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SUMMARY 

The samples submitted include: W-rich Wulfenite with epidote at Kara; Mg-rich 

axinite-Mn, with diopside and actinolite from the Avebury mine; Sphalerite and 

diopside also from the Avebury mine; Cassiterite and Tourmaline from the 

Cleveland mine; and Pyrite on quartz also from the Cleveland mine. 

 

INTRODUCTION 

Various mineral samples were submitted for identification. The sample details are 

given in Table 1. 

Table 1.  Sample details 

MRT Reg. No. Test Location Sample Description 

G408723 PXRF, SEM Kara Stolzite? 

G408724 PXRF, SEM Avebury Mg-axinite? 

G408725 PXRF Avebury Mackinawite+diopside? 

G408726 PXRF Luina Cassiterite + Tourmaline? 

G408727 PXRF Luina Teallite? 

G409195 
SEM (LJN2019-050-5 

LJN2019-092-2) 
Kara Pyromorphite 

 

PROCESS  

To determine the mineral composition, some representative parts of the material 

were examined optically and tested by the pXRF in the Mineral Resources 

Tasmania (MRT) Laboratories, Rosny Park and Mornington. Some were also 

examined and analysed for mineral chemistry by SEM/EDS on the electron 

microscope in the CSL Laboratories, University of Tasmania.  
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DESCRIPTION 

G408723 Stolzite-wulfenite, Kara 
 
The sample contains thin bladed orange crystals to about a cm wide, on green 

epidote matrix with some green pyromorphite (Fig. 1). The SEM images show the 

crystals in more detail (Figs 2-4). Previous unpublished analyses of blockier orange 

crystals on andradite from Kara were found to be molybdian stolzite. 

 

Fig. 1. G408723 Orange Stolzite-wulfenite with bright green pyromorphite and 

khaki green epidote and pale grey quartz. FOV ~30mm. 
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Fig. 2. G408723 Stolzite crystal. Backscattered electron image. FOV ~1mm. 
 
 

 

Fig. 3. G408723 Stolzite crystal. Backscattered electron image. FOV ~1mm. 
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Fig. 4. G408723 Stolzite crystal. Backscattered electron image. FOV ~1mm. 
 
 
G408724 Axinite, Avebury  

The sample is of coarse-grained skarn, with white calcite and white fibrous 

tremolite, plus black sphalerite and brassy pyrrhotite, plus creamy coloured tabular 

crystals of axinite to a few mm in size (Fig. 5) 

 

Fig. 5. G408724 Axinite, pale creamy brown, with white fibrous tremolite and 
calcite, black sphalerite, brassy pyrrhotite. FOV ~30mm. 
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Fig. 6. G408724 Axinite crystal. Backscattered electron image. FOV ~1mm. 
 

 

Fig. 7. G408724 Axinite crystal, with some fine tremolite fibres. Backscattered 
electron image. FOV ~1mm. 
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G408725 Sphalerite + diopside, Avebury   

The sample is of coarse-grained skarn, with pale green, porous, crystalline 

diopside, and patches of coarse dark brown to black sphalerite to a few mm in size 

(Fig. 8). 

 

Fig. 8. G408725 Axinite, pale creamy brown, with white fibrous tremolite and 
calcite, black sphalerite, brassy pyrrhotite. FOV ~30mm. 

 

 

G408726 Cassiterite + Tourmaline, Luina  

The sample is of coarse-grained, white to glassy quartz crystals, with dark green to 

black, drusy biotite, plus drusy, finely crystalline, dark brown cassiterite crystals 

(Fig. 9). 
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Fig. 9. G408726 white to glassy quartz, with black biotite, plus finely crystalline 
dark brown cassiterite crystals. FOV ~50mm. 

 

 

G408727 Pyrite, Luina   

The sample is of coarse-grained, etched pyrite crystals to a few mm wide, with 

quartz crystals.  

