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ITINERARY
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INTRODUCTION

The Kosciusko to Wagga Wagga excursion (Fig. 1)
traverses three main tectono-stratigraphic provinces
(Fig 2): the Goobarragandra/Tantangara Blocks,
Tumut Synclinorial Zone and the Wagga Metamorphic
Belt (WMB). These regions, lying within the
southeastern part of the Lachlan Fold Belt (LFB), are
separated by major tectonic zomes of the Mooney
Mooney and Gilmore Fault Zones, respectively. The
aim of the excursion is to compare and contrast the
structural and tectonic histories of these provinces and
the nature of the bounding fault zones. In particular
the excursion will focus on the Silurian history of the
Tumut region, within the southern part of Tumut
Synclinorial Zone (Scheibner 1985), which has been a
focus for geological investigations in the LFB over the
past 25 years with mineral exploration concentrated on
prospecting principally for base and precious metals.

Understanding the tectonic history of the Tumut region
is important in any account of the development of the
LFB within the Tasman Fold Belt. The main reason
for this is the presence of an ophiolitic rocks in
association with Silurian flysch which is unique to this
part of the LFB. Considerable interest has also centred
on the Gilmore Fault Zone, which is a major crustal
feature forming the eastern margin of the WMB. The
zone extends for 100's of km and is the locus of gold
mineralisation in a variety of geological settings.

The stratigraphy and structural history of the Tumut
region has been recently shown (Stuart-Smith et al.,
1992) to be little different to that of other areas of the
Lachlan Fold Belt where Silurian deposition was
characterised by bimodal volcanic sequences in basins
separated by shallow-marine sediments and subaerial
volcanics on intervening highs (Cas 1983, Powell
1983). However, the presence of  interpreted
Cambrian to Ordovician basement and the oceanic
affinity of mafic volcanics and tholeiitic intrusions
suggests a tectonic environment not replicated
elsewhere in the fold belt. An intracratonic pull-apart
basin model for Early Silurian extension in the region
is compatible with these features (Stuart-Smith et al.
1992). Similar transtensional tectonic settings may
apply to other Early Silurian basins in the LFB where
extension was insufficient to enable crustal thinning
and extrusion and/or intrusion of uncontaminated
mantle melts.

AND

GEOLOGICAL SETTING

STRATIGRAPHY

The geological setting of the Tumut region is shown
in Figure 2. The region covers the southern part of the
Tumut Synclinorial Zone which consists of two

P.G. Stuart-Smith

h T
13
c
o)
ob
2
TUMUT 2]
SYNCLINORIAL ZONE
Ordovician~ Silurian 2
metasediments JIN g
and volcanics Y
UME HIGHSZ
=
GOOBARRAGANDRA
- BLOCK —

METAMORPHIC BELT

0 10 km

Coolac Serpentinite

Cambrian-Qrdovician
basement

11Nvd4 |1aNi

Figure 2. Location of the Tumut region within the

Lachlan Fold Belt.

blocks, the Jindalee and Tumut Blocks], separated by
the Killimicat Fault. These blocks are bounded by the
NW-trending Mooney Mooney and Gilmore Fault

1 The Jindalee and Tumut Blocks correspond  to,
respectively, the Jindalee and Gocup Blocks of Basden
(1990a) and the, respectively, Jindalee and Tumut Terranes
of Basden & others (1987).
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Zones which separate the Synclinorial Zone from,
respectively, the Goobarragandra Block to the east and
the WMB to the west. The Goobarragandra Block
comprises mainly Silurian granitoids and their coeval
waterlain to subaerial volcanics, and Silurian shallow-
marine sediments and mafic intrusions. The WMB
consists of Ordovician flyschoid metasediments and
volcanics, and Silurian granitoid felsic and mafic
intrusions (Basden 1982, 1986, 1990a).

The geology of the region, described by Moye et al.
(19693, b & c), Ashley et al. (1971), Basden (1982,
1986, 1990a), Basden et al. (1978), Owen & Wyborn
(1979a), Wyborn (1977), and Degeling (1975, 1977) is
shown in Figure 3. A summary of siratigraphic units
of the southern part of the Tumut Synclinorial Zone
and adjacent areas is given in Table 1. Unit
relationships (Fig. 4), distribution and nomenclature
follow that of Stuart-Smith (1990a)2.

The oldest unit in the area is the Cambrian-
Ordovician Jindalee Group, comprising mainly
greenschist facies mafic and ultramafic rocks
(Bullawyarra Schist, Gundagai Serpentinite). These
rocks crop out either as inliers within the Jindalee
Block, northeast of Tumut, or as fault-bounded
allochthonous blocks elsewhere in the region.
Extensive ultramafic belts within the Mooney Mooney
Fault and Gilmore Fault Zomes, respectively, the
Coolac and Tumut Ponds Serpentipites, may also be
part of this basement or may represent Early Silurian
intrusions.

