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Manual identification and quantification
of mineral phases —
XRD exercises



Introduction

This document will show the necessary steps for a manual identification and
quantification of mineral phases using (1) tables to convert °208 values to d,,, (2)
reference mineral files, and (3) a table with the experimental reflective power of
various minerals. The following image (see below) demonstrates the relationship
between the crystallographic planes of a mineral and the peaks of a diffractogram.
In the case of dolomite, the radiation emitted coherently by the atoms in the
planes parallel to the 104 face generates the most intense peak (d;y,) of the
diffraction pattern. The distance between the planes is 2.887 A.

The table with the experimental reflective power of various minerals is included in
Annex I. Reference mineral files and conversion tables (°20 values to d,,,) can be
found in Annex II and III, respectively.
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Manual identification

The peaks are first numbered and the value °26 has to be determined for each peak.

Tipo de Diagrama: Polvo
Radiacién : Cu Kee
A=1.54184
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all peaks are considered up to 50 °20




Manual identification

Determination of the °26 value of each peak

Peak °26 d,,(A)  Absolute Intensity Relative
(mm?) intensity (%)
1 23.1
2
3 -
Fadiacion Gt
4 A=1.54184
5
0 g
L
8
9

all peaks are considered up to 50 °26



Manual identification

Conversion of °28 to d

COPPER K ALPHA(1,2)
LAMBDA=1.541838

0.00 0.02 0.04 0.06 0.08 0.10

2.2540 2.2529 2.2519 2.2508 2.2497
2,2433 2.2422 2.2411 2.2401 2.2390
2.2326 2.2316 2.2305 2.2294 2.2284
.2221 2,2210 2.2200 2.2189 2.2179
L2116 2.2106 2.2096 2.2085 2.2075

.2013
L1911
1810
. 1709
.1610

.2003 2.1993 2.1982 2.1972

.1901 2.1891 2.1880 2.1870

.1800 2.1790 2.1780 2.1770 . g 2.
L1700 2.1690 2.1680 2.1670 660 2. 2.1640 2.1630
L1600 2.1591 2.1581 2.1571 2.1551 2.1541 2.1532

. 1483  2.1473 2.1453
.1386 2.1376 2.1357
.1289 2.1280 126
L1194 2,185 |

1100 2.1091

.1512
L1415
.1318
1223
.1128

L1502 2. 1492
L1405 2.1395
.1309 2.1299
L1213 2.1204
L1119 2.1109

fromrnmoNn oo o

1035 2.1025 2.1016
.0942 2.0933 2.0923
.0850 2.0841 2.0832
.0759 2.0750 2.0741
.0669 2.0660 2.0651

.1007 2.0997
.0914  2.0905
.0823 2.0813
.0732 2.0723
L0642 2.0633
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.0579 2.0571 2.0562 2.0553 2.0544 2.0535
L0491 2,0482 2.0473 2.0465 2.0456 2.0u47
.0403 2.0395 2.0386 2.0377 2.0368 2.0360
2.0316 2.0308 2.0299 2.0291 2.0282 2.0273
2.0230 2.0222 2.0213 2.0205 2.0196 2.0188

2
2
2
2
2.
2
2
2
2
2
2.
2
2.
2
2
2
2
2
2
2

2.0145 2.0137

2.0061 2.0052 —ZTOUmTr—200

1.9977 1.9969 1.9960 1.9952

1.9894 1.9886 1.9877 1.9869 1.9861 1.9853 1.9844
1.9812 1.9803 1.9795 1.9787 1.9779 1.9771 1.9763

Important: The wavelength of the incident radiation in the conversion table and
that used for the analysis of our sample have to be identical (usually Cu Ka).




Manual identification

Conversion of °20 to d,

Peak °26 d, (A  Absolute intensity Relative
(mm?) intensity (%)

1 A
2 29.5
3 31.6

0.06 0.08 0.10 0.2 0.1
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Manual identification

Conversion of °26 to d,,, using the Bragg formula

Bragg formula:
nA = 2d,,, sen 0

The Bragg formula is rearranged to calculate d,,,
considering a wavelength of Cu Ka = 1.5418 R:



Manual identification

Conversion of °28 to d,

Peak °26 d, (A  Absolute intensity Relative
(mm?) intensity (%)

23.1 3.85
29.5 3.03

31.6 2.83
36.0 2.49
39.5 2.28
43.2 2.09
47.2 1.93
47.6 1.91
48.6 1.87
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Manual identification

Determination of the absolute intensity

@ Muestra 1
Tipo de Diagrama: Polvo

Radiacion : Cu Ket
h=1.54184

Absolute intensity (peak area,

mm?2): height (mm) x peak width
In this exercise we will consi- at half height (mm)

der a peak width of 1 mm
for all peaks
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Manual identification

