Figure 1.4(b)). Tumer et al. (1991) assigned them the
map symbol Pta. The position ofthe formation boundaries are inferred, and accurate
to approximately 250 m, based onaeromagnetic imaging, which clearly defines the
units asmagnetically anomalous (Figure 1.4(b)). Creek transects through these units
confirmed the abundance ofmagnetite-hearing metabasalts within the units.

Metabasalts varybetween boudinaged pod-shaped bodies several metres in diameter,
and less commonly dyke-like bodies. Theyare interpreted to he intmsive, although
chilled margins are not evident, as their rims are commonly strongly foliated and
sheared due to competency contrast. Thecentres of the large metabasalts display
littleor no foliation. They arepredominantly fine- to medium-grained andvariably
retrogressed, with thepredominant mineral assemblage actinolite-homblende-
chlorite-quartz-albite-epidote-sphene-magnetite ±biotite-pyrite-gamet. Chlorite and
actinolite occur in greater proportions inmoreheavily retrogressed samples. The
psammopelite dominated metasedimentary units ofTumer et al. (1991) feature minor
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tholeiiticmetabasalts and havebeen assigned theunit symbolPts by Tximer et al.

(1991). The metabasalts ofPts are indistinguishable from those within Pta. The
composition of thedifferent psammopelitic Ptsunits isbroadly consistent,
comprising fme-grained quartz-muscovite-albite-chlorite-titanomagnetite ± dolomite
schist. Albite is porphyroblastic, andhas grown syn-tectonically.

Tumer et al. (1991) indicated variation in thecomposition of themetasedimentary
sequences byuse ofsuffixes. Ptsq denotes units wherein micaceous quartz schist is
dominant, with minor porphyroblastic schist, whereas Ptsqg denotes units dominated
bygrey phyllite. Ptsl is assigned to aunit ofstrongly deformed, boudinaged,
predominantly monomictic metaquartzite-clast conglomerate, which forms the
lowermost (farwest) metasedimentary unitof the "eastern" Ahrberg Group. To the
eastof theBowry Formation, andto thewest ofthe highstrain Oonah Formation, the
AGC comprises minor metagabbro (Pg), that intrudes along theeastern margin of
Ptsqg, in thevicinity of the Reece Dam spillway (345140 mE, 5379190 mN) (Figure
1.2). This unit was analysed byCrawford (1992) and displays tholeiitic affinities.

The precursors of the "eastern" Ahrberg Group are interpreted to reflect abasinal
sequence, with initial deposition of locally derived siliclastics andconglomerate,
transgressing upwards into a calcareous, psammopelite-dominated, shallow marine
sequence. Sub-alkalkine rift tholeiites were repeatedly extruded in the sequence,
with input fromassociated volcaniclastic sediments.

1.5.5 Bowry Formation

Turner et al. (1991) named the easternmost metabasalt-dominated imittheBowry
Formation, based on its status as amappable unit (Tumer 1992) (Figure 1.4(b)).
Tmner et al. (1991) also assigned theBowry Formation themap symbol Pta.
Interlayered with the mafic metasediments and meta-igneous rocks are several
massive magnetite bodies (Ptam,Ptamd) (eg. Savage Riverorebody, 349500 mE,
5405000 mN),magnesite-rich zones (Ptac) (eg. MainCreekdeposit, 347000 mE,
5390000 mN), felsic albite schists andassociated intrasive granitoids {Ptaa) (eg.
Rocky River, 349140 mE, 5389360 mN).
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Thepsammopelite-dominated metasedimentary units ofTurner et al. (1991) feature
minor tholeiitic metabasalts and have been assigned the unit symbol Pts by Tumer et

al. (1991). The metabasalts ofPts are indistinguishable from those within Pta. The
composition of the different psammopelitic Pts units is broadly consistent,
comprising fine-grained quartz-museovite-albite-ehlorite-titanomagnetite ± dolomite
schist. Albite is porphyroblastic, and has grownsyn-tectonically.

1.5.6 "Western" Ahrberg Group

The "westem" Ahrberg Group lies to the west of the "eastem" AhrbergGroup
(Figure 1.1 to 1.4). The contact between the two is interpreted tobeamajor faulted
boimdary, dueto the increase in strain and intensity of stmetural fabrics within the
"westem"Ahrberg Group proximal to the fault, and the corresponding prominent
linear magnetic anomaly evident onaeromagnetic imaging (Figure 1.4(b)). The
precise direction ofdisplacement along the fault is uncertam due to lack ofoutcrop at
the contact (344850mE, 5392020 mN). The "westem" AhrbergGroup
unconformably overlies theRockyCape Group at low angle (5-15°) alongthe
"westem"AhrbergGroup's westemboundary (339060 mE, 5392080 mN). The
"westem" Ahrberg Group is eastfacing and interpreted to represent a transgressing
basinal sequence. Thewesternmost, basal unitof the "westem" Ahrberg Group (the
Donaldson Group) is a coarse-grained quartzose sandstone andconglomerate (Pdc),
andwas interpreted by Tumer (1990) to represent a proximal marine fandeposit
(339500 mE, 5392000 mN). This grades upwards into a sequence ofsandstone
interbedded with graphitic, pyrite-bearing mudstones {Pds) (339200 mE, 5390500
mN), becoming interbedded with minor oolitic carbonate bands towards thetop
{Pdd) (340000 mE, 5391000 mN). This is conformably overlain by the Savage
Dolomite which features oolitic dolomite with minor interbeds of siltstone

(P5'«0(340250 mE, 5391000 mN). Silicification ofPsd is common (P'5</s)(342000
mE,5388500 mN), with theremaining lagproducts of silicification resulting in silica
flour deposits (P5rfs5)(340500 mE, 5392000 mN) (Tumer 1990, Khin Zaw et al.
1992).

Theoverlying BemafaiVolcanics {Pbu, Pbt, Pbm,Pbg, Pbgw) features tholeiitic
metabasalts and associated volcaniclastic metasediments that have been
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metamorphosed to sub-greenschist facies. The intmsive rocks contain actinolite-
chlorite-epidote-albite, whereas the metasediments commonly contain chlorite-
quartz-mica-±albite-tourmaline.

Above the Bemafai Volcanics lies the poorly exposed CorinnaDolomite{Psd, Psds,
Psdss, Pdg), which has undergone silicification (Turner 1992), anddisplays
botryoidal, banded silicification textures resembling colloform textures (Turner
1992). The uppermost unit ofthe "westem" Ahrberg Group is the Tunnelrace
Volcanics, which comprises tholeiitic metabasalts and associated volcaniclastic
metasediments (Pbu,Pbt, Pbb, Pbd, P6^)(Tumer &Crawford 1993). Theunithas
been subject to greater strain and a slightly higher level ofmetamorphism (mid
greenschist facies) than the Bemafai Volcanics and is interpreted tobefault-bound
(Turner &Crawford 1993). The Tunnehace Volcanics has a stronger aeromagnetic
signature than the Bemafai Volcanics, due to agreater magnetite content (Figure
1.4). This was suggested byTumer &Crawford (1993) tobea reflection ofahigher
metamorphic grade.

1.6 Discussion and Correlation

Previous workers have proposed varying regional correlations between the
Precambrian lithologies innorthwestem Tasmania. Spry (1962) made correlations
between theDonaldson Group (now the lowermost unit of theAhrberg Group) and
units of theRocky Cape Group, andbetween the Bumie andGonah Formations.
Spry (1962, 1964) proposed that the Bumie and Gonah Formations were correlates of
the Rocky Cape Group, forming the basal sequence, but interpreted the Whyte Schist
as deformed Precambrian basement. In contrast. Gee (1967a) suggested the Rocky

Cape Group represented the oldest exposed sequence innorthwestem Tasmania and
that itwas deposited ina shallow marine setting ona continental shelfinitially
starved of clastic input, whereas theBumie and Gonah Formations were younger and
contemporaneous. Further to this Gee (1967a) suggested that the Bumie and Gonah
Formations as deeper water correlates of the Smithton Dolomite of the Togari Group,
and interpreted the Cooee Dolerite tobe equivalent to thedeformed amphibolites
withintheKeithMetamorphics (thecentral northem exposure of the Arthm
Lineament). Gee (1967a) also recommended against correlation between the
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dolomites of the Success Creek Group and the Smithton Dolomite, as the two

sequences were interpreted to havebeen depositedin separate basins.

Turner(1992) correlated the conglomeratic basal unit of the AhrbergGroupwith the
Bumie and Oonah Formations, as did Gee (1967a). Further to this. Turner et al.

(1992, 1994) were in agreement withGee (1967a), suggesting that the Bumie and
Oonah Formations were coeval, and deposited at around 700 Ma. This was based on

the syn-sedimentary interpretation of the 725 ±35 Ma Cooee Dolerite (Crook 1979),
and the 690 ±10 Ma K-Ar muscovite-derived ages from the Bumie Formation

(Adams et al. 1985). Tumer et al. (1992, 1994) interpreted theRockyCapeGroup to
be significantly older, with a maximum age of 1100 Ma, basedon a U-Pb age from
detrital zircon (Raheim & Compston 1977).

1.6.1 Rocky Cape Group and Burnie and Oonah Formations
A temporal correlationbetweentheRocky CapeGroup and theBumie and Oonah
Formations is suggested herein,with the Rocky Cape Groupbeing deposited in a

shallowmarine setting on a continental shelf, and the Bumie and Oonah Formations

forming the offshore extension. There are several lines of argument that support this
correlation:

• The eastem margin of the RockyCapeGroup has previouslybeen interpreted to

be a passive continental margin in Precambrian time (eg. Solomon & Griffiths
1974,Crawford & Berry 1992). As pointed out by Crook (1979), studies of

modempassive continental margins (eg. Burk&Drake 1974) implythat the site
of the Precambrianpassive margin in northwestem Tasmania should be marked
by a sedimentaryprism, featuring large amounts of quartz-rich, shallowwater
and flysch fades. This work supports the finding of Crook (1979), who noted

that the thickness, compositionand facies of the Rocky Cape Group and Bumie
Formation are consistent with this model.

• In the study area, the RockyCapeGroup correlates is an east-younging sequence

that reflects a regressive, shallowmarine depositional environment with a

gradual increase in sediment transport velocity. The oldestpart of the sequence
is dominated by a medium- to thickly-bedded weakly chloritic siltstone with
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minormudstone{Prs). This grades up intoa cyclical, interbedded sequenceof a
mature, medium-grained, thin- to medium-bedded quartz sandstone with a silty
matrix with minor truncated crossbeds, and interheds of laminated- to thinly-

bedded, variably carbonaceous siltstone{Prq). The Oonab Formation is also an

east-younging sequence, predominantly comprising thin- to medium-bedded,
fine- to medium-grainedmature quartz sandstones with interbeds ofmudstone.

Brown(1989) noted the presence ofBouma B and C units, indicative of
deposition by turbidity currents. Mueller (1998) suggested thatbasedon fades
types within the Oonab Formation, sediment was transported by turbidity
currents; debris flows; and suspension settling.

The predominance ofmature quartz sands inboth theRocky Cape Group and the
Bumie and Oonab Formations suggests a common source. Mueller (1998)

claimed jfrom provenance studies that theOonab Formation has a similar
geocbemical signature to theRocky Cape Group, bothbeingdeposited in a
continental margin setting. This supports Gee's (1967a) interpretation, that the

Rocky Cape Group sediments were derived froma distant granitic or gneissic
source.

A comparison of palaeocurrent data for theRockyCapeGroup and the Bumie
and Oonab Formations suggests similar palaeocurrent directions for the two

groups. Gee (1967a) found bimodal palaeocurrent pattems to be indicative of
northwest- and southeast-directed dispersal currents in the Rocky Cape Group.

Mueller (1998)noted the presenceof both northeast- and southeast-directed
palaeocurrent dnections in the Oonab Formation, in accordwithmy own
observations.

Gee(1967a) noted that thegeometry of theRockyCape Groups depositional
environment was a northeast-southwest elongate basin. It can be suggested that

this correlateswith the elongatenortheast-southwest orientation of the Bumie

and Oonab Formations, although the orientationof all three units may partly be

attributed to subsequent deformation.

The 1200Ma detrital zircon age for the RockyCape Group (Black et al. 1997)

provides a poorly constrained maximum age for sedimentation. Theminimum
ageof theRockyCapeGroup is defmed by the ca. 600Ma dolerite dyke swarm
that intmdes the group (Adams et al. 1985). This 1200—600Ma window
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encompasses thepossible depositional age range of theBumie andOonah
Formations,which is poorly definedby theK-Ar obtained725 ±35 Ma
minirrmm agefrom magmatic biotite in thesyn-sedimentary Cooee Dolerite
(Crook 1979).

• Gee (1967a) observed thatregionally boththeRocky Cape Group andthe
Bumie Formation youngto the east, suggesting a similarstmcturalhistory.

1.6.2 "eastern" and "western" Ahrberg, and Togari Groups and

the Success Creek Group-Crimson Creek Formation
Several lines of evidence support correlation between the AhrbergGroup (westem
margin of southern Arthur Lineament) and Togari Group (Smithton Trough), and the
Success CreekGroup-Crimson CreekFormation (Dundas Trough).

• The volcanic units of the "westem" Ahrberg Group (Bemafai and Tunnehace

Volcanics), "eastem" Ahrberg Group (Lucy and Nancy Formations) Togari
Group (Kanurmah Subgroup), and the Crimson Creek Formation all have rift
tholeiitic chemistry (Brown 1989, Tumer 1992, Crawford 1992).

• The carbonisotope stratigraphy of the Savage Dolomite ("westem" Ahrberg
Group) and Black River Dolomite (Togari Group) isvery similar (Calver 1996).

• Thestratigraphy ofthe"eastem" and "westem" Ahrberg and Togari Groups and
the Success Creek Group-Crimson Creek Formation is very similar. Theunits
have a common basal conglomerate interbedded with siliclastics, overlain by
carbonates, shales andcherts, rift tholeiites andassociated volcaniclastics. (Spry
1964,Brown 1989, Tumer 1992, Everard et al. 1996, Calver 1998).

• Theconglomeratic basal units ofboth the"westem" Ahrberg and Togari Groups
unconformably overlie theRocky Cape Group (Spry 1964, Tumer 1992).
According toBrown (1986) thebasal conglomerate of the Success Creek Group
imconformably overlies the Oonah Formation, although the onlyknown
exposure of this surface, along thePieman River, was flooded by the
development ofthe Lower Pieman Dam. Elsewhere the contacts are faulted
(Sejnnour & Calver 1995).
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1.7 Methods of Study

1.7.1 Field methods

The fieldwork was designedto cover the areas of best exposure,whichwere also
expected to yield themost useful structural and metamorphic data across theArthur
Lineament. Given the dense vegetation cover in northwestern Tasmania, tracks,

creeks and small rivers that predominantly trendperpendicularto the strikeof the
lineament weretargeted. Numerous traverses were carriedout across the lineament,
resulting ina degree of overlap between the sections mapped. Mapping was carried
out using enlarged 1:25000, and 1:5000 scale topographic base maps. In somecases
mapping at a greater level of detail (T.250 scale) was warranted.

The southern part of theAjrthur Lineament was theprimary focus of the study area,
due to accessibility, logistic support, and less extensive cover sequences. Traverses

of the northwest- and west- coast exposures of the Ajdhur Lineament and the
surrounding areas were also carried out.

1.7.2 Analytical methods

Anal5dieal work was carried out to determine:

• Mineral compositions (metamorphic grade),

• Whole rock chemical compositions (environment of extrusion),

• Strain levels across the Arthur Lineament.

Thesedata arenecessary to constrain the tectonic setting, metamorphic andstructural
history of the Arthur Lineament and surrounds.

Mineral Analysis

Constituent minerals of rocks were analysed using a CAMECA SX50 electron

microprobe at theCentral Science Laboratory (CSL), University ofTasmania,
Hobart. Theregulated electron beamcurrent was set at 25 na at an accelerating
voltage of 15 kV, for routine mineral analyses, with a nominal incident beam size of
5pmdiameter. Standard procedures ofthe CSL were followed, using the calibrations
provided byDr. D.A. Steele. A full description ofanalysing conditions and
standards is provided in Appendix 1.
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Whole-rock Analysis

Whole-rock analyses were carried out on intrusive mafic rocks to obtain their

chemical compositions. The aim of the analysis was to determine the tectonic setting

of the various intrusives occurring within the Arthur Lineament and in the

surrounding units, in order to help in the reconstruction of the structural history of

the Arthur Lineament. The samples were carefully selected to avoid rocks

containing (i) abundant amygdale minerals, (ii) extensive mesoscopic, near-

monomrneralic domains of secondary minerals and alteration products, such as

alhite, epidote, and chlorite, (iii) quartz, epidote or calcite veins or patches totalling

>5 modal %, as these may lead to incorrect results, and thus cause misleading

interpretation of the tectonic setting. Some 37 sampleswere analysed for major

elements (Si, Ti, Al, Fe, Mn, Mg, Ca, Na, K, P and ignition loss) and trace elements

(Nb, Zr, Y, Ba, Xr, Rb, Pb, Th, Ni, Cr, V, Sc, La, Ce; Nd).

The selected samples were prepared for analysis by splitting hand specimens into ~

10 mm chips, then discarding any weathered or altered material. The chips were

then further crushed with a steel jaw crusher and cleaned of dust with an airhose.

Approximately 40 g of the crushedmaterial, free ofweathering, alteration or veins

were ground for approximately3 minutes using a Rocklab tungsten-carbide ring mill.

The analyses were carried out by an automated Philips PW 1480 X-ray fluorescence

(XRF) spectrometer at the Department ofGeology, University ofTasmania, with

calibrations provided by Mr. P. Robinson. Fusion discs were used for major element

analysis, whereas pressed powder pills were used form trace element analysis. A full

description of the XRF process is provided in Appendix 2.

1.8 Classification and Terminology

1.8.1 Classification of rocks

The terminology used to describemetamorphic rocks follows Mason (1978) and

Yardley (1989), with mineral identification following Deer et al. (1992). Rocks

which are interpreted to he of sedimentary origin are termedpsammite (sandstone),

orpelite (mudstone). Rocks interpretedto have a sandy shale precursor are termed
psammopelite. Rocks that have a basaltic or doleritic precursor are termed

metabasalt, metabasite and metadolerite. Rocks that are interpreted to he
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volcaniclasticand sedimentary in originand aredominatedby mafic minerals are

termed mafic schists.

1.8.2 Classification and terminology of structures

Fold classificationand terminology outlinedbyRamsay (1967), Suppe (1985),

McClay (1997) are utilised in this study. The morphological classification of
cleavage is according to Powell (1979), Borradaile et al. (1982) andPasschier &
Trouw (1996).

Faultterminology is after Hobbs et al. (1976). Faulted-related rockterminology is
afterWise et al. (1984). All readings recorded and presented havebeencorrected to
trueNorth(declination = 12.5°). Structural measurements are presented in 'dip/dip
direction' notation, as described in McClay (1997).
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Chapter!

Structural History of the Arthur Lineament

2.1 Introduction

This chapter is structuredto best enablethe reader to developan understanding of
the complex structural history of the Arthur Lineament. Following on from the

backgroundgeological summary including an outline of the previous work in the

region, is the detailed structural workundertaken as part of this study. In orderto
annotate the structural history satisfactorily, the characteristics of the different

deformational episodes (cleavage, fold and faulting styles), and their overprinting

relationships, are first presented in chronological order. Followingon from this, the
detailedmesoscopic and macroscopic field relationships for the key areas in the

Arthur Lineament have been described. This allows the reader to apply the

information pertaining to the characteristics of the deformational events, to the field

relationships described from the different areas.

The Arthur Lineament, which is composed ofmeta-sedimentary and mafic meta-

igneous lithologies of the "eastern" Ahrberg Group, BowryFormation and a high
strainpart of the OonahFormation, separates theRockyCapeGroup (and correlates)
and "western" Ahrberg Group to its west from the relatively low strain parts of the

Oonah Formation, and the correlated Bumie Formation, to its east (Figure 2.1).

Early folding and thrusting, during the Middle to Late Cambrian, caused

emplacement of the allochthonous Bowry Formation,which is interpreted to occur as

a fault-bound slice, towards the eastem margin of the parautochthonous "eastem"

Ahrberg Group metasediments. There are other fault bounded units within the

Arthur Lineament, in particular east of the Bowry Formation and faulted against the

high strain Oonah Formation is a block ofmaterial that is similar in appearance to

the AhrbergGroup, and correlationwith this unit is suggested. This block will be

referred to as AGC throughout this chapter.

The lineament was multiply deformed during the Middle to Late Cambrian, Tyennan

Orogeny (CaDi-CaD^) and has subsequentlyundergone several episodes ofminor
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deformation in the Middle Devonian {peT)\, DeDf). The aim here is to use detailed

structural information from parts of the Arthur Lineament to determine the nature of

Cambrian tectonism in northwestem Tasmania.

The eastern and western boundaries of the lineament were defined by Gee (1967a) as

the point at which the lithologies change from being metamorphosed to

unmetamorphosed. However, as yet, no one has demonstrated any change in

metamorphic conditions at these boimdaries possibly due to the simple mineral

assemblage in the psammite-dominated packages. The boundary mapped by Gee

(1967a)matches a transition from slaty cleavagein meta-sedimentary rocks to

phyllitic cleavage. At the same position, early folds become tighter and quartz

veining is more abundant. In recognition of the absence of any evidence for change

in metamorphic grade, the boundaries are referred to here as a change in fabric

intensity from low strain (slaty) to high strain (phyllitic or schistose). There may be

a correlation with metamorphic grade but that remains problematic. Using these

textural criteria, the position of the southeastem boundary of the Arthur Lineament

as mapped by Gee (1967a), can be reproduced. On the north coast, the eastern

margin of the lineament was recognisednear DoctorsRocks and is not hidden under

cover as suggested by Gee (1967a).

As discussed in Chapter 1, the Arthur Lineament has been the focus of several

previous workers, at varying levels of detail. Gee (1967b) and Gee et al. (1967)

carried out detailed structural mapping of the north coast ofTasmania, including the

Somerset-Doctors Rocks area. Spry (1957a) and Turner et al. (1991) carried out

regional mapping in the lower Pieman River and Corinna areas, but did not attempt a

detailed structural analysis. The present work is based on regional mapping of the

Arthur Lineament and surrounds, with detailed structural studies of the Somerset-

Doctors Rocks area, and numerous traverses in the southern study area. These

include the Savage River to Waratah road from Savage River township to 4km to the

northeast. Savage River township, the Savage River to Coriima Road, the Whyte

River track, the Rocky River and surrounding area, the Lower Pieman Dam Road

from the Stanley River bridge to Reece Dam, the Reece Dam and spillway area,

sections of the Owen Meredith, Paradise and Pieman Rivers, Lucy, Nancy, and

Timbs Creek, the Mt Donaldson-Longback-Crescent Hills area, and the
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southwestern-most exposure of the lineament fromto the north of Granville Harbour

to 4 mile beach. (Figure 2.1 and Figure 2.2(a) - (b)).

Factual and interpretive cross sections for the above areas havebeen compiled and
presented. Theapproximate locations ofthe cross sections, presented in the relevant
parts ofthis chapter, are illustrated inFigure 2.2(b). The coordinates of the startand
endpoint of eachsectionline arepresented above the section line, on the cross
section figure. Sections are consistently oriented 110/290, looking to the north (east
to theright of the figure). However, sections constructed from mapping on thewest
coast are oriented 000/180 (section J" in Figure 2.22), 310/130 (sectionK" in Figure

2.32, and section I" in Figure 2.36(c)), and and 340/160 (sections G" and H" in
Figure 2.36(c)) andviewed to theeast-northeast (south to theright of the figure), due
to the different trend of the Arthur Lineament in this area, as a result ofDevonian

refolding. The orientation of cross sections onthewestcoast (south to the right of
the figure) is used in order tomaintain orientation consistent with theother sections.

Each cross section consists of a factual data section, and an interpretive cross section

aligned directly below. Due to theconstant orientation of thecross sections, andthe
aim to keep extrapolation lengths to less than 1kmwhere strip-mapping has been
undertaken, in some areas the cross sections are short (less than 1km in length) and
staggered. Where extrapolation has beenrequired, the datahasbeen extrapolated
alonglinesat 90 degrees to the section line orientation. In theseareas, some cross
sections overlap (Figure 2.2(h)), in order to represent the structural style in the
region satisfactorily. In somecases (such as datacollected on theLower Pieman
Road), thecross sections are staggered as a result of a change in theorientation of
themapped area. On the cross section diagrams, sectionbreaks are represented by
vertical lines and identified by the notation 'SB'. On the figures with multiple

sections, the cross sections are oriented with east-southeast to the right, with ongoing
sectionlines continuingon the right of the figure (east) on the sectionline below.
Measurements are corrected to apparentdip, using the method outlined in Appendix

2 ofMcClay (1987). Observations made of cleavage and fold facing changes in
different deformational generations enabled the interpretation of geological
structures and clarification of fold facing relationships in the complexly deformed

parts of the study area. In order to clearly demonstrate these fold andcleavage
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Chapter 2 Structural history ofthe Arthur Lineament

facing relationships in the factual cross sections, a clearly illustratedmethodhas
been employed. The scale of the cross sections is displayed at the base of the

figures. In areas where a greater detail of mappingwas employed, the scale
accommodates the increased structural complexity.

The stmctural events described below are based on a synthesis of data from all these

areas. Some of the results reported here have been accepted for publication (Holm &

Berry in press).

2.2 Regional Geology

The early to middle Neoproterozoic ofnorthwestTasmania was dominatedby

deposition of shallowwater siliciclastics andsiltstone (RockyCapeGroup and
correlates) in the west and turbidites (Bumie and Oonah Formations) in the east

(Spry 1964)(Figure2.3). An extensional phase followed in the LateNeoproterozoic
ca. 550-650 Ma (Adams et al. 1985, Calver &Walter 2000). This featured

widespread intrusionof tholeiitic dolerite dykes (RockyCape dyke swarm),
extrusion of tholeiitic basalts and deposition of associated volcanogenic sediments,

carbonates and shallow marine siliciclastics (Success Creek Group-Crimson Creek

Formation, Togari and Ahrherg Groups) (Brown 1989, Turner 1989, Crawford &

Berry 1992). The Togari and "western"Ahrherg Groups rest on a regional-scale low
angle unconformity.

Deformational episodes at ca. 1270Ma and 760Ma are recognised on King Island

(Figure 2.3). The 1270Ma eventwas a lowest amphiholite/uppermost greenschist

fades (biotite grade) regional metamorphic event (Berry et al. 2001), whereas the

760 Ma event (the Wickham Orogeny) featured polyphase deformation and

extensive granitoid intrusion (Cox 1989,Tumer et al. 1998). Previous workers have

suggestedthat the Wickham Orogeny maycorrelate with the regional lowangle
unconformity beneath the late Neoproterozoic sequences ofnorthwest Tasmania,

although this is uncertain (Everard et al. 2000).

An arc-continent collision in the Early to Middle Cambrian initiated the Tyennan

Orogeny (510 ± 10Ma) (Berry & Crawford 1988, Crawford & Berry 1992,Tumer et
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al. 1998). This resulted in the emplacement of allochthons, including mafic-

ultramafic complexes in western and northern Tasmania (Crawford & Berry 1992,

Turner et al. 1998). Movement indicators from the mylonitic soles of the

allochthonous mafic-ultramafic complexes indicate west-directed obduction, the

regional synthesis supporting the interpretation of an east-dipping subduction zone

by Berry & Crawford (1988). TheArthurLineament was formed during the early
stages of the Tyennan Orogeny and predates aMiddle Cambrian unconfonnity

(Turner et al. 1998), but the exact process of its formation remains in doubt (Turner

1989, Berry 1994).

Subsequent deformation in the Middle Devonian as part of the Tabberabberan

Orogeny (~370Ma) resulted in further faulting and dome-and-basin style folding

(Figure 2.3). This was closely followedby granitoid intrusion (332-367Ma)

(Williams et al. 1989).

2.3 Regional structural history of the Arthur Lineament
In both the northern and the southern areas of the Arthur Lineament, two intense,

early fabrics are recognised. These fabrics decrease in intensity away from the

lineament (Figure 2.4(a) and (b)). There is clear, consistent, and widespread

evidence for the relative timing of the CaDi and CflD2 events (see sections 2.3.1,

2.4.1.1). The existing data (Turner et al. 1998) suggests both geometric events occur

very early in the Tyennan Orogeny, and they have very similar spatial distributions.

There appears to be a close genetic link between these events and they can be

correlated throughout the length of the lineament (see below).

A D3 event was recognised in the northem Arthur Lineament. It has produced a

weak, sub-vertical cleavage, with a north-northeast strike, in pelitic layers. F3

macro-scale, open folds predate deformation interpreted to be Devonian in age. A D3

event is also present in the southern parts of the Arthur Lineament. It also produced a

variably developed, upright to west-dipping, north-northeast striking cleavage, of

similar intensity to the S3 fabric in the north of the Arthur Lineament. In the

southern area the D3 event is Late Cambrian in age, constrained by overprinting

relationships at the Reece Dam spillway, where the D3 refolds the earlier fabrics, and
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Figure 2.4. CaSi, CaS2 and CaSs, within and near the Arthur Lineament, (a) weakly

developed slaty CaS2 crenulating weakly developed CaSi, in Burnie Formation sandstone

(plane polarised light) (399790 mE, 5457060 mN); (b) weakly developed slaty CaS2

crenulating weakly developed CaSi, in Oonah Formation sandstone, lens cap Is 50mm

diameter (353830 mE, 5380140 mN); (c) strongly developed schistose CaS2 enveloping

CaSi, basal unit of "eastern" Ahrberg Group (cross polarised light) (345240 mE, 5392040

mN); (d) strongly developed schistose CaS2 and syn-CaS2 alblte porphyroblasts with oblique

CaSi, preserved as S, In alblte, correlate of "eastern" Ahrberg Group, to the east of the

Bowry Formation (cross polarised light) (350180 mE, 5388100 mN); (e) phyllitic

metaslltstone, showing formation of oblique microlithons In coarse-grained layers (CaS2)

(plane polarised light) (398450 mE, 5758200 mN); (f) phyllitic metaslltstone, with CaS2

developed sub-parallel to Sq. No evidence of CaSi was found, "western Ahrberg Group,

300m west of boundary-fault with "eastern" Ahrberg Group (cross polarised light) (344530

mE, 5392100 mN); (g) finely spaced. So-parallel CaS2, evident in mudstone beds and

crenulated by spaced CaS^, Rocky Cape Group correlate beds (plane polarised light)

(343860 mE, 5401800 mN); (h) finely spaced. So-parallel CaS2, crenulated by spaced CaSo,

Rocky Cape Group correlate beds (plane polarised light) (339200 mE, 5394155 mN).

Symbols'm' indicate white mica, 'a' alblte, and 'q' quartz.
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on the west coast, north of Granville Harbour, where the S3 does not penetrate the
overlying Ordovician sediments. Inthe Balfour and Trowutta areas, to the west of
the Arthur Lineament, a fabricwith consistentstyle and orientation, related to

folding interpreted here tobeLate Cambrian in age, iswidely developed (Everard et
al. 1996). Onthese grounds, theD3 event inboth areas is considered tobe thesame
event.

A brief overview of the structuralvariations is given below in sections 2.3.1 to 2.3.4.

This provides abackground for the more detailed discussion that follows. The
supporting evidence for these summaries is given in section 2.4.

2.3.1 Deformation CaDi

A CaD\ (Cambrian Di) event was observed throughout thelineament. It is awell
developed event, however it is commonly overprinted by CflD2. CaDi was
detectable several kilometres to the east of the lineament's eastern boundary,

although it does not extend as far to the east as C«D2. To the west ofthe lineament
however, theCaDi event weakens markedly over a short distance, andwas rarely
noted to the west of the lineament's western boundary.

CaDi produced mesoscopic to macroscopic, gently inclined torecumbent, isoclinal
folds (CaFi). However, CaFi folds were not observed in the low strain domains. In
contrast, in areas ofhigh strain, they are interpreted to have been widely developed,
although they are only preserved inzones ofweak CaD2, due to the intense
overprinting and obliteration bythe later event. CaFi folds have strongly attenuated
limbs, andare frequently associated with CaDi/2-related shear zones, which are most
often observed close to lithological boundaries betweenunits of contrasting
competency. The shear zones are bedding parallel, and occur on the limbs ofCaFi
isoclinal folds, as a consequence of thecompetency contrast between psammite and
psammopelite layers. The change incompetency at the lithological boundaries
results in strain partitioning, which leads to shearing.

CaDi has produced a finely spaced to schistose, So-parallel axial planar foliation
(CaSi), that varies in its pervasiveness. Inzones oflow strain, it isamoderately well
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developed cleavage, but it does notwidelypenetrate coarse grained layers. In these
low CdD\ strain zones to the east of the lineament, CaSi is finely spaced to phyllitic.

The cleavage is a smooth, 0.5 mm spaced, parallel cleavage, with discrete cleavage
domains and microlithons. In the southern study area, in the low strain zone 3-7 km

east of the lineament, the CaSi foliation dips steeply to the northwest, whereas CoLoi

intersection lineations plunge moderatelyto steeplyto the northeast (Figure2.5). 0-3
km east of the lineament, where the strain levels are slightly higher (zones of

phyllitic CflSi are dominant) theCaSi foliation dipsmoderately to the northeast,
whereas CoLoi intersection lineations plunge gently to moderately to the northeast

(Figure 2.5).

However in zones of high CdDi strain, CaSi is a pervasive schistosity, although it is
commonly strongly overprinted by the CaS>2 foliation and CaYi. hi outcrops where
CaDi is not obliterated by CaD2, the CaSj foliation is the dominant form surface.

CaSi is a smooth, zonal schistositywith finely spaced parallel cleavage domains

(0.02-0.2 mmwidemicrolithons), and discrete transitions between cleavage domains
and microlithons. Within the lineament, in psanunopelitic lithologies, CaSi is

preservedin CaSa microlithons ofmicaand chlorite (Figure 2.4(c)). Within syn-
CaD2 albite porphyroblasts, inclusion trails (S,) interpreted to be relict CaSi are
preserved (Figure 2.4(d)). The inclusion trails are aligned withthe CaSi foliation
preserved in the CaSimicrolithons. CaD\ high strain zones feature intensely
developed CaSi and aredominated by CaF\ folds and So-parallel, syn-CaDi thrust
faults. In these areas CaSi-parallel quartz boudins are common, although they are

commonly isoclinally folded by CflF2 (Figure 2.6(a) and (b)), which is also
recognised by CflS2-parallel quartz segregations defining the CaS2 schistosity planes.
CaLoi intersection lineations and CaLi stretching lineations are common and plunge

moderately to the south-southwest.

2.3.2 Deformation CaJ)2

Throughout the ArthurLineament, strain levels arehigh for both the CdD\ and CaY)2
{Cambrian D2) events, although locallythe intensity of CaD\ and CaD2 vary.
However, CaD2 structures are pervasively developed throughout the lineament. The

CaD2 event is the dominant deformational episode within the Arthur Lineament.
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Figure 2.5. Stereographic projections for the CaDi and CaD2 structures in the southern

Arthur Lineament and surrounding area. Planes (So, CaSi and CaS2) are presented as

poles. Intersection lineations between Sq, and CaSi are annotated as CaLoi. Intersection

lineations between So, and CaS2 are annotated as CaLoi. Intersection lineations between

CaSi and CaSz are annotated as CaLi2- The study area is divided into four mam structural

domains, with the High strain zone and Moderate-High strain zone subdivided to account for

exposure on the west coast that has been re-oriented during Devonian deformation. Roman

numerals correspond to areas illustrated in Figure 2.15. WAG, EAG and AGO are

abbreviations for "western" Ahrberg Group, "eastern" Ahrberg Group and Ahrberg Group

correlates, respectively. ELS1 and ELS2 are western and eastern subdivisions, respectively,
of the Eastern low strain zone.
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Chapter 2 Structural history ofthe Arthur Lineament

Figure2.6(a). CaS^ quartz boudin isoclinally refolded by CaF2. Host lithology is quartz-mica
scfiist. Pen is 13.5 cm in length.(349200 mE, 5396850 mN)

Figure2.6(b). CaS^ quartz boudin tightly refolded by CaF2. CaS2-parallel quartz segregations
are also evident, axial planar to the CaF2 fold. Pen is 13.5 cm in length.(349200 mE, 5396850
mN)
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Chapter 2 Stmctural history oftheArthur Lineament

CaDz decreases in intensitygradually to the east of the lineament. In the northern and
southern areas of the lineament, CaDi was observed up to 7 km from the lineament's

easternmargin. To the west of the lineament however, CaD2 decreases sharply in
intensityover 2 km, from the lineament'swesternboundary, although in this region
it is developed further to the westthanthe CaDi deformation. In areas where CaSz is
strongly developed, CaFi and CoSi are overprinted andwere difficult to identify. In
Figure 2.6(a) and (b), the CaSi foliation is onlyclearly represented by the folded
CaSi quartz segregrations. TheCaSi fabric is crenulated by CaSz, whereas the limbs
of CflFi folds and syn-CaDi thrust faults are tight to isoclinally foldedby CaFi.

CaD2 produced recumbent, tightto isoclinal folds (CaF2) of varying scales (Figure
2.6(a) and (b),Figure 2.7). Themesoscopic CaFa folds observed in the fieldwere
predominantly asymmetrical folds, with moderately attenuated long limbs (Figure
2.7). The CaF2 are the dominant folding event recognised in the field. Theyare
foundrefolding CaFi folds, CaSi andpre-CflD2 fault surfaces. On the north coast, in
low CaDi strain areas to the east of the lineament, C«F2 folds plunge gently to the

east andwest, with axial planes dipping gently to the south. However, in the south,

3-7 km from the lineament, CaF2 folds plunge moderately to the northeast and CaS2

dips moderately to steeply to the east.

In areas of high and low CaD2 strain, the axial planarCaS2 foliation varies in
intensity between the shortand long limbs of the CflF2 folds. Inparticular, in the low
strain area on the north coast in the Somerset region, the CaS2 foliation is better

developed on the short limbsthanon the long limbs, with themicrolithons more
finelyspaced. In these low CaD2 strain areas, the deformation produced a smooth,
parallel 3-8 mm spaced axial planar cleavage in sandstones with discrete transitions
between cleavagedomains andmicrolithons (CflS2) (Figure2.4(a) and (b)). The
foliation is pervasivelydeveloped in psammopelitic and psammitic layers, and was
frequently observed to be the dominant form surface in these areas (Figure 2.8).

More proximal to the lineament(1-3 km to the east of the lineament), CaS2 is a
smooth2-3mm spaced, parallel, phyllitic cleavage with discrete transitions between
cleavage domains andmicrolithons (Figure 2.4(e)). Regionally, in themoderateto
high strainareas, CaS2 is the dominant foliation in both pelitic andpsammitic
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Chapter 2 Structural history ofthe Arthur Lineament

Figure 2.7. Gently west-pluinging CaF2 fold In lowstrain Domain N1 on north coast near
Somerset. Fold Is tight, with well developed axial planar CaS2 spaced cleavage. View Is to
the west.(400075 mE, 5456990 mN).

Figure 2.8. Pervasively developed, south-dipping CaS2 axial planar cleavage In sandstone
beds (Domain N1 north coast). Positioned on upper, downward-facing limb of tight, gently
west-plunging CaF2 fold. View Is to the west..(400075 mE, 5456990 mN).
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Chapter 2 Structural historyoftheArthur Lineament

layering. Within the lineament, in zones of high CaD2 strain, €082 is a smooth, 0.5-
1.5 mm spaced, parallel schistosity withdiscrete cleavage domains andmicrolithons
(Figure 2.4(c) to (d)). CaSi is sub-parallel to So and axialplanar to the CaF2 folds.
CrenulatedCaS] is preserved within CaS2 microlithons (Figure 2.4(c) and (d)). In
thesehigh strain zones, in the south, CaF2 folds predominantly plungegently to the
south, however 1-3 km to the east of the lineament, in the Eastern Low Strain Zone

(Figure 2.5), they also plunge to thenorth. Axial planes dip gently to steeply to the
east.

At the lineament's western boundary, with the sharp decrease in intensity of CaDa,

CaS2 is less well developed, as are CaFi folds. Within the lineament, close to its
westernmargin, CaSi is schistose, defined by chloriteandmicaplanes interlayered
withquartz-rich layers (Figure 2.4(c)). However, 300m to thewest of the lineament,
CflS? is a phyllitic fabric, and only penetrates peliticphyllite layers (Figure 2.4(f)).
Two kilometres to the west of the lineament's western boundary, CaS2 is a smooth,

continuous, and parallel cleavage, that is best developed in mudstone interbeds. In
this area €082 is widely crenulatedby CaSs (Figure 2.4(g) and (h)).

2.3.3 Deformation CaBs

The CaDs{Cambrian D3) defonnational event is not as stronglydeveloped, and

CflSs is not as pervasive as Ca8i andCa82. In the study area CaDs, which featured
east-westcompression, is mostprominent to the west of the lineament in the

"westem" Ahrberg Group andRockyCapeGroup correlates, and in the southern
parts of the "eastem" Ahrberg Group. Minornorth-south trending post-CaDa folds
with an associated weakly developed spaced cleavage in pelitic layers, in the north of

the study area are attributed to this event.

In the south of the study area (Corinna area) the structural overprint of the CaDs

event is representedby gently south plunging, open to close CaFs folds, with gently
dipping, "right way up" westemlimbs, and steeply east-dipping to overturned
eastem limbs (Figure 2.9(c) to (e)). The folds are moderately inclinedwith west-
dipping axialplanes that reflect an east-directed transport (Figure 2.9(b)). West
dipping syn-CflDs tlimstswere mapped in the RockyCape Group correlates at the
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Figure 2.9(a) simplified geology of the Corinna area (map modified after Turneret a/. 1991),
(b) stereographic projections showing effects of CaD^ deformation; (c) cross sections D", E"
and F" illustrating structural data (with structural interpretation for sections immediately
below) for the Corinna area, west of the Arthur Lineament, cross section start and end point
coordinates are presented above the data sections, at the far left and right of the section
lines. Sections are viewed to the north, (d) detailed sketch of river section in the lower most
sandstone unit of the "western" AhrbergGroup, illustrating the gentlywest-dipping long limb
and steeply east-dipping to downward facing short limb typical of the CaFs deformation
(337280 mE, 5389940 mN); (e) close up of the hinge of a CaFs fold within the detailed
sketch area, sandstone beds showingwell developed axial planar CaSs cleavage; (f)
overturned (eastern, short limb of CaFs) sandstone beds in the upper most Rocky Cape
Group correlates, showing CaDg-reiated boudinage (337160 mE, 5390000 mN); (g) sketch
of (f) inset highlighting the CaDs-reiated boudinage; (h) dose up of boudin in (g), (i) sketch of
boudin closeup, illustrating mesoscopic folding (CaFs) observed in siitsone layers. Legend
for 2.9 (a) is the same as for Figure 2.2(a). Area excluded from data collection ("eastern"
Ahrberg Group, right side ofmap) is shown in pale grey Figures 4 (d) to (i) are mirror
images of photographs/sketches (adjusted to match the north looking sense of the section).
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Chapter 2 Structural history ofthe Arthur Lineament

Longback Ridge (341360 mE, 5398900 mN) and at Crescent Hills (344240 mE,
5402280 mN). A majorwest dipping syn-CaDs thrust is interpreted to occur in the
"western"Ahrberg Group in Guthrie Ck (339980 mE, 5390980 mN) (Figure2.2(a)).
Thiswas reported by Spry (1964) as the DelvilleFault, however the author did not
assign a specific age to thestructure. Spry (1964) mapped a west dipping thrustfault
on the Pieman River (the DonaldsonFault), associatedwith the main deformational

event in that area, interpreted here to be CaDa. Boudinage of competent beds

commonly occurs on the limbs of the CaFs folds (337160 mE, 539000 mN) (Figure
2.9(i)to (i)).

In the north of the study area (Somerset-Doctors Rocks area) CaD^ was weak.

Mesoscopic symmetrical CaFs folds have upright axialplanes andshallowly dipping
limbs. Associated with CaVj, is a smooth, 2-5 mm spaced parallel cleavage with

discrete transitions between cleavagedomains and microlithons (CaSs). The age of

these folds on the northwest coast is poorly constrained, and they are tentatively

assigned a CaD^ age based on their relative timingpost-CflD2 andpre-DeDj.

AlthoughCaDsis not directlydated, a Late Cambrianagewas inferred based on the
folding of CaSi and CflS2, and the absence of CaSs in the Ordovician Gordon
Limestone on the west coast, north ofGranville Harbour (334250 mE, 5372700 mN)

(Figure 2.2(a)).

2.3.4 Devonian deformation

Devonian age deformation, attributed to the Tabberabberan Orogeny, is widespread
throughout western Tasmaniaand is interpreted to predate the widespread 332-367

Ma granitoid intrusion (Williams et al. 1989). In the north of the studyarea
(Somerset-Doctors Rocks area) a mild deformational eventpostdates the CaD^
event. This is tentatively correlatedwith the LoonganaAVilmot trend (Di Devonian

event) ofWilliams et al. (1989), referred to here as DeT>\. It features sub-horizontal
to gentlyplunging upright open folds (Z)eFi), that has produceda poorly developed
axialplanar cleavage. The interference of the north-southtrendingCaFs and the
east-west trending DeFi has resulted in dome and basin style folding (5-15 m

wavelength). DeDj-related faulting was not recognised in this area.
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Chapter 2 Structural history oftheArthur Lineament

In the southern studyarea two deformational events corresponding to the D4 of
Williams et al. (1989) and known as theZeehan/Gormanston trend overprint the
Cambrian deformation. In this work the first of these is referred to as DeD^, and the

second is referred to as DeDs. In the south of the study area, both DeT>i, and DeDs

produced gently plunging meso- to macroscopic upright open folds {DcYa andDe¥f).
TheDeS,4 is a smooth, 5-10mm spacedparallel crenulationcleavage locally
developed inDeV^ fold hinges. The DeSs isavery weak, smooth, <10 mm spaced,
parallel crenulation cleavage that is also locally developed. The interference ofthe
E-W trending DeV^ andESE-WNW trending DeV^ has resulted in dome and basin
style folding (10-50 mwavelength). Faulting interpreted to be contemporaneous
with DeT>A andDeDs is common in the southern part of the study area.

2.4 Detailed mesoscopic and macroscopic structural

relationships

Spatial variation in hitensity ofboth all deformations {CaD\-CaDz andZJeDi, DeT>A
andDeDs) has lead to complex overprinting relationships. The aimhere is to
determine how the Cambrian stractural elements of the Arthur Lineament were

produced. Strongly deformed Bumie Formation, onthenorthwest coast (Somerset-
Doctors Rocks area), contain a stmctural transition that correlates closely with the
eastem margin of theArthur Lineament in thesouth, and ismuch better exposed.
Thecentral andwestern portions of theArthur Lhieament arebetter exposed in the
southern partof the studyarea (Reece Dam and Corinna areas). The following
discussionhighlights the relationships in these critical areas.

2.4.1 Northern study area: structure of the Burnie Formation
Along the northwest coastof Tasmania in theSomerset-Doctors Rocks areathere is
excellent exposure of the variably deformed Bumie Formation (Figure 2.1 and
Figure 2.10(a)). Lithologies are composed ofpsammites andpsammopelites with
minor basaltic lavas and associated intmsives (Cooee Dolerite). On the eastem flank

of the Arthur Lineament, the westernmost outcrop ofBumie Formation provides

evidence for the changing fold styleandprogressive increase in strainapproaching
the lineament. The deformation in this area is more complex than previously
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Chapter 2Structural history ofthe Arthur Lineament

interpreted. The area is dominated by mesoscopic and macroscopic CaF2 folds
(Figure 2.7 and Figure 2.8). Syn-CaDi and syn-CaDi thrusts are common (e.g.
locations (i) 400075m NE, 5456990 mN and (ii) 399750 mE, 5457100 mN on Figure
2.10(a)). Subsequent deformation (CaDs and DeD\) has resulted in dome-and-basin
style folding.

Three structural domains resulting from Cambrian-age deformation can be identified
in the Somerset-Doctors Rocks area based on orientation and tightness offolds,
frequency of faulting and intensity of associated fabrics. The domains are.
• Eastern low-strain DomainN1 (Somerset)

• Central moderate-strain Domain N2 (west ofSomerset)
• Westem high-strain Domain N3 (east ofDoctors Rocks).
No change in mineralogy has been detected across these three domains. While
historically (Gee 1967a) the textural changes described here have been associated
with increasing "metamorphism" no evidence ofachange ofmetamorphic grade
found across these zones.