Ordovician to Late Silurian flyschoid metasediments
and felsic and mafic wvolcanics form two
tectonostratigraphic sequences which are either
structurally emplaced over or unconformably
overlying basement rocks. The older of these two
sequences consists largely of undated gmartz-rich to
quartz-intermediate flyschoid metasediments and
mafic and minor felsic volcamics. These rocks,
deposited in deep to shallow-water environments,
comprise in part, the southern portion of the
Ordovician-Early Silurian Molong Volcanic Auc.
Units included here in this sequence are: the Nacka
Nacka Metabasic Igneous Complex; Brungle Creek
Metabasalt; Wermatong  Metabasalt; Snowball
Metabasic Igneous Complex; Gooandra Volcanics;
Frampton Volcanics; Jackalass Slate; Kiandra

2 Significant differences in the description, stratigraphic
position and relationships of some units from that
interpreted by Basden (19902 & b) and other previous
workers was indicated by Stuart-Smith (1990a). Units
affected by these changes included: the Coolac Serpentinite,
North Mooney Complex, Mooney Mooney Serpentinite,
Honeysuckle Beds, Blowering Formation, Goobarragandra
Volcanics and the Gooandra Volcanics.

i

I

Group3; Bumbolee Creek Formation and the Tumut
Ponds Beds. These strata, deformed and
metamorphosed during the Early Silurian Benambran
Orogeny, are overlain by dated Early/Late Silurian
S-type felsic volcanics, mafic volcanics, and minor
fossiliferous quartz-poor to quartz-intermediate
flysch (Wyangle Formation, Blowering Formation,
Honeysuckle Beds, Ravine Beds). The latter volcanics
and sediments, excluding the Ravine Beds, form the
Tumut Basin, an interpreted Silurian pull-apart basin,
Locally tholeiitic dyke complexes (North Mooney
Complex, Micalong Swamp Mafic Igneous Complex)
intruded during an extension event, which
accompanied this later period of volcanism.

During the Siluro-Devonian Bowning Orogeny the
Early/Late Silurian and older strata were meridionally
folded and metamorphosed to lower greenschist facies
following intrusion of S- & I-type granitoids
(Wondalga, Green Hills and Young Granodiorites,
Rough Creek Tonalite and Gocup Granite). These
granitoids, forming only a minor constituent of the
Tumut Synclinorial Zone, are the dominant rock types
in the adjacent WMB and the Goobarragandra Block.

Early Devonian post-kinematic I-type granitoids
(the Bogong and Killimicat Granites, Lobs Hole
Adamellite and several minor unnamed granite bodies)
intrude older units and are associated with coeval
shallow-water to subaerial ignimbrite and minor
sediments (Minjary Volcanics, Gatelee Ignimbrite,
Boraig Group, Byron Range Group). These volcanic
sequences form remnant subhorizontal sheets
unconformably overlying older strata and granitoids.
Minor outliers of flat-lying Tertiary basalt and
minor sediments also unconformably overlie older
rocks, commonly forming hill-top cappings in the
region.

Extensive Quaternary alluvial and colluvial deposits of
sand, gravel and clay form the floodplain of the Tumut
River and its tributaries in the north of the region.

3 includes the Nine Mile Volcanics and Temperance
Formation.
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Table 1. Summary of Palaeozoic stratigraphy of the Tumut region.

11

Description

Unit Field relationships Thickness Remarks
T Basalt, minor limonitic pebble Unconformably overlies older units <40  Forms flat-lying caps.
O conglomerate, hematitic ironstone,
5 8 sandstone, siltstone and sandy
[a]e) clay at base.
UNCONFORMITY
Dg) Fine-grained biotite granite; coarse- Intrudes Oub and Ovg. Faulted Forms minor intrusive bodies and
grained leucogranite. against older units. tectonic slices within the Mooney
Mooney Fault Zone. Part of Dgb?

Killimicat Granite Fine- to medium-grained equigran- Intrudes Or, Sw and Sbd. Similar chemically to Dgb (Basden,
(Dgk) ular granite. 1986).

Bogong Granite

Dsgb)

Massive fine to medium-grained
leucogranite, medium to coarse-
grained equigranular biotite granite.
Metasediment homfels rafts.

Intrudes Sbd, Sbl, Oub, COc and Ow

I-type granite. Age 410£16 Ma
(K-Ar on biotite; Ashley er al 1971).

Benwerrin Diorite  Medium-grained diorite and quartz- Intrudes Ow and intruded by Dgb Part of I-type Boggy Plain Super-
(Sdw) diorite. (Willcock 1982). . suite (Basden 1986). Coeval with
Dgb.
Lobs Hole Porphyritic granophyric leuco- Intrudes Dlv. Subvolcanic intrusion comagmag-
Adamellite granite. matic with Dlv (Barkas 1976).
Q  (Dgl
@
2 Byron Range Shale, limestone and arenite. Unconformably overlies Ssrand 625  Shallow-marine (Moye et al 1969).
e Group . basal part of Dlv. Faulted against
g (Dls) Oub.
Boraig Rhyolite, rhyolitic tuff, siltstone, ~ Unconformably overlies Ssr and 2400 Shield volcanic complex (Owen e al
Group shale, volcanilithic arenite, and Sbd. Unconformably overlain by 1982).
(Dlv) cobble conglomerate. Dls (Moye er al 1969). Faulted
against Oub.
Minjary Volcanics ~ Rhyolitic wff and ignimbrite, poly- Unconformably overlies Sgcand 350+ Late Early Devonian (early to mid.
(Dvm) mictic conglomerate and arenite. Oub. Faulted against Ovg and Oub. Siegenian) fossils (Barkas 1976).
Shallow-marine to subaerial
environment (Basden 1986).
Gatelee Ignimbrite  Rhyolitic ignimbrite, minor basal ~ Unconformably overlies 100 Forms remnants of a subhorizontal
(Dtr) polymictic conglomerate. older units. ignimbrite sheet (Ashley eral 1971;
Kennard 1974).
UNCONFORMITY

"EARLY/LATE SILURIAN

Gocup Granite

Fine to coarse-grained biotite

Intrudes Oub. Unconformably

S-type granite (Wyborn pers comm)

(Sge) granite; minor coarse-grained overlain by Dvm (Barkas 1976). Age 40912 Ma (K-Ar on biotite;
muscovite-biotite granite. Faulted against Ovg. Richards et al 1977).