The width of the peaks generally depends on the crystallinity of the mineral. Phases of
low crystallinity such as smectites have very broad peaks, while quartz is much more
crystalline and usually has narrow peaks.

smectite
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Manual identification

Background subtraction

@
Tipo de Diagrama: Polvo

Radiacidon : Cu Kot
A=1.54184

The peak height has to be determined after subtraction of the background

(in this case the baseline is simply drawn in order to determine the peak
height correctly).
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Manual identification

Determination of the peaks absolute intensity

Peak °26 d,,(A)  Absolute intensity Relative
(mm?) intensity (%)

1

2 29.5 03 [N

3 31.6 y (9) I

Hotacion G fut

4 36.0 o A= tsed In this case we use the

5 395 500 scale of the y-axis to deter-
- mine the peak heigth

6 43.2 g 400 and calculate the absolute

7 A7 2 E intensity

8 476 B

9 48.6



Manual identification

Determination of the peaks absolute intensity

Peak °26 d, (A  Absolute intensity Relative
(mm?) intensity (%)

1 23.1 385 Y

2 29.5 3.03

3 31.6 2.83

4 36.0 29 Y

5 39.5 228 1EEEY

6 43.2 200 T

7 . 1.93

8 47.6 1.91

9 48.6 1.87




Manual identification

In order to be able to compare the peaks d,,, and intensities of our
sample with those of the reference minerals, we have to calculate the
peaks relative intensity (%).

[m]

1 T

3.854

2940495 2035
31.43548 2843 2102107
2494 1421421
39.41959 ERLE 17.81782
4317179 2094 15.01501
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Manual identification

Determination of the peaks relative intensity

Tipo de Diagrama: Polvo
Radiacion : Cu Kot
A=1.54184

©)

Relative intensity (%): (absolute
int./absolute int. of the peak with
max. intensity) x 100

OE®




Manual identification

Determination of the peaks relative intensity

Peak °26 d,,(A)  Absolute intensity Relative
(mm?2) intensity (%)

1 23.1 3.85 80

2 29.5 3.03 700

3 31.6 2.83 20

4 36.0 2.49 90

5 39.5 2.28 130

6 43.2 2.09 100

7 47.2 1.93 50

8 47.6 1.91 110

9 48.6 1.87 120



Manual identification

Identification of the mineral considering the peak of max. relative intensity (100%)
and verification considering the positions and intensities of the remaining peaks.

Peak °2e d,, (A  Absolute intensity Relative
(mm2) intensity (%)

1 23.1 3.85

2 29.5 3.03

3 31.6 2.83

4 36.0 2.49

5 39.5 2.28

6 43.2 2.09

7 47.2 1.93 |m _
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Manual identification and quantification

Identification and quantification of a mixture of minerals

Tipo de Diagrama: Polvo
Radiacion : Cu Koo
N=1.5418"
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all peaks are considered up to 30 °26 I up to 50 °26 only the most intensive peaks are considered
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Determination of °206

|dentification Quantification

Al.  R.. Phasel R..Ph2 Phase2 A./RP. wt%
mm? (%) (%)

—~ Q
<

Tipo de Diagrama: Polvo
Radiacion : Cu Koo
N=1.5418A
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d.q = d-spacing; A.I. = Absolute intensity; R.I. = Relative intensity; R.I.Ph2 = Relative intensity of phase 2,
A.I./R.P. = Absolute intensity divided by the reflective power




Conversion of °26 to d,

Identification Quantification

Peak diy R.I. Phasel R.l.Ph2 Phase2 la./P.R. wt%
(A) (mm2> (%) (%)

:
\
; l‘@
4 26.7 ‘w
S ":‘ TABLES FOR THE DETERMINATION OF d
6 31.2 2.87\ COPPER K ALPHA(1,2)
AMBDA=1.541838
! ‘
! . .04 . 0.0 0.10 0. 0. 14

3 T 576 0.00 nn; 0.0 0.06 i) 12

8.8453 B.8277 B.8102 8.7927 8.7753 B.7580 B.7407 8.7235
9 8.6728- 8.6554 B.6385 B.6217 8.6050 B8.5883 B8.5717 8.5552

8.5060 8.4897 B8.4735 B8.4573 B.uU412 8.4252 8.4092 8.3933
8.3459 B.3303 B.3147 B8.2991 8.2836 B8.2682 B.2528 8.2375
8.1918 B.1767 B8.1617 8.1467 8.1318 8.1169 B8.1021 B8.0873

