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The Stavely Project

Map extent, distribution and 3D 
geometry of arc related rocks under 
cover.

Only 3% of Cambrian basement 
exposed, but containing multiple 
prospects.

Catalyst was the 2009 deep crustal 
seismic reflection transect.

Collaborative project undertaken to better understand the 
Cambrian Stavely Arc in western Victoria.



2009 Seismic Reflection Transects imaging the Cambrian aged Stavely Arc
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The missing (or under-utilised) link….

Geology (geological model)Geophysical Data



• 194 density measurements

• Hand held magnetic 
susceptibility measurements 
on outcrop

• Limited core basement 
sample measurements

• Multiple properties rarely 
acquired on same sample

Traditional laboratory petrophysical data

Project area contained: 



Stavely Project drilling
• 14 Stavely stratigraphic drill holes 

completed in 2014/15 – sonic and 
diamond core tails

• 8 historical company drill holes in 
Willaura area – diamond core stored at 
GSV Core Library

• Hylogger

• Multi-Sensor Core Logger

• Wireline logging (Stavely drill holes)

• Geochronology

• Geochemistry
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Geotek Multi-Sensor Core Logger (MSCL)

• Magnetic susceptibility

• Gamma density (Bulk density)

• Electrical resistivity

• P-wave velocity

• Natural gamma

Physical rock properties measured:



• 21 drill holes scanned in Stavely Project area

• 1,940 m of diamond core scanned

• 259,040 total measurements for five properties

• 2 cm measurement resolution:

• Density

• Magnetic susceptibility

• Electrical resistivity

• P-wave velocity

• 2 – 10 cm measurement resolution:

• Natural gamma

Stavely MSCL Data Drill hole Stavely02  (47 – 159 m)
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Data Validation and Analysis

• Assign lithology and stratigraphy to measurements

• QC and validate data – from a total of 259,040 

measurements a final dataset of 216,699 measurements 

was derived.

• Summary statistics run on lithologies and stratigraphy for 

all five individual properties.

• Cover: 6 stratigraphic units; 11 lithological units

• Basement: 12 stratigraphic units; 29 lithological units



A couple of things to consider…. Sampling (lithological) bias

Over representation of measurements 
from single or limited lithology.

Andesite

Altered
Gabbro

Andesite

Colours represent lithology
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A couple of things to consider…..  Spatial bias

Limited geographical
locations (drill holes) 

Over-representation of measurements

from confined depth range.
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The whole is greater than the sum of its parts!

Aristotle
384-322 BC



“Data fusion is the process of integrating multiple data sources to produce 

more consistent, accurate, and useful information than that provided by any 

individual data source.”       

Haghighat el al., 2016.



• Rock property data typically displayed as box plot

• Single representative mean/median value with range

• Lacking geological context

Single Property - Mean and Range

Law of large numbers…as a sample size grows, 

its mean gets closer to the average of the whole 

population.

Sample mean      Population average



• Better definition of property value distribution

> (multi) bi-modal; skewness etc.

• Particularly when describing a stratigraphic unit comprising multiple lithologies

• Large sample size acquired by MSCL is ideal

• Limited geological context

Single Property - Probability Distribution

Andesite - Density Andesite – Magnetic Susceptibility
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• Coincident multiple property data acquired by 
MSCL scanning enables multivariate data 
fusion

• Spatially coincident multi-property data 
provide additional information

• Allows lithology / stratigraphy differentiation

Multivariate Data Fusion – Geological Differentiation

Nargoon Gp - Density



Multivariate Data Fusion – Geological Differentiation

Andesite
Basalt

Resistivity (ohm.m)
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Overlap of properties in cross-plot from 
different lithologies.



Multivariate Data Fusion – Spatial Correlations: Basalt



Multivariate Data Fusion – Spatial Correlations: Basalt



Multivariate Data Fusion – Trends

Mount Stavely Volcanic Complex

• Mag Susc vs Resistivity trend 
reversal

• Potentially indicating multiple 
processes controlling the 
relationship between properties?

Colours represent lithology



Multivariate Data Fusion – Property Estimations

Volcanic breccia (MSVC)

• Estimation property using 
relationship to another known 
property

• Probabilistic vs Deterministic 
approach

Depth:

Red – shallow

Blue – deep



Mean and range Probability distribution Geological differentiation

Multivariate Data FusionSingle property

Spatial distribution

Increasing geological information

Frequency histogram 2D multivariate cross-plot 3D multivariate scatter plot

Better correlation between geophysics and geology

Box plot



Integration with Complimentary Geological Datasets

Colours represent lithology

HyloggerWireline logs Multi Sensor Core Logger

Drill Hole Stavely02

Grampians 
Group

Grampians Group

Grampians Group

MSVC     Basement+Mineralogical data

+Geochemical data

+XRF/XRD
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Petrophysical data applications

• Geological - geophysical correlation

• Constraints for inversion/forward modelling

• Anomaly drill test confirmation

• Refine data interpretation

• Baseline physical property values

• Identification of anomalous zones – e.g. alteration

• Geophysical survey planning

• Geophysical feasibility studies



Petrophysical data applications

• Geological - geophysical correlation

• Constraints for inversion/forward modelling

• Anomaly drill test confirmation

• Refine data interpretation

• Baseline physical property values

• Identification of anomalous zones – e.g. alteration

• Geophysical survey planning

• Geophysical feasibility studies

Value add to expensive
geophysical datasets



Magnetic Inversion Modelling

Black Range region



Magnetic Inversion Modelling

Black Range region



Gravity Forward Modelling



Gravity Forward Modelling



UNCLASSIFIED

UNCLASSIFIED

3D model – seismic sections



UNCLASSIFIED

UNCLASSIFIED

3D model – forward modelled serial cross-sections



UNCLASSIFIED

UNCLASSIFIED

3D model – build fault surfaces



UNCLASSIFIED

UNCLASSIFIED

3D model – fault surfaces and intrusives

Faults attributed with timing
and movement sense



UNCLASSIFIED

UNCLASSIFIED

3D model – voxet model

Volumes representing Stavely Arc volcanic belts



• Acquire more multi-property datasets 

> core held in core libraries = millions (+) of potential rock property 
determinations!

• Move beyond mean and range property descriptions

• Think about the geological environment and what it means for 
petrophysical data

> Integrate with complimentary geological datasets

• Machine learning / AI………???

Conclusions



http://earthresources.efirst.com.au/pr
oduct.asp?pID=1167&cID=64&c=22328

http://www.ga.gov.au/explorer-web/rock-properties.html

Geoscience Australia’s Rock Property Explorer portal

http://earthresources.efirst.com.au/product.asp?pID=1167&cID=64&c=22328
http://www.ga.gov.au/explorer-web/rock-properties.html

