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ABSTRACT 

A set of samples from a Hemlo gold mine showed evidence of interference in the 

routine analysis, in that there was no agreement in the quantities of quartz estimated using 

four diffraction lines. Examination of the diffraction patterns for the common minerals in the 

ore showed that strong interference could be expected on all four quartz lines. Analysis of 

powder samples prepared from the four types of ore in the mine showed strong interference 

on one to three of the quartz lines for each type of ore and on all four lines for the four types 

together. Thus, the X-ray diffraction analysis for quartz in this type of ore is uncertain and 

further work is required to quantify the errors. 
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INTRODUCTION 

The quartz component of the airborne mineral dust is, in many underground hard 

rock mines, the major concern  in control of the health hazard to miners lungs. The Elliot 

Lake Laboratory has developed an X-ray diffraction system for assessment of the quartz 

component in mine airborne dust. This system assesses the quartz on up to four diffraction 

lines and only accepts a result when any two diffraction lines give agreement within the limits 

of experimental error. This procedure has been successful on most samples from most mines. 

The exceptions have been: 

1. Heavy samples: the effect of differing absorbtion on the analysis of the 

four diffraction lines due to differences in path length at the four angles is 

enough to introduce differences in measured quartz greater than the allowed 

error term. 

2. A copper mine: as with the present problem mine, a proportion of the 

samples did not produce agreement between any pair of lines. Because the 

mine was small, had a low quartz value, and had a limited life, no detailed 

investigation was made. 

3. An iron mine: some samples presented results in which one pair of quartz 

diffraction lines indicated one quartz content while the other pair indicated 

twice as much. This was attributed to interference by the high content of 

iron bearing minerals, and could have been resolved by chemical leaching. 

However, the proportion of samples affected was low, leading to only a 

small possible error in the overall mean at any one sampling station and 

this anomaly was not studied further. 

DESCRIPTION OF HEMLO GOLD ORE 

The ore is a gold ore containing some other metals in recoverable quantities. There 

is a total of over seventy identified mineral species present in the ore (3). Only the major 

minerals are, however, likely to interfere in the quartz analysis. These are listed in Table 

1. This Table shows the reported mineral concentration and the occurrence of diffraction 

lines close to the quartz peaks. The near peaks are divided into two classes, fust, the non-

resolvable peaks which add to the X-ray intensity, and secondly, the resolvable peaks which 

have a negative effect leading to underestimation of the quartz. The lines are reported in 

terms of their per cent relative intensity. The unbracketed results refer to the most intense 
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line of that mineral, set to 100, and the bracketed values refer to the relative intensity to the
appropriate quartz line set to 100. An approximate allowance has been made for the absolute
intensities of the lines, and for the relative amounts of mineral and quartz in the ore. It is
clear that substantial interference is to be expected and that not even the results from one of

the diffraction lines can be relied upon.

Table 1-Interference with quartz analysis as expected from published literature.

Table entry is intensity of line relative to minerals strongest line. Table entry
in brackets is intensity relative to nearest quartz line allowing for absolute

intensitv and mean ore comnosition.
Quartz line.. 1 2 3 4
Miller indices.. 1,0,0 1,0,0 1,1,2 2,1,1
Relative intensity of quartz % 35 100 17 15

`d'spacing A 4.260 3.343 1.817 1.541

Mineral Content in Additive interference range-d spacing Al
Ore % 4.55-4.18 3.40-3.26 1.83-1.804 1.5-1.53

Quartz 15

Muscovite 5-20 20 (52) 100 (11) 1 (0.1) 10 (7)
Vanadian muscovite 20 90 NL2 NL
Biotite
Phlogopite 0-25 NL (1)

2
100 (10)
71

NL (10)1 80 (50)60
Microcline 65 70 (50) 100 (70) 10 ( 5) 10 ( 7)
Barian Microcl.3 - - - -
Barite 0-20 30 (30) NL NL 15 (30)
Titanite ?4 NL NL NL NL
Pyrite 5-25 NL NL NL NL

Subtractive interference( adjacent line) range-5
4.44-4.409 3.47-3.19 1.843-1.79 1.56-1.52

Muscovite
Vanadian muscovite 5-20 50 (70)50 60 ( 6)60 1(0.1)NL 10 ( 7)10
Biotite 0-25 NL ( 1) NL ( 5) NL NL ( 5)
Phlogopite 2 100 NL 15
Microcline 65

NL 100 (70) 50 (50) 5 ( 5)
Barian microcline - - - -

Barite 0-20 30 (30) NL NL 15 (30)
Titanite ?4 NL 100 (1)4 10 (0.1) 20 (0.2)
Pyrite 5-25 NL NL NL NL

Footnotes:

1. The range is approximate as it depends on both absolute and
relative quantities of quartz and interferent present.

2. L no lines in region
3. No published data for barian microcline. It is assumed to be

close to microcline
4. Content in ore not given. It is asumed to be 1% and interference

to be negligible.
5. The subtractive region consists of the two portions between the

central additive region and the two boundaries shown.
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The significant points in Table 2 are that: 

1. One diffraction line in each of the muscovite rich, microcline rich and barite 
rich ore samples is displaced significantly such that the major contribution 
must be non-quartz. 