A\ 0433 8.0288 8.0143 7.9998 7.9854 7.9711 7.9568 7.9426
\poo1 7.8861 7.8721 7.8582 7.8443 7.8305 7.8167 7.8029

00 7.7484 7.7349 7.7215 7.7081 T.6947 7.6814. 7.6681
7.6286 | 7.6155 7.6025 7.5895 T.5765 7.5636 7.5508 7.5380
—4996—1 7.4871 7.745 7.4620 7.4494 T.H370 7.h245 7.M121

-
;
:
:

7.3752 7.3630 7.3508 7.3386 T7.3265 7. 'i’.3-?5 T.E‘Q

d.q = d-spacing; A.I. = Absolute intensity; R.I. = Relative intensity; R.I.Ph2 = Relative intensity of phase 2,
A.I./R.P. = Absolute intensity divided by the reflective power



Determination of the absolute intensity

Identification
Peak °28 d A.l R.I. Phasel R.l.Ph2
(NI (mm?) JED) (%)
2 20.9  4.25 P in e oo
N=1.5418A
3 23.4 3.80 :
4 26.7 3.34 100
e
8 36.5 2.46

d.q = d-spacing; A.I. = Absolute intensity; R.I. = Relative intensity; R.I.Ph2 = Relative intensity of phase 2,

A.I./R.P. = Absolute intensity divided by the reflective power

Quantification

Phase2 l.a./P.R. wit%

@

In this case we use a ruler
to measure and calculate the

| absolute intensity (mm?2):

Peak heigth (mm) x width at
half heigth (mm)

Example:

57 mm x 1 mm = 57 mm?2




Determination of the relative intensity

Identification Quantification
Peak °26 d,, A.L R.I. Phasel R..Ph2 Phase2 la/P.R. wt%
A  mm?2) I (%)
1 11.6  7.62 57
2 209 425 33 : : ——
Qrder to use the mineral reference files to identify
3 23.4  3.80 30 :
4 26.7 3.34 100 L
5 29.0 3.08 28 Relative intensity X&) = (Absolute intensity (mm?2)/
- R — r absolute intensity of the peak with max. absolute
: ' - intensity (mm?2)) x 100
7 33.4  2.68 11
Example:
8 36.5 2.46 13 13
3l (57 mm2/100 mm2) x 100% = 57%
9 39.5 2.28 16
10 425 213 12 >t 0 this case bot.h have the same value becau;e the_
absolute intensity of the peak with the max. intensity =
11 457  1.99 10 100 mm2
12 479  1.90 16
13 50.1  1.82 37

d.q = d-spacing; A.I. = Absolute intensity; R.I. = Relative intensity; R.I.Ph2 = Relative intensity of phase 2,
A.I./R.P. = Absolute intensity divided by the reflective power



We consider the peak with the max. relative intensity (100%) in order to
identify the first phase in our sample and compare all other peaks of the
reference mineral file with the remaining peaks of our sample.

|dentification Quantification
Peak °20 d,, Al R.I.
2
(A) (mm2) (%) 2theta angle| d-spacing | Intensity | HEL
1 11.6  7.62 57 Y — 1 | oresaes 1 76 E 100
2 209 4.25 33 33 IE 2. 100 101
IE. 12 110
3 234  3.80 30 30 =| 1 102
4 26.7 334 100 100 | e[EN# 028256 : 111
o Fiios 7T
5 29.0 3.08 28 28 | e - -
‘ 4R 7oBTH 1.980 201
6 31.2 287 10 10 7" | A0155eE 1.817 112
— Rl.E42242 1.8 0ao3
7 33.4  2.68 11 11 ' |g (et S
‘ X 1672 202
8 36.5  2.46 12 13 Eg . Iﬁ 1.659 103
- 12 1.608 2110
9 39.5 2.28 16 16 %@ -
pd |5k 1.541 211
10 425 213 12 12 W
11 457  1.99 10 10
12 479 1.90 16 16 -
13 501  1.82 37 37

d,q = d-spacing; A.I. = Absolute intensity; R.I. = Relative intensity; R.I.F2 = Relative intensity of phase 2,
A.I./R.P. = Absolute intensity divided by the reflective power



Determination of the relative intensity of the remaining peaks

|dentification Quantification
Peak °26 d,, A.L R.I. Phasel [UNEiVA Phase2 l.a./P.R. wt%
R (mm?) (%) (%)

1 () 7.62 57
2 20.9 4.25 33 33 Quartz
3 234  3.80 30

4 26.7 3.34 100 100 Quartz
5 29.0 3.08 28

6 31.2 2.87 10

7 334  2.68 11

8 36.5 2.46 13 13 Quartz
9 39.5 2.28 16 16 Quartz
10 42.5 2.13 12 12 Quartz
11 45.7 1.99 10 10 Quartz
12 47.9 1.90 16 16

