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Abstract

Mineral Resources Tasmania (MRT) has developed a high-resolution 3D model of the Scamander mineral prov-
ince, northeast Tasmania. The geological model expresses a structural synthesis based on mapping and multiple
cross-sections developed by MRT staff- The model is constrained by 3D geophysical modelling using MRT's
gravity and magnetic data coupled with drilling and rock physical property databases. Statistically generated
sensitivity characterisation is incorporated into 3D model products as a step towards estimating confidence in the
spatial variability of geological objects at depth. Joint inversion results show that calculated gravity and magnet-
ic responses are in good agreement with observations. A product of sensitivity modelling is a new granite surface,
which is significantly more detailed when compared to previous versions. This result supports the hypothesis of
granite-derived fluids as the most likely source of metals, with the temperature of the fluid and distance from
granite controlling the mineralogy of the deposits in the Scamander Mineral Field.

The fusion of geological and geophysical information with measures of model sensitivity is a significantly more
sophisticated addition to MRTs suite of public pre-competitive geoscience products, and should further reduce

exploration risk.
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1.0 DATA DELIVERY AND VISUALISATION

The model is being distributed primarily as a Geosci-
ence ANALYST project and is described here as such.
Geoscience ANALYST is visualisation and communi-
cation software for GoCAD® 3D models, made freely
available by Mira Geoscience (http://www.mirageosci-
ence.com/). All major components of the 3D modelling
process from geological cross sections to geophysical
inversion results are available in their original formats.
Metadata for these contents is given below.

All spatial objects within the model are referenced to
the Map Grid of Australia zone 55 and the Australian
Height Datum.

2.0 MODEL CONTENTS

2.1 Cross Sections

The large-scale structure of the area is represented
by the three interpretive cross sections. These sec-
tions were compiled using field and geophysical data
combined with SpheriStat™ profiles and illustrate the
structural differences either side of a major northeast to
southwest-trending strike-slip (Orieco Fault) (Worth-
ing and Woolward, 2010).

2.2 Deposits

Scamander mineral field deposit locations were ex-
tracted from the MRT mineral occurrence database.

2.3 Drill holes

Collar and hole geometry for the 33 open file drillhole
sin the model area are from MRT’s drilling database.
Available online: URL https://www.mrt.tas.gov.au/
products/database _searches/drill holes

2.4 Granitoid models

Granitoid models indicating evolution in understand-
ing of 3D geometry of regional Devonian granitoid
intrusions. The surfaces are thus an undifferentiated
amalgamation of all Blue Tier and Scottsdale Batholith
plutons.

e 2012 granite surface: Interpolated surface gener-
ated from geometry inversion (GoCADTM). Mod-
ified after Leaman, 2012.

e 2021 granite surface: Interpolated probability
threshold surface developed in this study (see be-
low).

2.5 Input - 3D Geological Modelling

* Geology Reference Model — Volumes: Geological
units in the reference model, include the Lone Star
Siltstone, Sideling Sandstone and Scamander For-
mation, which represent sub-units of the Mathinna
Supergroup and correspond to stratigraphic units

identified in 1:25,000 scale mapping. The Mathin-
na Supergroup was intruded by large volumes of
granitic and granodioritic magma over a period of
about 23 Ma from about 377 to 400 Ma (Black et
al., 2005). These intrusives are represented in the
model as the Devonian Granite (i.e., Blue Tier Ba-
tholith),and Granodiorite (i.e., Catos Creek and Sc-
amander Tier Dykes) respectively.

e Faults: Surfaces are interpreted from surface map-
ping and cross sections. Identified as either normal
or thrust.

2.6 Output - 3D Geophysical Modelling
e Calculated datasets

o Calculated gravity response: 2D grid of the
gravity response (mGal) computed from final
model iteration of the cooperative inversion.

o Calculated TMI response: 2D grid of the mag-
netic response (nT) computed from final model
iteration of the joint inversion

o Residual gravity response: 2D grid of the re-
sidual gravity response (nT) computed from
subtracting the final model iteration from the
observed gravity response.

o Residual TMI response: 2D grid of the resid-
ual magnetic response (nT) computed from
subtracting the final model iteration from the
observed TMI response.

o Observed datasets

o Observed TMI response: 2D grid of total mag-
netic intensity, from MRT data (200 metre line
spacing).

o Observed gravity response: 2D grid of isostat-
ic residual complete Bouguer gravity anomaly
(mGal).