2.4.1.1 Eastern low-strain Domain N1
Domain N1 is dominated by tight, gently west-plunging, south-verging downward-
facing parasitic CaFz folds with moderately south dipping axial planes (Figure 2.7,
Figure 2.10(b) and Figure 2.11 (a) and (b)), however there is clear evidence of folding
and thrusting prior to the dominant CdDz deformation (Figure 2.12(a) to (f)). At this
location ((ii) on Figure 2.10(a)) (399750 mE, 5457100 mN), folding which predates
CaDz was observed in siltstone and mudstone units. This pre-CaDi event is
interpreted to correspond to CaFi folding and syn-CaDi thrusting seen elsewhere in
the Arthur Lineament. At location (ii) on Figure 2.10(a), illustrated in Figure 2.12(a)
to d, faulting has alow angle reverse sense, and is interpreted to indicate movement
towards the southwest (Figure 2.12(a)). Proximal to the fault surface, mesoscopic
CflFi fold limbs and axial planes are dragged into asub-parallel orientation with the
fault surface (Figure 2.12(c) and (d)). The geometry of these CaFi folds provides
evidence for the southwest transport interpretation on the fault surface. The CaSz
foliation overprints the fault surface, and does not show evidence ofdisplacement
due to reactivation. The pre- to syn-tlirusting folds, which are interpreted to be C«Fi,
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Figure 2.10. Structural overview of the Somerset-Doctors Rocks area, (a) simplified

structural map of the Somerset-Doctors Rocks area with structural domain boundaries

(400405 mE, 5455925 mN to 39831 OmE, 5458250mN) (modified after Gee 1977). Locations

(i) to (vi) illustrate key structural relationships and are referred to in the text; (b) equal area

stereographic projections, with block diagram illustrating the style and orientation of the

dominant folding (CaF2) for Domain N1 (downward facing parasitic CaFa fold) (modified after

Gee 1977); (c) Equal area stereographic projections, with block diagram illustrating the style

and orientation of the dominant folding (CaF2) for Domain N2 (steepening of CaF2 due to

type 2 refolding by CaFa); (d) equal area stereographic projections, with block diagram

illustrating the style and orientation of the dominant folding (CaFa) for Domain N3 (rotation of

CaFa due to simple shear with component of oblique shortening); (e) detailed sketch and
equal area stereographic projection, illustrating the change in orientation of the dominant

lineation (CaLo2) at the boundary between Domains N2 and N3.
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Figure 2.11. Cambrian deformation in Domain N1 at Somerset (400075 mE, 5456990 mN).
,(a) photograph of outcrop dominated bymesoscopic CaFz, with south-dipping axial plane
and gentle plunge towest (view to west), hammer in foreground forscale; (b) sketch of CaFz
fold in (a), illustrating Cambrian age CaFi fold (small fold enlarged in Figure 2.11(c))
overprinted by CaSa at the bottom of the sketch. CaSa cleavage is the dominant form
surface; (c) closeup photograph of CaF^ fold and shear zonevisible in lower part of (a) and
(b); (d) sketch of CaF-i fold close up showing CaFi fold on lower surfaceof syn-CaDa shear
and CaSa transecting the CaFi fold.
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Figure 2.12. Example at western end of Domain N1 (399750 mE, 5457100 mN) of syn-CaDi

thrust and CaFi, folded by CaF2 and overprinted by CaS2. The syn-CaDi and CaD2 features

are overprinted by CaDa (a) sketch map of overview of detailed study area; (b) photograph of
detailed study area, with CaFs fold at lower left, CaFi fold at lower right, and fault surface in

upper part of photo, viewed to the north; (c) and (d) close-up of thrust contact, which features

CaFi folds being dragged along the fault, suggesting southwest transport, lens cap 50 mm

diameter; (e) example of CaFi fold, with timing relationship to CaF2 illustrated by transecting

CaS2 cleavage; (f) sketch of CaFi fold (e), illustrating the overprinting by transecting CaS2,

which is consistent on both limbs.
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Chapter2 Structural history oftheArthur Lineament

aremesoscopic tight to isoclinal folds, that have variable plunges to the north-
northeast (5/024 to 24/024)(Figure 2.12(f)). Inthis area, theassociated axial planar
cleavage (CaSi) dips moderately to steeply tothe east-southeast (45/125). The CaSi
axial planar fabric is spaced (1-3 nun) in sandstone layers and slaty in phyllites,
although it does notpenetrate thecoarser grained sandstone beds verywell. The
CaFi folds are transectedby the south-dipping CaSj foliation (40/196),which
remains constant in its orientation across the Ca¥i fold hinge, illustrating the relative

timing of the twoevents (Figure 2.12(e) and (f)). The orientation of the CaDx
features at this location is consistent with other areas in the low strain domain, which

are not strongly refolded by CaF2.

In other areas of the low strain domain (location(ii) in Figure 2.10(a)), further

examples of CaFi folds strongly overprinted by CaD2 structures were observed
(Figure 2.11(a) to (d)). At location (ii) (400075 mE, 5456990 mN), syn-CflF2
shearing was recognised. These shear zones are also interpreted to have been thrusts.
In theoverlying sandstone sequence, bothCaSi and CaS2 were observed. The CaSi
foliation is a southwest-dipping spacedcleavage (25/235), that is crenulated by the
more pervasive, south-dipping axial planar C0S2 foliation (35/190). CaLoi lineations
are present onthebedding surfaces of the sandstone units, and plunge gently to the
west (10/285). Thesouth-dipping CaS2 is thedominant fabric here, andis theform
surface in the sandstone sequence. At the base of the sandstonesequence, a shear

zone infilledby quartz segregations separates the overlying miit fromthe
silstone/mudstone sequence beneath. The sub-horizontal shear zone is not refolded

byCflF2, and is sub-parallel to the contact between the two lithological units. On this
basis, it is interpreted to have occurred syn- to late-CflD2. Belowthe shearzone,
within the mudstone sequence, a series ofmesoscopic, gentlywest-plunging,
isoclinal folds were observed. These have the opposite vergence to the overlying

CaF2 folds. Furthermore, the folds are transected by the CflS2 foliation, which
locally dips more steeply to the south (50/204) than CaSi (26/236) (Figure 2.11(c)
and(d)). On thisbasis, thefolds below the shear zone are interpreted to be CaFi.

Elsewhere in Domain Nl, in areas ofmore strongly developed CaSi, boudinaged

quartz segregations that are parallel to CaSi occur locally. In areas where they are
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abundantly developed, they are interpreted tomark high strain zones coincident with
CdD\.

Throughout Domain N1 the orientation ofthe CdD2 related features is consistent.
CaD2 is the dominant event in this domain, andcontrols the outcrop pattem. The
downward facing CaF2 parasitic 'Z' folds have wavelengths of 5 to 20metres and
have a 3mm spaced to phyllitic axial planar CaS>2 cleavage that commonly
represents the dominant form surface (Figure 2.8). Axial planar fabric development
varies on the different CaFa fold limbs, with overturned gently-dipping limbs

displaying weaker cleavage development than the 'right way up' steep limbs. CaSi
predominantly dips gently to moderately to the south (30/190). CflF2 are consistent
in style, with moderate to steeply south dipping 'rightway up' short limbs, and
gently south dipping overturned long limbs (Figure 2.10(b) and 2.11(a)). The CflF2
hinges plunge gently to the west (10/270), however some variation inorientation
occurs dueto refolding by CaFs (Figure 2.10(a)). Theconsistent facing of CaF2
implies the entire area is on one limb ofa CaV\ fold and only small scale CaF\ folds
are present.

Overprinting the CaDi and CaD2 stmctures in the both the low and high-strain
domains are folding events correlated with CaD^ to thewestand south, andDeDi
(Loongana/Wilmot trend) to the east. The CaDi event has gently north plunging
open upright CaFi folds (10/005) and aweakly developed spaced axial planar
cleavage (CaSs) only observed inthe minor mudstone interbeds. CaSs dips steeply
to thewest (75/280) (Figure 2.10(b) and (c). Figure 2.12(a)). This generation has
beenfolded by open east-west trending DeFi (5/115) thathas a steeply dipping
poorly developed, spaced axial planar cleavage (70/020), that is only recognised in
some pelitic layers, resulting in dome and basin interference pattems (Figure
2.10(b)).

2.4.1.2 Central moderate-strain Domain N2

CaDi was observedin DomainN2, but inmost caseswas stronglyoverprinted by

CaD2. CflFi foldhinges are rare in this area, howeverwhere evident they are
isoclinal folds that plunge gentlyto the south (20/190). AlthoughCaFi were not
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frequently reeognised, crosscutting relationships between bedding and theCoSi
cleavage indicate changes in CaFi vergence occur in this area(eg. location (iii)
399050 mE, 5457600 mN). The CaSi foliation is a steeply west-dipping (80/270),
widely developed phyllitic cleavage with 1 to 2mmwide microlithons, and ismore
intensely developed than in DomainN1 (Figure2.10(c)).

At outcrop-scale, this domain is dominated by C«D2 structures, although their
orientations are different to those in Domain N1. The CaT>2 strain level is higher in

Domain N2 than in Domain N1. The axial planar CaSa cleavage is also better

developed (phyllitic) andmore penetrative, with themicrolithons becoming more
finely spaced than to the east (3 mm). CaSa dips steeply to the east-southeast
(80/110) (Figure 2.10(c)).

The area is dominatedby mesoscopic overtumed, moderatelyeast-dipping So
(70/110) anddownward-facing, CaV2 parasitic 'Z' folds, however symmetrical
isoclinal CaF2 fold hinges were observed. Theprevailing vergence direction for

CaF2 in DomainN2 is consistent withDomainNl, with the area positioned on the
overtumed 'long limb' of a macroscopic 'Z' CflF2 fold. CflLo2 (So/CaS2 intersection
lineation), plunge moderately to thenortheast andsouthwest (Figure 2.10(c)). The
spread in theorientation of CflLo2 reflects subsequent refolding, by CaV^ and De¥\.

CaSi andCflS2-parallel, syn-CaDi/2 fault zones were seen truncating So at lowangle.
Thesesyn-CaDi/2 fault zones arewidespread throughout DomainN2. However,

they aremore common towards thewestern partof the area, proximal to the
boundary with the high strain Domain N3 (398790 mE, 5457875 mN, location (iv)
onFigure 2.10(a) and(e)). The bormdary between Domain N2and N3 is defined by
amajor, north-south trending syn-C«Di/2 fault zone. The lithologies to the east of
the fault are dominated by psammopelite, withminorpsammite andpelite. Here the
CaSi and CaS2 foliations are sub-parallel, finely spaced (<1.5 mm) and phyllitic.
CflSi and CflS2—parallel quartz segregations areabundant close to the boundary
between Domain N2 and N3.

Within Domain N2, CoFs are gentle to open folds, and are seen folding So and the

earlier cleavages. TheCaF^ folds have upright axial planes (80/110), andmostly
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plunge shallowly to the north in this area (25/020) (Figure 2.10(c)). TheCaSs
foliation is a weak, axial planar, subvertical to steeplywest-dipping, spaced
cleavage, with 5 to 10mmwide microhthons. In Domain N2,DeY)\ isweak, and
causes veryminor, gentle refolding of the earlier foliations, resulting inminordome
and basin style folds. It has not produced a cleavage in this area, although based on
the DeY\ that were observed, is it is interpreted to have a consistent orientation with

Domain Nl.

2.4.1.3 Western high-strain Domain N3 (east of Doctors Rocks)
Lithologies in Domain N3 aremore varied than inDomains Nl and N2. To thewest
of the boundaryshear zone between Domains N3 and N2, chlorite zonemetabasalts
are interbedded with minor volcanogenic metasediments (Figure 2.10(a) and Figure

2.13). Thepillowbasalts have undergone significant flattening (Figure 2.13(a) and
(b)), which is greatest towards the margins of thesequence (Figure 2.13(c)). The
orientation of the flattening is consistent with CaSi and CaSi, which are subparallel

in this area. However, due to their high degree of weathering, further microstructural

investigations werenot undertaken. Themetabasalts are interpreted to be the
extrusiveequivalent of the alkaline Cooee Dolerite, which is intruded into the Bumie
Formation 6.5 km to the east, and has a minimum age of 725±35 Ma (Spry 1957a, b.

Gee 1967b, Crook 1979) (see Chapter 4).

The N3 Domain is more structurally complex than the lower strain domains to the

east. Mesoscopic scale Cd?\ and syn-CaDi thrusts are more prevalent in this area,
reflectingthe higher levels of syn-CaDi strain imparted on the rocks. The CaV\

folds observed in Domain N3 are 0.5 to 1 metre wavelength isoclinal folds, and have

strongly attenuated limbs (Figure 2.14(a) to (d)). In the easternpart ofDomain N3,
at location (v) on Figure 2.10(a) (398760 mE, 5457915mN) the Cd?\ folds are

upward facing, parasitic 'S' folds, however theyaredifficult to identify due to the
horizontal outcrop surfaceand the gentlydippingaxial planar cleavage (Figure
2.14(a) to (d)). The CaFi fold hinges andCoLoi lineations have changed orientation
relative to DomainN2, and plunge gently to moderately to the south-southeast

(30/155). CflSi is finelyspaced (1 mm) andphyllitic, although it is strongly
overprinted by CaSj. CaSi is axial planar, and dips gently to moderately to the
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Figure 2.13(a) Photograph of deformed pillow basalts outcropping at the eastern end of
Domain N3 (398790 mE, 5457875 mN). Foreground shows increasingly strained piilows,
ciose to boundary of unit, background shows contactwith psammopeiitic sequence, hammer
forscaie in centre of image; (b) overview ofstrain increase in piilows, with marked change
evident above hammer; (c) close up of strain increase seen in (b). Lower portion of
photograph liiustrates psammopeiitic unit. Aii photos viewed to the south.

Figure 2 14(a) Mesoscopic CaFi folds in Domain N3 (398760 mN, 5457915 mN). Folds are
in interlayered psammite and psammopelite and plunge gently to the southeast. Axial
planes dip to the southeast, hammer for scalecentre ofphotograph; (b) sketch of (a),
illustrating location offold hinges and interpreted thrust faults in background; (c) closeup of
CaFi fold in lower part of (a) and (b), pen (at lower right) is 14 cm in length; (d) sketch of
CaFi fold closeup (c).
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Chapter 2 Structural history oftheArthur Lineament

southeast (30/120), also reflecting a change in orientation toDomainN2 (Figure
2.10(c) and(d)). Locally, boudinaged quartz segregations are found parallel to CaSi.
These are interpreted to reflect the high level of strain imparted on therocks during
CaDi. CflFi fold vergence is difficult to establish in this area, due to complex
faulting andfolding overprinting relationships, andthe closeness in orientation
between CaSi and CaS2.

CaT)2 is well developed inDomain N3. CaFi folds and the CoSi axialplanar
foliation are common, however their orientation and vergence is different to CaF2

and CaS2 in DomainsN1 andN2. In this area, CaF2 axe mesoscopic tight to isoclinal
folds, thatarebest exposed in theeastern part ofDomain N3 at location (vi) (398775
mE, 5457940 mN)(Figure 2.10(a)). CaFz folds plunge to the south (15/185) (Figure
2.10(d)) andarepredominantly symmetrical, reflecting theproximity to a
macroscopic CaF2 hinge. CaF2 have larger wavelengths (5 to 10m) than the CaFi
folds, and have amplitudes of20m. Inthis area, theyarealso difficult to identify,
due to the isoclinal style of folding, closeness in orientation between CoSi and CaS2,
and lithological uniformity. This makes thebedding-CaSi angle on theCaF2 fold
limbs less obvious. The axialplanarCaS2 foliation is phyllitic to schistose (Figure
2.4(e)), anddips moderately to thesoutheast (40/125) (Figure 2.10(d)). CaSa is a
pervasively developed phyllitic foliation, although it has broader microlithons (2
mm) than CaSi.

Outcrop-scale CaFs andDeFi are minor inDomain N3. The CaDz foliation is best
developed in the eastem partof thearea, where is has folded thepillow basalt
sequence (Figure 2.10(a) and (e)). The CaFs exposed is amesoscopic fold with a
wavelength greater than 100 m. This open synform plunges gently to the south
(10/200), and has produced a sub-vertical axial planar spaced foliation (CoSs), that
dips steeply to the east andwest (90/110) (Figure 2.10(d)). DeT>i does not cause any
recognisable refolding of theearlier foliations, andhas notproduced a foliation in
this area.
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Chapter 2 Structural history oftheArthur Lineament

2.4.2 Southern study area: structure of the low strain zone to the

east of the Arthur Lineament

In order to establish the deformational history of the lineament in the southern study

area, structuralmappinghas heen carried out in themoderately deformed, low strain
zone to the east of the Arthur Lineament (within the Oonah Formation) in the

following areas:

• to the northeast of SavageRiver township (along the SavageRiver-Waratah

Road, (area vi(a))

• along the Lower Pieman DamRoad, from the Stanley River bridge to the
boimdary with the highstrain Oonah Formation (areas vi(a) andvi(b) in Figure
2.15).

The structural style of CaD\ and CaT>2 in these two areas is very similar, both at the
easternbormdaryof the ArthurLineament, and severalkilometres to the east. In
both areas, a progressive increase in the intensity of Cambrian age deformation,
approaching the lineament was observed. CaSi is not aswelldeveloped as CaS2 to
the east of the lineament, and both fabrics become relatively better developed near to

the eastern boundary. On this basis, the low strain/unmetamorphosed zone to the

east of the lineament, in the southern study area, will he discussed as one structural

zone. However, whereas these two areas display consistent deformational styles and

orientations of the CaSi and CaSj foliations, the low strain zone can be subdivided

into two domains (eastern and western), reflecting the proximity to the eastern

boundary of the Arthur Lineament. Thesewill he discussedbelow.

Distal to the lineament (to the east), CaSi is not as well developed as CaSi (Figure

2.16). CaSi was onlyobserved inmudstone layers, andwas crenulated by CoSa-
Further to this, CaSi does not penetrate as far from the lineament as CaS2. In some

cases, where CflSi is evident, it is strongly overprinted by CflS2. CaSi is best

developed in pelitic andpsammopelitic layers, where it is a finely spaced, smooth,
foliation, with discrete 0.5-1 mmwide microlithons (Figure 2.16). In psammitic

layers, however, the foliation is an anastamosing, more coarsely developed foliation,
with 2 mm wide microlithons (Figure 2.4(b)). CaFi folds in the low strain zone were

not observed in the field, although based on So-CaSi-CaS2vergence relationships.
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Figure 2.16. Pervasively developed, spaced CaS2 foliation (parallel to pen), crenulating
weakly developed spaced CaS^ (dipping to the right), which is best developed in finer grained
layers. Pen is 8mm in diameter. (354100 mE, 5380460 mN).

Figure 2.18. Mesoscopic, tight CaF2 fold with well developed, finely spaced, axial planar
CaS2 crenulating CaS^ in hinge zones (below lens cap). The CaS2 foliation dips steeply to
the east (65/095). Lens cap is 53mm in diameter. (352200 mE, 5378700 mN).

Figure 2.20. Well developed, finely spaced CaS^ (defined by cleavage planes and CaS-^-
parallel quartz segregations), overprinted by schistose CaS2. Lithology isquartz-mica
psammopelitic schist. Lens cap is 53 mm in diameter. (348540 mE, 5382440 mN).
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Figure 2.17(a). Structural cross sections Ato L, ofthe Oonah Formation to the east ofthe
Arthur Lineament in the southern study area. Sections are oriented 290/110, with east to the
right. Data on factual sections (top ofset) are corrected to apparent dip. interpretive
sections (bottom ofset) take into account vergence relationships presented on factual
sections. Coordinates for each section are presented at the ends of the section lines.
Locations ofsections are illustrated on Figure 2.2(b).
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Figure 2.17(b). Structural cross sections Mto V, of the Oonah Formation in the high strain
zone in the east of the Arthur Lineament in the southern study area. Sections are oriented
290/110, with east to the right. Data on factual sections (top of set) are corrected to
apparent dip. interpretive sections (bottom of set) take into account vergence relationships
presented on factual sections. Coordinates for each section are presented at the ends of the
section lines. Locations of sections are illustrated on Figure 2.2(b).
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Chapter 2 Structural history ofthe Arthur Lineament

the approximate location ofCaFi fold hinges can be interpreted (sections A to J and
M inFigure 2.2(b), Figure 2.17(a) andFigure 2.17(b)). CoFi are interpreted tobe
macroscopic-scale folds, with steeply east- to steeply west-dipping axial planes. The
orientation of CoLoi intersection lineations in this area are varied, however they

mainlyplungemoderately to the northeast (Figure 2.5).

CaSi is pervasively developed inboth siltstone andsandstone layers, although away
from the lineament it is more evident in the finer grained layers, and towards the tops

of graded beds. CaSi is a spaced, smooth, foliation, with microlithons thatare2-3
mm wide (wider than CaSi), andmore pervasively developed thanCaSi (Figure

2.4(b) and Figure 2.16). Narrow CaSi-parallel zones (3-5 m) ofmore intensely
developed, phyllitic CaSi are present. Near to the lineament, these zones ofphyllitic
CaS>2 aremore common, andat the lineament boundary are the dominant style of the
CflS2 foliation. Bedding-CflSi-CflS2 vergence relationships indicate macroscopic
CaF2 folds are common in this area (Figure 2.17(a) sectionsA to J and Figure
2.17(b) section M), however in the field, only small scale CflF2 folds were evident.
These parasitic CaV2 folds, are tight, asymmetric, mostly downward facing folds
with a well developedaxial planarcleavage (Figure 2.18). Towards the westem
boundary of this domain, thefrequency of CaF2 increases, andthe tightness of
refolding due to CaF2 becomes greater (Figure 2.17(a) sections A to J andFigure
2.17(b) section M).

Stmctural analysis has enabled this domain tobe subdivided into two domains
(ELSl andELS2, vi(a) and vi(b) respectively) (Figure 2.5 andFigure 2.15). The
ELS2 (eastem domain) of the low strain zone (3 to 7 kmto the eastof the eastern
boundary of theArthur Lineament) is distinguished by theorientation of CaSi and
CflS2, and associated intersection lineations. In this domain. So and CaSi have very
similar orientations, dipping steeply to the northwest/southeast (85/150 and 80/310
respectively). The spread ofdata for bothsurfaces indicates later refolding by an
eventwith a northeast trendingfold axis. CaLoi intersection lineations plunge
moderately to steeplyto thenorth-northeast (65/033) (Figure 2.5). CaS2 dips
moderately to steeply to the east (60/090), andproduces CaLo2 intersection lineations
that plungemoderately to thenortheast (46/044) (Figure 2.5).
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Chapter 2 Structural histoiy ofthe Arthur Lineament

As can be seen from Figure 2.5, in ELS2 the orientations of CaLoi and CaLo2

intersection lineations are variable. Stereographic analysis indicates both

generations have subsequentlyundergone refolding, predominantly about a

southeast-trending fold axis. This northeast-southwest component of the spread is

largely attributed to the Devonian deformation, although it is possible the CoD^

event has caused some interference. The CflDs and Devonian events will be

discussed in detail in section 2.5.

In ELSl (western domain) of the low strain zone (0-3 km to the east of the Arthur

Lineament), the orientation of So, CaSi, CaSj, and the associated intersection

lineations vary from that in the eastem domain (Figure 2.5). Although the

orientation of Sq is quite variable, the majorityof poles to bedding form a well-

defined great circle, folded about an axisplunging shallowlyto the north-northeast.

Poles to CflSi also suggest refolding about this axis. CaSi has a strong preferred

orientation, dipping steeply to the east-southeast (74/103). Although the C«Loi

intersection lineations have a preferred orientation, plunging moderately to the north-

northeast, these lineations are also spread about a north-northeast fold axis. The

great circle of best fit for the poles to So, and the preferred orientationof the CaLoi
intersection lineations, are consistent with refolding about a gently to moderately

plunging,north-northeast trendingfold axis. This corresponds with refolding by the

CaF2 event in this domain, as is indicated by CaLoi (30/025) (Figure 2.5).

Some variability in the orientation of Sq, CaSi, CaSi, and the associated intersection

lineations may be attributed to localised refolding by late deformational events (of

Devonian age). However, the strengtheningdevelopmentand clustering of CflS2 and

CaLo2, in addition to the well defined great circle ofpoles to bedding, approaching

the eastem boundary of the Arthur Lineament (in the western zone) indicates the

increasing dominance of the CaD2 event.
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2.4.3 Southern study area: structure of the moderate to high
strain (transitional) zone of the Arthur Lineament

Structural mapping inthe eastern part ofthe Arthur Lineament, in the
metamorphosed Oonah Formation, and the AGC was carried out in the following
areas:

• to the northeast ofthe Savage River township along the Savage River-Waratah
Road,

• in the Savage River township area,

• to the south ofthe Savage River township on the Savage River-Coriima Road,
• on the Lower Pieman Dam Road, from theLower Pieman Dam(Reece Dam) to

the boundary with the low strain, unmetamorphosed Oonah Formation,
• in the upper reaches of theRockyRiver,

• in the upper reaches of theOwenMeredith River
• and on thewest coast to thenorth of Granville Harbour, southof theDuckCreek

cover sequence.

These locations are grouped inareas iv(b) and v(b) inFigure 2.15. The mapping
undertaken indicates this region is amoderate to high strain transitional zone (ie. the
foliations are predominantly phyllitic in the east, becoming mostly schistose in the
west), and it is within the defined eastern boundary ofthe Arthur Lineament (Turner
etal. 1991). This zone is dominated hy CaFi folding (Figure 2.17(a) sections Kand
L, Figure 2.17(b) sections Nto V)), although there are major zones ofintense CdFi
development (Figure 2.19 sections Wand A'). These areas are also zones ofmajor
syn-C«D2, apparently laterally continuous fault zones (corresponding shear zones
observed along strike in both the Rocky and OwenMeredith Rivers), which result in
changes in the CaFi closure directions (Figure 2.19 sections Wand A'), and clearly
represent significant faults related to the formation ofthe Arthur Lineament.
Metamorphic geochronology studies undertaken on samples from these zones are
described in Chapter 3. Microstructural analysis ofthese fault zones indicate the
intense overprinting ofCaS] by CaSi (Figure 2.4(d)). Although the CaS\ and CflS2
foliations are generally better developed than in the low strain zone ofthe Oonah
Formation, they are not as well developed as in the most strongly deformed zones
(with highest strain) ofthe Dowry Formation and "eastern" Ahrberg Group, to the
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Figure 2 19. Structural cross sections Wto A', of the Oonah Formation-AGC (Ahrberg Group
Correlate)-Bowry Formation-"eastern" Ahrberg Group, within the Arthur Lineament in the
southern studyarea. Sections are oriented 290/110, with east to the right Data on factual
sections (top of set) are corrected to apparent dip. Interpretive sections (bottom ofset) take
intoaccount vergence relationships presented on factual sections Coordinates for each
section are presented at the ends of the section lines. Locations of sections are illustrated
on Figure 2 2(b).
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west. The structural style and intensityof CaD\ and CdD2, and the orientation of the
related foliations and folds in these different areas within the eastern boundary of the

Arthur Lineament is consistent. However the orientations on the coastal section, to

the north ofGranville Harbour (south of the Duck Creek cover sequence), vary due

to localised refolding by later (Devonian) events (Figure 2.5). In all of the above

areas, CaSi and CaS2 are both well developed, phyllitic to schistose fabrics that

increasein intensityprogressively towards the westemboundary of the Oonah
Formation. Based on this, the Oonah Formation in the moderate to high

strain/transitional zone, within the eastern boundary of the lineament, in the southem

study area, willbe discussed as onestmctural domain. The AGO, which lies to the
west of the Oonah Formation and to the east of the Bowry Formation (area iv(b) on

Figure 2.15), is also examined asone stractural domain. Its stmctural history and
deformation style are discussed separately, in order to independently assess the
stractural style of this unit, whichhas a faulted contact with the OonahFormation.

2.4.3.1 Moderate to high strain zone - Oonah Formation
At themappedeasternboundary of theArthurLineament, which is the transition
zone between the low and the moderate to high strain

(unmetamorphosed/metamorphosed) Oonah Formation (Turner et al. 1991), bedding

features were observed. Both CaSy and CaSj are parallel to sub-parallel to bedding

on the limbs of CaFi and CaF2 folds (Figure 2.5). CaSi is a predominantly phyllitic,

fmely spaced, smooth foliation, with 1mmwide discrete microlithons. It is best
developed in peliticandpsammopelitic layers, although is also detectable in
psammites. However, towards thewestem boundary of the Oonah Formation
(faulted contact withtheAGO), bedding becomes more difficult to identify, and
CaSi is more commonly schistose. Although CoSi is well developed, it is strongly
overprinted by CaS2. In areas with intense development of CaDi, CaSi is
highlighted by CaSi-parallel quartz segregations (Figure 2.20). Strong syn-CaDi
boudinageof the quartz segregations occurs. Where small scale parasitic CaF2 were
observed, the CaSi-related quartz segregations were tightly folded (Figure 2.6(a) and

(b)). Outcrop scale CaFi folds are rarelyevident anddifficultto identify, as they are
strongly overprinted and refolded by CflF2. Where C«Fi foldswere found, theywere
isoclinal folds mostly with steeply east-southeastdipping axial planes (85/100) and
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fold axes that plunge moderately to steeply to the southeast and south (approximately
60/160) (Figure 2.5). Refolding ofCaFi by subsequent defonnations, such as is seen
in the area to the north of Granville Harbour, has resulted in variable orientations of
the CaDi features. However the style of CflFi isconsistent (Figure 2.5 andFigure
2.21(a) to (f)). CflFi are distinguished from CaFx on several grounds. The parasitic
CflFi folds are distinguished from Ca¥2 in the field bythe different style of folding.
CflFi are isoclinal and have strongly attenuated limbs (Figure 2.21(a) to (f)), whereas
CflF? are tight and their limbs do not have the same degree ofattenuation. The CflS2
cleavage transecting the CflFi folds and So-CflSa vergence relationships that conflict
with CflFi help to distinguish between the different generations (Figure 2.22(a) and
(b)). Furthermore the CflSi foliation is more broadly spaced, and more penetrative
thanCflSi. Parasitic CflFi folds exposed in thefield are generally smaller in scale
than the CflFz. However, structural analysis indicates thatbasedon consistent CflFi
vergence relationships over a distance ofseveral hundred metres, the major CflFi
folds are also macroscopic-scale (Figure 2.19 sections Wand A', and Figure 2.22(b)
and (c)).

In themoderate tohigh strain zone, CflSi is also a phyllitic, axial planar, finely
spaced, smooth, parallel foliation, proximal to the eastern boundary ofthe Arthur
Lineament, although it has broader microlithons (1-3 mm) than CflSi (Figure 2.23).
It is amore pervasive foliation than CflSi, and is well developed inpelitic,
psammopelitic and psammitic layers (Figure 2.20). To the west ofthe eastem
boundary of the Arthur Lineament, CflSi gradually becomes schistose, over a
distance ofapproximately two kilometres, with phyllitic zones decreasing in
frequency (Figure 2.24(a) and (b)). CaFi inthis zone are macroscopic scale folds,
although outcrop scale and small scale parasitic CflF2 are evident (Figure 2.17(a)
sections K and L, Figure 2.17(b) sections N toV, and Figure 2.23). They are tight to
isoclinal folds, withstrongly attenuated limbs, and in some instances were observed
to be gently inclined (Figure 2.23).

Stereographic analysis shows that tliroughout the moderate to high strain zone (areas
iv(b) and v(b) onFigure 2.5 and Figure 2.15, Figure 2.17a sections K and L, Figure
2.17(b) sections N toV), bedding mostly dips moderately to steeply to the east-
southeast (80/100), although onthe west coast section, bedding predominantly dips
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Figure 2 21(a) Overview of mesoscopic, tight, recumbent CaFi and CaFzfoids in deformed
Oonah Formation psammite, within the Moderate-High strain zone of the Arthur Lineament,
on the west coast (334320 mE, 5372315 mN). DeS4 cleavage dips steeply to the leftof
photograph, hammer for scale is centre left; (b) sketch of (a), illustrating close up locations
(c) and (f); (c) close up photograph CaFi antiformal hinge, showing attenuation of limbs,
weathering ofrecessive layers and transecting DeS4 cleavage; (d) sketch of (c), showing
location ofclose up (e); (e) detailed photograph oftight CaFi hinge with recessive layering
(bedding) and transecting DeS4 cleavage; (f) close up of synformai CaFi hinge, pen at centre
is 14 cm in length
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(c1

Figure 2.21 (aHf).
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Figure 2.22. Structural style of the southernmost edge of the Arthur Lineament, on the west

coast of Tasmania, to the north of Granvllle Harbour (3349915 mE, 5371325 mN to 334300

mE, 5372610 mN). (a) cross section J", Illustrating structural data for the west coast

exposure of the southern Arthur Lineament; (b) interpretive cross section for the area; (c)

simplified geological map of the section, (I) Is location of isocllnally folded and boudlnaged

(CaFi) amphlbollte body; (d) stereographic projections for CaLoi and CaLo2 illustrating the

predominantly shallow to moderate southeast plunge. Refer to Figure 2.2a and b for

location.
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Figure 2.23. Mesoscopic, gently inclined C3F2 with finely spaced (2-3 mm) to phyllitic axial
planar CaSa cleavage. Lithology is moderate-high strain Oonah Formation psammopelite-
pelite, grading up to the right. Lens cap is 53 mm diameter (345050 mE, 5378690 mN).

Figure 2.24. Photomicrographs of cleavage development near to the eastern boundary of
the Arthur Lineament, (a) Photomicrograph of weak, phyllitic CaSa cleavage development in
quartz-rich psammopelite, close to the eastern boundary of the Arthur Lineament (moderate-
high strain Oonah Formation). Quartz grains show moderate levels of deformation and
alignment of long axes horizontally. Micaceous cleavage domains also are horizontal.
Weak crenulation trending perpendicular to the main foliation is evident (£>684). 5X
magnification, XPL (334415 mE, 5372055 mN)(sample 932). (b) Photomicrograph of
developing schistose C3S2 foliation in quartz-rich psammopelite, within the eastern boundary
of the Arthur Lineament. Quartz grains are more strongly aligned and flattened than in (a).
Weak crenulation trending perpendicular to the main foliation is evident (DeS^). 5X
magnification, XPL (334295 mE, 5372605 mN)(sample 923a).

Figure 2.25. Boudinaged psammite layer in psammopelite, AGO. (a) psammite layer (ps)
has preserved CaS-, and is boudinaged by C3S2. In psammopeiitic layer (pp) the CaS, is
represented by magnetite veinlets that crosscut bedding (mt). The C3S2 is pervasively
developed in the psammopelite, and is parallel to bedding. Way up was identified by graded
bedding(b) detailed sketch map of (a) (location (ii) on Figure 2.22d (334310 mE, 5372500
mN).
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Chapter 2 Structural history ofthe Arthur Lineament

Steeply to the south (82/194), due to the laterDevonian refolding (areas iv(a) and
v(a) on Figure 2.5 and Figure2.15,Figure2.22(a) and (b). The north-south spread
ofthe poles to bedding indicates several generations of folding and refolding have
occurred. The predominant, bedding-parallel, east-southeastdip of CaSi and CaSj

reflects the tight to isoclinal style of CoFi and Co?2, whichmostly plunge

moderately to steeply to the south (Figure2.5). On the west coast section, CaSi and

CflS2 are also parallel to bedding, and dip steeplyto the north and south (70/190)
(Figure 2.5).

CflLoi, CflLi2 and CflLo2 intersection lineations and CaFi and CaF2 fold axes mostly
plunge moderatelyto steeply to the south-southwest, although variationis evident, as
some lineations plimgeto the north-northwest and southeast (Figure 2.5 and Figure
2.22(d)). The spreadof lineations andfold axes in this area is due to laterrefolding
about an east-northeast axis.

2.4.3.2 Moderate to high strain zone - AGC ("eastern" Ahrberg

Group correlate)

In the "eastern" Ahrberg Group correlate, the CaSi and CflS2 foliations are sub-

parallel to bedding on the limbsof CaY\ and CflF2 folds. Furthermore, they are more
intenselydeveloped than in the OonahFormation, as are CaFi and CflF2 folds,
reflecting an increase in strain towards the core of the Arthur Lineament.

Compositional differences between the metasediments of the two sequences causes

some contrast in the pervasiveness of the foliations. Within interbedded

psammite/pelite sequences, CaSi is preserved as a crosscutting fabric, mostly found

in microlithons of CflS2 and within some CaS2 psammite houdins. In these

instances, the earlier fabric is recognisable due to its slightly different orientation to

CaS2, and its termination at the hormdaries between intensely and weakly developed

CaS2. These correspond with the boundaries between competent and incompetent
layering, as CaS2 is more intenselydeveloped in the finer grainedmetasediments

(Figure 2.25(a) and (b)). In lithological sequences with less contrast in competency,

such as psammite/psammopelite sequences, CaSi is a more pervasive foliation,

evident in layers ofdifferent competency, however it is still obliterated in areas of
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intensely developed CaSj. The CaSa foliation cleavage domains areparallel in
psammopelitic imits, andanastamosmg inpsammitic layers (Figure 2.26(a) and (b)).
Consistent with the moderate to high strainzonem the OonahFormation, CaFi folds
evident in the field are smaller in scale and less common than CaF2 (Figure 2.22(a)

and (h)). However, structural mapping indicates changes in CaFi vergence are less
frequent than CflFi, suggesting thewavelength ofmacroscopic-scale CaFi folds are
greater thanCaFa. The outcrop scale CaFi folds are intensely developed as is seen
on thewest coast,with syn-CaFi isoclinal folding and boudinage of bedding-parallel
amphibolite bodies occurring (location (i) in Figure^.22(d)) (Figure 2.22(a) and (b)).

In the Reece Dam area, the "eastern" Ahrberg Group correlate is extensively exposed

at thebase of the spillway, in Stringer Creek (345120mE, 5378860mN) (Figure
2.27(b)). Thisprovides a detailed insight into the structural style of the "eastern"
Ahrberg Group correlate in this area. In addition to the outcrop ofmetasedhnents,
this location features exposure of a stmcturally interlayered tholeiitic metagabbroic
unit (Turner 1992, Crawford 1992, Turner & Crawford 1993). To thewest of the
"eastern"Ahrberg Group correlate, and also exposed, is the faulted contactwith the
Dowry Formation.

The"eastem" Ahrberg Group correlate in this area is dominated by CaSi and CaS2
(Figure 2.26(a) to (c)), aswell as syn-CaDi to syn-CaD2 faults, andbased on
consistent CaF2 vergence, is positioned on the downward-facing, east-dipping limb

of a CaF2 fold. The orientations of So, CaSi and CaS2 are variable due to refolding

byCaFs, and DeYs (Figure 2.5). Late faults, possibly Devonian in age, also cut
the Cambrian-age structures. Thevarying orientation, styleand intensityof the
CaDi and CaD2 structures enable the area to be divided into two structural domains

(Domains SI and S2) (Figure 2.27(b)).

Domaiu SI is defined as the short limb and hinge-zone of a late (CaDs or DeDs)

upright southeast-plunging 'Z' fold witha wavelength of 150 metres. The domain
features pervasive developmentof CaSi and CaS2, which have consistentvergence
relationships with Sq. CaF2 are small-scale (5-15 cm wavelength) 'Z' folds that

verge to the southeast. The folds feature moderately southeast-dipping overturned
long limbs, steeply southeast dipping upright short limbs. Ca^2 is finely spaced (1-2
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Figure 2.26. Mesoscopic CaFz fold from the base of the spillway at Reece Dam, in AGC. (a)
Overview of asymmetric fold, illustrating moderate level ofattenuation of limbs. CaSa is axial
planar, and pervasively developed in carbonate bearing psammitic layers (orange) and
graphitic psammopelitic layers (grey); (b) close up of hinge area, illustrating anastomosing
CaS2 in psammite and parallel CaS2 in psammopelite. The CaSi foliation is developed in
both psammitic and psammopelitic layers, and is crenulated by CaS2; (sample 1114a) (c)
photomicrograph ofinterlayered graphitic psammopelite and carbonate-bearing quartz
psammite with schistose CaS2 featuring more finely spaced microlithons in psammopelite-
rich zones (lower left). Crosscutting crenulation cleavage (possibly Devonian in age) dips
more steeply to the right (5X XPL) (sample 1114b)(345120 mN, 5378860 mN).
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Figure 2.27 (a)-(b). Reece Damand spillway, (a) location map (modified after
Turner etal. 1991), with section lineA-B; (b) cross section of the Reece Dam-spillway
area (section A-B), with equal area stereographic projections for Domains SI and 82
(345300 mE, 5378875 mN to 345100 mE, 5378875 mN). Legend for 2.27(a) is the
same as for Figure 2.2.
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mm) andphyllitic to schistose. TheCa^2 folds refoldthe very finely spaced (1 mm)

phyllitic to schistose CaSi cleavage.

CflSi- to CaSj- parallel faulting and shearing is common (Figure 2.27(b)). These

shear zones are typically planar features, within zones up to 5 metres wide, of

intensely developed CaSi and CaSj. Themetagabbro described by Crawford (1992)
and Turner & Crawford (1993) outcrops in Domain SI as boudins that have margins

penetrated(up to 1m) by the CaSi- to CaSi- foliations, due to competencycontrast

between the metagabbro and the surrounding quartz-mica-albite-carbonate schist.
The cores of the boudins are unfoliated.

DomainS2 is the moderately dipping long limbof the late (CaDs orDeDs)upright
southeast-plunging 'Z' fold (Figure 2.27(b)). C«Si and C«S2 are pervasively
developed. CaSi is a finely spaced schistosity (0.5 mm) (Figure 2.26(a) to (c)), and
produces a CaLoi intersection lineation. CaSi isalso schistose (1-2 mmspacing),
andproduces a CaLo2 intersection lineation. The syn-CaDi and syn-CaD2 faults
display a consistent reverse senseofmovement andpredominantly dip to the east
(Figure 2.27(b)). They lack fault gouge or breccia.

Stereographic analysis of the AGCin themoderate to high strain zonewas

imdertaken. It is evident that the orientation ofbedding (45/095), CoSi (70/060) and

CaS2 (50/100) is broadlyconsistent with themoderate to high strainzoneOonah
Formation, both within the Arthur Lineament in the Reece Dam-Rocky River area,

and on the west coast (Figure 2.5). In the AGC,bedding, along with CaSi and CaS2

predominantly dipmoderately to the east-southeast, whereas intersection lineations
(CflLoi CaLi2 and CflLo2) mostlyplungemoderately to steeply to the south-
southwest (CaLoi and CaL^- 65/220) and north-northeast (CflLo2: 10/025). On the

west coast, the foliations (So, CaSi and CflS2) predominantlydip steeply to the north-
northeast (85/020), although some surfaces dip to the south-southwest. CaFi and

CflF2 fold axes and intersection lineations (CaLoi CaLi2 and CaLo2) consistently

plungegently to moderatelyto the southeast(25/115) (Figure2.5).
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2.4.4 Southern study area: structure of the high strain zone of

the Arthur Lineament

The high strain zone of the Arthur Lineament consists of the Bowry Formation in the

east, and the "eastern" Ahrberg Group to its west (areas labelled ii(a), ii(b) and iii in

Figure 2.5 and Figure 2.15). The Bowry Formation (iii in Figure 2.5 and Figure

2.15) is a fault-hounded unit, and is interpreted to be allochthonous due to its

different early metamorphic history and the presence of a deformed ca. 780 Ma

granitoid (Turneret al. 1998). The "eastern"Ahrberg Group is considered to be a

correlate of the "western" Ahrberg Group based on similarities in the stratigraphy

and geochemistry of mafic igneous rocks (discussed in Chapters 1 and 4) and is
interpretedas a para-autochthonous unit. Structural mapping in the high strain zone

of the Arthur Lineament was carried out in the following areas:

• in the Rocky River,

• in the Owen Meredith River,

• in lower Stringer Creek and around the Reece Dam power station,

• along the Savage River-Corirma Road,

• in the Paradise River,

• in Lucy, Nancy and Timbs Creeks,

• on the west coast, to the north of Granville Harbour, between the northem

boundary of the Duck Creek cover sequence and the southern end ofFour Mile

Beach.

These areas are labelled ii(b) and ii(a) on Figure 2.15. The structural histories of the

Bowry Formation and the "eastern" Ahrberg Group appear to be similar. However,

whereas the style and intensity of deformation is consistent throughout the high

strain zone, the orientation of the foliations (CaSi and CaSf) and intersection

lineations (CflLo2) in the two sequences is slightly different (Figure 2.5). On this

basis, the deformation in the Bowry Formation and "eastern" Ahrberg Group

sequences will be discussed as two separate stmctural domains, in order to facilitate

the independent structural assessment of these units.
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2.4.4.1 High strain zone - Bowry Formation

The Bowry Formation occurs to the west of the moderate to high strain "eastern"

Ahrberg Group correlate (Figure 2.15). The style of deformation within the Bowry

Formation, throughout the three areaswhich the mit has been mapped (Rocky River,

Owen Meredith River and lower Stringer Creek) is consistent. Therefore the

deformational history evident in these areas of the Bowry Formation will be

discussed as a single structural domain. The Bowry Formation is not exposed on the

west coast, and is interpreted to be covered by the Duck Creek sequence (Eldon

Group) (Figure 2.2a).

Bedding is not always visible within the Bowry Formation. The metasedrments

which comprise the unit aremostlyfine grained, anduniform in composition. The
protolith of these fine grained metasediments is interpreted to be volcanic-derived
siltstone, with little evidence for sedimentary stmctures. However, where bedding is

evident, it is slightly different in orientation to CaSi, and is sub-parallel to CaS?,

mostly trending steeply towards the east (70/095). The closeness in orientation is

interpreted to be a result of the tight to isoclinal style of CaVj. The style of CaS2and

CaF2 will be discussed in greater detail below.

The transition m deformational style and intensity from the AGC (moderate to high

strain zone) to the Bowry Formation (high strain zone) is sharp, with the frequency

of faulting increasing and the CaSi and CaS2 foliations developed as schistosities.

Eventhough CaSi and CaS2 are both schistose foliations, the intense development of

CaS2within the Bowry Formation has caused the common obliteration of early

(CflSi) textures. As a result, on a microscopic scale, CaSi is preserved in

microlithons of CflS2 (Figure 2.28(a)). Where CaSi is preserved, in zones ofweakly

developed CaS2, it is a pervasively developed schistosity, with very finely spaced

(0.5-1 mm wide), parallel, smoothmicrolithons and discrete cleavage domains.

However, in some areas of less intense deformation, the foliation is phyllitic. As in

other areas ofhigh strain, commonly associated with, and parallel to CaSi, are quartz

segregations, which highlight the orientation of the foliation (Figure 2.28(b) to (d)).

In some cases the quartz segregations were observed being folded CaF2 (Figure

2.28(c) and (d)). CaSi commonly dips steeply to the northeast (70/040) (Figure 2.5).
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Figure 2.28(a) Photomicrograph of quartz-chiorite-opaque schist from the Bowry Formation,
showing the preservation of CaSi (dipping to the right) in microlithons of CaS2 (horizontai).
The CaSz schistosity crenuiates CaSi (sampie DDH1 Rocky River, 210.3 m) (349800 mE,
5389800 mN): (b) CaSi quartzsegregation boudinaged byCaS2 (trending up to the right) in
chloritic schist interlayeredwith laminated magnetite (grey) (349610 mE, 5388610 mN); (c)
mesoscopic CaF2 refolding CaSi-parailel quartz segregation in chloritic psammopelitic
schist. CaS2 schistosity is defined by quartz-rich domains, axial planar to the fold. White
area of pen is 7 cm in length (349480 mE, 5388820 mN); (d) abundant CaSi quartz
segregations in chloritic schist, intenselyfolded by CaF2, pen at centre is 14 cm in length
(349885 mE, 5388250 mN); (e) photomicrograph of psammopeiite from the Bowry
Formation, showing intense development of CaS2schistosity. Quartz grains are fully
recrystallised, and are intergrown with carbonate (sample 809) (344700 mE, 5379130 mN);
(f) photomicrograph of strongly foliated amphibolite in the BowryFormation. Dominant
foliation (horizontal) is CaS2. Aibite porphyroblasts are syn-CaDa. Foliation is defined by
chlorite (olive green) and actinoiitic amphibole (blue green). Opaques are magnetite,
(sampie 667) (349570 mE, 5388650 mN).
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Chapter 2 Structural history oftheArthur Lineament

The CaS>2 foliation is much more pervasive than CaSi. It is an intenselydeveloped,

schistose foliation, and has finely spaced cleavage domains (0.5-2 mm) (Figure

2.28(e)), with more broadly spacedcleavage domains in psammitic layers. The
foliation penetrates themarginsof amphibolite bodies, causing syn-deformational
mineralgrowth, andmetamorphic mineral alignment (Figure2.28(f)). The CaS2
foliation mostly dips to the east-southeast (60/105), however due to subsequent

refolding, there is a spread in the orientation of CaS2 (Figure2.5).