 

 

G409195 Pyromorphite,       Kara  

The sample is of finely crystalline drusy, green pyromorphite, plus some orange, 

bladed, stolzite-wulfenite crystals on a brown andradite rich matrix (Fig. 10) 
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Fig. 10. G409195 finely crystalline drusy, green pyromorphite, plus some orange 
stolzite-wulfenite crystals on a brown andradite rich matrix. FOV ~50mm. 

 

 

 
Fig. 11. G409195 Prismatic pyromorphite crystals. Backscattered electron image. 
FOV ~0.4mm. 
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PXRF 

The samples were analysed for major and trace elements using an Olympus Vanta 

M Series pXRF. The instrument uses a 4-Watt X-ray tube with application optimized 

anode material (rhodium Rh and tungsten W): 8-50 kV with a large area Silicon Drift 

Detector. The instrument uses the built-in Olympus Vanta analysis software version 

3.12.34. The main results are shown in Appendix 1 and summarised in Table 2 

(mostly converted to wt.% oxides).  

The sample G408723 is rich in Al, Si, P, S, Ca, Mn and Fe, plus anomalous Zn, As, 

Mo, W and Pb. This is consistent with a mixture of epidote with Pb-Zn sulphides or 

sulphates, phosphates, and Mo and W minerals.  

 

Table 2: Summary of Main pXRF Results (approx. wt%).  

Sample G408723 G408724 G408725  G408726  G408727 

Date 10/12/19 10/12/19 10/12/19 10/12/19 10/12/19 

 Units Wt.% Wt.% Wt.% Wt.% Wt.% 

MgO 0.00 5.14 4.77 4.18 0.00 

Al2O3 11.85 8.23 11.58 15.96 6.43 

SiO2 21.60 33.46 22.34 23.72 37.56 

P2O5 1.48 0.00 0.00 0.09 0.00 

S 4.73 15.14 6.59 0.03 10.84 

K2O 0.00 0.00 0.00 2.93 0.00 

CaO 9.01 20.21 4.44 3.65 0.00 

TiO2 0.56 0.13 0.00 0.11 0.00 

V 0.12 0.00 0.00 0.01 0.00 

Cr 0.16 0.01 0.65 0.00 0.00 

MnO 1.95 0.33 0.42 1.18 0.00 

Fe2O3 8.23 18.13 20.32 41.80 12.11 

Ni 0.01 3.71 0.03 0.01 0.01 

Zn 0.81 0.00 10.85 0.13 0.00 

As 0.45 0.59 0.00 0.00 0.00 

Mo 0.23 0.00 0.01 0.00 0.00 

Sn 0.04 0.01 0.00 12.64 0.00 

W 0.45 0.00 0.00 0.03 0.01 

Pb 3.64 0.00 0.00 0.00 0.00 
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The sample G408724 is rich in Mg, Al, Si, S, Ca and Fe, plus anomalous Ni and As. 

This is consistent with a mixture of Ca-Al-Mg-Fe silicates with Ni sulphides and 

arsenides.   

The sample G408725 is rich in Mg, Al, Si, S, Ca, Zn and Fe, plus anomalous Ni, As, 

Mo, W and Pb. This is consistent with a mixture of Ca-Al-Mg-Fe +/- Cr silicates with 

sphalerite. 

The sample G408726 is rich in Mg, Al, Si, K, Ca, Mn, Sn and Fe, plus anomalous 

Cr; Ni is very low. This is consistent with a mixture of cassiterite, mica and 

tourmaline.  

The sample G408727 is rich in Al, Si, S and Fe; Sn is very low. This is consistent 

with a mixture of quartz, pyrite and an Al silicate.  

 

SEM/EDAX ANALYSES 

The samples G408723, G408724 and G409195 were subsampled, with selected 

grains mounted on carbon tape on Al stubs and analysed by SEM-EDS, CSL, 

University of Tasmania, with analytical conditions shown in Appendix 2. The results 

are given in Appendix 3.  

