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in such a complex geological and mechanical medium (whether for development, stabilisation, or 
blasting) requires either the use and development of key diagnostic tools or the acceptance of 
conservative designs based on large safety margin. Managing risk and optimising costs remains a 
fundamental aspect of mining operations. An improper or unrealistic mechanical picture of the rock 
mass can affect multiple aspects of mine engineering. In blasting, it can cause undesirable particle size 
distribution, dilution, and over or under break which extend to downstream mineral processing, where 
undesirable particle size distributions increase comminution energy and cost (Jackson and Sellers 
2017). In stability and support design, it results in overly conservative support systems. In surface 
mining it causes unrealistic stripping ratios and low slope angles, while in underground mining it can 
urges engineers to consider unnecessarily conservative stope designs (Stacey 2015). Growing concerns 
around the deviation of mine performance from what had been planned during the early phases of 
study further highlight the need for not only provision of datasets rich in variety (downhole 
geophysical, seismic tomography, core scanning, optical logging, etc.) but also increase of data 
reliability and less reliance on untested assumptions. While one may criticise the costs of conducting 
additional studies or drilling, economically there is no justification for such oversight, given the 
potentially disastrous consequences of ignoring the reliability and variability of these geotechnical 
variables (van As 2020). Addressing the issues, authors have criticised the shortcomings of existing 
characterisation methods and highlighted a need for a paradigm shift in rock engineering (Elmo et al. 
2022). 

Geophysical methods have strengthened rock mechanics through in characterisation, monitoring, and 
measurement applications (Hatherly 2013; Kieu et al. 2024; Takahashi et al. 2006). Deere et al. (1966) 
proposed that wave velocity can provide estimations for Rock Quality Designation (RQD), and Barton 
(2006) explained the potential of seismic waves for characterising rock mechanics properties. Seismic 
waves induce small elastic strains in rock and are therefore sensitive to the mechanical properties of 
the medium(Barton 2006). Apart from prediction, mapping the variability of mechanical properties is 
also achievable using continuous wireline log data. Wireline tools provide continuous measurements 
along the entire borehole. Design practice in rock engineering could be improved with a better picture 
of variation in mechanical properties that wireline log data analysis could provide.  

In this study, we present a method for measuring variation in mechanical properties along the length of 
a diamond borehole using dynamic elastic modulus obtained from full-wave sonic and density 
logging, and we test whether this indicates UCS level, likely failure mechanism, and finally suggests 
how it can be combined with geochemical domains to guide sampling strategy. 

2 Site, Data, and Methodology 
2.1 Site and data collection 
As part of a research programme at the Brukunga mine site, north of Adelaide, South Australia, we 
conducted comprehensive geophysical wireline logging and collected a large number of UCS samples 
from core acquired at two adjacent boreholes(Each with a depth of 300m and only 5 m apart).They 
were depth-matched using natural gamma log correlation. Our total dataset contains 162 UCS test 
results, done based on standards (ASTM 2019, 2023),  and various geophysical logs including FWS 
and density logs, as well as detailed XRF geochemical data came from XRF core scanning (By 
Veracio) using a proprietary tool (TruScan). 

Table 1 represents the statistical results of UCS tests and shows a wide variability in results. Each 
UCS sample was classified into foliation controlled (FC) and non-foliation controlled (NFC) failure. 
Failure mode was recorded (Szwedzicki 2007) and the dominant mode of failure in FC was seen to be 
single shear (SS) while in NFC it was observed to be multiple fracturing (MF). 

Table 1. UCS summary statistics. 

Group n Mean Std CoV Min Median Max 
All data 162 12.7 74.6 0.59 22.5 99.8 320.2 
No foliation Controlled failure 77 184.6 62.6 0.33 29.3 195.4 320.2 
Foliation Controlled failure 85 70.4 29.1 0.41 22.5 60.2 168.7 
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Based on our statistical observations, homogeneous zones show higher median UCS (169 MPa) and 
mainly cover NFC and MF failure. Heterogeneous zones exhibit lower median UCS (77MPa) and 
mainly cover FC and SS failure. RMAD-based zonation when combined with domaining, provides a 
quantitative approach for informing UCS sampling strategy. Despite the observations presented in this 
study, careful geophysical data collection, combined with the development of accurate tools, remain as 
a key topic. There is a need to encourage the mining and rock engineering community to bridge the 
existing gap between rock mechanics and geophysics at a time when inadequate and/or unreliable data 
can result in significant economic costs to the client. The paradigm shift that rock engineers strive for 
may be achieved by the routine integration of geophysical approaches into contemporary rock 
mechanics frameworks. 
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