Rough Coarse-grained equigranular Allochthonous fault slices. Late synkynematic S-Type granitoid

Creek chloritised biotite tonalite. Ingudes Ovg. (Wyborn 1977). .

Tonalite (Sgr)

Wondalga Medium-to coarse-grained biotite  Intrudes On and Os. Late synkynematic I-type granitoid

Granodiorite granodiorite. (Basden 1986).

(Sgw)

Green Hills Coarse-grained equigranular musc- Intrudes On and Os. Late synkynematic S-type granitoid

Granodiorite ovite-biotte granodiorite. (Wybom 1977; Basden 1986).

(Sgg) Ages 40616 Ma, 41926 Ma, 4226
Ma (K-Ar on biotite; Webb 1980).

Young Granodiorite Massive coarse-grained equigran-  Intrudes<€Oc, Shm. Gradational S-type granite. Age 41726 Ma (K-

(Sgy) ular granodiorite. Minor net-vein  with Sbd. Ar on biotite; Evernden & Richards,

complexes with fine to medium-
grained quartz diorite. Mylonitc
within the Jugiong Shear Zone.

1962). Coeval with Sbd.

Micalong Swamp
Basic Igneous

Dolerite, gabbro and aplite.

Intrudes So; intruded by Sgy.

Dyke complex. Age 43029 Ma.
(K-Ar on hornblende, Owen &

Complex (Sm) Wyborn 1979).

North Mooney Gabbro and dolerite. Minor Intrudes €0c, Sbd, Sbl, and Sh. Sheeted-dyke complex (Brown
Complex diorite, rondjhemite and albitite.  Tectonic inclusions in€0c. 1979) Age 426£6 Ma. (K-Ar on
(Shm) homblende; Webb 1980).

Australian Geological Survey Organisation, Record 1994/5
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Table 1 continued.

P.G. Stuart-Smith

dacite.

Sbl and Sh. Intrudes structurally
underlying Ow. Unconformably
overlies Oub.

Unit Description Field relationships Thic{cng:s Remarks
: m
Honeysuckle Massive dark green fractured Intruded by Shm and Sgy 500 Subaqueous basalt flows and minor
Beds altered metabasalt. Foliated near ~ Conformably overlies Sbl; intercalated sediments, Water’
(Sh) fault contacts. Pillow structures local basal breccia . Intertongues depth < 1000 m (Basden 1986).
common. Minor interbedded meta- with and overlies Sbd.
shale, silty slate, argillite, graded
mafic tuff and rare fine- to coarse-
grained quartz-poor arenite. Poly-
mictic sedimentary breccia (basalt
and dacite clasts) common at base.
Blowering  (Sbd) Porphyritic dacite crystal wff; por- Conformable upright sequence, 1000 Flows and subvolcanic intrusions.
Formation phyritic medium-grained intrusive  overlies Sw and intertongues with Coeval with Sgy and correlative of

429%16Ma Goobarragandra Volc-
anics (Owen & Wyborn (1979).

ORDOVICIAN--EARLY SILURIAN

(Odb)

hornblende diorite.

§
3
@ (Sbl) Brown meta-shale and slate with  Conformable upright sequence 750  Proximal sedimentary volcaniclastic
E silty laminae and graded very fine  overlying and intertongueing with sequence. Early Middle Ludlovian
i to coarse-grained quartz-intermed-  Sbd. Underlies Sh and intruded conodonts in allochthonous lime-
= iate arenite. Minor dacite flows, by Shm in north. Unconformably stone clasts (Lightner 1977).
. malfic and felsic tuff,and meta- overlies Oub.
basalt
Wyangle Formation Shale, mudstone, fine to coarse-  Unconformably overlies and 500  Allochthonous limestone blocks in
(Sw) grained quartz-poor to quartz- faulted against Ojb. Underlies, diamictite contain conodonts of
intermediate arenite, polymictic intertongues with and intruded probable late Llandoverian to early
conglomerate, diamictite and rare by Sbd. Wenlockian age (Lightmer 1977).
hornblende andesite .
Ravine Beds Shale, slate, chert, graded coarse-  Unconformably overlain by Dlv 1000 Late Wenlockian to early Ludlovian
(Ssr) grained volcanilithic arenite and and Dls. Faulted against Oub. (Labutis 1969).
conglomerate.
Goobarragandra Dacite, volcanic breccia, tuff, Intruded by Sgy and Sm. 1000+ Subaerial and ignimbritic fissure
Volcanics volcaniclastic sediments. eruptions. Age 429+16 Ma. (Rb-Sr
(So) whole-rock; Owen & Wyborn 1979)
UNCONFORMITY
(Od) Medium-grained leuco-quartz- Intrudes Ovg, Minor intrusion associated with Ovg
diorite.
Blacks Flat Diorite  Medium- to coarse-grained biotite-  Intrudes COjb. 7Thermal event 41726 Ma (K-Ar on

homblende, Webb 1980).

Tumut Ponds
Beds
(Out)

Graded thickly bedded fine-to
coarse-grained quartz-intermediate
arenite, slate and minor quartz-rich
arenite.

Lateral equivalent of Oub. ?Con-
formably overlies Ovg.

1000+ Deep-marine turbidite sequence.

Bumbolee Creek
Formation
(Oub)

Slate and phyllite with laminae and
thin beds of fine-grained quartz-

"rich arenite; medium- to coarse-

grained quartz-intermediate arenite.
Rare volcanilithic and quartz pebble
conglomerate and laminated black
and grey chert.

Conformably overlies and interton- 2000+ Deep-marine turbidite sequence.

gues with Ouj and Ovg. Intruded
by Dg and Sgc. Lateral equivalent
of Out.

Trace fossils of indeterminate age
(Atkins 1974).