Syn-CaDi and CaD^ boudinage of competent layers-is common in theBowry
Formation. Boudinaged CaSi.2-parallel quartz segregations are common within
psammopelite (Figure 2.28(b)). CaFi were not found in theBowry Formation and

Ca?2 wereminor (Figure2.19 sections W to Y andA'). The Cd?2 folds observed
weremostlysmall scale,parasitic tight to isoclinalfolds, refolding syn-CaSi quartz
segregations (Figure 2.28(c)). Stretching lineations related to CdD\ andCdD2 were
not observed. As a result of the intense overprinting of CaSi by CaS2, intersection

lineations between CaSi and other surfaces were difficult to detect. However, CaLo2

intersection lineations are common, andmostly plunge gently to the south (5/185),

but theyalsoplimgegently to thenorth, as a result of refoldingin someareas (Figure
2.5).

Although CaYi and CflF2 folding in theBowryFormation was not frequently
observed, syn-CaDi to CaT>2 faulting is common, and based on detailed mapping in
the lower StringerCreek-Reece Dampowerstation area (Figure 2.29(a)), appears to

be themainstyle of deformation in this unit (Figure 2.29(b) and(c). Figure 2.30).
Faults are CaSi- and C«S2-parallel planar features, with quartz segregations common

on themargins of the fault plane. The faults arenarrowzones anddo not have
associated fault gouge or brecciation.

Themapped easternboundary of theBowryFormation(faulted contact with the
AGC) is exposedto the west of the spillway at ReeceDam, in lower Stringer Creek
(Turner et al. 1991). Approaching this boundary fromthe east, thegeology becomes
more complex, in the vicinity of lowerStringer Creek and the ReeeeDam power

station. Mafic schist and amphibolite bodiesbecome common andsyn-CaDi.2 faults

aremore frequent. Furthermore, stractural repetition and the interlayering of units of

79



Figure 2.29(a) overview map of geology in the vicinityof the Reece Dam area, and the
location of cross sections; (b) cross section (viewed to the north) of AGC outcrop along lower
Stringer Creek. The area is dominated by CaF2 and syn-CaD2 faulting, with minor
overprinting by CaDs structures. Sketch is mirror image in order to keep consistent

orientation with Figure 2.33. (345140 mE, 5379190 mN) (points A and B in Figure 2.29b are
along strike, on opposite banks of Stringer Creek. Outcrop is lithologically varied, with

moderately deformed amphibolite and metasedimentary schists outcropping. CaF2 vergence

is consistent on both sides of creek. Section is viewed to the north (344730 mE, 5379090
mN); (c) cross section immediately downstream of tunnel outlets on the Pieman River, within

Bowry Formation. Area is fault dominated, with reverse sense of movement apparent on

most fault surfaces, which are steeply east dipping. Amphibolite is crossitic, indicative of

high metamorphic conditions. Bedding and CaS2 predominantly dip steeply to the southeast,

however CaSi dips steeply to the north. (344720 mE, 5379210 mN).
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Figure 2.30. Detailed geoiogicai map and photographic collage (oblique view) of the same
area (lettering A,B andCcorrespond) from the mouth of Stringer Creek, near Reece Dam
power station (344900 mE, 5379100 mN). The intense faulting (visible as east dipping
surfaces in the photograph) has resulted in the stacking of slices of differing composition and
metamorphic grade. Measured fault planes with movement indicators are illustrated in the
stereographic projection.
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different metamorphic grade is observed. The increase in the frequency of early

faulting (syn-CaDi and syn-CaD2) at the spillwayand dam (Figure2.27(c) and 2.30)

is interpreted to represent the style of deformation within the most strongly deformed

parts of the Arthur Lineament. Individual syn-CflDi.2-related fault hounded slices

axe typically 5 to 10 m thick, with strongly foliated to sheared margins demonstrating

well developed S-C fabrics. These zones are dominated by small scale faults

(Figures 2.29(b) to (d) and Figure 2.30). The faults have resulted in the stacking of

slices of different composition and different metamorphic grade, including graphitic

phyllite,pelitic and psammopelitic schist, chlorite andmafic schist, amphiboliteand

minor quartz-feldspar schist (344900 mE, 5379075 mN), and are critical to the
understanding of this high strain zone of the Arthur Lineament.

These contrasting styles of deformation are widespread, and are interpreted to occur

on a mesoscopic scale, and on amacroscopic scale (eg. Figures2.27(c), 2.29(b) to
(d) and Figure 2.30). They are interpreted to haveproduced stacks of regionally

mappable fault bounded slices of contrastingmetamorphic grades, such as the

allochthonous Bowry Formation.

2.4.4.2 High strain zone - "eastern" Ahrberg Group
The high strain "eastern" Ahrherg Group is faulted against the Dowry Formation to

the east, and the "westem" Ahrherg Group to the west. It is the largest tectono-

stratigraphic unit of the Arthur Lineament, and is compositionallyvaried, with

psammopelite, psammite, carbonate-hearing metasediments, mafic metasediments

and amphibolites (see Chapter 1 and 4).

The structural style in the "eastern" Ahrberg Group" is consistent in the different

areas in which the sequencewasmapped (RockyRiver, SavageRiver-CoriimaRoad,
Paradise River, Lucy, Nancy, Timbs Creek and on the west coast, to the north of the

Duck Creek cover sequence). However, the orientation ofbedding and the CaD\ and

CdDj deformational features in the "eastern" Ahrberg Group on the west coast

differs from other areas of the southern Arthur Lineament (Figure 2.5). This is

interpreted to be the result of subsequent refolding by Devonian deformation,

discussed in detail in Section 2.5. On the basis of the similar stractural style and
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orientation (prior to the Devonian deformation) in the abovementionedareas, the

"eastern" Ahrberg Group will be discussed as one structural domain.

Within the "eastern" Ahrberg Group, bedding is mostly detectable in the field and in

hand specimen, due to the predominantly interbeddednature ofthe precursor

sediments (Figure 2.31(a) and (b)). So predominantlydips steeply to the east-

southeast (70/100), however due to subsequentrefolding, the poles to bedding define

a great circle reflecting folding about a northplunging axis. On the west coast the
orientation of Sqdiffers from elsewhere in the "eastern" Ahrberg Group, and mostly

dips steeply to the southeast (60/140) (Figure 2.5). Bedding is commonly parallel to
sub-parallel to CaSi and CffS2, dueto the tight to isoclinal styleof folding.
However, in CaFi and CaVz hingezones, the respective foliations are at a high angle

to bedding.

CflSi is a very finely spaced (less than 0.5 mm) schistosity,with mostly parallel,

smooth cleavage domains and discrete microlithons. In some cases, the foliation is
phyllitic. In coarser grained, psammitic metasediments, the spacing of the cleavage
domains increases (1 mm), although the foliation does not penetrate these layers as

pervasively as m the pelitic andpsammopelitic layers. As in the othermoderate to

high strain zones, where CaDj is intenselydeveloped, CaSi is stronglyoverprinted
by CaS2. Inmost areas, CaSi is onlypreserved in microlithons of the CaSj foliation,
and as inclusions in late syn to post-CaDi and syn-CaD2 porphyrohlasts (Figure

2.4(c) and (d)). In the majority of the high strain "eastern" Ahrberg Group, CaSi

varies slightly in orientation from bedding, and dips steeply to the southeast

(80/075), although the data set is small. Howeveron the west coast, in the zone of

intensely developed CaDi, CaSi is closer in orientation to bedding (70/150) (Figure

2.5).

CaS2is finely spaced (1-2 mm) and schistose, with parallel, smooth cleavage

domains and discrete microlithons (Figure 2.31(b) and (c)). Rarely was the foliation

observed to be phyllitic. It is the dominant foliation in the majority of the "eastern"

Ahrberg Group, and is pervasive. In the high strain zone CaS2is well developed in

pelitic,psammopeliticandpsammitic lithologies. CaSj alsopenetrates amphibolite
bodies much more extensively than CaSi (Figure 2.31(d)). The foliation is sub-
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Figure 2.31(a) interbedded psammitic and psammopelitic schist from the "eastern" Ahrberg
Group, in the Paradise River area. Bedding grades up to the left. CaSi is represented by
CaSi-paraliel quartz segregations (top left of frame), that has been asymmetricaily folded by
CaF2. CaS2 is the dominant foliation, and dips steeply to the left, crosscutting both So and
CaSi. Image is 10 cm wide (347150 mE, 5383690 mN); (b) interbedded psammitic and
psammopelitic metasediment in the "eastern" Ahrberg Group, on the west coast. Bedding
dips steeply to the left, and is weakly overprinted by finely spaced CaSi (dipping gently to the
right), evident only in finer grained layers. The schistose CaS2 foliation Ts pervasive, and
dips gently to the left. It is best developed in the psammitic layers. Pen is 13.5 cm in length
(333410 mE, 5374605 mN); (c) photomicrograph of psammopelitic schist in the high strain
eastern Ahrberg Group, Paradise River area. CaS2 is the dominant schistosity and trends
up to the right. Microlithons are finely spaced. Albite porphyroblasts (lower left and upper
right) are syn-CaD2 (5X XPL) (sample 608a) (344380 mE, 5383800 mN); (d)
photomicrograph of strongly foliated amphibolite in the "eastern" Ahrberg Group, Paradise
River area. The dominant CaSa schistosity is defined by chlorite (pale green) and sphene
aggregates (dark brown) (sample 32) (347150 mE, 5383700 mN); (e) interbedded psammite
(orange) and psammopelite (pale grey) in the "eastern" Ahrberg Group, west coast sub
domain. The psammite layers are intensely boudinaged by CaDi (plunging 52/204)
consistent with the orientation ofCaFi in this area (see Figure 2.5). Hammer for scale is
centre right; (f) psammite clasts in psammopelitic matrix, in the "eastern" Ahrberg Group,
west coast sub domain. The psammite clasts have undergone stretching during the CaD^
event, and are consistent in their orientation with CaFi in this area (50/152) (see Figure 2.5).
Lens cap is 53 mm diameter.
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parallel to bedding (65/130) on the west coast, and isparallel tobedding in the other
areas of the "eastern" Ahrberg Group (70/100).

CapI are not commonlyobserved throughout the high strainzone, as a result of the
pervasive overprinting and obliteration byCaSa and CdPi- However, in areas of the
western part of the "eastem" Ahrberg Group, CaD\ is intensely developed andis not
as pervasively overprinted by CflD2 as inother areas (eg. 333740 mE, 5374220 mN)
(Figure 2.32). In this sub-domain of intense CaDi, CaPi folds are clearly
discemable. They aremesoscopic scaleisoclinal foids, withstrongly attenuated
limbs andwavelengths of 5 to 10m. On the west coast CaFi fold axes and CaLoi
and CaLu intersection lineations plunge moderately to the south-southwest (50/190),
whereas in other areas of the "eastem" Ahrberg Group, they plunge gently to the

south and south-southeast (5/165). Within the westcoast sub-domain (area ii(a) on
Figure 2.15), sjm-CaDi boudinage ofpsammitic layers and stretching ofpebble sized
psammite clasts in psammopelite is common, producing lineations consistent in
orientationwith CaPi (locations (i) and (ii) on Figure2.32(d), correspondingto
Figure 2.31 (e) and (f) respectively). Elsewhere in thewestem part of the "eastem"
Ahrberg Group, close to thewestem boundary of theArthur Lineament, in Timbs
Creek(345350mE, 5392080 mN), stretching lineations are also observed. Here
deformed clasts in conglomeratic layers show evidence of south-plunging stretching
lineations (Figure 2.33(a) to (d)).

Coincident with CaP\, Cap2 folds and CaLo2 intersection lineations also plunge

moderatelyto the south-southwest (45/190) on thewest coast (Figure 2.5). In other

parts of the"eastem" Ahrberg Group high strain zone in the southem Arthur
Lineament, they plimge gentlyto the south (5/185), although somevariationdue to

later refoldingis evident (Figure 2.5). Structural analysis incorporating So-C«Si-

CaS2 vergence relationships indicates that C«F2 arepredominantly largefolds with
wavelengths of greater than 50m, however outcrop scaleparasitic limb and hinge
folds withwavelengthsrangingbetween0.5 and 5m are common (Figure2.32(a)
and (b), and Figure2.33(e) and (f) (location (iii) onFigure 2.32(d))). Theyare tight
to isoclinal folds with attenuated limbs which, in conjrmction with the sub-parallel

orientations of CaSi and CflS2 reflects the coaxial style ofrefolding present in the

Arthur Lineament. In regions of the "eastem" Ahrberg Group in the study area,
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Figure 2.32. Structural style of the core of theArthur Lineament, on thewestcoast of
Tasmania, to the north of Granviile Harbour (333925 mE, 5374120 mN to 333515 mE,
5375000 mN). (a) cross section K", illustrating structural data forthe core ofthe Arthur
Lineament, west coast section; (b) interpretive cross section for the area; (c) simplified
geological map of the section, (i) is boudinaged psammite bed location (pictured in Figure
231(e), (ii) is stretched pebble location (pictured in Figure 2.31(f)), (ill) is location of parasitic
CaF2 limb folds (pictured in Figure 2.33(e) and (f)), (iv) and (v) are locations of well
developed Devonian deformation (pictured in Figure 2.40 and Figure 2.41(a) and (b),
respectively); (d) stereographic projections of CaLoi and CaLoz lineations for the area,
showing their predominantly moderate plunge to the south. "Refer to Figure 2.2(a) and (b) for
location.
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Figure 2 33(a) syn-CaDi-CaD2 shear zone in basal conglomerate unit of the "eastern"
Ahrberg Group, in Timbs Creek. Quartzite clasts have undergone high levels or flattening
and stretching, with stretching lineations gently plunging to the south (left of photograph): (b)
close up of flattened clast, with south plunging fibres visible; (c) syn-CaDi-CaD2 sheared
quartz segregations interlayered with quartzite clasts, south is up, (d) shearedquartz
segregations implying dextral shear sense, south is up. Segregations are interpreted to be
CaDi-, deformed during CaD2 Pen is 16 cm in length (3^5350 mE, 5392080 mN). (e)
mesoscopic, parasitic isoclinal Car2 folds in psammite, in the "eastern" Ahrberg Group, west
coast sub-domain. Folds plunge moderately to the south (52/174)(location (iii) on Figure
2.32(d)); (f) close up of CaFj hinge, axial plane dips steeply to the southeast (75/120). CaLoi
intersection lineations plunge steeply to the southwest (70/214) (location (lii) in Figure
2.32d)(333550 mE, 5374460 mN).
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Figure 2.34. Structural cross sections B' to L', of the "eastern" Ahrberg Group in the high

strain zone of the Arthur Lineament, in the southern study area. Sections are oriented

290/110, with east to the right. Data on factual sections (top of set) are corrected to

apparent dip. Interpretive sections (bottom of set) take into account vergence relationships

presented on factual sections. Coordinates for each section are presented at the ends of the

section lines. Locations of sections are illustrated on Figure 2 2(b).
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where outcrop was limited, macroscopic scale CaV\ and CflF2 folds can be

interpreted from vergence relationships observed in the field (Figure 2.34)

As in the Bowry Formation, the "eastern" Ahrberg Group features multiple CaSi and

CaS2-parallel faults. These are interpretedto be early structures, and reflect the

strong shearing associated with the early deformation in the high strain zones of the

Arthur Lineament. In areas of extensive outcrop, such as near the Recce Dam

powerstation(see section 2.4.4.1) and on the west coast, to the north of the Duck
Creek cover sequence, the style, and fiequency of faulting can be elucidated (Figure

2.32(a) and (b)). In the "eastem" AhrbergGroup, as can be seen on the west coast,

syn-CaDi.2 faults are common. However, in Timbs, Lucy andNancyCreeks, and
the Paradise and Whyte River areas (Figure 2.34), syn-CflDi.2 faulting was not

observed, most likely as a result of the limited outcrop. On the west coast (Figure

2.32), syn-CflDi.2 faults parallel the respective foliations and cause stractural
repetitionof lithologies. Althoughthe CflDi-2 dislocation surfaces are narrow, planar
features, zones ofup to 5 m, either side of the faults consist of abundant CaSi.2-

parallel quartz segregations. In some instances, the segregations are sigmoidal,
implying dextral movement, and taking into consideration the stratigraphicway up,

suggest transport to the south (Figure2.33(a) to (d)). Field observations indicate that

within these zones, the CaSi and CflS2 foliations are intensely developed, with

cleavage domains becoming narrower and microlithons becomingmore pronounced.

2.4.5 Southern study area: structure of the western low strain zone

("western" Ahrberg Group and Rocky Cape Group

correlates)

To the west of the Arthur Lineament, structural mapping has been carried out in the

"westem" Ahrberg Group and Rocky Cape Group correlates. As described in

Chapter 1, the "westem" Ahrberg Group is faulted against the "eastem" Ahrberg

Group, forming the westem boundary of the Arthur Lineament. The "westem"

Ahrberg Group sequence unconformably overlies the Rocky Cape Group correlates,

at a low angle. Both of these units are interpreted to be in situ (Figure 2.9(c)).
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Mapping in the "western" Ahrberg Group and Rocky Cape Group correlates was

carried out in the following areas:

• Mt Donaldson and numerous un-named tributaries flowing off its slopes,

• Guthrie and Sabbath Creeks,

• the Western Explorer Road from the junction with the Savage River-Corinna

Road to north of the Longback (341660 mE, 5402320 mN),

• the Longback and Crescent Hills,

• outcrop along the Pieman River from Corinna to west of the mouth of the

Donaldson River (334100 mE, 5390700 mN),

• outcrop on Four Mile Beach, on the west coast.

The geographical features are illustrated in Figure 2.2(b), and a summary of the areas
mapped is presented in Figure 2.15 (area i). In the study area, the Rocky Cape

Group correlates have not been strongly deformed prior to deposition of the

"western" Ahrberg Group. However, the contact between the two units is a low

angle (0-15°) unconformity. Outside the study area, other workers have suggested

the unconformity reflects a major stmctural break, during which the Rocky Cape

Group and correlateswere strongly deformed(E.Williams and P.W. Baillie, in

Tumer 1989). Altematively, Gee (1967a,h) interpreted the unconformity (also

outside the study area) to be unrelated to folding, and a result of the depositional

angle of the basal unit of the overlying sequence. The earliest deformation observed

in this study, in both sequences, correspondswith CaDi, however this event is not

widely developed. On this basis, the stractural history of the Rocky Cape Group

correlates and the "western" Ahrberg Group will he discussed together. Further to

this, the orientation and style of the different deformational events throughout the

areas examined in this region are consistent (across both imits), and therefore will be

examined and discussed as a single entity.

Within the western low strain zone, bedding orientations vary, and predominantly lie

on a great circle which suggests folding about a south plunging axis (Figure 2.5).

Deformation relating to CoDi and CaD2are evident in the eastem parts of the Rocky

Cape Group correlates and the "westem" Ahrberg Group, however they are not

strongly represented. CoDt, is the most strongly developed deformation in this
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region, and is interpreted to largely control theorientation of Sq. As CaDs is not
related to the high strain deformation which has formed the Arthur Lineament, the
CoDt, event will be discussed separately, in section 2.5.

CdD\ rapidlydecreases in intensity outside the lineament. CaSi is onlyobserved as
a weak, finely spaced So-parallel foliation, defined by muscovite. It dips steeply to

the east-northeast (80/065) (Figure2.5). CaFi are not observed. CaD2, while being
substantiallyweaker than within the lineament,was recognised up to 2.5 km to the

west of the lineaments westem boundary. In rare instances, the CaSi and CaS2

foliation were observed in pelitic layers, several kilometres to the west of the

lineament (Figure 2.9(a), locations (i) to (iv)). Where CaS2 is evident, it is aweakly
developed differentiation cleavage, with 1-2 mm wide cleavage domains and parallel
microlithons (Figure 2.4(g) and (h)). CaS2 also dips steeplyto the east-northeast

(75/080) (Figure 2.5). CaV2 are close to tight folds, visible on a microscopic scale,
and inferred in cross section (Figure 2.9(c), Figure 2.35). CaLo2 intersection

lineations are uncommon, and plunge gently to the north and south, with an average

direction of 1/000 (Figure 2.5). In the Rocky Cape Group correlates,key examples

of the overprintingrelationships between CaSi, CaS2 and CaSs are seenat (i)
SabbathCk (339200mE, 5394155 mN), (ii) CrescentHills (343860 mE, 5401800
mN) and on the Longback Ridge(iii) (340600 mE, 5395280 mN). Less well
preserved examples are seen in the"westem" Ahrberg Group at (iv) Elizabeth Ridge
(340530 mE, 5388750 mN) (Figure 2.9(a)).

2.5 CflDs and Devonian deformation

Throughout the studyarea, deformation relating to CoDs has been recorded, but it is
patchy in its development. To thewest of theArthur Lineament, in the Rocky Cape
Group correlates and the "westem" Ahrberg Group, CaD^, is pervasive, and it is the
dominant deformational event. However, within the lineament, C0D3 is sporadically

developed, and to the east of the lineament, it is uncommon, with most areas

examined showing little or no evidence of this deformation. As a consequence of
this, the following sectionconcentrates on the Rocky Cape Group correlates and the
"westem" Ahrberg Group, where these deformational events are best developed.
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Figure 2.35. Microscopic CaFj fold in graphitic (black) andmicaceous (light grey) mudstone
(view along fold axis). Very finely spacedCaS2 is axial planar to thefold, dips to the right. Fine
tomedium spaced CaS^ dislocates and crenulates the CaS2 foliation, and dips tothe left.
Sample OHH1019 (343860 mN, 5401800 mN).
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Within the RockyCape Groupand the "western"AhrbergGroup, CaV^ have west-
dipping axial planes, withsteeply east-dipping tooverturned eastern limbs and
gently west-dipping, 'rightwayup' western limbs (Figure 2.9(a) and (c), andFigure
2.36(a) to (c)). Bothmesoscopic andmacroscopic CaFa folds wereobserved (Figure
2.9(e) and (c). Figure 2.36(a) to (c)). The CaFa hinges plunge gently to steeply to the
south(Figure 2.9(b) andFigure 2.37), but show some variation in orientation dueto
subsequent refolding by theDevonian deformation. Quartzite on theoverturned
eastern limbs is commonlystronglyboudinaged(Figure 2.9(f) and (g)), and has the
same plimge and plunge azimuth as the CaFa fold hinges.

In some examples from within the"eastern" Ahrberg Group, where CaDa is locally
developed, south-plunging CaFa are observed with east-dipping axial planes (Figure
2.38(a)), however themesoscopic development ofCaDa in these areas is rare.
Furthermore, CaSa is most commonly west-dipping (Figure2.36(a) to (c) and Figure

2.37). At this location in theParadise River (Figure 2.38(a) and (b)), the CaSa
foliation is well developed, and crenulates the CaSa schistosity. The east dip of CaSa
at this outcrop is interpreted to be the result of subsequent Devonian refolding.

Throughout the "western" Ahrberg Group andRocky Cape Group correlates, the
west-dipping CaSa cleavage is pervasive, andit is thedominant foliation (Figure
2.36(a) to (c)). CaSa is developed inmost lithologies, although it is strongest in
siltstone and mudstoneunits (Figure2.38(c) to (e)). It is a spaced (3-5mm)
cleavage, withparallel cleavage domains anddiscrete microlithons anddips towards
thewest (40/265)(Figure 2.4(g) and (h). Figure 2.9(d) and (e), and Figure 2.36(a) to
(c) andFigure 2.37). In theRocky Cape Group correlates and the "western" Ahrberg
Group, CaSa is observed crenulating CaSi, andcutting So at a highangle (Figure
2.4(g) and (h)). However, most examples of this overprinting relationship were
observed to the west of the Arthur Lineament, in areas where CaSa is well

developed.

Along the PiemanRiver, the outcropping contact betweenthe Rocky CapeGroup
correlates and the "western" Ahrberg Group displays critical field relationships,

typifying the CaDa eventin this region, to the west of theArthurLineament (Figure
2.9). At this location, the contact between theRocky Cape Group correlates andthe
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Figure 2.36(a) Structural cross sections M' to V, in the Crescent Hills and Longback range

areas; (b) structural cross sections W to A", in the Mt Donaldson area; (c) structural cross

sections G' to 1", in the Mt Donaldson and Four Mile Beach areas. Lithological sequences

include the Rocky Cape Group correlates and the "western" Ahrberg Group in the western

lowstrain zone (see Figure 2.5 and Figure 2.15); (b), to the west of the Arthur Lineament in
the southern study area. Sections are oriented 290/110, with east to the right. Data on

factual sections (top of set) are corrected to apparent dip. interpretive sections (bottom of
set) take into account vergence relationships presented on factual sections. Coordinates for

each section are presented at the ends of the section lines. Locations of sections are

illustrated on Figure 2.2(b).









Figure 2.37. Stereographic projections for the CaDg. DeD4 and DeDs events in the southern
Arthur Lineament and surrounding area. Planes (CaSs, DsSa. and DsS^) are presented as
poles. As these later deformational events are do not show strong local variability, the study
area is considered as a single structural domain.
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Figure 2.38(a) mesoscopic CaPs in psammopelitic schist, in the Paradise River area.
Bedding was observed, and is overturned, younging to the left. The axial planar CaSa
spaced foliation is visible, and crenuiates earlier surfaces. Foid axis trends 34/193, axiai
planetrends47/103; (b) photomicrograph of psammopelite in (a) (sample 73). The CaSa
axial planarfoliation (dipping to the ieft) crenuiates the dominant CaSa schistosity, which
features syn-CaDa albite porphyroblasts and dips to the right (346460 mE, 5383020 mN); (c)
CaSa foliation (30/305) is penetrative in siltstone layers, but is notdeveloped inquartzite
interbeds, positioned on the right way up, gently west dipping long limb of a CaFa fold,
Longback range area in the Rocky Cape Group correlates, to the west of the Arthur
Lineament (western low strain zone) (341480 mE, 5398920 mN); (d) mesoscopic CaFa foid
with axial planar CaSa cleavage development, dipping to the west (right), and weakiy
overprinted byDevonian age cleavage DeS4, Crescent Hills area in the Rocky CapeGroup
correlates. Pen is 13.5 cm in length, (344230 mE, 5402310 mN); (e) pervasive CaSa spaced
cleavage developed in siistone beds (dark grey) grading up from thin sandstone layers (light
grey), Crescent Hills area in the Rocky CapeGroup correlates (344160 mE, 5402260 mN).
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"western" Ahrberg Group is positioned on the steeply west-dipping, overturned
eastern limb of a macroscopic CaFs fold (Figure2.39(a)). As a result of this

structural position, the younger "westem"Ahrberg Group is stmcturally undemeath
the olderRocky CapeGroupcorrelates. Other examples of the overturned limb
position are themesoscopic, downward facing parasitic CaFs folds within siltstone
layers interbedded withboudiuaged quartzite (Figure 2.9(f) to (i)). Although the
CflSs axial planar cleavage does not penetrate theboudinaged quartzite beds, it is
well developed in the surrounding sandstone layers that have a siltymatrix (Figure
2.9(h) and (i)). Elswhere in the region, where theboundary between the twounits is
not positionedon the hingeof a macroscopic CaF^, the "westem" Ahrberg Group
unconformablyoverlies the RockyCapeGroup correlates at low angle (0-15°)

(339060 mE, 5392080 mN).

Thepervasiveness of the CaD^, event to thewest of theArthurLineament is evident
in the topographyof theMt Donaldson-Longback-Crescent Hills area. This area
corresponds to the boundary between theRocky Cape Group correlates and the
"westem" Ahrherg Group, and is controlledby CaDs-related strike ridges (Figure

2.39(b)). The ridges are producedby the weathering-resistant quartzite sequence
(the uppermostunit of the RockyCapeGroupcorrelates in this region) and
conglomerate-dominated sequence (thebasal unit of the "westem" Ahrberg Group in

this region), which outcrop in this area, and are located on the steeplyeast-dipping
short limbs ofmacroscopic CaFy In addition to the contact of the two weathering-

resistantsequences, the regioncoincides with thehingezone of a regional CaF-^
antiform. The north-south trending valleys that separate the strike ridges correspond

with recessive siltstone and mudstone sequences, and west-dipping, syn-CaDs thmst

faults. The easternmost ridge in the Crescent Hills area, which is along strike of the

Longback, is also composed of a seriesof asymmetric CaF^ antiforms,with syn-

CaDs thmst faults separatingthe steeply east-dippingto overtumed eastem limbs

from the gentlywest dippingwestem limbs (Figure 2.36(a), SectionsM'and N').

Foldingattributed to the Devonian deformation was also observed in this region,
however it is patchy in its development. In the south of the study area, two

Devonian deformations were recorded. These have been interpreted to represent D4

and D5 of the Devonian deformational episode (herein Z)eD4 and DeDs), based on
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Figure 2.39(a). Overturned basal conglomerate of the western Ahrberg Group, positioned
on short limb of macroscopic CaFa fold, In the Pieman River area. The axial planar CaSa
cleavage dips less steeply, In the same direction as bedding. To the right of the picture Rocky
Cape Group correlates overly the younger western Ahrberg Group sequence. Photograph
Is 50 m across. (337200 mE, 5389975 mN);

mvl
il

Figure 2.39(b). Looking to the south along CaFa-related, strike controlled ridges In the Rocky
Gape Group correlates. Crescent Hills area. Ridges are coincident with steeply east dipping,
short limbs of macroscopic CaFa folds, and are dominated by quartzlte beds. Valleys correspond
to recessive beds (photograph taken at 343300 mE, 5402660 mN).
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previous work (see section2.3.4). Inmost areas, folds areminor, weakly
developed, mesoscopic scale (1 metre wavelength) folds and rarelyproduce an axial
planar fabric. Howeverwell developed andX)eS4 were observed (Figure 2.40).
In addition, some localised areas feature zones of intense deformation attributed to

Z>eD4. These areas are dominated by Z>eD4 related folding and faulting (Figure

2.41(a) and (b)). The DeV^ folds are open, and mostly plrmge gently to the east.

DeD^i related faulting is brittle in style, and occurs in localised zones of intense

deformation (Figure 2.41(a) and (b)).

In the Rocky Cape Group correlates and the "western" Ahrberg Group, onlyDeSs

was observed. It is mostly finely spaced foliation (1-5 mm) with cleavage domains

varyingbetweenparallel and anastamosing, andweakly crenulatesearlier foliations.
The cleavage typically dips steeply to the north and south, and produces variably

oriented intersection lineations (Figure 2.37). There are minor examples ofDeSs-

parallel extensionalquartz veins,whichoccur in the hinge zones of theDeVs folds.

OpenDeFs folds overprint i)eF4 and produce dome-and-basm interferencepatterns.

The best developed examples ofiJeF5-i)eF4 dome-and-basin style folding is near the

Devonian granitoids in the vicinity of Granville Harbour (Figure 2.2(a)).

In the Recce Dam area the CflD2-related features change orientation from Domain SI

to S2 (Figure2.27(c)). Unlike the changes in orientation ofthe CaDi and CaD2-

related features between Domains Nl, N2 and N3 due to shear-related rotation,

stereonet analysis indicates the change in orientation from Domain SI to S2 is the

result of refolding by the CflDs, DeD^ andDeDs events. Rotation of the eastern

domain CaS,2 and CaLo2 about the DeVsaxis (30°/130°) 50° in an anticlockwise

direction (looking down plxmge), changes the CaS2orientation from 45°/150° to

55°/090° and the CaLo2 orientation from 25°/230° to 15°/020°. This angle

corresponds to the refolding caused by the DeVs event. CaDi- and CaD2-related

faulting and shearing in Domain S2 are CaS>\- and CaS2-parallel respectively, and

also differ in orientation between Domains SI and S2 due to rotation caused by

subsequent refolding.
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Figure 2.40. Mesoscopic DeF4 (plunging 44/080), developed psammopelite and pelite

interbeds in the "eastern" Ahrberg Group, west coast area. Broad, kink style axial planar

cleavage (DeS4) is visibie, trending 88/210 (iocation (iv) on Figure 2.32(d)) (333485 mE,

5374685 mN).

Figure 2.41. Zone of intense DeD^, deformation in the "eastern" Ahrberg Group, west coast

area (location (v) on Figure 2.32(d)). (a) open, kink styie DeF4 folds plunge gently to the east

(44/082) and have axial planes dipping steeply to the south (75/170), although axial planar

cleavage is poorly developed foreground is 10 m wide. Syn- DeD^ fault planes bound the

area, and have apparent dextral offsets. Locations of bounding faults area labelled A to E;

(b) sketch map of the area, indicating plunge direction of folding and apparent movement

along fault planes, fault labels correspond with (a) (333885 mE, 5374180 mN)
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2.6 Discussion

Despite a distance of 60km separating the outcrop studied in the north (Somerset-
Doctors Rocks area) and south (ReeceDam andCorinna areas) of the Arthur
Lineament, there is strongevidence supporting the correlation of deformational
events between these areas. Evidence for the Cambrian age deformations (CaDi-

CdDf) beingwidespread regional events is supported by mapping in the southern
Arthur Lineament, where the fabric associated with these deformations have been

mapped over a 40 x 10km area. The CaD\ andCaDi events in the Somerset-
Doctors Rocks area are correlated with those in the south of the Arthur Lineament

(Reece Damand surroimding area), basedon the consistent style of CdD\ and CaD2
features, orientations, and the interference relationships. In both areas the CaSi and

CaS2 foliations increase in intensity from a spaced cleavage to a schistosity
approaching the lineament from the east. Widespread interference between the
strongly developed highstrain CaDi and CflD2 events, followed by overprinting of
the less intense third Cambrian deformation {CaDf) and subsequent multiple

Devonian age deformations {DeDu DeT>A, DeDf) has resulted in complex, outcrop
patterns. The orientations of the dominant, early structures are regionally consistent,
but show local evidence of refolding.

In the Somerset-Doctors Rocks area, the CaDi and CflD2 structures change

orientation from east to west. The CaDi event is interpreted to be a major

deformational event, but overprintuig by the intensely developed CflD2 event

obscuresmany of the CaDi structures. WithinDomains N1 and N2 recognisable

CflDi structures are rare. ThroughoutDomainsN1 to N3 the orientation of the CaDi

structures is dependent on the intensity of CaD2 and the CflF2 fold position. Several
CaDi thrust faults, folded by CaF2 and transected by CaS2, are present along the

attenuated CaFi limbs.

The most significant change in orientation of CaLoi and CaLo2 occurs at the
boundary between Domains N2 (low strain) andN3 (high strain) (Figure
2.10(e))(398780mE, 5457890mN). This location also corresponds with a major
early shear zone, interpreted to be Cambrian in age (CaD2). In DomainN2, on the
overturned CaF2 limbs, CaLoi and CaLo2 plimge to the east-southeast. Close to the
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shear zone, the orientation of CoLoi and CflLo2 rotates. On the predominantly high

strain westem side of the shear zone (DomainN3), the lineations plunge towards the

south-southwest.

Thechange in plungeandplunge azimuth of CaLoi andCflLo2 fromthe lowstrain
zone to the east of the lineament, to the high strain zone within the lineament is

consistentboth in the north of the study area, and in the south. In the Savage River

to Recce Dam region (southern study area), outside the lineament (Eastern Low

Strain Zone) and close to its eastern margin (Moderate-High Strain Zone), areas with
steeply plunging CaLoi and CflLo2 arepresent (Figures 2.5 and2.15). However,
within the lineament, in the high strainOonahFormationand the "eastern" Ahrberg

Group, CflLoi and CaLo2 have consistent shallow plunges to the south, or locally,
shallowly to the north.

Furtherto this, outcrop on thewest coast, betweenGranville Harbour andAhrberg

Bay shows a similar change in structural styleand CaLoi and CaLo2 lineation
direction to the SavageRiver-Reece Damarea. The coastal exposureof the southern
Arthur Lineament is divided into southem and northern areas, separated by the

weakly deformed Ordovician DuckCreek sequence (Figures 2.22 and2.32). The
two areas have distinctive differences in structural style, reflecting different strain

intensities. The southem area exposes the moderate to high strain transition zone of

the eastemboundary of the ArthurLineament, with deformed OonahFormation and
"eastern"AhrbergGroup correlates outcropping. This area is dominatedby CaFi

and CaF2 folding, with infrequent faulting observed(Figure2.22). CaLoi and CaLo2
lineations plungemoderately to steeplyto the northwestand southeast. In contrast,

the northem area exposes the high-strainzone well within the Arthur Lineament.

The lithologies aremore strongly deformed, andwhile CaFi and CaF2 folding is
common, thmst faults causing repetition ofunits are much more frequent (Figure

2.32). Here the CaLoi and CaLo2 lineations on average plungemoderately to the
south. The increase in faulting and strain from the southem area to the northem area

is accompanied by a change in orientation of CaFi and CaF2, into alignment with the
lineaments dominant north-south stretching direction.
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The uniform change in orientation of CoLoi andCflLo2 from the low strain domain to
the high strain domain, overthe length of the southem studyarea (45 km) (Figure
2.5), is considered to be a result of syn-CflD2 rotation due to increasing strain. Based
on similarities with examplesof shear-relatedrotation discussed by Ridley & Casey

(1989) andDeweyet al. (1998), it is suggested that the change in orientation
associated with CflD2 described above is the result of a strongly rotational shear

component witha north-south stretching direction in the high strainzone at the core
of the Arthur Lineament.

The east-west trend of the CaVjhinges and fold vergence in Domain N1 can be

interpreted to reflect south-directed transport, provided the overtuming occurred
during CaD2. The alternative possibility is that the CflF2 aredownward facing
because of a pre-existing CaFi overturned limb. This is considered to be unlikely
based on the evidence that the rotational high strain history cannot predate CaD2.

Both CflFi and CaF2 are rotated into the Arthur Lineament high strain zone by the

same amount and at the same position. Thus the rotational strain must have formed

during CaD2. The regional scale of the overturned limb (morethan 60Kmby 7 km)
and its close spatial relationship to the ArthurLineament argues for a close genetic
link of the overtumed limb to the most intense event within the lineament.

The Corinna area to the west of the Arthur Lineament is dominated by the CaDs

event. Althoughthis studyonly includes the "westem"Ahrberg Group and Rocky
CapeGroup to the west of the southemArthurLineament, work by Everard et al.
(1996) indicates this eventis alsoprominent in theTrowutta area to thewest of the
Arthur Lineament further north. In the Corinna area the style and orientation of the

CaFs folding indicates east-west compression and a west-over-east transport

direction. This suggests a change in the stractural regime probably during the Late

Cambrian.

The Devonian deformation is interpeted to have caused localised changes in

orientation of the earlier stmctures. On a regional scale (Figure 2.2(a)), changes in

orientation of surfaces are evident. The trend of bedding, Cambrian age stmctural

foliations and fold axes on the west coast are notably different to other parts of the

southem studyarea (iv(a) andv(a) on Figure2.5). This is interpretedto result from
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the refolding of the east-dipping lineament, about a gently southeast plunging fold

axis of a regional scale, as canbe suggested j&om the change in orientationevident in
Figure 2.2(b).

2.7 Conclusion

Gee (1967a) and Gee (1977) interpreted the main deformation in northwestern

Tasmania {CaD2 in this work) as the earliest event, during which the Rocky Cape

Groupand the Bumie Formation were transported to the southeast and deformed
against the PrecambrianTyennan Nucleus. Further to this Gee (1967a) concluded

that this event produced shallow plungingfolds trendingnortheast-southwest {CaF^

in this work) and recumbent folds (CflF2 in this work) in conjunction with the

metamorphism defining the Arthur Lineament.

The CaDi event (not describedby Gee 1967a, Gee 1967b, and Gee 1977) is

interpreted to representmajor shearing producing isoclinal folds and bedding-parallel
thrust faults (Figure 2.42(a)). CaD2 produced widespread areas of low and high

strain. The change in style and orientation of CflF2 from areas of low to high CaD2

strain suggests the change is the result of rotational strain (Figure 2.42(a) and (b)).

The rotation of CoFi into the Arthur Lineament is interpreted to result from north-

south extension along a shallowly dipping detachment, with some evidence

supporting south-southwest-directed transport. This resulted in the juxtaposition of
the allochthonous Bowry Formation and parautochthonous "eastern" Ahrberg Group

with the "western" Ahrberg Group and Oonah Formation.

The early stages of formation of the Arthur Lineament involved two folding events.

The first deformation (CaDi) produceda schistose axial planar fabric and isoclinal

folds synchronous with thrusting (Figure2.42(a)). The seconddeformation (CflD2)
produced a coarser schistosity andtight to isoclinal folds (Figure 2.42(a) and (b)).
South-plunging, north-south stretching lineations, top to the south shear sense

indicators, and south-verging, downward facing folds in the Arthur Lineament

suggest south-directed transport. Flowever at the base of ophiolite sheets elsewhere

in western Tasmania, also emplaced in the Cambrian, hornblende mylonites indicate

a more westerly transport direction. CaFi and CaFi were rotated to a north-south
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Figure 2.42(a). Stages of the Cambrian arc-continent collision resulting in formation of the Arthur
Lineament.
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trend in zones of high strain during the CaD2event. CaD^, later in the Cambrian,

folded the earlier foliations in the Arthur Lineament and produced west dipping steep

thrusts, creating the linear expression of the stmcture (Figure 2.42(a)). Subsequent

open folding during the Devonian has caused localised variability.

At the conclusion of the CflD2 event, the lineament is interpreted to have been a sub-

horizontal feature, with the various slices being vertically stacked. The interpretation

of a shallowly dipping detachment is largelybased on the Somerset-DoctorsRocks

area. Where CaDs is weak (Domains N1 and N3), CaD2 structures are sub-

horizontal. In this area, CaSadips gently to the south and southeast, and CflF2 fold

axes have gentlyplunges, to the east andwest (inDomainNl) and to the south (in
Domain N3). There is no evidence for a later stmcture that could have rotated this

foliation from an original steep dip. However where CaD^, is more strongly

developed (DomainN2, and the southem ArthurLineament), the CaD2 features are

moderately to steeply dipping. The transition from a suh-horizontal stmcture to an

east-dipping stmcture alongmost of the Arthur Lineament, probably occurredas a

result of the folding and thmsting during CaD^, resulting in the present linear

expression of the stmcture (Figure 2.43(a) and (b)). During the Middle Devonian,

frirther folding resulted in localised dome-and-basin style folds and additional

variability in the trend of the Arthur Lineament.

The detailed stmctural studies within the Arthur Lineament indicate a strong north-

south extension on the detachments during the Cambrian. A similar stretching

direction occurs in the allochthonous high strain rocks of the Ulverstone

Metamorphic Complex, 20km to the east. Reed (2001) has recognised evidence for

very early (syn-Di) thmsting to the SE in the BadgerHead Complex. Meffre al.

(2001) have reported Cambrian south directed transport on mylonites in the Port

Davey Metamorphic Complex. All these stractures have been correlated with arc-

continent collision and ophiolite suhduction (Berry 1994). The hornblende

mylonites exposed within metres of the base of the ophiolite sheets show a west to

southwest-directed transport direction when reoriented to a pre-Devonian orientation

(Berry 1989). These homhlende mylonites formed at a high temperature (>700°C)

based on the mineral chemistry. In contrast the stmctures in the Arthur Lineament
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Figure 2.43(a) and (b). Schematic sections showing the formation of the southern
Arthur Lineament, (a) emplacement of allochthonous and parautochthonous slices over
sub-horizontal Neoproterozoic stratigraphy during the CaD, and CaDj events; (b) intense
folding and faulting (CaD^) leading to the present linear expression of the Arthur Lineament.
Lineament. Refer to Figure 2.2 for legend. Heazlewood River Complex is an allochthonous
ultramafic complex. Cleveland-Waratah association consists of tholeiitic basalts, and marine
sediments and is interpreted to be part of an oceanic melange unit associated with
emplacement that was obducted onto western Tasmania in the late Early or early Middle
Cambrian (Berry & Crawford 1988, Brown & Jenner 1988, Seymour &Calver 1995). West
dipping faults in 2.43(b) are interpreted to be syn-CaDj, east-dipping thrust faults are late, age
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Figure 2.44. Schematic diagram of Tasmania during the west-directed obduction of oceanic
fore-arc in the late Early or early Middle Cambrian. A. Transport direction based on
hornblende mylonite at the base of the ophiolite bodies (Berry 1989). B. Transport direction
inferred from the Arthur Lineament and Port Davey Metamorphic Complex.
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formed at greenschist to low amphibolite facies conditions. The difference in these

directions is interpreted to represent a change in ophiolite transport direction (Figure

2.44) from an early vector towards the west to a south directed transport in the later

stages of the emplacement onto Tasmania.
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Chapters

Metamorphism of the Arthur Lineament

3.1 Introduction

Northwestern Tasmania has been affected by several orogenic events during the

Mesoproterozoic to Cambrian. Holm et ah (2001) have shown that metasediments

on King Island imderwent metamorphism at aroimd 1250Ma, and were intruded by

syn-deformational, 760 ± 12Ma granitoids, as part of the Wickham Orogeny (Cox

1973, Turner et al. 1998). A deformed granitoid dated at 777 ± 7 Ma (Turner et al.

1998) occurs within the allochthonous Bowry Formation of the Arthur Lineament.

The Bowry Formation granitoid is thought to be similar in origin to the 760 ± 12 Ma

CapeWickham granitoid onKing Island (Turner et a/. 1998). The geochemical

similarity of the granitoids is discussed in Chapter 4.

The subsequent Tyennan Orogeny commenced around 510Ma, in the early part of

the Middle Cambrian. It is correlated with the Delamerian Orogeny in South

Australia. The Tyennan Orogeny is widely represented in western Tasmania, and

featured crustal collision with associated emplacement ofultramafic-bearing

allochthons and high P, low T metamorphism (Tumer et al. 1998). The medium to

high strain deformation and low to medium grademetamorphism in the Arthur

Lineament is a result of the Tyennan Orogeny (Tumer et al. 1998) (Figure 3.1). The

early stmctural events in the lineaments deformational history were accompanied by

varying levels ofmetamorphism, with variation in peak conditions evident between

the Bowry Formation and other imits of the lineament (Figure 3.2(a)). However,

contention exists over whether the metamorphic boundaries are gradational and

lithological boundaries are conformable, or whether the lineament represents a series

of faulted slices of different composition and metamorphic grade.
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The Arthur Lineament is comprised of:

• The "eastern" Ahrberg Group and correlates, consisting of a deformed Late

Neoproterozoic rift sequence, including psammitic and psammopelitic

metasediments, tholeiitic metabasites and metadolerites

• The Bowry Formation, consisting of deformed metadolerites, metabasites,

massive and banded magnetite layers, deformed granitoids and mafic

metasediments

• The Bumie and Oonah Formations, consistmg of strongly deformed

metasedimentary lithologies.

The moderately deformed Bumie and Oonah Formations occur to the east of the

lineament (Figure 3.1 and Figure 3.2(a)). To the west of the lineament, in the

southem study area, the low strain, weakly deformed "westem" Ahrberg Group is

faulted against the lineament's westem boundary. This unit unconformably overlies

the weakly deformed correlates of the Rocky Cape Group, which crop out to the

north and west of the "westem" Ahrberg Group (Figure 3.2(a)).

The aim of this study into the metamorphic history of the Arthur Lineament and

surrounding area is to define the distribution and nature of the different metamorphic

events. An additional aim is to use the characteristics and age ofmetamorphic

monazites found in the study area to investigate the timing of deformation in

different regions.

In order to achieve these outcomes, an approach integrating field mapping and

sampling, petrographic observations of strategically located samples (Figures 3.2(a)

and (b)), microprobe analysis, and geothermobarometric techniques has been used.

3.2 Geothermobarometric techniques

In order to calculate the conditions ofmetamorphism (discussed in section 3.3, 3.4

and 3.5), the mineral stoichiometry and the activity of end-members were calculated

using the AX (Activity Composition) program of Holland & Powell (1998). The AX

program accepts raw microprobe data in the form of oxide weight percents and

performs standard mineral recalculations, with attempts at ferric iron estimation. The
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program calculates activities for end-members that can then be used for rock

calculations in THERMOCALC (Powell & Holland 1998, 2000). However, critical

mineral assemblages were only present in a few samples. The results of

geothermobarometriccalculations usingTHERMOCALC (Powell &Holland 1998,

2000) are presented in Appendix 3.28.

