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Mesoscopic isoclinal Fl fold bounded on the photo left by an intensely foliated phyllite (high strain zone) containing relict
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Abstract

The Eastern Tyennan subdomain occupies the central and easternmost part of the Tyennan Domain (allochthon). It is a
Jault-bounded, arcuate, structural domain with curved north and south lateral terminations. The western boundary of the
subdomain is defined by the arcuate Olga Fault, an inverted Late Cambrian extensional fault. The eastern boundary is a series
of syn- to post obduction thrust faults that form a "lid" of ophiolitic mélange and fault-bounded ultramafics (ophiolite relicts)
to the Proterozoic quartzite-pelite sequence.

The Eastern Tyennan subdomain is continuwous with, and has structural similarities with, the Central Tyennan subdomain
to the north, but shows structural discordance and differences with the Southern Tyennan subdomain to the south. It has an
interpreted litho-tectonic sequence of high-grade garnet schists and amphibolite, overlying low-grade quartzitexphyllite, over-
lying low-grade dolomitic phyllite and dolomite. The schists are only partially preserved as synformal keels or infolds within the
low-grade sequence of quartzite and pelite, and as a klippe at Algonkian Mountain. These are considered erosional remnants
of an once continuous sheet. However, significant pressure differences between the garnet schist of The Starfish-Knob Basin
synformal keel and the amphibolite and banded ironstones of the Atkins Range keel, or pod require a composite nature of the
high-grade sheet.

The Eastern Tyennan subdomain has a stacking of sheets with the uppermost sheets on the east (Upper Allochthon and Ex-
ternal Zone) and the structurally lowest sheet on the west as a parautochthon (Scotchfire sheet). Wedged between is the Lower
Allochthon (the Tyennan sheet or Domain). The parauochthon, made up of dolomitic phyllite and dolomite, is deformed by a
regional scale, tight to isoclinal, macro-fold (Maxwell Valley macro-fold) with reclined geometry. Overlying this the Tyennan
sheet is dominated by an isoclinal, asymmetric macro-fold pair. The repeated isoclinal fold pair through the various ridgelines
is part of a fold "wave train" in the lowest part of the Tyennan allochthon. The central part, or core of the subdomain is a
zone of polydeformation dominated by upright, tight to isoclinal regional-scale F3 folds that refold the early-formed F1/F2
macro-folds. The core is north-south trending, elongated and ovoid-shaped mirroring the arcuate form of the Olga Fault. This
is further typified by marked curvature within the So/Sm formlines and a horsetail fault splay system at the southern ends of
the Olga and Prince of Wales Faults.

Polydeformation was recognised by the earliest workers in the Eastern Tyennan subdomain. There is apparent clockwise ro-
tation of all the developed fabrics So, S1, S2 and S3 at Strathgordon related to an overall west-over-east sense of shear. The
polydeformation is now considered part of a progressive shear-related deformation related to continental margin subduction-ex-
humation. In this scenario, multiple overprinting foliations can form by repeated cycles of foliation development, foliation
rotation and then re-crenulation to produce a new crenulation cleavage. This progressive, rotational shear-related deformation
dominates in the core of the Eastern Tyennan subdomain. Increased shear strain rate and shear strain magnitude have been
localised within the "kernel” of the subdomain. The subdomain core shows a lateral decrease in shear strain both to the north
and to the south, evidenced by a drop-off in overprinting cleavages and the lack of F3 macro-refolding.

The northern part of the Eastern Tyennan subdomain has quartzite-capped ridgelines where isolated quartzite klippe contain
an asymmetric, isoclinal fold pair. The fold pair is laterally continuous along individual ridgelines in tube-like quartzite bodies,
expressed in the Prince of Wales-Hamilton Range-Wilmot-Frankland Range and the Twelvetrees Range, or in spindle-shaped
bodies expressed in the Spires and Mt Curly ridgeline. The hinge pairs are repeated in the adjacent ridges as part of a fold cou-
plet "wave train" where hinges in the structural profiles appear to surge like ocean waves. The hinge zones have a periodicity of
~85km (n=2)and - 6.7 km (n = 3) in the northern structural profiles. The fold pair has an approximate limb separation
distance of -1 km. The quartzite is underlain by dolomite and dolomitic phyllite + quartzite in the northeastern part that
most likely extends to the northwestern part, but listed as undifferentiated (Pu) due to lack of mapping. The relationships are
similar to those at Frenchmans Cap where the basal quartzite sits on dolomitic phyllite of the Scotchfire sheet (parautochthon,).
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1.0 INTRODUCTION

The Eastern Tyennan subdomain represents the middle and easternmost
part of the Tyennan Domain (Figure 1). It is continuous with, and has
structural similarities to, the Central Tyennan subdomain to the north.
There is, however, a discordance with — as well as differences in structur-
al character to — the Southern Tyennan subdomain to the south. It has
an interpreted litho-tectonic sequence of high-grade garnet schists and
amphibolite, overlying low-grade quartzitetphyllite, overlying low-grade
dolomitic phyllite and dolomite. The schists are only partially preserved
as synformal keels or infolds within the low-grade sequence of quartzite
and pelite, and as a klippe at Algonkian Mountain. These are considered
erosional remnants of an interpreted, once continuous, sheet.

The Proterozoic age units are continental margin deposits that were sub-
ducted to depths of ~20 to 60 km beneath an advancing ophiolite sheet
during a Cambrian arc-continent collision along the eastern margin of
Gondwana (Berry and Crawford, 1988; Berry, 2014, Figure 4.10). Cam-
brian-Ordovician overlap sequences bound both the eastern and western
parts of the Eastern Tyennan domain (Brown et al., 1989). These include
the Cambro-Ordovician sandstone-conglomerate sequences flanking the
Olga Valley on the west side and the Denison Range on the east.

This Tasmanian Geological Survey Paper is part of a series of papers
revisiting the structural geology of the Tyennan Domain of Tasmania
(Figure 1). The aim of this study has been to re-examine the structure of
the Tyennan Proterozoic rocks in the context of Cambrian continental
margin subduction-obduction. Deformation of this former Cambrian
continental margin beneath the advancing ophiolite sheet has involved
crustal-scale stacking of sheets of different metamorphic grade, isoclinal
folding and internal sheet deformation, with sheets welded along their
contacts by shear zones and/or brittle faulting. Subsequent erosional
removal of the ophiolite sheet has provided an exposed 50-100 km
window into these underlying rocks (Gray et al., 2024).
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Figure 1. The Proterozoic Tyennan Domain of Tasmania shown in: a) Map base is Mineral Resources Tasmania 1:25,000 and 1:250,000 digital
geological atlas; b) Enlarged map with the location of the Eastern Tyennan subdomain. The divisions within the Tyennan are after Berry (2014).
‘The approximate Southern Tyennan map sheet polygon boundaries are 5 345 400 mN (northern boundary), 5 165 000 mN (southern boundary),
467 000 mE (eastern boundary) and 386 000 mE (western boundary). The dashed line is the position of the structural profile shown in Figure 19.

This paper represents a synthesis of the regional structure
of the Eastern Tyennan subdomain with companion Geo-
logical Survey Papers 7 and 13 defining the structures and
structural relationships in the adjoining Central Tyennan
subdomain (Gray and Vicary, 2021b) and Southern
Tyennan subdomain (Gray and Vicary, 2023) respective-
ly. Appendix 1 provides the bushwalker photographs and
interpretation that enabled construction of photo profiles
along the individual ranges, as well as a summary of the lo-
cal geology. Appendix 2 shows construction of a structural
profile utilising outcrops along the Gordon River Road
between Gordon Dam and Hermit Hill. Appendix 3 out-
lines strain determinations from the quartzites of the east-
ern Tyennan subdomain. Newly acquired structural data is
tabulated in Appendix 4.

2.0 BACKGROUND
2.1 Geographic Elements

Geographically the Eastern Tyennan subdomain consists
of several long, arcuate, ridge-lines made up of successive

ranges (Figures 2 and 3). These ranges include from west
to east:

1. Norway Range - Princess Range - Nicholls Range -
Dohertys Range (-60 km combined length)

2. Gum Ridge - Algonkian Mountain (-18 km com-
bined length)

3. Prince of Wales Range - Hamilton Range - Wilmot
Range - Frankland Range (-80 km combined length)

4. 'The Spires - Twelvetrees Range (-40 km combined
length)

5. North Star - The Pleiades - Junction Range (-36 km
combined length)

The region is cut by the Jane, Gordon, Denison and Max-
well Rivers and is now dominated by the Hydro impound-
ments of Lakes Pedder (filled in 1972) and Gordon (filled
in 1974) (Figures 2 and 3). Elevations of the ranges are
generally around 1000 m (Figures 2 and 3).
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Figure 2. ListMap topographic map of the Eastern Tyennan subdomain showing geographic elements and place names listed in the text.

Page 6



Figure 3. ListMap digital elevation model of the Eastern Tyennan subdomain. The subdomain is defined by long, arcuate ridgelines that show
marked curvature towards their southern terminations. Major geographic elements, including Lakes Pedder and Gordon as well as the main ridges,

are highlighted.
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Peaks along the Prince of Wales Range include Obser-
vation Peak (952 m), Diamond Peak (1,066 m), Mount
Humboldt (1,069 m) and Olegas Bluff (659 m) at the
southern termination. For the Wilmot Range, Mt Sprent
(1,059 m) and Koruna Peak (930 m) transitioning into
the Frankland Range that includes from north to south
Coronation Peak (1,054 m), Double Peak (1,061 m), The
Cupola (970 m), The Lion (988 m), The Citadel (929
m), Murphys Bluff (888 m), Cleft Peak (946 m), Grey-
cap (808 m), Frankland Peak (1,083 m), Secheron Peak
(1,068 m), Mt Lloyd Jones (982 m) and Terminal Peak
(796 m). East of the Prince of Wales Range, The Spires
Range from north to south includes Flame Peak (1,122
m), False Dome (1,099 m), The Camel (1,009 m), White
Pyramid (1,075 m) and Southern Cone (1,028 m). Be-
tween the Spires and North Star - The Pleiades ridges a
series of peaks include from west to east: Shining Moun-
tain (1,110 m), Conical Mountain (1,124 m), Mt Curly
(1,065 m) and Pokana Peak (1,127 m). To the north of
these are Innes Rocky High (1,083 m) and Philps Lookout
(854 m).

2.2 Lithology and litho-tectonic units

The Eastern Tyennan region (Figure 4) consists of region-
ally metamorphosed phyllite, schistose quartzite, massive
quartzite, garnet schist and amphibolite (Boulter, 1978;
Brown et al., 1989, p. 12-31; Calver et al., 1990, p.13-
18). It is dominated by quartzite and quartz-dominant
to phengite-dominant phyllite. Quartzite bands range in
thickness up several tens of metres. The quartzite normally
occupies the north-trending ridges with phyllitic rock oc-
cupying the intervening valleys and lower ground.

Areas of interlayered dolomite, calcareous-dolomitic phyl-
lite, quartz-mica and mica-quartz phyllite occur in the up-
per reaches of the Pokana River, north of Shining Moun-
tain, the lower western and eastern slopes of the Northern
Pleiades and north of North Star (Brown et al., 1989).
Dolomite and dolomitic phyllite also occurs in the bed
of the Dension River between the Nicholls and Hamilton
Ranges and throughout the Maxwell River valley between
the Princess Range and the Prince of Wales Range (Dix-
on, 1992). The high-grade schist and amphibolite occur as
isolated remnants in fold cores in the Strathgordon - Twel-
vetrees Range - Atkins Range area, as well as an erosional
outlier at Algonkian Mountain (Figure 4). Construction
of structural profiles has enabled establishment of a stack-
ing order (Figure 4).

In map projection, the Eastern Tyennan subdomain has a
~75 km length and ~35 km width and is made up of three

major map components (Figure 4):

A. On the west, a triangular-shaped wedge of low-grade
dolomitic phyllite and dolomite (Scotchfire metamor-
phic sheet; Spry, 1963; Dixon, 1992) occurs within a
south-closing macro-fold with an east plunge and re-
clined geometry. This sheet is continuous into the Cen-
tral Tyennan subdomain (Gray and Vicary, 2021b).

B. On the east, an isoclinally folded, thin quartzite sheet
with S-vergent asymmetric fold pairs is preserved
within long ridgelines that extend for 20-40 km. The
quartzite is overlain by an eroded, discontinuous, thin
high-grade sheet which crops out at the Bell Basin
near Strathgordon, as an outlier at Algonkian Moun-
tain (orange units in Figure 4), and as a large pod of
amphibolite east of the Twelvetrees Range (magenta
unit on Figure 4). These units combined form this
part of the Tyennan allochthon.

C. On the east flank are an overlying External Zone "lid"
of fault-emplaced oceanic mélange (Ragged Basin
Complex), ultramafics (Adamsfield Ultramafics), and
low-grade Proterozoic meta-sedimentary sequenc-
es (Clark Group and Harrison Opening Formation)
(Crawford et al., 2014; Everard and Calver, 2014).
This eastern region shows structural intercalation be-
tween the low-grade Proterozoic meta-sedimentary se-
quences (e.g. Wings Quartzite) of the middle alloch-
thon, and the mélange and ultramafics of the upper
allochthon. The relationship between the low-grade,
relatively undeformed quartzite units to the more
strongly deformed quartzite typical of the Tyennan
domain remains unclear and is now largely hidden
under Lake Gordon.

2.3 Nature of the Layering, Foliations and Lineations

The schists, quartzites and phyllites of the Eastern Tyennan
region show varying degrees of deformation, from relative-
ly undeformed with preserved bedding features (So), to
highly deformed rocks with high-strain fabrics typified by
strong to intense foliation and transposition layering/foli-
ation (Sm), rodding fabrics within the transposition layer-
ing (So/Sm), mesoscopic isoclinal folds, rootless isoclinal
fold pairs, and multiple crenulation cleavages (Scc).