Jaclgalass Slate
(Ouj)

Dark grey slate with silty laminac.
Rare fine-grained quartz-rich and
quartz-intermediate arenite.

Conformably overlies Ovg and
underlies Oub. Intertongues with

-Ovg and Oub.

1000 Distal facies of deep-marine turbidite
sequence.

Frampton Volcanics
(Ovh

Meta-rhyolite, meta-thyodacite,
and siliceous slate.

Intertongues with Ovg.

Subaerial to shallow-water environ-

ment (Basden 1986). Age 425+
Ma (U-Pb zircon).

100

Brungle Creek
Metabasalt (Or)

Meta-basalt, minor chert and meta-
dolerite.

Unconformably overlain by Sw.

<1000 Flows and subvolcanic intrusions.

‘Wermatong
Metabasalt
(Ow)

Metabasalt, chert, chert-basalt
breccia; minor dolerite (Basden
1986).

Intruded by Dgb (Goldsmith 1973), ~800 Low-K tholeiite (Basden 1986).

Sdw (Willcock 1982) and Sbd.
Structurally overlain by Sbd.

?Correlative of Ovs and Or.

Snowball Metabasic
Igneous Complex
(Ovs)

Meubasalt; minor meta-micro-
gabbro, chert, siltstone and volcan-
ilithic arenite (Basden 1986).

Intertongues with Oub and Ovg.
Intruded by Dg.

~1000 Low-K tholeiite (Basden 1986).
?Correlative of Ow and Or. Forms
lenses within probable deep-marine
turbidite sequence.
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Unit

Description Field relationships

Thickness
(m)

Remarks

Gooandra Volcanics
(Ovg)

ORDOVICIAN-
EARLY SILURIAN

Meta-andesitic lapilli and crystal Conformably overain by Oub, Out
lithic tuff, meta-andesite, meta- and Ouj. Intertongues with Ovf,
basalt, meta-rhyolite, meta-rhyolitic Ouj, Ovs and Oub. Intruded by Dg,
wuff, meta-dacite, polymictic cong- and Sgr. Faulted against Oub.
lomerate, silty slate, fine to coarse- ?Lateral equivalent of On.

grained quartz-intermediate and fine-

grained quartz-rich arenite; rare

jasper, laminated black chert and

marble.

700+

Forms discontinuous volcanic
aprons within probable deep-marine
turbidite sequence. ?Late Darriwil-
ian to ?early Gisbornian (Owen &
Wyborn 1979).

Kiandra Fine- to coarse-grained and pebbly Faulted against Ovg. <5000 Deep- to shallow-marine, locally
Group mafic volcaniclastic metasediments, subaerial. Late Darriwilian to
(Ovk) silty slate. ?ate Gisbornian (Owen & Wyborn,
1979).
Z
é Nacka Nacka Amphibolite, metagabbro. Intruded by Sgw and Sgg. Ages 46526 Ma and 46726 Ma
5 Metabasic Igneous Lateral equivalent of Ovg. (K-Ar on hornblende, Webb 1980).
§ Complex (On)
O (0s) Phyllite, biotite hornfels, banded  Intruded by Sgw and Sgg. Metamorphosed quartz-rich flysch.

quartz-albite-hornblende-biotite Interdigitates with On.
hornfels, chlorite schist, albite-

biotite-muscovite homfels.

Gisbornian fossils in same sequence
to west (Sherwin 1968).

Tumut Ponds
Serpentnite
(COs)

Serpentinite, talc schist, serpent-  Faulted against other units.
inised harzburgite, metabasalt and

amphibolite inclusions.

Age unknown. Forms allochthonous
tectonic slices within the Gilmore

Fault Zone. ?Parn of the Jindalee I
Group. ‘

Coolac Serpentinite
(COc)

Massive well-jointed harzburgite  Intruded by Sgy, Shm and Dgb.
with rare primary layering, schistose Faulted against Sbl, Sbd, Sh, Dgb,
serpentinite, minor talc schistand  Sgy and Shm.

rodingite dykes. Minor wherlite,

pyroxenite and lherzolite in north.

Common tectonic inclusions of

gabbro, dolerite and diorite (Shm);

meta-basalt (Sh); fine-grained

quartzite ; biotite schist ; and granite.

Anthophyllite hornfels adjacent to Dgb.

Forms tectonic slices within the |
Mooney Mooney Fault Zone. 7Part |
of Jindalee Group. '

CAMBRIAN-ORDOVICIAN

& Gundagai

Massive and schistose serpentinite, Tectonic slivers within thrust faults.

Forms allochthonous bodies derived

€ Serpentinite meta-pyroxenite, carbonate-talc Faulted against Oub, Ouj, Ovg and from basement Jindalee Group.
O (COyg) schist. Ovf.

Bullawyarra Schist ~ Actinolite schist (meta-basaltand  Faulted against other, units. Forms metamorphic core complexes
2 (Ojb) meta-dolerite) Intruded by Odb. and faulted allochthonous slices.
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Figure 4. Diagrammatic Palaeozoic stratigraphy of the southern part of the Tumut Synclinorial Zone and
adjacent parts of the Wagga Metamorphic Belt, and the Goobarragandra and Tantangara Blocks in the
Tumut region. Note: unit symbols correspond to those in Table 1.
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PALAEOZOIC GEOLOGICAL HISTORY
OF THE TUMUT REGION

Cambrian to Ordovician basement

Although actinolite schist and ultramafics of assumed
Cambrian to Ordovician age are the oldest rocks in the
region, little can be ascertained about their origin, as
they occur as either faulted inliers or thrust slices.
The rocks, forming structural basement to Ordovician
to Early Silurian and younger strata, possibly represent
an Early Palaeozoic ophiolitic suite accreted to a late
Proterozoic crust in the Early Ordovician (Basden

1986).
Ordovician to Early Silurian deposition

The Late Ordovician of southeastern Australia is
characterised by extensive quartz-rich flysch deposits
interfingering with volcanic piles and associated
volcaniclastic aprons (eg. Cas 1983, Degeling et al.
1986). These volcanics are thought to be part of a
palaeo-volcanic arc: the Molong Volcanic Belt formed
on thin Late Proterozoic basement at the
Gondwanaland margin above a westward-dipping
subduction zone (eg. Degeling et al. 1986, Packham
1987) or a migrating delaminated crust (Wyborn,
1988).