* Sensitivity statistics: 3D sectional representation
of summary statistics for 1.4 billion inversion iter-
ations. The suite of statistical sensitivity products
made available for model interrogation include the
following

°  Entropy, records the volatility of a particular
voxel during the inversion. A value of zero in-
dicates low volatility and 1 high volatility.

o  Mean density, derived from the accumulated
accepted inversion proposals/models

e Mean susceptibility, derived from the accumu-
lated accepted inversion proposals/models

o Probability of individual unit lithology, the
probability of finding an individual geological
unit with the whole model space which varies
between 0% (black voxels) and 100% (white
voxels).
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*  Vector overlays

o 250kline geology and faults: a vector file of
lithological boundaries and faults, extracted
from MRT’s 1:250,000 seamless geological
map coverage

o Tenements: vector file of exploration licence
areas, extracted from MRT register (Dec 11
2021)

* Digital elevation model (DEM): Surface topogra-
phy of the Scamander model area. Extracted from
MRT’s statewide digital elevation model and resa-
mpled to 100 metre cells.

* 25K Geology — image extracted from published
MRT 1:25,000 mapping

3.0 GEOPHYSICAL MODELLING METHODOL-
OGY - SUMMARY

Mineral Resources Tasmania (MRT) has developed a
geophysical inversion workflow to image complex ter-
ranes in 3D (see Bombardieri et al 2020, and Bombar-
dieri et al., 2021).

The Scamander area, located in northeast Tasmania, is
an example of a zoned mineral field, with mineralogy
interpreted as a function of distance from the inter-
preted source granite intrusion (Groves, 1972). W-Mo
occurs adjacent to outcropping granite in the NE ex-
tending south-eastwards through Sn (Great Pyramid)
and Cu (Orieco) to Ag-Pb-Zn near the coast. Zonation
is hypothesized to reflect a gently dipping subsurface
extension of the granite beneath the mineral field (Rux-
ton et al., 1984) which is broadly confirmed by gravity
modeling (Duffett, 1992). The country rock intruded
by the granite is the upper Mathinna Supergroup, com-
prising correlates of the Siluro-Devonian, Lone Star
Siltstone and Sideling sandstone and the Devonian Sc-
amander Formation.

The Scamander 3D model was constructed in Go-
CAD® Mira Geoscience as a synthesis of all previous
work and relied heavily on the structural interpretation
by MRT staff as part of the 2005 — 2009 TasExplore
initiative. The model dimensions are 15 x 12 km and a
depth of 12 km encompassing the Scamander mineral
field.

Model elements include, Silurian-Devonian Mathinna
Supergroup sediments, Devonian intrusives and an un-
differentiated basement lithology. The level of geolog-
ical detail incorporated into the model is dictated by
likely bulk physical property contrast as well as tecton-
ic, stratigraphic, and practical modelling considerations.

The workflow incorporates geological information in
the form of cross-sections representing structural inter-
pretations and petrophysical data in the form of unit

rock property density and susceptibility measurements.
A “reference model” comprising surfaces representing
the various lithologies and fault architecture is first
constructed. This model is then discretised in prepara-
tion for forward and inverse modelling using GoCAD’s
potential field module (VPmg code; Fullagar et al.,
2008). Geological information (cross sections) is used
to constrain geophysical inversion and reduce uncer-
tainty. The 3D model derived to this point (which itself
has undergone deterministic geophysical validation) is
a ‘best estimate’ synthesis that is consistent with ob-
served gravity and magnetic data. However, as is well
recognised for potential field data, this solution is not
unique.

3D GeoModellerTM is employed to explore the range
of similarly plausible possible models. The stochastic
exploration algorithm takes a Monte Carlo approach,
generating a sequence of linked models starting with
the reference model making small “random” changes
to the lithological boundaries and physical properties.
Model sensitivity is quantified by measuring the evolu-
tion of geological bodies via changes to their volume.
The commonality and shape ratio probability functions
are the two methods used to perform geological tests on
proposed cell perturbation or volume change. The com-
monality constraint aims to preserve a cells original li-
thology by limiting the degree to which it can vary. This
constraint is controlled by a Weibull distribution with a
scale parameter ranging from 0.5 (loose) to 0.05 (tight).
In contrast, the shape ratio aims to preserve the shape
of the original lithology. It is defined as the shape of the
lithological unit in the proposed model divided by the
shape of the lithological unit in the reference model.
The constraint is controlled by a log normal distribu-
tion with the scale parameter (i.e., standard deviation)
ranging from 0.5 (loose) to 0.05 (tight) (Mclnerney et
al., 2013).