Quartzites are white or pink, banded and schistose. The
more massive quartzites appear less deformed and com-
monly preserve cross bedding. Thinner quartzite bands
appear as pinch-and-swell structures (boudins) particular-
ly where interlayered with quartz-mica and mica-quartz
phyllite (McClenaghan and McClenaghan, p.66-79, in

Brown et al., 1989). The phyllites tend to be strongly de-

formed with a distinct foliation.

There are six types of layering and foliation:

1. Bedding So: relatively undeformed bedding.

2. Bedding-parallel foliation So/Sm: compositional
banding sub-parallel to a strong to intense foliation
that is folded by recumbent isoclinal folding.

3. Intense foliation (Sm): the dominant foliation that is
axial surface to the major recumbent isoclinal mac-
ro-folds. Associated with this layering is a marked rod-
ding fabric within the Sm layering. This is the regional
foliation that envelopes macro- to meso-fold "pods".
The pods occur at all scales.

4. Crenulation cleavages (Scc): associated with develop-
ment of transposition layering in the basal high-strain
zones and to younger folding events.
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5. Shear Band foliation (Sb) or S-C' fabrics: as a form of
extensional crenulation cleavage that reflects shear-in-
duced, foliation-oblique late-stage flattening. These
zones are essentially secondary shear zones that record
the overall shear sense and/or emplacement direction.

6. Spaced cleavage (Scl): a younger Devonian cleavage
that overprints all three foliations listed above.

2.4 Previous mapping

Reconnaissance investigations carried out in the late 1950s
and 1960s by the Lyell Electrolytic Zinc (Sampey, 1957;
Scott, 1959, 1960) and BHP (Hall et al., 1969) provided
a basic geological framework for the Eastern Tyennan sub-
domain as part of a broad assessment of the Precambrian
rocks of southwest Tasmania (Figure 5).

The earliest structural investigations and mapping were
undertaken in the late 1960s and the early 1970s (Figure
5) during the early stages of the Gordon Dam site-inves-
tigation and construction with the new access of the Gor-
don River/Strathgordon Road into the middle stretches
of the Gordon River completed in 1967. Powell (1969)
undertook structural analyses in July and August 1967 on
the southern side of the proposed Gordon Dam site as
part of contract work for the Hydro-Electric Commission
of Tasmania. Boulter (1974, 1978) undertook structur-
al mapping of the Wilmot and Frankland Ranges from
April 1971 over a 2-3 year period culminating in a PhD
(Boulter, 1978). Williams (1973, 1976) undertook struc-
tural mapping in the McPartlans Pass area as part of a Uni-
versity of Tasmania BSc Hons thesis.

This early structural mapping was accompanied by Tasma-
nian Geological Survey mapping of the Huntley 1:50,000
Series map sheet (Brown et al., 1982) and the Pedder
1:50,000 Series map sheet (Turner et al., 1985). Map-
ping in both areas was started in 1973 and completed in
the summer of 1975-1976 prior to the flooding of Lakes
Gordon and Pedder, with map publications in 1985, and
Explanatory Notes published in 1989 and 1990 (Brown et
al., 1989; Calver et al., 1990).

Dixon (1992) and Kiernan (1995) described and mapped
the distribution of the Proterozoic Jane Dolomite in the
Maxwell and Gordon River areas.

More recently, Meffre et al. (2021) undertook a reconnais-
sance traverse along 1) the south side of Hermit Narrows,
and 2) part of the Frankland Range including Cleft Peak,
The Citadel and Murphys Bluff. Port (2023) completed a
BSc (Hons) project on the Hermit Narrows and Strathgo-
rdon area.

2.5 Early structural investigations and significance

The first structural investigation undertaken by Chris Pow-
ell (1969) demonstrated poly-deformation with: 1) three
major phases (D1, D2 and D3) and a later minor phase
of deformation (D4) recognised, and 2) the fold phases
were coaxial with general low plunges to the north (Pow-
ell, 1969; Boulter 1974, 1978; Williams, 1973, 1976; Mc-
Clenaghan and McClenaghan, in Brown et al., 1989).

Powell (1969) undertook structural analysis in newly de-
veloped exposures at the Gordon Dam site for the Tasma-
nian Hydro. Boulter (1978) subsequently revised Powell's
classification based on more extensive structural mapping
of the Wilmot and Frankland Ranges, including the Gor-
don Dam exposures (Figures 6 and 7).

Boulter (1978) recognised early (D1) east facing, recum-
bent folds with Z-asymmetry (looking north) suggesting
overriding from the west or southwest (Figures 6 and 7).
These early recumbent folds were considered fold-nappes
with extensive lower limbs and limb inversions in the or-
der of -5 km. Boulter argued they were comparable to
Alpine nappes with bulk translation in slices bounded by
discrete thrust surfaces (high strain zones) but that they
lacked an Alpine-style root zone.

Boulter (1978) noted a general decrease in strain from the
north, in the Wilmot and the northern Frankland Ranges,
to the south in the southeast Frankland Range. Observa-
tions include:

*  Major D1 folds have strain distributions matching
concentric shearing strains within layering on fold
limbs, accompanied by an overall homogeneous flat-
tening (Z shortening) of 25 % (based on strain analy-
sis of sedimentary fabrics and cross bedding).

*  Variation in the stretching direction (X) relationships
to macro-isoclinal fold hinges through the pile:

0 Below the thrust in the eastern Frankland Range
the X direction is about 30° away from the major
fold axes.

0 Above the thrust the stretching lineation (X-di-
rection) is at high angle (- 90°) to major isoclinal
fold axes.

North of Cleft peak: S1 is parallel to bedding.
South of Cleft Peak: S1 is at an angle to bedding

and sedimentary structures are better preserved.

* D2 folds have consistent sense of asymmetry through-
out the region and are coaxial with F1 folds, suggest-
ing a continuous deformation/tectonic regime from

D1 to D2.

* D3 folds have amplitudes close to 1 km but locally
generally less than 10 m. They largely occur in flaggy
and micaceous quartzite, with almost no effects in
pure quartzite sequences.

* D3 folds are almost coaxial with D1 and D2 folds but
show opposite sense of overriding.

*  Apparent conjugate relationship between axial surfaces
of D2 and D3 folds, but overprinting is always consistent
and the nature of the microfabrics is quite different.

e D4 folds are major upright folds with little or no
plunge. The largest D4 fold has an amplitude of - 4
km.

Strain in D4 increases towards D4 fold hinges.
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Eastern Tyennan
Lower Allochthon (B)
Stacking Order

H-G pelite (orange)
- amphlbollte (purple)
- L-G Pelite

- Quartzite
P S—
Dolomitic phyllite +

dolomite

- Dolomite

[ ¥ /s 4

Figure 4. Geological map of the Eastern Tyennan subdomain showing the distribution of the litho-tectonic units and the stacking order from point

to point based on the regional folding relationships, namely lowest units in anticline cores versus uppermost in synclinal cores. The stacking order

is shown in the inset lower left. H-G: high grade. L-G: low grade. The three major map components are labeled:

A.  The Scotchfire Metamorphic sheet (lithotectonic units 4 and 5) or parautochthon;

B. The Tyennan allochthon (units 1, 2 and 3); and

C. A composite of structurally intercalated upper allochthon (External Zone), consisting of Early Cambrian oceanic mélange (pink) and ultra-
mafic rocks (green), and Proterozoic low-grade meta-sedimentary rocks (blue) of the middle allochthon.
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Figure 5. Index map of structural data sources for the Eastern Tyennan domain. Geological mapping was initiated in the late 1960s and 1970s
with the Lake Gordon - Lake Pedder Hydro electricity schemes.

University of Tasmania PhD Thesis by Boulter (1978) and an Honours Thesis by Williams (1976) at McPartlans Pass followed an initial structural
investigation by Powell (1969) utilising the new Gordon Dam site cuttings and excavations. Map base is the Mineral Resources Tasmania 1:25,000
and 1:250,000 digital atlas series. The Huntley and Pedder 1:50,000 Map Series were completed by the Tasmanian Geological Survey in 1989
(Brown et al., 1982) and 1990 (Turner et al., 1985). Recent mapping by Port (2023) also shown.
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Figure 6. Composite down-plunge profile of the Frankland Range (Figure 2, Boulter, 1990) showing the relationships between the early F1 folds,
the positions of phyllite and micaceous quartzite, F1 fold facing and younging. Stereographic projections show poles to bedding (So/Sm) for
different segments of the Frankland Range: A) Coronation Peak to Double Peak. B) Redtop to Cleft Peak. C) Cleft Peak to Frankland Saddle. D)

Frankland Saddle to eastern end of the Frankland Range.

Episodic or continuous deformation?

*  Stepwise process of folding, translation and strain
during D1 suggested the transition from D1 to D2 is
not continuous.

Alpine-style recumbent folds were argued by Spry (1963)

for the Frenchmans Cap and Raglan Range areas and doc-

umented by Boulter (1978) for the Wilmot-Frankland

Range areas.

2.6 Structural observations from geological survey map-
ping of the Huntley and Pedder 1:50,000 map sheets.

Work by Marcus and Jean McClennaghan and Nic Turner
on: 1) the Huntley sheet (Brown et al., 1989, p.66-79)
provided detailed structural interpretations through the
Twelvetrees, Atkins, Junction and Pleiades Ranges that ex-
tended the structural understanding of the northeastern
parts of the Eastern Tyennan subdomain (see Section 5);
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SCHEMATIC STRUCTURAL EVOLUTION

Figure 7. Boulter (1978, Figure 8.3) structural sequence based on field structural studies of the Wilmot-Frankland Ranges. A and B show tight to
isoclinal folds that Boulter considered D1 (pre-D2), with conjugate box-like folding in D3 and upright, open folding as the D4 event
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and 2) the Pedder map sheet (Calver et al., 1990, p.62-80)
provided detailed structural interpretations of White Spur
and the Twelvetrees Range, and through the Lake Pedder
area including The Hermit, Mt Cullen, Stillwater Hill, Mt
Helder, Mt Cawthorn, the Sentinel Range, The Coronets
and Mt Solitary.

2.7 Metamorphism and Metamorphic Petrology Inves-
tigations and Significance

Most of the Eastern Tyennan domain is low-grade green-
schist facies metamorphism with isolated belts or pockets
of garnet schist and amphibolite (Boulter, 1978; Boulter
and Riheim, 1974; Calver et al., 1990). Named as the
Strathgordon Metamorphic Complex (Turner, 1989a;
Chmielowski, 2009), the overall lower metamorphic grade
and poor preservation have given this complex downgrad-
ed significance. It was not treated or discussed in Meffre
etal. (2000) and given restricted occurrence to the core of
south-plunging synform west of Strathgordon (Calver et
al., 1990; Chmielowski, 2009).

The presence of garnet bearing rocks and structurally in-
tercalated amphibolite (Figure 8) has been used to desig-
nate areas of high-grade metamorphism in the Tyennan
Domain (Meffre et al., 2000). In the Eastern Tyennan
subdomain garnet schists have been recorded at:

1. The area east of Detached Peak (Boulter, 1978, Figure 9)
2. 'The Hamilton Range (Scott, 1959)

3. Algonkian Mountain (Turner, 1990)
4

Huon River Valley headwaters, south of Lake Pedder
(Hall et al., 1969)

Amphibolite occurs east of the Twelvetrees Range as a large
pod (~15 km length and ~1.5 km maximum width) asso-
ciated with, and enveloped by, pockets of sodic, blue am-
phiboles in haematitic banded ironstones from the Atkins
Range and the Gordon River north of the Atkins Range
(see blue dots and stars, Figure 8). The amphibolite crops
out as strongly foliated, dull green schist containing albite,
epidote, actinolite and chlorite. Details of the petrogra-
phy, chemistry and fabric/mineral growth relationships are
provided in Brown et al. (1989, p.14-18).

2.6.1 Metamorphic PT Determinations

The earliest studies on the metamorphism of the Eastern
Tyennan domain were undertaken on quartz-chlorite as-
semblages including garnet by Riheim and Boulter in the
early 1970s, as part of University of Tasmania PhD theses,
with eventual publications by Rdheim (1977) and Boulter
and Riheim (1974). Data and PT calculations were also
included in theses by Williams (1973) and Boulter (1978).
Subsequent studies by Brown et al. (1989) on blue amphi-
bole bearing lithologies from the Atkins Range and the
Gordon River north of the Atkins Range provided other
PT estimates for the Eastern Tyennan domain.

Mulder (2013, Appendix 7) provides an excellent summa-
ry of the earlier work and results, and also provides a revi-
sion of the original PT estimates using THERMOCALC on the
data of Boulter (1978), Riheim (1977) and Brown et al. (1989).

PT estimates have included (Figure 8):

1. 0.1-0.9 GPa and 200-350 °C (lower greenschist fa-
cies) based on a quartz-albite-muscovite-chlorite as-
semblage at McPartlan Pass (Williams, 1973)

2. up to 0.6 GPa and 400-500 °C for the highest-grade,
garnet-bearing zone surrounding Detached Peak
(Boulter, 1978)

3. 0.3+0.1 GPaand 400-500 °C using the Si-in-phengite
curves of Velde (1967) and garnet stability (Riheim,
1977)

4. 0.4+0.1 GPaat ~500 °C based on the average THER-
MOCALC PT estimates from garnet and phengite
bearing phyllite (Mulder, 2013, p.51-52)

5. ~0.5 GPa and 540 °C (Port, 2023, Appendix D)

The PT estimates of Boulter (1978) and Raheim (1977)
used the Si-in-phengite curves of Velde (1967). These
data have been updated by Mulder (2013, Appendix 7)
using the Si-in-phengite curves of Massone and Schreyer
(1987). The revised estimates give minimum pressures of
0.5-0.8 GPa within a temperature range of 400-500 °C
(Mulder, 2013, Figure 1).