In the Tumut region, deep-water (below wave-base)
proximal and distal quartz-rich and quartz-
intermediate turbidites form part of this sequence,
interfingering with mafic and felsic volcanics and
associated volcaniclastic deposits.  These deposits
include the Nacka Nacka and Smowball Metabasic
Igneous Complexes, the Kiandra Group, Brungle
Creek Metabasalt, Wermatong Metabasalt, Gooandra
Volcanics, Jackalass Slate, Bumbolee Creek
Formation, Tumut Ponds Beds, and the Frampton
Volcanics.  The Ordovician and Early Silurian
stratigraphy of the region has been substantially
revised.  Previously, most of the above units were
regarded as part of the Early Silurian Tumut Trough
sequence. However, they are separated by a major
structural  discontinuity, interpreted as  an
unconformity, from overlying dated Early/Late
Silurian volcanics and fossiliferous (late Llandoverian
to early Wenlockian) quartz-poor flysch (Stuart-Smith,
1990a). These two tectonostratigraphic units are
distinguished by distinct differences in arenite
composition and differences in clinopyroxene-
phenocryst compositions from mafic volcanics which
reflect differing tectonic environments of formation.
Mafic volcanics in the lower unit are interpreted as
subduction-related whereas those in the upper unit (ie.
Early/Late strata) have both intraplate and subduction-
related characteristics. A rhyolite flow within the

Frampton Volcanics yields a U-Pb age of about 425
Ma (Stuart-Smith et al., 1992) placing an Early
Silurian upper limit to the volcanic arc-related
environment which characterised the Late Ordovician.

Early Silurian deformation

Deposition of deep-water turbidites and mafic to
felsic volcanics was terminated in the Early Silurian
by a deformation, characterised by lower to sub-
greenschist facies metamorphism, thrust faulting, E-W
recumbent folding and later local coaxial upright
folding. = The deformation is comparable to the
Benambran Orogeny described in  Ordovician
metamorphics of the adjacent WMB and is tightly
constrained in the Tumut region to about 425 Ma.
Fold characteristics of this deformation are indicative
of thin-skinned intraplate dextral transpressional
deformation rather than classical collisional tectonics,
as envisaged by some workers for the Benambran
Orogeny here and elsewhere in the LFB.

The structural and metamorphic history of the
Cambrian to Ordovician basement in the Jindalee
Block involved at feast two distinct deformations at
greenschist facies in addition to Siluro-Devonian sub-
greenschist facies metamorphism and upright folding.
The earliest deformation, of unknown age, predates
diorite intrusion and the formation of high-strain zones
and associated recumbent folding during the Early
Silurian. As continuous prograde greenschist facies
metamorphism is indicated for the two earlier
deformations it is probable that both occurred during
the Benambran Orogeny. High-T low-P conditions
indicated for the metamorphism are comparable to
those in the WMB. Apart from remobilisation of
serpentinite locally into the thrusts, Cambrian-
Ordovician basement rocks in the Tumut Block were
largely detached from this deformation.

Early Silurian extension and basin
formation

Crustal extension on the western margin of the Molong
Volcanic Arc, mostly confined to the Jindalee Block in
the Tumut region, immediately followed the
Benambran Orogeny and resulted in the formation of
the Tumut Basin. Evidence for this extension is
preserved in inliers of Cambrian-Ordovician basement
rocks and in the nature of the structural and
metamorphic discontinuity separating basement and
cover upits (Stuart-Smith, 1990b). This discontinuity
is a major, originally subborizontal, fault zome
characterised by massive breccias and cataclasites, and
extensive chlorite and carbonate alteration. The zone
is interpreted as the major detachment associated with
attenuation of Ordovician-Early Silurian strata and
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associated basement uplift in a manner similar to that
described for metamorphic core complexes. High-
strain zones, subconcordant to this detachment, are
present in the basement and are characterised by a
ubiquitous mineral-elongation lineation. These zones
record a discontinuous history of ductile followed by
brittle behaviour, consistent with an extensional origin.
They probably represent reactivated thrust faults
formed during the preceding deformation.

The indicated south-southeast to southerly extension
direction, subparallels the Mooney Mooney Fault Zoge
consistent with the basin forming a aarrow pull-apart
basin, as a result of dextral transtension between a jog
in the Mooney Mooney Fault Zone and the Killimicat
Fault (Fig. 5). The detachment fault probably linked
into both strike-slip faults at depth, dipping
southwards beneath the Goobarragandra Block.
Unlike typical extension terranes, such as those
associated with the Cordilleran metamorphic core
complexes and back-arc terranes, the Tumut Basin
grew in length rather than width.