Temperature estimates have been calculated using THERMOCALC (Powell &

Holland 1998, 2000). For most samples pressure estimates are based on amphibole

composition and the amount of Na allocated to the M4 site in the structural formula

of amphiboles (Brown 1974, 1977). The amount ofNa in the M4 site (expressed as

Na®) defines whether amphiboles are classified as calcic, sodic-calcic, orsodic
(Leake et al. 1997). Brown (1974,1977) presented the following buffering reaction,

relating glaucophane of the blueschist fades and Ca-amphiboles of the greenschist

fades:

glaucophane + epidote + H2O = Ca-amphibole + albite + chlorite + iron oxide

The mineral assemblages in metabasites and mafic metasediments throughout the

Arthur Lineament are broadly similar to the assemblages in the reaction ofBrown

(1974, 1977), and therefore support the use of the reaction as a geobarometer.

However, Brown (1974, 1977) indicated that the pressures derived from the reaction

have a moderate degree of accuracy, and they are used here as a relative indicator of

pressure stability for the different amphibole compositions and mineral assemblages.

3.3 Metamorphism of the "eastern" Ahrberg Group and

Ahrberg Group correlate

Within the "eastern" Ahrberg Group and Ahrberg Group correlate (AGC),

metabasites and metadolerites are interlayered with the metasedimentary Ethologies.

Although the metasediments are more voluminous than the meta-igneous Ethologies,

the relatively simple mineral assemblage of the metasediments is not suitable for

detailed geothermobarometric investigations. The mineral assemblages and mineral

chemistry of the mafic meta-igneous Ethologies is more useful. Therefore they have

been examined in greater detail, and will be discussed first.
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3.3.1 Metabasites

Mafic meta-igneous rocks are common in the "eastern" Ahrberg Group, and are

mostly fine to medium grained. Rare coarse grained bodies were observed. The

whole rock geochemistry of the meta-basic rocks is discussed in Chapter 4. The

samples analysed were largely recrystallised, and primary igneous textures are rare.

The level of strain of the rocks is varied, and within single bodies, contrasting levels

of strain, relating to the proximity to the margin of the body, are apparent. However,

most samples examined have a stmctural fabric. The meta-igneous rocks are

composed ofmetamorphicminerals indicative of polyphasemetamorphism, with

upper greenschist fades assemblages dominating. They consist of quartz-albite-

chlorite-epidote-amphibole-sphene ± (magnetite, titanomagnetite, rutile, carbonate,

white mica, green biotite and/or tourmaline).

Petrography

In the metabasites, albite occurs as subhedral porphyroblasts (Figure 3.3(a)). They

have inclusions of epidote and amphibole (Figure 3.3(b)). Quartz is polycrystalline

and occurs interstitially with epidote, chlorite and sphene. The quartz grains have

wavy extinction, indicative of deformation syn- to post-recrystallisation. Amphibole

is blue green, brown green and pale blue-lavender in appearance (Figures 3.3(c) to

(e)). It occurs as both fine grained, crystals, and as porphyroblasts, which are the

doininant form. Epidote occurs as stubby to elongate, colourless to pale green

crystals, that are subhedral to eidiedral (Figure 3.3(f)). Chlorite is pale green, and

wraps around the porphyroblast phases. In rare cases, it is intergrown with fine

grained green biotite, which is also aligned with the dominant CaS2 foliation (Figure

3.3(g)). Sphene was observed as very fine grained aggregates, that are intermixed

with epidote. In addition, sphene occurs as overgrowths on titanomagnetite, which is

the dominant opaque phase. In samples that are foliated, the dominant foliation

(CaS2) is defined by elongate aggregates of sphene, chlorite and actinolitic needles
(Figure 3.3(h)). Garnet which has grown syn-CflD2 occurs in some AGC metabasites
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Figure 3.3(a) to (h) photomicrographs of metamorphic mineral assemblages in of the

"eastern" Ahrberg Group and AGC. (a) albite porphyroblast, with minor inclusions of epidote

and occurring within actinolite, quartz and chlorite, metabasalt sample 613; (b) albite

porphyroblast with epidote inclusions, occurring with interstitial epidote, quartz and chlorite,

metabasalt sample 72; (c) hornblende with actinolite rim, occurring with epidote, magnetite

and chlorite, metabasalt sample 613; (d) randomly oriented hornblende occurring with

chlorite in weakly foliated metabasalt, sample 8; (e) glaucophane with albite and quartz in

unfoliated metadolerite, sample 56; (f) aligned epidote grains in foliated metabasalt,

occurring with chlorite, metabasalt sample 32; (g) chlorite intergrown with green biotite,

actinolite, sphene and albite, metabasalt sample 72; (h) wispy sphene aggregates

interlayered with chlorite (defining the CaS2 foliation) and occurring with magnetite,

metabasalt sample 72.
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Figure 3.3. (i) to (n) photomicrographs of mineral assemblages in mafic meta-igneous rocks and
metasedimentary schists of the eastern Ahrberg Group and AGC. (i) garnet porphyroblasts
occurring with chlorite and retrogtrade actinolite in metadolerite of the AGC, sample RR40.65;
(j) randomly oriented glaucophane and winchite occurring in unfoliated metadolerite, sample 56;
(k) syn-CaD2 albite porphyroblast heavily included by straight, CaS2-aligned epidote, in white
mica-rich domain, sample 73; (I) albite porphyroblast with CaS2-aligned epidotes that are rotated
at the margins of the albite porphyroblast, sample 608a; (m) albite porphyroblasts in quartz-
albite-mica schist, with inclusions (S,) that preserve the orientation of earlier deformation (CaSi).
S, are rotated close to margins, (syn-CaD2); (n) garnet porphyroblast aligned with CaSa and
interpreted to be syn-CaD2, interlayered with cfilorite and white mica, a: albite, ch: chlorite, q:
quartz, ep: epidote, m: white mica, bi: biotite, mt: magnetite, sp: sphene, gt: garnet, ac; actinolite,
hb: hornblende, gl: glaucophane, wi: winchite.
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and metadolerites (Figure 3.3(i)). The garnets are small, colourless, subhedral to

euhedral grains, in some cases as inclusions in albite porpbyroblasts.

The coarser grained metadolerites and metagabbros are uncommon, and in some

cases preserve relict igneous textures. These are commonly unfoliated to very

weakly foliated (Figure 3.3(j)), and have no preferred orientation of ampbibole

grains.

Mineralogy

Albite

Plagioclase feldspar was present in all of the metabasite and metadolerite samples

that were studied (Appendix 3.1). Iron was calculated as Fe^^. All plagioclase
feldspar in the psammites and psammopelites of the "eastem" Abrberg Group are

albite (An 0-2) (Appendix 3.2).

Ampbibole

Ampbibole was present in all metabasites and metadolerites that were analysed. In

the majority of samples, the ampbibole has completely replaced pyroxene, and relict

primary igneous textures were not observed. Relict igneous pyroxene has been

reported from a metagabbro from the spillway ofReece Dam (Turner & Crawford

1993), however this was not confirmed. Ampbiboles (Appendix 3.3) varied in

composition, according to the Leake et al. (1994), across the range of calcic, sodic-

calcic, and sodic classifications (Figures 3.4(a) to (c)). The majority of ampbiboles

from the "eastem" Abrberg Group are calcic ampbibole (Figure 3.4(a)). The

individual samples have small ranges in XMg and Si, and plot in the

magnesiobomblende and actinolite fields. However, an overall a trend reflecting

positive correlation between XMg and Si in the stmctural formula is evident.

Some analyses firom 4 rocks have 0.5>NaB<l .5, and plot in the sodic-calcic group

(Figure 3.4(b)). Sodic-calcic ampbiboles are minor in comparison to the number of

analyses in the calcic field. The analyses all plot in the wincbite field, but show

some variation in XMg values.
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Figure 3.4(a). Calcic amphiboles of the "eastern" Ahrberg Group, plotted on the XMg vs Si
diagram, from Leake et al. (1997). When (Ga + Na)Bsite ^ 1-00 and Nassite < 0.50 then
amphiboles are part of the calcic group (Leake et al. 1997). Structural formula and cation
calculations are presented in Appendix 3.3.
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Figure 3.4(b). Sodic-calcic amphiboles of the "eastern" Ahrberg Group, plotted on the XMg
vs Si diagram, from Leake etal. (1997). When (Ga + Na)Bsite^ 1 00 and Nassite 0.50 to 1.50
then amphiboles are part of the sodlc-calcic group (Leake et al. 1997). Structural formula
and cation calculations are presented in Appendix 3 3.
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Figure3.4(c). Sodic amphiboles of the "eastern"Ahrberg Group, plotted on the XMg vs Si in
structural formula diagram, from Leake etal. (1997). When Naesite^ 1-50 then amphiboles
are part of the sodic group (Leake et at. 1997). Structurai formula and cation calculations
leading to subdivision is presented in Appendix 3.3.
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Analyses froma single sample (eAG56)haveNaB>1.5, and plot in the sodic field
(Figure 3.4(c)). This sample is texturally distinct from the other samples analysed. It
is doleritic in its texture, and unfoliated. The grains are mostly glaucophane with

minor magnesioriebeckite (Figure 3.4(d)). They are anomalous in comparison to the

majority of the "eastern" Ahrberg Group, and are interpreted to reflect a previously

unidentified fault block. The implications of their different compositions will be

discussed in Section 3.3.

Chlorite

Chlorite was observed in all of the metasediments analysed (Appendix 3.1). The

chlorites (Appendix 3.4) have a small range invalues ofFe^"^ (3.14-4.94), although
theMg range is large (3.73-6.23). The range inXMg is limited (0.48-0.67) (Figure
3.5(a)). The chlorite has Af^ values rangingbetween 2.15 and 2.57.

Epidote

Colourless to pale green epidote was observed in 94% of the metabasites analysed

(Appendix 3.1). The chemistry of the analysedepidotes was calculated on the basis

of 12.5 oxygens, and assuming all iron as Fe^"^. The chemical variation inthe
epidotes from the "eastern" AhrbergGroup is small, with AI2O3, Fe203 and CaOall
displaying a small chemical range (Appendix 3.5). The pistacite content

(Ca2FeAl2Si30i2(OH)) varies from0.14 to 0.30,with a modal value of approximately

0.22, (PS22) (Figure 3.6(a)). A clear trend in Ps content from core to rim of the

epidote grains was not observed, however four grains had a small decrease in Ps

content in the rims relative to the cores, whereas a single grain had an increase in Ps

content towards the rim of the grain, (PS23 in core to PS27 in rim) (Appendix 3.5).

The grains with decreasing Ps towards the runs may imply a slight increase in

metamorphic grade accompanied the growth of the epidote grains.

Biotite

Green biotite is a minor component in some of the metabasites of the "eastem"

Ahrberg Group and AGC. It was found to be present in 3 ofthe samples analysed

(Appendix 3.1). The biotites are notably more aluminous than those of the Dowry

Formation (section 3.4.1). They have lower Fe contents (Appendix 3.6)(Figure
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Si in structura formu a

Figure 3.5(a). Plot of XMg vs Si in structurai formula for chiorites in the "eastern" Ahrberg
Group (eAG) and the AGO mafic meta-igneous rocks. Chlorite compositions are presented
in Appendix 3.4.

Si m structural formula

Figure 3.5(b). Plot of XMg vs Si in structural formula for chiorites in the "eastern" Ahrberg
Group (eAG) metasedimentary rocks. Chlorite compositions are presented in Appendix 3.4.
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Figure 3.6(a). Histogram of pistacite content of epidotes from metabasites of the eastern
Ahrberg Group. Pistacite is calculated as Fe 100/(Fe +AI).
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♦ Bowry Fm AeAG i wAG

Figure 3.7. Biotite compositions of the Bowry Formation, "eastern" Ahrberg Group (eAG)
and "western" Ahrberg Group (wAG) plotted on the XMg (Mg/{Mg+Fe^^) vs Si in structural
formula diagram. FlighXMg values of the eAG and wAG is due to fluorine substitution on
Fe'^
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3.7), which is interpreted to be due to substantial fluorine substitution (Appendix 3.6)

and the Fe avoidance effect (Zbu & Sverjensky 1991).

Garnet

Garnet is a rare mineral in the Artbm Metamorpbic Complex, and was only found in

3 samples from the AGO, and in the Bowry Formation. Garnet was not found in

samples from the "eastem" AbrbergGroup. Within the AGC, gamet occurs close to

the boundary with the Bowry Formation. The compositions show little variation

(Appendix 3.7), although gamets from sampleRRDDHl 40.65 have consistently

lower XMg levels than gamets from RRDDHl 50.8. Gamets in the AGC samples

analysed have pyrope contents rangingbetween 1.6 and 3.5, almandine contents of

between 35.5 and 54.9 (with a median of 43.5), spessartine ofbetween 10.4 and 30.4

(with a median of 23.0), and grossular contents ranging between 27.7 and 36.3

(Figures 3.8(a) to (d)). The lower pyrope reflects formation under low temperatures

(Appendix 3.7), whereas higher grossular contents suggests growth under high

pressure conditions (see section 3.3.3).

3.3.2 Psammites and Psammopelites

Psammopelites are the dominant precursor lithology within the "eastem" Abrberg

Group, however psammites were also observed. In addition, volcaniclastic

metasediments, associated with metahasites are also present, although these are

minor. The psammopelites and psammites are mineralogically similar, differing in

the proportions of constituent minerals. The psammites and psammopelites have a

lower greenschist fades mineral assemblage, consisting of quartz-albite-white mica-

epidote-chlorite, with carbonate, opaques and green biotite present in some samples

(Appendix 3.1). In the AGC, close to the boundary with the Bowry Formation and

interlayered with gamet-bearing metadolerites, some quartz-mica schists are gamet-

bearing (Figure 3.2(b)).

Petrography

Throughout the high strain "eastem" Abrberg Group and Abrberg Group Correlate

(AGC), the metasediments are texturally similar, with the well developed CaS2

schistosity occurring as the dominant foliation. Grains ofwhite mica have grown
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Spessartine

Almandine Pyrope

Figure 3.8(a). Aimandine-Spessartine-Pyrope diagram for garnets from the AGC (sample
RRDDH1 50.8).

Grossular

Almandine Pyrope

Figure 3.8(b). Almandine-Grossular-Pyrope diagram for garnets from the AGC (sample
RRDDH1 50.8).
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Spessartine

Almandine Pyrope

Figure 3.8(c). Aimandine-Spessartine-Pyrope diagram for garnets from the AGC (sample
RRDDH1 40.65).

Grossular

Almandine Pyrope
Figure 3 8(d). Aimandine-Grossuiar-Pyrope diagram for garnets from theAGC (sample
RRDDH1 40.65).
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during this event, and define the schistosity. They are interlayered with variably

strained, polycrystalline quartz, syn-CflD2 albite porphyroblasts, chlorite and epidote.

Both polygonal and elongate albite porphjroblasts were observed. Equigranular

albite grains have an Si that is straight, indicating a lack of deformation during

growth (Figure 3.3(k)), whereas the elongate albites, display clear evidence of having

undergone rotation contemporaneous with their growth (Figures 3.3(1) and (m)).

These syn-rotational albites have Sj that are straight in the core of the porphyroblasts,

but curved towards the rim, indicative ofprogressive porphja^oblast growth during

deformation.

Epidote grains are common to abundant, and range between stubby and elongate in

shape. They are commonly foimd as inclusions in albite and as matrix grains aligned

with the CaS>2 foliation. Chlorite is intergrown with white mica. In the garnet-

bearing quartz-mica schists of the AGC (Appendix 3.1), the gamet occurs as small,

colourless, euhedral grains, predominantly in mica-rich domains. The garnets have

grown post-CaDi, and are most likely syn-CflD2 (Figure 3.3(n)).

Mineralogy

Albite

Plagioclase feldspar was formd in 65% of the metasedhnentary samples that were
o ]

studied petrographically (Appendix 3.1). Iron was calculated as Fe . All

plagioclase feldspar in the psammites and psammopelites of the "eastern" Ahrberg

Group are albite (An 0-2) (Appendix 3.2).

White mica

White mica was present in 97% ofmetasedhnentary samples that were studied

(Appendix 3.1). It is a prominent mineral component of the psammitic and

psammopelitic schists, occurring as thin grains aligned with the dominant foliation.

50%of total iron was assumed tobe Fe^"^. This correction has beensuggested as an
acceptable first order approximation for politic schists (Guidotti et al. 1994). The

XMg (Mg/(Mg + Fe^"^)) content ofthewhite mica ranges between 0.47 and 0.60
(Appendix 3.8). The celadonite component (K(Mg, Fe)AlSi40io(OH)2) of the mica,

expressed as Mg + Fe, is between 0.72 and 1.25 (Figure 3.9(a)). The paragonite

component of the micas, expressed as Na/(Na + K), is small (ranging between 0.03
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Figure 3.9(a). Diagram liiustrating the celadonite component of white micas (expressed as
Fe+Mg) of the Bowry Formation, AGC, "eastern" Ahrberg Group (eAG) and "western"
Ahrberg Group (wAG), plotted against Si in structurai formuia. Diagram assumes >2 Fe is
Fe^^
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and 0.08), although a noticeable difference between different samples (possibly
reflecting the subsequent alterationof somesamples) was observed (Figure3.9(b)).
The variation in paragonite contentwithin individualsamples is also small

(Appendix 3.8).

Chlorite

Chlorite was observed in 83% of the metasediments analysed (Appendix 3.1). The

chlorites (Appendix 3.4) have a small range in values ofFe^"^ (2.46-3.51) and Mg
(5.63-6.96). The range inXMgis small (0.62-0.74)(Figure 3.5(b)). The analyses

have Al'^ values ranging between 2.43 and 2.49.

Epidote

Colourless to pale greenepidote was observed in43%of themetasediments analysed
(Appendix 3.1). Thechemical variation in theepidotes fromthe "eastern" Ahrberg
Group is small, (Appendix 3.5). The pistacitecontent(Ca2FeAl2Si30i2(0H)), varies
from 0.22 to 0.28, with a modal value of approximately 0.28, (Ps28) (Figure 3.6(b)).

A clear trend in Ps content from core to rim of the epidote grains was not observed

(Appendix3.5). The pistacitecontentof the epidotes hi themetasediments is
consistentlyhigher than in themetabasites (Figure 3.6(b)). This is attributed to bulk

rock composition, as both rock types have undergonethe same metamorphichistory.

Biotite

Green biotite is a minor component in several of the metasediments that were

analysed. It was found in 14%of the samples analysed (Appendix 3.1). Just as with

the biotite in the metabasites, the biotite in the metasedimentary rocks are notably

more aluminous than those of the Bowry Formation, and have lower Fe contents

(Appendix 3.6) (Figure 3.7). This is interpreted to be due to the Fe-avoidance effect

of the substantial fluorine substitution for OH (Appendix 3.6).

Other Minerals

Carbonate was observed in approximately half of the samples observed

petrographically. The composition of the carbonatewas not investigated. Minor
sphene, tourmaline,magnetite, hematite, rutile and ihnenite were also detected,

however these were not investigated in detail.
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3.3.3 Conditions of metamorphism of the "eastern" Ahrberg

Group and AGC

The "eastern" Ahrberg Group metasediments and metabasites have mostly

experienced the same metamorphic history. Throughout the imit albite, epidote,

chlorite and carbonate are stable. However some metabasites have a range of

amphibole compositions, indicative of changing metamorphic conditions during

early metamorphism. Actinolite is widely stable during later metamorphism

(discussed in detail below). The AGC metabasites and metadolerites that were

investigated have also experienced different early metamorphic conditions to the

"eastern" Ahrberg Group (Figures 3.2(a) and (b)).

The "eastem" Ahrberg Groupmetasediments have uniform metamorphic mineral

assemblages for CaD2, predominantly consisting of quartz-albite-white mica-

epidote-chlorite-carbonate (Appendix 3.1), whereas the majority of the metabasites

consist of quartz-albite-chlorite-epidote-actinolite-sphene-magnetite.

Hornblende cores of amphiboles are also present in some samples (Appendix 3.1),

although most analyses were actinolitic (Figure 3.10(a)). Most amphibole cores plot

in theNa®-rich areaof theactinolite field. Bycomparison with the calibrations, of
Brown (1977), the cores grew at approximately 500 MPa. Single core analyses fi:om

samples eAG 72 and eAG 41 plot in the winchite field, however these are still close

to the 500 MPa isobar. The rims of the grains (late C«D2) are also actinolitic, and

cluster around the 300 MPa isobar. Analyses from sample eAG 72 are mostly

hornblendes, although this composition is rare in the "eastem" Ahrberg Group

samples. Both amphibole cores and rims from this sample grew at approximately

500 MPa.

The amphibole compositions are compared with other regional metamorphic

provinces on Figure 3.11(a). Amphibole compositions from medium pressure

(Dalradian) and medium to high pressure environments (Sanbagawa and Franciscan

terranes, and the Hazens Notch Fm from north Vermont) are shown (Laird & Albee

1981b). The calcic and sodic-calcic amphiboles of the "eastem" Ahrberg Group
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Figure 3.11(a). Amphibole compositions of the "eastern" Ahrberg Group, plotted on the 100
Na/(Ca+Na) vs 100 AI/(Si+AI) diagram. Calcic, sodic-calcic and sodic fields for other high
(Sanbagawa, Franciscan terranes and Hazens Notch Fm) and medium (Dairadian) pressure
terranes are from Laird & Albee (1981b).
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Figure 3.11(b) Amphiboie compositions of the AGC, plotted on the 100 Na/(Ca+Na) vs 100
Ai/(Si+AI) diagram. Calcic, and sodic-calcic fields forother high (Sanbagawa, Franciscan
terranes and Hazens Notch Fm) and medium (Dalradian) pressure terranes are from Laird &
Albee (1981b).
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display a steep trend, that is consistent with medium pressures, and low temperatures,

similar to those of the Sanbagawa and Franciscan terranes, and the Hazens Notch

Fm. Given the metamorphic assemblage of the metasediments and metabasites, and

the absence of garnet, the mineral assemblage is interpreted to be in equilibrium at

400-450°C.

Amphiboles compositions from sample eAG 56 are anomalous. They show a well

defined compositional trend from glaucophane-rich cores to winchite-rich rims

(Figure 3.10(a)). This transition from sodic to sodic-calcic amphibole corresponds to

decreasing pressure with growth, however the conditions are very different to the

majority of the "eastern" Ahrberg Group amphiboles. According to the isobaric

contours defined by Brown (1977), amphibole cores from sample eAG 56 grew at

close to 700 MPa, whereas rims show a decrease in pressure, to above 600 MPa

(Figure 3.10(a)). Again these pressures can only be used as a guide to the

metamorphic conditions. The eAG 56 amphiboles were also plotted on the

Na/(Ca+Na) vs Al/(Si+Al) diagram (Figure 3.11(a)), and overlap with the field

defined by amphiboles from the Hazens Notch Fm ofnorth Vermont (high P). The

variation in amphibole composition in sample eAG 56 compared to other "eastern"

Ahrberg Group samples (Figure 3.11(a)) suggests sample eAG 56 has undergone

early metamorphism (at higher pressures) some distance from the rest of the group.

It may be part of an allochthonous block.

The mineral assemblages of the meta-igneous mafic and metasedimentary rocks of

the AGC differ to those of the "eastem" Ahrberg Group, with garnet present in both

psammitic and basic rock types (see section 3.3.1) (Appendix 3.1). The common

mineral assemblage of the mafic metasediments and meta-igneous rocks consists of

quartz-albite-amphibole-epidote-chlorite-gamet, with green hiotite present in some

samples (Appendix 3.1).

Amphibole compositions in the AGC have a consistent, linear trend, ranging from

homblende to actinolite (Figure 3.10(b)), and thus differ from the "eastem" Ahrberg

Group amphiboles, which are mostly actinolitic. Cores are predominantly

homblende, reflecting higher temperatures and according to the isobars defined by

Brown (1977), developed at approximately 500 to 550 MPa. Rims are mostly
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actinolite and are stable at pressures of around 300 MPa, however homblende-rich

rims (stable at higher pressures) were also observed. A single core analysis plots in

the winchite field, and may represent a relict grain of an early metamorphic event,

contemporaneous with the metamorphic conditions that produced sodic-calcic

amphiboles in the "eastem" Ahrberg Group. However, the majority of analyses from

this sample plot inthe calcic amphibole area (Na®<0.5). The AGC samples were
also plotted on a Na/(Ca+Na) vs Al/(Si+Al) diagram (Figure 3.11(b)). As can be

seen, the trend of the slope is more gentle than the amphiboles of the "eastem"

Ahrberg Group, further supporting the interpretation ofhigher temperatures during

metamorphism, similar to the Dalradian trend.

The presence of syn-CflD2 garnet in these samples also indicates the CaD2

metamorphic conditions in the AGC were higher in temperature than the "eastem"

Ahrberg Group. In comparison to the "eastem" Ahrberg Group, AGC epidotes that

were analysed have anomalously low modal pistacite contents (PS17.5) (Figure 3.12),

reflecting the lower levels ofFe^"^ present in the samples. Magnetite is absent in the
analysed samples, indicative ofthe lack ofavailable Fe^"*". Inaddition, the chlorites
fi-omthe AGC that were analysed have lower XMg than the "eastem" Ahrberg

Group chlorites, indicative ofhigher levels ofFe^^ (Figure 3.5(a)). These
characteristics ofhigh levels ofFe^"^ are indicative of less oxidised compositions.

Geothermobarometric calculations have been attempted using THERMOCALC

(Powell & Holland 1998, 2000). However, errors in the pressure and temperature

calculations of the AGC assemblages are large, and confidence is less than 95%.

Despite this, THERMOCALC calculated metamorphic conditions of 720 ± 240 MPa

and 466 ± 45°C for sample RR40.65, and 620 ± 280 MPa and 463 ± 41°C form

sample RR50.8 (Figure 3.13, Appendix 3.28). This is in contrast to samples from the

"eastem" Ahrberg Group, which did not reach the greenschist-amphibolite facies

transition zone and was below the gamet stability field. Based on the

THERMOCALC results for sample 613, from within the centre of the "eastem"

Ahrberg Group, the rmit underwent metamorphism at about 450°C at a pressure of

337 ± 160 MPa (Figure 3.13, Appendix 3.28). The implications of these results will

be discussed in section 3.6.
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Figure 3.13. Pressure-temperature diagram for mineral assemblages of samples,
calculated using THERMOCALC (Powell&Holland 1998, 2000). Sample 613 is from the
"eastern" Ahrberg Group, samples RR40.65 and RR50.8 are from the AGO, samples
RR246.2 and RR321.3 are from the Bowry Formation. The pressure of sample 613 is
calculated at 450°C. Calculations are presented in Appendix 3.28.
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3.4 Metamorphism of the Bowry Formation

The Bowry Formation consists of metasediments andmeta-igneous rocks that vary in
composition and metamorphic grade. The unit predominantly consists of metabasites
metadolerites, metagabbros, and associated mafic metasedimentary schists. There

are also carbonate- and albite-rich metasediments, garnet-bearing schists and minor

metamorphosed granitoids. The gamet-bearing schists are restricted to the eastem

part of the BowryFormation, whereas granitoids are restricted to the westempart of
the unit.

Greenschist, blueschist and lower amphibolite fades assemblages were observed in

the Bowry Formation. Various authors (Spry 1964, Spiller 1974,Green& Spiller

1977, Turner & Bottrill 2001) have described blue amphiboles from within the unit,

but later upper greenschistto lower amphibolite facies mineral assemblages are

dominant. The amphibolites are predominantlymagnetite-bearing, and have been

derived from tholeiitic magmas (see Chapter 4).

3.4.1 Mafic and felsic meta-igneous lithologies

Petrography

The mafic meta-igneous lithologies are primarily composed of syn-kinematic albite

porphyroblasts (syn-CaDa), amphibole, epidote, chlorite, quartz,magnetite and

sphene (Appendix 3.9). The albiteporphyroblasts commonly have inclusions of
epidote, toiranaline, and amphiboleand minor garnet. In some samples, the

inclusions are aligned with the CaSa foliation, however randomly oriented inclusions

are common. Amphibole occurs intergrown with minor green biotite, garnet,

carbonate, pyrite and tourmalineboth in coarse- and fine-grained samples (Appendix

3.9).

In the metabasites (which are now mostly foliated) amphibole occurs as

porphyroblasts aligned with the dominant foliation, that are predominantly bluish

green to green brown pleochroic. These amphiboles commonly have some variation

in optical properties between the cores and rims of grains, indicative of

compositional variation.
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In metadoleritic and metagabbroic samples, the amphiboles are randomly oriented to

weaklyaligned, depending on the strength of foliation presentin the sample (usually
weak). In the coarser grainedsamples,patchescompletelydominated by amphibole
were observed (Figure 3.14(a)), although these are rare. Amphiboles in these coarse

grainedsamples range in pleochroism froingreen-brown, to blue-green and
colourless-mauve blue (Figure 3.14(a) to (c)), although they predominantly contain

amphiboles that arebluish in colour. Thebluishamphiboles are interpreted to
represent earlier (CaDi) metamoiphism, preservedin samplesthat did not feature

strong tectonism (and hence lack a strong foliation)-during CaDa.

In both coarse- and fine-grained samples, epidote occurs in the matrix, and as

inclusions in albite. The grains are commonly colourless to pale green, and are much

smaller than the amphiboles. In some coarse-grained samples the epidotes occur in

concentrated zones, perhaps reflecting the breakdown ofprimary, igneousmagnetite

(Figure 3.14(d)). Chloriteis present inmostmetadolerites andmetagabbros, and also
defines any foliation present. Quartz is also in the matrix. Quartz crystals mostly

have xmdulose,wavy extinction. Sphene is a common phase, and also parallels the

weak foliation in the rocks. It occurs as subhedral grains and as grabby, altered

aggregates, that are intergrownwith the otherminerals present. Biotite, where

present, occurs as small grains, alignedand intergrown with chlorite,and asmatrix

grams. Garnet occurs as subhedral to euhedral porphyroblasts that are small and
colourless to pale pink. In some examples they are included, and are also found in

association with green biotite (Figure 3.14(e)). Primary magnetite and

titanomagnetite grains have been deformed andpseudomorphed by sphene and fine

grained epidote.

Felsic meta-igneous rocks in the Bowry Formation are granitoids and

microgranitoids. While some samples are transitional towards leucogabbros and the

coarser grained mafic meta-igneous rocks described above, the whole rock chemistry

of the granitoids and leucogabbros are quite distinct (see Chapter 4). In thdn section,

the granitoids are medium grained, and feature holocrystalline intergrowths of albite

and microcline with pronoimced subgrain development, recrystallised sugary quartz,

bluish green amphibole, minor chlorite, carbonate and sphene. Rare zircons are also
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Figure 3.14(a) to (h) photomicrographs of metamorphic mineral assemblages in the Bowry
Formation rocktypes. (a) amphibole (winchite) in amphibole-rich zone ofmetadolerite,
sample 659; (b) early glaucophane with actinolite rims in weakly foliated metadolerite,
sample 1193; (c) hornblende porphyroblast with actinolite rim, occurring with quartz, albite
and epidote, metadolerite sample RRDDH1 138.35; (d) epidote-rich patch in metadolerite,
possibly replacing primary phase, occurring with chlorite and hornblende, metadolerite
sample RRDDH1 138.35; (e) garnet porphyroblast occurring with chlorite and green biotite,
metabasalt sample 664b; (f) early syn-CaDa garnet porphyroblast preserving the crenulated
CaSi foliation (defined by quartz inclusions), occurs with chlorite, quartz and late white mica,
metasedimentary schist sample RRDDH1 246.2; (g) albite porphyroblast with inclusions of
epidote, in chlorite matrix, metasedimentary schist sample RRDDH1 224.55; (h)
glaucophane inclusions preserved in albite porphyroblast, note curved inclusion trains
towards margins ofporphyroblast, metasedimentary schist sample RRDDH1 321.3.
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present. The feldspars commonly displaydeformation twins. A weak foliation,
defined by amphibole and chlorite was observed.

Mineralogy

Albite

Feldspar is present in 98% of the maficmeta-igneous rocks investigated.

Compositionally, the feldspar is albite,with all analyses ranging between Ano and

An4.5 (Appendix 3.10). Themajorityof analyses have Ani values. Microclineis
present in the granitoids in the BowryFormation but no microprobe analyses of

microcline were undertaken.

Amphibole

Amphibolewas present in all metabasites andmetadolerites of the BowryFormation

that were studied. Other than amphibole pseudomorpbmg and replacing pyroxene in

some metagabbroic samples, no primary igneous textures were preserved. Using the

classification scheme ofLeake et al. (1994), the ampbiboles can be grouped into the

calcic, sodic-calcic, and sodic compositions (Figures 3.15(a) to (c)). The majority of

ampbiboles from the Bowry Formationplot in the calcic group (Figure 3.15(a)).

Ampbiboles in individual samples have small ranges in XMg, and slightly larger

ranges in Si. Most analyses plot in the magnesiobomblende and actinolite fields,

although several analyses plot in the tremolite and ferrobomblende fields (Appendix

3.11). Overall a trend reflecting positive correlation between XMg and Si in the

structural formula is evident in the analyses that plot in the calcic amphibole field.

Analyses witbNa®>0.5, sodic-calcic ampbiboles (Figure 3.15(b)) plot in the
wincbite, barroisite and ferrobarroisite fields. Like calcic ampbiboles, these analyses

have small ranges in XMg, but larger ranges in Si content. Sodic-calcic ampbiboles

are not as common as those in the calcic group. Most of the samples analysed have

ampbiboles with both calcic and sodic-calcic compositions. This is interpreted as

evidence of the polyphase metamorpbic history of the rocks, with the different

amphibole compositions reflecting different metamorpbic conditions.
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Figure 3.15(a). Calcic amphiboles of the Bowry Formation, plotted on the XMg vs Si in
structural formula diagram, from Leake et al. (1997). Structural formula and cation
calculations leading to subdivision is presented in Appendix 3.11.
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Figure 3.15(b). Sodic-calcic amphiboles of the Bowry Formation, plotted on the XMg vs SI in
structural formula diagram, from Leake et al. (1997). Structural formula and cation
calculations leading to subdivision is presented in Appendix 3.11.
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Amphiboles from six samples of theBowry Formation have compositions thatplot in
the sodic amphibole field (Figures 3.15(a) to (d)). SampleRRDDHl 321.2and
NCI 18 are metasedimentary schists, and will be discussed in section 3.4.2. Sample

1193 is a holocrystalline metadolerite, and does not display a foliation. The

amphiboles fromthis sample haveXMgvalues greater than 0.5 (Figure 3.15(c)), and
based on theFe^"^ to Al^"'̂ ratio, are classified asglaucophane (Figure 3.15(d)).

Chlorite

Chlorite was observed in 83% of the mafic meta-igneous rocks analysed (Appendix

3.9). Samples free of chlorite were all coarse grained. The chlorites (Appendix
3.12) have a small range invalues ofFe^^ (2.84-4.81) and Mg (4.42-6.18). The
range inXMg is also small (0.48-0.68) (Figure 3.16). The chlorites have AF values
ranging between 2.19 and 2.55.

Epidote

Colourless to pale green epidotewas observed in 93% of the metabasites and coarse

grainedmaficmeta-igneous rocks analysed (Appendix 3.9). The chemical variation
in epidotes from the BowryFormation is small, with AI2O3, Fe203 andCaOall
displaying a small range (Appendix 3.13). The pistacite content

(Ca2FeAl2Si30i2(0H)), which determines the Fe to A1 ratio (expressed as

Fe^V(Fe^"^+Al), varies from 0.16 to 0.32, with amodal value of approximately 0.23,
(PS23) (Figure 3.17). Themajority of samples analysed displayed an increase in Ps
content from core to rim (PS20 to PS25) (Appendix 3.13).

Biotite

Green biotite is a minor component in some of the mafic meta-igneous rocks of the

Bowry Formation, and in the granitoids. It was found in 10%of themafic samples
(Appendix3.9). The biotites observed were petrographically similar to those in
mafic schists of the Bowry Formation (see section 3.4.2), however biotite

compositions in the meta-igneous rock types were not investigated.
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Garnet

Garnet is present in the easternBowryFormation, in the Rocky River area (Figure

3.18(a) and (b)). It was observed in 50% of the meta-igneous rocks in the eastern

Bowry Formation that were analysed, however mineralogical investigations were not

imdertaken. Gamet was also observed in several metasedimentary schists of the

Bowry Formation, and these will be discussed in section 3.4.2

3.4.2 Psammites and psammopelites

Within the Bowry Formation, metasediments ofvarying composition are present.

Chloritic psammopelites are dominant, however carbonate-richpsammopelites,

quartz-mica-gamet schists, and quartz-albite schists were also observed. In some

cases, it was difficult to establish whether the precursors to the schists were igneous

or sedimentary, due to the strong degree of recrystallisation. However, in some of

these cases textural styles and mineralogical abundances were found to be more

consistent with a metasedimentary precursor. Other minerals present in the

metasedimentary schists include amphibole, feldspar, epidote, sphene, tourmaline,

magnetite, minor hiotite and detrital zircon

Petrography

Gamet-bearing schists are restricted to the eastem part of the Bowry Formation, as

well as the westernmost AGC, probably reflecting local metamorphic conditions. In

most cases, the gamet occurs in a matrix of chlorite, with polycrystalline quartz,

alhite porphj^oblasts, carbonate and magnetite also present. White mica was

observed in these metasediments, and occurs as large post-kinematic blades that are

weakly aligned with the CaS2 foliation. Less common examples also feature green

hiotite, amphibole, hematite, pyrite and ihnenite. The garnets are pink in colour, and

in some samples are much larger than the gamets found in the westem part of the

AGC. Furthermore, they have crenulated CaSi inclusion trails of quartz that are

continuous with the foliation in the matrix of the sample (Figure 3.14(f)). The

gamets are interpreted to have overgrown the C«Si foliation after it was crenulated

by C«S2. The samples with coarse grained gamet are not rich in alhite.
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In finer grained gamet-bearing samples, gamet is colourless to pale pink, fine

grained and euhedral, and does not have inclusions of other minerals. In this rock

tj^e, the anhedral albite porphyroblasts are commonly included by epidote (Figure

3.14(g)). Chlorite defines the C«S2 foliation.

Gamet-absent metasedimentary schists in the Bowry Formation are broadly similar.

They feature common syn-C«D2 albite porphyroblasts in a strongly foliated, chlorite-

dominated matrix. The amount of chlorite present is variable, with amphibole

present in some of the samples analysed. Euhedral amphibole was observed in the

matrix, and as inclusions in alhite. Amphihole ranges in colour from green brown to

lavender blue (Figure 3.14(h)). Carbonate is present in 60% of the metasediments

analysed. Petrographic observations suggest the carbonate is ankerite, however its

mineral chemistry was not investigated.

Mineralogy

Alhite

Feldspar is present in 52% of the metasedimentary schists investigated.

Compositionally, the feldspar is albite, with all analyses ranging between Ani and

An6.5 (Appendix 3.10). The majority of analyses have Ani values.

Amphihole

Amphihole was found to be present in 32% of the metasedimentary schists of the

Bowry Formation that were analysed. Amphiholes in the metasedimentary schists

are varied in composition (Appendix 3.11). Using the classification scheme ofLeake

et al. (1994), the amphiholes from metasediments (samples RR246.2, RR321.3 and

NCI 18) can be grouped into the calcic, sodic-calcic, and sodic compositions (Figures

3.15(a) to (c)). All analyses from sample RR321.3 are sodic amphiholes, and plot in

the glaucophane field (Figures 3.15(c) and (d)). Analyses from RR246.2 are calcic

and sodic-calcic amphiholes (ferrohomblende and ferrobarroisite), whereas analyses

from NCI 18 are sodic-calcic and sodic (ferrowinchite and ferroglaucophane/

glaucophane) (Figures 3.15(c) and (d)).

Chlorite
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Chlorite was observed in 89% of the mafic metasedimentary schists analysed

(Appendix 3.9). The analysed chlorites (Appendix 3.12) display a small range in

values of Fe^"^ (3.31-4.74) andMg(4.37-6.12). The range inXMgis small (0.48-
0.65) (Figure 3.16). The analyses have AF values ranging between 2.43 and 2.66.

Epidote

Colourless to pale green epidote was observed in 52% ofthe metasediments

(Appendix 3.9). The chemical variation in the epidotes from the Bowry Formation is

small (Appendix3.13). The pistacite contentvaries from 0.26 to 0.33, with amodal

value of approximately 0.27, (PS27) (Figure 3.17).

Biotite

Green biotite occurs in 16% of the metasedimentary schists that were analysed

(Appendix 3.9). The biotites observedwere petrographically similar to those in other

units of the Arthur Metamorphic Complex. The biotites have consistent XMg and Si

levels (Figure 3.7), and despite thefr petrographic similarities to biotites in the

"eastern" Ahrberg Group and AGC, the Bowry Formation biotites have significantly

lower XMg, Si, Ti and F levels (Appendix 3.14).

Garnet

Garnet occurs in the metasediments of the eastem Bowry Formation, in the Rocky

River area (Figure 3.18(a) and (b)). It was observed in 25% of the metasedimentary

schists in the eastem Bowry Formation that were analysed. All of these were in the

Rocky River area. The compositions show variation (Appendix 3.15), with pyrope

contents ranging between 1.3 and 3.2, almandine contents ofbetween 39.7 and 58.2

(with a median of 55.9), spessartine of between 21.1 and 42.0 (with a median of

24.5), and grossular contents ranging between 14.8 and 18.4 (Figures 3.19(a) and

(b)). In comparison to the garnet compositions of the AGC samples, the Bowry

Formation garnets are more almandine-rich, and grossular-poor. The two groups

have similar spessartine contents.
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Spessartine

Pyrope
Figure 3.19(a). Aimandine-Spessartine-Pyrope diagram for garnets from the Bowry Formation
(sampie RRDDH1 246.2).

Grossular

Almandine Pyrope
Figure 3.19(b). Almandine-Grossular-Pyrope diagram for garnets from the Bowry Formation
(sampie RRDDH1 246.2).
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3.4.3 Conditions of metamorphism of the Bowry Formation

The Bowry Formation lithologies have undergone metamorphism at a range of

conditions. In the Rocky River area, metabasites and metasediments containing

gamet or glaucophane are restricted to the eastem part of the Bowry Formation. In

the Reece Dam area however, glaucophane is present in the central, and westem

parts of the unit.

As was discussed in section 3.4.2, amphiboles in the Bowry Formation are varied in

composition. Several groups of amphiboles were recognised in the Bowry

Formation, reflecting different stages in the metamorphic history, and the spatial

distribution of samples. The majority of samples are calcic and sodic-calcic in

composition, indicative of the pervasive early CaD2 event (Figure 3.20(a)). The

composition of the cores are mostly sodic-calcic, whereas the rims are calcic,

although the trend is only weakly defined (Figure 3.20(b)). This suggests the cores

formed imder higher temperatures and pressures than the rims. While the isobars

defined by Brown (1977) are approximate. Figures 3.20(a) and (b) suggest that most

cores grew with pressures in the order of 500 to 600 MPa, whereas rims are stable at

lower pressures of around 300 to 400 MPa. The large range in content

indicates that metamorphic temperatures were varied, and were highest in the eastem

part of the Bowry Formation (samples 627, 627a and RR246.2) (Figure 3.18(a) and

(b). Figure 3.20(a) and (b)). The distinct characteristics of the different samples, and

the different metamorphic events is emphasised in the Na/(Ca+Na) vs Al/(Si+Al)

diagram (Figure 3.21(a). Although the samples are distinct in terms of their

chemistry, and therefore the metamorphic conditions under which they were formed,

the calcic and sodic-calcic amphiboles lie on a uniform trend that is similar to

amphiboles from subduction related environments such as the Sanbagawa and

Franciscan terranes, and the Hazens Notch Formation from northem Vermont

(Figure 3.21(b)). While the range of amphibole compositions overlaps with the

Dafradian field, the Dalradian does not have the high sodic compositional range of

the Bowry Formation

Amphiboles that are sodic in composition, from the Reece Dam, Rocky River and

Savage River mine areas are interpreted to have formed in an early high pressure
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Figure 3.20(a). Amphlbole compositions ofthe Bowry Formation plotted on the Na'®®'*®' vs
AF®"e) diagram. The amphibole compositions reflect the spatial and temporal distribution of
the samples. A tentative division is suggested, based on the individual sample
compositions. Compositional fields from Leake etal. (1997), isobars from Brown (1977).
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Figure 3.20(b). Amphiboie compositions from the Bowry Formation, piotted on the Na*®®''®'
vs Ai*'̂ ®"®' diagram. Compositional fields from Leake etal. (1997), isobars from Brown
(1977).
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Figure 3.21(a). Amphibole compositions of Bowry Formation, plotted on the 100 Na/(Ca+Na)
vs 100 Ai/(Si+AI) diagram. The amphiboles lie in distinct groups, reflecting their temporal
and spatial distribution.
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Figure 3.21(b). Amphiboie compositions of Bowry Formation, plotted on thie 100 Na/(Ca+Na)
vs 100 AI/(Si+AI) diagram. Calcic, sodic-calcic and sodic fields for other high (Sanbagawa,
Franciscan terranes and Hazens Notch Fm) and medium (Dalradian) pressure terranes are
from Laird &Albee (1981b).
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metamorphic event (see Section3.6). The sodic amphiboles plot close to the 700

MPa isobar defined by Brown (1977). Based onsimilarmetamorphic conditions in
other areas (eg. Hazens Notch Formation)pressures of up to 900 MPa may have

existed (Laird&Albee 1981a). Glaucophane has been shown to be imstableabove
550°C (Maresch 1977), and the associated mineral assemblage (and rare occurrence

of garnet) suggests temperatures during the high pressure eventwere considerably
lower than this, probably around 450°C. Several of these samples (NC3, NCI 18,

NC493, 1193, 7281) have a range ofmedium to high pressure amphibole

compositions, from sodic to sodic calcic (withNa®> 1.1) (Figure 3.20(a)). These
amphiboles display a linear trend, with cores having higher Na® contents than rims,
reflecting the decreasing pressure conditions during metamorphism. The sub-vertical
decompressional trend of the high pressure amphiboles (ie. constant, low

content) suggests their decompressional pathwaywas isothermal.

Samples NC493 and NC3 also have amphibole compositions with Na® <0.8 (Figure
3.20(a)). The absence ofcalcic and sodic-calcic amphibole (with Na^ <0.8) analyses
in the other samplesmaybe due to the complete destruction of their early mineral
chemistry; or the concentration of analyses on prograde areas of the grains.

Alternatively, these samples may represent faulted slices within the Bowry

Formation, that have a different early metamorphic history. As can be seen in Figure

3.21(b)), the sodic amphiboles cluster around the sodic amphibole field defined by

the Hazens Notch Formation samples (Laird &Albee 1981a).

Garnet (syn-CaDi) was only observed in the eastemparts of the Bowry Formation

(Figures 3.18(a) and (b)). The garnets analysed (Appendix 3.15 and Figures 3.19(a)
and (b)) are slightly more ahnandine-rich than garnets of the AGC. The garnet-

bearing sample that was analysed (RR246.2) also contains biotite. The biotite

analyses are notably lower in XMg and higher in Si than the "eastem" Ahrberg

Group and "westem" AhrbergGroup biotites (Figure 3.7). The Bowry Formation
biotites have lower F contents that the others, and may be closer to the normal biotite

stability field than the "eastem" and "westem" Ahrberg Groups.

Epidote compositions of the BowryFormation are comparable to those of the
"eastem" Ahrberg Group. The meta-igneous rocks fromboth units have lower
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pistacite contents than the metasediments, suggestive ofless available Fe^"^ inthe
metabasites. While the chlorites from the Bowry Formation that were analysed have

similar levels ofXMg to the "eastem" Ahrberg Group chlorites, {cf. Figures 3.5(a)

and (b)), the mica compositions are distinctive. The analyses from the different units

form a reasonably well defined trend that, with increasing paragonite content, could

be interpreted to correlate to increasing grade of metamorphism (Figure 3.9(b)).