A pressure estimate >0.7 GPa was obtained by Mulder
(2013, Figure 2) for the sodic amphibole from the now
submerged Gordon River locality using the Na (B) versus
ALV diagram of Brown (1977). Amphibole compositions
from the amphibolites structurally intercalated with schist
and quartzite within the Strathgordon part of the "com-
plex" indicate pressures <0.5 GPa (Mulder 2013, Figure
2) matching the pressure estimates from the phengites.
The marked pressure difference between the Atkins Range
body and the Strathgordon rocks suggests either: 1) two
discrete metamorphic sheets within the Strathgordon
Metamorphic Complex; or 2) that the interpreted sheet
is composite and represents an amalgam of metamorphic

slices (cf. Mulder, 2013, Appendix 7, p.55).

2.6.2 Metamorphic Textural Relationships

Boulter (1978) made the following textural observations:
1. Garnet mostly occurs with skeletal form

2. Small, inclusion free garnets are wrapped by foliation
S2 (either Sm or Scc) and have pressure shadow zones

3. Albite porphyroblasts have straight inclusion trails

This textural evidence suggests the peak of metamorphic
crystallisation in the Eastern Tyennan subdomain oc-
curred immediately before and during the second defor-
mation phase D2, with small garnets mainly pre-D2, and
large garnets pre- to syn-D2 (Boulter, 1978). Chemical
variation in phengite grains from S1 to S2 is gradual, re-
flecting continuous metamorphic changes, whereas fabrics
§3, §4 and S5 suggest fabric development under lower PT
conditions (Boulter, 1978; Boulter and Raheim, 1974).
Structurally, D1 gives pronounced tectonic fabrics almost
everywhere parallel to bedding/compositional layering,
and isoclinal D2 folds generally have an axial surface cren-
ulation cleavage fabric.
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Figure 9. Metamorphic specimen locality map from Boulter (1978, Figure 5.1) with the stippled area east of Detached Peak showing the region

of garnet-bearing rocks.

2.8 Current Work

This synopsis and analysis of the structure of the Eastern
Tyennan is based on 1) bushwalker photographs, 2) pho-
tographs and field measurements by Sebastien Meffre and
David Green of Mappes Cove and the Lion-Citadel re-
gion of the Frankland Range, 3) photographs from Grant
Dixon, 4) traverses by the authors along the Gordon Riv-
er Road from the Sentinels to the Gordon Dam site, the
Twelvetrees Range, shorelines of Lake Pedder along Bell
Narrows and Bell Basin, and the shoreline of Wilmot Bay
north Starfish Hill, 5) analysis, interpretation and compi-
lation of all existing data primarily from Clive Boulter's
University of Tasmania PhD Thesis (Boulter, 1978) and
the Explanatory Reports for Huntley (Sheet 73; Brown et
al., 1989) and Pedder (Sheet 80: Calver et al., 1990).

Bushwalker photographs were accessed from:

1. david-noble.net

i. A Traverse of the Frankland Range, Tasmania - Janu-
ary 2002

ii. Prince of Wales Range Traverse, Tasmania - January 1981

iii. A Traverse of the Wilmot and Frankland Ranges, Tas-
mania - Dec-Jan 1980

iv. Traverse of the King William Range, Spires and Prince
of Wales Range, Tasmania - Jan-Feb 1977

2. rockmonkeyadventures.worpress.com-Becca Lunnon

i. Hamilton Range: 1-5 March 2023

ii. The Pleiades: 14 February 2021

iii. The Prince of Wales Range: 16-25 February 2020

iv. Terminal Peak, Lloyd Jones and Secheron: 22-24 De-
cember 2019

v. The Spires: 16-24 January 2016

vi. The Frankland Range: 26-31 January 2013
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3. Wandering Foxbat U-Tube videos of flights through

the area, including:
i. Highlights of W and SW Tasmania/Conical Moun-

tain traverse

ii. Side View Highlights: Conical Mountain-Mt Anne-
Lake Pedder-Federation Peak-Bathurst Harbour

The bushwalker ridgeline photographs were used to con-
struct structural profiles along individual ranges and then
assembled to make regional structural profiles across parts
of the Eastern Tyennan subdomain.

All measurements/orientations cited in the text are true
unless stated. Structural data collected by the authors is
presented in Appendix 4.

All map grids and grid references in the text have a GDA94
datum with MGA coordinates in Zone 55.

3.0 EASTERN TYENNAN SUBDOMAIN GEOLOGY
OVERVIEW

The Eastern Tyennan region (Figure 10) consists of region-
ally metamorphosed phyllite, schistose quartzite, massive
quartzite, garnet schist and amphibolite (Boulter, 1978;
Brown et al.,, 1989, p. 12-31; Calver et al., 1990, p.13-
18). It is dominated by quartzite and quartz-dominant
to phengite dominant phyllite. Quartzite bands range in
thickness up several tens of metres. The quartzite normally
occupies the north-trending ridges with phyllitic rock oc-
cupying the intervening valleys and lower ground.

Areas of interlayered dolomite, calcareous-dolomitic phyl-
lite, quartz-mica and mica-quartz phyllite occur in the up-
per reaches of the Pokana River, north of Shining Moun-
tain, the lower western and eastern slopes of the Northern
Pleiades and north of North Star (Brown et al., 1989).
Dolomite and dolomitic phyllite also occurs in the bed
of the Dension River between the Nicholls and Hamilton
Ranges, and throughout the Maxwell River valley between
the Princess Range and the Prince of Wales Range (Dixon,
1992; Gray et al., 2024).

The high-grade schist and amphibolite occur as isolated
remnants within interpreted fold cores in the Strathgor-
don - Twelvetrees Range - Atkins Range area as well as an
erosional outlier at Algonkian Mountain (Figure 10). The
high-grade (H-G) pelitic rocks + amphibolite have limit-
ed preservation within the Eastern Tyennan subdomain.
They occur:

1. asinterpreted infolds within the cores of upright, north-
south-trending, doubly-plunging synformal F3 folds;

2. and as a klippe at Algonkian Mountain (Figures 10
and 11).

3.1 Map Pattern and Regional Relationships

The Eastern Tyennan subdomain is a fault-bounded, arcu-
ate, structural domain with curved north and south lateral
terminations (Figures 10, 11 and 12). The western bound-
ary of the subdomain is defined by the arcuate Olga Fault,
an inverted Late Cambrian extensional fault. The eastern
boundary is a complex series of syn- to post-obduction
thrust faults that form a "lid" of ophiolitic mélange, ophi-

olite (Upper Allochthon) and associated low-grade Pro-
terozoic meta-sediments to the Proterozoic quartzite-pelite
sequence that defines the Lower Allochthon or Internal
Zone (Figure 12).

The Eastern Tyennan subdomain has a north-south-trend-
ing, elongated, ovoid-shaped "core" mirroring the arcu-
ate form of the Olga Fault (Figures 12 and 13). This is a
zone of polydeformation dominated by upright regional
F3 folds that refold the early-formed F1/F2 macro-folds
(Figure 13). It is typified by marked curvature within the
So/Sm formlines and a horsetail fault splay system at the
southern end. Accompanying this is a transition to low-
er strain, shown in: 1) the Wilmot to Frankland Range
to Terminal Peak (Boulter, 1978); and 2) the Twelvetrees
Range to the Coronets/Sentinel Range with a relatively
undeformed character. At the northern end there is an ap-
parent transition to higher strain where the main quartzite
bands (layers) appear segmented into isolated, elongated
pods within and bounded by intensely foliated pelitic
units. The Twelvetrees Range thins and tapers northwards
into the pods and augen that make up the Spires (Figure
13), with similar changes of the Atkins Range quartzites
into the Mt Curly pod or augen.

The mapped distribution of bedding (So) and foliation
(Sm) measurements provides a qualitative indicator of de-
formation intensity throughout the Eastern Tyennan sub-
domain (compare the distribution in Figures 10 and 11).
Where bedding is still preserved (Figure 10) the rocks are
relatively undeformed and/or the deformation intensity is
least. These areas include the south end of the Frankla-
nd Range and The Sentinels-Coronet Peak area. Where
Sm is dominant the deformation is strongest, such as in
the Strathgordon - Atkins Range region. Many areas show
both So and Sm reflecting heterogeneous deformation
through the sequence. These areas include the Pleiades -
Junction Range and the Mt Helder - Buckies Bonnet -
MacPartlan Pass region (Figures 10, 11 and 13).

Another discriminator of deformation within the Eastern
Tyennan subdomain is the location of the post-F2 (des-
ignated as F3) fold axial surface traces (Figure 12). These
highlight areas of tight to isoclinal refolding of the early
F2 macro-folds (Figure 13). Domains of different styles
and intensity of deformation are shown by the coloured
dashed envelopes in Figure 13. These include:

1. Magenta dashed envelope (Figure 13): approximate
domain of polydeformation characterised by refold-
ed macro-folds, multiple overprinting foliations and
higher strain recorded by the nature and development
of the dominant foliation Sm.

2. Orange dashed envelope (Figure 13): domain domi-
nated by macroscale refolding of the early F2 asym-
metric fold pairs.

3. Green dashed envelope (Figure 13): domain of dis-
membered quartzite layers, now preserved as lenticular,
spindle-shaped tubes, that commonly contain rem-
nants of the early-formed asymmetric fold pairs. The
Spires area is the best example of this deformation style.
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~~ Bedding (So)

~~ Overturned bedding

>~ Bedding (facing unknown) “ Rux

Figure 10. Eastern Tyennan subdomain bedding (So) attitude map showing fault traces, macro-fold axial surface traces (red traces: north and/
or west closing; orange traces: south and/or east closing) and bedding strike and dip measurements. The base map is modified from the Mineral
Resources Tasmania 1:250,000 and 1:25,000 digital atlas.
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Figure 11. Eastern Tyennan subdomain foliation (Sm) map showing fault traces, macro-fold axial surface traces (red traces: north and/or west clos-
ing; orange traces: south and/or east closing) and the foliation strike and dip measurements. The base map is modified from the Mineral Resources
Tasmania 1:250,000 and 1:25,000 digital atlas.
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Figure 12. Eastern Tyennan subdomain macro-fold axial surface trace map (red traces: north and/or west closing isoclinal folds; orange traces:
south and/or east closing isoclinal folds; blue dashed traces: F3 tight to isoclinal folds; blue traces: younger Devonian fold axial surface traces). The
orange and red axial surface traces are coupled, asymmetric isoclinal macro-fold pairs. Macro-fold axial surface strike/dips are also shown. These
have been interpreted from the various photo profiles for each of the quartzite dominated mountain ranges.
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In summary, the Eastern Tyennan subdomain shows par-
titioned deformation that has some similarities to, but
also contrasts with, the adjoining Central and Southern
Tyennan subdomains.

3.2 Major Structural Elements of the Eastern Tyennan
Subdomain

The major structural elements of the Eastern Tyennan sub-
domain include (Figure 14):

1. A tght to isoclinal, regional macro-fold (Maxwell
River Valley macro-fold) with reclined geometry in
dolomite and dolomitic phyllite (Scotchfire Met-
amorphic sheet or equivalent) as part of the lowest
sheet or parautochthon (Element 1, Figure 14).

2. Isoclinal macro-fold pair in quartzite exposed as iso-
lated hinge pairs in the successive ranges (Figures 14
and 15), including the:

e Prince of Wales - Hamilton Range (Element 2,
Figure 14) - Wilmot Range - Frankland Range
fold pair (Element 3, Figure 14).

* The Spires (Element 6, Figure 14) - Twelvetrees
Range - Trappes Hill - Stillwater Hill - Mt Helder
fold pair (Element 5, Figure 14).

*  Sentinel Range - The Coronets fold pair, possibly
part of the upper low-grade allochthon (the Ex-
ternal Zone of Berry, 2014).

3. H-G pelite + amphibolite pods/augen as infolds or
synformal keels bounded by zones of intense foliation

Sm (Figures 14 and 15). These include:

¢ Bell Basin - The Starfish keel that closes out in the
Denison Valley to the north (Element 4, Figure 14).

*  Atkins Range amphibolite body (Element 7, Fig-
ure 14).

4. H-G pelite klippen at Algonkian Mountain (Element
10, Figure 14).

5. 'The Junction Range - Pleiades fold system an ovoid,
doubly terminating and plunging macro-sheath fold
in the eastern part of the subdomain (Element 8, Fig-
ure 14 and Figure 15).

6. A structural core as a polydeformed internal domain
defined by overprinting, multiple cleavages and major
north-south-trending, upright regional F3 folds that
refold the early formed F1/F2 folds (magenta dashed
polygon shown in Figure 13). Structural relationships

in the core typify development in rotational shear
(Gray et al., 2024).

7. A stacking of sheets that has uppermost sheets on the
east (Upper Allochthon and External Zone) and the
structurally lowest sheet on the west (parautochthon)
(Figure 15). Wedged between is the Lower Allochthon
(the Tyennan sheet or Domain). Each of the sheets
has a distinct internal structure (Figures 14 and 15).

3.3 Early Fold Axis (FA) Pattern

Fold axis data to define the early isoclinal fold axis pattern
(Figure 16) is limited to measurements from the Hunt-
ley and Pedder 1:50,000 mapsheets (Brown et al., 1982;
Turner et al., 1985), PhD mapping in the Wilmot and
Frankland Range (Boulter, 1978) and data collected by
the authors along the Gordon River Road. Macro-fold
fold axis determinations were determined from 7 and 3
plots of So, So/Sm and Sm data in the hinge areas of these
folds from the various sources.