KILLIMICAT FAULT -

Extended Ordovician — Early Silurian
metasediments and volcanics

Cambrian - Ordovician metamorphics

3 . //“Z"./%:/' >

FP.G. Stuart-Smith

Major movement on the detachment tock place prior
to deposition of late Llandoverian to early Wenlockian
(Early Silurian) gquartz-poor to quartz-intermediate
flysch (Wyangle Formation), which unconformably
overlies both the basement and Ordovician to Early
Silurian strata. These sediments, deposited in shallow-
marine conditions, exhibit rapid facies changes, filled
interpreted steep-sided fault-bounded troughs and
onlapped the wunderlying basement and attenuated
cover. Basal flysch deposits were sourced from both
older mafic volcanics and penecontemporaneous felsic
volcanics, Later felsic and mafic volcanics were
extruded filling the narrow basin formed within the
Jindalee Block and covering parts of the adjacent
Tumut Block. About 2500 m of strata are preserved
in the basin, which extended for at least 80 km along
the western margin of the Mooney Mooney Fault
Zone, and was linked en echelon to a similar basin
(the Yarrangobilly Basin ) to the south (Fig. 6).

MOONEY MOONEY
FAULT ZONE
|

o - .z
Lt —

T

Z

OCrdovician - Early Silurian
metasediments and volcanics

Detachment fault exposed in
“metamorphic core complexes”

Tectonic? emplacement of Coolac Serpentinite
and intrusion of gabbro dyke complexes in
transtensional zone

Figure 5. Schematic block diagram showing Early Silurian puell-apart model for formation of the Tumut

Basin (after Stuart-Smith et al., 1992).
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Figure 6. Distribution of post-Benambran Silurian facies in the Tumut region, showing en echelon
arrangement of interpreted Silurian basins and inferred direction of Early Silurian strike-slip fault
movement. Note: Mid-Devonian sinistral strike-slip movement of several Kilometres occurred on the NW-
trending faults displacing the Yarrangobilly Basin farther south relative to the Tumut Basin, from its
originally position (from Stuart-Smith et al., 1992).
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Emplacement of the Coolac Serpentinite

Intrusive relationships and the structural history of the
Coolac Serpentinite (Stuart-Smith, 1990c) indicate that
it was emplaced into the Mooney Mooney Fault Zone
during this Early Silurian extension event and not
during the Siluro-Devonian Bowning Orogeny as
previously interpreted (eg. Ashley et al. 1979).
Although the serpentinite may have originated as part
of an ophiolitic suite, it is more appropriately
interpreted as an Alpine-type body occupying a crustal
suture. The serpentinite possibly represents either an
Early Silurian ultramafic intrusion, or most likely, a
tectonic slice derived from the underlying Cambrian-
Ordovician Jindalee Group.

Gabbro and granitoid intrusion

Mantle upwellings responsible for the Early Silurian
deformation and subsequent extension resulted in the

P.G. Stuart-Smith

generation of bimodal felsic S-type and tholeiitic
magmas. Extrusion of these melts into the Tumut
Basin and adjoining blocks was followed by
widespread intrusion of granitoid plutons and gabbroic
dyke complexes. The Mooney Mooney Fault Zone
was the locus of the tholeiitic flows and gabbro
intrusions,  distinguished from their regional
counterparts by lack of iron enrichment and other
geochemical characteristics typical of ocean-floor
basalts (Basden, 1986). This difference, used to
support the inclusion of these rocks in a Silurian
ophiolitic suite (Ashley et al., 1979), can be explained
by their location on a major active strike-slip crustal
fracture zome. Crustal thinning, associated with
extension localised on the fault zone, was sufficient to
allow the passage of uncontaminated mantle-derived
melts in a situation analogous to the leaky Dead Sea
transform.

TUMUT SYNCLINORIAL ZONE

<« WAGGA METAMORPHIC
BELT

TUMUT
BLOCK

GILMORE
FAULT ZONE

JINDALEE
BLOCK

KILLIMICAT MOONEY MOONEY
FAULT

GOOBARRAGANDRA
BLOCK

LONG PLAIN
FAULT

®m® ;

FAULT ZONE
Approximate position
® &\\ J [ ® of se/sm/c traverse

[\/\ rtd ettt et r++ Ny T???Tvdvvvvvvvvvvvvvvvvvvv
B S S I Y A R A I R S o
LR Fd++++ 4+ EaE Ak S R b
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_—’_ [] 1
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V__I Moho
H

vV VvVy . . .
Early—Late Silurian volcanics

+ + 4+ . . . .
Late Silurian granitoids

’:’ Coolac Serpentinite

Cambrian—Ordovician greenstone
sequence

16/155-15/21

Ordovician-Early Silurian strata

Figure 7. Schematic crustal profile for the Tumut region, showing relationship of major faults to
interpreted mid-crustal detachment, based on the Tumut seismic traverse (from Stuart-Smith, 1991)
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Siluro-Devonian deformation

During the Late Silurian/Early Devonian, in response
to lateral compression, the WMB and the
Goobarragandra Block were thrust towards one
another over the Tumut Synclinorial Zone, resulting in
meridional folding of older strata. Thermal gradients
were still high following intrusion of the Gocup
Granite and other granitoids, and in the Tumut region,
regional greenschist facies metamorphism
accompanied the deformation.

The Mooney Mooney and Gilmore Fault Zones,
trending northwesterly, oblique to the principal-
compression direction, were active imbricate sinistral
strike-slip systems during the deformation. Mylonitic
rocks with common S-C fabrics and minor structures
typical of Riedel shear geometry formed in the fault
zones (Stuart-Smith, 1990c, 1991). Although older
structures are not preserved, the faults were probably
active strike-slip zones during the Early Silurian
Benambran Orogeny and subsequent extension event.

The fault zomes, which share a common, complex,
history of deformation since the Siluro-Devonian, are
interpreted to be linked to a mid-crustal detachment
together with the other major faults in the region such
as the Long Plain Fault (Fig. 7). Dominantly-reverse
movements occurred on the Jugiong Shear Zone and
the Indi Fault, both of which were orientated
orthogonally to the principal-compression direction.
The latter fault is continuous with the Gilmore Fault
Zone.