2. The quartz recovery on spiking  with  quartz is not satisfactory on 8 out of the 
16 peaks examined showing that the interference modifies the assessment 
of the area under the peak. This is carried out by measuring the total area 
in the peak region and subtracting a linear background detennined at either 
side of the peak. The background region is determined as that part without 
a significant rise above the slope determined in both directions towards and 
away from the 'quartz' peak. 

3. The deterrnination of 24 and 9% quartz in the biotite and microcline rich 
ores, respectively, seems satisfactory. The other two ores do not get a pair 
of lines to agree and the estimates of 31 and 1% are not confirmed. 

4. There is not even one of the four quartz line that could be considered 
satisfactory for analysis of all the four ore types. 

ANALYSIS OF FIELD SAMPLES 

Table 3 shows the analysis of the airborne dust samples collected in the mine to date 
with significant X-ray diffraction indications of quartz. Only 3 peaks on 2 samples show a 
possibly significant displacement indicating that they have an obvious significant non-quartz 
component. 

On 5 samples no agreement was found between the estimates on any pair of lines. 
On 3 samples two results were found differing by a factor of 1.5 to 2. Each result was 
supported by a pair of lines. The best estimate (an educated guess) di ffers from the agreed 
pair of lines, computer estimate, on 15 out of 21 samples shown, and is on average 10% 

lower. 

DISCUSSION 

The work carried out here demonstrates that interference is a significant problem in 
the X-ray diffraction analysis of quartz in the airborne dust samples collected in the Hemlo 
gold mines. It is believed that the existing system of X-ray diffraction analysis and interpre-
tation is not reliable for this ore. Errors could be as great as 50%. 
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Table 3 — Quartz analysis of airborne dust samples collected 
in the Hemlo Mine. 

X-ray Diffraction intensity given as equivalent quartz weight in yg  

	

S amp. 	No. 	Quartz line (Miller indices) 	 Computer 	Educated 

	

1,0,0 	1,0,1 	1,1,2 	2,1,1 	Estimate 	Guess  

	

1 	NA' 	152 	89 	152 	152 	89 

	

2 	317 	159 	Int. 	303 	310 	159 

	

3 	69 	57 	24 	52 	55 	24 

	

4 	257 	168 	205 	279 	260 	200 

	

5 	244 	166 	168 	244 	210 	167 

	

6 	678 	466 	290 	710 	fails 	290 

	

7 	52 	62 	51 	69 	58 	51 

	

8 	274 	179 	136 	188 	180 	136 

	

9 	25 	43 	10 	46 	44 	10-20 

	

10 	13 	22 	10 	18 	16 	— 

	

11 	Intd 	Int. 	Intd 	122 	fails 	? 

	

12 	Int. 	14 	Int. 	14 	fails 	14 

	

13 	90" 	23 	Int. 	21 	22 	23 

	

14 	177 	64 	76 	95 	70 	70 

	

15 	14 	13 	8 	18 	13 	10 

	

16 	119 	57 	58 	10 	84 	57 

	

17 	Int. 	Int. 	Int. 	50 	fails 	? 

	

18 	42 	16 	0 	7 	8 	0 

	

19 	61 	72 	45 	55 	58 	45 

	

20 	84 	84 	49 	91 	86 	59 

	

21 	Int. 	Int. 	27 	173 	fails 	27 

	

22 	35 	51 	33 	35 	34 	34 

Footnotes: 

1. NA= not analysed. 
2. superscript d refers to displaced peak position. 
3. int.= Interference by close peak. 

RECOMMENDATIONS 

1. It would be of great interest to examine the specific varieties of the major minerals 

present in the ores and identify the major interferents in more detail. For this it would be 
useful to separate small quantities, about 0.1 gm, of each mineral variety for a more detailed 

examination by X-ray diffraction. 

2. Analysis of samples of the ore types by other means could serve to verify, or 
correct, the X-ray diffraction analysis. The same samples would of course also have to be 
re-analyzed by XRD. This process could be used to determine an average correction value for 
XRD analysis for quartz but would leave substantial uncertainty in the values for individual 
samples because of the variations in proportions of the interfering minerals and quartz. 
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