G408723 was found to contain epidote and an W-rich wulfenite, with about 40 

mol.% of stolzite.  

G408724 was found to contain diopside, actinolite and a Mg-rich axinite-Mn, 

averaging Ca2.1(Fe0.2 Mn0.6 Mg0.2)(Al1.9 Fe0.1)(BO)Si2O7(OH). Some analyses are 

very close to Axinite-Fe and Axinite-Mg, but all were Mn-dominant. 

G409195 was found to contain a calcium-rich Pyromorphite, with about 15 mol.% of 

Ca (chlorapatite), and a trace of As.  
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SUMMARY AND DISCUSSION 

The samples submitted are summarised in Table 3. 

 
Table 3.  Mineralogical summary 

MRT Reg. 
No. 

Test Location Sample Description Result 

G408723 pXRF, SEM Kara Stolzite? 
W-rich wulfenite, plus 

epidote 

G408724 pXRF, SEM Avebury Mg-axinite? 
Mg-rich Axinite-Mn, with 
diopside and actinolite 

G408725 pXRF Avebury Mackinawite+diopside? Sphalerite, diopside 

G408726 pXRF Luina Cassiterite + Tourmaline? Cassiterite, quartz biotite 

G408727 pXRF Luina Teallite? Pyrite, quartz 

G409195 

SEM 
(LJN2019-

050-5, 
LJN2019-

092-2) 

Kara Pyromorphite Calcian Pyromorphite 

 
 
 
 
 
 
 
R.S. Bottrill      T Coyte 
MINERALOGIST/PETROLOGIST  SENIOR TECHNICAL OFFICER 
 

 

Disclaimers 
While every care has been taken in the preparation of this report, no warranty is given as to the 
correctness of the information and no liability is accepted for any statement or opinion or for any error 
or omission. No reader should act or fail to act on the basis of any material contained herein. Readers 
should consult professional advisers. As a result the Crown in Right of the State of Tasmania and its 
employees, contractors and agents expressly disclaim all and any liability (including all liability from or 
attributable to any negligent or wrongful act or omission) to any persons whatsoever in respect of 
anything done or omitted to be done by any such person in reliance whether in whole or in part upon 
any of the material in this report. The MRT laboratories are not NATA registered but work to similar 
standards. 
This and other data collected in MRT laboratories may enter the MRT databases but every attempt 
will be made to ensure it remains closed file and not be available externally, unless at your request.  
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Appendix 1: Laboratory Report: pXRF analyses 
  
Client:  A Tuma 
Sample Location: Various 
Job Number:  LJN2019-116 
Analyses:  Mineral chemistry  
Methods: pXRF 
Analyst:  R Bottrill 
Date:  10/12/2019 
 
 

Sample ID G408723 G408724 G408725  G408726  G408727 

Calibration Geochem(2) Geochem(2) Geochem(2) Geochem(2) Geochem(2) 

 Units PPM PPM PPM PPM PPM 

Mg Concentration 0 30989 28739 25176 0 

Mg Error1s 4783 2388 4305 2046 4640 

Al Concentration 62699 43535 61311 84460 34010 

Al Error1s 904 558 1022 714 577 

Si Concentration 100957 156423 104428 110884 175567 

Si Error1s 916 695 932 569 971 

P Concentration 6437 0 0 400 0 

P Error1s 108 78 195 32 118 

S Concentration 47272 151356 65854 277 108435 

S Error1s 405 592 522 22 565 

K Concentration 0 0 0 14477 0 

K Error1s 237 85 312 82 188 

Ca Concentration 64418 144469 31766 26095 0 

Ca Error1s 534 559 256 123 138 

Ti Concentration 3340 769 0 676 0 

Ti Error1s 171 122 272 162 166 

V Concentration 1210 0 0 70 0 

V Error1s 36 18 17 17 20 

Cr Concentration 1589 144 6495 0 0 

Cr Error1s 66 28 96 15 38 

Mn Concentration 15114 2549 3279 9139 0 

Mn Error1s 190 55 70 104 410 

Fe Concentration 57554 126779 142107 292398 84727 

Fe Error1s 513 532 1088 1239 468 

Co Concentration 0 0 0 0 0 

Co Error1s 43 67 68 30 71 

Ni Concentration 79 37080 303 79 74 

Ni Error1s 14 183 16 15 8 
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Sample ID G408723 G408724 G408725  G408726  G408727 