Devonian felsic magmatism and strike-slip
faulting

Extensive flat-lying ignimbrite sheets and associated
fossiliferous Early Devonian subaerial to shallow-
water volcaniclastic sediments were deposited in the
now cratonised Tumut Synclinorial Zome.  The
volcanics, forming shield volcanic complexes in places
(Owen et al. 1982), were intruded by comagmatic I-
type granitoid plutons of the Boggy Plain Supersuite
(Wyborn et al. 1987). These felsic magmas were
interpreted to be derived from a gabbroic source,
underplated at the base of the crust during the
Ordovician (Wyborn et al., 1987).

During the mid-Devonian and/or Carboniferous,
renewed lateral compression resulted in reactivation
of the Killimicat Fault and the Gilmore and Mooney
Mooney Fault Zones. In the latter two zones, sinistral
strike-slip faulting was locally associated with
development of both chloritic cataclasite in granitic
mylonite and extensive schistose serpentinite margins

to contained ultramafics (the Coolac and Tumut Ponds
Serpentinites) characterised by S-C fabrics. Within the
fault zones, Early Devonian strata were openly folded,
with an axial-spaced cleavage commonly developed.
A total of 28 km horizontal displacement is interpreted
for the Mooney Mooney Fault Zone during the mid
Devonian and/or Carboniferous movement(s). The
amount of displacement on the Gilmore Fault Zone,
Killimicat Fault as well as earlier movements on the
Mooney Mooney Fault Zone is unknown. During the
waning stages of sinistral strike-slip movement
conjugate NE-trending dextral strike-slip faults formed
in localised transpressional zones within the Mooney
Moouney Fault Zone.

EXCURSION STOPS

DAY 1

In the southern part of the Tumut region, the Tumut
Block abuts the Long Plain Fault, juxtaposing Early to
Late Silurian volcanic and sediments of the
Yarrangobilly Basin against Ordovician mafic
volcanics and quartz-rich flysch of the Tantangara
Block.

The first day of the excursion provides a rapid transect
across the Tantangara Block and briefly examines
units within the Yarrangobilly Basin as well as
examining the southern part of the Gilmore Fault
Zone. Although there are some gaps in detailed
structural accounts of the areas to be visited the stops
will provide an insight into the stratigraphy,
metamorphism and structural styles within the area,
thus providing an important comparison with areas of
the Tumut Block and WMB to be visited later on in
the excursion. After leaving Jindabyne, the route
follows the Happy Jacks road from Eucumbene Dam,
joining the Khancoban-Kiandra road near Tumut
Ponds Dam, and then proceeds onto Tumut via the
Snowy Mountains Highway (Fig. 8).

Stop 1.1 Boltons Beds. Happy Jacks Road
(stop description modified from BMR excursion to
Tantangara-Brindabella, Stop 1.4; Owen, Wyborn &
Wyborn, 1976).

The Ordovician Boltons Beds, a flysch sequence of
fine-grained clastic rocks with minor bands of thin-
bedded chert, impure quartzite, dark slate and shale,
comprise the oldest sediments in the Tantangara Block
(Moye, 1953; Moye et al., 1969). The rocks grade into
the overlying Temperance Formation.
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P.G. Stuart-Smith

At this locality the unit is contact metamorphosed by
the Early Devonian Dodger Diorite (Boggy Plains
Supersuite); however, sedimentary  structures,
including parallel lamination, convolute lamination
and ripple cross lamination are well preserved in the
quartz-rich distal flysch sequence. The presence of
minor interbedded chert beds indicates that this
locality is within the upper part of the unit.

Stop 1.2 Temperance Formation

(stop description modified from BMR excursion to
Tantangara-Brindabella, Stop 1.7; Owen, Wyborn &
Wyborn, 1976).

In the Tantangara Block the oldest deformation
preceded deposition of the Early Silurian Tantangara
Formation. as the unit unconformably overlies the
Ordovician Nugar Beds (correlative of the Boltons
Beds). However, the nature of this deformation is not
well known owing to the intensity of meridional
folding during the middle Llandoverian (Early
Silurian), which preceded deposition of the Upper
Llandoverian-?Lower Ludlovian Peppercorn
Formation (Owen & Wyborn, 19792a). The timing of
this second phase is similar to the ~425 Ma old
(Benambran) recumbent folding within the Ordovician
- Early Silurian flysch in the Tumut Block. The
effects of the Siluro-Devonian Bowning Orogeny in
the Tantangara Block appears to vary considerably
from meridional to local latitudinal folding.

An isoclinal fold within the Temperance Formation is
exposed at this stop. The fold, within an axial-plane
dipping 60° to 230°, has been interpreted by Williams
(mentioned in Owen et al., 1976) as an early fold lying
on the southwestern limb of a younger NW-trending
anticline, formed during the second phase of folding.
More folds can also be seen along the roadside, for
350 m (and across the bridge), in the well-bedded
chert and tuffaceous sedimentary sequence .

Stop 1.3 Nine Mile Volcanics

(stop description modified from BMR excursion to
Tantangara-Brindabella, Stop 1.8; Owen, Wyborn &
Wyborn, 1976).

