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Since its discovery in 1986, the Nagambie Mine was considered to be unique to the
Nagambie area of northern Melbourne Zone. This belief was shattered with the
discovery of the Wandean gold mineralisation, just 4 km north of Nagambie in 2014.
Gold mineralisation at Rushworth and Whroo are of similar styles, but differ from
those at nearby Baillieston, Redcastle and deposits further south.
A structural analysis derived from outcrop mapping over the whole of the Waranga
Domain, and extended through aeromagnetic and gravity interpretation has led to a
new structurally based model for the emplacement of gold-arsenic-antimony
mineralisation, forming the basis for Nagambie Resources’ exploration strategy over
the coming years.
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FORWARD-LOOKING STATEMENTS
This report contains “forward-looking statements” within the meaning of securities laws of
applicable jurisdictions. Forward-looking statements can generally be identified by the use of
forward-looking words such as “may”, “will”, “expect”, “intend”, “plan”, “estimate”, “anticipate”,
“believe”, “continue”, “objectives”, “outlook”, “guidance” or other similar words, and include
statements regarding certain plans, strategies and objectives of management and expected
financial performance. These forward-looking statements involve known and unknown risks,
uncertainties and other factors, many of which are outside the control of Nagambie Resources
Ltd and any of its officers, employees, agents or associates. Actual results, performance or
achievements may vary materially from any projections and forward-looking statements and the
assumptions on which those statements are based. Exploration potential is conceptual in
nature, there has been insufficient exploration to define a Mineral Resource and it is uncertain if
further exploration will result in the determination of a Mineral Resource. Readers are cautioned
not to place undue reliance on forward-looking statements and Nagambie Resources assumes
no obligation to update such information.
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Structural Zones of Victoria
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The eleven structural zones of Victoria are well-recognised, and underlie the basis of
most exploration strategies.
The two major provinces of the Melbourne Zone (pale blue) were recognised in 1988
by VandenBerg
The Waranga Domain was recognised as a separate structural entity in the GSV
publication – The Tasman Fold Belt System in Victoria (published 2000)
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TWO MAJOR PROVINCES
• The Daraweit Guim Province is characterised by north to north-west trending structures,
being major anticline-syncline pairs produced during the Late Devonian east-west
compressional event. Gold is both orogenic along shear zones sub-parallel to the major fold
axes (e.g. Reedy Creek Anticline) and hydrothermal (e.g. Clonbinane)
• The Mount Easton Province is characterised by north-north-west trending structures,
dominated by low angle reverse faults and both east- and west-verging thrusts. The more
significant gold fields (Walhalla-Woods Point and Aberfeldy) are associated with monzonite granodiorite intrusions or dykes.
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STRUCTURAL DOMAINS OF THE
NORTHERN MELBOURNE ZONE
•

2 major provinces – Mt Easton and Daraweit Guim Provinces

•

The northern area can be separated from the southern along
the axis defined by the elongate Baynton Granodiorite and
Strathbogie Granite

The Costerfield Domain
•

Silurian turbidites, with north-north-west trending folds,
truncated by the Moormbool Fault. South of Redcastle, the
folds show a doubly plunging style, reflected as the Costerfield
Dome.

The Graytown Domain
•

Upper Silurian to Late Devonian sediments, with north to northwest trending curvilinear fold structures previously interpreted
as a product of interference folding. Eastern Boundary is the
Baillieston Shear Zone
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The Daraweit-Guim Province can also be divided along structural and
stratigraphic characteristics:
The Costerfield Domain
• Gold mineralisation at Redcastle is hosted within axial plane cleavage
(cross cutting bedding near fold closures) of folded Wapentake Formation
and the overlying Dargile Formation.
• Gold is also associated with NW striking, north dipping reverse faults
• Fault-related gold-antimony mineralisation at Costerfield is hosted by the
Costerfield Formation siltstones in a doubly plunging fold or dome structure.
The Graytown Domain is bounded on the west by the Moormbool Fault, and to
the east by the Baillieston Shear Zone (just east and parallel to the Baillieston
Anticline).
• Gold mineralisation at Bailieston is hosted by faulted Dargile and Broadford
Formation sediments with an associated porphyry intrusion within the
faulted NNW striking Baillieston Anticline.
• Gold mineralisation elsewhere in the northern part of the Domain is hosted
by the Broadford Formation (Graytown and Fontainbleau Goldfields), within
essentially N-S striking folds.
- Gold deposits shown as yellow circles
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WARANGA DOMAIN
• The Waranga Domain is dominated by eastwest structures, produced by south verging
reverse faults or thrusts, with associated
anticlines proximal to fault planes.