Calibration Geochem(2) Geochem(2) Geochem(2) Geochem(2) Geochem(2) 

 Units PPM PPM PPM PPM PPM 

Cu Concentration 242 857 202 257 0 

Cu Error1s 15 34 17 15 6 

Zn Concentration 8138 0 108488 1292 0 

Zn Error1s 84 5 826 23 4 

As Concentration 4508 5877 0 0 42 

As Error1s 77 33 2 1 3 

Se Concentration 67 0 0 10 0 

Se Error1s 9 2 2 3 1 

Rb Concentration 0 0 0 6 0 

Rb Error1s 2 1 1 2 1 

Sr Concentration 923 25 0 5 3 

Sr Error1s 12 2 1 2 1 

Y Concentration 0 5 35 7 5 

Y Error1s 6 2 3 2 1 

Zr Concentration 49 0 0 11 0 

Zr Error1s 6 2 1 2 2 

Nb Concentration 81 9 12 14 8 

Nb Error1s 5 2 3 3 2 

Mo Concentration 2329 20 61 21 28 

Mo Error1s 23 3 5 3 3 

Ag Concentration 0 0 0 0 0 

Ag Error1s 9 10 7 3 14 

Cd Concentration 0 0 225 66 0 

Cd Error1s 10 11 20 21 16 

Sn Concentration 436 77 0 126399 0 

Sn Error1s 32 17 12 545 24 

Sb Concentration 153 421 0 0 0 

Sb Error1s 40 24 15 6 30 

W Concentration 4546 0 0 290 52 

W Error1s 82 9 74 25 9 

Hg Concentration 0 0 0 67 0 

Hg Error1s 32 8 24 13 8 

Pb Concentration 36412 0 0 29 0 

Pb Error1s 310 3 3 8 4 

Bi Concentration 284 0 0 0 0 

Bi Error1s 25 6 5 2 9 

Th Concentration 80 0 42 0 22 
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Sample ID G408723 G408724 G408725  G408726  G408727 

Calibration Geochem(2) Geochem(2) Geochem(2) Geochem(2) Geochem(2) 

 Units PPM PPM PPM PPM PPM 

Th Error1s 13 5 9 1 6 

U Concentration 225 14 0 0 0 

U Error1s 12 3 3 1 4 

LE Concentration 580859 298603 446652 307395 597026 

LE Error1s 3408 2059 3844 2480 2036 
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Appendix 2: Laboratory Report – SEM analytical conditions 
 
 Hitachi SU-70 analytical field emission SEM 

• Installed February 2011 
• Schottky thermal field emission source 
• ultra-high resolution (1.0 nm @ 15kV, 1.6 nm @ 1kV for SE imaging) 
• high vacuum operation only (i.e. no variable pressure in chamber) 
• Hitachi in-chamber and in-lens scintillation detectors, Super ExB filter, beam 

deceleration 
• Hitachi in-chamber 5-segment solid state BSE detector, retractable 
• in-column Faraday cup with picoammeter for beam current measurement 
• anticontamination cold plate, liquid nitrogen cooled 
• 5 axis motorised fully eucentric stage, XYZ range 110x110x40mm 
• Oxford AZtec EDS/EBSD system with   

o X-Max 80 SDD EDS, MnKa 125 eV resolution, elements B-U, large 
area hyperspectral mapping, standardless and standards-based 
quantification, feature analysis 

o HKL NordlysNano EBSD camera & forescatter detector system, HKL 
& Channel 5 software packages, Synergy EDS/EBSD integration, 
HKL, ICSD & American Mineralogist phase databases 

• NEW June 2017: Gatan ChromaCL2 colour cathodoluminescence imaging 
system with integrated BSE detector, Digital Micrograph 3 software, 
automated mosaic acquisition, simultaneous acquisition of SE, iBSE and 
colour CL images. 