Geothermobarometric calculations for sample RR246.2 and RR321.3 have been

attempted using THERMOCALC (Powell & Holland 1998, 2000). Sample RR246.2

consists of quartz-albite-biotite-chlorite-amphibole-epidote-gamet and was

considered to have a useful metamorphic assemblage. Using THERMOCALC, the

calculated metamorphic conditions were 620 ±180 MPa and 490 ± 36°C (Figure

3.13). The errors on pressure and temperatures calculated by THERMOCALC were

small, and confidence in the results is greater than 95%. This pressure and

temperature is comparable to samples RR40.65 and RR50.8 from the AGC. In

contrast, sample RR32L3 is a glaucophane-albite-epidote schist. Using the pressure

estimates ofBrown (1977), the glaucophane composition implies metamorphic

pressures of around 700 MPa (Figure 3.20). However, using THERMOCALC

(Powell & Holland 1998), the mineral assemblage in this glaucophane-bearing rock

implies metamorphic pressures were significantly higher than the garnet-bearing

assemblages, at 1060 ±190 MPa. The temperature is comparable, despite a large

error (520 ± 154°C), although temperatures above 550°C are unrealistic (Figure

3.13). These results indicate that parts of the Bowry Formation have distinctly

different metamorphic histories, and that it is not a coherent unit, but it is made up of

a complex ofblocks. The significance of this will be discussed in Section 3.6.

3.5 Metamorphism of the surrounding units

3.5.1 The "western" Ahrberg Group metasediments,

metabasites and associated dolerite

The contact between the "westem" Ahrberg Group and the "eastem" Ahrberg Group

is faulted. The "westem" Ahrberg Group unconformably overlies the Rocky Cape

Group, exposed at its westem boundary. The lithologies of the "westem" Alirberg

Group are very similar to the "eastem" Ahrberg Group, although they are less
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intensely deformed. The two units have been correlated on the basis of stratigraphic

and geochemical similarities (see Chapters 1 and 4). During the Cambrian Tyennan

Orogeny, in which the Arthur Lineament formed, the "westem" Ahrberg Group is

interpreted to have been the weakly deformed, in situ footwall, whereas the para-

autochthonous "eastern" Ahrberg Group is interpreted to have been the more

strongly deformed hangingwall. Field observations of the "westem" AJirberg Group

indicate that the lithologies in this unit have experienced approximate lower

greenschist fades peak metamorphic conditions, as is reflected in the chlorite

dominant mineralogy ofthe Bemafai and TunnelraceVolcanics, and the slaty to

phyllitic textures of the interlayered metasediments. There is evidence of five
episodes of ductile deformation, and at least oneepisodeofbrittle deformation
(discussed in Chapter 2).

As a result of the low grade ofmetamorphism, and simple precursor mineralogy, the

metasediments in the "westem" Ahrberg Group have limited scope for metamorphic

assemblage studies. Investigations into their mineral chemistry were not undertaken,

although a petrographic study of the metasediments was carried out. The mineral

chemistry of the mafic meta-igneous rocks of the "westem" Ahrberg Group

(Bemafai and Timnelrace Volcanics) was investigated, in order to gain a better

understanding of the pressures and temperatures experienced during peak

metamorphism.

Petrography of metasediments

Metasedimentary rock types in the "westem" Ahrberg Group include quartzites,

metasiltstones, weakly deformed slates and carbonates (see Chapter 1).

Metasiltstones within the Bemafai and Tunnelrace volcanics are distinguishable from

siltstones in the "westem" Ahrberg Group due to the presence of chlorite and

magnetite.

Quartzites of the "westem" Ahrberg Group consist of quartz ± mica-tourmaline

(Appendix 3.16). They are fine grained, well sorted and have a grain size of 0.2-0.4

mm. Quartz grains are angular, and weakly aligned. They show slightly undulose,

randomly oriented extinction. Textural evidence for recrystallisation of quartz was

not observed (Figure 3.22(a)).
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Figure 3.22(a) to (g) photomicrographs of metamorphic mineral assemblages In the

"western" Ahrberg Group rocktypes. (a) weakly aligned, unstrained quartz grains In quartzite,

no evidence of recrystallisation, sample 96; (b) moderately well foliated metaslltstone, quartz

grains display straight extinction, intergrown with white mica and graphite, sample 127; (c)

well foliated metasiltstone, quartz grains strongly deformed with straight extinction,

intergrown with white mica and graphite, sample 151; (d) chlorite aggregate , occurring with

quartz and magnetite in volcanigenic siltstone, sample 186b; (e) actlnolite aggregate,

possibly pseudomorphing pyroxene, in chlorite matrix, metabasalt sample'220; (f) epidote

(possibly due to pre-deformational hydrothermal alteration) in actlnolite, quartz and chlorite

matrix, metabasalt sample 756b; (g) margin of epidote clot, with late generation epidote

growing on margin of alteration-related clot, sample 756b. q: quartz, m: white mica, ch:

chlorite, mt: magnetite, ac: actlnolite, ep'®'; epidote (early), ep'"': epidote (late).
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The metasiltstones and slates of the "western" Ahrberg Group consist of quartz-

mica-graphite ± pyrite-tourmaline-zircon-monazite-opaques, with foliations defined

by white mica (Appendix 3.16). The intensity of foliation development is variable.

The metasiltstones and slates are more foliated than the quartzites, and display

several foliations (see Chapter 2). The units closer to the westem boundary of the

Arthur Lineament display more intense development of the CflS2 foliation than those

fiirtherwest {cf. Figures 3.22(b) and (c)). The increasing intensity of CflS2 is

representedby more pronouncedalignment ofwhitemica and quartz grains. In the

more strongly deformed samples, segregationof quartz and mica was observed, as

part of the formation of a spaced cleavage (Figure3.22(c)).

Within the Bemafai and Turmehace Volcanics, metasediments are predominantly

fine grained, volcanigenic metasiltstones. They consist of quartz-chlorite-white

mica-magnetite ± plagioclase-graphite-pyrite-tourmaline-carbonate-epidote

(Appendix3.16). Foliations are definedby mica and chlorite, although chlorite also

occurs as clots, consisting of aggregates of randomly oriented grains (Figure

3.22(d)).

Petrography of metabasites and related dolerites

Metabasites of the Bemafai and Tunnelrace volcanics are fine grained and imfoliated

to weakly foliated. Dolerite dykes which intmde the Rocky Cape Group correlates

and interpreted to be related to the volcanic sequence (see Chapter 3) and are

included in this section. The dolerite is slightly coarser grained than the metabasalt,

and weakly foliated. A single dyke from within the Rocky Cape Group, close to the

unconformity with the "eastem" Ahrberg Group (sample 241) was investigated.

The metabasites are composed of actinolite-albite-chlorite-epidote ± quartz-

carbonate-sphene-magnetite-ilmenite (Appendix 3.16). In weakly foliated samples,

chlorite and actinolite define the foliation. Fine grained epidote is common, and

occurs as stringy aggregates aligned with the foliation. In unfoliated samples,

randomly oriented actinolite was observed replacing pyroxene (Figure 3.22(e)).

Several samples feature large (2 mm diameter) clots of randomly oriented yellow-

green epidote, suggestive ofhydrothermal alteration (Figure 3.22(f)). The epidote

aggregates are interpreted to be pre-CaD2 features. The CflS2 foliation which is
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defined by needles of actinolite and chlorite, wraps around the epidote aggregates.

At the margins of the epidote aggregates, fine grained epidote that is consistentwith
epidote in thematrix, in terms of texture and colour, was observed (Figure 3.22(g)).

The dolerite dyke, consists of chlorite-greenbiotite-sphenewhite mica-magnetite and

is strongly altered (Appendix 3.16). No primarypyroxene or metamorphic
amphibole was observed. These are interpreted to haveheen replacedby biotite and
chlorite.

Mineralogy

Amphihole

Amphibole was found to be presentin 90%of themetahasites of the "westem"

Ahrberg Group that were analysed. Amphiboles analysed are all froma single
sample (sample 220) (Appendix 3.17). Usingtheclassification scheme of Leake et
al. (1994), the amphiboles analysed all plot in the actinolitefield of the calcic
amphihole group (Figure 3.23 and Figure 3.24).

Chlorite

Chlorite was observed in all of the metahasites and metadolerites that were analysed

(Appendix 3.16). The chlorites fromsample 220 that wereanalysed (Appendix 3.18)
displaya small range in XMg (0.70-0.73) but a large range in Si (Figure 3.25). The

analyses have AU values rangingbetween 1.92and 2.36. In contrast, sample 241

(which is altered) has higher Fe^"^ (4.45) and Al'̂ (2.66), and lower Mg (4.91) and
XMg (0.53).

Epidote

Colourless to pale green epidote was observedin 90% of the metasediments analysed
(Appendix 3.16), however only epidotes fi-om sample220were analysed. The
chemical variation in the epidotes from sample 220 is large (Appendix 3.19). The

epidotes are aluminous relative to analyses in the other imits, and the pistacite

content varies from 0.13 to 0.20, with a modal value of approximately 0.20, (Ps2o)

(Figure 3.26).
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Figure 3.23. Calcic amphiboles of the "western" Ahrberg Group, plotted on the XMg vs Si in
structural formula diagram, from Leake etal. (1997). Structural formula and cation
calculations leading to subdivision Is presented In Appendix 3.17.
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(1977).
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Figure 3.26. Histogram of pistacite content of epidotes from maficmeta-igneous rocks of the
"western" Ahrberg Group. Pistacite is calculated as Fe '̂'*100/(Fe '̂'+AI).
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Biotite

Green biotite was only observed in the metadolerite sample 241 (Appendix 3.16).

The biotites observed were petrographically similar to those evident in the "eastern"

Ahrberg Group. They have consistent XMg and Si levels (Figure 3.7), and are

chemically similar to biotites in the "eastern" Ahrberg Group and AGC. The levels

ofXMg are also interpreted to be a result of the Fe-avoidance in high-fluorine

biotites (Appendix 3.20).

White mica

White mica was only present in sample 241 (Appendix 3.16). The small grains are

aligned with the weakly developed foliations. 50 %ofiron was assmned tobe Fe^"^.
Chemically, theXMg (Mg/(Mg + Fe^"^)) content ofthe white mica ranges between
0.35 and 0.37 (Appendix 3.21). The celadonite component (K(Mg,

Fe)AlSi40io(OH)2) ofthe mica, expressed as Mg +Fe^"^, isbetween 0.73 and 0.99
(Figure 3.9(a)). The range in Si:Al ratios is between 1.36 and 1.38. The paragonite

component of the micas, expressed as Na/(Na + K), is small (ranging between 0.02

and 0.03), reflecting the low metamorphic grade of the sample (Appendix 3.21 and

Figure 3.9(b)).

3.5.2 Rocky Cape Group correlates

The sedimentary lithologies of the Rocky Cape Group correlates, which crop out to

the west of the "western" Ahrberg Group, are weakly deformed, and display similar

foliation development (see Chapter 2) and low grade metamorphic minerals to the

"western" Ahrberg Group. The unit is composed of quartzites, chloritic

metasiltstones and graphitic slates (see Chapter 1).

Petrographic investigations of the Rocky Cape Group correlates were undertaken.

Samples from the unit were analysed for monazites (see section 3.63), however

mineral chemistry studies were not carried out.

Petrography

Quartzites
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Quartzites of the Rocky Cape Group correlates consist of quartz-mica ± tourmaline

(Appendix 3.16). They are fine grained,poorly sorted and have a grain size of 0.2-

1.0 mm. Quartz grains are angular, and weakly aligned. They show slightly

imdulose, randomly oriented extinction. White mica wraps around the quartz grains,

and defines the weakly developed foliations (Figure 3.27(a)).

The metasiltstones and slates of the Rocky Cape Group correlates consist of quartz-

mica ± chlorite-graphite-tourmaline- -zircon-monazite-pyrite, with foliations defined

by white mica grains and graphite (Appendix 3.16). The intensity of foliation

development is variable, however in general themetasiltstones and slates aremore

foliated than the quartzites. The increasing intensity of Ca'S>2, towards the western

boimdary of the Arthur Lineament is representedby more pronounced alignment of

white mica and quartz graios (Figure 3.27(h)).

3.5.3 The Burnie and Oonah Formations

The low strain Bumie and Oonah Formations, to the east of the Arthur Lineament,

are increasingly deformed closer to the lineament (see Chapter 2). The

metasediments undergo a transition in strain &oma quartzwacke, interlayered with

sparsely-chloriticpelitic siltstone and mudstoneto a high strain, quartz-micaschist.

Due to the simple mineral assemblage of the Bumie and Oonah Formations,

petrographic studies were carried out, but mineralogical investigations were not

imdertaken.

Petrography

The metasiltstones are mineralogically similar, consisting of quartz-mica-graphite ±

chlorite-tourmaline-plagioclase (Appendix 3.16). Within the Bumie and Oonah

Formations, the modal proportions of the mineral phases is variable. Whereas the

intensity of the Cambrian age foliations increases westwards towards the lineament

(see Chapter 2), new metamorphic mineral assemblages have not developed.

However, recrystallisation ofmica and quartz has occurred in the high strain Bumie

and Oonah Formations, inside the lineaments eastem boundary. The size ofwhite

mica grains increases towards the lineament, with the CaSi and CaS2 foliations

becoming increasingly well defined. Several kilometres to the east of the lineament.
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w

Figure 3.27.(a) to (d) photomicrographs of metamorphic mineral assemblages in
metasedimentary rocks of the units surrounding the Arthur Lineament, (a) quartzite with
minor white mica, quartz grains randomly oriented, Rocky Cape Group correlate, sample
181b; (b) foliated white mica-graphite-quartz metasiltstone. Rocky Cape Group correlate,
sample 1019; (c) foliated quartz-white mica-graphite metasiltstone interlayered with slate,
quartz grains display uniform extinction, Oonah Formation, sample 1082; (d) quartz-white
mica phyllite, quartz has undergone partial recrystallisation and displays uniform extinction,
Burnie Formation, sample 33309. m; white mica, q: quartz.

Figure 3.27(a) to (d).
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mica grains are 0.05 mm in length, and the CaSj foliation is a spaced cleavage

(Figure 3.27(c)). Close to the lineaments easternbormdary, the mica becomes

coarser grained due to recrystallisation, with grainsreaching 0.2 mm in length. Here

the dominant foliation is phyllitic (Figure 3.27(d)).

3.5.4 Conditions of metamorphism

Metamorphic grade decreases over a short distanceto the east and west of the Arthur

Lineament, coincident with the weakening development of structural fabrics

associated with the lineaments formation. As is discussed in sections 3.5.1 to 3.5.3,

the mineral chemistry in the units surrounding the lineament were not investigated in

great detail. However, frompetrographic observations, and the limited investigations

into mineral compositions, the conditions ofmetamorphism in the "western"Ahrberg
Group,RockyCapeGroup correlates, andBumieand Oonah Formations canbe
approximated.

The metamorphic assemblage of actinolite-chlorite-albite-epidote (PS17-22) in the

metabasites of the "westem" Ahrberg Group indicates the unit is stable in greenschist

facies conditions, at approximately 400°C and 300-500 MPa. The actinolitic

amphiboles have Na® contents of<0.2, and Al '̂̂ ^ of<0.3, indicative ofrelatively low
pressiures and temperatures. Themineral assemblage is attributed to the CaD2 event.

The absence ofminerals stable in the zeolite and prehnite-pumpellyite facies, and the

presence of actinolite in the metabasites indicates the metamorphic stability field is

greenschist facies (Spear 1993, Bucher& Frey 1994). The weak development of the

C«Di event in the "westem" Ahrberg Group has prevented any assessment of the

metamorphic conditions during this event.

The exact metamorphic grades of the Bumie and Oonah Formations, and the Rocky

Cape Group correlateswere not resolved, howeverbased on textural evidence far

from the lineament, the metamorphic grade is close to the transition between the

prehnite-pumpellyite facies and the greenschist facies. Close to the lineament's

boundary, and within the lineament in the high strain Bumie and Oonah Formations,

the metamorphic grade is interpreted to be lower to middle greenschist facies, based

on the texture and mineralogy.
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3.6 Discussion of metamorphism

The mineral chemistry and mineral assemblages of samples in the "eastem" and

"western" Ahrberg Groups, the Bowry Formation, and the AGC illustrate that during

the Cambrian deformation that produced the Arthur Lineament, metamorphic

conditions, varied spatially and temporally. As a result, several different

metamorphic zones within the lineament are present (Figure 3.2(a), Figure 3.18(a)

and (b). Figure 3.28(a)). These zones do not directly correspond to the

tectonostratigraphic divisions that are in place. The following discussion considers

the metamorphic zonation across the lineament, and how this relates to the

tectonostratigraphy. This will enable a better understanding of the process of

emplacement of the allochthonous and parautochthonous slices within the lineament,

and the timing ofmetamorphic events.

The extent ofmetamorphic recrystallisation attributed to CaDi in the metasediments

and metabasites within the Arthur Lineament is uncertain. White mica was observed

defining the CaSi foliation in the metasediments, however the CaSi foliation is not

as intensely developed as CaS>2 (see Chapter 2), and it was not observed penetrating

the meta-igneous rocks. Therefore, in most rocks it is not possible to confidently

attribute particular mineral assemblages, and mineral compositions to the CaT>\

event. Further to this, the CaDa event was pervasive, and strongly overprints the

earlier foliation.

In some central and eastem areas of the southern Arthur Lineament (discussed in

sections 3.3. and 3.4) the CaDi metamorphic event is represented by sodic

amphiboles, indicative ofblueschist facies metamorphism (Figure 3.28(a)).

Glaucophane occurs as inclusions in albite in sample RR321.3 (Figure 3.20(a)).

Importantly, in this sample the long axes of the glaucophane inclusions are oriented

at 55° to the dominant, CaS2 foliation (Figure 3.29(a)). This strongly suggests that

the glaucophane predates CaD2, and represents the CaDi event. The glaucophane is

aligned with more clmozoisite-rich epidotes, which are concentrated in the cores of

albite porphyroblasts (Figure 3.29(b)).
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Figure 3.28(a). Amphibole compositions of the "eastern" Ahrberg Group, AGC, Bowry
Formation and "western" Ahrberg Group, plotted on the 100 Na/(Ca+Na) vs 100 Al/(Si+AI)
diagram. TheAi''"' content of the amphiboies (reflecting metamorphic temperatures) is
represented by the x-axis (100 Ai/Si + Al). The amphiboies can be subdivided into 4
categories, based on timing relationships and their composition. Some amphibole analyses
from the allochthonous slices (with the blueschist facies history) are sodlc-calcic in
composition (lower value on y-axis), reflecting the isothermal decompression during CaD2.
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Figure 3.28(b). Amphibole compositions of the "eastern" Ahrberg Group, AGC, Bowry
Formation and "western" Ahrberg Group, plotted on the 100 Na/(Ca+Na) vs 100 Al/(Si+AI)
diagram. Calcic, sodic-calcic and sodic fields for other high (Sanbagawa, Franciscan
terranes and Flazens Notch Fm) and medium (Dairadian) pressure terranes are from Laird &
Albee (1981b)
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Figure 3.29(a). photomicrograph illustrating the preserved orientation ofglaucophane inclusions
in an albite porphyroblast, oblique (SSj) to theCaSi foliation defined by chlorite, metasedimentary
schist sample RRDDH1 321.3; (b) photomicrograph ofalbite porphyroblast with zoned inclusions
ofclinozoisite and epidote, metasedimentary schist sample RRDDH1 321.3. ch; chlorite, a: albite:
gl: glaucophane, ep: epidote, mt: magnetite, cl: clinozoisite.
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The sodic amphibole analyses,which include sampleeAG 56 of the "eastern"

Ahrberg Group, and several other samples fromthe easternpart of the Bowry
Formation (1193, NC3, NCI 18, NC493, 7281) all have consistently low Al '̂"^
contents (and therefore low Al/(Si+Al) levels), reflecting low temperature

metamorphic conditions (Figure 3.28(a)). This implies that these rocks had an

isothermal decompressionpathway, following the CaDi event. Most of these
R Bsamples have a range ofNa content in the amphibole stmctural formula (0.91<Na

<1.80). The amphiboles are predominantly sodic (with Na® >1.5), however several
samples have amphibole compositions that are sodic-calcic (with 0.5< Na® <1.5),
which are interpreted to represent a later stage ofmetamorphism, possibly the early
CaDi event. In some samples, the range inNa® content ofthe amphiboles
corresponds to zonation fi-om core to rim, with cores having higher levels ofNa
(more glaucophane-rich) than some rim analyses (eg. sample 1193).

The chemical affinity between the amphiboles of the different blueschist facies

samples suggests a common earlymetamorphic history. Theblocks that contain the
blueschist material are interpreted to be allochthonous, as there is no evidence of this

metamorphic grade in the "westem" Ahrberg Group, RockyCapeGroup correlates,
or Bumie and Oonah Formations (autochthonous blocks), or the "eastem" Ahrberg

Group and the AGC (parautochthonous blocks). The allochthonous blocks are
interpreted to have undergone rapid burial and exhumation, in a subductionzone

setting, in orderto haveproduced the blueschist facies mineralassemblages, which
indicate metamorphic recrystallisation at pressures of approximately 700 to 1200

MPa, and temperatures of450 to 500°C (Figure 3.13).

In some eastemparts of the lineament, close to the boundarybetween the AGC and
the Bowry Formation, the early phase of the CaDi event is represented by

metamorphism in the greenschist-amphibolite facies transition zone, with

metamorphic conditionsjust reaching the gamet stability field (Figure 3.18(a) and

(b)) (Spear 1993). The amphiboles m the samples from this area are homblende and
winchite, and post-date the CaDi event (Figure 3.28(a)). However, they clearly
predate the development of actinolite, which is a late CaD2 event. As the

development of the ArthurLineamentis interpreted to have featured a progressive
style of deformation, the higher temperaturecalcic and sodic-calcicamphiboles are
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thought to representthe earlyphase of the CoDi event. The garnets vary slightlyin
composition,with the westernmost gamets (from the DowryFormation) having a

larger almandine component, and less spessartine and grossular(Appendices 3.7 and
3.15, Figures 3.8(a) to (d) andFigures 3.19(a) and (b)). As the some sampleswith
gamets occur in equilibrium with sodic-calcic amphiboles that have high Al*-'̂ ^
contents (indicative of higher temperatures), the eastem part of the Dowry Formation

is considered to have been marginally hotter than the westem part of the AGC during

the early part of the CaDj event (Figure 3.13). To the west of the boundary zone

between the Dowry Formation and the AGC, temperatures during the early CaDj

metamorphism were lower, in the lowergreenschist fades (Figure 3.28(a)). The

calcic and sodic-calcic amphiboles and the absence of gamet in the westem parts of

the lineament are indicative of a lower thermal gradient during this event. Doth

groups of early CaDjamphiboles areconsistent with themedium pressure amphibole
compositions from the definedterranes in subduction-related settings (Figure

3.28(b)) (Laird & Albee 1981b).

The late-CaD2 mineral assemblage represents the lowest grade ofmetamorphism in

the Arthur Lineament, and is consistent in the "eastem" and "westem" Ahrberg

Groups, theAGC and the Dowry Formation. Theamphiboles are actinolite,
indicative of greenschist faciesmetamorphismat pressures of around 300 MPa

(Figure 3.28(a)). A change in amphibole composition fromcore to rim in the
metabasites of the "eastem" Ahrberg Group and AGC is discemible, and implies a

decrease in temperatureand pressure fromearlyto late CoDi (Figures 3.10(a) and

(b). Figures 3.11(a) and (b)). In contrast, in theDowry Formation, the trend in
amphibole compositions from core to rimwas not as well developed (Figure 3.20(b)

and Figure 3.21(b)).

The spatial and temporalvariations in amphibole chemistryand mineral assemblages
are critical in establishing the timing and mechanism ofdeformation in northwestem

Tasmania, and the formation of the Arthur Lineament. The CaD\ event was

observed in all units of the lineament, however the blueschist facies metamorphism

associated with CaDi is only present in a few blocks. As discussed above, these

blocks are interpreted to be allochthonous, as the surrounding autochthonous, and

parautochthonous blocks showno evidence of these metamorphic conditions, and are
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thought to have experienced substantially lower pressures during CaDi

metamorphism. Incorporating the stmctural style and orientation of the CaV\ and

CflF2 folds, as well as the implied south-directed transport during the CaD\ and CdD2

events, the blueschist-forming event (rapid burial and exhumation) is interpreted to

have occurred in a subduction zone some distance from the current positions of the

allochthons. The results of this work suggest this subduction zone was to the north-

northeast of the Arthur Lineament.

The two stages of the CaDj event are significant, as the metamorphic grade during

the two events differs. The metamorphism attributed to the early stage of CaDj is

spatially varied in its hitensity. During this stage, the autochthonous "western"

Ahrberg Group, Rocky Cape Group correlates and the Bumie and OonahFormations E

were weakly metamorphosed in comparison to the "eastern" Ahrberg Group, AGC ^
and Bowry Formation. 3

m

Furthermore, metamorphic grade during the early stage ofthe CaDa event varied ^
between the "eastern" Ahrberg Group, AGC and Bowry Formation. The parts of the ©
AGCandBowry Formation that reached greenschist-amphibolite grade (producing ^
garnet in some samples) are also interpreted to have originated some distance from ^
their present positions. Although their metamorphic grade during the early stage of

f̂fsaa

the CflD2 eventis similarto that of the "eastem"AhrbergGroup, the AGC and S
Bowry Formation experiencedhigher temperatures. The origin of the rocks of the

t

AGC and Bowry Formation that experienced greenschist-amphibolite facies

metamorphism is interpreted to have been closer to their current position than the

origin of the blueschist facies slices. As the BowryFormation consists of some rocks

that experiencedblueschist facies metamorphism, followed by lower greenschist

facies metamorphism; and other rocks that experienced greenschist-amphibolite

grade followedby lower greenschistgrademetamorphism, it is apparent that the unit
is composed ofblocks with different CaDi to early CflD2 metamorphic histories.

This is of critical importance, as it demonstrates that the Bowry Formation is a

complex ofblocks, rather than a coherent unit. In contrast to the differing CaDi to

early CaD2metamorphic histories, the blocks have similar late-CaD2 metamorphic

histories. The AGC also consists ofblocks with different CaDi to early CaD2

metamorphic histories, but which also have similar late-CaD2 metamorphichistories.
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The western part of the AGC is composed of rocks that experienced greenschist-

amphibolite facies, followed by lowergreenschist fades metamorphism, whereas in
the eastem part of the AGC (like in the "eastern" Ahrberg Group), the rocks did not

experiencean early, high temperature (greenschist-amphibolite facies) metamorphic

event. These lower grade areas experienced middle greenschist facies conditions in

early CaT>2, and lower greenschist facies conditions in late CaDj- This suggests that

the AGC, like the Bowry Formation, is a complex ofblocks, with different early

metamorphic histories.

From the spatial and temporal associations outlinedabove, it canbe suggestedthat
whereas the differingmetamorphic conditions during CaDi and early CaD2, indicate

the blocks were distributed at various distances from their current positions, by late

CaDi there had been substantial rearrangements. The uniform metamorphic grade

throughout the lineament during the late CaDa event implies that by this stage, the
different blocks that comprise the Arthur Lineament could have been adjacent to

each other, and 'stacked' in their current position. At this stage, prior to the uplifting

and tilting associated with the CoDs event (see Chapter2), the lineament is

interpreted to have still been a sub-horizontal feature. Metamorphism during the

CflDs event is interpreted to have been significantly weaker than the CaDi and CaD2,

events, and did not result in significant metamorphic recrystallisation.
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3.7 Geochronology and mineral chemistry of metamorphic

monazites in northwest Tasmania

3.7.1 Introduction and analytical technique

U-Th-Pb dating is used in geology to determine the age of the minerals, which

contain significant amounts ofU and Th, such as zircon and monazite. Numerous

studies of isotopic systems have shown that the amount ofPb in these minerals is

directly proportional to the amount ofTh and U and the length of time lapsed since

the mineral was formed (Rollinson 1993). Monazite is a light rare-earth element

phosphate ((Ce, La, Th, Nd) PO4), common in continentalmetamorphic rocks and

granites. It containsmuch greater amounts of Th (up to 18%) andU (up to 5%) than

zircons but is more susceptible to alteration and weathering and is commonly reset

by recrystallisation rather than by solid state Pb diffusion.

Monazite grains are known to grow in mudstones as a result of low grade

metamorphism but these are very small and cannot be dated using conventional U-Pb

methods (Kingsbury et al. 1993). TraditionallyU, Th and Pb have been measured

using mass spectrometers, however the minimiun spot size (area to be analysed) is

~10 pm. This type ofmeasurement is xmsuitable for measuring single crystals or

zones within single crystals, due to the small spot size that is required. Recent

advances in electron microprobe technology have pushed the detection limits for Pb,

U and Th down to a level where they could be measured in monazite crystals

(Montel et al. 1996). The electronmicroprobecan be used for routine analysis of

very small areas on minerals (down to 5 pm in diameter).

Monazite occurs widely as an accessory mineral in variably metamorphosed pelites

(Overstreet 1967, Parrish 1990). Monaziteshave been shown to form in sub-

greenschist to granulite facies conditions,being evident in slates, schists and upper

amphibolite to granulite facies rocks of pelitic composition (Overstreet 1967,Bons

1988, Parrish 1990). They are also found in felsic igneous intrusives, as subhedral to

euhedral crystals that are commonly 40-100 pm in diameter. Igneous monazites are

often found to have higher thorium levels than metamorphic monazites, and show

evidence of concentric and irregular zonation.
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The abundance ofmetamorphic monazite increases with progressive metamorphism

(Overstreet 1967, Smith &Barreiro 1990). As a result, monazites are being

increasinglyused to date metamorphicevents (Eusden& Barreiro 1988, Smith &

Barreiro 1990). Monazites are thought to have lower closure temperatures than

zircon and therefore are useful thermochronometers ofmedium to high temperature

metamorphic events (Kingsburyet al. 1993). In comparison to zircon though, they

are still relatively under-utilised in U-Pb geochronological studies. As monazites do

not incorporate appreciable common lead during growth, the Pb present is

radiogenic, havingbeen derived fromthe decayof Th andU (eg. Scherreret al.

2000).

Whilst certain micro-analyticalmethods (eg. ionmicroprobe, LA-ICP-MS) allow

dating of relativelyyoung monazites (<200 Ma), the electron microprobe (BMP)
enablesthe dating of oldermonazites relatively easilyand cheaply (Scherreret al.
2000). The grains canbe quickly located (using a back scattered electrondetector)
and analysed (by BMP) in thin section. By using this thin section technique as

opposed to the mineral separate technique, the monazites are kept in a

microstractural context, thereby enabling the significance of each deformational

event to be established. The BMP has the additional advantages that small grains 10-

50|im in diameter canbe analysed non-destractively (andhence repeatedly), unlike

with the ion microprobe and by LA-ICP-MS.

The errors quoted in this work represent only the error associated with counting

statistics. They do not include any systematic errorsassociatedwith calibration, or

the errors in decay constants. The calibration is continually checked against

SHRIMP analysed standards and reproduces the SHRIMP ages to within error. We

conclude the sum ofthese calibration errors is less than 1% in the age except where

Pb contents are less than 3000 ppm. All samples have been adjusted to a single

calibration based on long term analysis of the in-house standard MP584. This shifts

the estimated age up by about 10Myrs. Bormost of the rock samples the analyses

are consistent with a single age population in which most (>75%) of the variability is

explained by the coimtingstatistics. For these samples a weighted mean was

calculated assuming normally distributed data and that the counting statistics are an
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accurate reflection of the error. For individual grain analysis the error quoted is the

la error. For the weighted mean age, a 2 a error is used.

The BMP monazite dating technique described above has been utilised in this study

to analyse numerous samples from northwest Tasmania (Figure 3.30). The aim of

this work is to aid the resolution of several contentious aspects of the

Mesoproterozoic to Devonian geological history ofTasmania. These include the age

and significance of the deformational events, and by comparison with other regions,

will aid in determining the proximity ofTasmania to the Australian mainland during

this period. Whilst these issues have been partly resolved by recent workers (Berry

et al. 1997, Black et al. 1997, Tumer et al. 1998, Calver 1998, Calver & Walter

2000, Meffre et al. 2001), their findings leave many questions unanswered. There

are some striking similarities between the depositional and deformational history of

the Tasmanian mainland, King Island and southeast Australia from the

Neoproterozoic onwards. These include stratigraphic correlation of the segments of

the rift-related sedimentation in the Neoproterozoic, and the Middle Cambrian

Tyennan/Delamerian Orogeny.

Importantly though, there are major differences between the different regions during

and prior to the major Neoproterozoic sedimentation represented by the Adelaide

Rift Complex in South Australia, the Grassy Group on King Island and the Ahrberg

and Togari Groups in Tasmania. Intermixed with the Neoproterozoic rift sediments

on King Island and in northwest Tasmania are large volumes ofrift-related basalts,

unseen in the Adelaide Rift Complex. Large amounts of 760-780 Ma granitoid

together with associated amphibolite facies metamorphism and multiple folding

events are present on King Island. In northwest Tasmania, a thin discontinuous unit

of 780 Ma granitoid is present in an allochthonous slice of the Arthur Lineament.

Other than a low angle unconformity, no significant deformation is thought to

represent the 760-780 event in Tasmania. In southeast Australia, the only igneous

event of this age is the occurrence ofa 780 Ma rhyolite below the base of the Bmra

Group (Preiss 2000).
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Small monazites (S-SO^m in diameter), interpreted to be metamorphic in origin occur

in lower greenschist to lower amphibolite facies mudstones over a wide area in

northwestern Tasmania, and are also present in metasediments and granitoids on

King Island. By analysing these grains using theBMPtechnique it is possibleto
distinguish Neoproterozoic events from those of Cambrian age across Tasmania.

This will help in defining the regional extent of different deformational events, and

has major implications for Tasmania's position at the time of break-up ofRodinia.

3.7.2 The Arthur Lineament

Areas ofnorthwest and western Tasmania have previously been shown to have

undergone metamorphism at around510Ma (Tumer et al. 1998). Metamorphic

grades during this event reachedas high as eclogite facies in westemTasmania, in
the FranklinMetamorphic Complex (FMC). Zircons from the FMC gaveU-Pb ages

of 511 ± 8 Ma, as recalculated by Black et al. (1997), and 502 ± 8 Ma (Tumer et al.

1998),whereashomblendes and micas derivedfrom an amphibolite in the Forth

Metamorphic Complex have given a minimumK-Ar age of493 ±13 Ma

(McDougall & Leggo 1965). Zircon froma gamet amphibolite in the Forth
MetamorphicComplex produced U-Pb ages of 514 ± 5 Ma (Black et al. 1997). K-Ar

ages of around510 ± 10Ma were derived fromprograde homblendes from three
Bowry Formation amphibolites (Tumer 1993,Tumer et al. 1998). However, no

metamorphicages have been reported from other units of the Arthur Lineament, or

the surrounding lithological units.

The aim of this work is to determine how pervasive the Cambrian metamorphic

overprint is, by utilising metamorphicmonazites formd in fine grained

metasediments within the lineament, and the surrounding area. Samples from within

the defined boundaries of the Arthur Lineament are discussed here, and samples from

the surroundingunits are discussed in the following section (3.7.3).

Three fine grained, psammopelitic to psammitic metasediments from the eastem

parts of theArthur Lineament, analysed formetamorphicmonazites, were found to

contain grains varying in size from 5 to 130 |im in diameter (samples 1114, 1036c

and 1194). Sample 1194 is a foliated, pyritic metasiltstone from within the Bowry
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Formation. Sample 1114 is a strongly foliated, quartz-mica-graphite-carbonate schist

from within the AGC, at the base of the Reece Dam spillway. Sample 1036c is from

a 20 m wide, sub-vertical shear zone in the high strain Oonah Formation, to the east

of the other sample locations. These samples will be individually discussed below.

Sample 1114 (345120 mE, 5378860 mN)

This sample, from within the AGC, was collected from a psammopelite dominated

sequence, at the base of the spillway to ReeceDam (Figure 3.31). The sample is

schistose, with intense development of CaSi (Figure 3.32(a)). Minor relicts of CaSi

were observed, however the early foliation was predominantly obliterated during the

CaD2 event. Thin microlithons and cleavage domains within microlithons of CaS2,

displaymineral alignment that is at a low angle to the main CflS2 foliation. These are

interpreted to represent the CaSi foliation. A late,moderately well developed

crenulation cleavage is evident, cross cutting CaS2 at a high angle. The cleavage

domains of the schistose CaS2 foliation are defined by white mica and graphite,

whereas the microlithons consist of recrystallised carbonate and quartz. No albite

porphyroblasts were observed in the sample, reflectinga compositionally different

precursor rock type to other AGC lithologies.

Monazites are present in the sample but are not as abundant as in other samples from

the high strain zone. Several elongate grains, with irregular, embayed grain

boundaries were observed. Three grains were analysed. The monazites are 15 to 20

pm wide, and 30 to 50 pm long, and consistently oriented with their long axis

aligned with the main CflS2 foliation. Low Sm, Gd and Dy levels in comparison with

other monazites of the same age within the Arthur Lineament are interpreted to

reflect different bulk rock compositions (Appendix 3.22 and Figure 3.33(a)), whereas

a negative correlation between age and La evident in Figure 3.33(b) may be an

indication ofhydrothermal alteration.

Despite the difference in mineral chemistry of the monazites in sample 1114,

including lower levels ofTh and Pb, in comparison to other samples from within the

Arthur Lineament (samples 1036c and 1194), the Th-Pb ratios are relatively

consistent with other samples, and therefore produce consistent individual grain ages
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Figure 3.32(a) photomicrograph of monazite-bearing metasedimentary schist, with CaSj
foliation defined by quartz, white mica and graphite, AGC sample 1114; (b) photomicrograph
of monazite-bearing, quartz-albite-white mica schist, CaSz is the dominant foliation, AGC
metasedimentary schist sample 1036c; (c) photomicrograph ofalbite porphyroblast, S, in
cores of albite porphyroblasts reflect the orientation of CaSu AGC metasedimenta.-y schist
sample 1036c; (d) SEM image of elongate monazite grain, aligned with the CaSz foliation,
blades of white mica (dull grey) and chlorite (light grey) can be seen defining the matrix,
AGC sample 1036c, (e) close up SEM image of elongate, embayed monazite from AGC
metasedimentary schist, sample 1036c; (f) photomicrograph of multiply deformed, intensely
foliated graphite-white mica-quartz mudstone, Burnie Formation sample 1167; (g)
photomicrograph of multiply deformed metasiltstone from the Rocky Cape Group correlate,
axial planar foliation is CaSz, spaced cleavage is CaSg, sample 1019; (h) SEM Image of
elongate monazite, aligned with the CaS2 foliation, from Rocky Cape Group correlate
metasiltstone sample 1019. q: quartz, m: white mica, g: graphite, ch; chlorite, mo: monazite,
a: albite.
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Figure3.32(a)to(h).
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La Ce Pr Nd PmSm Eu Gd Tb Dy Ho Er Tm Yb Lu
Figure 3.33(a). Rare earth element data for sample 1114 monazite analyses. Data is
normalised to chondrite using values of Sun &McDonough (1989). Gd levels are
significantly lower than analyses in sample 1036c. The spread in Er values is interpreted to
be due to analytical error.
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Figure 3.33(b). Age (Ma) vs La (wt %) plot for monazite analyses from sample 1114. A consistent
trend of decreasing age and increasing La levels is evident, prehaps reflecting hydrothermal
alteration.
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Age (Ma)

Figure 3.33(c). Relative probability plot for sample 1114. Number of analyses 6. There is
no evidence of inherited grains, either due to their absence, or the complete resetting of
older grains. The main metamorphic peak is at 534 ± 44 Ma. Two analyses with ages of
376 ± 104 Ma and 428 ± 128 Ma probably representing Devonian deformation, are included.
Due to their large sigma 1 errors, a single peak occurs.
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(Figure 3.33(c)). The six analyses have a weighted mean age of 495 ± 41Ma, which
is within a 2 error of the monazite ages in samples 1036c and 1194.

Sample 1036c (350180 mE, 5388100 mN)

This sample is from a 25 metrewide, CdDj shear zone with cataclastic features and

strong development of S-C fabrics, which is proximal to the boundary between the

AGC and the Oonah Formation (map). This location corresponds to a major change

in vergence of CaFi, that is most likely a result of a fault-related change in facing

direction of a macroscopic CaV\ fold (Chapter 2).

The 1036c sample is a fine grained, quartz-graphite-mica-albite-schist (Figure

3.32(b)). The main foliation (CaS2) is an intensely developed schistosity. Quartz is

recrystallised and is developed in schistose CflS2 microlithons. The cleavage

domains are defined by aligned white mica and graphite. Albite occurs as

porphyroblasts that have strained, elongateellipsoidal grain shapes, and long axes
that are aligned with the dominant CflS2 foliation (Figure 3.32(c)). However the

cores of the albite porphyroblasts are subhedral to euhedral, and are interpreted to

represent pre-CaD2 (or possibly early syn-CflD2) development. The cores are

distinguished from the rimsby varyingextinctionangles, and concentrations ofdark
inclusions (in transmitted light), that pseudomorph the rectangular grain shape of the

earlier generation of albite. In addition, the alignment of inclusions (Si) in the cores

of the albites is oblique to the dominant CaS2 foliation. The Si in the albite cores are

interpreted to represent the CoSi foliation, which is only preserved in the albite

porphyroblasts. In the outer zone ofthe albite porphyroblasts (Figure 3.32(b) and

(c)), the Si is rotated into alignmentwith CaS2, indicative ofdextral movement in this

thin section.

Monazite grains were found in this sample. They have irregular, embayed margins,

however they are consistently elongate and are aligned with the CaS2foliation

(Figure 3.32(d) and (e)). Five monazites in the sample were analysed. Due to then-

large size (commonly 60 to 120 |im long and 30 to 50 |im wide), multiple analyses

were carried out on individual grains. The mineral chemistry of the monazites in

sample 1036c is largely consistent(Appendix 3.22), however two analyses (3spotl
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and 3spot2) have notably lower Nd, Sm, Gd and Th levels (Figure 3.34(a)). This

depletion in middle REE, reflects growth during different equilibrium conditions,

and coincides with distinctly different ages ofmonazite growth. In addition, analysis

3spotl has extremely high Fe levels (5.21 wt %) and 3spot2 has elevated La (15.98

wt %). These inconsistencies, again reflected in the difference in age between the

3spotl and 3spot2 analyses (Figure 3.34(b)), are indicative of contrasting equilibrium

conditions during the growth of these two areas of the monazite gram. Analyses

3spot3 and 3spot4, again from overgrowths of the same grain, are elevated in Nd and

Sm, and sample 3spot3 has significantly higher Y levels (1.63 wt %). These higher

than average levels may he due to enrichment as a result of element transfer from the

original monazite nucleii (analyses 3spotl and 3spot2). However, whereas analysis

3spot2 has abnormally high La levels, 3spot3 and 3spot4 have lower than average La

levels (10.71 and 10.03 wt % respectively) (Figure 3.34(b)). This maybe indicative

ofmetamorphic conditions affecting La mobility, but not Nd, Sm and Gd.

On the basis ofpredominantly consistent levels ofU, Th and Pb (apart from samples

3spotl and 3spot2), the monazite analyses can be interpreted to have broadly uniform

ages (Figure 3.34(c)). Utilising the individual age calculation method (outlined in

Methodology), this is foimd to be an accurate assumption, with analyses having a

weighted mean age of 531 ± 10Ma. This age is a composite of results from analyses

prior to, and subsequent to re-calibration for Ce. This is significant, as it

conclusively demonstrates the shear zone is related to the Tyerman Orogeny, and that

the CaS>2 foliation is Cambrian in age.

Analysis 3spot1 has an age of2121 ±141 Ma, whereas analysis 3spot2 has an age of

1038 ± 35 Ma (Figure 3.34(b)). These analyses represent detrital monazite grains

that are from much older metamorphic or igneous events. The age of these analyses

may shed light on the provenance of detrital material deposited in this

metasedimentary sequence.
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Figure 3.34(a). Rare earth element data for 1036c monazite analyses. Data is normalised to
chondrite using values of Sun &McDonough (1989). Analyses 3spot 1 and 3spot 2, with
depleted MREE are indicated. The spread in Er values is interpreted to be a result of analysis
near the detection limit.
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Figure 3.34(b) . Age (Ma) vs La (wt %) plot for monazite analyses from sample 1036c. The
variation in La values for analyses 3spot 1 to 3spot 4, and the relationship to age is indicated.
Notably, the majority of analyses, with consistent ages have similar La values
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Age (Ma)

Figure 3.34(c). Relative probability plot for sample 1036c. Number of analyses 46. There Is
evidence of older, Inherited grains, (at 1058 ± 77 Ma and 2158 ± 143 Ma) which are
Interpreted to be detrltal. The age of the shear zone that sample 1036c Is derived from. Is
conclusively Cambrian (531 ± 10 Ma), and supports the microstructural Interpretation of
CaS2 being the dominant foliation.
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Sample 1194 (343430 mE, 5379520 mN)

Sample 1194, located5metres froma glaucophane-bearing metadolerite in the
BowryFormation, is a stronglyfoliated, carbonaceous, pyritic psammopelite. The
contact between the metadolerite and the metasediment is interpreted to be intrusive.

The uniform mineralogy of the sample has prevented the development of

mineralogically distinct cleavage domains andmicrolithons, however a phyllitic
foliation is visible in hand specimen and from petrographic observations. The

foliation is defined by alignment of elongate quartz grains, graphite, minor white

mica and pyrite. Due to the predominantly graphitic composition (and hence

opacity) of the sample, petrographic observations were not fruitful. Thepreservation
of glaucophane in theproximal metadolerite (which corresponds to pre-kinematic
deformation that is pre-, or early syn-CaD2 deformation elsewhere in the Bowry

Formation), and the preservation of a finely spaced foliation that has not been

strongly overprinted, may infer that CaDi wasweakin this area, and that themain
foliation is CaS]. However, this is not a conclusive argument, as no direct

overprinting relationship between CaSi and CaSj was observed.

When analysed using the back scattered electrondetector,monazites were found to

be common in the sample. Sevenmonazite grains were analysed. They are irregular

in shape, but more equidimensional than the monazites hi samples 1114 and 1036c

(commonly 10to 15 |j,m in diameter). This is interpreted to reflect the relatively low
strain deformational history of the sample. The monazites were found to have

consistentlyhigher Ca than monazites in samples 1114 and 1036c,whereas they have

lower Fe, Nd (Appendix 3.22).

Theyhave a small range in Pb, Th andU values (Figure3.35(a)). Themonazite
analyses display a small range of elemental variation (Figure 3.35(b)). The

consistent ages of the individual analyses, and their similar elemental abundances,

are both indicative of constant metamorphic conditions during the growth of the

different monazites. The monazite has a weighted mean CHIME age of546 ±15 Ma

(2a error), whereas the individual analyses have average a 1 errors of 55Ma.
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Age (Ma)

Figure 3.35(a). Relative probability plotfor sample 1194. Number of analyses 13. The
dominant peak occurs at 546.2 ±15 1 Ma and is interpreted to correspond to the CaD2
deformation. There is no evidence of inherited grains, either due to their absence, or the
complete resetting of older grains. A small peak at 294.5 ± 53.6 Ma may represent monazlte
growth during the Devonian deformation, that has suffered from partial Pb loss.

100 ^-1 ^ ,

La Ce Pr Nd PmSm Eu Gd Tb Dy Ho Er Tm Yb Lu

Figure 3.35(b). Rare earth element data for 1194 monazlte analyses. Data is normalised to
chondrite using values of Sun &McDonough (1989). The similar chemistry of analyses
(corresponding to similar ages) is evident. The spread in Er values is interpreted to be due
analytical error.
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3.7.3 Surrounding areas

To the east and west of the Arthur Lineament, the lithologies have heen variably

deformed by CaD\ and CaDj, with the intensity of the these deformations gradually

decreasing away from the lineament. The structural overprint of the CaD\ and CaDi

events has heen shown to extend up to 7 kilometres to the east of the lineaments

eastern boimdary, and up to 3 kilometres to the west of the lineaments faulted

western boundary (Chapter 2). However, metamorphism associated with these

deformational events is confined to within the lineament, and the immediately

surrounding areas. To the east of the lineament, subsequent deformation (CoDt,,

DeD4 and DeDs) is weakly developed in the low strain Oonah Formation, and has not

resulted in metamorphic overprints. Immediately to the west of the lineament, the

"western" Ahrberg Group and Rocky Cape Group correlates have undergone

metamorphism associatedwith the CaD2 event, but do not show evidenceof earlier

metamorphism.