Rushworth

Creighton
Hills

Benalla

Whroo

Nagambie

• The reverse faults and thrusts were produced
by the Upper Devonian north-south
compressional event following an earlier (MidDevonian?) east-west compression.

Why the different
Structural Domains?
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Most of the Waranga Domain is covered by Murray Basin sediments, and gold
mineralisation is known only from the rare areas of Siluro-Devonian outcrop.
GOLD Mineralisation in the Waranga Domain is known at Rushworth and Whroo in
the west, in the Creighton Hills and Benalla areas in the east, and at Nagambie in the
south.
In all cases, mineralisation is controlled by east east-west structures, dominated by
south verging reverse faults or thrusts, with associated anticlines proximal to fault
planes.
The reverse faults and thrusts were produced by the Late Devonian north-south
compressional event following an earlier (Mid-Devonian) east-west compression.
The later east-west compression evident in the Daraweit Guim and Mt Easton
Provinces had little effect in the Waranga Domain, with only minor, steeply south
plunging folds evident.
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LACHLAN OROCLINE MODEL
Palinspastic map sequence
depicting the evolution of the
mainland Lachlan Fold Belt
from the culmination of the Benambran Orogeny
at 440 Ma to the end of the Tabberabberan
Orogeny at ~380 Ma
•

The Ordovician succession (blue) is doubly
folded – the southern section is folded
around the underlying Selwyn Block.

•

The Siluro-Devonian succession is thrust
over the Selwyn Block in this pinch or
“Crush Zone”
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Cayley, R.A., 2015. The giant Lachlan Orocline - a powerful new predictive tool for mineral exploration
under cover across Eastern Australia. In: Lewis, P.C. (compiler), Mineral Exploration in the Tasmanides.
Mines and Wines 2015. Australian Institute of Geoscientists Bulletin 62. pp. 29-38

Recent work by the Geological Survey of Victoria has led to the development of an
oroclinal fold model for the reconstruction of the Lachlan Fold Belt in eastern
Australia.
These images show the development of an orocline due to sinistral-oblique plate
convergence from Lower Silurian to Upper Devonian, drawing the Selwyn Block
(underlying the Melbourne Zone) towards the subduction zone. This collision stalled
subduction, promoting roll-back along the eastern margin, but pinned against the
Selwyn Block (renamed Vandieland).
The extensive Bendigo Zone (in blue) is folded so that the eastern limb is now in the
position of the Tabberabbera Zone. The western limb of the Bendigo Zone was
ramped over the western half of Vandieland against the Mt William Fault during the
Lower Silurian, and thus is locked during the development of the orocline.
The Melbourne Zone (not shown, but represented by TMI imagery north and east of
Melbourne) being a thin veneer over the Vandieland microcontinent (estimated
thickness of 12 km in the west, decreasing to near surface in the east (Cayley, et al,
2011, ref below), is subjected to intense deformation pressures during this latter
phase.
This model explains the various structural trends in each of the Provinces and
Domains within the Melbourne Zone.

