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ABSTRACT

The present study has been directed towards
investigating quantitative measurements of colours in minerals,
which might serve as a readily accessible means of identification

and understanding related properties.

A review of the concepts of colour measurement is
described in the first part of the thesis, Attention has been paid
to the improvement and application of methods of colour measurement.
in mineralogy and gemmology. Computational procedures and all the
necessary computer programmes for calculating colour values ars
given with examples, For this purpose appropriate measurements of
spectral reflectivity for opaque minerals, and spectral transmittance

for non-opaque minerals and facetted gemstonss are described.

Quantitative measurements of other colour properties =
colour constancy, bireflectance and reflection pleochroism = are
described and defined, A study of some colour problems in ore minerals
is made, Tables of colour valuses and spectral reflectivity data for
130 ore minerals are given, and these values are also présented in
colour diagrams, The uses of quantitative colour values and colour

diagrams are explained with examples,
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I. INTRODUCTION

The colour of a mineral is one of the simplest qualitative
properties that can be used as an aid to distingquishing it from other
minerals, sven though the same mineral may show different colours and

different minerals may have the same colour.

The quantitative measurement of colour involves several
theoretical and practical difficulties, QOther physical properties that
can be measured more easily have therefore been used for mineral
identification and it is only relatively recently that an interest in

the quantitative measurement of colour in mineralogy has developed.

One branch of mineralogy in which colour is of prime
importance is gemmology, where small colour differences may greatly
affect the relative value of two otherwise identical specimens. DOnce
a gemstone has been facetted, transmitted ligh£ methods of determining
its spectral transmission are difficult or impossible to apply, so it
was decided that an investigation of the use of reflected light methods

would be made,

At the same time, the application of similar methods to the measurement
of colour in opaque minerals was also investigated, since it promised to

be a useful additional method for the identification of these minerals,

It was found that the use of reflected light method in
non-opaque minerals including gemstones was unfavourable for purposes of

quantitative colour measuremsnt,
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After a theoretical study therefore, an alternative method was developed

using a matching liquid to determine the spectral transmission of a

facetted gemstone for colour compatison.

Finally, it was also decided to investigate some colour
problems in minerals, such as changes in the obssrved colour of a mineral

that occur as its grain size is reduced,



II. LITERATURE REVIEW ON THEORY OF COLOUR MEASUREMENT
Il.1. INTRODUCTION

The art of coloring started many thousands of years ago,
but the science of colour began in the last centuries, It was founded by
Isaac Newton (1866) hwo seﬁarated the components of homogeneous white
light (the sun light) into a sequence of coloured rays. In recent years
modern methods of colour measurement have been developed. Concepts ,
methods and quantitative data have become standardized and used by

colorimetrists and research workers.

Despite the fact that colour is an important physical
property made use of in mineralogy, and particularly in gemmology, in
various ways (®.g. specimen colour, colours sesn under the microscope in
polarised light, etc.), there has been comparatively little use or

understanding of the concepts of quantitative colour measursement,

A summary of the necessary basic information has therefore
been prepared from the literature, which is abundant. Further details if
required may bes found in the following useful books, and periodical

papers listed in the reference section,

(1) 'The Science of Color! by the Committee on Colorimetry of
the Optical Society of America,1968,.

(2) ' Color Science ' by Gunter Wyszecki and W,S.Stiles,
1967.

(3) 'The Measurement of Colour' by W.D.Wright, 1969.

(4) ' Physical Aspects of Colour' by Dr. P.J.Bouma, 1947,
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(5) 'Color in Business, Science and Industry' by D.B. Judd & G. Wyszecki,
1963,
(6) 'Sources of Color Science' selected and edited by D.L. MacAdam,

1970,

In 1931 the Commission Internationale de 1l'Eclairage
(CeI.E.) first adopted a set of data to define the colour- matching
characteristics of standard observers (that is of the average eys) and
established a reference framework for the specifications of colours .
Armed with this reference framework, specifications of various standard

stimuli (light sources) and a standard chromaticity diagram were derived.

Any colour is then determined with refsrence to a standard
stimulus or standard stimuli and expressed by three numbers termed
tristimulus values. It can also be represented in the standard C,I.E.
chromaticity diagram and characterised by numbers, namely dominant (or

complementary) wavelength, excitation purity and relative brightness.

Since basic data representing the normal eye as standardised
by the C.l.E. colour specifications ars independent of the colour vision
of any particular individual, they are rsproducible from one laboratory

to another,



II.2. PSYCHOPHYSICAL CONCEPTS OF COLOUR

Man has been aware of colour since immemorial time .
Aristotle first realized that light is necessary for colour vision,
It is now well known that colours are seen because of light, The
phenomena of light have been explained by wave ( Maxwell's electro-
magnetic ) and quantum theories. Both theories have been accepted, as

light has a dual nature, possessing both wave and corpuscular properties.

