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Aqua Regia (x) vs pXRF (y) data

AR data under reports in 
comparison to pXRF data 

(which should be 
expected)
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Talk Outline• Performance Comparison - pXRFs

– Mining Mode

– Soil Mode

• Certified Reference Materials

• Influence of batteries on hand held units

• Deterioration of instruments performance

• Beam times (accuracy and precision) 

• Geochemical Mapping

– Terrain mapping

– Province mapping & Mineral discovery

• Raw vs LOD data

• Conclusions



Baseline Response Two manufactures 



Instrument Set up
Manufacturers Olympus Innov-X Thermo-Niton

pXRF Instrument Delta Premium XL3t 950s GOLDD+

Anode Rh Ag

Tube Voltage (kVmax) 40 50

Tube Power (µAmax) 400 200

Resolution (eV) ~156eV @ 40,000cps <185eV @ 60,000 cps

Detector area 30mm2 SDD2 25mm2 SDD

Electronics 530 MHz CPU, 128MB RAM, 
500 MHz Dual Core DSP

533 MHz CPU, 32MB RAM, 300 
MHz DSP

Power Source Used Generic Li-ion batteries Niton Li-ion batteries

Element Range Mg (Z12) and greater

Application Modes Mining and Soil Modes

Cycle Time 120 seconds in Mining 180 seconds Soil Mode

Windows Propylene3



Baseline Response (Mining Mode) 
NIST2709a

• Standard - NIST2709a in plastic cup
• Instruments set up in stand
• Instruments run on battery power
• Continuously run over 5 hour period
• Beams set for a 120sec cycle for 150 readings 

✓ Results fall within expected limits



What happens when more 
instruments are tested?



Baseline Response (Mining Mode) 
NIST2709a

Niton – tight cluster around CRM

Innov-X fall over a range of -10% to +11% of CRM

Thermo Niton
Olympus Innov-X



Baseline Response SOIL MODE



Baseline Response (Soil Mode) 
NIST2709a

Same “Y” axes as mining mode – no data!

CRM -33600 ppm Fe

• Standard - NIST2709a in plastic cup
• Instruments set up in stand
• Instruments run on battery power
• Continuously run over 5 hour period
• Beams set for a 180sec cycle for 100 readings 



CRM mean -33600 ppm Fe

Major shift in Fe 
concentration reported 
by both manufactures

Baseline Response (Soil Mode) 
NIST2709a



CRM mean -33600 ppm Fe

Olympus Innov-X

Thermo Niton

Baseline Response (Soil Mode) 
NIST2709a



Baseline Response (Soil Mode) 
NIST2709a

Thermo Niton

Olympus Innov-X



Mixing data from 
different Instruments 

• Variation in instrument response has significant 
implications when mixed. 
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Unit 1 Unit 2
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Influence of Batteries on Analysis

www.pxrfs.com.au



Influence of Batteries on Analysis

Beam 1

Av 3.44% Fe

Av 3.39% Fe

Δ 0.05% Fe (1.5%)
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Influence of Battery's
Cu in soils

Medium - Soils
Grid = 200 x 40m
n = 1250

Levelled data 
Post processing 
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Repeat baseline response – Mining Mode 

• Standard - NIST2709a in plastic cup
• Instruments set up in stand
• Instruments run on battery power
• Continuously run over 5 hour period
• Beams set for a 120sec cycle for 150 readings 
• Symmetrical beam times
• Repeat analysis  within 6 months of initial test

significant decrease in light elements 
(Si and Al) from both manufactures



3D Model of Drill Data
Integration of pXRF data with conventional Au (AR) analysis

Au shell

K shell

When additional drilling occurs is 
the low K a function of the rocks 

or the pXRF instrument



Beam Times



Influence of Beam Times
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Instrument comparison 
Innov-X vs Niton (30S)

Analysis of samples were conducted identically 

Innov-X & Niton have similar accuracy

Innov-X has far better precision than Niton
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Geochemical 
Mapping



Geochemcial Mapping

• Commercial laboratories take weeks to 
months for results especially when shipping 
from remote locations

• pXRF allows for real time “fit for purpose” 
data to be collected.

• Using samples collected by Geological Survey 
of Western Australia (GSWA) we reanalyzed 14 
year old samples with BR, OI and TN pXRF.