The early fold axis trend map (Figure 17) highlights a pat-
tern where the dominant fold axis trends are sub-parallel
to the regional structural strike. Fold axes mirror the rid-
geline trends dominated by quartzites, noticeably follow-
ing the curvature of the southern part of the Frankland
Range.

A subset of fold axes are at higher angles to the strike
trends (Figure 16) and show an approximate east-west
pattern across the Maxwell River Valley macro-fold, parts
of the synformal H-G keels of F3 macro-folds in the East-
ern Tyennan subdomain "core" (The Starfish-Knob Basin
macro-fold pod and the Atkins Range pod) and the south-
ern nose of the Junction Range - Pleiades macro-fold.
Macro-fold axes along the eastern side of the Pleaides
swing to the northeast towards North Star (Figure 17).

3.4 Early Lineation (Lm) Pattern

Mineral/stretching lineation (Lm) measurements collected
by the authors are limited to the Strathgordon area along
the Gordon River Road and around the shores of Lake
Pedder (Figure 18a). Previous workers have not recorded
the mineral stretching lineation Lm.

The mineral lineation shows three apparent trends and/
or groupings (Figure 18). This includes a northeast trend,
a southeast trend and a north-south trend. Overall the
northeast trend is predominant in broad correlation with
the transport direction (TD) (Figure 18b). The southwest
trend relates to folding of the lineation across the tight
to open north trending F3 folds. Isoclinal folding of the
northeast-trending lineation produces a southeast trend-
ing lineation on the opposite limb of the isoclinal folds.
The lineation has a more north-south trend in the hinge
areas of the tight to isoclinal F3 folds suggesting reworking
in these areas of higher strain in the polydeformed, isocli-
nally refolded "core" zone.

3.5 Transport Direction (TD) Pattern

Determinations of local transport direction (TD) by res-
toration of shear bands give a west-over-east sense of shear
about a vector mean of ~070° (n = 4). The restored shear
band vectors are 070°, 088° and 052° from outcrops along
the Gordon River Road, and 073° along the Hermit Nar-
rows (Figure 18b). Description and discussion of shear

band restoration are presented in Gray et al. (2022, p. 77-
84).
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1: Maxwell River va; "e%' acrofold
2: Prince of Wales -Hamilton

Range fold pair

3: Wilmot-Frankland Range fold
pair SN

4:The Starfish-Detached Peak-

7: Atkins Range pod g \
8: The Junction Range:;F,\I‘e‘ des-
North Star macrofolf"d e

9: Lake Pedder horsetail fault
system (dextral reverse sense)
)\ 10: Algonkian Mountain Klippe

Figure 14. Eastern Tyennan subdomain structural element map. Elements are numbered 1 through 9. The base map is modified from the Mineral
Resources Tasmania 1:250,000 and 1:25,000 digital atlas.
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Mesoscopic fold
plunge/ plunge drection

f L mullion= isocline fold axis

Plunge/ plunge direction
isoclinal macro 1 fold

Plunge/ plunge direction
isoclinal macro 2 fold

10 km

Figure 16. Eastern Tyennan subdomain early isoclinal fold axis map. The base map is modified from the Mineral Resources Tasmania
1:250,000 and 1:25,000 digital atlas.
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Mesoscopic fold
plunge/ plunge drection

L mullion= isocline fold axis

Plunge/ plunge direction
isoclinal macro 1 fold

f Plunge/ plunge direction
isoclinal macro 2 fold

Figure 17. Summary map of the early isoclinal fold axis trends shown by the heavy pink lines defining a regional fold axis pattern. The geological
base map is modified from the Mineral Resources Tasmania 1:250,000 and 1:25,000 digital atlas.
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4.0 STRUCTURAL PROFILES OF THE EASTERN
TYENNAN SUBDOMAIN

The regional structural profile (Figure 19) from the north-
ern part of the Southern Tyennan subdomain across the
Eastern Tyennan subdomain shows:

1. Younger Devonian open, upright refolding of the
early Cambrian tectonic pile and included early mac-
ro-fold structures. This includes coplanar, tightening
of the interpreted Cambrian F3 folds in the core of
the Tyennan subdomain during the Devonian "re-
folding" event.

2. Devonian folding of the Late Cambrian erosional sur-
face and associated Cambrian-Ordovician sandstones
and conglomerate preserved in synclinoria (e.g. Olga
Synclinorium).

3. A fault-emplaced "lid" of Cambrian mélange on the
eastern side of the subdomain. The mélange includes
chert and lithic sandstones. Many of the early Cam-
brian faults responsible for the stacking within the
Tyennan allochthon have been reactivated during the
Devonian deformation (Tabberabberan Orogeny).
They have also been crosscut and offset by the young-
er Devonian faults, particularly those involving slices
of the ultramafic rocks/serpentinite as interpreted as
remnants of the uppermost obducted ophiolite sheet.

4. Extremely pinched, tight to isoclinal synforms with
cuspate form that represent "keels" preserving the
H-G layer. The major synforms include The Star-
fish-Knob Basin macro-fold, the Atkins Range mac-
ro-fold pod and the Junction Range-Pleiades-North
Star macro-fold.

5. A consistent Z-vergence of the asymmetric fold-pairs
within quartzite of the "core" of the Eastern Tyennan
subdomain (blue full and dashed lines in the light grey
regions, Figure 19).

6. A refolded east-verging macro-fold within the Scotch-
fire sheet of the parautochthon (khaki colour, Figure
19).

7. Emplacement of the "core" of the Eastern Tyennan
subdomain over the parautochthon during the young-
er Devonian thrusting and folding event. This includ-
ed inversion and reactivation of the mid Cambrian
extensional fault (Olga Fault) along the eastern side of
the Olga synclinorium (Figure 10).

Five radially arranged, detailed structural profiles were
constructed across the Eastern Tyennan subdomain (see
Figures 20 and 21 for profile location). The profiles (Figure
22) are approximately orthogonal to the structural trends
defined by the strike of the deformed layering. They reflect
the internal curvature within the subdomain.

4.1 Northern Profiles

Profiles 1 and 2 at the northern end of the Eastern Tyennan
subdomain have limited structural control (Figure 22).
The interpretations are based on bushwalker photographs
of the ridges as well as data from the northeast corner of
the Huntley 1:50,000 map sheet (see Section 5.2). The
interpretation has: 1) quartzite preserved as a series of
quartzite klippen; 2) truncation of a Z-vergent asymmet-
ric fold pair preserved in each ridge along the basal quartz-
ite contact (Figures 22, 23 and 24); and 3) the sequence
folded by a series of younger, broad, open, upright folds
(see Figures 22 and 23).

These east or Z-vergent, asymmetric fold pairs have
been interpreted as part of a "wave train" (Figure 25)
not unlike that observed and interpreted for the eastern
part of the Southern Tyennan subdomain (Gray and Vi-
cary, 2022b). This geometry (Figures 25 and 26) shows
markedly attenuated, long, connecting limbs leaving the
asymmetric fold pair hinges and common limb preserved
as knots or augen. These quartzite augen make up the
ridgelines.

4.2 Mid Profiles

Profiles 3 and 4 (Figure 22) transect the polydeformed
folded "core" of the Eastern Tyennan subdomain (Figures
12 and 13). They are dominated by tight, to almost iso-
clinal, refolding of the early macro-folds (Figure 14). The
H-G garnet schist of The Bell Basin - Gordon River Road
and amphibolite of the Atkins Range are interpreted as
remnant "keels" within cuspate, attenuated synforms as
part of a once continuous but composite H-G layer (Fig-
ure 22). The intervening antiforms are preserved within
the quartzite sequence and have more open, rounded
form. These are best exemplified in the Strathgordon pro-
file (Figure 27) where the early macro-fold hinges have
been documented, in particular the west-closing Knob
fold at the Gordon Dam, the east-closing synform on
the Gordon River Road and the west-closing Twelvetrees

fold.

4.3 Southern Profile

Profile 5 (Figure 22) in the southern part of the Eastern
Tyennan subdomain (Figures 20 and 21) shows more gen-
tly undulating form in the western part and no preserva-
tion of the inferred H-G layer. The antiformal geometry
across Lake Pedder - Mt Helder and the adjoining synform
is affected more by the steeply plunging axes of the appar-
ent rotation points (ARP on Figure 13) to give oblique,
non-profile sections through these structures. The appar-
ent synformal closure shows complex refolding and inter-
digitation along the pelite (Ptp)-quartzite (Ptq) interface
of the early isoclinal folds.
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Profile 4 x

i \

Figure 20. Profile 1 to 5 positions shown on a geological base map modified from the Mineral Resources Tasmania 1:250,000 and 1:25,000 digital
atlas.

Page 30



FRAP‘LIN - GORDON

WILD RIVERS
o/

Figure 21. Profile 1 to 5 positions on a ListMap™ topographic map base that shows the profile locations relative to geographic elements.
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Axial Surface trace
F1/F2 macrofolds

Base of High Grade

(HG) layer

Figure 22. Structural profiles for the Eastern Tyennan subdomain. For profile locations see Figures 20 and 21.
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The Spires Shining Mtn Conical Mtn Mt Curly

\‘\\\D And

Figure 23. Structural profile for the Spires (White Pyramid)-Shining Mountain-Conical Mountain-Mt Curly-North Star transect. Top: Annotated
stitched photo profile showing truncation of the internal structure within the quartzite along the basal quartzite contact. (Photo credit: Wandering
Foxbat video) Bottom: Profile interpretation showing the ridgelines capped by quartzite (Pq), the valleys underlain by a layered quartzite-phyl-
lite-carbonate calc schist (Pqpc) sequence and carbonate (Pc). This is section A-A" shown in Figures 48 and 49.

a.
E Mt Curly Conical Mountain Shining Mountain The Spires Range
= The Flame

White Pyramid
= @ "

b. Mt Curly

C. Conical Mountain d. Shining Mountain
1065m

€. The Spires Range
1124m 1110m

Shining Mountain

JEags | Serom

Windy
Lake

Figure 24. Structural detail of the quartzite ridges in The Spires - Mt Curly photo profile shown in Figure 23 (video grab-shots). The profile is
viewed looking south based on the flight path of the Wandering Foxbat video.

a) Composite photo profile of stitched photos extracted from the video clip (see Figure 23). b), ¢), d) and ) Enlargement photographs of the major
geographic elements. f) Structural interpretations with So/Sm formlines shown by the white line traces.
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PROFILE 1

PROFILE 2

folded quartzite layer in Figure 26.

———
e —
—

platy quartzite fabtic

Figure 25. "Wave train" interpretation of the asymmetric z-vergent fold pair that dominates the quartzite ridgelines of the northern part of the
Eastern Tyennan subdomain. The pink line is a formline drawn along the top of the quartzite. Compare this geometry with the asymmetrically

Z-vergent asymmetric
fold pair
composite

relict tiny fold hinges

foliation Sm
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deformation. Photo taken on the access road for the Lake Gordon boat ramp.

Figure 26. Centimetre-scale example of an asymmetric Z-vergent fold pair in a thin quartzite band within platy quartz mylonite. The fold pair is
preserved as an augen with the trailing and forward limbs markedly thinned due to extreme flattening and elongation in a rotational shear-related
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Figure 27. The Strathgordon profile construction (eastern part of Profile 4 shown in Figure 22). The profile is based on outcrop data and structural

relationships collected and observed by the authors in a Gordon River Road transect from Gordon Dam to Hermit Hill (see Appendix 2). The
insets show sketches of structural relationships at outcrops that were used to construct the macro-structure of the profile.

Diamond Peak
1066 m

Figure 28. West-closing macro-isoclinal fold along the west side of the Prince of Wales Range sitting below the east-closing macro-fold at Diamond

Peak. View is to the north. (POW?2 profile, Figures 29 and 30d) (Photo Credit: Becca Lunnon, rockmonkeyadvetures)

5.0 MAJOR STRUCTURES OF THE EASTERN
TYENNAN SUBDOMAIN

5.1 Asymmetric Z-Vergence Fold Pairs

The quartzite ridges of the Eastern Tyennan subdomain
(Figures 3 and 10) contain relicts of an asymmetric,
east-vergent fold pair that are preserved as klippe above a
fault-like basal contact (Figure 15). Much of the structural
geology of these ridges is based on interpretation of struc-
ture from bushwalker photographs presented in Appendix

1. The structural geology of each range is presented below.

5.1.1 The Prince of Wales Range

Quartzite caps the ridgeline of the Prince of Wales Range.
It is dominated by an east-closing recumbent macro-fold
(Element 2, Figure 14) with sections through the fold
hinge seen at Diamond Peak, the ridgeline north of Mt
Humboldt, at Mt Humboldt and Olegas Bluff (Figures
28,29 and 30). This hinge zone is cut by a series of steeply
west to east dipping reverse faults (Figures 30e, f). A struc-
turally lower, west-closing recumbent macro-isoclinal fold

occurs as erosional relicts along the west side of the range
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Figure 29 (Left). Structure maps of the
Prince of Wales Range compiled from
photo profile interpretations (see Ap-
pendix 1 Section 1). The maps show
axial surface traces of the designated
east-closing (orange line traces) and
west-closing (red line traces) isoclinal
macro-fold folds as part of the region-
al asymmetric macro-fold pair. Dips
of the macro-fold axial surfaces are
shown at different position along the
range. a) ListMap topographic base.
The blue lines are the positions of the
photo profiles POW1 to POW5 (see
Figure 30). b) Lithological map base
modified from the Mineral Resources
Tasmania 1:250,000 digital atlas.

