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Mineral modes can be calculated quickly and accurately by using colour masks
in scanned digital images of stained, quartz saturated plutonic rocks. The im-
age analysis method for determining modal compositions is as accurate as manual
point counting, and remarkably faster. A comparison of the manual point counting
and pixel resolution methods, and a step by step procedure for calculating min-
eral modes in quartz saturated plutonic rocks are provided to make modal com-
position calculations fast, accurate, and efficient.
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INTRODUCTION

Calculating modal compositions for coarse-
grained granitic rocks is generally a long, time
consuming process. Thin section point counting
produces a wide range of error for mineral mode
calculations. Manual point counting of stained,
larger rock slabs, although more precise than thin
section counting, is a long and tedious method.
With the aid of graphic software, such as Corel
Photo-Paint 7™! and a scanner, modal propor-
tions of quartz and feldspars of stained coarse-
grained granitic rocks can be determined more
quickly and with a high degree of accuracy. Af-
ter a coarse-grained granitic rock has been cut,

! Corel Photo-Paint is a trademark of Corel Corporation.

stained with sodium cobaltinitrite (III), and
scanned as a photo image, the image can be re-
duced to the colour of pixels, and accurately ana-
lysed for mineral mode compositions based on the
colour of stained minerals. The purpose of this
paper is to outline the modal calculation procedure
and discuss viability of its application.

STAINING METHOD

Samples are cut so that a relatively large surface
area of the rock sample can be analysed. For ex-
ample, a rock with an average grain size of 1.5 cm
should have a cut surface area of at least 150 cm?.
The cut surface is placed in hydrofluoric acid
(60%) for approximately 30 seconds. The surface


mailto:brent.elliott@helsinki.fi

234  Brent A. Elliott

is rinsed with water and placed in a solution of
super-saturated sodium-cobaltinitrite (III) for ap-
proximately 30 seconds. The sample is rinsed and
left to dry. The staining method should result in
K-feldspar stained yellow or dark yellow, and pla-
gioclase and quartz etched chalky white and grey,
respectively. The staining method was originally
developed by Gabriel and Cox (1929), and modi-
fied, or adapted, by Keith (1939), Chayes (1952),
Rosenblum (1956), and Nold and Erickson (1976).
Hayes and Klugman (1959) describe the use of
this staining method on natural and artificial sands,
and various other stains or augmentations to the
staining process can be used to stain or identify
plagioclase, orthopyroxene, clinopyroxene, and
olivine (cf. Jackson & Ross 1956 and Bailey &
Stevens 1960).

ESTIMATION OF MODES BY COLOUR
MASKING DIGITAL IMAGES

Scanning

Samples should be carefully placed on a transpar-
ent sheet, on the scanning surface, to avoid
scratching. Samples should be scanned at the high-
est possible pixel resolution and saved at a scale
as close to 100% for the most accurate results. The
images can then be saved as almost any image
format (BMP, GIF, JPG, PCX, etc.) and easily
accessed by Corel Photo-Paint 7™. After an im-
age has been scanned and saved, it can be opened
in Corel Photo-Paint 7™ by choosing “Open”
from the “File” menu, and selecting the image file
from the appropriate location (Fig. 1).
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Fig. 1. A scanned image of a coarse-grained plutonic rock from the post-kinematic Petdjdvesi pluton (see Niro-
nen et al. in print) in Central Finland. The image was scanned at 600 dpi, saved as a *.PCX file and opened in
Corel Photo-Paint 7™,
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Colour Masks and Determination of Mineral
Modes

A colour mask is a selected colour, or range of
colours, throughout an image that can be preserved
or edited. With a colour mask, the image can be
converted to a binary image, one colour represent-
ing the selected mineral, the other colour repre-
senting the rest of the sample area. The determi-
nation of mineral modes by the colour masking
procedure involves five steps outlined below:

Step #1:

“Zoom in” on the mineral type you would like to
make a colour mask of, using the magnifying glass
icon (Fig. 2).
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Step #2:

Select a range of colours that represents that min-
eral (i.e. shades of yellow and dark yellow for al-
kali feldspar) using the eye dropper icon (Fig. 3).
For a more accurate representation of the mineral
mode in question, choose as many colour options
as possible for the shades that represent that min-
eral (choose 30 shades of yellow rather than 10
shades of yellow, for example).