13 50.1 1.82 37 ! Quartz

d.q = d-spacing; A.I. = Absolute intensity; R.I. = Relative intensity; R.I.Ph2 = Relative intensity of phase 2,
A.I./R.P. = Absolute intensity divided by the reflective power



Identification of the second phase of our sample considering the max. relative
intensity (100%) of the remaining peaks and verification by comparing the
position and intensities of all peaks of the reference mineral file.

|dentification Quantification
Peak °2e d,, A.L R.I. Phasel
R) (mm?) (%) ine Intenzity
1 11.6  7.62 57 57 mans: L
2 20.9 4.25 33 33 Quartz 2 e 3.790 20
3 234 380 20 30 LM =
4 26,7 334 100 100 Quartz ; _r
5 290 308 2z 28 =
6 31.2 287 iv 10 f
7 334 2.68 11 11 :
8 36.5 2.46 13 13 Quartz 4
9 395 2.28 16 16 Quartz e t
10 425 213 iz 12  Quartz 1;
11 457 1.99 10 — :
12 479 1.90 18 1e 2 1%
13 501 1.82 37 37 Quartz R 1;"

23 | 4941053
d,q = d-spacing; A.I. = Absolute intensity; R.I. = Relative intensity; —“J— '

A.I./R.P. = Absolute intensity divided by the reflective power =

|

N

vl



Identification of the second phase of our sample considering the max. relative
intensity (100%) of the remaining peaks and verification by comparing the
position and intensities of all peaks of the reference mineral file.

ldentification Quantificatio
Peak °2e d,, A.L R.I. Phasel R.l.Ph2 : _ _
R (mm2) (@) ) Spanag—y Iniensly

1 11.6  7.62 — 57 10U = =
2 20.9 4.25 33 33 Quartz
3 23.4  3.80 30 30 53
. In some cases small variations in the
5 second decimal of the d,, values
5 might be observed due to

experimental errors or changes in the
7 4 lattice parameters, for example due to
3 isomorphic substitutions. Variations in

intensity might be more severe and
9 are due to the preferred orientation of
10 the crystals in our sample.
11 45.7 1.99 10 10 Quartz 18
12 479  1.90 16 16 28
13 50.1  1.82 37 37 Quartz 65 z

dq = d-spacing; A.I. = Absolute intensity; R.I. = Relative intensity; § '
A.I./R.P. = Absolute intensity divided by the reflective power



Identification of the second phase of our sample considering the max. relative
intensity (100%) of the remaining peaks and verification by comparing the
position and intensities of all peaks of the reference mineral file.

|dentification Quantification
Peak °26 d,, A.L R.I. Phasel R.I.Ph2 IEEEYAN |.a./P.R. wt%
A (mm?) (%) (%)
1 11.6  7.62 57 57 100
2 209  4.25 33 33 Quartz -
3 23.4  3.80 30 30 53
4 26.7 3.34 100 100 Quartz -
5 29.0 3.08 28 28 49
6 31.2 2.87 10 10 18
Some peaks may have

7 e || ke = i L intensity contribution of
8 36.5 2.46 13 13 Quartz —___——j two or more phases.
- — — 5 Onare — Hence, their intensity is

: ' - = higher than that shown in
10 425 213 12 12 Quartz 21 W the reference pattern files.
11 457  1.99 iv 10 Quartz 18
12 479  1.90 16 10 28
13 50.1 1.82 37 37 Quartz 65

d.q = d-spacing; A.I. = Absolute intensity; R.I. = Relative intensity; R.I.Ph2 = Relative intensity of phase 2,
A.I./R.P. = Absolute intensity divided by the reflective power



Manual quantification
For the manual quantification we have to divide the value of the max. absolute
intensity (the d,,, of the corresponding peak is indicated in the table) of each phase
by the corresponding reflective power (R.P.). In our case it would be the R.P. of
quartz and gypsum. Note: Mineral names are included in English because XRD
analysis software use English names.

Fase
Quartz
Calcite
Dolomite

Gypsum
Feldspars

Strontianite
Celestite
Fluorite

Galena
Clays
(mica, illite,
kaolinite,
smectite)




Manual quantification

|dentification Quantification
Peak °26 d,, A.L R.I. Phasel R..LPh2 Phase2 A.l./IPR. wt%
A (mm?3) (%) (%)
1 11.6  7.62 57 57 100 Yeso 5710.7
=81.4
2 209  4.25 33 33 Quartz
3 234  3.80 30 30 53 Yzs0
4 26.7 3.34 R 100 Quartz 100/1.43=

69.9

5 29.0 3.08 28 28 49 Yeso
6 31.2 2.87 10 10 13 Yeso

For the quantification we have to divide the max.

absolute intensity of both phases by the corresponding
reflective power. Both results are integrated.