Cayley, R.A., Korsch, R.J., Moore, D.H., Costelloe, R.D., Nakamura, A., Willman, C.E.,
Rawling, T.J., Morand, V.J., Skladzien P.B. & O'Shea, P.J., 2011. Crustal architecture of
central Victoria: results from the 2006 deep crustal reflection seismic survey.
Australian Journal of Earth Sciences: An International Geoscience Journal of the
Geological Society of Australia, 58:2, 113-156

7

2006 SEISMIC TRANSECT

S

N

Line 4 the only line to cut across
regional strike in the Melbourne Zone
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The 2006 Seismic transect across northern Victoria provided valuable information of
the crust in the Stawell and Bendigo Zones.
The short Line 4 was designed to provide detail across the Governor Fault Zone
(boundary between the Tabberabbera and Melbourne Zones)
This line shows deep seated south-verging listric thrusts in the Melbourne Zone.
These listric thrusts developed during the docking of the Tabberabbera Zone with the
northern Melbourne Zone in the Upper Devonian
These thrusts have produced the east-west fold structures observed in the Waranga
Domain.
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NAGAMBIE MINE
EAST PIT

S

N

Gold mineralisation at Nagambie is
controlled by a north dipping reverse fault
- the NAGAMBIE MINE THRUST
HW lithologies generally distorted.
Footwall Anticline – shattered fold axis,
allowing gold-arsenic bearing fluids to Footwall
Anticline
penetrate
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The gold mineralisation at Nagambie is controlled by a set of north-dipping reverse
faults.
This Nagambie Mine Thrust shows distorted shales in the HW in the east end of the
East Pit
A well developed anticline in the footwall contains most of the higher grade gold
mineralisation, principally in the region of the fold axis where the sandstones were
shattered allowing fluid ingress.
Mapping in 1992 by Gao, et al, shows two other north dipping fault zones within the
pit limits – the Central Shear Zone (CSZ) and the 303 Shear Zone (303SZ), both
showing signs of hydraulic fracturing and gold mineralisation.

Gao, Z.L., Kwak, T.A.P., Changkakoti, A., Hussein, E., & Gray J., 1995. Supergene ore
and hypogene non-ore mineralization at the Nagambie sediment-hosted gold
deposit, Victoria, Australia. Economic Geology, Vol. 90, 1995, pp. 1747-1763
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REVERSE FAULTS SEEN
THROUGHOUT WARANGA
DOMAIN

Tamleugh Thrust
Shepparton-Violet
Town Road

E-W striking Reverse
Faults seen from
Rushworth to the
Strathbogies

WANDEAN THRUST
Kirwans Bridge Road cutting
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At Rushworth, E-W folds are in the footwall to a north dipping reverse fault seen at
Dunlop Hill, just north of the town, and north of the main Phoenix- Frenchmans line
of workings
At Whroo, the mineralisation at Balaclava Hill is in folded sandstones – a reverse fault
can be seen in the north wall of the open cut.
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AEROMAGNETIC
IMAGERY

1988 Metana-Perseverance JV
TMI contour map
Flight lines NW to SE

The Siluro-Devonian turbidites show
weak magnetic variability.
The Waranga Formation sediments
have variable iron content
Consequently, unlike the Bendigo
Zone, aeromagnetic data is useful in
regional interpretation of the Waranga
Domain, most of which is under MB
cover
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Contoured Total Magnetic Intensity (TMI) from the 1986 Metana-Perseverance JV is
overlain on the regional NAGAMBIE 100,000 geology – clearly showing the extent of
Quaternary cover (green). Some outcrops of Waranga and Monty’s Hut Formations
help to pin down the overall stratigraphy.
Polygons were placed around magnetically ‘noisy’ units, to conform to folding
observed in outcrop.
Dislocated polygons were connected by E-W breaks, interpreted as reverse faults
associated with deeper listric thrusts.
The Nagambie Mine Thrust (NMT) fits both observations in the pit mapping, and the
magnetic contours.
The 1986 aeromagnetic data were subsequently merged by the GSV with the 1993
BENDIGO VIMP aeromagnetic data, and some slight modifications to the structural
interpretations made.
The 1993 BENDIGO aeromagnetic survey was flown east-west. The decision was
made by Nagambie Resources to fly aeromagnetics along north-south lines in late
2016.
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2016 AEROMAGNETIC DATA
New data acquired in late 2016
Aeromagnetic signatures subtle, but
enhancement methods bring out E-W breaks
A further 7 suspected thrusts identified for
follow-up work