As far as the measurement of colour is concerned the
concepts of light and colour need to bs dafined by the procedures which

are precribed for their measurements,

The measurement of colour is not a purely physical practice.
Physiology and in some cases (such as sensation, perception, recall ,
recognition, imagination, motivation, feeling, emotion, reasoning,etc,)
psycholegy are involved in the measuremsnt, since colour - matching

experiments to obtain basic data were made by human observers,

When a beam of light strikes the retina of the eye the
colour sensation is interpreted by the mind, Colour sensation which may
be defined as the primary conscious response to excitation of the visual
mechanism has three attributes, hus , saturation and brightness as
interpreted by the eye and mind. Sensation is specifically the direct
result of consciousness of the present stimulation of the sense organs,
as distinguished from perception, which includes the combination of
different sensations and utilization of past experience in recognizing

the objects and facts from which the present stimulation arises,



Objects are very commonly recognized and classified
according to the colour of the light they reflect. The colour of an
object depends upon the effect of its selective absorption, upon the
spectral distribution of the incident radiant snergy and upon the

psychophysical functions of human vision,.

It is obvious that subjects of light and colour are
linked to the sciences of physics, chemistry, physiology, and in some
cases psychology., Light and colour, thersfore, are defined as

psychophysical concepts.



11 3, ATTRIBUTES OF COLOUR

Light is characterised by its frequency, velocity and
wavelength, Since the velocity is constant in a given medium, the
fraquency and wavelength are inversely proportional. However, wavelength
is usually quoted in preference to frequency, as the numbers required
are smaller, Table II 1 shows the colour names given to light of certain

wavelangth ranges in approximate divisions,

Table II 1
Wavelength Colour
(nm) name
380 = 450 Violet

450 - 490 Blue
490 = 560 Green
560 - 590 Yellow
590 - 630 Orange
630 - 780 Red

There is, of course, a continuous series of pure colours gradually
passing from the one into the othsrs, They are known as hues and

illustrated, for example, in Plate 1,

Each hue (spectrum colour) has several different colours
(having the same brightness) when it becomes progressively paler till it
approachswhite, The progression from a spectrum colour (retaining its hue
throughout towards white is said to be one of desaturation., The aspsct in

which the individual members of such seriss differ, namely the property



of being more or less white, we call their saturations, Plate 2 shows a
green hue giving a gradual change of saturation. The saturation increases
progressively from zero in the case of white sample (achromatic) to a

maximum in the case of a highly saturated colour sample (chromatic).

A colour retaining its two properties, hue and saturation,
will give rise to a slightly different sensation of colour when its
brightness level is changed, In other words if two samples have the same
hue and saturation but differ in brightness they will appear to be

different colours,

Thus the colour sensation has three attributes, namaly
hus,saturation and brightness. Expressed differently, therefore, a colour

sensation is completely determined by these three magnitudes .









I1I.4. THE SENSITIVITY OF THE EYE

Relative Luminous Efficiency Functions

The most important natural light source is the sun. Many
spectroradiometric measurements of the spectral ensrgy distributions
of the sun have been made and reported in the literature ( Abbot et al
19233 Kimball 1928; Moon 1940; Taylor and Kerr 1941; MacAdam 1958 ;
Henderson and Hodgkiss 19633 and Budde 1963 ). The significant spectral
distribution data taken from Wyszecki and Stiles (1967) are shown in

Figures Il.1 and Il.2,

Figure 1I1.2 contains relative spectral irradiance
distributions of daylight at correlated colour temperatures 5500, 6500
and 7500°K, They are considered as the most typical spectral
distributions of irradiance produced by daylight at the earth's surface
and are recommanded as guides in the development of sources of

artificial daylight.

The above data show that the spectrum of the sun radiates
approximately equal amounts of esnergy per unit wavelength interval
throughout the visible range. But these squal amounts of enerqgy of
different wavelengths do not produce visible sensation having equal
brightnesses. In other words the brightness sensitivity of the eye is
not equal for all wavelengths of the visible spectrum. The sensitivity

of the eye to radiant snergy depends upon the wavelength,

The conversion of light energy intoc nervous energy takes
place in the light-sensitive retina of the eya. The retina contains two

kinds of light sensitive slements, rods and conss. Rods are receptors
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which function in the low level of illumination (scotopic vision) ,
whereas cones operate at high illumination levels (photopic vision).
The luminance level of the normal photopic range is from about one to

fifteen foot-lamberts' (Brown, 1951).