9 DI.J £L.L0 19 19 wual Luv

10 42.5 2.13 12 12 Quartz 21 Yeso
11 45.7 1.99 10 10 Quartz 18 Yeso
12 47.9 1.90 16 16 25 Yeso
13 50.1 1.82 37 37 Quartz 65 Yesa

sum.:151.4




Peak

Manual quantification

Identification
°20  d,, Al R.I. Phasel R.I.LPh2 Phase2

A  (mm?2) (%) (%)

11.6 7.62 57 57 100

AORY) 4.25 33 33 Quartz

23.4 3.80 30 30 53 Yeso
26.7 3.34 100 100
29.0 3.08 28 28 49 Yeso

| Both results are divided by the sum and YEso

1 multipied by 100 in order to obtain a quan- BRGESE
i tification in weight % (wt%).

39.5 2.28 16 16 Quartz

42.5 2.13 12 12 Quartz 21 Yeso
45.7 1.99 10 10 Quartz 18 Yeso
47.9 1.90 16 16 28 Yeso
50.1 1.82 37 37 Quartz 65 Yeso

Quantification
w%

(81.47151.4) X
100 Wt% = 54 Wt%

(69.9/151.4) X
100 W% = 46 Wit%

Nsum.:151.4



Manual quantification

|dentification Quantification
Peak °26 d,, la .. T Phasel R.L.LPh2 Phase2 A.l/P.R. wt%
A (mm2) (%) (%)

1 11.6 7.62 57 57 100 Yeso 57/0.7 (81.4/151.4) x
=81.4 100 wt%= 54 wt%

2 20.9 4.25 33 33 Quartz

3 23.4 3.80 30 30 53 Yeso

4 26.7 3.34 100 100 Quartz 100/1.43= (69.9/151.4) x
69.9 100 wt%= 46 wt%

5 29.0 3.08 28 28 49 Yeso

6 31.2 2.87 10 10 18 Yeso

7 334 2.68 11 11 19 Yeso

8 36.5 2.46 13 13 Quartz

9 39.5 2.28 16 16 Quartz

10 42.5 2.13 12 12 Quartz 21 Yeso

11 45.7 1.99 10 10 Quartz 18 Yeso

12 47.9 1.90 16 16 28 Yeso

13 50.1 1.82 37 37 Quartz 65 Yeso

sum.:151.4



Annex I

Reflective power (R.P.) of various minerals and d,,, of the most intensive peaks

Fase
Quartz
Calcite
Dolomite

Gypsum
Feldspars

Strontianite
Celestite
Fluorite

Galena
Clays
(mica, illite,
kaolinite,
smectite)




Annex II

Reference mineral file
Calcite

Reference Pattern: 07-086-2334

No. h d [A] 26 [°] 1[%]
3,853/ 23,060
3.03507 29,405 1
2.84350 31.435
35.981
39,420
43,172
1.92690 47,126
1.91223 47,509
1.8749 43,514
1.6252 05,5582
; 57.417
1.51753 0l.003
1.50919 0l.382
1.47279 53,070
1.43991 54,683
1.42175 65.612
1. 35647 oo, 204
1.33380 0. 250
1. 29540 F2.909
1. 23400 73.088
1. 24700 758,300
1.23515 77168
1. 21806 J8.455
1.19514 80, 260
1.153543 80,971
1,.17/259 81,540
1. 17286 82,108
1,15344 83,799
1.14201 84,832
1.13042 85.911
1.12450 80,474
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Annex II

Reference mineral file
Quartz

Reference Pattern: 00-005-0450

d [A] 26 [°]
4,26000 20.835
3.34300 ;

1 ':'.lnEIEID
1.81700
1.80100
167200
1.65900
1.60800
1.54100
1.45300
1.41800
1.38200
1.37500
1.37200
1.28800
1.25600
1.22800
1.19970
1.19730
1.18380
1.18020
1.15300
1. 14080
111440
1.08160
1.06360
1.04770
1.04370
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Annex II

Reference mineral file
Gypsum

teference Pattern: 00-00g-0046

d [A] 20 [°] I[%]
7.5a000 11.696 100.0
4. 27000 20,786 50.0
3.73000 23.454 20.0
3.16300 28.190 4.0
3.05900 29.170 55.0
2.86700 31171 25.0
2.73600 32,102 0.0
2.67900 33.421 28.0
2.59100 34 4.0
2,53000 Ty 10
2.49500 35,966 6.0
2.45000 30.6 4.0
2.40000 37,942 4.0
2.21600 6.0
2.13900