Mt Humboldt }7 s S

Southern Bluff l‘"’

Figure 30 (Below). Photo profiles
along the Prince of Wales Range
with pink line traces showing the
macro-fold geometry. Profiles a), b),
c) and d) are at the north end of the
range near Diamond Peak showing
prominent east-dipping dip slopes in

{ Macrofod il L Macro-old aial the foliation Sm (orange line traces).
surface dip (estimated) surface dip (estimated) e) and f) are photo profiles near Mt.
() E-closing recumbent E'C|05if'19 recumbent Humboldt. g) Photo p[‘Oﬁ[C through
‘ ‘f;ldlaxfal Surface;rac: ::Ililz;::ruer:]:;::‘e Olegas Bluff with Mt. Humboldt in
-Closing recumben’ s . .
2% \Q\ fold axial surface trace A X\ fold axial surface trace the dlstance. See Flgure 29a fOl‘ pro-
— S file locations.
a. POW 1 e. POW 3
~
w POW 1b Diamond Peak SE 1 km north of
1066m NW Mt Humboldt \ SE
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south of Diamond Peak (Figure 28) and south of Southern
Bluff. This is due to the east dip of the macro-fold axial
surfaces and Sm (Figures 30b and g).

The Prince of Wales ridgeline (Figure 31a) preserves a par-
tially eroded, tube-like form in quartzite containing the
asymmetric, east-vergent macro-fold pair (Figure 31b).
The tube form is truncated at the base by a basal, strongly
foliated, quartzite and/or brittle fault(s).

5.1.2 The Hamilton Range

The Hamilton Range, the southern continuation of the
Prince of Wales Range (see Appendix 1 Section 2) beyond
the Denison River extending to the Gordon River (Fig-
ure 13) also consists of an east-closing macro-fold hinge
(Element 2, Figure 14). Made up of foliated quartzite,
photo profiles show an east-closing macro-isoclinal fold

hinge along the western side of the range (Figures 32 and
33) with a zone of intense foliation/transposition layering
along the eastern side (Figure 33). Dip changes in the ax-
ial surface of the macro-fold (Figures 33 and 34) suggest
the macro-fold is refolded by an open, south-plunging
Devonian anticline (Figure 34). The macro-fold sits along
the hinge of this anticline such that: 1) the axial surface
projections are essentially sub-horizontal; and 2) the axi-
al surface trace of the early, east-closing recumbent mac-
ro-fold (blue dashed trace, Figure 32) is coincident with
and colinear with the younger anticline axial surface trace
(green line trace, Figure 33). The interpreted 3D geometry
for the Hamilton Range is shown in Figure 35 with the
younger, superimposed anticline shown by the folded axial
surfaces AS1 and AS2 of the macro-fold pair.

PQ\N3

SIAN
POW 5 QlegasBluft S i
P A

\\</S-,

Wacro-So\d 2k
aurface A (estrnated

L-Aosing reaurmoent
O\ KR\ surface Wace

W-AoSNg recurmnent
W o\ ) surface ace

Figure 31. Oblique tilted view looking to the northeast of the structure of the Prince of Wales Range. a) Tilted map view with superimposed photo
profiles (compare with Figure 6). b) Reconstructed 3D form of the quartzite macro-fold structure along the Prince of Wales Range. Construction
was by fitting a generaliseg "shell" to the macro-folded layer. The heavy pink dashed lines show the layer exposed in the corresponding photo profiles.

Page 37



LEGEND IR STl I
~  foliation So/Sm AT STl
macro-fold 4 \‘

4 axial surface 7 4SS
attitude ) d\::, ¢ 2R S5
Isocllngl macro- \ * OIegasBlu \ﬂ
fold axial surface A €0/
trace ’ *

Devonian open | /
~ fold axial surface Q\Vefmu
trace

ERgumm

FRANKLIN/GORDON <

80 wiswers || N
&

NATIONAL PARK .

fhigh point’ ;
| Hamilton —l

o Range =~

g

HR3

20 P

IS AN S5

| \ N LIS
N 5

=\ ®

"\ FRANKUN.GORDON— /.

PUbRIvERSS |

J / /NAYm,ni.rm:: \;{ \
AN I :’Gprgon !

%
u,c,gmim i \
) Tkm

Tt 112542 DuchmcanaCopmaN. "\

Figure 32 (Above). View to the north from
the northern slope of Mt Robert showing an
east-closing macro-isoclinal fold cut by steep-
ly east-dipping reverse faults (Profile HR2 in
Figure 34). The view is of the west flank of
the Hamilton Range. AST: axial surface trace.
(Photo Credit: Becca Lunnon, rockmonkeyad-
vetures)

Figure 33 (Left). Hamilton Range structure
map on a ListMap topographic base. Thin blue
lines are formlines in So/Sm based on the Goo-
gle Earth satellite image interpretation. The
heavy blue line is the axial surface trace of the
east-closing, isoclinal macro-fold. The heavy
green dashed line is the axial surface trace of
the inferred younger Devonian anticline that
appears to refold the axial surface of the mac-
ro-fold. The red lines with red HR numbers
are the locations of the photo profiles shown in
Figure 34.
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a. ProfileHR1 Hamilton Range
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\ West flank Sm
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/
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West flank
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Figure 34. Photo profiles across ridgeline segments of the Hamilton Range. Arranged from north to south, the photo profiles are at different scales
with (c) across the entire Hamilton Range with (a), (b) and (c) more local profiles.
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Figure 35. Oblique tilted view looking to the northeast of the structure of the Hamilton Range. a) Tilted map view with superimposed photo
profiles HR 1 to HR 4 (compare with Figure 34). b) Reconstructed 3D form of the quartzite macro-fold structure along the Hamilton Range. An
inner shell is shown in mauve and an outer shell in blue. AS1 (orange layer) is the axial surface for the east-closing macro-fold hinge. AS2 (red
layer) is the axial surface of the structurally lower, west-closing macro-fold hinge. Note the erosion surface is at the level of the east-closing hinge
with the upper limb partially removed by erosion. The lower west-closing hinge occurs below the ground surface.

5.1.3 The Wilmot-Frankland Range

The combined Wilmot - Frankland Range (Element 3, Fig-
ure 14) shows marked curvature with a strike swing from
north-south trending in the Wilmot Range to east-west
trending in the southern part of the Frankland Range near
Terminal Peak (Figures 2 and 3). The Wilmot - Frankland
Range is a continuation of the Prince of Wales and Ham-
ilton Ranges to the north (Figure 2).

Geometrically complex at the outcrop scale (Boulter, 1974,
1978) a relatively simple macrostructure defines the struc-
ture of the ranges (Figures 36 and 37). As in other parts of
the Eastern Tyennan subdomain, the macrostructure con-
sists of an asymmetric, east-vergent fold pair in quartzite
that is variably exposed along the range (Figures 38 and
39). Outcrops in the northern part of the range, from
Mt Sprent to Greycap, are dominated by the west-closing
macro-fold (Figures 36 and 39) with the upper, east-clos-
ing macro-fold eroded and no longer preserved along the
western side of the range (Figure 39). The fold pair is only
preserved in the southeastern part of the Frankland Range
from Frankland Saddle to Terminal Peak (Figures 38 and
39).

Belts or domains of overturned and right-way-up bedding
have helped to define the macro-fold limb versus hinge
positions. Limitations in exposure however, provide a
patchy data distribution that has made macro-fold recog-
nition, as well as macro-fold axial surface trace definition,
problematic. The macro-fold recognition, their positions
and axial surface trace delineation (Figure 38), have largely
been done by formline analysis of outcrops in bushwalker
photographs taken at various positions through the range
ridgelines (see Appendix 1, Section 3). This was enabled
by construction of a series of photo profiles (Figures 40
and 41) where the axial trace position was joined from
photo profile to adjacent profiles to create the axial surface
trace map (Figures 38 and 40).

Photo profiles (Figures 41 and 42) show the ridgeline is
dominated by a west-closing, isoclinal, recumbent, mac-
ro-fold hinge (Figures 36 and 37). This hinge is cut by sev-
eral high angle reverse faults. A younger Devonian? cren-
ulation cleavage overprints the folded layering (green line
traces in Figures 36, 41a and ¢). The macro-fold hinge,
as shown by the orange axial surface trace, is folded by a
younger anticline (Figure 41e), with the dip of the axial
surface changing along the range (Figures 39 and 41).
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Figure 36. Aerial view looking northwards along the Frankland Range showing structural interpretation in serial ridge sections between Coronation
Peak and Double Peak at the junction between the Wilmot Range and the Frankland Range. The ridgeline is clearly dominated by a west-closing
and westerly inclined, synformal macro-isoclinal fold. The fold axial surface trace sits on the east side of each peak and passes through Orb Lake.

So/Sm: white line traces. Sm: yellow line traces. Devonian cleavage: green line traces. Photo profile PP3 in Figure 40. (Photo Credit: Wandering
Foxbat)

: The Lion
The Citadel _988m

Figure 37. Murphys Bluff view looking northwest from Cleft Peak showing the southwest-closing, recumbent macro-isoclinal fold hinge cut by a
series of reverse faults. Photo profile PP5 in Figure 40. (Photo Credit: David Green)
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Figure 38. Axial surface trace map of the Wilmot - Frankland Ranges based on photo profiles (Figures 40, 41 and 42). Red line traces: west-closing
recumbent isoclinal macro-fold axial surface trace. Orange line traces: west-closing recumbent isoclinal macro-fold axial surface trace. Green line

Page 42



Mt Sprent

AI

AS 20°W dip
A ~ A

BONVY 1owm

- Double I;eﬁl?
:32 g‘ J The Cupola
;; / AS 30°W di
— i
>
=
S
>y
p S
= : ___Thelion
The Citadel - A-‘l AS 5°E dip
AS 25°W dip .
ﬁ Cleft Peak B
ﬁ Greycap J \
Terminal Peak
————— \‘l
FRANKLAND Rap, e
GE " AS 20°S dip
Frankland Peak ron Peak
AS 40°S dip \
eroded fold parts are shown with dashed lines B’

Figure 39. 3D macro-fold geometry diagram of the Wilmot - Frankland Ranges. The diagram shows the varying fold attitude changes of the
asymmetric, isoclinal macro fold pair along the length of the range ridgeline. This is highlighted by the changes in axial surface dip and the swing
in orientation from north-south trending to east-west trending along the range. The grey surfaces represent the curved sub-vertical faults that offset
the macro-fold pair, particularly in the southern part of the range.

Cross Section A-A' across the Wilmot Range near Mt Sprent shows the dominant, west-closing, recumbent macro-fold with an inferred eroded
complementary east-closing macro-fold.

Cross Section B-B' is a composite profile with outcrop relations at Mount Lloyd Jones and Terminal Peak projected onto a plane through Frankla-
nd Peak and Secheron Peak. The profile shows the asymmetric fold pair with axial surfaces dipping to the south.

Page 43



* MtRobert

“Koruna
Peak

g P P 1 / =Y
S &

/ A

é’,ﬁroQation Peak - //7 /"f
o ’ 5 > ) P
\‘-_\ Do}lePeak N % p - J . y % / 4
\\_\ ‘I\\\\ - 3 / / j / //
‘ ‘\\ \ op Pk}(~ « The Cupola A ,,/ -

N\, Thelion —
x

\.\ A N 4?
\\ W 7,
\\ ’Vo‘ Murphys Mt Solitary
~.The Citadel > Bluff =
\ hp Remqte
¢ X Peak *\\QQ Q(,, * Cleft Iiggk/..

N Greyeap B
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Wilmot and Frankland Ranges. Base map is a revised lithological map based on the Mineral Resources Tasmania 1:250,000 and 1:50,000 digital
atlas. The positions of the axial surface traces are based on formline interpretation from the individual photo profiles. The orange line shows the
axial surface trace of the structurally higher, east-closing macro-fold. The red line trace is the axial surface trace of the west-closing macro-fold that

dominates the range.
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Figure 41. Summary photo profiles for
the Wilmot and northern Frankland
Ranges. The ridgeline is dominated by
a south-closing, recumbent, isoclinal
macro-fold. Pink lines define the geo-
metrical form of the fold closure in the
individual profiles. Orange lines depict
the axial surface traces. So/Sm are the
heavier black line traces, and Sm are
\ the fine black line traces. See Figure 40
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Detailed structural mapping undertaken by Boulter
(1974,1978) enabled construction of down-plunge pro-
files along the Range (see composite profile Figure 6). This
work encapsulates the geometry, structural style and struc-
tural sequence of the Wilmot - Frankland Range (Figures
6 and 7) but the low fold plunges (commonly <20°) re-
quire creation of spaced, sub-vertical profiles rather than
stacking of profiles into a single plane (Figure 43). The
current work, using spaced photo profiles, shows differ-
ences in the overall geometrical interpretation (see Appen-
dix 1). Fault offsets and displacements clearly impact the
positions and levels of the elements in Boulter's summary
schematic diagram (Figure 6).

A revised geometry is shown in Figure 39. The important
features are: 1) the structurally lower west-closing mac-
ro-fold hinge occurs at the level of the current erosion sur-
face and therefore dominates the Wilmot and northern
part of the Frankland Range; 2) the west-closing hinge
and axial surface is folded in the vicinity of The Citadel,
The Lion and Murphys Bluff ridgeline; 3) the southern
Frankland Range shows partial erosion through the asym-
metric macro-fold pair; and 4) offsets occur in the mac-
ro-fold hingeline along the range due to oblique slip along
the curved horsetail fault splay system (Figures 38 and 39)
and a series of normal faults through Frankland Saddle
(Figure 44). Both sets of faults facilitate the counterclock-
wise rotation of the southern part of the Frankland Range.