 

Label: am 179 
Element List Type: Current Spectrum 
Processing Option: All Elements 
Specimen Coating: On 
Beam Calibration Element Coating: Off 
Coating Element: Carbon 
Coating Thickness: 20 nm 
Coating Density: 2.25 g/cm³ 
Automatic Line Selection: Disabled 
Normalization: Enabled 
Thresholding: Sigma level = 1 
Detector Window Correction: Enabled 
Deconvolution Elements: None 
Selected Standards: Minerals_15kV_2017-10-20 [ User ] 
Pulse Pile Up Correction: Succeeded 
Detector file: X-Max 3 
Efficiency: File based 
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Appendix 3: Laboratory Report –SEM Analyses  
 
Client:  A Tuma 
Sample Location: Various 
Job Number:  LJN2019-116 
Analyses:  Mineral chemistry  
Methods: SEM-EDS 
Analyst:  R Bottrill 
Lab Manager: R Bottrill 
Date:  18/12/2019 

 
Table 1: Wulfenite. G408723 Relative atomic proportions, normalised to 2 cations. 

Spectrum  O Al Si Ca V Mn Fe Zn Sr Mo W Pb Bi 

Spectrum 354 4.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09 0.53 0.37 1.01 0.00 

Spectrum 355 4.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.55 0.37 1.01 0.00 

Spectrum 356 4.24 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.57 0.40 1.04 0.00 

Spectrum 357 3.12 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.58 0.35 1.05 0.00 

Spectrum 358 2.69 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.57 0.35 1.06 0.00 

Spectrum 359 3.04 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.07 0.57 0.32 1.02 0.00 

Spectrum 360 3.27 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.57 0.37 1.07 0.00 

Spectrum 361 3.93 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.60 0.35 1.05 0.00 

Spectrum 362 2.74 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.66 0.24 1.02 0.04 

Spectrum 363 4.13 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.65 0.30 1.03 0.00 

Spectrum 364 4.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.63 0.33 1.04 0.00 

Spectrum 365 4.28 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.63 0.32 1.05 0.00 

Spectrum 366 4.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.62 0.34 1.03 0.00 

Spectrum 367 3.98 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.60 0.34 1.04 0.00 

Ave. 3.72 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.02 0.59 0.34 1.04 0.00 

 

 

 

Table 2: Epidote G408723 Relative atomic proportions, normalised to 8 cations  

Spectrum  O Al Si Ca V Mn Fe Zn Sr Mo W Pb Bi 

Spectrum 368 
14.08 2.10 2.99 1.86 0.00 0.10 0.95 0.00 0.00 0.00 0.00 0.00 0.00 

Spectrum 369 
21.94 2.24 3.14 1.63 0.00 0.07 0.87 0.05 0.00 0.00 0.00 0.00 0.00 

Spectrum 370 
13.51 2.03 2.98 1.91 0.00 0.06 0.99 0.03 0.00 0.00 0.00 0.00 0.00 
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Table 3: Axinite G408724 Relative atomic proportions, normalised to 9 cations  