2.08000

2.07300

1.99000

1.95300

1.39300

1.87900

1.36400

1.34300 49,412
1.31200 30,315
1.73600 30,795
1.77300 51.347
1.71100 53.514
1.68400 4. 9442
1.66400 oo, 151
1.64500 55,844
1.62100 ab. 745
1.59900 57.598
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Annex II

Reference mineral file

Dolomite
Reference Pattern: 00-011-0078

d [A] 28 [°] I[%]
22.039
24.099
30.961
33.537
35,308
37.361
2.19200 41.148
2.06600 43.782
2.01500 44.950
1.84300 49,209
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L
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1. 73800
1.73100
1. 56700
1, 54500
149600
146500
144500
1.43100
1.41300
1,38%00
1.33500
1,29700
1, 26500
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Annex II

Reference mineral file

Galena

Reference Pattern: 00-003-0592

d [A] 20 [°] I[%]
3.42900 25,964 4.0
2,965900 30.075 100.0
2.09900 43.059 as.0
1.79000 20,978 35.0
1.71400 33.9412 16.0
1. 43400 B2, 540 10.0
1.35200 08,883 10.0
1.32700 70,969 17.0
121200 78.923 10.0
1.14240 84. 737 8.0
1.043290 21511 3.0
1.00340 100.294 5.0
0.98930 102,271 6.0
0.93860 110,308 4.0
0.90500 116.676 2.0
0.89520 118,740 4.0
0.85680 128,065 1.0
0.83120 135.862 30
0.82320 138,695 3.0
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Annex II

Reference mineral file

Celestite

Reference Pattern: 00-007-0885

d [A] 28 [°] I[%]
4, 22000 21.035 14.0
3.42000 26.033 14.0
3.29000 27,081 29.0
3. 16000 73,215 21.0
2.97000 30,06 100.0
2,70000 7.0
2.37000 37,934 14.0
. 39,856 14.0
2,12000 42,612 14.0
2.03000 44,600 43.0
2.00000 45,306 21.0
1.54000 46,789 14.0
188000 458,376 14.0
1.84000 49,498 14.0
1.765000 31911 14.0
1.67000 54.936 14.0
1, 59000 24,955 14.0
1, 55000 39.599 14.0
1.47000 63,204 14.0
1.42000 65.703 14.0
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Annex II

Reference mineral file
Strontianite

Reference Pattern: 00-003-0418

d [A] 28 [°] I[%]

4, 35700 20,319 14.0
4, 20700 21.101 6.0
3.53500 25.172 100.0
25.803 70.0
29.615 22.0
31261 5.0
31.498 20.0
4. 522 12.0
35.108 23.0
36.175 4.0
6. 527 40.0

033 33
AT2 3.0
1323 15.0
2,963 7.0
083 50.0
1.98000 .643 26.0
1.94390 46.563 21.0
1.90530 47.694 35.0
1.85140 49.173 3.0
1.82530 49.823 31.0
1.81340 a0.274 16.0
1.80230 30.605 4.0
1. 75850 51.643 7.0
172530 53.035 2.0
1.66840 74.994 3.0
1.62360 30.646 4.0
1.60800 37.2496 13.0
1.58810 633 3.0
1,56760 . 3t 13.0
1.534470 .82 11.0
1.50720 51.472 3.0
147820 a.0
145960 4.0
1.45510 3.0
1.42930 a.0
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Annex II

Reference mineral file

Fluorite

Reference Pattern: 01-089-47%4

Ho. h d [A] 26 [°]

3.15378 28.275
273145 32,763
1.93129 471,013
164701 22,770
1.57689 08,433
136563 68.674
125318 13.857
122145 18,195
111503 87,392
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Annex III

Tables to convert °20 to d,

COPPER B ALFHA(1,2) Cu Ka COPPER B ALPHA(1,2)
LamBDA=1,5U1838 0—20° LAMBDA=T, 501633

¢.00 .02 .04 0.06 0,08 0.0 .12 0.1% 4.6 IZI..‘lIB 0.0 0.02

.00 4517,0 Z20B.5 1472.3 1104.3 GEI.AU1 TIELIT . 552,13 A90.T8 i 8.7753
L2 NNLTD 40155 36EL0T 33977 315.50 2047 ATR.OT 205,33 232,48 3%?33 o £ 8, 050 E.5T1T

210,30 200,78 192,05 16N.00 17666 169,89 . 157,75 152,31 8,060 g,8412 £. 1052
6 192,89 130,03 13345 120,91 126,20 122,70 16,24 113,36 03455 R 8, 2836 de B, 2520
<80 107,73 105.77 102,72 100.3% GQB.1SE 96,029 L2033 00, 148 81918 BITET  B.161T B, 8.1318 B. 021

1.00 B6.610 BN.GAN 83,342 81,708 TE. 877 Th. 15T B.0u B.0288  B.0143 . T 965U T. 5568
<20 T2.812 TI.240 70.713 65.018 65,926 &4, 058 3 T.ABET T.ATRY T.B16T
£2.213 61,349 60,500 59,641 R, 121 56, G0 . X T.TEEN PTG T, . T.6814.