Frankland Peak

Secheron Peak

o/Sm
\

Mount Lloyd Jones

Sm _—— 2

Terminal Peak

>\\
_’\ﬁ\ Profile PP7
A

Figure 42. Summary photo profiles for the
southern Frankland Range from Frankla-
nd Peak to Terminal Peak. The ridgeline
is dominated by both south-closing (pro-
files a, b) and north closing (profiles c, d),
recumbent, isoclinal macro-fold hinges.
Pink lines define the geometrical form
of the fold closures in the individual pro-

files.

a) Profile PP6 through Frankland Peak.
b) Profile PP7 through Secheron Peak. c)
Profile PP8 through Mt Lloyd Jones. d)
Profile PP9 through the Terminal Peak.
Proﬁ Ie PP6  Orange lines depict the axial surface trac-

es. So/Sm are the heavier black lines trac-
es and Sm are the fine black line traces.

So/Sm

\

Profile PP8

So/Sm
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Figure 43. Boulter (1978, Fig.4.32) down plunge profile from map projection from Coronation Peak to Cleft Peak including Remote Peak. The red
formlines are an interpretation based on Boulter's figure utilising So traces on the projection plane. The superimposed blue rectangles represent in-
dividual profile sections rather than stacking into one plane required by the original thesis Figure 4.32. Compare with photo profiles in Figure 42.

—

10°/263°  F2 macro-isocline §
4—’“’ plunge ‘

'F2 nacro- |soclme

R
> N
< X 2
A & & S & A
'S RS P 2
& F S §
1000m E « o /\Q}é‘
800m
V:H 600m
Tkm  400m

Figure 44. a) Structure map of the southern end of the Frankland Range from Frankland Saddle to Terminal Peak on a ListMapTM Google satellite
image. Normal fault traces are shown through Frankland Saddle. Formline traces in So/Sm are shown by the yellow line traces. The white arrows
are generalised macro-fold plunges from Boulter (1978). The light green axial surface dips of the macro-isocline folds are shown by the pale yellow
dip/strike symbol. Both the south-closing hinges at Secheron and Frankland Peaks and the north-closing hinges at Mount Lloyd Jones and Termi-
nal Peak are folded by a younger anticline shown by the light green dashed axial surface trace (Compare with Figures 38 and 39). b) Topographic
profile A-A’ showing macro-fold plunges (red arrows) and normal faults through Frankland Saddle. The profile position is shown in (a).
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5.1.4 The Twelvetrees Range

The Twelvetrees Range is dominated by a west-clos-
ing macro-fold (Element 5, Figure 14), upright folding
through the centre of the range and an inclined F2 fold
refolding the lower, gently west dipping eastern limb on
the eastern side of the range (Figure 45). Three coaxial
deformation phases (D1, D2 and D3) with F1 and F2
coplanar and similar folds plunge generally to the south
at 20° to 40° (Figure 3, Brown et al., 1989). A zone of
intense transposition layering with overprinting crenula-
tion cleavages (Scc) is part of a high strain zone exposed
at the southwestern side of the range (Figures 46 and 47).
This zone is considered part of a broader high-strain zone
with large-scale, dismembered quartzite layers, that passes
through the Strathgordon township. The high-strain zone
potentially envelopes, and is folded with, the quartzite of
the Twelvetrees Range. Road outcrops (DG17-66, DG17-
67 and DG17-68, Figure 45) also show intense foliation
and multiple overprinting crenulation cleavages (Scc) on
the southeastern part of the range as part of an Atkins
Range bounding high-strain zone (Figure 47).

5.2 Asymmetric Fold Pair within Lozenge-shaped Augen

Elongated, pod-like quartzite bodies as lozenge-shaped
pods (augen) at a regional scale (Element 6, Figure 14)
dominate the Spires Range - Shining Mountain - Conical
Mountrain - Mt Curly - North Star region (Figures 48 and
49). The region occupies the northeastern-most part of the
Eastern Tyennan subdomain. The quartzite body at Shin-
ing Mountain has tadpole-like shape and is underlain and
infolded with mixed layer quartzite-phyllite-calcareous

phyllite (Pqpc) (Figures 48 and 49). The lozenge-shaped
structural morphology is distinct from the long contin-
uous, tube-like quartzite ridgelines of other parts of the
Eastern Tyennan subdomain, such as the Prince of Wales
- Hamilton - Wilmot - Frankland Range ridgeline system
and the Twelvetrees Range (see Section 5.1.1 and 5.1.4
above).

The quartzite peaks and ridgeline exposed as The Spires
range, Shining Mountain and Mt Curly contain segments,
or relicts, of the macro isoclinal fold pair (Figure 23). The
structures internal to the quartzite are truncated by a basal
fault and/or high strain zone (HSZ) (Figure 23). The lev-
el of this basal discontinuity changes due to the younger
west-dipping thrust fault system. The structurally lower
quartzite + interlayered quartz-mica phyllite and carbon-
ate (Pgpc) is also folded with the quartzite by the regional
F3 fold set (Figures 22 and 23).

5.2.1 The Spires

The Spires is an elongated, northeast-trending, tapered,
pod-shaped quartzite (Element 6, Figure 14) ridgeline
with inferred opposing fold plunges at the northern and
southern terminations (Figure 50). The ridgeline exposes
varying intersections through the asymmetric, east-ver-
gent recumbent fold pair (Figures 51 and 52). The fold
pair consists of a structurally higher east-closing synformal
macro-fold connected to a structurally lower, west-vergent
macro-fold. The envelope geometry of The Spires range
has an overall cigar shape (Figure 53) and/or spindle-like
tube shape (Figure 54) with a forked southern termination
due to the closeouts of the macro-fold hinges (Figure 50).

W

E

quartz-mica
schist platy

quartzite

Twelvetrees Range

L-S tectonite

quartz-mica
schist . S
Wﬂ
Scc  20cm 20cm
DG17-68 DG17-67

DG17-66

Figure 45. Geometry of the Twelvetrees Range macro-isoclinal fold shown as a structural profile across the south end of the Twelvetrees Range.
The profile construction is based on a road traverse up to the Twelvetrees Range communications tower (see Figures 46 and 47) and outcrops on
the Gordon River Road and along Trappes Inlet.
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Figure 46. Composite, stacked sketch-profile based on the outcrop sketches along the road to the communications tower at the south end of
Twelvetrees Range. The blue line is the approximate topographic range profile. Pink dashed lines are So/Sm trends that define the hinge of a
west-closing Twelvetrees macro-isoclinal fold. a) Profile with enlargements of parts of the outcrop, particularly in the high strain zone that enve-
lopes the fold closure. b) Stereonet of F1 isocline fold axis and axial surface. ¢) Stereonet with bedding and cleavage attitudes and the elongation
direction (Lelong) at the strain locality (see Appendix 3). d) Stereonet of intense foliation Sm transitional with crenulation cleavage Scc within the
high strain zone (HSZ) exposed in cuttings and outcrops along the lower part of the road.
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Figure 47. Twelvetrees Range strain gradient into the quartzite contact at the macro-isoclinal fold hinge. a) Superimposed sketch profiles on differ-

ent road bends with enlargements of the observed fabric relationships. b) Stereonets of foliation Sm, fold axial surface (AS) and fold axis attitudes
(pink dots) at different positions in the profile.
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Figure 48. Axial surface trace map of the macro-fold pair that occupy the quartzite ridgelines showing geological contact traces based on the Min-
eral Resources Tasmania 1:250,000 geological atlas. The fold pair consists of a structurally higher east-closing fold hinge (red dashed line trace) and
a structurally lower west closing fold hinge (orange dashed line trace). The position of the cross section line A-A' (Figure 23) is shown. Proterozoic
(P) geological units include: Pq: quartzite, Pqpc: intetlayered quartzite-pelite and calcareous pelite, Pl: pelite, Pg: black carbonaceous phyllite, Pc:
carbonate, Pu: undifferentiated and CO: Late Cambrian to Ordovician sandstone-conglomerate sequences.
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Figure 49. Structural map of The Spires, Shining and Conical Mountains, Mt Curly and North Star area. The map base is modified from the
Mineral Resources Tasmania 1:250,000 geological atlas. The position of the cross section line A-A' (Figure 23) is shown. Proterozoic (P) geological
units include:

Pq: quartzite

Pqpc: interlayered quartzite-pelite and calcareous pelite

Pl: pelite

Pg: black carbonaceous phyllite

Pc: carbonate

Pu: undifferentiated

CO: Late Cambrian to Ordovician sandstone-conglomerate sequences
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Figure 50. Structural interpretation map of the Spires area. a) ListMap Google satellite image showing formlines in So/Sm (white line traces),
interpreted geological contacts (dashed white line traces), mapped geological contacts (pale yellow line traces) and the axial surface traces of the
regional, isoclinal macro-fold pair (orange line traces). Listmap airphoto base. The positions of the photo profiles are shown by the heavy white
lines labelled PP1 to PP3. b) Huntley sheet 1:50,000 map base superimposed on ListMap Google satellite image shown in (a).

Figure 51. White Pyramid (1,071 m) along the
Spires showing partial preservation of an east-clos-
ing recumbent macro-fold in thick-bedded quartz-
ite. View is looking to the south. Taken in 1977
during traverses of the King William Range, The
Spires and the Prince of Wales Range by David
\Noble. (Photo Credit: David Noble.net)
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Figure 52. Photo profiles across The Spires.
The positions of the photo profiles are

shown in Figure 50.
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Figure 53. Oblique tilted view looking to the northeast of the structure of The Spires. a) Tilted map view with superimposed photo profiles Sp1 to
Sp3 (compare with Figure 52). b) Reconstructed 3D form of the quartzite macro-fold structure along The Spires. Fold plunges are unknown but

appear to be sub-horizontal from the photos.
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Figure 54 (Left). Schematic diagrams
of the interpreted 3D structure of
The Spires as a flattened and elon-
gated pod - or tadpole-shaped au-
gen. a) The quartzite envelope (grey)
enclosing the Z-vergent, recumbent,
asymmetric fold pair of the range.
Sectional views are superimposed. b)
Envelopes about the upper and lower
oppositely-closing hinges of the fold
pair. Note the hinge separation at the
left closeout matches the forked na-
ture of the southern termination of

The Spires (see Figure 50).
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5.2.2 Shining Mountain - Conical Mountain

Shining Mountain consists of an elongated, north-
east-trending, tadpole-like outcrop of quartzite (Figure
55). Limited structural data from a ridgeline traverse
by Nic Turner during the Huntley sheet mapping (Fig-
ure 55a), combined with the outcrop pattern (Fig-
ure 55b) suggest the quartzite is dominated by a major
southwest-plunging recumbent fold that is refolded by
north-northeast-trending F3 folds on the northern part of
the ridge (FA: 40°/228°, Figure 55a).

The southern tail of the quartzite "tadpole” (Pq) contains
a prominent southwest plunging hinge of the early fold
that shows the bedding So/Sm formline traces truncat-
ed or discontinuous against the enveloping mixed layer
quartzite-phyllite (Pqpc) sequence (inset, Figure 55¢).

Structures within the quartzite appear truncated at the base
of the quartzite by a brittle/fault high strain zone (HSZ)
(Figure 56). The quartzite appears in-folded with the un-
derlying, interlayered quartzite-quartz-mica phyllite and
carbonate (Pqpc) (Figure 55). This interlayered quartz-
ite-phyllite contains steeply plunging folds that occur
along the ridgeline between Shining and Conical Moun-
tains (Figures 57a, b). This area is dominated by a series
of tall quartzite pillars (menhir) that have tapered, elon-
gated ellipsoidal, pod-like form (Figure 57a). The steeply
plunging pods with ~70° fold plunges (Figures 57b, d) are
quartzite shear-lozenges. They contain relict isoclinal fold
hinge zones, either as individual folds or asymmetric fold
pairs, where the limbs have been completely attenuated.
The result is that the quartzites are large augen enveloped
by the schistosity of the surrounding interlayed quartz-
ite-phyllite (Pqpc) (Figures 57a, b).

Pq
~76
"
\— bedding So 20
ot
overturned Fapc ’/,\//( ng
bedding 73/2140gq
} foliation Sm f
mesoscopic Pgpc

fold axis

\ calculated
fold axis Zh0m .

« - The Camel
1009m

.» White Pyramid
1075m

Shining Mountain
1110m

Conical Mountain
1124m

o menhir

Figure 55. Structure of Shining Mountain-Conical Moun-
tain ridgeline. a) Structural map on a ListMap topograph-
ic base. Structural data is from the Huntley 1:50,000 map
sheet (Brown et al., 1982). Red arrows are calculated fold
plunges based on strike dip data within the red dashed cir-
cles. b) Geological map based on the Huntley 1:50,000 map
sheet (Brown et al., 1982). c) Structural formline interpre-
tation of ridgeline with enlargement showing the plunging
fold nose within the attenuated tail of the folded quartzite.
Formlines in So/Sm are shown by the yellow line traces.
The white line is the quartzite outcrop trace taken from the
Huntley 1:50,000 map sheet. The menhir photograph (Fig-
ure 57) location is shown by the white circle on the ridgeline
between Shining and Conical Mountains.