Step #3:

Once a colour mask is created for a certain
mineral, choose the overlay option “Greyscale”
(Fig. 3), and press “OK”.

Fig. 2. A view of the scanned sample and the colour mask window. The magnifying glass tool allows the user to
“zoom in” on the sample area in the colour mask window for more accurate pixel colour selection.
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Color Mask

Sampled Colors

Fig. 3. The view of the colour mask window after colour shades have been selected with the eye dropper tool.
The overlay option: greyscale reduces the image into two colours, representing the colour mask colours (white)

and the rest of the rock (black).

Step #4-:

From the “Mask” menu choose “Paint On Mask”
(Ctrl+K), and the image will be displayed as a bi-
nary image, white representing the total area of the
selected mineral, and black representing the re-
mainder of the rock (Fig. 4).

Step#5:

Choose “Histogram” from the “Image” menu, and
select the histogram range (i.e. colour range) in
the histogram box (Fig. 5). In this case, the sam-
ple is represented by the entire histogram range
(0 to 255), and the selected mineral (alkali feld-
spar) is represented by the colour white (255 in
the histogram range). The exact percentage of the
total area is displayed in the “Percent:” box; this
is the percentage of the selected mineral for that
rock sample (Fig. 6). The same process can be
repeated for other mineral modes (i.e. plagiocla-

se, quartz, and dark minerals), and the rock can
then be classified according to the IUGS classifi-
cation for plutonic rocks (Le Maitre 1989).

DISCUSSION

This method for determination of mineral modes
in coarse-grained plutonic rocks appears to be con-
siderably more accurate than traditional thin sec-
tion point counting or manual point counting of
stained samples via stereomicroscope (cf. Platker
1956). Thin section point counting would be the
preferable method of analysis, but it does not suf-
ficiently account for the large grain size in coarse-
grained rocks. Manual point counting is fairly ac-
curate, but the procedure is very time consuming
and may be considerably less accurate than ana-
lysing by colour masking digital images. For com-
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Corel PHOTO-PAINT 7 - sample

Fig. 4. The scanned image with the greyscale colour mask applied for the selected mineral mode, in this case
alkali feldspar.

Fig. 5. A view of the histogram window, showing the total number of pixels and the pixel colour range and values
in the image (background) with the greyscale colour mask applied.
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Fig. 6. A view of the histogram window showing the selected pixel colour range (white: 255 to 255), and the
percentage of the total image area representing that colour, or mineral, as a function of the number of pixels
[50916 divided by the total number of pixels 116550 (Fig. 5)].

parison, eight samples with variable grain size
were point counted manually and by image anal-
ysis. The results of the comparative analysis are
shown in Table 1 and Fig. 7. Samples were ana-
lysed ten times to quantitatively determine repro-
ducibility and degree of error. The resulting clas-
sifications for the fine- and medium-grained rocks
are generally similar. The classification of the
coarse-grained rocks (samples 7 and 8) is consid-
erably different between analysing methods. This
is primarily due to the sample area, the manual
point counting covered areas of 24 cm?, while the
image analysis method covered an area of 60 cm?
and 100 cm?2. The pixel resolution method allows
for a larger stained area to be analysed, only re-
stricted by the size of the scanner. The manual
point counting method would have to comprise
about 60 000 and 100 000 points, respectively, for
a more accurate comparison, a truly time consum-
ing process. The finer grained rocks were analysed
on a comparable scale, with similar results. It ap-

pears that the pixel resolution method is not re-
stricted by grain size, but more accurate results,
or a lesser degree of error, are obtained with
coarser grained rocks.