54,533 53,808 £2,584 51,363 . 50, 136 . 76155 T.E025 . 5508

48,5491 HE.013 U, ag2 R b5.013 . R 7T TLUTAE T . . T.4245

43.735 43307 02 574 1,673 an, 5N 7.3630 7.3508 T. . . 7.3025
39,796 33, 460 . 38081 37435 503 72429 123 1. 7. 1840
36.507 38,200 (339 15.05% 30,511 34 71267 7.1153 . 0700
33.721  33.%65 ' 32,581 32,011 . 7.0142 © 7.0032 6,9553
.33 3108 : . 30, 257 29 mE 29, £.9053  6.B5H5 . 6.8520 £.4015
23,063 . 27,4959 G100 E.THIE 6.TEST A 8,7960 B.TITH
2f.2td 26,205 26, } 6.7073 6.6572 G.6ET1 6. &.6472
25,604 N 20, 875 66076 6.5978  6.5001 6,543
21, 274 ol 23.880 825 21,490 6.5100 5.5014 6. . 5,502
23930 23,070 22,773 22,656 22.313 G170, 6. 4078 6.3620

21,400 21.471 1,657 21.551 21.200 6,3250 6.1158 6. £.2723
20,939 20,800 20,645 20,549 20. 267 5,237 G.22Bd B, . . §,1851
19.992 19,902 10,721 , 16,373 6.1510 §.1825 6. 6.7004
19.127 19,084 18,881 : 10, 564 6,0671 6.0589 6. 6,033 - 6, 60180
.10 1B.333 18,258 18.183 16,108 17,961 17.816  17.705 5.49856 5.9774 59530 5. 5377 .91

ITATH IT.B03 170534 1T.NGN 17,396 17. 260 1. . 5, 4062 5. 8751 5. 596 5. B3EE
16,950 16,929 16885 . 16,801 1b.337 b B 2 b i BoOEE 5. 57836 517812
16,365 16,305 16,205 16.186 15.127 16,010 15. B35 5.7537 h.12u2 5.8877
15.781 15,725 15,670 15.674 15.559 15,887 15, 3% 5, £Q0L B.BG16  5.6HUY 5.6160
15.238 15,385 15,133 15,082 15.01 10,92 10, B2y 5. B05Y 5.5800 5.5733 55462

15,680 0,533 15,584 14,537 14, 34 5,5393 5,.5118  5.5051 5, U761
1,210 14.1ER 15,719 15,074 X e 50713 L hukE  5.4360
13.767 13.725 13,682 13.840 5.8051 5. 3125
13,352 13.312 13,272 13.232 . 5,308 5. 1086
12,999 12,961 12,923 12,885 12,848 12.811 5.2173 5. 2463

12,620 12.502 12,555 12.521 2,485 12,450 12, 3 12,94 5. 2156 5. 1855
12,270 12,208 12,370 12176 12143 13170 war 20 &, 1550 5. 1350
T1.0UG 11,914 11,882 11,850 11.81%  11.7BT 11,654

11.632 11,802 711.572 11.5683% 19.511 11.861 11,353

110335 11,306 11277 11248 11.220 11,161 . 11,107 11,070 HATTE
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10258 10,234 10,187 10,008 10T :.TB 4
10,028 10,003 9.9583 . Q.BEGE @, BETE . 7152 4.0

9.6040  0,7E2Y 9, 7301 ) 5.5545 9.6 4.G660 4.6612
9.5018  B.5711 9.5200 : 8 uge o uas 20 §16179 46132
9.3886 §.3887 0, 3303 9.2510  9.2321 . 45708 4.5662
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Annex III