Nickel Response



R2 = 0.93

R2 = 0.94

R2 = 0.73



Copper Response



R2 = 0.85

R2 = 0.85

R2 = 0.73



Geochemical Mapping

Weekly Time Slices (2 year)
Images of Ni 

~48,000 samples collected over 100 
strike Km on a 1000 x 100m grid 



Nickel Time Slices



n = 314
B01

10/02/13



n = 568
B02

17/02/13



n = 1280
B03

24/02/13



n = 1655
B04

03/03/13



n = 2030
B05

10/03/13



n = 2588
B06

10703/13



n = 2897
B07

24/03/13



n = 3168
B08

31/03/13



n = 3937
B09

07/04/13



n = 4473
B10

14/04/13



n = 5330
B11

21/04/13



n = 6134
B12

28/04/13



n = 6804
B13

05/05/13



n = 7382
B14

12/05/13



n = 8183
B15

19/05/13



n = 9233
B16

26/05/13



n = 9908
B17

02/06/13



n = 10614
B18

09/06/13



n = 11326
B19

16/06/13



n = 11813
B20

23/06/13



n = 12493
B21

30/06/13



n = 13833
B22

07/07/13



n = 15133
B23

14/07/13



n = 16082
B24

21/07/13



n = 16382
B25

28/07/13



n = 17682
B26

04/08/13



n = 18532
B27

11/08/13



n = 19681
B28

18/08/13



n = 20481
B29

25/08/13



n = 21481
B30

01/09/13



n = 22431
B31

08/09/13



n = 23497
B32

15/09/13



n = 24372
B33

22/09/13



n = 25181
B34

29/09/13



n = 25881
B35

06/10/13



n = 26569
B36

13/10/13



n = 27291
B37

27/10/13



n = 27995
B38

03/11/13



n = 28395
B39

10/11/13



n = 28495
B40

17/11/13



n = 29099
B41

24/11/13



n = 29775
B42

01/12/13



n = 29968
B43

08/12/13

NOTE 4 month field break



n = 30249
B44

16/04/14



n = 30503
B45

23/04/14



n = 30877
B46

30/04/14



n = 31174
B47

04/05/14



n = 31758
B48

25/05/14



n = 32433
B49

01/06/14



n = 33184
B50

07/06/14



n = 33815
B51

15/06/14



n = 34216
B52

22/06/14



n = 34540
B53

29/06/14



n = 34664
B54

06/07/14



n = 34978
B55

13/07/14



n = 35128
B56

20/07/14



n = 35330
B57

03/08/14



n = 35587
B58

10/08/14



n = 35988
B59

17/08/14



n = 36363
B60

24/08/14



n = 36972
B61

31/08/14



n = 37556
B62

07/09/14



n = 38278
B63

14/09/14



n = 38920
B64

21/09/14



n = 39477
B65

28/09/14



n = 39996
B66

05/10/14



n = 40598
B67

12/10/14



n = 41333
B68

19/10/14



n = 41804
B69

26/10/14



n = 42224
B70

02/11/14



n = 42636
B71

09/11/14



n = 42999
B72

16/10/14



n = 43588
B73

23/10/14



n = 44288
B74

30/11/14



n = 44006
B75

07/12/14



n = 44988
B76

21/12/14



n = 45429
B77

18/01/15



n = 46389
B78

25/01/15



n = 46964
B79

01/02/15



n = 47969
B80

15/02/15

Two years since commencement 
of initial sampling1

1
0

 k
m

s



Akelikongo: Drilling

Ni images with Drill holes Cu images with Drill holes



Akelikongo ASX: 15/07/2014  Progress Report 
Kitgum-Pader



AKD002



• Detected element suites will vary according to the 
geology and matrix of the material analyzed.  

• The matrix effect on detection limits of the pXRF 
data can be very significant; 

• Based on the 25% RSD benchmark the 18 pXRF 
elements have a high level of confidence:
– As, Ca, Co, Cr, Cu, Fe, K, Mn, Ni, Pb, Rb, Sr, Th, Ti, V, Y, Zn & Zr

• …and 14 elements have a low level of confidence:

Figures based on pXRF data from 16084 samples @ 22/07/2013

Confidence in 
pXRF Elements 



Th-Pb-K-Rb-Zr-U
Granitic terrain

PC1



Cu-Ni-Co-Cr-Fe
Mafic/UM  terrain

PC1-inv



Sr-Ca-K-Pb
Feldspar rich terrain

PC3



Instrument determined 
Limits of Detection

Recommend download RAW data



Uranium



Are these uranium values 
realistic?



Comparison between Radiometric and 
pXRF data: Uranium

Radiometric pXRF Data



Comparison between Radiometric and 
pXRF data: Potassium

Radiometric pXRF Data



Comparison between Radiometric and 
pXRF data: K-Th-U (RGB) 

Radiometric pXRF Data



Summary & Conclusions

• “Off the shelf” pXRF are
– individual and unique instruments.

– precise yet inaccurate. 

• Separate batteries will effect element response 

• Over time pXRF performance will degrade 
– Most noticeably in light elements (Si. Al, Mg)

• pXRF instruments provides “fit for purpose” data 
for geochemical mapping and mineral exploration 
in remote and challenging environments, globally.

• Use Raw (uncensored) pXRF data

Presentation available from pXRFS.com.au
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