Page 55



Shining Mountain ~1110 m

plunging F1/F2

foldlcy v

Figure 56. Quartzite (Pq) cap on Shining Mountain showing a marked, irregular basal contact with the underlying interlayered quartzite-phyl-
lite-calcareous pelite (Pqpc). The contact is clearly discordant to foliation and macrostructure in the quartzite, and to the foliation in the underly-
ing brownish interlayered quartzite and calcareous phyllite. The view to the west-northwest also shows an oblique intersection with the east-closing
macro-fold. The apparent plunge of the fold in the trailing ridgeline is ~30° as shown by the yellow arrow. Heavy white lines: fault traces. Medium
white lines: So/Sm formlines. Thin white lines: Sm traces.
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Figure 57. Zone of steeply plunging folds in quartzite pillars (menhirs) on the ridgeline between Shining Mountain and Conical Mountain. a)
Google Earth image showing the area of quartzite pillars and the menhir shown in (c) and (d). b) Stereonet of bedding great circle traces and
foliation Sm with B intersection (fold plunge) of 73°/214°. Data are from Conical Mountain on the Huntley 1:50,000 map sheet. c) Photograph
of ~8 m high quartzite pillar (menhir) (Photo credit: Zane Robnik). The menhir location is shown in (a). d) Formline interpretation in bedding
So/Sm (pink line traces) showing a steeply plunging tight to isoclinal fold hinge within the menhir.

5.2.3 Mt Curly

The Mt Curly region shows two elongated, northeast-trend-
ing, spaced, en echelon bodies of quartzite that define two
ridgelines separated by a valley low in pelite (PI) (Figure 58).
The quartzites contain an asymmetric, recumbent, isoclinal
macro-fold pair cut by west-dipping oblique-slip faults with
sinistral sense and west-over-east transport (Figure 59).

The overall structural geometry of the Mt Curly region was
determined from photo profiles (Figure 58a, Appendix 1
Section 4) with the axial surface traces fitted to the Goo-
gle imagery (Figure 58a). Mesoscopic fold axis data from
the Huntley map sheet (Brown et al., 1989) show the folds
plunge gently (10°-25°) to the northeast (Figure 58b).

Erosion has led to partial preservation of the macro-fold
pair with parts of the macro-fold pair shown at different

levels and positions across the ridgeline (Figures 59 and
60). Most of the southern and highest part of the Mt Curly

ridgeline contain the east-closing structurally higher mac-
ro-fold hinge (Figures 58a and 59). The structurally lower
hinge is exposed along the lower western part of ridgeline
adjacent to the northeastern shoreline of Lake Curly (Figure
58a). Below the west-closing macro-fold, the basal part of
the quartzite is an intensely foliated zone (see Appendix 1
Section 4). This has fault-like character in places with clear
truncation of the internal structure of the quartzite (see Sec-
tion 5.3 below).

The second, more easterly ridgeline also contains both mac-
ro-fold hingelines, but is dominated by the west-closing
macro-fold hinge. The structurally higher east-closing hinge
has been removed by erosion with only partial preservation
in the highest part of the ridge (Figures 60b and 61). The
quartzite (Pq) appears interleaved and in-folded with the
intervening pelite (Pl). This package overlies interlayered
quartzite-phyllite-calcareous phyllite (Pgpc) on the west and
carbonate and calcareous pelite (Pc) on the east (Figure 58b).
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Figure 58. Mt Curly region structural interpretation. a) Google satellite image showing geographic elements, the positions of photo profiles PP1,
PP2 and PP3 used in the map scale structural interpretation and a structural formline map. b) Structural formline map of the Mt Curly region on
‘The Huntley 1:50,000 map base. Both a) and b) show recumbent, isoclinal, macro-fold axial surface traces (orange dashed lines), formlines in So/
Sm (white line traces) and faults with apparent dextral sense (yellow line traces).
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W Mt Curly

4

Lake Curly

Figure 59 (Above). South end of Mt Curly ridgeline showing an east-closing macro-isoclinal fold cut by west-dipping oblique-slip faults. Photo

profile PP1 with location shown in Figure 58. (Photo Credit: Grant Dixon)

/ Photo Profile 1

Photo Profile 2

Figure 60 (Left). Photo profiles across the Mt
Curly ridgeline showing the relicts of the par-
tially preserved, asymmetric, Z-vergent (look-
ing north) recumbent, isoclinal macro-fold
pair. a) Photo profile 1: south end of the Mt
Curly ridgeline showing the structurally high-
er, east-closing macro-fold in the highest part
of the ridgeline. b) Photo profile 2: north end
of the Mt Curly ridgeline showing the struc-
turally lowest west-closing macro-fold, with
the upper east-closing hinge eroded. Photo
profile locations are shown in Figure 58a.
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Figure 61. Oblique tilted view looking to the northeast of the structure of the Mt Curly area. a) Tilted map view with superimposed Photo Profilel
to Photo Profile 2 (compare with Figure 60). b) Reconstructed 3D form of the quartzite macro-fold structure along The Spires. Fold plunges are
unknown but appear to be sub-horizontal though may differ at the terminations. The cigar-shaped form matches the outcrop pattern (see Figure 58).

5.3 The Nature of the Quartzite Basal Contact

The lower contact of the quartzites that hold up all of the
ridgelines in the Eastern Tyennan subdomain is distinct
and clearly: 1) truncates macro-fold structures internal to
the quartzite; 2) is commonly associated with an intensely
foliated zone; and 3) has been reactivated by brittle faulting.

The best-exposed contacts are along the northern flank of
the southern part of the Frankland Range (Figure 62) and
the western flank of the ridgeline below Mt Curly (Figure
63). Macro-fold hinges are truncated in quartzite above the
contact and below the contact (Figure 63). At Mt Curly
the quartzite shows distinct zonation with a macro-fold
hinge in thicker bedded quartzite overlying a folded zone
with strong axial surface foliation, both overlying a bas-
al deformed zone of higher-strain flaggy quartzite (Figure
63). Below Secheron and Frankland Peak an intensely foli-
ated zone is present and also discordant to the south-clos-
ing macro-fold hinge transected in both peaks (Figure 64).
In places the contact is irregular with fault-like character,
particularly at Shining Mountain (Figure 56).

The elements and character of the quartzite lower contact in
the Eastern Tyennan subdomain are very similar to: 1) that
of the quartzite - brown calcareous phyllite contact below
Frenchmans Cap and Clytemnestra in the Central Tyennan
subdomain (Gray and Vicary, 2021a, 2021b); and 2) the
transition of the macro-folded quartzite in the Spero Range
into a basal high strain zone (Gray and Vicary, 2023).

5.4 Starfish-Knob Basin Macro-fold system

The Starfish-Knob Basin macro-fold (Element 4, Fig-
ure 14) is a north-south elongated, ovoid element cored
by high-grade garnet-bearing pelite that is enveloped by
quartzite and low-grade pelite (Figure 65a). It extends
from the Starfish in the south to the Knob Basin part of
Lake Gordon in the north (Figure 65).

The structural interpretation of the Starfish-Knob Basin
macro-fold system is based on structural and lithological
mapping of Boulter (1978, Figures 4.16, 4.17 and 4.18),
the Huntley and Pedder 1:50,000 map sheets and traverses
by the authors across the macro-fold along the Gordon
River Road, the Bell Basin-Bell Narrows and the shoreline
of Starfish Hill along Wilmot Bay. Mapping by Boulter
(1978, Figures 4.16 and 4.18) demonstrated a refolded
outcrop pattern and overprinting structural relationships
in The Starfish and Detached Peak areas.

Two geometrical forms of the overall macro-fold form are
presented based on different interpretations of the north-
ern termination or closure (Figures 65 and 66). These are:
1) a geometrically simple F3 synformal closure derived
from the Huntley 1:50,000 map sheet (Figure 66a); and
2) a refolded hook-like nose (Figure 66b) based on form-
line interpretation of the ridgelines northwest of Knob
Basin from Google satellite imagery (Figures 67and 68).
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. 2 \ 7/

Figure 62 (Above). View of the basal
quartzite contact along the southern
part of the Frankland Range from
Frankland saddle (photo right) to
Secheron Peak (photo left). A series of
normal faults (blue dashed line traces)
offset layering So/Sm in the quartzite
and the basal contact of the quartzite.
(Photo credit: Wandering Foxbat)

folded zone

With strong

axial surface
_ foeliation

4 strongly foliated
flaggy gliartzite

Figure 63 (Left). Vertical profile through
part of the lower quartzite exposed on
the western side of Mt Curly showing
three distinct structural morpholog-
ical zones. The view is approximate-
ly at right angles to the strike of the
layering. The lowest part shows flag-
gy, strongly foliated quartzite. (Photo
credit: Grant Dixon)
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a. Secheron Peak
1068m

b. Secheron Peak
1068m =

Frankland Peak
: 1083m

Frankland Peak
1083m

Figure 64. View of Secheron and Frankland Peaks looking towards the west from the ridgeline west of Mount Lloyd Jones. The photograph is
oblique to the south-closing macro-fold that intersects both peaks. The lower, basal quartzite band that underlies both peaks appears discordant to
the macro-fold limbs and has a strongly foliated character typical of a high-strain zone below the macro-fold pair and above the basal contact. The
heavy white dashed line delineates the interface. (Photo credit: Becca Lunnon, rockmonkeyadvetures)

These different interpretations result in two geometrical ver-
sions of the macro-fold system. Both are synformal with a
core of high-grade schist (orange domain, Figure 66).

Geometry 1 has a closed loop-like pattern of the early F1/
F2 axial surface trace that is bisected by a north-south
trending F3 axial surface trace (Figure 66a).

Geometry 2 has an ovoid form with "seahorse-like" pattern
in the F1/F2 axial surface trace where oppositely closing F1/
F2 hinges occur as refolded fold noses at the northern and
southern terminations of the macro-fold (Figure 66b).

In both scenarios the early F1/F2 axial surface trace is re-
folded by en echelon F3 macro-folds (blue dashed-dot-dot
line traces) with north-south trending axial surface traces

(Figure 60).

The Starfish-Knob Basin macro-fold is geometrically sim-
ilar to the Davey Gorge part of the De Witt-Propsting
mega-sheath fold (Gray and Vicary, 2022a; Gray and Vi-
cary, 2023, Figures 41 and 45) and the South West Cape
mega-sheath fold (Gray and Vicary, 2022a; Gray and Vi-
cary, 2023, Figures 46 and 47) in the Southern Tyennan
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subdomain. Both areas have a sigmoidal form in So/Sm
where the early F1/F2 isoclinal macro-folds are refolded
by regional scale, upright F3 isoclinal folds. Both were
interpreted as oppositely-closing mega sheath folds (Gray
and Vicary, 2023, Figure 64). The lineation Lm is either
northeast-trending or southeast-trending at a high angle to
the north-south elongated, ovoid form of the macrofold
system dominated by the north-trending F3 folds (Figure
69a).

The Starfish-Knob Basin macro-fold has an ovoid core
with hook-shaped noses as tails coming off the central core
(Figure 66). Lineation Lm data show the mineral stretch-
ing lineation is at high angles to this elongated ovoid map
form (Figure 69a), with either northeast trend or southeast
trend reflecting isoclinal refolding of the early lineation by
the north-trending F3 folds. Fold axis data for the mac-

ro-fold shows varying relations around and across the fold
structure (Figure 69b). At Detached Peak, in the central
part of the ovoid closure, the fold axes are sub-parallel to
So/Sm. At the southern end at the Starfish the isocline fold
axes either wrap around the F3 hinge, or point towards
the central part or synformal hinge. In the vicinity of
Strathgordon, on the northern side the ovoid fold closure,
the fold axes are northeast-trending and plunging, again
trending in the direction of the synformal hinge. Fold axes
should fan inwards towards the nose of a sheath fold where
fold axes should parallel the formlines in So/Sm (Gray and
Vicary, 2022a, Figures. 7a and 7b). In the Starfish-Knob
Basin macro-fold (Figure 69b) there is a broad fit of the
fold axis pattern to this model (see Alsop and Holdsworth,
2004, Figure 13b) suggesting a sheath-like overall geome-
try to the early F1/F2 macro-fold.
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Figure 65. The Starfish-Knob Basin macro-fold (element 4, Figure 14). Geographic location and form of the macro-fold system superimposed
on ListMap topographic base with a Mineral Resources Tasmania 1:250,000 digital atlas overlay. a) Geometry 1 showing a refolded hook closure
at the southern termination and a synformal closure at the northern termination. The garnet bearing high-grade rocks (after Boulter, 1978, figure
5.1) occur in the core of the fold system (orange region). b) Geometry 2 showing a re§olded hook closure at both the southern and northern ter-
minations. The location of structural profiles 1 (Figure 70), 2 (Figure 71) and 3 (Figure 72) are shown by the green lines.

Blue arrows: mineral lineation Lm trends.
Red dot-dashed line: axial surface trace of the early F2 isoclinal fold
Blue dot-dashed line: axial surface trace of F3 tight to isoclinal folds
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Figure 67. a) Stitched Google satellite images of the Starfish - Knob Basin macro-fold system. Positions of the enlarged images are shown. b) En-
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Figure 69. Structure maps of the Starfish-Knob Basin macro-fold system. a) Lineation Lm and foliation Sm attitude and distribution map. b)
Mesoscopic fold axes and rodding lineations (Lrod) attitude and distribution map.

Three regional profiles across the Starfish - Knob Basin
macro-fold (Figures 70, 71 and 72) provide "one-dimen-
sional" views of the macrofold geometry. These are as nar-
row slices in the Gordon River Road cuttings (Profile 1),
or as shoreline outcrops (<2 m height) along the Bell Ba-
sin - Bell Narrows (Profile 2) and the Starfish Hill shore-
line through Wilmot Bay (Profile 3). Regionally, the F3
synform that dominates the macrofold has upright, tight
cuspate or pinched form (Profile 4, Figure 22). However,
each of the three profiles presents a unique and different
geometry at different levels and positions along the Star-
fish - Knob Basin macro-fold. They also show that the
Starfish - Knob Basin macro-fold is geometrically complex
and faulted at the local scale.