Samples from the low strain Bumie Formation (sample 1167), Oonah Formation

(sample 1082 and 96-39), "western" Ahrberg Group (samples 192, 201, 219 and 711)

and Rocky Cape Group correlates (sample 382, 378 and 1019) were analysed for

monazites using the technique outlined above (Figure 3.30 and Figure 3.31).

Burnie Formation sample 1167 (398980 mE, 5457655 mN)

Sample 1167, collected to the east of the Arthur Lineament, on the north coast is a

multiply deformed mica-graphite mudstone, with late quartz veining crosscutting

bedding (Figure 3.32(f)). The age of the Bumie Formation is indirectly understood

to he older than 725 Ma, based on the minimum age of the Cooee Dolerite, which

intmdes the Bumie Formation in the Cooee area on the northwest coast. The earliest

foliation, interpreted to he CoSi, is a continuous foliation, defined by the growth of

mica and graphite. This foliation is crenulated by a pervasive, very finely spaced

cleavage with 0.025 mm wide microlithons, and interpreted to be CaSa. No mica

was observed aligned with CaS2. The third cleavage, interpreted to be CaS^,

crenulates the earlier foliations. It is a finely spaced cleavage, with 0.1 to 0.2 mm

wide microlithons. Its development is not as pervasive as the earlier two cleavages.
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Figure 3.36(a). Rare earth element data for 1167 monazite analyses. Data is normalised to
chondrite using values of Sun &McDonough (1989). Despite the variation in ages, the
majority of analyses have similar chemistry, however analysis 12/8spotb has anomalously
high Nd, Sm and Gd. The spread in Er values is a result of analytical error.

Age (Ma)

Figure 3.36(b). Relative probability plot for sample 1167. Number of analyses 26. A strong
peak at 580 ± 26 Ma represents the main Cambrian deformation, however the intensity of
deformation at the sample site was not great enough to reset older grains, and multiple
peaks, reflecting different sources of inherited grains can be seen. The peak at around 800
Ma may represent a diagenetic phase of monazite growth (given this is the approximate age
of deposition of the sediment), however this is uncertain.
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Monazites are common in this sample. They have irregular shapes, with elongate,

stubby, and rounded grains observed. The monazites range in size from 10 to 80 p.m

in length and 5 to 20 |im in width. This diversity in grain shape is reflected in the

range of compositions and ages of the monazites (Appendix 3.23).

Multiple analyses on individual grains show significantvariation in age (grain 12/12

spots a and b), and in some examples this corresponds to distinctly different

chemistry (grain 12/8 spots a and b) (Appendix 3.23 and Figure 3.36(a)). This

interpreted to reflect the contrasting equilibrium conditions at the time ofmonazite

growth.

The individual ages of the analyses demonstrate the influence of a Cambrian

metamorphic event. These analyseshave a well constrainedweighted average age of

542 Ma, with a 1 sigma error of28 Ma. However, the level of intensity of the

Cambrian deformation has not caused the complete resetting of inherited grains, and

individual grain ages with peaks at approximately 775 Ma, 980 Ma and 1260 Ma are

present (Figure 3.36(b)). Given the interpretedage of the Bumie Formation, the 775

± 29 Ma weighted average age may reflect monazite growth during diagenesis, or the

Wickham Orogeny. However, the older peaks are interpreted to be inherited ages,

from detrital monazite populations.

Gonah Formation samples 1082 (353650 mE, 5380240 mN) and 9639 (352500

mE, 5379315 mN)

Sample 1082, from approximately 2.5 km to the east of the eastem boundary of the

Arthur Lineament, is a laminated to thinly bedded mudstone/siltstone unit. The

mudstone layers are dominated by white mica, with a minor quartz component (<10

modal %). The siltstone layers are comprised of intermixed quartz and white mica,

with roughly equal modal proportions. The mica, in both mudstone and siltstone

layers, is consistently aligned, representing the earliest fabric that has developed.

This foliation, which cross cuts bedding at a 15 degree angle, is interpreted to be

CflSj. The mica is crenulated by a pervasively developed flnely spaced cleavage,

that cross cuts bedding at a similar angle, but in the opposite sense to the early

foliation. This later foliation is interpreted to be Ca'S>2. Although the CaSi is a

pervasive crenulation cleavage, it has caused minor growth ofwhite mica, and in this
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sample the CaDj event has not caused significantdevelopment of metamorphic

minerals.

Monazites are present in sample 1082. The monazites observed were irregular in

shape, with embayed margins, however they are consistently elongate, and between

15 and 40 jim wide and 30 to 80 |im long. In addition, they are aligned with the

CflS2 crenulation cleavage. The mineral chemistry of the analysed monazites is

broadly consistent with monazites analysed in other samples (Appendix 3.24 min

chem and Figure 3.37(a)).

Pb, Th and U levels have a small range, and this is reflected in the consistent ages of

the monazite analyses, which have a weighted average age of574 ± 24 Ma.

However, a single analysis (lspot3) has similar Th levels (2.7 wt %) but anomalously

high Pb levels (0.34 wt %), which reflect an old age (2278 ± 83 Ma).

Sample 9639, unlike the other samples analysed, is a grain mount ofmonazite from a

heavy mineral separate, derived from a fine grained siltstone unit, approximately 2

km to the east of the eastern boundary of the Arthur Lineament (R. Berrypers.

comm.lQQl). The monazites in this sample were prepared differently to monazites in

all other samples, as they were acid-leached in order to remove any iron oxide

coating. The monazite data for this sample has been included in this study.

The monazite chemistry in sample 9639 is notahly different to the other samples

analysed, and may be a result of the acid-leaching (Figure 3.37(b)). The monazites

analysed have anomalously low La, but significantly elevated Pr, Nd, Sm, and Gd.

Some internal variation is evident in the monazite chemistry of sample 9639. This is

interpreted to be an indication of a mixed population, and may reflect partial

resetting of the monazites, some ofwhich must have a detrital origin.

The Pb, Th and U levels are mostly consistent, although analyses 9639_15 and

9639_5 have anomalously elevated Th levels (12.86 and 8.17 wt % respectively).

However, as the Th-Pb ratios of these analyses are consistent with other analyses in

this sample and sample 1082, a similar age of the monazites is indicated (Appendix
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Figure 3.37(a). Rare earth element data for 1082 monazite analyses. Data is normalised to
chondrite using values of Sun &McDonough (1989). The analyses have do not display large
variations In their chemistry. The spread In Er values Is a result of analysis near the
detection limit
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Figure 3.37(b). Rare earth element data for 9639 monazite analyses (mineral separate).
Data Is normalised to chondrite using values of Sun &McDonough (1989). In comparison to
sample 1082 analyses (and others) the grains analysed have anomalously low LREE, and
high MREE. This may be a feature of hydrothermal alteration (corresponding to similar
ages).
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1250

Age (Ma)

Figure 3.37(c). Combined relative probability plot for samples 1082 and 9639. Number of
analyses 26. The prominent peak at 559 ± 15 Ma clearly represents the main Cambrian
deformation (CaD2). inherited ages at 1249 ±171 Ma, 1300 ±151 Ma and 2297 ± 84 Ma are
thought be due to detrital grains, as the age of the Oonah Formation is interpreted to be
around 750 Ma.
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3.24 and Figure 3.37(c)). Due to the high Th levels, the sigma 1 error of these

analyses is very small. Samples 9639_10 and 9639_6have similar ages (1212± 166

Ma and 1268 ± 147 Ma respectively). These analyses have ages that are within error,

and they are anomalous in comparison to the other grains analysed in this sample

(Appendix 3.24), implying a detrital origin. However, a lack of similaritybetween

their mineral chemistry is evident, with notably different levels ofLa, Ce, Nd, Sm

and Gd (Appendix 3.24). This suggests that while they have a similar provenance

(and hence are derived from rocks that have undergone deformation/crystallisationat

a broadly concurrent age), they are probably derived from different host lithologies,

with different bulk rock chemistries.

"western" Ahrberg Group samples 192 (340280 mE, 5390920 mN), 201 (340200

mE, 5390980 mN), 219 (340820 mE, 5390840 mN) and 711 (344530 mE, 5392100

mN)

The "western" Ahrberg Group samples that were analysed for monazites were

collected from 0.5 km, and between 3.5 and 4.5 km to the west of the Arthur

Lineament's western boundary. They are very low grade variably graphitic quartz-

mica siltstones, with rare fine grained sandy layers, and micaceous mudstones. All

of these samples show development of the CaS2 and CoSs foliations, but the CaSi

foliation was not observed. The CaSi is a finely spaced foliation, with white mica

growing in alignment with the cleavage planes. The CaSs foliation is more broadly

spaced, and has not caused the growth ofmetamorphic minerals. It crenulates the

CflS2 cleavage. The opacity of samples 192 and 201, due to the high levels of

graphite, made petrographic observations difficult. Sample 711, from 0.5 km to the

west of the lineament, had the largest white mica development, with blades 0.1 mm

in length common. This is interpreted to reflect the samples proximity to the

lineament's westem boundary.

The samples were analysed for monazite, but due to the lower metamorphic grade,

monazites present were smaller than m other samples investigated. The grains were

not as elongate as in the more deformed samples from within the Arthur Lineament,

and near its eastern boundary, and did not demonstrate a preferred alignment with the

dominant foliation. Furthermore, some grains were rounded, and found in coarser
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grained layers. These grains are interpreted to be of detrital origin and range in age

from approximately 800 Ma to 1450 Ma (Appendix 3.25).

The monazites analysed in the "western" Ahrberg Group range in age from

Cretaceous (eg sample 201) to Mesoproterozoic (eg. sample 711), as is indicated by

the variation in Pb-Th ratios. In sample 711, the variety in monazite composition is

best illustrated by the range in La, Nd, Sm, and Gd values. The Mesozoic monazite

peak in sample 201 is well defined (Appendix 3.25). No deformation was observed

in the area that can be attributed to this event, however the samples proximity to the

CaDs-ageDelville Fault (see Chapter2) may suggest that reactivation of this

structure has occurred. Significantly, the mylonite zone on the west coast ofKing

Island (see section 3.7.4 sample 63254) also has undergone reactivation in the

Mesozoic, possibly as a result of the same event. An alternative explanation of the

Mesozoic age monazites is the coincidence in agewith the widespread intrusion of

Jurassic dolerite. However, despite the significance of this thermal event in other

areas ofTasmania, there is no evidence of Jurassic dolerite in this region.

In samples with consistent monazite ages, there is a small range in Pb and Th values

(eg. samples 192 and 219) (Appendix 3.25), and the Pb-Th ratios are comparable.

However, the monazite compositions are varied, probably reflecting the different

bulk chemistry of the source rocks from which the monazites were derived

(Appendix 3.25).

In samples 192, 201 and 711, some analyses have uniform Ph-Th ratios, resulting in

ages of approximately 540 Ma (eg. 192-spot2 and 3, 201-spot3 and 5, and 711-

10spot4). Monazite analyses from sample 219 show little variation in composition

and Pb-Th levels. As a result, the Pb-Th ratios are consistent and analyses have

broadly similar ages, with a weighted mean of 872 ±88 Ma (Appendix 3.25 and

Figure 3.38).

The mixed populations ofmonazites present in the "western" Ahrberg Group is well

illustrated in the relative probability plot (Figure 3.38). Clearly, as the "western"

Ahrberg Group is a well constrained correlate of the Togari Group, which has a

maximum age of around 750 Ma, the maximum age of the "western" Ahrberg Group
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Age (Ma)

Figure 3.38. Combined relative probability plotfor "western" Ahrberg Group samples 192,
201, 219 and 711. Number of analyses 35. Whereas Cambrian age monazlte growth has
occurred In this sequence, the effect of the deformationwas minor, and hence monazltes of
older ages (approximately 700 Ma) are more evident and may represent diagenesls. Peaks
at 980 Ma and around 1400 are considered to be Inherited ages, from detrltal grains that
have not been reset during the Cambrian deformation. An age peak between 100 and 250
Ma Is evident In sample 201. This may be a related to continental break-up. Similar age
peaks are evident In the Surprise Point mylonite zone on King Island (section 3.7.4).
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cannot exceed 750 Ma. Therefore, analyses with ages that are older than this must

have a detrital source. As individual monazites are found have mixed ages (eg.

Sample 711), partial resetting due to low levels of metamorphism can be suggested.

Rocky Cape Group correlates samples 378 (338700 mE, 5393950 mN), 382

(338250 mE, 5393630 mN) and 1019 (343860 mE, 5401800 mN)

Samples 378 and 382 from the Rocky Cape Group correlates, are fine grained quartz-

graphite-mica siltstones. The samples are from6.5 km and 6.75 km to the west of

the Arthur Lineament's western boundary. They both show pervasive development

of a finely spaced cleavage, with 0.2 mmwide microlithons and cleavage domains

that are parallel to anastomosing. This is interpretedto be CaSs, based on cleavage

morphology and field evidence. CaSi and CaSa were not observed in this sample.

Monazites are rare in these samples. As can be seen from their chemistry (Appendix

3.26), the two grains analysed in sample 378 are similar. They have comparable

compositions, and their ages (interpreted to be metamorphic) are within error. The

age of the single analysis in sample 382 (1181±55 Ma) suggests this grain is

detrital. It has a distinctly different composition to the grains analysed in sample

378, in particular levels ofLa, Ce, Nd and Sm.

In contrast to samples 378 and 382, sample 1019 is from approximately 1.8 km to the

west of the lineaments westem boundary. The sample is a micaceous mudstone, that

has several well developed foliations. The earliest foliation (interpreted to be CaS2)

is a continuous cleavage, defined by white mica grains. This cleavage is crenulated

by a spaced, parallel to anastomosing cleavage, interpreted to be CaS>^ (Figure

3.32(g)).

The sample 1019 was analysed for monazites, and was foimd to have common,

elongate, partly embayed grains that were 15 to 20 |j,m long and 5 to 10 |im wide

(Figure 3.32(h)). The monazites were consistently aligned with the CaSa foliation,

which occurs as the axial planar foliation to micro-folds in the sample (Figure

3.32(g)). The mineral chemistry of the monazites is mostly consistent, however

several analyses (B2spot2, B3spotI, B4spotl and B5spotl) have relatively depleted
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La levels. These analyses also have elevated MREE (Figure 3.39(a)), with

anomalously high Nd, Sm and Gd levels. Variation is also evident in the Th levels,

however the Pb-Th ratios are consistent, other than analysis 8spot3 which, as

indicated by its Pb-Th ratio, is significantly older than the other analyses (1816 ± 76

Ma). This is interpreted to a detrital age, that has not been completely reset during

the Cambrian metamorphism. The weighted average age for the metamorphic

monazites in the sample (543 ±11 Ma) indicates monazite growth has occurred as

part of the main Cambrian deformation{CaDf) (Figure 3.39(b)).
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Figure3.39(a). Rare earth element data for 1019 monazite analyses. Data Is normalised to
chondnte using values of Sun &McDonough (1989). The majority of analyses have similar
chemistry (corresponding to similar ages), however two analyses (with comparable ages),
B2spot2 and BSspotI have elevated Nd, Sm and Gd. The spread In Er values Is a result of
analysis near the detection limit.

Age (Ma)

Figure 3.39(b). Relative probabilityplot for sample 1019. Number of analyses 32. Astrong,
Cambrian age peak occurs at 560 ±11 Ma. MIcrostructural evidence Indicates these
monazltes have grown parallel to CaS2. There Is evidence of an older. Inherited grain, (at
1833 ± 76 Ma) which Is Interpreted to be detrltal.
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3.7.4 King Island metasediments and igneous intrusives
Regional Geology

King Island, located to the north of the northwest Tasmanian mainland, is composed

of several different (meta-) sedimentary and igneous sequences, of different ages

(Figure 3.40). The westem half of the island is dominated by metasediments that are

interlayered with minor mafic extrusives (Blackney 1982). The metasedimentary

sequence comprises in excess of 1000m ofdommantly quartzofeldspathic schist

with minor quartzite, micaceous quartzite, politic schist, and rare thin calcareous

lenses. The typical mineral assemblage in the schists is quartz+muscovite+biotite

(+plagioclase). Pelite may locally contain gamet and minor potash feldspar and

andalusite occurs in alumina-rich rocks.

The mafic intrusives are amphibolites and have compositions similar to tholeiitic

basalt (Blackney 1982) (see Chapter 4). These have been intruded in several

locations, by sjm-deformational granitoids, associated with the 760 Ma Wickham

Orogeny (Cox 1973, Turner et al. 1998). The dominant granitic intrusive phase is an

K-feldspar porphyritic biotite adamellite (Tumer 1989). The sjm-intrusional

deformation was considered to be the D2 event in the Cape Wickham region by Cox

(1973). McDougall & Leggo (1965) produced age determinations for the granitoid

that are significantly younger than 760 ± 12 Ma (Tumer et al. 1998). Using the

isotopic constants of Steiger & Jager (1977), the data ofMcDougall & Leggo (1965)

results in ages of 416 Ma (K-Ar biotite), 575 Ma (K-Ar muscovite) and 728 Ma (Rb-

Sr muscovite) (Tumer et al. 1998). Tumer et al. (1998) concluded these ages were

consistent with thermal events (such as the rntmsion ofDevonian to Carboniferous

granitoids) having partially reset all of the mica ages.

Polyphase deformation of the Precambrian metasediments was in part broadly

synchronous with the period ofPrecambrian granitic intmsive activity and

metamorphism to amphibolite facies. The first major deformation phase (Di)

produced large, tight to isoclinal folds, associated minor folds, and a penetrative axial

surface cleavage. Prograde metamorphism appears to have commenced during Di,

and Si microfabrics are defined by amphibolite facies mineral assemblages. Cross-

cutting relationships at the margin of the pluton indicate that at the presently exposed
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SHRiMP Zircon 40786
76D±12Ma 759±16Ma

Cape
Wickham

39°45-

K-Ar 338 Ma
Sea Elephant

63250
764±36 Ma
Stokes Pt

345+5 Ma

Figure 3.40. Geological map of King Island (from Calver et ai. 1995). Sample
numbers and locations with ages (from this study) are indicated. Ages from
previous work (and age calculation method) are also presented.
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structural level, major granitic intrusive activity post-dates Di folding, and probably

did not commence prior to D2.

Second generation (D2) stmctures have deformed the metamorphic assemblages as

well as many of the granitic rocks. However, minor granitic intrusive activity and

veining post-dates D2 folding. Within the granitic pluton D2has deformed xenoliths,

produced a foliation in some of the granitic rocks, and produced some mylonite

zones. Small scale D2 folds in the westem aureole are open to tight structures which

fold the penetrative Si cleavage. Third generation folds, which are also cut by minor

granitic sheets and veins, are moderately to gently inclined, open structures.

Upright D4folds post-date all granitic intrusive activity, but are apparently cut by

dykes of tholeiitic dolerite which form part of an extensive and dominantly north-

south trending dyke swarm in the Cape Wickham area. These extensively altered

dolerites are probably related to the Neoproterozoic mafic extrusives on the east

coast ofKing Island.

The granitoid mass which outcrops at Cape Wickham extends down the west coast of

the island to south of Currie and reappears again farther south at Cataraqui Point

(Gresham 1972, Tumer 1989). Its boundaries trend parallel to the northerly strike of

the country rocks which display metamorphism comparable with the sequence at

Cape Wickham along the eastem or inland boundary of the pluton. A small belt of

country rock west of the granitoid mass near Currie contains pale- and dark-grey,

interbedded siltstone of low metamorphic rank, thus indicating that the westem

granite contact is a major fault.

South of Currie only the eastem boundary of the granitoid mass is present and the

adjacent meta-sedimentary lithologies are much like those at Cape Wickham,

comprising mainly quartzofeldspathic and pelitic schists and phyllites with mafic

rocks and very minor carbonate (Blackney 1982). Gamet-biotite geothermometry

indicates temperatures of 470-580°C and the presence of andalusite and rare

phengite suggest low pressures of 100-300 MPa. Mafic rocks include intmsive and

possibly, extmsive tholeiitic types with subordinate intmsives of alkali basaltic

character (see Chapter 4). Throughout the granitoid mass the rocks are deformed,
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exhibitingcommonshear surfaces and cataclastic microtextures (McDougall &
Leggo, 1965, Streit & Cox 1998).

Exposure in the easternhalf ofKing Islandis dominated by a relatively
unmetamorphosedsiltstone and sandstone sequence. The relationship of this rmit to

the western sequence of schists is poorly understood. Gresham (1972) suggested the
unmetamorphosed sequenceunconformably overlies the schists, but this argument is
inconclusive, as the contact between the two is not exposed. Calver &Walter (2000)

suggested the correlation of the unmetamorphosed sequencewithpart of theRocky

CapeGroup, whereas Turner et al. (1998) suggested its correlation with theBumie
and Oonah Formations ofnorthwest Tasmania. On the east coast, this sequence is

overlainbymaficvolcanics and sedimentary sequences, that are LateNeoproterozoic

in age, and knownas the Grassy Group (Calver &Walter 2000). The Grassy Group

has been correlatedwith parts of the lateNeoproterozoicrift sequences (the Togari

Group) in northwestTasmania (Calver &Walter 2000).

This work, however, is focused on the metasediments found in the far south (Stokes

Point), southwest (Surprise and Fitzmaurice Bays, Cataraqui Point) and north (Cape
Wickham granitoidand contact aureole) of King Island (Figure 3.40). The King

Island data presentedhere is part of a combined research initiative, and is currently
being compiled as a manuscript for publication (Berry et al. in prep).

Summary of Results

Seven samples fromKing Island were analysedusing the CHIME method. These

included five samples from southwest King Island ofpelitic schist far from the

Neoproterozoic granitoids (63252, 63243, 63248, 63250, 63254). Two samples were
included from northwest King Island to show the effect of the granitoids and the

contact aureole (40853, 40786). Four other samples of schist were considered but

these were dominated by xenotime rather than monazite or contained monazite with

very low Th unsuitable for the application of this technique.

For six of the seven samples analysed, 20 analyses were obtained on about 10

separate grains and usually 90% of these passed compositional screens which

identify inclusions and grain margins which may compromise the analyses. For the
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more complex sample 63254, 36 spots were successfully analysed. The analyses are
shown in Appendix 3.27.

Samples 63252 (236200 mE, 5553700 mN) 63243 (mE, mN) (Surprise Bay) and
63248 (233900 mE, 5560600 mN) (Fitzmaurice Bay)
Samples 63252 and 63243 are petrographically very similar. They are fine grained,
quartz-white mica-biotite-gamet-feldspar ±sericite schists, with minor very fine
grained opaque phases. The samples have moderately well foliations, defined by
quartz- and mica-rich domains, however the individual white mica and red-brown
biotite blades are multiply oriented, and reflect polyphase defonnation and mineral
growth. The quartz grains are stubby and have not been subjected to high strain
levels. Garnet occurs as euhedral, mostly large (1 mm diameter) porphyroblasts in
comparison to the gromidmass. They are partly corroded, as are the feldspar grains
(Figure 3.41(a)), due to retrograde events accompanying the sericite alteration.

Sample 63248 is afine grained, quartz-white mica ±green biotite-toumialine-
sericite-chlorite-opaque schist. It is moderately well foliated and, as with samples
63252 and 63243, polyphase deformation is evident due to the multiply oriented
white mica grains. The white mica has predominantly grown in two orientations,
however aweaker, third orientation was observed. Quartz grains are mostly stubby,
and have not undergone highlevels of strain.

Ofthe five schistose samples from SW King Island, tliree samples have aconsistent
CHIME age in monazite. Samples 63252 and 63243 from Surprise Bay (Figure 3.40)
both contain small 10-30 pm grains ofmonazite aligned in Sj (Figure 3.41(b) and
(c)). They have aCHIME age of 1273 ±12 Ma and 1270 ±24 Ma, and similar
chemistries (Appendix 3.27, Figures 3.42(a) and (b). Figures 3.43(a) and (b)). These
samples show evidence of equilibrium Dj textures. The samples are both more than
1km from the granite and gamet is part ofthe prograde metamorphic assemblage.
Sample 63248 from Fitzmaurice Bay comes from much closer to granitoid. It is
from 200m E ofthe visibly spotted homfels zone and 500m Eofthe granite contact
(Figure 3.40). The monazite from this sample has late halo-like overgrowtlis, and is
distinguishable from the other Surprise Bay samples (Figure 3.41(d)). There is no
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Figure 3.41(a) to (h) photomicrograph and SEM images of metasedimentary schists from

Mesoproterozoic succession on King Island, (a) photomicrograph illustrating weli defined

schistosity, with aligned feldspar porphyroblast (corroded), white mica, biotite, garnet and

quartz. Surprise Bay sample 63252; (b) SEM image of embayed monazite aligned with

dominant foliation (Si), Surprise Bay sample 63252; (b) SEM image of embayed elongate

monazite aligned with dominant foliation (Si), Surprise Bay sample 63243; (d) SEM image of

subhedral monazite with overgrowth (dull grey), Fitzmaurice Bay sample 63248; (e) SEM

image of large, poikiloblastic monazite. Stokes Point sample 63250; (f) SEM image of small,

poikiloblastic textured monazite, from the mylonite zone, Surprise Point sample 63254; (g)

SEM image of monazite with vermicular cracks, from contact aureole of Cape Wickham

granitoid, sample 40853; (h) SEM image of irregular shaped monazite and ?zircon (zoned).

Cape Wickham granitoid sample 40786. m: white mica, fsp: feldspar, q: quartz.



Chapter 3 Metamorphism ofthe Arthur Lineament

(a)Sv^

!•;>>. . 'VW '•* .t—r-r-;:

f

I >() Lim [() Lim

Figure 3.41(a) to (h).
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Figure 3.42(a). Rare earth element data for 63252 (Surprise Bay) monazite analyses. Data
is normalised to chondrite using values of Sun &McDonough (1989). The analyses have
similar chemistry (corresponding to similar ages). The spread in Er is a result of analysis
near the detection limit.

Age (Ma)

Figure 3.42(b). Relative probability plot for sample 63252. Number of analyses 18. A
strong, Grenviilean-age metamorphic event occurs at 1273 ±12 Ma. There is no evidence
of a Wickham orogenic event (760-780 Ma), or other subsequent metamorphic events.
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Figure 3.43(a). Rare earth element data for 63243 (Surprise Bay) monazite analyses. Data
is normalised to chondrite using values of Sun &McDonough (1989). The analyses have a
notable depletion in MREE relative to sample 63252, despite the similar ages. The spread in
Er values is due to analytical error.

Age (Ma)

Figure 3.43(b). Relative probability plot for sample 63243. Number of analyses 20. A
strong, Grenvillean-age metamorphic event occurs at 1270 ± 24 Ma. There is no evidence
of a Wickham orogenic event (760-780 Ma), or other subsequent metamorphic events.
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Figure 3.44(a). Rare earth element data for 63248 (Fitzmaurice Bay) monazite analyses.
Data IS normalised to chondrite using values of Sun &McDonough (1989). The analyses
have similar chemistry (corresponding to similar ages). The spread In Er values Is due to
analytical error.

Age (Ma)

Figure 3.44(b). Relative probability plot for sample 63248. Number of analyses 20. A
strong, Grenvlllean age event occurs at 1218 ± 22 Ma. Several slightly older grains, at
around 1380 Ma were analysed, and cause the irregularity of the upper age slope. Fiowever,
as these are within error of some of the younger grains, a single peak is defined.
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evidence of a mixed population in the monazite ages but the weighted mean age is

1218 +22 Ma (Figures 3.44(a) and (b)). This is significantly younger than the two

samples from Surprise Bay andmay reflect a small amount ofPb loss associated

with the contact metamorphism near the granitoid on Cataraqui Point.

Sample 63250 (238100 mE, 5550300 mN) (Stokes Point)

Sample 63250 is an intensely foliated, quartz-whitemica ± red brown biotite-gamet

schist, with minor retrograde chlorite and sericite phases. The sample exhibits a

single strong foliation (themain schistosity), andhas been weakly crenulatedby a

poorly developedcleavageat a high angle to the schistosity. The quartz grains are

elongate, having undergone a high degreeof flattening. Thehiotite is alignedwith
the schistosity, consistent with syntectonic growth.

The Stokes Point sample (Figure 3.40, Appendix 3.27) contains monazites that are

distinct fi-om other samples. The grains occur as large 100 p,mpoikiloblastic to sieve

texture grains (Figure 3.41(e)). These grains have relatively low Th (1-3 %) which

means the individual grain ages have very large errors. Despite this age population is

compatible with a single age of 764 + 36 Ma, and the monazites are similar in their

chemistry (Figures 3.45(a) and (h)). The rock is strongly chlorite altered but

otherwise does not appear to have any evidence of contact metamorphism. The age

recorded matches the age of the Cape Wickham granite and the textural evidence for

recrystallisation is taken here to indicate this rock has been subject to hydrothermal

alteration associated with granitoids of this age. This alteration has completely reset

the CHIME monazite age.

Sample 63254 (233700 mE, 5554400 mN) (Surprise Point mylonite zone)

Sample 63254 is a fine grained quartz-white mica-biotite ± tourmaline schist. It is

strongly foliated, and has preserved evidence of polyphase deformation. The micas

are predominantly uniformly aligned with the main schistosity, however two less

well developed orientations, at a moderate angles to the main foliation, were

observed.
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Figure 3.45(a). Rare earth element data for 63250 (Stokes Point) monazite analyses. Data
is normalised to chondrite using values of Sun &McDonough (1989). The analyses have
similar chemistry (corresponding to similar ages). The spread in Er values is due to
anaiyticai error.
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Figure 3.45(b). Relative probability plot for sample 63250. Number of analyses 16. A
pronounced peak occurs at 764 ± 36 Ma, and is attributed to the Wickham Orogeny.
Because of the large errors, the population at 977 ± 18 Ma (see Appendix 3.27) is not
evident in the age profile.
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The sample, from the marginof a large-scale mylonite zone at SurprisePoint (Figure
3.40)contains monazite thathave complex chemistry and age patterns. A few grains

are large 30 fim and euhedral with overgrowths, andhave ages similar to the Stokes

Point sample(764 ± 36Ma) (Appendix 3.27). Theyhave low Th contents (<3%) and

steepREEpatterns similarto other samples fromthe schists (Figure 3.46(a)). Most

grains are small 10-15 |im with rounded to euhedral shapes, although irregular,
poikiloblastic grainswere also observed (Figure3.41 (t)). These grainshave a more
complexage distributionbut have a median age around350Ma implyinga late
Palaeozoic age (Figure 3.46(b)). These grainshave2-3.6% Th and a flatterREE

pattem indicating a substantial change in environment possible relate to the influx of
fluids alongthe shear zone. Thereare a small number of grains withmuchhigherTh
content. These grains occurs as smallhigh-Thzones in or on spongy low-Th
monazite. In one case there is a close association with a late crosscutting vein. The

highThgrains haveveryyoung ages andwe interpret thesegrains as evidence of late
reactivation of the mylonite zone during Gondwana break-up. The history for the

mylonite zone is complex with a number ofreactivation events including
Neoproterozoic, late Palaeozoic and Cretaceous-Tertiary.

Sample 40853 (238000 mE, 5613900mN) (Cape Wickham granitoid contact

aureole)

Sample40853 is a coarse grained, schistose metasediment, consistingof quartz-red

brown biotite-white mica-sericite and minor chlorite. The sample is intensely folded

(D2) and has preserved evidenceof polyphase deformation. Biotite has grown during
several events. The early generation ofbiotite is in equilibrium with white mica,

whereas late biotite appears to be a retrograde feature, related to sericite alteration.

The sericitic alteration was observed surroimding the blades ofwhite mica, corroding

the margins.

The contact aureole of the Cape Wickham granitoid is a broad zone of intense D2

deformation and coarse schistose texture dominated by contact mineralogy. The

sample 40853 from the aureole has a strong D2 crenulation cleavage, and most
monazite from this zone appears to he in equilibrium with this metamorphic

assemblage. The grains are 20-50 pm across and aligned in S2. A few grains appear

219



Chapter 3 Metamorphism oftheArthur Lineament

100 E 1 1 1 1

Nd PmSm Eu Gd Tb Dy Ho Er Tm Yb

Figure 3.46(a). Rare earth element data for sample 63254 (CataraquI Point mylonlte zone)
monazlte analyses. Data Is normalised to chondrlte using values of Sun &MoDonough
(1989). The analyses have similar chemistry (corresponding to similar ages). The notable
depletion of HREE In certain analyses corresponds to the older monazites analysed, and Is
Interpreted to reflect monazites that have grown In equilibrium with garnet, which Is known to
cause HREE depletion In monazites. The spread in Er values Is Interpreted to be due to
analytical error.

Age (Ma)

Figure 3.46(b). Relative probability plot for sample 63254. Number of analyses 36. The
mylonlte zone from which the sample Is derived has undergone several periods of activation.
A peak Is evident at around 800 Ma, and Is Interpreted to represent monazites that have
grown during the WIckham Orogeny. The main deformation has occurred at approximately
380 Ma, however reactivation has continued In the Mesozolc and Tertiary.
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cracked with vermicular infilling of the cracks (Figure 3.41(g)). Despite this

suggestion of textural disequilibrium, the CHIME monazite age on individual spots

have a simple distribution and the weightedmeanage is 769 ±20 Ma (Appendix 3.27

and Figure 3.47(a)). This is within error of the granitoidage and contrast sharply

with most of the CHIME monazite dates from gamet schist outside the contact

aureole. The chemistry of the analysed monazites shows little variation (Figure

3.47(b)).

Sample 40786 (239700 mE, 5612900 mN) (Cape Wickham granitoid)

Sample40786 is a weakly foliated, medium grained granitoid. It consists ofmultiply
twinned plagioclase,microcline, quartz, red brown- and minor green- biotite, white

mica and sericite. The red brown biotite (early) is heavily included with radiogenic

minerals and has abundant pleochroic haloes. It and the white mica define the

foliation.

The Cape Wickham granitoid (Figure 3.40) has previously been dated by SHRIMP

zircon as 760 ±12 Ma (Tumer et al. 1998) and 762 Ma ±14 Black et al. (1997). A

similar granite from south of Currie was dated at 748 ±2 Ma (Black et al. 1997). As

a measure of the consistency of the CHIME monazite method with SHRIMP dating a

sample of the CapeWickham granite was includedin this study. Sample 40786 has

20-50 |Jm irregularmonazite grains (Figure 3.41(h)). The monazite has a simple age

population in which the counting statistics explainthe variability of the individual

analyses (Appendix 3.27). No significant inheritancewas found unlike the zircons.

The weighted mean age of 759 ±16 Ma is indistinguishable from the zircon age of

the same pluton (Figure 3.48(a)). The chemistry of the analysed monazites shows

little variation (Figure 3.48(b)).

221



Chapter 3 Metamorphism ofthe Arthur Lineament

Age (Ma)

Figure 3.47(a). Relative probability plot for sample 40853, from the contact aureole of the
Cape Wickham granitoid. Number of analyses 19. A pronounced peak, attributed to the
thermal event of granitoid emplacement (Wickham Orogeny) occurs at 769 ± 20 Ma.
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Figure 3.47(b). Rare earth element data for 40853 (Cape Wickham granitoid contact
aureole) monazite analyses. Data is normalised to chondrite using values of Sun &
McDonough (1989). The analyses have similar chemistry (corresponding to similar ages).
The spread in Er values is due to analytical error.
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Age (Ma)

Figure 3 48(a). Relative probability plot for sample 40786. Number of analyses 20. A
pronounced peak occurs at 759 ±16 Ma, and is attributed to the Wickham Orogeny. A
single analysis has an age of 896 ± 34 Ma, which may reflect partial resetting of the -1270
Ma event.
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Figure 3.48(b). Rare earth element data for 40786 (Cape Wickham granitoid) monazite
analyses. Data is normalised to chondrite using values of Sun & McDonough (1989). The
analyses have similar chemistry (corresponding to similar ages). The spread in Er values is
interpreted to be due to analytical error.
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3.7.5 Discussion

The geological relationship between northwest Tasmania andKing Island, prior to
the Cambrian, has been a contentious issue for some time. The maximum age ofthe

metasediments in the westem areas ofKing Island, and the age of the regional

metamorphism has been opento speculation. In addition, the timing and extent of
metamorphic events in the northwest ofmainlandTasmania has also been open to

debate. As can be seen from the results in sections 3.7.2 to 3.7.4, northwest

TasmaniaandKing Island have significantly differentdeformational histories.

There is no widespread evidence ofmetamorphism attributedto theWickham
Orogeny in northwest Tasmania. Monazites analysed in sample 1167 include ages
thatmay correspond to theWickham Orogeny (Appendix 3.23), however the
representation of this agepopulation in this sample is not dominant. Significantly
older grains, aswell as Cambrian agegrains are common. This suggests the analyses
with ca. 780-800 Ma ages represent an event that was not strong enough in

metamorphic grade to reset older grains. This eventmay representtheWickham

Orogeny, or alternatively maybe a diagenetic age, given the possibledepositional
age of the Bumie and OonahFormations. The Cambrianevent is the most
pronounced peak, and reflects the samples proximityto the easternboundary of the
Arthur Lineament (Figure 3.36(h)).

The Rocky Cape Group correlates are onlyweakly deformed, and do not show

evidence ofhaving undergonemetamorphismprior to the Tyennan Orogeny. The

WickhamOrogenymay be responsible for the low angle unconformityseparating the

RockyCapeGroup correlates from the overlying cover sequence, although this event
did not cause the growth of metamorphicmonazite. Rare detrital grains, reflecting

the provenance of the Rocky CapeGroupcorrelates, were observed, however these
do not have implications for the deformational history of the unit. Themost strongly
deformed units of the Rocky Cape Group correlates occur close the westem

boundary with the Arthur Lineament (sample 1019), and these have a conclusive
metamorphic age of ca. 560 Ma (Figure 3.39(b)).
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The Arthur Lineament is undoubtedly Cambrian in age, as is demonstrated by

monazite ages in samples 1036c, 1094and 1114. Themain deformation, interpreted
to be CaD2has caused significantsyn-deformational growth ofmonazite in strongly
deformed rocks of the lineament (Figure 3.32(d) and (e)). Several older grains are

interpreted to be detrital grains that have not been completelyreset. These have
Cambrian age overgrowths. The affect of the Cambriandeformation dissipates

abruptly to the west of the lineament. As a consequence, metasediments in the
"western" AhrbergGrouphavemixedpopulations, indicative of multiple sources for
detrital material. A Cambrianage populationwas observed, however this is not

dominant {cf. Appendix 3.25 and Figure 3.38).

Lowgrademetasediments to the east of the lineament showevidence of the same
metamorphic event, although in this regionthe eventwasweaker. As a result, older
grains were not completely reset (Figure 3.37(c)). The ca. 1250 Ma grains are
interpreted to be detrital in origin, whereas the 780-800 Ma grains may be diagenetic

or alternatively may have grownduring theWickhamOrogeny. However, there is

no structural evidence to support this interpretation, as the earliest deformational

event observed in the rocks is attributed to the Tyennan Orogeny (CaDi).

In the King Island monazites, a strong correlationis evident between Y content and

age (Figure 3.49). Furthermore, the lowY levels occur in the garnet-bearing
metasediments, that have been shown to have undergone biotite grade lower

amphibolitefades metamorphism. Previous workers have shown that monazites

growingwith garnet are depleted in yttrium(aswell as otherHREE), due to its
favourable site allocation in the structural formula of garnet (Zhu & O'Nions 1999).

TheY depletion seen in themetasediments ofwestemKing Island is attributed to the
equilibrium state of the monazite and garnet in these rocks.

The data presented shows that the earliest deformation observed to occur in the

region was only experiencedby the metasediments ofwestem King Island. This

event, dated using the CHIMEtechnique, occurred at 1273±12 Ma. The age of this

event is contemporaneous with the widely developed Grenville Orogeny, and its

development on King Islandhas important implications for the extensiveness of this
significantdefomiational event. Deformation of this age has been reported in
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63248

40853

40786

Y (wt7o)

Figure 3.49. Age (Ma) vs Y (wt %) diagram for King Island analyses. The Surprise Bay
(63252 and 63243) and Fitzmaurice Bay (63248) samples have similar Y values and ages.
Sample 63250 (Stokes Point), has preserved monazites from the regional metamorphism
affecting samples 63252 and 63248, as well as having an overprint attributed to contact
metamorphism due to an unexposed (probably offshore) granitoid probably related to the
Wickham Orogeny. Samples 40853 (Cape Wickham contact aureole) and 40876 (Gape
Wickham granitoid) have similar ages, but the chemistry of 40853 is closer to other
metasediments, in particular the 63250, possibly reflecting metamorphic conditions as well
as bulk rock chemistry. Analyses from 63254 show a large range in age values, due to the
multiple reactivation of the mylonite zone, and varying Y levels in the different fluids affecting
the metasediments.

226



Chapter 3 Metamorphism oftheArthur Lineament

western Australia (Albany-FraserProvince), in centralAustralia (MusgraveBlock)

and in areas of Antarctica (Windmill Islands and Hunger Hills) (Sheraton et al.

1996). Metamorphism of this age on King Island suggests that the deformational

event may have been laterally continuous, including these other areas and King

Island. In addition, there is now evidence to suggest that King Island may

correspond to the poorly exposed, unexploredcoastlineofAntarctica in the

Commonwealth Bay-Adelie Land region, in Gondwana reconstructions (Figure

3.50).

The ca. 1270Ma metamorphic age ofKing Islandhas important implications in

Rodinia reconstructions. Many previous workers have placed north America

adjacentto Australia in the reconstructions ofRodinia, howeveran accurate match
up between the two continents has not heen attempted (e.g.Bell & Jefferson 1987,
Borg &DePaolo 1994, Brookfield 1993, Dalziel 1991, Hoffinan 1991,Idnurm&
Giddings 1995, Li etal. 1995, Moores 1991,Young 1992).

Burrett & Berry (2000) contributed to the debate over the best fit solution between

Australia and Rodinia, suggesting King Island and Tasmania matched up with the

Sierra Madre Oriental terrane (in Mexico), which underwent cratonisation between

1100 and 1700Ma (Figrrre 3.51). This was based on the interpreted depositional age

ofKing Island and Tasmania, thought to be between 1100 and 1500Ma. The

metamorphic age ofwestem King Island discussedhere refines this argument, and

provides strengthto the correlationbetweenKing Island/Tasmaniaand the Sierra

Madre Oriental terrane, thus supporting the AUSWUS reconstruction (Figure 3.51).
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Figure 3.51. Best fit solution of Laurentla against Australia (Australia-Western U.S (AUSWUS)) (from
Burrett & Berry 2000). Laurentla rotated to Australia In present coordinates about Euler pole at
50.5°N,111.6°E, Rotation = 111.6°.Terranes, ages and lineaments are based on numerous sources
(mainly Bain & Draper, 1997; Condle, 1992; Doughty ef a/., 1998; Hoffman, 1988; Reed eta!., 1993;
Ross, 1991; Shaw et al., 1996). Light dashes Indicate main structural trends. Colors are chosen to depict
dominant cratonlzatlon age or, for epicratonic sequences and Tasmania, major age range of deposition,
(dates In Ga.). Sequence A = epicratonic sedimentary sequences between 1.8 and 1.1 Ga, sequence
B = epicratonic sedimentary sequences between Ga and 800 Ma (Young, 1992). Black arrows Indicate
possible source areas for detrltal zircons: Papua New Guinea (PNG) 2.78 Ga zircons (Baldwin & Ireland,
1995) sourced from Nova domain, Canada (2.81 Ga) and Tasmanlan zircons (Black et al., 1997) sourced
from southern Laurentlan terrenes. Belt-Purcell basin zircons (Ross et al., 1992) were possibly derived
from northern Queensland terrenes (Blewett etal., 1998). Numbers In circles are granite Intrusion dates
from central Australia.
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3.8 Summary of metamorphism

Within the Arthur Lineament, the mineral assemblages in the "eastem" Ahrberg

Group, Bowry Formation and AGC provide evidence of two main metamorphic

events. However the second event (CflD2)can be subdivided into two stages. The

CaD2 event is extensively developed in comparison to the first (CaDy), and

pervasively overprints it. The events are separated on the basis ofmicrostructural

evidence, and mineral chemistry.

The CflDi event, where evident, was a high pressure, low temperature event.

Temperatures are interpreted to have been in the vicinity of400-450°C. The absence

of lawsonite and garnet, and presence of glaucophane and epidote indicates CaDi

metamorphism was in the higher grade blueschist facies, with pressures ranging

between 700 and 1000 MPa (Bucher & Frey 1994). This event was characterised by

moderate to high strain levels, resulting hi a stmctural foliation (CaSi) that did not

penetrate igneous rocks. In contrast, the glaucophane is best preserved in these more

competent, igneous rocktypes.

In different parts of the lineament, early CaD2varied in its intensity and

metamorphic grade. In some parts of the "eastem" Ahrberg Group, metamorphic

conditions reached upper greenschist facies, whereas in other areas, in the boundary

zone between the Bowry Formation and the AGC, maximum metamorphic

conditions reached the greenschist-amphibolite facies transition, based on the

mineral assemblages present, and pressure-temperature estimates from

THERMOCALC (Bucher & Frey 1994, Powell & Holland 1998, 2000). In the

"eastem" Ahrberg Group, during the early CflD2 event, the absence of garnet

indicates the metamorphic grade did not reach the gamet stability field, and probably

experienced temperatures of 400-450°C and pressures of around 500 MPa. In the

AGC however, metamorphism during early CflD2 reached the gamet stability field,

and temperatures were approximately 460 ± 40°C. The moderately low spessartine

content of the garnets indicates their growth is not attributed to high levels ofMn in

the rocks. The presence of albite + gamet + chlorite + epidote + homblende

indicates that conditions did not reach amphibolite facies. The minimal anorthite

component in feldspars indicates maximum temperatures did not exceed 500°C.
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Pressures were in the order of 600-700 MPa. The Bowry Formation is interpreted to

have experiencedsimilar conditions to the AGCin the early CdD^ event, as is
indicated by mineralogical similarities (gamet and amphibole). During the event,

pressures of 620±180 MPa and temperatures of490 ± 36°C prevailed.

Late CaD2was a more uniform metamorphic event. It produced a pervasive

structural foliation (CaSf), and associated greenschist facies metamorphism, across

the Arthm Lineament, as is shown by the widespread assemblage of actinolite +

albite + chlorite+epidote+ quartz in themaficrocks. The absenceof pumpellyite

indicates that conditions were above suh-greenschist facies, with temperatures of

approximately 350-400°C, and pressures of 300-400 MPa (Bucher &Frey 1994,

Powell & Holland 1998, 2000). The strong alignmentofminerals such as chlorite

and actinolite with the CaSa foliation demonstrates the high strain that prevailed

during the late CaDx event. In the "western"Ahrberg Group, the presenceof
actinolite + alhite + epidote + chlorite + quartz in the metabasites indicates peak

metamorphismwas at lower greenschist facies. Microstructural evidence suggests

this assemblage is attributed to the CaD2 event. The common late CaD2 assemblage

and metamorphic grade in all the units of the lineament suggest that at this stage, the

present 'stack' of tectonstratigraphic units hadbeen assembled,whereas during the
CaDi and early CaD2events, the various blocks were under different, metamorphic

conditions, and were separate of each other.
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Chapter 4

Geochemistry and tectonic settings of mafic

IGNEOUS ROCKS IN THE ARTHUR LINEAMENT AND

SURROUNDING AREA

4.1 Introduction

The mafic igneous and meta-igneous lithologies within the Arthur Lineament and

surrounding area of the Rocky Cape block are distributed in several main

lithostratigraphic units. These are the parautochthonous "eastern" and "westem"

Ahrberg Groups, the TogariGroup, and the Success Creek Group-Crimson Creek
Formation. Several other Neoproterozoic mafic igneous series are also present,

including the Rocky Cape dyke swarm, CooeeDolerite, Montana Melaphyre and

Sulphur Creek basalts (Figure 4.1).

4.1.1 The Bowry Formation

To the east of the Paradise psammite is the fault-bounded Bowry Formation, which

consists ofmafic schists, amphibolite, metagabbro, massive and laminated magnetite,

and minor deformed granitoid. The Bowry Formation is considered to be

allochthonous due to its notably different metamorphic grade, and the presence of the

~780 Ma granitoid. To the east of the Bowry Formation is the Recce psammopelite,

which is interpreted to be a correlate of the metasediments within the "eastern"

Ahrberg Group. This psammopelite-dominated unit contains minor amphibolites,

and metagabbros (discussed herein as the Recce amphibolite and Recce gabbro).

The unit is fault-bounded by the deformed Oonah Formation to its east. Included

within the Bowry Formation are massive and banded magnetite and minor deformed

granitoids.