Total Magnetic Intensity image
2016 Survey
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Gridded TMI data showed little variation in magnetic intensity across the surveyed
area. Enhancements, such as 1st Vertical derivative and trend removal improved the
interpretation.
As with the earlier data, the construction of polygons around noisy magnetic units
identified structural breaks which have been interpreted as being evidence of
regional E-W reverse faults, or deep seated listric thrusts
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TMI- Reduced to Pole and Trend Removed
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Using various enhancements linear breaks can be seen in the imagery
This results in a first pass magnetic interpretation of the gross structures
Strong magnetic feature appears in the SE corner of the survey. This matches a
higher density unit seen in the gravity imagery (next slide) and could be a piece of
uplifted volcanic basement.
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GRAVITY INTERPRETATION
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1st Vertical Derivative Bouguer Gravity data

First Vertical Derivative of the regional gravity dataset: (GeoScience Australia
geophysics database)
Major structures can be picked up, which are different from the aeromagnetic
structural interpretation.
These structures are interpreted as representing deep seated structural breaks in the
Selwyn Block volcanic basement. Their orientation implies causation by the earlier EW (or NE to SW) compressional event.
Some E-W structures also can be seen – related to the later N-S compression?
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REGIONAL
SYNTHESIS
Interpreted
structures fit the
regional structural
model
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Outcrop mapping throughout the northern half of the Melbourne Zone has revealed a
structural history of the Waranga Domain:
1) Early northeast-southwest compression setting up regional, broad spaced open folding
in the Melbourne Zone (Mid to Late Devonian?)
2) This event also developed deep crustal fractures in the volcanics dominated basement
lithologies.
3) Later north-south compression (Late Devonian) resulting in the development of
regional folds with east-west striking fold axes.
4) Continued north-south compression resulted in fold lock-up and the development of
reverse faults and south directed thrusting.
5) Local north-south strike slip faults further dislocated existing folds and east-west fault
planes.
6) The regional thrust planes, being deep seated listric structures provided the nearsurface conduits for silica-carbonate rich mineralising fluids. Local reverse faults and
north-south vertical faults provided secondary fluid paths to favourable deposition
sites.
7) Where the sediments are sandstone dominant, localised brecciation in the fold hinges
created conduits for gold-arsenic-antimony bearing fluids, which formed stockwork
quartz vein hosted gold mineralisation, and disseminated gold-arsenopyrite
mineralisation in porous sandstones through reaction with iron present as Fe-chlorite.
8) Later east-west compression produced minor steeply south-plunging folds.
This latter sequence of north-south compression followed by east-west compression in the
Waranga Domain was first recognised by Morand, et al, 1997.
(Exploration Licences wholly owned by Nagambie Resources shown in tan colour)
Morand, V.J., Hughes, M.J. & Jones G.N., 1997. Implications of overprinting deformations
and fold interference patterns in the Melbourne Zone, Lachlan Fold Belt. Australian Journal
of Earth Sciences 44, pp. 145.148.
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INTERESTING INTERSECTIONS
Simplified geophysics
interpretation
(tenement map as at December,
2016)
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When known gold mineralisation is overlain on the map of the gravity and
aeromagnetic interpreted structures, obvious correlations with intersections are
seen.
The Wandean mineralisation sits at the intersection of the Wandean Gravity fault and
the Wandean Thrust
The Racecourse aircore anomaly sits at the intersection of the /racecourse Thrust and
the Nagambie Gravity Fault
The Nagambie Mine sits at the (assumed) extension of the Nagambie Gravity Fault
and the Nagambie Mine Thrust. It is also close to a roughly east-west gravity
structure, that is separate to the Nagambie Mine Thrust.
Further north, the Doctors Gully (White Hills) and Balaclava Hill (Whroo) gold
deposits sit in the footwall of a curvilinear thrust (Balaclava Fault), and close to the
traces of the Wandean & Nagambie Gravity Faults.
A number of (aeromagnetic) thrusts and gravity interpreted faults are not shown for
simplicity
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REGIONAL
TARGETS
Multiple targets
generated from
intersections of the two
interpreted structural
sets
Can now focus
exploration:
• Soil sampling
• IP surveys
• Aircore Drilling
• Diamond Drilling
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The aeromagnetic survey results, coupled with the gravity data, have provided
fundamental insights into the development of gold mineralisation in the NagambieRushworth region.
• Gold bearing fluids, sourced from deep crustal volcanic rocks have risen through
the major (gravity) fault pathways.
• Where the deep crustal fractures meet the (relatively) shallow thrusts, mineralising
fluids can travel east or west to concentrate into the overlying, fractured Devonian
sediments to form deposits in near surface fractures within the folded rocks.
• At these intersections, the host rocks are likely to be more fractured or folded,
presenting better fluid pathways and concentration for gold deposition.