Spectrum  O Na Mg Al Si S Cl K Ca Sc Mn Fe Ni 

Spectrum 413 16.90 0.00 0.27 2.03 3.96 0.00 0.00 0.00 2.02 0.00 0.45 0.27 0.00 

Spectrum 414 16.13 0.00 0.42 1.59 4.09 0.00 0.00 0.00 1.82 0.00 0.46 0.44 0.17 

Spectrum 415 19.82 0.00 0.20 2.10 4.05 0.00 0.00 0.00 1.88 0.00 0.46 0.32 0.00 

Spectrum 416 14.67 0.00 0.19 1.91 3.79 0.00 0.00 0.00 2.21 0.00 0.58 0.32 0.00 

Spectrum 421 10.94 0.00 0.15 1.57 3.51 0.00 0.00 0.00 2.27 0.00 1.03 0.40 0.07 

Spectrum 422 14.87 0.00 0.13 1.92 3.89 0.00 0.00 0.00 1.95 0.00 0.78 0.33 0.00 

Spectrum 423 15.62 0.00 0.28 1.99 3.93 0.00 0.00 0.00 1.99 0.00 0.53 0.28 0.00 

Spectrum 424 11.79 0.00 0.11 1.78 3.64 0.00 0.00 0.00 2.37 0.00 0.72 0.39 0.00 

Spectrum 425 11.81 0.00 0.16 1.77 3.66 0.00 0.00 0.00 2.45 0.00 0.62 0.34 0.00 

Spectrum 427 29.41 0.00 0.33 2.23 4.06 0.00 0.00 0.00 1.70 0.00 0.43 0.25 0.00 

Spectrum 428 10.95 0.00 0.10 1.72 3.53 0.00 0.00 0.00 2.50 0.00 0.90 0.26 0.00 

Ave. 15.72 0.00 0.21 1.87 3.83 0.00 0.00 0.00 2.10 0.00 0.63 0.33 0.02 

 
 
 

Table 4: Diopside G408724 Relative atomic proportions, normalised to 4 cations 

Spectrum  O Na Mg Al Si S Cl K Ca Sc Mn Fe Ni 

Spectrum 417 5.77 0.00 0.83 0.03 2.01 0.00 0.00 0.00 0.88 0.00 0.02 0.21 0.02 

Spectrum 418 7.29 0.02 0.81 0.02 2.07 0.00 0.00 0.01 0.85 0.01 0.02 0.16 0.03 

 
 
 

Table 5: Actinolite. G408724. Relative atomic proportions, normalised to 15 cations 

Spectrum  O Na Mg Al Si S Cl K Ca Sc Mn Fe Ni 

Spectrum 419 29.78 0.00 3.34 0.11 8.12 0.33 0.00 0.00 2.01 0.00 0.14 1.19 0.10 

Spectrum 420 26.94 0.00 3.35 0.07 7.47 0.00 0.00 0.00 2.19 0.00 0.23 1.68 0.00 
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Table 6: Pyromorphite. G409195. Relative atomic proportions, normalised to 8 cations. 

Spectrum Label O Cl Al Si P Ca Mn Fe As Pb 

Spectrum 10 
7.08 0.66 0.00 0.00 2.71 0.73 0.00 0.00 0.04 4.52 

Spectrum 9 
16.64 0.94 0.00 0.00 2.74 0.80 0.00 0.00 0.00 4.45 

Spectrum 8 
12.58 0.88 0.06 0.00 2.65 0.72 0.00 0.00 0.05 4.52 

Spectrum 7 
15.63 0.96 0.00 0.00 2.80 0.75 0.00 0.00 0.06 4.39 

Spectrum 5 
14.30 0.92 0.00 0.00 2.84 0.73 0.00 0.00 0.00 4.42 

Spectrum 3 
13.24 0.84 0.00 0.00 2.64 0.81 0.00 0.08 0.00 4.47 

Spectrum 2 
15.93 0.90 0.00 0.00 2.88 0.74 0.00 0.00 0.05 4.32 

Spectrum 1 
13.78 0.85 0.10 0.27 2.70 0.74 0.00 0.00 0.00 4.19 

Ave. 13.65 0.87 0.02 0.03 2.75 0.75 0.00 0.01 0.03 4.41 

 