4.1.2 The "eastern" Ahrberg Group

The parautochthonous "eastem" Ahrberg Group comprises the majority of the Arthur

Lineament, and outcrops at several localities in the southem Arthur Lineament. It is

exposed to the east and northeast ofCorinna, and on the west coast, north of
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Granville Harbour (Figure 4.2). In the Corinna area, the basal unit of the

parautochthonous "eastern"AhrbergGroup is ametasedimentary unit, consistingof
a deformed quartzite clast-dominatedconglomerate, overlain by psammitic and
psammopelitic schists. These metasediments are, intum, overlain by the lowermost
amphibolite-dominatedunit, the Nancy Formation. A metasedimentary package (the

Frenchman psammopelite) consisting of carbonate-bearing psammopelite and minor

amphibolites (discussed herein as the Frenchman amphibolite) separates the Nancy

Formation from the Lucy Formation, which is the upper amphibolite-dominated unit.

Above the Lucy Formation, within the "eastem" Ahrberg Group sequence, is the

metasediment-dominated Paradise psammite, which is predominantly carbonate-

bearing psammite, but containsminor amphibolitebodies (discussed herein as the

Paradise amphibolite).

Outcropping on the west coast, north of GranvilleHarbour, an extensive across-strike

sequence of the "eastem" Ahrberg Group is exposed, although its contact with the

"eastem" Ahrberg Group to the east ofCorinna does not crop out. The sequence is

mostly metasedimentary, with strongly deformed psammites and psammopelites

dominant. However, several thin amphibolite-dommated packages are intercalated

within the metasediments. The lowermost amphibolite sequence on the west coast is

informally named here as the Hoyle amphibolite. To the south of the Hoyle

amphibolite, and interpreted to be stratigraphically higher within the "eastem"

AhrbergGroup, is the informally named Farm Track amphibolite. This outcrops to

the south of the imconformably overlying, Ordovician to Silurian Duck Creek cover

sequence. To the southeast, at GourlaysCreek, close to the boundary with the Oonah

Formation, several amphibolite bodies occur (Norris 1985), informally named here

as the Gourlays Creek amphibolite.

The meta-igneous rocks within the "eastem" Ahrberg Group are interpreted to have

been magmatically emplaced into the host sediments, as sills and dykes. Whereas

the depositional age of the "eastem" Ahrberg Group is uncertain, the age of the main

deformation affecting the "eastem" Ahrberg Group has been directly dated at 510 ±

10 Ma (Tumer 1993).
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4.1.3 The "western" Ahrberg Group

The "western" Ahrberg Group, which lies to the southwest of the "eastern" Ahrberg

Group, consists of two moderately deformedmaficmeta-igneous-dominated units,

the Bemafai and Tunnehace Volcanics (Figure 4.2). These units include intercalated

mafic meta-igneous rocks and chloriticmetasediments (Crawford 1992,Turner and
Crawford 1993) and are interlayered with siliciclastic and carbonate-rich meta-

sedimentary units. The Tunnelrace Volcanics is the uppermost unit of the Ahrberg

Group and is faulted against the "eastem" AhrbergGroup to its east. Due to its

proximityto the fault zone, it is more strongly deformed than the Bemafai Volcanics,

and commonly shows phyllitic textures. The age of the Ahrberg Group is uncertain,

althoughbased on regional correlations (seebelow) Calver (1998)proposedthat it

was deposited between 650-580Ma. At the westernmargin of the Ahrberg Group, a

low angle unconformity separates it from the older, underlying siliciclastic

Mesoproterozoic Rocky Cape Group (Figure 4.2). The Rocky Cape Group is

intraded by an extensive series ofnortheast-trending dolerite dykes, the Rocky Cape

dyke swarm, (Crawford & Berry 1992),which have given a K-Ar age of

approximately 600 Ma (Adams et al. 1985).

4.1.4 Igneous rocks within the Burnie and Oonah Formations

To the east of the Arthur Lineament, both extmsive (Montana Melaphyre and

Sulphur Creek pillow basalts) and intmsive (CooeeDolerite) mafic igneous rocks

occur within the mid-Neoproterozoic turbiditic Bumie and Oonah Formations, and in

their strongly deformed equivalents. Some of these (the Cooee Dolerite) have been

intmded into wet sediment (Crook 1979). In contrast to the majority of the mafic

lithologies in northwest Tasmania, these intraplate rocks have alkaline affinities

(Crawford & Berry 1992). The CooeeDolerite intmdes the Bumie Formation at

Cooee and has a revised K-Ar age of 725 ±35 Ma. This is interpreted to represent

the approximate depositional age of the sediments (Crook 1979).

4.1.5 The Togari Group and Success Creek Group-Crimson

Creek Formation

To the northwest of the Arthur Lineament and Ahrberg Group lies the

Neoproterozoic Togari Group (Figure 4.1). This sequence, like the Ahrberg Group,
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imconformably overlies the Rocky Cape Group at low angle (Brown 1989). The

lower Togari Group consists of the Kanunnah Subgroup, which includes quartzite,

conglomerate and carbonate (Black River Dolomite), overlain by mafic volcanics.

The Black River Dolomite was deposited between 750-650 Ma, whereas the

Kanunnah Subgroup was deposited between 650-580 Ma (Calver 1998).

The Success Creek Group-Crimson Creek Formation crops out to the east of the

Arthur Lineament in the south and consists of siliciclastics overlain by basaltic lavas

and volcaniclastics. Brown (1986) reported that in the middle Pieman River, the

basal rocks of the Success Creek Group unconformably overlie the Oonah

Formation, although this exposure is no longer accessible due to the flooding of the

Pieman River by the Hydro Electricity Commission ofTasmania. All other known

exposures of the contact are faulted (ref).

4.1.6 Aims and methodology

The aim of this study is to further define the magmatic affinities and correlations of

the mafic igneous rocks in the study area, and hence determine the tectonic setting

during their emplacement. To achieve this a geochemical approach has been used.

The samples analysed were collected from the different units within the "eastem"

and "westem" Ahrberg Group, and compared with the existing database of

Neoproterozoic mafic igneous rocks in westem and northwestem Tasmania (Brown

1986, Crawford & Berry 1992, Tumer & Crawford 1993, Turner & Botrill 1993).

Crawford (1992) has shown that the tectonic setting ofnorthwestem Tasmania in the

Neoproterozoic was transitional from a pre-rifting, intraplate setting to a mature rift

setting. This study further develops the work of Crawford (1992), by incorporating

the geochemical study of the "eastem" and "westem" Ahrberg Groups with their

stmctural and metamorphic history, thereby enabling a better imderstanding of the

spatial distribution of the Ethologies and their tectonic setting prior to the Cambrian

deformation.

4.2 Mafic meta-igneous rocks of the "eastern" Ahrberg Group

Eighteen representative samples of the "eastem" Ahrberg Group, and thirteen from

the Bowry Formation have been analysed for major and some trace elements by XRF
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spectrometry (see Chapter 1 for analytical specifications). Another sixteen samples

jfromdifferent units of the "eastern" Ahrberg Group and seventeen from the Bowry

Formation have been analysed by previous workers (Norris 1985, Wilson 1991,

Tumer & Botrill 1992, Turner & Crawford 1993). As the Bowry Formation is

considered to he allochthonous based on its notably different metamorphic history

(Chapter 3), the geochemistry of the meta-igneous rocks in the Bowry Formation is

discussed separately (Section 4.3).

The "eastem" Ahrberg Group samples analysed by previous workers lie on the same

magmatic trend as those analysed in this study, and are thus believed to constitute a

compositionallycoherent suite. The identical geochemicalaffinities of the "eastem"

Ahrberg Group samples from the different workers are illustrated in the Ti02 vs Zr

diagram (Figure 4.3).

4.2.1 Occurrence and petrography

The "eastem" Ahrberg Group occurs as a northeast-trending belt (Figure 4.1) of

interlayered meta-volcanic and metasedimentary rocks and constitutes the majority

of the Arthur Lineament. The samples analysed are all from the southem part of the

lineament. The "eastem" Ahrberg Group is stmcturally complex, and strongly

deformed throughout, with schistose textures. The contact relationships between the

"eastem" Ahrberg Group and the Ahrberg Group in the west and the Oonah

Formation in the east are interpreted to be faults.

Despite primary igneous textures being uncommon due to the regional

metamorphism experienced by the amphiholites, the samples are interpreted to be

igneous in origin. This is based on several lines of evidence. In the field, the mafic

bodies are discontinuous and have contrasting textures to the surrounding

metasediments. Although the metasediments are uniformly well foliated, with

schistose textures, the mafic units have a variably developed foliation. The intensity

of foliation is dependent on the position relative to the margin of the meta-igneous

body. Samples from within 1 m of the margin are strongly foliated, whereas samples

from greater than 1 m from the margin are weakly foliated to unfoliated. The meta-

igneous bodies are commonly boudinaged due to a competency contrast with the
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Figure 4.3. Ti02 vs Zr variation diagram, showing anaiyses of mafic meta-igneous rocks from the
"eastern" Ahrberg Group, from different workers. Aii sampies anaiysed are interpreted to be igneous in
origin. Symbois used in this diagram represent the different authors.
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Figure 4 4(a). FeO*/MgO vs FeO* variation diagram after Miyashiro &Shido (1975). Gompositionai
fieids are also shown for representative lava suites from the Gregory Rift (12 samples) (Baker et al.
1977) and Afar Rift (48 sampies) (Deniei et al. 1994) in eastern Africa Reece amphibolite: sampies
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Figure 4.4(b). FeO*/MgO vs Ti02 variation diagramafter Miyashiro &Shido (1975).
Compositionai fieids are aiso shown for representative lava suites from the Gregory (Baker
et at. 1977) and Afar (Deniei et al. 1994) Rifts in eastern Africa. The typicai MORB field (271
sampies) is derived from Pacific, Southern and indian Oceans (Danyushevsky 2001, pers.
comm.)
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surrounding metasediments. Themaficmineralogy andwhole rock geochemistry of
the samples further supports the igneous interpretation of these samples.

4.2.2 Alteration affects and element mobility

Petrographic studies indicate that the rocks of the "eastern" Ahrherg Group have

undergone upper greenschist facies metamorphism (Chapter 3). Previous workers

have emphasised the importanceofusing immobile major elements (Fe, Mg), REE

and some high field strength elements (Ti, Zr, Y,Nb) as opposed to those considered

to be mobile (alkalis, Ca and related trace elements such as Ba, Rb, Sr) in the

classification ofmetamorphosed and altered mafic igneous rocks (Floyd &

Winchester 1978, Pearce 1983, Rollinson 1993). Further to this, some transition

metals (Sc,Ni, V, andCr) are also considered tobe immobile and thus useful in the
discrimination of altered rocks (Rollinson 1993). On this basis, only immobile

elements have been considered in the classification of the meta-igneous rocks in the

study area.

4.2.3 Geochemical affinities and tectonic setting

The major element chemistry of the thirty one analysed samples from the "eastern"
Ahrherg Group indicates that they aremostlybasaltic in composition (Table4.1).

This is indicated by relatively high FeO* (total iron as FeO) (9.4-18.7 %) and MgO

(4.4-12.3 %) abundances. Despite the potential mobilityof Si02 due to the regional
metamorphism experiencedby the "eastern" AhrhergGroup, the analysed samples

are mostly within the range ofbasalts (47.2-51.9 %), although several samples have

values ofbasaltic andesites (52.2-56.9 %). The majority of samples are further

characterised by moderate to high levels ofTi02 (1.2-3.7 %), although several have

notably low concentrations (0.4-0.9%). All samples have moderate to high levels of

V (212-540 ppm).

In order to illustrate the geochemical affinities of the amphibolites of the "eastern"

Ahrherg Group, and to aid in the interpretation of the tectonic environment in which

the basalt protoliths formed, the fields for modem day tectonic settings (emerging

rifts and MORB) have been plotted. Geochemical examples ofbasalts from the east

African rift system (Gregory and Afar Rifts), andMORB (Pacific, Southern and
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Indian Oceans) have been included (Baker et al. 1977, Deniel et al. 1994,

Danyushevsky 2001 pers. comm.).

The "eastern" Ahrberg Group samples have been plotted on a series ofbinary

diagrams ofvarious immobile elements against the j&actionation index FeO*/MgO

(Figures 4.4(a) to (c). The "eastern" Ahrberg Group shows an increase in FeO*,

Ti02, and V with increasing FeO*/MgO. The trend has a positive slope and does not

pass a maximum point, indicating the suite bad not commenced significant fractional

crystallisation of titanomagnetite (Miyasbiro and Sbido 1975). This is consistent

with fractionation of a tboleiitic magma under relatively low oxygen fugacity

conditions, where Fe and Ti remain in the magma due to the delayed crystallisation

of titanomagnetite. This notable Fe-enricbment excludes the possibility that the

samples have calc-alkaline affinities. When plotted on the P2O5 vs Zr discrimination

diagram, the samples are shown to be predominantly tboleiitic, although several

samples plot in the alkali basalt field close to the boundary (DOM 894846, DOM

895860, DOM 894852, OH72) (Figure 4.5). The alkali basalt affinity of OH72 is

confirmed when plotted on the Ti/1000 vs V discrimination diagram, where it lies

within the alkali basalt field with a TiA^value of 70 (Figure 4.6). In contrast, the

majority of the "eastern" Ahrberg Group has TiA^values of 20 to 35, consistent with

those of continental flood basalts (CFB), mid ocean ridge basalts (MORB) and back

arc basin basalts (BABB) (Figure 4.6) (Sbervais (1982)).

Moderate to high Ti02 concentrations within the "eastern" Ahrberg Group, together

with the moderate Zr levels indicates the analysed samples do not have island arc

tboleiite (lAT) affinities. The absence ofvolcanically-derived fragmentals supports

this interpretation. Samples OH919, 69101 and DOM 910532 have anomalously low

Ti, Zr and V values, although they lie close to the trend of the other "eastern"

Ahrberg Group analyses in the Ti vs Zr discrimination diagram (Figure 4.7). On this

basis, they are interpreted to form part of the "eastern" Ahrberg Group fractionation

series, and may represent more gabbroic or mafic cumulate compositions.

Oceanic-island basalts (OIB) may have either alkaline or tboleiitic affinities (Wilson

1989). It has been shown that the mafic meta-igneous rocks of the "eastern" Ahrberg

Group have tboleiitic affinities, and therefore on the basis ofmajor element
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Figure 4.5. P2O5 vs Zr discrimination diagram after Winchester & Floyd (1976).
Compositional fields are also shown for representative lava suites from the Gregory (Baker
et al. 1977) and Afar (Denial et al. 1994) Rifts in eastern Africa.
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amphibolite) has an elevated Ti/V value of 70, reflecting alkali basalt affinities
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Figure 4.7. Tivs Zr variation diagram after Pearce &Cann (1973). The Paradise
amphibolite (OHH72) dispiays elevated Zr ieveis as weii as elevated Ti. Compositionalfields
are also shown for representative lava suites from the Gregory (Baker et at. 1977) and Afar
(Denial etal. 1994) Rifts in eastern Africa, and the typical MORB field (Danyushevsky 2001,
pers. comm.)
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Figure 4.8. Ti/Zrvs Zr/Nb variation diagram. The "eastern" Ahrberg Group amphibolites
have Zr/Nb values predominantly in the range of 12-22, outside the range for basalts with
OIB affinities (<10). Compositional fields are also shown for representative lava suites from
the Gregory (Baker et ai. 1977) and Afar (Deniel et at. 1994) Rifts in eastern Africa, and the
typical MORB field (Danyushevsky 2001, pers. comm.)
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geochemistryalone, the possibility that they were extruded in an oceanic-island
setting cannotbe excluded. However, tholeiitic OIB have lower Zr/Nbvalues (<10)
than MORB (Wilson 1989), therefore, as illustrated in the Zr/Nb vs Ti/Zr

discrimination diagram (Figure 4.8), the "eastern" Ahrberg Group (with Zr/Nbvalues

predominantly withinthe range of 11.8-22.0) do not have OIB affinities. Thehighly
variable Nb abundances (2-39 ppm) increase with increasing fractionation. Further

to this, the lithological associations within the "eastern" Ahrberg Group (carbonates,

deformed conglomerates, abundant quartz-richpsammitic and psammopelitic

metasediments) are not consistent with basalts empted in an OIB setting.

Shervais (1982) noted that basaltic rockswith BABB and MORB affmities have
overlapping fields on the Ti vs V discriminationdiagram and hence are not

distinguishable on this basis (Figure4.6). Although the range of Zr/Nbvalues for

BABB is large, and overlaps with the MORB field (as low as 10 for the most

enriched E-MORB, to as high as 60 for the most depleted N-MORB), basalts with

BABB affinities typically have Zr/Nb > 20. However distinguishing basalt affmities

on this basis alone is not possible (Wilson 1989). Basalts from subduction-related

settings are known to have consistently lower absolute abundances of Ti, Zr, Y and

Nb relative to N-MORB (Rollinson 1993). On a N-MORB normalised element

variation diagram (Figure 4.9) the "eastern" AhrbergGroup amphibolites display

slightly elevatedHFSE (high field strength element) levels relative to N-MORB. In

addition to this, field relationships indicate that the autochthonous Ahrberg Group, to

the west, rests unconformably upon stable margin, shallow marine siliciclastics. On

this basis, an emerging rift is preferred. Notably the Reece gabbro (69101) is

depleted in HFSErelative to N-MORB, possibly suggestinga cumulatecomposition.

The tectonic setting of eruption of the "eastem" Ahrberg Group can be ftirther

refined using incompatible element ratios. Zr/Nb values reflect primary magma

compositions, and are imaffected by fractionation or alteration (Crawford 1992). In

modem tholeiitic basalts increashig ratios represent a transition from E-MORB rift

tholeiites (Zr/Nb = 10—25) towards N-MORB (Zr/Nb = >30) (Crawford 1992). The

range ofZr/Nb values (13.7-22.0) of the units within the "eastem" Ahrberg Group

indicate E-MORB affmities. Sample OH919 has a notably low Zr/Nb ratio, as does
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Figure 4.9. N-MORB normalised rare earth element variation diagram, showing abundances for
representative analyses from the "eastern" Ahrberg Group mafic igneous iithologies Most samples
show slightly elevated HFSE relative to MORB, with similar trends (but higher values) to typical E-
MORB. The Paradise amphibolite sample (OF1FI72) has notably ennched LILE, indicative of more
alkaline affinities. Values forlb, Flo and Em are interpolated. For samples OHFI919, OFIF1619B,
OFIFI72 and 0FIFI41 values for Pr, Sm and Eu are interpolated. For sample 894860 Eu is interpolated.
(Normalising values and E-MORBvalues are from Sun &McDonough 1989).
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Figure 4.10. Zr/TiOa vs Nb/Y discrimination diagram after Winchester & Floyd (1977). The
compositional variation of the different units is evident in this plot, reflecting the change in chemistry
from the more alkaline at the base of the stratigraphic sequence, evolving to more tholeiitic towards the
top of the "eastern" Ahrberg Group. Compositional fields are also shown for representative lava suites
from the Gregory (Baker et al. 1977) and Afar (Deniel et al. 1994) Rifts in eastern Africa.
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Figure 4.11. Ti/Yvs NbA' discrimination diagram separating MORBs from within-piate basalts. The
WIB samples are thoieiitic, based on their NbA'values Compositional fields are also shown for
representative lava suites from the Gregory (Baker et al. 1977) and Afar (Deniei et al. 1994) Rifts in
eastern Africa, and the typical MORB field (Danyushevsky 2001, pars, comm.)
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Figure 4.12. ZvlY vs TiA' discrimination diagram for basalts after Pearce &Gale (1977), showing the

fields of within-plate basalts and plate margin basalts. The transition in chemistry from transitional

tholeilte to E-MORB, corresponding to the higher position in the stratigraphic sequence is evident

Compositional fields are also shown for representative lava suites from the Gregory (Baker et al. 1977)

and Afar (Denlel et al. 1994) Rifts in eastern Africa
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OH72 (8.9 and 7.2 respectively) (Figure 4.8). OH72 has been shown to have

transitional affinities, with a more alkaline chemistry than other "eastem" Ahrberg

Group samples, whereas OH919 consistentlyplots on the same trend as the majority

of the "eastem" Ahrberg Group, and has been shown to be sub-alkaline in the

Zr/Ti02 vs Nb/Y discrimination diagram (Figure 4.10).

The sub-alkaline geochemistry of the "eastem" Ahrberg Group, from transitional

alkali basalt to E-MORB rift tholeiite is demonstrated on the TiA^ vs NbA^

discrimination diagram (Figure 4.11). Interestingly, the gradual change in

composition, from transitional alkaline to E-MORB rift tholeiite affinities

corresponds with the stratigraphic sequence of the "eastem" AJhrberg Group. This is

best illustrated in the TEY vs Zv/Y discrimination diagram (Fig. 4.12), which

displays the compositional change from the oldest, westernmost umt of the "eastem"

Ahrberg Group, with transitional alkaline affinities, to the youngest, easternmost

units, which display plate margin affinities. This chemical sequence from

transitional alkaline to E-MORB rift tholeiites within the "eastem" Ahrberg Group is

further supported by the strong evidence supporting correlation between the

Ethologies of the "eastem" Ahrberg Group and the other Neoproterozoic rift-related

sequences in northwestem Tasmania (Togari Group, Success Creek Group-Crimson

Creek Formation) (Crawford 1992).

4.3 Meta-igneous rocks of the Bowry Formation

Twenty six mafic Bowry Formation samples have been analysed for major and trace

elements by previous workers (Wilson 1991, Tumer & Botrill 1992, Tumer &

Crawford 1993). The majority of these lie on the same fractionation trend as the

thirteen samples analysed in this study, as illustrated in the FeO*/MgO vs Ti02

discrimination diagram (Figure 4.13), and on this basis are included in this work.

Several analysed Bowry Formation metagabbro samples from this study lie on a

separate linear trend with the metagabbro sample 894870 ofTumer & Crawford

(1993), distinguished by elevated Ti02 and low FeO*/MgO values. The deformed

granitoid bodies within the Bowry Formation that have been analysed by the

previous workers are also plotted on Figure 4.13, and lie on a trend that is distinct

from the Bowry Formation mafics.

248



Chapter 4 Geochemistry and tectonic settings ofmafic igneous rocks

9

8

7

6

?

64-
(-

3-

2-

1

ABcwyFm(thisvvork)
XBcwjy Fm(Tuner&Batriil 1992)
• BcMiy Fmgraritdd (VWism 1991)
jjBcwry Fmgantoid (Tuner&Qaftferd 1993)
BBcwvty FmirEtagebbrD (thiswik)

0 BoAiy Fm(Tuner&Qaflfcrd 1993)
4 BcwyFm (VMIscn 1991)
»Bc»Afy Fmrrata^bbro (Tuner&QBAifbrd 1993)
ABowyFmgranitad (Tuneret d. 1998)

rretagabbro

3
FeCy/IV^

arrpHtdite

gantoid

Figure 4.13 T1O2VS Zr variation diagram after Floyd &Winchester (1975). Shows analyses of mafic
meta-igneous rocks and granitoid from the Bowry Formation, from different workers. Allsamples
analysed are interpreted to be igneous in origin. Symbols used in this diagram represent the different
authors.

25

20

15

b

10

5 -

♦ BF 1 ♦BP 2 sBF 3 aBF 4 SBF 5 —Bowry Fm metagabbro ABowry Fm granitoid

Gregory Rift

1 2 3

FeOVMgO

Afar Rift
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Figure 4.14(b). FeO*/MgO vs Si02 variation diagram after Miyasfiiro &Stiido (1975). The
granitoid samples are distinguished by their eievated S1O2 levels. Compositional fields are
also shown for representative lava suites from the Gregory (Baker et al. 1977) and Afar
(Deniel et al. 1994) Rifts in eastern Africa.
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Figure 4.14(cl). FeO*/MgO vs V variation diagram after Miyashiro &Sfiido (1975). V levels
were only measured for one BF 5 sample (Turner &Crawford 1993).
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Figure 4.16. Zr/Ti02 vs NbA' discrimination diagram after Winchester & Floyd (1977). The
predominantly tholeiitic chemistry of the Bowry Fm is evident. Compositional fields are also
shown for representative lava suites from the Gregory (Baker et at. 1977) and Afar (Deniei et
al. 1994) Rifts in eastern Africa.
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al. 1994) Rifts in eastern Africa.
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4.3.1 Occurrence and petrography

The Bowry Formation consists ofmagnetite-bearing amphibolite bodies,

metagabbros, discontinuous massive and banded magnetite bodies (eg. Savage River

mine, Long Plains, Rocky River and Owen Meredith River magnetite bodies), minor

bodies of foliated granitoid, and interlayered cbloritic pelite and psammopelite. The

granitoid, which is interlayered with amphibolite and metagabbro, has been dated at

777 ± 7 Ma in the Rocky River (349170 mE, 5389375 mN) (Turner et al. 1998).

Despitethe Bowry Formations complex metamorpbic history (seeChapter 3),
occasional examples ofprimary igneous textures have been retahied. Like the

"eastem" Ahrberg Group amphibolites, the mafics in the Bowry Formation are

boudinaged. The intensity of foliation development within the mafics varies. Runs

ofbodies are typically strongly foliated, although the cores display only a weak

foliation. The thin, elongate, disconthiuous nature of the amphibolites suggests that

these mafics intruded into the country rock as dykes and sills. Evidence of CaSi and

CflS2 overprinting the meta-igneous rocks of the "eastem" Ahrberg Group and

Bowry Formation indicates they were emplaced prior to the Tyeiman Orogeny.

4.3.2 Geochemical affinities and tectonic setting

Petrographic observations combined with the major element chemistry of the twenty

seven analysed samples from the Bowry Formation (excluding granitoid samples)

indicates that they are either mafic or intermediate in composition, with contrasting

grainsize, textures, and varying levels of Si02, FeO* and MgO. The majority of the

samples are basaltic, and can be distinguished from the intermediate samples, which

have partly recrystallised coarse grained textures, and are considered to be gabbroic

to leucogabbroic or dioritic in origin (Table 4.2). The basaltic composition of the

Bowry Formation amphibolites is indicated by FeO* (total iron as FeO) (9.4-16.3 %)

and MgO (5.1-13.9 %) abrmdances, although one sample (840719) has significantly

higher FeO* (19.5 %) and MgO (28.1 %). This sample also has low Si02 (41.1 %),

whereas the range of the other samples is higher (43.3-54.9 %). The majority of the

amphibolites are within the range ofbasalts to basaltic andesites, although sample

840719 is hi the range ofpicrobasalts. They are characterised by moderate to high
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levels ofTiOi (1.0-2.8%), V (330-554 ppm) andNb (2-17 ppm), although samples

840719 and 894856 have lower Ti02 (0.7 % and 0.2 %). In contrast, the

intermediate composition of the gabbroic and leucogabbroic samples is indicated by

low to moderate FeO* (5.1-11.3 %) and MgO (6.3-8.2 %). Si02 levels (49.4-57.7 %)

are slightly higher than the amphibolites, as are the levels ofTi02 (2.6-5.0 %). In

contrast, the Bowry Formation granitoid has substantially higher Si02 values (65.9-

79.3 %), lower Ti02 (0.5-1.7 %), FeO* (1.4-7.2 %) and MgO (0.4-2.5 %).

The Bowry Formation samples have been plotted on a series ofbinary discrimination

diagrams ofFeO*/MgO vs FeO*, Si02, Ti02 andV (Figure 4.14(a) to (d)). As is

demonstrated in the FeO*/MgO vs Ti02 discrimination diagram (Figure 4.14(c)), the

amphibolites, intermediate metagabbros and granitoid samples plot in three distinct

groups. The amphibolites have low to moderate Ti02 and FeO*/MgO levels, and

cluster along a uniform slope, reflecting a consistent fractionation trend. Although

the amphibolites lie on a single fractionation trend, they can be subdivided into four

groups (BFl-4) which represent different degrees of fractionation. A fifth group,

BF5, includes samples from close to the magnetite ore body at the Savage River

mine. Some of the BF5 samples have low Ti02, and are interpreted to have

undergone hydrothermal alteration (Turner & Crawford 1993). The metagabbros,

however, have lower FeO* levels and high levels ofTi02, reflected in the steep

gradient of the trend formed by the samples. The granitoids lie on a flat trend with

much lower Ti02 values.

Based on these discrimination diagrams with immobile elements plotted against

FeO*/MgO, it is clear that the positive slope of the amphibolites indicates that they

have tholeiitic affinities, but did not commence significant fractional crystallisation

of titanomagnetite. This interpretation is supported in both the FeO* and V vs

FeO*/MgO discrimination diagram (Figure 4.14(a) and (d)). Despite the positive

trend of the metagabbros in the Ti02, FeO* and V vs FeO*/MgO discrimination

diagrams, they do not consistently lie on the same fractionation trend as the

amphibolites. On this basis it can be suggested that the metagabbros are part of a

different fractionation series to the amphibolites.
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The notable enrichment of FeO*, Ti02 and V with advancing fractionation indicates

tholeiitic affinities and excludes the possibility that these amphibolites have calc-

alkaline affinities. The Bowry Formation amphibolites can be excluded from having

alkali basalt affinities when plotted on the Ti/1000 vs V discrimination diagram

(Figure 4.15). The amphibolites have approximate TiA^ values of20, consistent with

MORE and CFB-affmity basalts, whereas the metagabbros have significantly higher

TiA^ values averaging 93. This may indicate the metagabbros are derived from a

melt with a different bulk composition. However on the NbAf vs Zr/Ti02

discrimination diagram (Figure 4.16), the metagabbros do not have Nb/Y values of

greater than 0.5. Furthermore, they plot in the tholeiitic field, ruling out alkalic

affinities.

lAT affinities for the amphibolites and intermediate metagabbros of the Bowry

Formation can be excluded on the basis of the moderate to high Ti02 and Zr

concentrations of the analysed samples. lAT rarely have Ti02 > 1.2 % and Zr >100

ppm (Perfit et al. 1980, Luff (1982). On the Ti vs Zr discrimination diagram (Figure

4.17), the amphibolites predominantly plot with Ti/Zr values typical ofMORB, and

separate out into the BFl-4 subdivisions reflecting fractionation. The majority of the

BF5 samples lie on the same trend, although a single sample (894856) has

significantly elevated Zr levels (260 ppm) and notably depleted Ti02 (0.2 %) and

may represent a late-stage highly evolved composition, co-magmatic with other

amphibolites. The metagabbros have significantly higher Ti levels than the

amphibolites, and display a trend which suggests the crystallisation of a Ti02-bearing

phase may have commenced as the magma evolved. The lack ofvolcaniclastics and

the absence ofvolcanically-derived fragmentals is further support for the

interpretation that the samples do not have LAT affmities.

The different composition of the metagabbros and the possibility that they were

derived from a compositionally different melt than the parental metabasalt protoliths

of the amphibolites is supported by the Zr/Nb vs Y/Nb discrimination diagram

(Figure 4.18). The metagabbros form a well defined group and have lower Zr/Nb

values, positioned between the Precambrian alkali basalts that intrude the Bumie and

Oonah Formations in northwest Tasmania, and the Bowry Formation amphibolites.

The amphibolites have higher Zr/Nb (7.7-55.0) and Y/Nb (1.3-21.5) although the
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Figure 4 18 Zr/Nb vs Y/Nb variation diagram. The transitional chemistry of the Bowry Formation
amphiboiites is demonstrated here. The metagabbros have notably low Zr/Nb and Y/Nb values, and
may be transitional towards alkaline affinities, such as the Tasmanian Precambrian alkali basalts and
several Rocky Cape dyke swarm dolerites, included in the diagram OIB and BABB affinities for the
amphiboiites are unlikely, as the majority of the samples plot with Zr/Nb ranging between 10 and 20.
Compositional fields are also shown for representative lava suites from the Gregory (Baker et al. 1977)
and Afar (Deniei et al. 1994) Rifts in eastern Africa.
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Figure 4.19. MORB normalised rare earth element variation diagram showing average abundances for
the average Bowry Formation subgroup (BF 1-4 ) amphiboiites. BF1 (R152 65) and BF4 samples have
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majority of samples lie in the Zr/Nb range of 10-20 and the Y/Nb range of 5-10.

Sample DOM 894858 has an anomalously low Y level (14), resulting in a low Y/Nb

value (1.3). Samples in subgroup BF5 are poorly constrained on this discrimination

diagram. This is thought to be due to their proximity to magnetite ore at Savage

River, and is interpreted to reflect hydrothermal alteration (Turner & Crawford

1993). These Zr/Nb and Y/Nb values are consistent with E-MORB to N-MORB

(Wilson 1989), and on this basis, GIB affinities for the Bowry Formation

amphibolites can be discoimted. The metagabbros have low Zr/Nb values (5.6-9.2)

and low Y/Nb (2.0-3.6), and lie on the same magmatic trend as the amphibolites.

The Zr/Nb values overlap slightly with the Precambrian alkali basalts (2.2-5.7), and

they are comparable to several dolerite intrusions within the Rocky Cape dyke

swarm. The metagabbros and Rocky Cape dolerite dykes with similar Zr/Nb values

may reflect a transitional environment of emplacement. The Bowry Formation

granitoid samples have high Zr/Nb levels but consistently low Y/Nb levels.

Due to the predominantly low Zr/Nb values and minor transitional alkali

components, BABB affinities for the Bowry Formation can be excluded, as BABB

have high Zr/Nb (>20) and no alkalic component. Therefore, from the

discrimination diagrams it can be concluded that the amphibolites from BF4 and

BF5, together with the metagabbros are the least fractionated and have transitional

alkaline to E-MORB affinities, whereas the amphibolites fi-omBFl, BF2 and BF3

are more fractionated and have E-MORB affinities.

In the N-MORB normalised rare earth element variation diagram for amphibolites

from the Bowry Formation (Figure 4.19), E-MORB patterns typical of rift-type

tholeiites are evident. This suggests the melt from which the samples were derived

had minor alkaline affinities.

Whereas an apparent temporal transition in the chemistry of the Bowry Formation

amphibolites is evident (from transitional alkaline to E-MORB rift tholeiite), as the

unit is either in part, or entirely allochthonous, the tectonostratigraphy and

geochemistry of the Bowry Formation in relation to the parautochthonous "eastern"

Ahrberg Group is not clear. This will be discussed further in Section 4.5.
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4.4 Mafics of the "western" Ahrberg Group

Six representative samples from the maficmeta-igneous units of the Ahrberg Group
have been analysed for major and some trace elements by XRF spectrometry (see

Chapter 1 for analytical specifications). Another eighteensamples from the Ahrberg
Group have been analysed by previousworkers (Turner & Crawford 1993).

The Ahrberg Group samples from Turner & Crawford (1993) lie on the same

magmatic trend as those analysed in this study, as demonstrated in the FeO*/MgO vs

FeO* discrimination diagram (Figure 4.20) and on this basis are included in this

work.

4.4.1 Occurrence and petrography

TheAhrbergGroup is a moderatelydeformed northeast-trending belt, consisting of
metavolcanics and associated volcaniclastic metasiltstone interlayered with shallow

marine sediments and dolomite (Figure 4.2). The metavolcanics are divided into two

stratigraphicimits, the Bemafai Volcanics and the TurmelraceVolcanics. The

Tunnelrace Volcanics are stratigraphically higher, and have experienced higher

levels of strain, due to their proximity to the Arthur Lineament and the strongly

deformed "eastem" Ahrberg Group.

Both units have undergone lower greenschist fades metamorphism, and are variably

recrystallised. The meta-igneous rocks are fine grained, and weakly foliated. In

some cases they are plagioclase-phyric, whereas primary pyroxene phenocrysts are

uncommon. The samples are interpreted to be igneous in origin, based on the

contrasting texture to the surrounding metasediments, and their discontinuous nature.

Unlike the more strongly deformed meta-igneous rocks of the "eastem" Ahrberg

Group and Bowry Formation, the metabasalts of the Ahrberg Group are not strongly

boudinaged. Themafic mineralogy and whole rock geochemistry of the samples

fiuther supports the igneous interpretation of these samples.
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Figure 4.20. . FeOVMgO vs FeO*variation diagram for the "western" Ahrberg Group
metabasalts after Miyashiro&Shido (1975). Demonstrates the chemical similarity of the
Tunnelrace and Bernafai Volcanics samples analysed by different workers. The Bernafai
and Tunnelrace Volcanics samples display a tholeiitic fractionation trend.
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Figure 4.21(a). FeO*/MgO vs Ti02 variation diagram for the "western" Ahrberg Group
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Rifts in eastern Africa.
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4.4.2 Geochemical affinities and tectonic setting

The major element chemistry of the thirty one analysed samples from the Ahrberg

Group indicates that they are basaltic in composition (Table 4.3). This is indicated

by relatively high FeO* (total iron as FeO) (8.9-19.0%) and MgO (2.7-13.4%)
abundances. Despite the potential mobility of Si02 due to the regional

metamorphism experienced by the Ahrberg Group, the analysed samples are mostly

within the range ofbasalts (41.2-51.5 %), although several samples have values of

basaltic andesites (52.1-53.2 %). The majority of samples are further characterised

by moderate to high levels of Ti02 (1.4-4.6%), although several have notably low

concentrations (0.3 %). The samples have moderate to high levels ofV (199-554

ppm).

The AhrbergGroup samples have been plotted on a series ofbinary diagramsof

various immobile elements against FeO*/MgO (Figures 4.21 (a) and (b)). The

samples show an increase in FeO*, Ti02, and V with increasing FeO*/MgO. The

trend has a positive slope and does not pass a maximum point, indicating the suite

had not commenced significant fractional crystallisation of titanomagnetite

(Miyashiro & Shido 1975). This is consistentwith fractionation of a tholeiitic
magma under relatively low oxygen fugacity conditions,where Fe and Ti remain in

the magma due to the delayed crystallisation of titanomagnetite. This notable FeO*

enrichment excludes the possibility that the samples have calc-alkaline affmities. On

the P2O5 vs Zr discrimination diagram, the samples are shown to be predominantly

tholeiitic, although several samples from the Tunnelrace Volcanics plot in the alkali

basalt field close to the boundary (Figure 4.22). On the Ti/1000 vs V discrimination

diagram, both the Bemafai and Tunnelrace Volcanics plot predominantly in the CFB

and MORB field, with TiA^values of 29.8 and 31.8 respectively. One Tunnelrace

Volcanics sample (DOM894848) lies within the alkali basalt and OIB field with a

TiV value of 70 (Figure 4.23).

Moderate to high Ti concentrations within the mafics of the Ahrberg Group, together

with the moderate Zr levels indicates the analysed samples do not have island arc

tholeiite (LAT) affinities (Figure 4.24). The lack ofvolcaniclastics and the absence

ofvolcanically-derived fragmentals supports this interpretation.
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On the Zr/Nb vs Nb/Y discrimination diagram (Figure 4.25), the Bemafai and

Turmelrace Volcanics have Zr/Nb values ranging between 10.0 and 30.3, bowever

the majority of the samples rangebetween 10 and 17. The metabasalts have low

Nb/Y (0.1-0.7). These values are both outside the typical range for GIB (Zr/ISrb<10,

Nb/Y>0.7) (Wilson 1989). Further to this, the litbological associations within the

Bemafai and Turmelrace Volcanics (quartzose conglomerate, quartz-rich

metasediments, carbonates), are not consistent with basalts erupted in an GIB setting.

BABB affinities for these metabasalts can be excluded, as they have transitional WIB

to tholeiitic affinities, and the Zr/Nb values (10-17) are less than basalts with typical

BABB affinities (>20).

Gn the N-MGRB normalised rare earth element variation diagram (Figure 4.26), the

"westem" Ahrberg Group metabasalts display typical E-MGRB rift tholeiite patterns.

Althoughthe Bemafai andTunnelrace Volcanics samples displaya broadly enriched

pattem, very similar to E-MGRB, samples 69087 and GH220 from the Bemafai

Volcanics have a distinctive pattem, with enriched TREE, slightly depleted HREE,

low Nb/La anomalies and negative Ti and P anomalies. This is interpreted to reflect

crastal contamination of a melt which has N-MGRB to depleted MGRB affinities.

Similar Ti and P-depleted pattems have been reported elsewhere in the lower Togari

Groupand in the uppermostNeoproterozoic DoubleCove sequence on the Sorell

Peninsula in westem Tasmania (Griffin 1974, Crawford 1992).

It can be concluded that the evolving compositions of the Ahrberg Group reflect an

emerging rift to E-MGRB setting,with minor cmstally contaminated N-MGRB to

depletedMGRBbasalts occurring late in the sequence due to the aborted rifting of
the developing ocean basin.
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Figure 4.23. Ti/1000 vs V discrimination diagram for the "western" Ahrberg Group
metabasalts after Shervais (1982). The majority of the Ahrberg Group metabasaits have
consistent Ti/V values of -30, whereas the Tunnelrace Volcanics sample DOM894848 has
elevated Ti levels, indicated by the elevated Ti/V value of 70. Two samples from the
Bernafai Volcanics (OH220, 69087) are notably depleted in Ti and V. These samples also
have low levels of Zr and P2O5 in Figure 4.25.
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Figure 4.24. Ti vs Zr discrimination diagram for the "western" Ahrberg Group metabasalts
after Pearce &Cann (1973). Note depleted values for samples OFI220 and 69087, from the
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et al. 1977) and Afar (Deniel etal. 1994) Rifts in eastern Africa.
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elevated Zr/Nb and low Nb/Y values rule out OIB affinities for the Bemafai and Tunnelrace Volcanics.
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4.5 Discussion

4.5.1 Introduction

In northwestern Tasmania, previous workers have correlated several different

Neoproterozoic sequences (Spry 1964, Brown1989, Tumer et al. 1992, 1994, Calver
1998) based on stratigraphic and mafic igneous geochemical similarities. Tumer et

al. (1992) noted that the Ahrberg andTogari Groups togetherwith the SuccessCreek
Group-CrimsonCreek Formation havebroadly similar stratigraphies. These three

spatially separate successions consist of dolomiteunits overlain by tholeiitic

volcanics, together with associatedvolcaniclastics and other sedimentaryrocks

(Tumer et al. 1992). Tumer et al. (1992) observed that the meta-igneous rocks of the

"eastem" Ahrberg Group also contain tholeiiticaffinities and are likely to have

formed during the same period of cmstal attenuationand juvenile rifting as the other

Neoproterozoic rift sequences. Previous workers (Spry 1964, Tumer 1990,Tumer et

al. 1992 & 1994) also noted the commonunconformable relationship between both

the Togari and Ahrberg Groups with the Rocky Cape Group. Crawford & Berry

(1992) and Tumer et al. (1992) interpreted the ca. 600Ma dyke swarm intmding the

Rocky Cape Group to be part of the samemagmatic event as the mafic volcanics of

the Ahrberg Group.

My work supports these previous interpretations, and provides an increased level of

detail for the regional correlations. The "eastem" Ahrberg Group has been shown to

have transitional to tholeiitic, E-MORB affinities characteristic of rift tholeiites, with

the increasingly tholeiitic chemistry corresponding to the stratigraphic position, with

sampleswith depleted MORB affinities occurringhighest in the sequence. The

Bemafai and Tunnelrace Volcanics of the "westem" Ahrberg Group have the same

compositional range ofmetabasalts, with transitionalalkaline, and E-MORB rift

tholeiites occurring. Furthermore, the stratigraphy of the "westem" Ahrberg Group

is very similar to the "eastem" Alirberg Group, and the two sequences have been

tentatively correlated on these grormds.

The Kanunnah Subgroup, Success Creek Group-Crimson Creek Formation, Double

Cove and minor basalts emplaced at the westem margin of the Oonah Formation to

the south of the Arthur Lineament all display tholeiitic fractionation pattems similar
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to the "eastern" and "western" Ahrberg Groups, as is demonstrated on the

FeO*/MgO vs TiOa discrimination diagram (Figure 4.27). In addition, the transition

in the chemistry of the different units corresponds to that of the "eastern" and

"western" Ahrberg Groups, with Ti/Zr and Zr/Nb values indicating predominantly E-

MORB affinities, with transitional alkaline affmity basalts also occurring in minor

proportions (Figure 4.28). However, as the detailed stratigraphy of these sequences

is not known, direct correlation between individual mafic units cannot be made. The

older Precambrian alkali basalts and dolerites which are intercalated within the

Bumie and Oonah Formations have 2-4 % Ti02 and very low Zr/Nb values,

indicative of alkaline compositions. This is further supported hy their elevated Ti/V

values in the FeO*/MgO vs Ti/V discrimination diagram (Figure 4.29).

The tholeiitic MORB-type affmity of the Bowry Formation amphibolites is

consistent with that of the "eastern" Ahrberg Group and the other Neoproterozoic rift

sequences in northwestem Tasmania. However, the intercalation of the thin (15-40

m) but laterally extensive sill-like 777+7 Ma granitoid (Turner et al. 1998) within the

westernmost Bowry Formation implies that at least part of the sequence cannot be

correlated with the widespread Neoproterozoic sequences. Further to this, the

presence of relict blueschist metamorphic assemblages within parts of the Bowry

Formation is in contrast to the upper greenschist facies metamorphic grade of the

"eastern" Ahrberg Group, and suggests that parts of the Bowry Formation are

allochthonous.
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Figure 4.27. Fe07Mg0 vs TIO2 variation diagram after Miyashiro & Shido (1975). The spatialiy
separate Neoproterozoic rift sequences display consistent tholeiitic fractionation trends, with local
variation. The older Precambrian alkali basalts plot on a distinct trend. The sources for the various
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Gourlays Ck prospect (Norris 1985), Precambrian alkali basalt (Crawford & Berry 1992, Turner et al.
1998). Compositional fields are also shown for representative lava suites from the Gregory (Baker et al.
1977) and Afar (Deniel etal. 1994) Rifts in eastern Africa.
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Figure 4.28 Ti/Zr vs Zr/Nb variation diagram for northwest Tasmanian mafic igneous rocks. The Ti/Zr
levels and Zr/Nb levels are consistent for the different units, indicating transitional to E-MORB and
minor N-MORB and D-MORB affinities. Data source as for Figure 4 34. Several Crimson Ck Fm
analyses from Brown (1986) have elevated TIO2 and depleted Nb. Compositional fields are also shown
for representative lava suites from the Gregory (Baker et al. 1977) and Afar (Deniel et al. 1994) Rifts in
eastern Africa
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Figure 4.29. FeOVMgO vs TIA^ variation diagram. The elevated Ti/V levels supports the
alkaline affinity interpretation of the Precambrian basalts such as the Cooee Dolerite,
Montana Melaphyre and Sulphur Ck pillow basalts. Notably the Crimson Ck Fm, "eastern"
Ahrberg Group and Kanunnah Subgroup ail have a similar range of FeO*/MgO and TiA/
levels.
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» • • f -tfk.
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Figure 4.30(a). Granitoid sill interpreted to be intruding into metabasalt and mafic schist,
Owen Meredith River. The granitoid margins are parallel to the bedding and the
deformational layering. (348100 mE, 5381995 mN).

Figure 4.30(b). Irregular, bedding parallel boundary between the granitoid 'intrusive' and the
mafic metasedimentary schist in the Owen Meredith River. The metasediment is the pale
green recessive layering, dominant towards the top. Granitoid material is pale orange,
prominent layers towards the base. (348100 mE, 5381995 mN).
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Figure4.31(a). Photograph of granitoid-mafic schist contact in drill core. The granitoid is
very weakly foliated, sub-parallel to the lithological contact and schistosity in the mafic schist.
Core section 56.5-56.75m Rocky River DDH3.

• ' W

^ I*. '

Figure 4.31(b). Photomicrograph of RRDDH362.7 m. Granitoid/mafic schist contact,
showing no evidence of chilled margins. Boundary is irregular, but parallels the dominant
schistosity, which is defined by chlorite and mica blades, and syn-tectonic albite
porphyrobiasts (plane polarised light). Field of view 8.4 mm by 6.4 mm.
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4.5.2 Relationship between maHc and felsic igneous rocks
Due to the Cambrian high strain deformation, metamorphic overprint and associated

recrystallisation of the Bowry Formation, the contact relationship between the
granitoid and surroundingmetasedimentary schists and amphibolites is not clear.