For the Scamander inversion, scale parameters (0.5)
were used for geological boundary tests on Mathinna
Supergroup, granodiorite and basement lithologies. In
contrast, a tighter constraint (0.05) was used for the De-
vonian Granite to account for density variations with-
in the dyke portion of the intrusive. Loose constraints
have an impact on the rate of convergence for the joint
inversion process by increasing the number of geolog-
ical acceptances. This in turn increases the number of
geophysical acceptances Bombardieri et al. 2020). For
each iteration, if the geological boundary change is ac-
cepted then the geophysical response of the adjusted
model (constrained by petrophysical information en-
forced by statistical distribution laws) is calculated.
This model response is assessed, and the proposal is
accepted or rejected depending on whether the misfit is
improved or maintained below an acceptable threshold.
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Another parameter used in the inversion is the proba-
bility of property change parameter which is set as a
ratio. In default mode the ratio is 50/50 meaning there’s
an equal split between changes made to lithological
boundaries and changes to petrophysical properties of
the unit. For the Scamander inversion run, a ratio of
60/40 was used with the goal of controlling acceptable
levels of geological-boundary variation (Bombardieri
et al., 2020).

Upon completion of the cooperative inversion run Geo-
ModellerTM carries out an analysis of the ensemble of
models that reproduced the observations to an accept-
able degree (Bombardieri et al., 2020). Approximate-
ly 117 million acceptable models were generated for
sensitivity analysis. Of these, approximately 6 million
consisted of geological unit boundary changes and
approximately 111 million consisted of physical rock
property changes. Statistical measures used for this
study include the probability threshold, which records
the lithology assigned to a voxel in at least 99% of the
acceptable models which satisfy the observed magnetic
and gravity observations. Additional statistical mea-
sures include the mean density and mean susceptibility,
which are also derived from the accumulated accepted
inversion proposals/models.

The gravity inversion converged first (after approxi-
mately 25 million iterations), with the rms misfit sta-
bilizing at approximately 0.3 mGal, close to the noise
estimate of the observed data given the model resolu-
tion. Multiple small-scale short-wavelength positive
and negative features in the residual gravity misfit in-
dicate departures from bulk mean unit properties that
may arise from alteration or other processes associated
with mineral systems, and thus present targets for ex-
ploration follow-up. Edge effects at the eastern bound-
ary of the model may reflect regional de-trending and
that padding algorithms are not entirely accounting for
sources located just outside the model area. A positive
residual was associated with the Catos Creek dyke,
suggesting that this granodiorite may be more dense
and thus possibly more mafic in composition than had
been ascribed.

The magnetic inversion took longer to converge than
gravity (approximately 50 million iterations), with the
misfit stabilizing at approximately 3 nT. The residual
misfit, which was negligible, except for a few voxels
with outlier positive residuals, which the model could
not account for. These may represent additional vol-
umes of anomalously magnetic (possibly pyrrhotitic)
material in the Mathinna Supergroup above and be-
yond the more magnetic sub-population allowed by the
a priori defined bimodal magnetic susceptibility dis-
tribution for these units. The most prominent instance
of this (~2 km east of center) is the North Scamander

Pb-Cu-Ag-Zn prospect, where massive magnetite (up
to 40% by volume) has been intersected by drilling at
a DDH depth of ~200 metres. More moderately mag-
netic inversion voxels shown at 599900E and 602000E
on the 5413500N east—west cross-section correspond,
respectively, to disseminated and vein magnetite drilled
at depth in the Great Pyramid Sn deposit (DH SPGIA,
with highly variable susceptibilities, (Duffett, 1992),
and a magnetic anomaly extending over 1.5 km NNW,
where disseminated pyrrhotite has been intersected by
drilling (CR DH1).

With regard to the Great Pyramid tin deposit, the inver-
sion placed, with high probability, a less voluminous
granite. Depth to the top of the prominent cupola re-
mains at approximately 400 metres (beneath that of the
deepest drilling to date at Great Pyramid, 348 metres),
suggestive of being the source of mineralizing hydro-
thermal fluids responsible for the Great Pyramid depos-
it. The North Scamander and Orieco copper deposits
are also proximal to nearby granite cupolas, supporting
the granite’s role in their genesis. Overall, the inversion
result supports the hypothesis of granite-derived fluids
as the most likely source of metals, with the tempera-
ture of the fluid and distance from granite controlling
the mineralogy of the deposits in the Scamander Min-
eral Field. The emergence of granite roots extending
some kilometers downwards is a more questionable
outcome of the inversion, possibly indicating overfit-
ting of the gravity data or insufficient density contrast
with the underlying basement material. A high degree
of un-certainty is placed at the boundary between De-
vonian Granite and Mathinna lithologies. High levels
of uncertainty are also associated with the geometry of
the Scamander Tier Dyke, which the inversion renders
less voluminous than in the reference model. This is
attributable to the low-density contrast between Math-
inna Supergroup meta-turbidites and the granodiorite
dyke (Bombardieri et al., 2021)
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