Analytical problems may occur if very few col-
our shades are chosen for a colour mask. A less-
er number of colour shades/tones will result in less
accurate results, the total of mineral modes being
far less than 100%. Colour shade redundancy be-
tween different colour masks can cause analyti-
cal error. If colour selections are made careless-
ly, the mode calculations may be over 100%, re-
sulting in a large degree of error. The quality of
staining can influence the accuracy of the mode
determination. Poorly stained samples result in
obscure light coloured stains that can cause redun-
dancy in colour shades between different mineral
modes.

Dark minerals cannot be distinguished from one
another by this method. For example, biotite and
amphibole may occur, but the mineral modes can-



Table 1. Eight samples representing a range of grain size, analysed for modal compositions by manual point counting and image analysis methods. Stand-

ard deviation is given for ten analyses of each sample using the colour masking method.

Pixel Method
Average grain size

Analysis Area
Area (pixels/points)
Alkali Feldspar
Plagioclase

Quartz

Mafic Minerals
Total

Manual Method
Average grain size

Analysis Area
Area (pixels/points)
Alkali Feldspar
Plagioclase

Quartz

Mafic Minerals
Total

1
1.5 mm

35 cm?
62160
59.32+£1.52
5.32+£0.69
20.20+1.74
493+£0.83
89.78 +2.73

1
1.5 mm

16 cm?
1600
55.50
6.38
33.43
4.69
100.00

2
4 mm

45 cm?
66960
50.35+0.94
479 +£0.48
33.04 £ 0.87
6.04 +0.51
94.22 +2.80

2
4 mm

16 cm?
1600
50.90
5.90
37.50
5.70
100.00

3
<1 to 7 mm

40 cm?
97371
58.81+1.16
5.71+0.48
30.57 £1.18
5.80£0.53
100.90 + 3.35

3
<1 to 7 mm

16 cm?
1600
59.10
6.90
30.40
3.60
100.00

4
<l to 5.5 mm

42 cm?
97371
40.39 +1.88
7.28 £0.55
36.57 £ 0.83
3.07 £0.66
87.32+3091

4
<1 to 5.5 mm

16 cm?
1589
43.10
10.40
44.05
2.45
100.00

5
5 mm

56 cm?
122250
50.05 £ 1.55
7.63 £0.54
34.17 £ 0.88
4.62+1.00
96.48 £ 3.97

5
5 mm

16 cm?
1600
49.10
9.20
330
4.40
100.00

6

2 mm

49 cm?
89100
49.02+1.53
10.59 £ 0.95
32.67+0.98
5.12:41.12
97.39 +4.59

6

2 mm

16 cm?
1600
46.70
14.20
34.40
4.70
100.00

7
14 mm

100 cm?
231775
39.93+0.71
16.55+0.51
39.95+0.52
2.63+0.23
99.05+1.97

7
14 mm

24 cm?
2400
51.41
12.42
29.71
6.46
100.00

8

12 mm

60 cm?
97440
39.20 £ 0.34
25.98 +0.38
30.88 £ 0.66

2.67+0.34
98.74 £ 1.72

8
12 mm

24 cm?
2400
56.59
24.79
13.46
5.16
100.00
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Fig. 7. IUGS classification of quartz saturated plutonic rocks; numbered open circles represent the samples an-
alysed by manual point counting, and closed circles represent the same numbered samples analysed by the pixel

resolution method.

not be calculated other than a percentage of dark
minerals of the total area. Similarly, accessory
mineral modes for minerals such as zircon and
apatite cannot be determined due to size, abun-
dance, and lack of colour resolution.

CONCLUSIONS

The determination of mineral modes by colour
masking digital images is an efficient, quick, and
accurate method to calculate modal compositions
for K-feldspar, plagioclase, quartz and dark min-
erals in coarse-grained plutonic rocks. The proc-
ess is considerably faster and more accurate than
traditional methods of analysing coarse-grained
granitic rocks by manual point counting or thin
section point counting. This method should not be
limited to coarse-grained plutonic rocks, and can
be used to estimate mineral modes in finer grained
rocks and stained thin sections. Although thin sec-
tion point counting can be more accurate in de-
termining mineral compositions and accessory
minerals, and distinguishing between different

mafic silicate and opaque minerals, it may result
in incorrect modal compositions for coarser
grained rocks.
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