Future exploration can now focus on such structural intersections. This eliminates
large areas within the tenement holding, allowing Nagambie Resources to
concentrate exploration spending in tightly focussed areas.
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IP SUCCESSFUL IN IDENTIFYING SULPHIDE MINERALISATION

•

•
•

2018 IP survey identified 4 main zones of
moderate chargeability in the Nagambie
Mine area
Each zone lies on an interpreted (from
magnetics) structure
There appears to be a spatial relationship
with the Nagambie Crustal Fault (NGF –
from gravity imagery

•

Drilling has shown these zones to be
associated with disseminated pyrite

•

Disseminated pyrite in the footwall to the
Nagambie Mine Thrust associated with gold
mineralisation
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The 2018 IP survey over the Nagambie Mine area, extending to north of the
Racecourse Aircore Anomaly revealed 4 main zones of elevated IP Chargeability.
Each of these zones are associated with higher than background resistivity.
This association implies the presence of disseminated sulphides (pyrite) in silica
altered rocks. Conductive shales are ruled out.
Each of the 4 bodies lie on an interpreted structural break (thrust?)
Each seems to have some relationship to the Nagambie Crustal Fault – interpreted
from gravity imagery.
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WANDEAN CRUSTAL FAULT – A major fluid pathway?

•

•
•

The Wandean Prospect (discovered in 2014) is at
the intersection of the Wandean Thrust (outcrop
mapping and aeromagnetic interpretation) and
the Wandean Crustal Fault (WCF – gravity
interpretation)
The WCF passes 2 km west of the Nagambie
Mine
3D modelling of the Nagambie Mine IP data
shows a broadening and increasing of strength of
the IP Chargeability response to the west

Mineralisation Model:
• The WCF is a major pathway for mineralising
fluids
• Gold-arsenic (+antimony) fluids derived from the
deep crustal Selwyn Block volcanics travelled up
along the WCF
• Subsequently spread out along the Wandean and
Nagambie Mine Thrusts
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Re-modelling in 3D of the IP chargeability data shows an increase in both width and
strength of the IP Chargeability to the west of the mine.
Intriguingly, the survey stopped short of the intersection with the Wandean Crustal
Fault
• Nagambie Resources plans to extend the IP survey west
• Nagambie resources plans to diamond drill along the Nagambie Mine Thrust
towards the west.

19

SUMMARY
• The northern part of the Melbourne Zone is poorly explored, due
mainly to the extensive Cenozoic Murray basin cover
• Subdivision into different structural domains enables a focus on
separate exploration strategies
• Geophysics interpretation has allowed for significant insights into
the structural history of the Waranga Domain
• A model for gold mineralisation has been developed to enable
more focussed exploration
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Thanks for listening
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