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Rocktype classification and domaining of complex stratiform Zn-Pb-Ag mineralisation at the George Fisher Mine using high resolution XRF Core scanning.
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Introduction
Zinc-Lead-Silver (Zn-Pb-Ag) mineralisation at the George Fisher Mine occurs in multiple structurally-disrupted stratiform orebodies hosted within a mid-Proterozoic sequence of calcareous siltstones and variably pyritic shales (e.g. Valenta, 1994; Chapman, 2004). The geological model for the mine has been constructed based on a large number of stratigraphic domains which have been defined using recognised patterns of the constituent rocktypes, aided by recognition and mapping of K-rich tuff marker beds (TMBs). The continuity of these domains has been affected by the presence of several sets of faults which are extensional in the plane of stratigraphy, leading to the common occurrence of fault-related stratigraphic gaps in drillholes. Recent improvements to the detail of the geological model have led to significant improvements in the head grade of ore at George Fisher, with relatively small loss of metal.  Recognition and accurate logging of these domains requires a high level of knowledge and expertise amongst mine geologists. In order to aid this process, the George Fisher mine installed a Minalyzer CS (core scanner) on site, with the aim of using high resolution X-ray fluorescence (XRF) geochemical data and core photography to increase the speed, accuracy and consistency of the site geological logging system. 
This contribution describes some preliminary results from a research project aimed at using the Minalyzer CS XRF data to perform high-resolution rocktype identification and domain boundary mapping in drillcore at George Fisher.  
Methods
The analysis was based on 31 scanned drillholes from the George Fisher mine. Data for each drillhole included:
· geological logs of lithology and interpreted domain boundaries; 
· [bookmark: _GoBack]XRF geochemical values, detection limits and estimated errors for 24 elements from the Minalyzer CS at 10cm and 1m intervals; 
· measurements from the Minalyzer CS of specific gravity at 10cm and 1m resolutions;
· High-resolution colour core photographs stored at an approximate resolution of 0.1mm per pixel; and
· Three-dimensional greyscale point clouds of each core box
Data from the geological logs were merged with the 1cm-resolution Minalyzer CS XRF data in order to derive a dataset in which all the geochemical data were assigned to a rocktype and domain. The resultant dataset contained approximately 68,000 analyses.
The data were then analysed in a number of ways including:
· Multi-element downhole plots for qualitative recognition of spatial patterns;
· XY and ternary plots of selected elements to examine patterns and trends between rocktypes and domains;
· Examination of spatial patterns of individual elements within and between domains; and
· Cluster analysis of selected elements using approaches such as Principal Component Analysis (PCA), K-means classification and Self-Organising Maps (SOM).
The aim of this analysis was to identify a simple set of criteria in the geochemical data which could be used to recognise and map individual rocktypes using the existing classification system at George Fisher, and subsequently to examine further refinement of that system in order to facilitate differentiation of individual domains within the mine.  
Domains were analysed separately based on their expected degree of continuity. In the context of George Fisher, the host sequence to the mineralising consists of moderately fine-grained siltstones, shales and tuff marker beds with strong lateral continuity, as would be expected for the low-energy sedimentary setting into which they were likely to have been deposited. The pyritic sections of the sequence also show a comparatively high degree of continuity, consistent with the broader pyritic haloes which have been documented for many of the sediment-hosted Zn-Pb-Ag systems in the region. The Zn-Pb-Ag orebodies themselves show the least continuity, with well-documented spatial variations in overall base metal content as well as Zn/Pb ratio. Therefore, the approach of this study was to focus initially on the recognition and correlation of unmineralised intervals, and to then use known patterns of these intervals to recognise the associated orebody intervals.

Results
Several approaches were successful in identifying the main non-ore rocktypes in the mine (siltstone, shale, weakly pyritic shale, and strongly pyritic shale).  A reasonably good classification of the major rocktypes was obtained using a simple classification of the SiO2 and S contents of the samples, in which the SiO2-poor calcareous siltstones were differentiated from shales based on SiO2 content, and S values were used to distinguish progressively more pyritic shales. It is important to note that the rocktype predictions from the 10cm-scale geochemical data were more detailed than the geological logging due to the practical limits to the level of detail expected from the geological logging. PCA analysis of a larger group of elements was able to provide a refinement of this classification. SOM analysis of an eleven-element suite was then used to further subdivide logged rocktypes, in order to recognise internal patterns and transitions distinctive to individual domains. This work was supplemented by a domain-by-domain analysis of domain transitions in order to characterise the elemental changes associated with each transition and to thereby recognise distinctive transitions. 
This approach has been used to recognise distinctive stratigraphic patterns in the absence of any initial assumptions regarding domain classification. However, the more likely scenario in an operating environment is one in which this approach will be used to refine an initial presumption as to the position of domain boundaries from the existing mine model.  
The workflow envisaged based on the results of this project involves initial identification and, in cases where possible, differentiation of siltstones within the overall package, followed by identification of the more significant pyritic stratigraphic intervals. These domains are then identified deductively on the basis of their internal patterns and bounding rock packages. Bsed on these results, it is possible to envision a future state in which the basic draft drill log and domain interpretation is generated automatically using the high resolution XRF data, and then the log will be verified and assessed for quality by geologists with significant experience in the deposit. Such an approach has the potential to improve the level of refinement of the geological model; to decrease the cost and turnaround time of the geological logging process; and to produce geological logs which are more consistent from drillhole to drillhole.
Conclusions
Detailed 10cm resolution geochemical data has proven effective in the differentiation of rocktypes at the George Fisher mine,and can also be used to identify and distinguish geological domains. A workflow can be defined to use the data to identify domains either through consideration only of the geochemical data, or through refinement of initial domain position estimates derived from the existing mine model. This approach has significant potential to refine domain definition, speed up the logging process and improve the consistency of drillcore logs.
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