Important investigations of the spectral sensitivity of
the eye were made by Gibson and Tyndall (1923), Crawford (1949), Judd
and Wyszecki (1963), Wright (1946) and others. In such investigations
spectral sensitivity was recorded subjectively by finding the enerqgy
required at each wavelength in the visible spectrum to produce a response
of constant brightness; for cones, the observations were made under
photopic conditions or by using the foveal arga of the retina, while
the rod sensitivity was obtained at near=threshold illumination using
the extra-fovea (Wright, 1969). The sensitivity curve was then given by

plotting the inverse of the snergy obtained against wavelength.

Since only the relative sensitivity to the various wavelengths was of
interest, all values were multiplied by a constant so that the maxima
were equal to unity. These values thus obtained are termed the relative

luminous efficiency functions,

Figure I1.3 shows scotopic ( V!h ) and photopic ( VA )
curves as standardised in 1951 and 1924 respectively by the C.I.E. The
rods have their maximum sensitivity at a wavelength of 507 nm and the
cones at one of about 555 nm ., The curves as a whole have been shifted

with respect/ to each other.

# 1 foot-lambert = 0.0003426 candle per square centimeter(CCOSA 1968).
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A considerable difference between the two functions is

that the relative brightness in different coloured objects alters when
the quantity of light is greatly reduced. If ons half of the field of
vision, for instance, is strongly illuminated with ysllow light of 581
nm and the other half with green light of 530 nm the eye sensitivity
for these two wavelengths is equal. When the illumination levels are
reduced by the same factor, the powers of the two halves have indeed
remained equal but the eye sensitivity has bacome quite different for

the two lights,

With these squal powers the green light has a much stronger apparent
brightness than the yellow light (Figure II1.3). This is known as the
Purkinje effect. Expressed differently, in order to obtain the same
apparent brightness we shall have to transmit much more energy per

second of violet or red light to the eye than the green light.

It bscame necessary to select one of the relative
efficiency functions to be used to obtain standard data specifying
visual sensitivity for colour differences. When colours are observed
at low luminance levels such as under twilight conditions or in areas
of high density in colour transparencies, the scotopic function (V') )

would be useful to obtain data,

Normally, colour differemces are observed ufder high illumination levels
(4.'8., higher than one foot=lambert) and theresfore the photopic (VN )
function was selected by the C.I.E. and used to derive the basic colour-

matching functions for general purposes of colour measurements,

It was later verified from the experimental data by Brown

(1951) that sensitivity to colour differences remains constant for a
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normal observer until the field luminance drops below about one foot-
lambert. Below this level the colour discrimination bescomes poorer ,

slowly at first, and then rapidly,

Sensitivity To Differences Of Hue And Saturation

In the same way that the sensitivity of the eye to small
differences of brightness varies, so there are sensitivities to small

differences of hue (wavelength) and saturation (purity).

Hue discrimination was measured by setting just=noticeable
differences of wavelsngths, Starting with the two halves of the
photometric field illuminated by light of the same wavelength A and
luminance (brightness), the wavelength of one half of the field was then
gradually changed to A + dA\ , at the same time~maintaining the
brightness match between the two halves, until a just=noticeable
chromaticness* difference was detected (Wright and Pitt, 1934; Bedford
and Wyszecki, 1958). The average difference dA\ = [(+d?\) + (=dN) ]/2
was obtained from several repeated measurements for sach comparison

wavelength and plotted against N\

All curves have the same gensral appearance as shown in
Figure 1I.4. It is regarded only as typical 4, since the differsences

betwsen individuals are fairly largs.

* Chromaticness = hus and saturation, taken together, expressive of the
quality of colour sensation as distingquished from its
intensity ( CCOSA 1968).
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Figure II.4 shows that the difference of wavelsngth which

can just be detected by the normal eye varies irrsgularly from end of
the spectrum to the other. A wavelength differsnce of about 1 nm will
give rise to a just-noticeable chromaticness difference in the yellow=-
orange (590 nm) part of the spectrum and again in the blue=green(490 nm)
under a 2-degreaes field of observation. Under large field conditions
small differences of wavelength might be detectable in these regions.of
the spectrum (Wright, 1969). Hue discrimination rapidly becomes poor at

both snds of the visible spectrum.

The sensitivity of the sye to differences of saturation
is expressed by the number of just=-noticeably different mixtures of
white with light of any given wavelength. In the experiments additive
mixtures of a monochromatic light of a given wavelsngth and a given
achromatic (white) light were produced in two halves of a photometric
field.s The luminance of the both lights can be varied independently,
thus providing a series of colours ranging from a pure white to a

spectrum colour.

