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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) linké.

Geology (geological model)Geophysical Data



Å194 density measurements

ÅHand held magnetic 
susceptibility measurements 
on outcrop

ÅLimited core basement 
sample measurements

ÅMultiple properties rarely 
acquired on same sample

Traditional laboratory petrophysical data

Project area contained: 



Stavely Project drilling
Å14 Stavely stratigraphic drill holes 

completed in 2014/15 ïsonic and 
diamond core tails

Å8 historical company drill holes in 
Willaura area ïdiamond core stored at 
GSV Core Library

ÅHylogger

ÅMulti-Sensor Core Logger

ÅWireline logging (Stavely drill holes)

ÅGeochronology

ÅGeochemistry
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Geotek Multi-Sensor Core Logger (MSCL)

ÅMagnetic susceptibility

ÅGamma density (Bulk density)

ÅElectrical resistivity

ÅP-wave velocity

ÅNatural gamma

Physical rock properties measured:



Å21 drill holes scanned in Stavely Project area

Å1,940 m of diamond core scanned

Å259,040 total measurements for five properties

Å2 cm measurement resolution:

ÅDensity

ÅMagnetic susceptibility

ÅElectrical resistivity

ÅP-wave velocity

Å2 ï10 cm measurement resolution:

ÅNatural gamma

Stavely MSCL Data Drill hole Stavely02  (47 ς159 m)
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Data Validation and Analysis

ÅAssign lithology and stratigraphy to measurements

ÅQC and validate data ïfrom a total of 259,040 

measurements a final dataset of 216,699 measurements 

was derived.

ÅSummary statistics run on lithologies and stratigraphy for 

all five individual properties.

ÅCover: 6 stratigraphic units; 11 lithological units

ÅBasement: 12 stratigraphic units; 29 lithological units



A couple of things to consideré. 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 consideré..  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



ñData 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.ò       

Haghighat el al., 2016.



ÅRock property data typically displayed as box plot

ÅSingle representative mean/median value with range

ÅLacking geological context

Single Property - Mean and Range

Law of large numberséas a sample size grows, 

its mean gets closer to the average of the whole 

population.

Sample mean      Population average



ÅBetter definition of property value distribution

> (multi) bi-modal; skewness etc.

ÅParticularly when describing a stratigraphic unit comprising multiple lithologies

ÅLarge sample size acquired by MSCL is ideal

ÅLimited geological context

Single Property - Probability Distribution

Andesite - Density Andesite ςMagnetic Susceptibility



Siltstone
Sandstone
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ÅCoincident multiple property data acquired by 
MSCL scanning enables multivariate data 
fusion

ÅSpatially coincident multi-property data 
provide additional information

ÅAllows lithology / stratigraphy differentiation

Multivariate Data Fusion ïGeological Differentiation

NargoonGp- Density



Multivariate Data Fusion ïGeological Differentiation

Andesite
Basalt

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



Multivariate Data Fusion ïSpatial Correlations: Basalt



Multivariate Data Fusion ïSpatial Correlations: Basalt



Multivariate Data Fusion ïTrends

Mount Stavely Volcanic Complex

ÅMag Susc vs Resistivity trend 
reversal

ÅPotentially indicating multiple 
processes controlling the 
relationship between properties?

Colours represent lithology



Multivariate Data Fusion ïProperty Estimations

Volcanic breccia (MSVC)

ÅEstimation property using 
relationship to another known 
property

ÅProbabilistic vs Deterministic 
approach

Depth:

Red ïshallow

Blue ïdeep