The margins of the granitoid are irregular, however over a strike length of several

metres the contact is roughly planar (Figure 4.30(a) and (b)). In cases where the

granitoid is in contactwith amphibolite, there is no clear evidence of chilledmargins
within either rock-type. The amphibolite bodies are typicallyboudinaged, as a result
of competency contrast during the subsequent deformational events. Where the

granitoid is in contact with metasediment, there is also no clear evidence of chilled

margins, however changes in the texture of the metasediments are evident. These

may be a reflectionof the competencycontrast of the granitoid in comparison to the

surrounding chlorite schists. The CaSi and CaSj schistosities typically parallel the

contact between granitoidandmetasediment, indicative of the isoclinal folding and
associated layer parallel fabrics which characterise the CaDi and CaDi events

(Figure 4.31(a) and (b)).

Based on structural evidence, a south-directed transport is considered to have

prevailed in the regionof the Arthur Lineament during the CambrianTyennan
Orogeny (Chapter 2). Applying this interpretation to the Bowry Formation, it can be

suggested the unit originatedto the north of its currentposition, and may have a

spatial relationship to King Island. As there areseveral Neoproterozoic intrusive and

extrusive mafic suites onKingIsland a possible correlation betweenthese lithologies
on King Island and within the Arthur Lineament is considered below.

4.5.3 Geological setting on King Island, and its relationship to

northwestern Tasmania

King Island, located to the north ofnorthwestern Tasmania, consists of several

sedimentary sequences and igneous suites, of different ages (Cox; Brown; and

Turner in Burrett &Martin 1989) (Figure 4.32). Previous workers (Gresham 1972,
Jermings & Cox 1978) showed that King Island is underlain by rocks and of

Precambrian age. These consist of amphibolites, quartzose and minor mafic

metasediments, depositedpre-760 Ma, and intmdedby the 760+12 Ma granitoid
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Figure 4.32. Regional map showing location of King Island relative to NW Tas.
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Figure 4.33. P2O5 vs Zr discrimination diagram after Winchester & Floyd (1976). Analyses
are from this work, Blackney (1982) and Turner et al. (1998). Compositional fields are also
shown for representative lava suites from the Gregory (Baker etal. 1977) and Afar (Denial et
al. 1994) Rifts in eastern Africa.
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Figure 4.34(a). FeO*/MgO vs Ti02 variation diagram after Miyashiro &Sfiido (1975).
Compositionai fieids are aiso shown for representative iava suites from the Gregory (Baker
et at. 1977) and Afar (Deniei et al. 1994) Rifts in eastern Africa.
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Figure 4.35. Ti/1000 vs Vdiscrimination diagram after Shervais (1982). The King Island
metabasalt samples he on the same trend as the Bowry Fm amphlbolites, whereas several
King Island Intruslves have similar Ti/V levels to the Bowry Fm metagabbros.
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Figure 4.36. Nbvs Ydiscrimination diagram for granites after Pearce et al. (1984), showing
the fields of volcanic-arc granites (VAG), syn-coliisional granites (syn-COLG), within-plate
granites (WPG) and ocean-ridge granites (ORG). The broken line is the field boundary for
ORG from anomalous ridges.
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bodies described by Cox (1973) at Cape Wickham in the north, and in the southwest

ofKing Island (McDougall & Leggo 1965, Gresham 1972, Cox 1973, Blackney

1982, Turner et al. 1998). This metasedimentary sequence is laterally extensive, and

also outcrops in the southwest (Blackney 1982). The southeastern part ofKing

Island contains correlates of the Late Neoproterozoic rift sequence, evident

throughout northwestern Tasmania (Brown in Burrett & Martin 1989). Several

Devonian granitoids intrude the imderlying Precambrian and Neoproterozoic

lithologies (Turner in Burrett & Martin 1989).

The extrusive mafic igneous sequence which is intercalated with the older,

Precambrian metasedimentary sequence in the southwest ofKing Island has tholeiitic

affinities (Blackney 1982). The extrasive and intrusive mafic igneous rocks plot in

the tholeiitic affinities field in the P2O5 vs Zr discrimination diagram (Figure 4.33),

although they do not show an increase of immobile elements such as Ti02 and V

relative to FeO*/MgO (Figure 4.34(a) and (b)). However, the samples do plot on a

similar trend to the Bowry Formation amphibolites in the Ti/1000 vs V

discrimination diagram with TiA^values of~25 (Figure 4.35). The metasedimentary

lithologies, which are conformable with the tholeiitic metabasalts (Blackney 1982)

have been shown to have undergone amphibolite grade metamorphism at ~1270 Ma

(Holm et al. 2001, see Chapter 3), followed by further deformation and

metamorphism contemporaneous with the granitoid intrusion at ~780 Ma (Cox 1973,

Blackney 1982, Tumer etal. 1998).

As discussed, the granitoid bodies within the Bowry Formation of the Arthur

Metamorphic Complex, and at Cape Wickham on King Island, have very similar

emplacement ages (111+1 Ma and 760±12 Ma respectively). In addition,

comparison of the Bowry Formation and Cape Wickham granitoids indicates they

have similar chemical affinities, as demonstrated in the Y vs Nb discrimination

diagram (Figure 4.36). The two groups overlap, lying close to the triple point formed

by the WPG (within plate granite), anomalous ORG (ocean ridge granite) and

VAG/syn-COLG (volcanic arc granite and syn-collisional granite) fields. This

similarity is supported in the chondrite normalised element variation diagram (Figure

4.37).
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Figure 4.37. Chondrite normalised rare earth element variation diagram. The granitoid from
the BowryFm displays similar trace element abundances to the Cape Wickham granite from
King Island. Normalising values from Sun &McDonough (1989).
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Therefore, several alternative correlations can be proposed:

• Considering the geochemical similarities between the Bowry Formation and King

Island metabasalts and granitoids, together with the 1270 Ma metamorphic age

on King Island, a correlation between the two sequences implies that parts of the

Bowry Formation were deposited prior to 1270 Ma. On the basis of this

correlation, these parts of the Bowry Formation cannot be related to the "eastern"

Ahrberg Group and other Neoproterozoic rift lithologies in northwestern

Tasmania. They represent an earlier phase of crustal extension and ocean

development.

• Alternatively, another possible correlation can be made between the Bowry

Formation and the late stage mafics of the ~800 Ma Willouran basic province in

South Australia. This rift sequence consists of intrusive suites and volcanics with

CFB, transitional and N-MORB affinities (Gairdner Dyke Swarm, Amata Suite

and Wooltana Metabasalt) (Crawford & Hilyard 1990, Zhao & McCulloch 1993).

The Willouran basic province was suggested to have occurred as a result of an

800 km-radius asthenospheric mantle plume, which was centred at the triple

junction of an aulacogen (von der Borsch 1980, Zhao et al. 1994). Further to

this, it was interpreted to have been located within the circumference of the

mantle plume (Zhao et al. 1994). According to Keen (1985), an 800 km-radius

plume is capable of resulting in uplift and subsidence over an area with a

diameter of approximately 8000 km (Keen 1985, hi Zhao et al. 1994). Zhao et

al. (1994) suggested the Rook Tuff (802±10 Ma), which occurs towards the base

of the Adelaidean sediments, immediately above the sequence containing the

Willouran Volcanics, may be due to the rift-related magmatism. In addition, a

rhyolite within the Boucaut Volcanics (777±7 Ma) (southwest ofBroken Hill) is

known to occur (Fanning et al. 1986, Preiss 2000). The Boucaut Volcanics,

which are bimodal, include mafic volcanics intercalated with clastic sediments,

and have been suggested to present the onset of rifting (Preiss 2000).

Considering these fmdings, the plume located beneath the Willouran basic

province may have been capable of causing uplift and magmatism (both mafic

and felsic) in areas further to the southeast (such as near northwestem Tasmania).
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On the above evidence, the Bowry Formation mafics and the intercalated 111+1 Ma

intrusive granitoid may be a correlate of the mafic intrusives and the 760±12 Ma

intrusive granitoid on King Island. On this basis, parts the Bowry Formation mafics

that might correlate with the mafics on King Island must be older than the

metamorphic age of 1200Ma. However, no evidence ofmetamorphism that can be

attributed to deformation prior to the Cambrian event was observed in the Bowry

Formation. Therefore, the felsic igneous rocks on King Island and within the Bowry

Formation are considered to be correlates, hut the mafic units are interpreted to be

unrelated.

Thus the mafic igneous rocks within the Bowry Formation are interpreted to be

related to the major thermal episode and the associated ~800 Ma rifting event in

central-south Australia. The Bowry Formation mafics are therefore correlated with

the late stage, most evolvedbasalts that occur in the Willouran basic province. The

granitoids on King Island and in the Bowry Formation are interpreted to have

resulted from crastal melting due to the extensive heating of the mantle plume, and

intruded the mafic units (m the Bowry Formation) and pre-1270 Ma metasediments

and metabasalts (on King Island).
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Chapter 5

Tectonic Implications and Conclusions

5.1 Summary of the Proterozoic and Cambrian Geological

History of Northwestern Tasmania

Northwestern Tasmania and King Island underwent several changes in tectonic

setting during the Proterozoic. Prior to 1270Ma, on King Island, a passive margin to

early rift setting, with transitional tholeiites existed, as is indicated by the deposition

ofmarine sediments and the extrusion ofminor sub-aUcaline tholeiitic basalts

(Blackney 1982)(Figure 5.1). A change in tectonic regime occurred at ca. 1270 Ma,

possibly contemporaneous with an early phase of the Grenville Orogeny. This

resulted in metamorphism of these sediments and basalts to lower amphibolite grade.

This was the Di event in this region. Subsequent to this event, a relatively quiescent

period is interpreted to have ensued until the Middle Neoproterozoic.

In the Middle Neoproterozoic, Rodinia was located to the north ofTasmania.

Northwest Tasmania was in a passive margin setting, with the turbidite sequences of

the Bumie and Gonah Formations being deposited to the east (seaward) of the

continental shelf fades of the Rocky Cape Group and correlates (Figure 5.2). The

exact age of these units and their temporal relationship is uncertain. However, they

are interpreted to be contemporaneous (Spry 1962, I964)(Figure 5.1). During

deposition of the Bumie and Gonah Formations, minor alkaline intmsives (Cooee

Dolerite, Montana Melaphyre) and extmsives (Sulphur Ck pillow basalts) were

emplaced, indicative of an mtraplate setting (Crawford & Berry 1992). Minor

granitoid, dated at around 780 Ma (Turner et al. 1998), intmded into the basaltic

sequence of the Bowry Formation, possibly as a result of the same thermal event that

produced the mafic magmatism. This may be linked to the Wickham Grogeny, on

King Island, which occurred from 760-780 Ma (Figure 5.1). It is represented by

granitoid intmsion, with localised contact metamorphism and stmctural deformation.

Regional, minor uplift may have also occurred as part of this event.
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Subsequent to the Wickham Orogeny, widespreadcontinental rifting developed in

the Late Neoproterozoic, between 750 and 580 Ma (Calver &Walter 2000), however

650Ma is interpreted to be the likely maximum age (Calver 1998). The rift

succession is widespread. The Togari Group, Ahrberg Group and Success Creek

Group-CrimsonCreek Formation are interpretedto be correlates, representative of

the rift succession (Figure 5.1). The basal unit of the Late Neoproterozoic rift

succession unconformably overlies the Rocky Cape Group at a low angle. The

tholeiitic rift basalt-dominated sequence in the upper Togari Group (the Kanunnah

Subgroup) has a preferred age of 650 to 600Ma (Crawford 1992, Calver&Walter
2000). Thebasalts display a progression in their chemical affinities, ranging from
transitional tholeiites (early) to E-MORB (late) (refer to Chapter 4). This Late

Neoproterozoic rifting event,widelyrepresented in westem and northwestern

Tasmania,produced voluminous rift-relatedbasalts, interlayeredwith associated

volcanic-derived sediments, conglomerates, sandstones, siltstones and carbonates. It

is assumed to have led to the opening of an ocean basin around 600 to 580 Ma.

In the Cambrian, a major change in tectonic regime occurred (Figure 5.3). The

aborted subduction of the Late Neoproterozoic passive margin, in an arc-continent

collision, occurred as part of the 510±10Ma Tyennan Orogeny, and was followed by

exhumationand post-collisional re-equilibration (Berry & Crawford 1988,Crawford

&Berry 1992, Tumer et al. 1998). Associated with this cmstal collision,

emplacement ofultramafic-bearing allochthons occurred. In addition, multiple

deformations and widespread metamorphism ranging in grade from greenschist to

blueschist, and eclogite facies accompanied the orogenic event. In northwestem

Tasmania, the Tyennan Orogeny also produced the high strain zone of the Arthur

Lineament.

Subsequent to the Tyennan Orogeny, mild deformation accompanied granitoid

intrasion in the Tabberabberan Orogeny of the Middle Devonian. In northwestem

Tasmania, the folding associated with granitoid intmsion was mostly open folds with

shallow plunges and sub-vertical axial planes.
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5.2 Discussion

5.2.1 Overview of the geochronology and tectonostratigraphy of

northwestern Tasmania

Interpretations ofnumerous events in the geological history ofnorthwestem

Tasmania and Kdng Island have been contentious, and subject to ongoing revision for

some time. Stratigraphic relationships, as well as the timing and significance of the

different deformational events, have been the mam aspects debated.

Spry (1962) suggested that the more intensely deformed and metamorphosed rocks in

Tasmania belonged to an older stratigraphic unit, and had undergone a major

deformational event (the Frenchman Orogeny) prior to deposition of the relatively

undeformed, unmetamorphosed rocks. The older deformed sequence included the

rocks of the Arthur Lineament (then known as the Whjde Schist), the Tyennan and

Forth regions, and various other inliers (Turner 1989). The Penguin Movement (later

called the Penguin Orogeny: Gee 1967a) was interpreted to have been a younger

deformational event, in the Rocky Cape and Jubilee regions (Spry 1962).

The above interpretation was revised over time (Gee 1967a, Turner 1979, 1984,

1989), with the metamorphic terrains (includuig the Arthur Lineament) proposed to

be part of the Penguin Orogeny, not basement (Turner 1989). The age of the

Penguin Orogeny was also subject to revision. Spry (1962) and Gee (1977)

suggested the minimum age of the Penguin Orogeny was defined by the iatrusion of

the Cooee Dolerite. Gee (1977) interpreted this dolerite as syn-deformational,

whereas Crook (1979) interpreted the intmsion to be sjm-depositional, with dolerite

intruding into wet sediments. The occurrence of pillow basalts compositionally

identical to the Cooee Dolerite at the Sulphur Creek foreshore support Crook's

(1979) interpretation (Crawford & Berry (1992).

Richards {pers. comm.), in Crook (1979), and Turner (1989), interpreted the

deformation attributed to the Penguin Orogeny to have closely followed intrusion of

the dolerite, at 725 ±35 Ma. Maximum K-Ar detrital muscovite ages of 690 ±10

Ma from the Bumie and Gonah Formations (Adams et al. 1985) were interpreted to

represent the third deformational event of the Penguin Orogeny, as these were not
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much younger than the homblende/biotite ages &omthe Cooee Dolerite (Turner

1989). Turner (1989) also proposed that the intrusion of granitoids at Cape

Wickham on King Island, at aroimd 730 Ma was due to the Penguin Orogeny.

Further revision of the tectonostratigraphic history ofTasmania was undertaken by

Turner (1993) and Berry (1994). They questioned the validity of the 725 ± 35 Ma

age of the Cooee Dolerite. In addition, they questioned the age of the Penguin

Orogeny, on the basis ofmultiple 510 ± 10Ma U-Pb zircon and K-Ar hornblende

ages obtained from various metamorphic complexes in westem Tasmania (Tumer

1993, Black 1994, Tumer et al. 1994). Berry (1994) also speculated that the early

deformation m the Rocky Cape Group and the Bumie Formation was related to the

Cape Wickham granitoid intmsion on King Island.

Tumer et al. (1998) reconsidered the tectonostratigraphic history ofTasmania,

introducing the term Wickham Orogeny to encompass granitic magmatism and the

Di deformation on King Island. Tumer et al. (1998) also hiterpreted the later

deformations that deform the granitoids to be related to the Wickham Orogeny. The

age of the Arthur Lineament was revised by Tumer et al. (1998), to 500 ± 10 Ma, on

the basis of the K-Ar homblende ages from amphibolites within the lineament. These

authors attributed the deformation in the lineament to the Penguin Orogeny, thereby

revising the age of the orogenic event to 500 ± 10Ma. In addition, the authors

showed that the deformation in the Tyennan region, previously thought to be a

product of the Precambrian Frenchman Orogeny (Spry 1962), was due to the

Cambrian event. The term Tyennan Orogeny, which was originally used to accoimt

for several Middle to Late Cambrian unconformities (Carey & Banks 1954, Brown

1989, Corbett & Tumer 1989, Jago & Brown 1989) was found to overlap with the

500 ± 10 Ma metamorphic event of the Penguin Orogeny (Tumer et al. 1998). On

this basis, the unifying term Tyennan Orogeny has been used in this work to describe

the Cambrian deformational event, and the Penguin Orogeny has been discarded.

The Tyennan Orogeny varied in its intensity in westem Tasmania. The Franklin

Metamorphic Complex in westem Tasmania (Figure 5.4), experienced eclogite facies

metamorphism, with temperatures and pressures of 730°C and 1500 to 1700 MPa

(Kamperman 1984). The Port Davey Metamorphic Complex in southwest Tasmania
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Figure 5.3. Cambrian metamorphic complexes and ultramafic slices related to the Cambrian
arc-continent coliision inwestern Tasmania. (FromMeffre et at. 2000).
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underwentmetamorphism at 600°C and 750MPa,whereas the ForthMetamorphic

Complex experienced upper amphibolite fades conditions with 700-740°C at 1300-

1500 MPa (Meffre et al. 2000, Lewis 1991) (Figure 5.4).

Thisworkhas providedfurther supporting evidence for Cambrian deformation being
responsible for the Arthur Lineament, and the absence of any earliermajor
deformational events on the northwestern Tasmanian mainland. Based on the

findings of the metamorphic geochronology component of this work, the CaDi event

has been shown to be the most conducive event formonazite growth in and around
theArthur Lineament. This is interpreted to be a result of the higher temperatures
associatedwith metamorphism, and the relativelyhigh strain levels that coincided

with this deformation. Metamorphic ages for samples from the lineament are

consistent at around 540 Ma. This is older than other ages derived from the Arthur

Lineament (Tumer et ah 1998), andmaybe attributed to growthearlierin the CaD2
event, or altematively may be indicative of systematic errors as a result of calibration

problems during analysis.

As a result of researchundertaken as part this work (Chapter3 and Berry et al. in
prep), the Di event on King Islandhas been shownto have occurred at ca. 1270Ma,

and is not related to theWickhamOrogeny {cf. Tumer et al. 1998). The D2 to D4
events of Cox (1973) are interpreted to be due to the ca. 760Ma granitoidmtmsion
onKing Island, as was previously suggested (Cox 1973, 1989).

5.2.2 Contentious issues of the Arthur Lineament and

surrounding area

Other aspects of the tectonic evolution ofnorthwestem Tasmania, and the Arthur

Lineament in particular,have been subjectto debate for many years. Themain
issues of contention are discussed below:

• The temporal relationships between the Rocky Cape Group and correlates, the

Bumie and Oonah Formations, and the Ahrberg Group have been viewed

differently by different workers. This work interprets the Bumie and Oonah

Formations to represent the offshore equivalent of the Rocky Cape Group and
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correlates, based on provenance research indicating similar sources for detrital

material (refer to Chapter 1). This is in disagreementwith the interpretation of

Gee (1967a), Tumer et ah (1992, 1998) and Turner & Bottrill (2001), who

interpreted the basal units of the Togari andAhrberg Groups as near-shore

equivalents of the Bumie and Oonah Formations.

The significanceof the unconformity betweenthe "westem" Ahrberg andTogari

Groups, and the Rocky Cape Group and correlates, has been debated by previous

workers. The unconformity, which varies from<5° to 20° angular discordance,

was observed at several locations in the study area. Tumer et al. (1998)

interpreted the unconformity to represent theWickhamOrogeny, accompanied

by granitoid intmsion onKing Island and in theBowry Formation, and by the
thick turbidite pile of the Bumie and OonahFormations with the syn-depositional
Cooee Dolerite and Sulphur Creek pillow basalts. Further to this these authors

proposed the deposition of the basal units of theAhrberg and Togari Groupswas

initiated by this instability and associated uplift.

It is suggested in this work (refer to Section1.6.1) that sedimentationof the
Bumie and Oonah Formations and the Rocky Cape Group and correlates was a

result of the Wickham Orogeny, as the detrital components of the two sequences

are very similar. In contrast, the sedimentation of the lower Togari and Ahrberg

Groups is interpreted to have been causedby instabilitydue to the onset of Late
Neoproterozoic rifting. This would have been contemporaneouswith normal

faulting, in which case deposition into a grabenwas likely to be accompaniedby

erosion of topographically upstanding blocks of Rocky Cape Group rocks. The

juxtaposition of the Ahrberg and Togari Groups with different levels of the

Rocky CapeGroup (and correlates) stratigraphy may have occurred as a result of

coincident erosion of the Rocky Cape Group during Togari Group deposition, as

has been suggested by Everard et al. (2000). The angular rmconformity between

the Rocky Cape Group (and correlates) and the Ahrberg and Togari Groups
might, be attributed to compressional deformation. Altematively, it may be due

to uplift causedby the WickhamOrogeny, or it might also be the product of

block rotation ofhanging-wall strata above extensional faults. The irregular
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distribution of the basal conglomerate, and the predominance of quartzite pebbles

contained within the basal units, are consistent with basin compartmentalisation

by normal faulting early during Ahrberg and Togari Group deposition (Everard et

al. 2000).

The geochemical (and temporal) relationship between the mafic meta-igneous

rocks of the Dowry Formation, the "eastern" and "western" Ahrberg Groups, and

the other mafic igneous rocks and volcanic sequences in Tasmania has previously

not been conclusively resolved. The alkaline affinities of the Cooee Dolerite and

Sulphur Creek pillow basalts (Crawford & Berry 1992) are taken here to indicate

an intraplate setting at the time ofmagmatism. The mafic volcanics of the

Ahrberg and Togari Groups have sub-alkaline affinities, indicative of an early rift

setting (refer to Chapter 4). This conflicts with the interpretation of the Bumie

and Gonah Formations, and the Ahrberg and Togari Groups as being

contemporaneous.

The Dowry Formation metabasalts are relatively evolved, with E-MORB to N-

MORB affinities. However the Dowry Formation is interpreted to be

allochthonous (based on metamorphic mineralogy and the ca. 780 Ma age of the

granitoid). Therefore, the oceanic affmities of the mafic meta-igneous rocks in

the Dowry Formation may reflect the tectonic setting and evolution of an older

region, unrelated to the Late Neoproterozoic rift volcanics (Ahrberg and Togari

Groups) in northwestem Tasmania.

To the east of the Arthur Lineament, north of Savage River in the Waratah area, a

possibly Lower Cambrian (Seymour & Calver 1995) presumably allochthonous

oceanic-affinity succession is in structural contact with the Heazlewood River

ultramafic complex (Brown 1989, Tumer & Bottrill 2001). This sequence, which

is informally known as the Cleveland-Waratah association (CWA), extends

eastwards around an inlier of Gonah Formation correlate, near Mt Bischoff

(Figure 5.2). Within the basal unit of the CWA, large rafts ofmaterial that are

lithologically similar to the underlying correlate of the Gonah Formation have

been reported (Brown 1989, Groves 1971, P. Williams 1989). Based on the
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sedimentary relationship between the rafted blocks and the host sediments,

Turner & Bottrill (2001) suggested that the two imits have a common tectonic

history, and that the Bumie and Oonah Formations (and correlates) are therefore

also allochthonous.

Tumer & Bottrill (2001) interpreted the entire assemblage (CWA and the Bumie

and Oonah Formations and correlates) to be allochthonous and to have originated

to the east. They proposed that these allochthonous imits imderwent west-

directed transport, to in their present positions, away from their oceanic

floor/turbidite slope-origins. This transport direction is in agreement with the

west-directed transport of the mafic-ultramafic allochthons, as was suggested by

Berry & Crawford (1988). Although Tumer & Bottrill (2001) observed a map

scale, overtumed fold limb in the Bumie Formation, to the east of the Arthur

Lineament's boimdary on the north coast (Gee 1977), they were unable to find

evidence to support west-directed transport. Gee (1977) interpreted this

overtumed belt ofBumie Formation to indicate north-northeast directed

transport.

The findings of this study suggest in the vicinity of the Arthur Lineament, the

transport direction differed from the orientation recorded for the mafic-ultramafic

allochthons. On the north coast in the Somerset-Doctors Rocks area,

approaching the lineament's eastem bmmdary, the CaDi and CaDa events

increase in intensity. Accompanying the increase in intensity, CaFi, CaF2 and

the associated axial planar cleavages change in orientation. Away from the

lineament, the fold axes plunge gently to the east and west, and the axial planes

dip gently to the south. Close to the boundary, and within the lineament the fold

axes plunge gently to the south, and the axial planes dip gently to the southeast.

This change in orientation is attributed to rotation due to increasing strain, and

implies a north over south transport. In addition, in the south of the Arthur

Lineament, stretching lineations that developed during the event plunge gently to

the south, also suggesting north-south (as opposed to east-west) transport.

289



Chapter 5 Tectonic Implications and Conclusions

• Turner & Bottrill (2001) noted the development of two foliations in units of the

Arthur Lineament, and the development of one of the foliations in the "western"

Ahrberg Group. However, in contrast to the findings of this work, they proposed

that the main schistosity in the lineament, and the well developed cleavage in the

"western" Ahrberg Group, to be the earliest generation cleavage (C«Si), with the

second generation foliation (CaS2) occurring as an intermittent crenulation

cleavage. This work has found the dominant foliation in the lineament to be the

CaS>2 foliation (refer to Chapter 2). Furthermore, this work found the CaSi

foliation to have little expression in the "westem" Ahrberg Group, and attributes

the main foliation related to the deformation in the lineament (in the "westem"

Ahrberg Group), to the CaD2 event. To the east of the lineament stractural

deformation attributed to the Tyennan Orogeny is well developed, and weakens

in intensity over several kilometres away from the lineament's boundary.

However the precise metamorphic grade at the lineament's boundary is not clear.

At the westem boundary of the lineament, deformation attributed to the CaDi and

CaD2 events dissipates abmptly. CaD2 folding and the associated cleavage is

developed up to 2.5 km to the west of the lineament, whereas CaDi is poorly

represented. CaFi folds were not observed, and CaSi is only very weakly

developed.

• Tumer & Bottrill (2001) noted refolding of compositional layering, layermg-

parallel boudinaged quartz veins, and an early schistosity (CaSi). Based on

convergence of the compositional layering, boudhiaged quartz veins and the two

foliations (CaSi and CflS2) on the limbs of second generation folds (CflF2),

Tumer & Bottrill (2001) interpreted the north-northeast strike and steep east-

dipping orientation of CflS2 to be its original orientation. However, these authors

also suggested that the allochthonous Bowry Formation was emplaced as a sub-

horizontal sheet. This work has found that the predominantly sub-parallel

orientation of the two foliations (CaSi and CaS2) implies a consistent attitude of

folding prevailed during both the CaDi and CaD2 events. Therefore, as thin,

laterally extensive sheets ofmaterial that are extmded from the subducted wedge

in blueschist-forming, subduction-related tectonic settings are typically emplaced
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as sub-horizontal nappes, the suggestion ofTurner & Bottrill (2001) that the

steep east-dip of CaS2 is its original orientation is improbable.

Gee (1967a, 1977, 1989) interpreted the lineament to have formed as a result of

east-directed transport that produced east-verging, overturned folds and thrusts to

the west of the northem Arthur Lineament. Furthermore, he suggested that the

Rocky Cape Group and the Bumie Formationwere transported to the southeast

and deformed against the Precambrian Tyennanblock. This east-directed folding

and thrusting was reported by Everard et al. (1996) in the Trowutta area, who

noted that the event controlled the attitude of the schistosity and lineament

boundaries. I have shown here that this event is the third deformational event to

have occurred in the Cambrian (CaD^, in this work). Although CaDs is not

responsible for the high strain deformationevident in the lineament, it has caused

the steep east dip of the compositional layering and earlier foliations. The CaDs

event was not reported by Tumer & Bottrill (2001).

Berry (1994) suggested that the Bowry Formation was allochthonous on the basis

of relict blueschist metamorphic mineralogy. The presence of the 777 ± 7 Ma

granitoid (Tumer et al. 1998) in the Bowry Formation has been interpreted here

to support this argument. Tumer & Bottrill (2001) noted that the age of the

granitoid is older than the interpreted ages for the basalt sequences in the Togari,

"eastem" and "westem" Ahrberg Groups, which are thought to be between 650

and 580 Ma in age (Calver 1998). In addition, Tumer & Bottrill (2001) proposed

several possibilities, suggesting that either:

• only the granitoid bodies are exotic, and their contacts with the country rock

are stmctural; or

• the granitoid intmdes the country rock, and thus provides a minimum age of

the smrounding Bowry Formation mafics (ie. older than the widespread Late

Neoproterozoic rift volcanics); or

• based on the similar chemistry between the Bowry Formation mafics and

those of the Togari and Ahrberg Groups, the Proterozoic mafic volcanics in

northwestem Tasmania may be substantially older (pre-777 Ma) than

previously thought.
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The findings of this study regarding the nature of the contact between the
granitoid and the surrounding mafic meta-igneous rocks were inconclusive.
However, microscopic and mesoscopic textural relationships described in

Chapter 4 suggest that the granitoids are intmsiveinto the surrounding mafic
lithologies. Furthermore, the BowryFormation granitoid age and chemistry is
comparable to the Cape Wickham granitoid onKing Island, which also intrudes

sub-alkalineaffinity metabasalts. Giventhe geochemical and geochronological

characteristics of the granitoids, the spatial relationship to metabasalts, and the

interpreted south-directed transport of slices withinthe ArthurLineament, it is
suggested that the BowryFormation originated to the north of the Tasmanian
mainland, in a region that experiencedlimitedfelsic magmatism around 780Ma.

Takinginto account the blueschistgrade ofmetamorphism evidentwithinparts

of the Bowry Formation, it is likely the unit underwent this early high pressure

deformation far from its current position.

• The nature of the boundaries of the Arthur Lineament has been subject to debate,

with Turner & Bottrill (2001) describing the boundaries as transitions into less

deformed and metamorphosed rocks. They indicated that the dips of the

transitional boundaries are poorly known, and that some boundary segments are

faulted. The investigations undertaken as part of this work have shown that in

the south, where the lineament's western boundary is exposed, there is a sharp

change in the intensity of CaD\ and CaD2 (refer to Chapter 2). The orientation of

the CaS2 foliation does not change across the lineaments boundary. To the west

of the lineament, the intensity of deformation dissipates over several kilometres,

however the most marked change is at the lineaments faulted western boundary.

The eastem boundary of the lineament is far more gradational than the western

boundary. Deformation attributed to theArthur Lineament is evident 5 to 7 km

to the east of the boundary. As has been shown, the CaSi and CaS2 foliations

have variable orientations close to the eastem margin of the lineament, however

they mostly strike towards the northeast (refer to Chapter 2).
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Metamorphism attributed to the earliest event (CaDi) is not widelydeveloped,
but in allochthonous fault-bounded slices within the lineament it is represented as
relict blueschist facies mineral assemblages. Metamorphic conditions during
CaDi in the allochthonous slices are interpreted to have reached 400°C and 700

to 1000 MPa.

EarlyCaDa metamorphism is variable in its grade. Mineralassemblages indicate
that different parts of the ArthurLineament experienced metamorphic conditions
ranging fromupper greenschist facies (400-450°C and 500MPa) to the

greenschist-amphibolite transition zone (460 ± 40°Cand 700± 200MPa), m the
garnet stability field (refer to Chapter 3). Late CdD2 was more uniform and

lower greenschist facies conditions (350-400°C and+300 MPa) werewidely
developed in the lineament. Peakmetamorphism in the "westem" Ahrberg
Group were lower greenschist facies conditions, with actinolite stable in the

metabasalts.

Turner& Bottrill (2001) interpreted widespread chlorite development in the
lineament to be the result of chloritisation ofbiotite, based on brown biotite

observed in a schist in the RockyRiverarea. However, in this studybrown
biotite was not found in anypartof theBowry Formation, "eastern" Ahrberg
Group or AGC. However, greenbiotite waspresent in some samples of the
"eastem" Ahrberg Group, the AGC and the BowryFormation, indicative of

uppergreenschist facies conditions. Chlorite is interpreted to be prograde, as it is
in equilibrium withboth the CaDi andCaD2 mineral assemblages. Albite
porphyroblasts were fmmd to be uniformly early- to late-CaD2 in age, in the
Bowry Formation, "eastem" AhrbergGroup and the AGC. In some instances,

the porphyroblasts preserve inclusion trails that are alignedwith the CaSi
foliation. However, in these cases theporphjToblasts are interpreted to have
grown early in the CaD2 event. The syn-CaD2 interpretation of the albite growth
is in contrast to Tumer&Bottrill (2001) who only report albite growth during the
CaDi event.
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5.3 Reconstruction and break-up of Rodinia
The findings fromthe metamorphic geochronology studyundertaken as part of this
work, in conjunction with the structural, metamorphic and igneous geochemistry
investigations, contribute to a further refinement of the tectonic characteristics of

northwestern TasmamaandKing Islandfrom theMesoproterozoic to Cambrian.

Thesub-alkaline, tholeiitic affinities of thepre-1270 Mametabasalts onKing Island
suggestan extensional setting existedduring their extrusion. At this stage, there is
no age constraint on these mafic extrusives and associated sediments.

The ca. 121Q Ma lower amphibolite fadesmetamorphic event onKing Island is not
recorded elsewhere in Tasmania, and it is interpreted to be older thanany exposed
(mainland) Tasmanian basement. Metamorphism of this age hasbeenreported in
western Australia (Albany-Fraser Province), in central Australia (Musgrave Block)
and in areas ofAntarctica (Windmill Islands andHunger Hills) (Sheraton et al.
1996). This suggests that eitherKing Islandwas close to one of these areas

preceding (or during the early stages of) theGrenville Orogeny (ie. King Island is not
nowin its ca. 1270 Maposition), or that a Grenville orogen extends from Hunger
Hills to Wilkes Hasin in Antarctica.

Several othersuggestions canbemade regarding the reconstruction of Rodinia,
encompassing the metamorphic age on King Island, and the detrital zircon

populations on KLing Island and on mainland Tasmania:

• King Island's position at ca. 1270 Ma, relative to southeastem Australia, may be
onlymarginallydifferentto present, and it may have been attached to the Sierra

Madre Oriental terrane (inMexico), (as suggested byHurrett &Berry 2000),
which has a consistent detrital zirconpopulation. This best fit solution is in

accordance with theAUSWUS reconstruction ofKarlstrom et al. (1999).
• Alternatively, also largely using the AUSWUS reconstruction. King Islandmay

have been displacedrelative to its currentposition, and locatedfurther north,
close to theMusgrave Block andAmadeus Basin, as proposed by Berryet al.
(2001).
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• Berry et al. (2001) also present the possibility of another, 'intermediate' Rodinia

reconstruction, with Australia positioned latitudinally midway between the

SWEAT (Dalziel 1991) and AUSWUS best fit solutions. The SWEAT

reconstruction itself is not considered viable however, as the detrital zircon

populations in sandstones ofBritish Columbia (peaks at 2400 and 1900 Ma) and

Tasmania (peaks between 1600-1900 Ma and 1200-1500 Ma) are very different,

inferring different source regions Berry et al. (2001).

On the basis of stratigraphic correlations and palaeomagnetic data, Tasmania is

interpreted to have been attached to mainland Australia during the Neoproterozoic

and in the Late Cambrian (Calver & Walter 2000, Li et al. 1997, Berry et al. 2001).

During the Middle Neoproterozoic, relatively stable passive margin conditions

prevailed in northwestem Tasmania. Duruig this time, the alkaline, intraplate Cooee

dolerite. Sulphur Creek pillow basalts and Montana Melaphyre were emplaced into

the Bumie and Gonah Formations. In addition, the continental shelf-derived Rocky

Cape Group and correlates, and the turbiditie Bumie and Gonah Formations were

deposited (Figure 5.5(a)).

In South Australia, at around 800 Ma, the intraplate extrusives of the Willouran basic

province and the Gairdner Dyke Swarm were emplaced, as a result of a large (1600

km) diameter mantle plume (Crawford & Hilyard 1990, Zhao & McCulloch 1993,

Zhao et al. 1994). Speculatively, the magmatism that produced the Cooee dolerite

and Sulphur Creek pillow basalts, as well as the Willouran basic province and the

Gairdner Dyke Swarm, are thermally related.

Felsic magmatism in southeastem Australia at around 760-800 Ma includes the

granitoids on King Island (760 ± 12 Ma) and in the Bowry Formation (777 ± 7 Ma),

as well as the Rook Tuff (802 ±10 Ma) and the bimodal Boucat Voleanics (777 ± 7

Ma) (Fanning et al. 1986, Turner et al. 1998). These magmatic episodes may also be

thermally related to the mantle plume, as was suggested for the Rook Tuff (Zhao et

al. 1994). Fxufhermore, as rifting is often thought to commence due to arrival of a

mantle plume beneath a region, it can be speculated that the mafic and minor felsic
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volcanics and intrusives possibly represent an early rifting event at ca. 780 Ma

(Preiss 2000). The rift-related magmatism in southeastern Australia at this time may

coincide with the ca. 780 Ma mafic magmatism in western Laurentia (eg. the mafic

dykes that intrude the Little Dal Group of the Mackenzie Moimtauis, Canada), which

possibly represents rifting on the other edge of the rifted margin (Jefferson & Parrish

1989, Park eta/. 1995).

Despite these possible interpretations of the significance ofvarious events, the exact

timing of the hreak-up ofRodinia (into Gondwana and Laurentia) is equivocal, and

has been widely debated (Dalziel 1991, Moores 1991, Powell et al. 1993, 1994a,

Crawford et al. 1997, Veevers et al. 1997, Calver & Walter 2000). Interpretations

range between break-up occurring at 725-700 Ma, just after the Sturtian glaciation

(Powell et al. 1993, 1994a), to around 600 Ma, after the Marinoan glaciation

(Veevers et al. 1997, Crawford et al., 1997). Powell et al. (1994a) proposed that

Tasmania was involved in the earlier rift phase (725-700 Ma). However, the

extensive rift-related tholeiitic magmatism in northwestern Tasmania, which includes

the Ahrberg and Togari Groups, the Success Creek Group-Crimson Creek

Formation, and the Neoproterozoic sequence on King Island, is interpreted to have

occurred between 650-600 Ma (Crawford 1992, Calver & Walter 2000)(Figure

5.5(b)). This indicates that the most significant rifting event that took place in

northwestern Tasmania was a later phase than the 725-700 Ma event.

Major rifting is interpreted to have occurred elsewhere around this time. Rift-related

transitional alkaline lavas in western New South Wales, that were emplaced at ca.

600-585 Ma, and are also considered to represent initial rifting along the eastern

margin ofAustralia-Antarctica (Crawford et al. 1997). Neoproterozoic tholeiites and

associated sediments near the Weddell Sea in east Antarctica also represent rifting

along this margin (Dalziel 1991, Storey et al. 1992). Subsequent to the break-up of

Rodinia, Berry et al. (2001) have suggested that, based on detrital zircon age spectra,

Tasmania was an isolated micro-continent or promontory, in the Palaeopacific

Ocean, until its accretion back on to the Australo-Antarctic craton in the Middle to

Late Cambrian. The accretion occurred as part of the Delamerian/Tyennan Orogeny

(Powell et al. 1994b, Li et al. 1996, Powell 1998, Berry et al. 2001).
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5.4 The Tyennan Orogeny and the formation of the Arthur

Lineament

Upon the refinement of the metamorphic geochronology in westem Tasmania, it is

clear that the main period of deformation was in the Cambrian, at around 510 Ma

(Turner 1993, Black 1994, Tumer et al. 1994, Turner et al. 1998, Section 3.7.2).

This is attributed to arc-continent collision, that involved the subduction ofLate

Neoproterozoic ocean floor in the Early Cambrian, and attempted subduction of the

600 Ma volcanic passive margin, as well as obduction of forearc-derived ophiolite

slices, some ofwhich crystallised at 513.6 ± 5 Ma, shortly before tectonic

emplacement (Berry & Crawford 1988, Crawford & Berry 1992, Black et al. 1997).

Mefffe et al. (2000) noted that the arc-related geochemical affinities of the

ophiolites, the high temperature amphibole mylonites on the soles of the ophiolitic

detachments, the high pressure metamorphism of lithologies beneath the ophiolites,

and the passive margin affinities of the underlying sequence were all characteristics

typical of other arc-continent collisions. They presented other examples ofmore

recent arc-continent collision involving ophiolite obduction, such as New Caledonia

(Aitchison et al. 1995), the Papuan Ultramafic Belt (Davies & Jaques 1984),

Newfoimdland (Cawood 1991) and Oman (Alabaster et al. 1982, Chemenda et al.

1996, Hacker et al. 1996) as supporting evidence of their argument. Based on

comparisons with other ophiolites, Meffre et al. (2000) interpreted the majority of

the Precambrian rocks in Tasmania to have been overthrust by an ophiolite, with the

metamorphic complexes being subducted to depths ranging between 10 and 50 km

dming the collision.

In the vicinity of the Arthur Lineament, the arc-continent collision was characterised

by an overthrusting event, with a series ofmajor decollements causing the present

high-strain tectonostratigraphic pile (Figure 5.5(c)). The collision and overthrusting

involved several progressive stages of structural deformation and metamorphism.

These are summarised below:

• The CaDi event was the first stage of the arc-collision that is represented in the

Arthur Lineament. During the early phase of the collision event, some distance

to the north of the current high strain zone, the allochthonous slices that now
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form part of the lineament were subducted, experiencing high pressure-low

temperature metamorphism, and producing blueschist facies metamorphic

assemblages in the metabasites. The mhieral assemblage, characterised by

glaucophane and epidote, indicates CaDi metamorphism was in the higher grade

blueschist facies, with pressures ranging between 700 and 1000 MPa (Bucher &

Frey 1994). Temperatures are interpreted to have been around 500°C. Despite

the intensity of the CaDi event, the CaSi foliation did not pervasively penetrate

the metabasites. However, the high pressures in the subducted slices caused

metamorphic recrystallisation, and the glaucophane is best preserved in these

more competent, meta-igneous rock types.

The exhumation and south-directed transport of the blueschist rocks was

accompanied by the detatchment and transport of the greenschist facies,

parautochthonous slices of the Arthur Lineament. During this process, CdDi was

characterised by moderate to high strain levels. This resulted in a structural

foliation (CaSi) that is intensely developed in the metasediments from the high

strain zones of the lineament. The CaSi foliation is schistose in these zones, and

is parallel to bedding. The CaDi event produced gently south-plunging isoclinal

folding and stretching lineations, and associated CaSi-parallel faulting. Shearing

attributed to the CaDi event is common in the high strain zones, and produced

quartz segregations that are also parallel to the CaSi foliation and shear plane.

• The CaD2 event was a pervasive deformational episode, that contributed largely

to the formation of the high strain zone. During CaD2, the south-directed

transport of allochthonous and parautochthonous slices continued. The differing

origins of the various blocks led to variation in the metamorphic conditions,

however in general the CaD2 event is characterised by low to medium grade

metamorphic temperatures and pressures, and high strain, resulting in intense

structural deformation. CaD2 overprinted the CaDi event, and obliterated the

textures and mineral assemblages attributed to CaDi in some areas. In some

parautochthonous slices, metamorphism early in the CaD2 event reached the

highest temperatures (460-500°C), with pressures of 600-700 MPa. This grade

ofmetamorphism, just in the greenschist-amphibolite facies transition zone,

occurred in the eastern part of the Dowry Formation and the western part of the
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AGC. In some parts of these slices, metamorphism during early CaT>2 was in the

gamet stability field. In the parautochthonous "eastem" Ahrberg Group, as well

as parts of the Bowry Formation and the AGC, the metamorphic grade was in

the upper greenschist facies, and did not reach the gamet stability field.

Temperatures of400-450°C and pressures of around 500 MPa prevailed during

the early CaD2 event in these slices. The variation in metamorphic histories in

the different parts of the Bowry Formation, and AGC is significant, as it

indicates that these are not coherent units. They are complexes, made up of

blocks which have undergone different metamorphic conditions, and therefore

must have been separate during the CaDi and early CaT>2 events.

Late CflD2 was a imiform metamorphic event. It produced greenschist facies

metamorphism, across the Arthur Lineament, with temperatures of

approximately 350-400°C, and pressures of 300-400 MPa. In the "westem"

Ahrberg Group, peak metamorphism was in the lower greenschist facies. The

common late C«D2 assemblage and metamorphic grade in all the units of the

lineament suggest that at this stage, in contrast to the CaDi and early CflD2

events, the present 'stack' of tectonostratigraphic units had been assembled.

Whereas the CaD2 metamorphism has been divided into early and late stages,

this has not been possible for stmctural deformation during this event.

Alignment ofminerals with the intense, pervasively developed CaS2 foliation

indicates that the structural deformation and metamorphism attributed to the

C«D2 event are directly related. CdD2produced tight to isoclinal folds, with a

pervasive schistose axial planar cleavage, that overprints the CaSi foliation. The

cleavage is sub-parallel to bedding and the CaSi foliation, due to the near co

axial refolding by CdF2. Syn-CaD2 shearing, parallel to the CaS2 foliation,

accompanied folding. The CaF2 fold style and orientation infers that south-

directed transport persisted during the CaD2 event. Thus the alloehthonous and

parautochthonous slices, originating to the north of their current position,

continued their movement towards the south.

During the CaDi and CaD2 events the strain was localised, with the most

strongly deformed (high strain) zones developing within the package of
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allochthonous and parautochthonous slices, and close to the decollement

surfaces. In these areas within the Arthur Lineament, the CaFi and CaF2 folds

plunge to the south, and their axial surfaces dip variably to the east. This differs

in orientation to outside the lineament in the more weakly deformed (low strain)

zones. To the east of the lineament, in areas of low strain, fold axes are east-

west trending, and sub-horizontal, and axial planes dip gently to the south. The

folds are close to recumbent, and are downward facing, as a result of continued

movement to the south in a nappe-style fold and thrust system.

The CaDs event followed the main deformation of the Tyennan Orogeny. The

age of CaDs, is indirectly constrained as late Cambrian. CoDt, is best developed

to the west of the lineament, m the Rocky Cape Group and correlates. It is a

locally developed deformation, and produced meso- to macroscopic asymmetric

folds with west-dipping axial planes and thrust faults that imply an east-directed

transport (Figure 5.5(d)). In areas where the CaDs event is weakly developed,

such as on the north coast in the Somerset-Doctors Rocks region, the CaSi and

CaS2 foliations are gently east-dipping. However, in areas where the CaDa event

is strongly developed, the CaSi and CaS2 foliations are steeply east-dipping. The

CaDs event was responsible for the uplifting of the high strain zone, resulting in

the steep east-dip of the CaSi and CaSa foliations and associated detatchment

surfaces. This CaDa event produced the linear expression of the Arthur

Lineament.

Subsequent Devonian deformation, associated with granitoid intrusion, caused

localised refolding of the lineament, although this event was relatively weak, and

did not play a significant role in the development of the Arthur Lineament.

In summary, following the Cambrian arc-continent collision, the blueschist grade

allochthonous slices were transported (obducted) to the south of the subduction zone

(CaDi)(Figure 5.5(c)). Other parautochthonous rocks were also transported to the

south during this high strain event, with associated intense shearing and folding

occurring at greenschist grade metamorphic conditions. Following this, a near

coaxial high strain deformational event took place, detaching and overthrusting other
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parautochthonous slices to the south, as they were variably metamorphosed to

greenschist and upper greenschist-amphibolite grade (early CaD2)(Figure 5.5(c)).

During these events, strain-related rotation of the developing folds took place,

resulting in a change in orientation of the fold axes from east-west to north south,

and foliations from south-dipping to east-dipping, from the low strain zones into the

high strain zones. The revised metamorphic geochronology of the Arthur Lineament

indicates the early CaT>2 event occurred around 505-510 Ma. During CaDi and early

CaD2, the parautochthonous lithologies were stmcturally emplaced on top of the less

deformed, autochthonous units. In the final stage of assembling the

tectonostratigraphic 'pile', the various slices were stacked together, and lower

greenschist facies metamorphic conditions were developed uniformly in all

allochthonous, parautochthonous and autochthonous blocks (late CaD2). Subsequent

to this, the CaDj event caused the tilting of the tectonostratigraphy, to complete the

development of the Arthur Lineament (Figure 5.5(d)).
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