The Nine Mile Volcanics, part of the Ordovician
Molong Volcanic Arc, comprise high-K phyric basalt
and basaltic tuff interbedded with shales, chert,
tuffaceous siltstone and feldspathic volcaniclastics
(Owen & Wyborn, 1979a). The volcanics, deposited
in deep to shallow-marine and locally subaerial
environments, pass laterally into the Temperance
Formation; the boundary being defined by the
predominance of lavas and tuffs in the volcanics.
Minor hornblendite and monzonite dykes are
associated with the volcanics.
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The Nine Mile Volcanics at this stop form a steeply
dipping exposed section of mostly of shales, chert,
tuffaceous siltstone and feldspathic volcaniclastics.
Graded beds indicate the strata are upwards facing. A
subvertical penetrative slaty cleavage is also present.
The volcaniclastics are composed mainly of a
metamorphic assemblage of calcite + chlorite + albite
* quartz * muscovite.

The wvolcanics are unconformably overlain by
columnar-jointed Tertiary basalt flows at the top of the
hill. Fallen columns of the basalt and imported
(dumped) blocks of the Dodger Diorite can also be
seen at this locality.

Stop 1.4 Gilmore Fault Zone, Section
Creek

The Gilmore Fault Zone is a long-lived imbricate fault
system separating the WMB from the Tumut
Synclinorial Zone. The geology of the southern part of
the zone is shown in Figure 9. Structures within the
fault zone indicate dominantly sinistral transpressional
movements during regional deformation in the Siluro-
Devonian and mid-Devonian and/or Carboniferous
(Stuart-Smith, 1991). The movements, in response to
lateral compression, resulted in the WMB being thrust
over the Tumut Block. In addition, strike-slip
movement may be inferred during Early Silurian
regional deformation and Early Silurian extension.
Common structural and metamorphic histories, and
lithological correlation of rock units straddling the
fault zone indicate that the Gilmore Fault Zone does
not represent a terrane boundary in either the Late
Ordovician or Silurian, as suggested by some previous
workers. Differences in geophysical expression and
crustal composition across the zone can be explained
by the zone being a reactivated basement fault linked
to a mid-crustal detachment.

The Section Creek aqueduct provides an excellent
2000 m section through the western portion of the
southern part of the Gilmore Fault Zone. The section
includes the deformed eastern margin of the Green
Hills Granodiorite (WMB) and highly deformed and
faulted slivers of Gooandra Volcanics, Rough Creek
Tonalite and Tumut Ponds Serpentinite (Figs 10 &
11).

The aqueduct access road traverse commences at the
Tumbarumba road turnoff in massive to weakly
foliated granodiorite of the Green Hills Granodiorite
and passes eastwards through a progressively more
deformed zone about 500 m wide. At vent 8100,
about 1.6 km from the turnoff, the granodiorite is
mylonitic with a foliation dipping about 80° ESE. A
mineral elongation lineation pitches 45° to 50° S and

S-C fabrics indicate west-side up movement. Over the
next 50 m section ultramylonite zones and tectonised
slivers of carbonate-chlorite schist (probably altered
Gooandra Volcanics) are common. The mylonitic
foliation in this zone is, in places, deformed by later
closely spaced NE-dipping shear planes.

A faulted slice of Rough Creek Tonalite, about 100 m
wide, separates the mylonite margin of the Green Hills
Granodiorite from highly deformed Gooandra
Volcanics farther to the east. A deformed, intrusive
contact between the tonalite and the Gooandra
Volcanics has been observed at this locality in 1975 by
D. Wyborn (personal communication, 1993) but is not
evident in the present exposure. The tonalite is weakly
foliated, extensively silicified, fractured and brecciated
with cataclasite zones present in places. Fractures in
the tonalite subparallel the foliation in the adjacent
granodiorite and highly deformed and altered mafic
rocks of the Gooandra Volcanics, dipping steeply to
the east with slickenlines pitching about 40° S.

The remainder of the section is mostly interbedded
phyllite and fine-grained quartz-rich arenite with lesser
quartz-intermediate arenite. Bedding and cleavage are
mainly parallel, trending north, and graded bedding is
preserved in places. Boudinaged quartz veins (Fig. 12
) indicate down-dip extension.

The traverse ends in a 200 m section through the
Tumut Ponds Serpentinite. Here, the unit is mainly a
massive breccia with interspersed zones of foliated
altered (talc, dolomite) serpentinite. The breccia
contains a mixture of mafic and ultramafic clasts
including foliated gabbro and metapyroxenite.

Stop 1.5 Long Plain Fault, Kiandra -
Khancoban road

The Kiandra - Cabramurra road crosses the NNE-
trending Long Plain Fault about 5 km west of Kiandra.
The fault, separating meridional-trending Silurian and
Early Devonian rocks of the Tumut and
Goobarragandra Blocks to the north from tightly
folded NNE-trending Ordovician-Silurian volcanic and
flysch sequences of the Tantangara Block (Owen &
Wyborn, 1979a) to the south, has been described as a
W-dipping reverse fault farther to the north where its
strike is more northerly (Wyborn, 1977, Owen &
Wyborn, 1979b). Farther to the south, the Long Plain
Fault is truncated by the Gilmore Fault Zone, which
becomes continuous with the Indi Fault (Stuart-Smith,
1991).

At this locality (Fig. 13), the fault contact is not
exposed; however, tightly folded strata in the Tumut
Ponds Beds, east of the fault, young westwards and
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Figure 10. Geology of the Section Creek area (from Stuart-Smith, 1990d).
Figure 11. Structural profile of the Section Creek traverse (from Stuart-Smith, 1990d).

become progressively overturned approaching the fault. Within 250 m of the fault, bedding, dipping 70° SE,
parallels a penetrative cleavage and the inferred fault contact. Northwest of the fault the cleavage in slate of the
Ravine Beds is rotatcd clockwise from a near vertical N-trending orientation into parallelism with the fault at the
fault contact. Minor boundinaged quartz veins are extended down-dip and are associated with rare steeply
pitching slickenlines and rare quartz-fibre lineations pitching about 60ONE. The above structures ar<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>