Profile 1 (Figure 70) has a general elevation of ~400 m
and mid-north position along the macro-fold. The profile
(Figure 70b) shows a steeply east-dipping sequence with
a faulted out synformal F3 closure (compare with Figure
73a). The schist "core" involves repetition of an inverted
medium grade (MG) sequence consisting of carbonaceous
phyllite (LgsP) overlain by biotite schist (MgsS) overlain
by garnet schist (MgsG). This was recognised and inter-

preted by Port (2023, Figure 6.7) as a stacked series of
east-vergent metamorphic sheets. These stacked MG
sheets are structurally overlain by broadly warped carbon-
cacous schist/phyllite overlain by a strongly deformed,
east-dipping bedded quartzite (Figures 70b, c).

Profile 2 (Figure 71) has a general elevation of ~315 m
(current lake level) and mid-south position along the mac-
ro-fold. It shows belts of poly-deformed micaceous quartz-
ite (Ptgs), bedded, flaggy quartzite (Ptqf) and MG schist
(Pts) (Figures 71 and 73b). The schist occupies the east
side of profile segment A-A'. The poly-deformed micace-
ous quartzite defines the hinge of an inferred cuspate syn-
formal or apparent east-closing F2 macro-fold (segment
C-C'). It appears to structurally overlie the flaggy quartzite
exposed on the lake shoreline below The Bell (profile seg-
ment B-B' and Figure 73b). Profile 2, through the larger
scale macro-fold must also be faulted, as there is no repeti-
tion of the high-grade (H-G) schists across an inferred syn-
formal closure (middle of structural profile A-A"). Upright
F3 folds refold the strongly foliated high-grade (H-G) pel-
itic schists and show a gently west-dipping enveloping sur-
face towards an inferred synformal F3 hinge (Figure 73b).
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Figure 73. Summary structural sketch profiles across the Starfish - Knob Basin macro-fold. See Figure 65b for profile locations. a) Profile 1 along
the Gordon River Road. b) Profile 2 along the Bell Narrows. ¢) Schematic Profile 3 across Wilmot Bay encompassing the east and west arms of the
Starfish. Magenta dashed line: an interpreted formline for So/Sm. Orange dashed line: F2 macro-isocline axial surface trace. Blue dashed line: F3

axial surface trace. The thick magenta dashed lines are formlines in So/Sm that depict the simplified structure.

Profile 3 (Figure 72) has a general elevation of -315 m
(current lake level) positioned at the south end of the
macro-fold. It shows a broad F3 synformal closure that
bisects the arms of the Starfish. This F3 synform refolds
early formed F2 recumbent isoclinal folds exposed in the
hillsides above the lake (Figure 74) and along the shoreline
(DG24-7, Figure 72). The core of the synform is occu-
pied by strongly and poly-deformed micaceous quartzite.
This is underlain by a structurally lower flaggy quartzite
towards the synform flanks (Figure 72).

5.5 The Atkins Range Macro-element

The Atkins Range macro-element is an elongated, north-
south trending, lenticular pod of amphibolite with tapered
terminations (Element 2, Figure 13 and Element 7, Fig-
ure 14) between the Twelvetrees and Atkins Ranges (Fig-
ure 75). The amphibolite is made up of chlorite-actino-
lite-epidote-albite schist where porphyroblasts of epidote
and chlorite overgrow the dominant S2 foliation (Brown
etal., 1989, p.14). Haematitic banded ironstones contain-
ing high-P sodic, blue amphiboles (Brown et al., 1989)
are also structurally intercalated in an envelope around
the amphibolite pod (Figure 75). The amphibolite body
is bound by sub-vertical to steeply east-dipping, strongly
to intensely foliated shear zones (orange lines Figure 75).

This is supported by a distinct geophysical "worm" signa-
ture suggesting a steep, east-dipping magnetic body (Fig-
ure 75b). The northern termination is however geometri-
cally complex with a slice of quartzite entrained within the
amphibolite by bounding shear zones (Figure 75a). The
southern termination appears within an F3 isoclinal fold
that has been overridden and offset by the main amphi-
bolite pod along the bounding shear zones (Figure 75a).
This F3 fold has a north plunge of 18°/018°. The inferred
northern closure in quartzite is sub-vertical to steep east-
erly-dipping with a 35°/175° fold plunge (Figure 76). The
macro-fold pod is therefore doubly plunging requiring a
synformal form.

The Atkins Range macro-element has apparent complex
character, potentially initiated as a shear zone-bound pod
that is subsequently entrained by the underlying quartz-
ite-pelite sequence during the regional isoclinal F3 fold-
ing. The pod/F3 synformal fold sits between the refolded
Twelvetrees Range macro-fold and the complexly refolded
Junction Range - Pleaides - North Star macro-fold, with
the upright, isoclinal F3 folding dominating this part of
the Eastern Tyennan subdomain (blue dashed-dot axial
surface traces, Figure 76).
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Figure 75. The Atkins Range amphibolite pod (Element 7, Figure 14). a) Revised lithological map of the macro-fold system based on the Mineral
Resources Tasmania 1:25,000 digital atlas. b) Aeromagnetic "worm" image based on the contoured gradients in magnetic intensity overlain on

the 1:250,000 MRT digital geological atlas.

5.6 The Pleaides - Junction Range - North Star Macro-
fold

The northeastern margin of the Eastern Tyennan
subdomain is dominated structurally by a large regional,
ovoid shaped macro-fold with a distinct V-shaped closure
(Element 3, Figure 13) in the south as part of the Junction
Range (Figure 77). The quartzites of the Junction Range,
the eastern Pleiades Range and the North Star region
represent the eastern limb of this F3 macro-fold.

The macro-fold occurs within a lithotectonic stack of
pelite (Pl), overlying quartzite (Pq), overlying interlay-
ered quartzite and quartz-mica phyllite (Pqp), overlying
a discontinuous layer of black carbonaceous phyllite (Pg)
(Figure 77; Turner, 1989b). This package is interpreted
to overlie the structurally lowest "sheet" of interlayered
carbonate and mica-quartz phyllite (Pgpc) and dolomite
(Pc). The lowest sheet has lithological and structural affin-
ities with the Scotchfire metamorphic sheet of the Central
Tyennan subdomain (Gray and Vicary, 2021b).
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The Pleiades - Junction Range - North Star macro-fold is a
compound fold system made up 3 orders of folds (Figure
78), each at different scales and formed at different times in
a rotational shear-related deformation. The macro-fold has a
pseudo-ovoid, sheath-like form with plunges away from the
northern and southern close outs, or plunging terminations
(Figures 79 and 80). The main fold form is controlled by the
Macro 1 folds having approximately north-south-trending
axial surface traces (blue dashed-dot lines, Figure 79) and
trace lengths up to 20-30 km. These are the youngest folds
(considered F3) that refold the early F2 Macro 1 fold (red
dashed-dot trace, Figure 79) and the northeast-trending F2
Macro 2 folds in quartzite along the eastern limb (orange
line traces, Figure 79) with lengths of ~1-2 km.

The map pattern shows the southern part of the mac-
ro-fold is defined by a distinctive fold-nose with closeout
in the quartzite of the Junction Range (grey unit, Figure
79). This fold nose has reclined geometry (Figure 80) and
is cored by pelite (orange unit, Figure 79). The flanking
eastern and western fold limbs appear to thin and taper
northwards, with another fold nose closeout of the eastern
limb quartzite, also cored by pelite (Figure 79). Quartzite
of the western limb also tapers northwards beyond North
Star, but has a greater apparent thickness due to the pres-
ence of the isoclinal F2 Macro 2 asymmetric fold pairs
(Figure 79). The Pleiades core of the macro-fold contains
several smaller in-folds with alternating belts of pelite and
quartzite (Figure 79).
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Figure 76. Structure map of the Atkins Range macro-fold pod. a) Foliation Sm attitude and distribution map (shown by the black strike and dip
symbols). b) Mesoscopic fold axes (red arrows) and rodding lineations Lrod (red arrows with blue outlined arrowheads) attitudes.
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Figure 77. Geological map of the Pleiades-Junction Range-North Star fold system based on the Huntley 1:50,000 Series map sheet (Brown et al.,
1982). The map shows lithological distribution, attitudes of bedding (So) as dip/strike symbols and formlines in the bedding as blue line traces.
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different parts of the Pleiades-Junction Range-North Star fold system. The stereonets show the bedding great circles as curved line traces as well

as their respective poles-to-planes (black dots), Great circle intersections define 3 points and pole great circle fits 7 points giving calculated fold
plunges at different segments of the macro-fold.
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The mesoscopic isoclinal folds (predominantly F1 and
F2) show strike-parallel trends within the quartzite of the
central part of the western macro-fold limb, but clearly
deviate away from this pattern at the fold terminations
(Figures 79 and 80).

1. The macro-fold plunges were determined for different
fold segments across the macro-fold system. Hinge-
limb areas were selected and stereograph plots of So/
Sm were constructed to define So/Sm great circle in-
tersection points () and great circle fit to So/Sm poles
to give T points (Figure 79).

2. 'The map and determined fold axis data were then used
to construct the geometry of the different macro-fold
segments (Figure 80).

3. 'These geometrical fold elements were then combined
to produce the overall Junction Range - Pleiades mac-
ro-fold 3D geometry (Figure 81).

The constructed 3D form shows oppositely closing and
plunging terminations to the macro-fold system with a
pseudo closed loop or ovoid form. The southern termi-
nation is a distinct, single west-closing nose in the Junc-
tion Range, whereas the northern termination is defined
by a series of alternating and interdigitating, east- and
west-closing macro-fold hinges (Figures 78 and 79). The
geometry necessitates the western limb is steeply west-dip-
ping, structurally higher and overturned, but there is lim-
ited younging (facing unknown) along this western belt of
quartzite. The mesoscopic fold trends along this western
limb are generally sub-parallel to the strike of the limb
(Figure 78).

5.7 Algonkian Mountain Klippe

High-grade garnet schist has been reported from Algonki-
an Mountain (Turner, 1989a, 1990). The domal geomor-
phic form of Algonkian Mountain is associated with:

1. A domed flat lying foliation (Figures 82 and 83); and

2. A curved outcrop trace of a band of quartzite along
the northwestern slope. Hall et al. (1969) suggests
high-grade schist at the summit overlies the quartzite
of the lower sheet.

This sequence is interpreted to overlie calcareous phyllite
and quartzite of the Scotchfire metamorphic sheet (parau-
tochthon) (Figure 13 and Figure 22, Profile 1).

6.0 APPARENT ROTATION AXES

The southern part of the Eastern Tyennan subdomain has
a marked curvature in the quartzite forming ridgelines of
the Frankland and Folded Ranges, as well as in the ridge-
lines with Mt Cawthorn and Buckies Bonnet through to
The Coronets and The Sentinels (Figure 3). Differences
in curvature between the area south of Lake Pedder and
the area around the Helder Inlet require two rotation axes

or pivot points (Figures 84 and 85). The bulk regional

rotation is counterclockwise facilitated by: 1) predomi-
nantly "bending” rotation in the area of the Helder Inlet
(red dot, inner rotation axis: 69°/254°, n=5); and 2) com-
bined bending and fault-facilitated rotation in the Cleft
Peak - Grey Cap area (blue dot, outer arc rotation axis:
62°/237°, n=8) on the re-activated Prince of Wales Fault
imbricate-horsetail-fan-fault system (Figure 85). The Sen-
tinel Range also shows an opposite curvature towards the
southeast reflecting a smaller, subsidiary clockwise rota-
tion about an apparent rotation point (green dot, rotation
axis: 41°/277°, Figure 85).

The regional fault network is interpreted as an oblique
slip system with both reverse and dextral strike slip com-
ponents. This motion facilitates the major, bulk-region-
al, counter-clockwise rotation of the southern part of the
Eastern Tyennan subdomain. The fault traces are based on
ridge offsets, truncations and valley trends. The rotation axis
points (pivot points) are shown by the dot positions and
the curved arrows (Figures 84 and 85). The fault imbricate
splay system offsets the macro-isoclinal fold pair along the
combined length of the Wilmot - Frankland Ranges.

7.0 STRUCTURE OF THE PARAUTOCHTHON
7.1 The Maxwell River Valley macro-fold

The region of the Maxwell River macro-fold is triangular
shaped, occupying the Maxwell River Valley between the
between the Princess Range and Prince of Wales Range
south of Algonkian Mountain ((Element 1, Figures 14
and Figure 86). It has an apparent synformal character,
but limited So/Sm data from the Mineral Resources Tas-
mania 1:250,000 Geological Atlas indicates the fold is
south-closing, has steeply east-dipping limbs and an over-
all inclined plunging geometry (Figure 16).

The Maxwell River macro-fold occurs within dolomitic
phyllite and dolomite of the lowermost, para-autochtho-
nous Scotchfire Metamorphic sheet exposed within the
Maxwell River valley (Figure 86). The region is thickly
vegetated with difficult access, apart from river transects
accessible by the Denison River (central part) and Gor-
don River (southern part) and the Maxwell River (central
northern part) (Figures 87and 88).

The interpretation presented is based on pack-rafting
photographs taken along the Denison and Gordon Riv-
ers (Figures 89, 90, 92 and 93), combined with structural
data and field photographs (Figure 91) from Electrolytic
Zinc Company Exploration Reports (Wade, 1956; Scott,
1960) and the Mineral Resources Tasmania 1:250,000
digital atlas. These sources enabled construction of a pre-
liminary structure map of the Maxwell River macro-fold
and help establish the geometry of this macro-fold (Fig-
ure 94). The northern part shows refolding by a series of
younger open, northeast-trending Devonian folds (see

Figures 16 and 86).
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Algonkian Mountain 1073 m
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