Tables to convert °20 to d,

COPPER B ALPHACT,#) Cu Ko
LAMBIM=1, 521830 ) COPFER K ALFHALY, 2}

LAMBDA=1.501534 20-40°
0.0 002 0,04 0,06 0.0B .10 0,12 0,14 , 0,00 0.2 0. 0,06 . . . 0. 14 0.16 0.8

L.4305 4, 43sz CAI08 MLU2B0 LoLRR0 B UATT B 4133 &, 8000 4, 8047 . . 2.o788  2.976T E.978T  2.9728 - 9TG N 20681 2.9632 2.9612
53960 4.E7 4,3032 4, 37E0 B,3TA6 §,3708 43641 4,381 U, . 29593 2. . 2,453 2, . 2,0UE0 2, 25422
A.3534 A Za02 4,340 4,3366  B,3326 8,282 &, 3200 403199 4, . 2.003 2. . 23T 2. . . 2.9272
H3TE &, 307Y 4.2992 W,2051 4,2910 ®,2069 8,262 4,27A7 &, . 29216 28197 2, 2.3160 2.5 2.9086
LET06 N 2665 A, 76560 U.2500 8,2508 o, 2N63 8,203 4,233 6. . 29030 2. . 2.6975 2. . 2.4902

L2303 82260 4, 2164 b, 2105 4, 2066 &.2026 401887 W, . 2.85u8 2. ft 28793 & . . 25721
15909 A, 1§70 517592 W, B,1718 4,16T6 4.1637 4.1599 U, . . . . 2.8670 2.

J1522 48,1483 5,1507 4, 84,1331 44,1293 &4,1285. 4,117 4, . . . . 2.0836
L1142 4,100 4,1029 U, §,0A58  8,.0917 &.0B80 40843 U, . . . 2.8261
765 d . 0T B0G5E U, 5.0585 40588 R.0SI2 23105 2.B0BR

D403 00364 s.0298 4, A.0222 186 ¢4 0150 2,793 27018
4.0003 4, 3.993T . 2.7768 27749
2. 7500 2.73483
2,735 2.7
27272 2154

2.2 2709
Z.6555  2.6937
2.6796 28761
2,662 26626
26009 206474

2,633 26323
2.61E8 26178
2,6001 26026
2.5855 2.5B81
22,5751 2573 -5

LE409  2.5504 2. . 5552
LENGE 25450 . s g.g;i
S5120 0 25115 2. . !

L5197 2.5178 2. . 2.5137
G055 2,502 2. N 25007

Moz 2a007 2. . 2. ugay
NTBR O 2ATTR 2. . 2.4735
JNA5E 24603 2, . £ UEGH
JB5360 2,513 2. . 24575
JB398 2.u385 2. . 2. 4387

BE71 2. U258 2. . 2.u220
yys  2.n132 2. . 2.0095
spg0 2 L00E 2. - ig;
3857 2.3805 2. . .

IrTe 2.3764 2. . 2.5727
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Annex III

Tables to convert °20 to d,

COFFER K ALPHACT, 2}
CAPFER K ALFHALY, 2}
LAMEDNE1. 541038 LAMEDA=1. 541834

-,
0.00  0.02 008 006 0.8 0,19

2.2529 2.2519 2.2508 2.2097 2.2088
2.2822 22001 2.2001 2.2390  2.2379
2.2305 2.2204 2.2284 2.2273
2.2200 22180 2.2179 2.2164
2.2006 2.2085 2.2075 2.2085

L1593 2.10B2 21872
LB 2.1BRD 201870
LATRd 2ATRO 17T
L1650 201660 1670
L1581 1571

L 14B3
. 1385
L1205
LT1RY
110D

1007
2,091
2.0823
2.073i2
2.0602

0,00 b.oz2 .08 Q.06 0.08 0,10 0,12

1.820% 1.8235  1.8228 18221 1LR2W LBV 1,820
18174 L8167 1. JB183 1.ETNE 1.B140 1.8133
1,810 1.805% 1. JBDBS  1.BOTY 1.B0T3 1.8066
1.8039  1.8033 1. LB09 1.B0TY 1.BO06  1.7999
17573 1.79E6 1. STEE O TLTRNG 1.TRED 1,7933

LIS 1790 1. STEBET OTLTBEY 1.TATH 1.7868
1.7B42 1.TBIS  1.TR2 JTRE2 1LTRIE 1.TEOG 1,7803
1YY 1.Tm . T8 T751 LITES 11,7738
1.7713 L7706 1. STESE 1LTEAT 17631 1.T4TS
1.TENG 1.TEE3 1, LTEI0 1LTERE 1LTEE 1,761

1.7586 17580 1. STEET 1.7581  1,7555  1.754B
1.7523 L7517 1. . LTH9E 1,792 -1.7HEE
T.THEY A.THSS 1, . JTHIE 1,74

1.739% 1.7383 1. . ! 73

1.7338 1.7332 1. .

1.7274 S1271
1.7217 1.7211
LTIST  1,7152
1.70d8  1.7062
17039 1.7033

16981 1.6975
1.6023 1.6917
1.6866  1.68560
1.6308  1.6B03
1.6752 1.6T4R

1. 6456
1. 6500
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