The observer was required to determine just-noticeable differences or
equally differences of saturation by changing the colour of ons half

of the photometric field (Martin et al , 1933),

An alternative method was to make repeated colour matches and deducs
the just=noticeable difference from the standard deviation of the

matches (MacAdam , 1942),

In both cases it was found that the sensitivity to saturation was least.

(i.e. the number of steps between white and the spectral radiation was
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least) for wavelength in the yellow part (570 nm) of the spectrum, as

shown in Figure 11,5 (taken from Wyszecki and Stiles, 1967). This
impliss that a ménochromatic light of wavelength 570 nm is in some

sense less saturated than light of any other wavelsngth.

In conclusion, the photopic luminous efficiency functions
VA play an important part in the derivation of colour-matching
functions. The sensitivity of the eye to small differences of hue
(wavelength) and saturation (purity) are of special interest and are
ma jor problems in measurements of colour discrimination, and are

described in the later sections.
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II.5. SPECTRAL ENERGY DISTRIBUTION AND COULOUR SENSATION

Experiments on radiant energy distribution of light
sources showed that there is a relation between spectral composition
of light and colour sensation, A white light sources, such as the sun,
radiates more or less equal energy throughout the visible spectrum .
In other words when the integrated whits light is dispersed into
distinguishable components an squal distribution of energy over the
spectrum will result, If its spectral energies were plotted against
wavelength a flat curve will be obtained. There is no region in which

the snergy is greater over other regions of the spectrum,

When the enerqgy distribution at some wavelengths is
lower the light in general appsars coloured . A ysllow stimulus of a
source, for instance, is due to a high energy distribution at long
wavelengths and low energy distribution in the shorter wavelength

regions.

The spectral energy distribution (PW\) is a  purely
numerical seriss as a function of wavelength, Wavelength and intensity
of light are characteristics of the appropriate colour response,

This is known as the colour stimulus (Q).

For object colours the same principle applies, because
they- act as secondary light sources. When radiant energy falls onto a
surface of an object the spectral energy distribution (P) ) of the
incident light is altered after reflection by the surface of the

object. The spectral energy distribution, the resultant of the combined
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action of the incident light (P)\ ) and reflection powsr (R)\) of the

object is equal to the colour stimulus of that object. that is,
P?\.R"\ = Q.

This interrelations are the fundamental facts to define object colours
and are illustrated in Figure 11.6. Light sources in general having
different energy distributions cause diffserent colour response., It
appears that different colour stimuli from an object caused by different

light sources can be measured using the above general expression.

It can be assumed that the retina (cone) possesses thres
dufferent types of light sensitive photo cells which are distinguished
from one another by their spectral sensitivities. It can also be assumed
that the first cell has its maximum sensitivity in the red part of the
spectrum, the second in the green and the third in the blue. When a
light beam stimulates the eye the three photo cells op;rata togsether
simultanesously and form three magnitudes by which a colour sensation

is determined.

The above assumption makes quantitative colour measursment
possible by means of a photo-electric device functioning exactly the
same as those of the retina, With such apparatus measurements of spectral
reflectivity (or transmittance) on an object surface can be made and
followed by appropriate calculation to derive the three magnitudes

which will represent the attributes of colour sensation,
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Il.6. PRINCIPLES OF COLOUR MEASUREMENT

By experiments it was found that any colour could be
produced by varying appropriate amounts of three suitable radiations
(colours). The fundamental principles of colour measurement were first
postulated by Grassmann (1854) and were familiar to Maxwell (1860 &

1872), Helmholtz (1866) and others,

Experimental checks were carried out later by Blettian (1947), Trezana
(1954) and recently by Stiles (1963), Two significant investigations
were made by Guild (1924 & 1931) and Wright (1928-1929) to determine
the relative amounts of three specified radiations required to match

the colours in the spectrum.

Their colour mixture data were used in 1931 by the
Commission Internationale de 1'Eclairage (C.I.E.) to standardize the
colour-matching functions of a normal observer and to adopt a standard

framswork for colour specification,

One of the basic laws of colour theory would be expressed
thuss By mixing three selected spectral colours in definite proportions

any given colour sensation can bs matched,
Grassmann's first law states that three primary colours
can be selected so that it is impossible to match one of them by any

mixture of the other two,

The primary colour stimuli employed in the colour-matching
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experiments were saturated red, green and blue, thus satisfying the

above law none of them can be produced by a mixture of the rest of two
radiations, But with these primary colours a yellow can be produced by
mixing the red and green, and a purple by mixing blus and red, All

intermediate hues of sucessive degress of desaturation can be produced
by combining the stimuli in appropriate definite proportions. A white
is obtained by mixing the correct proportions of all three stimuli and

is demonstrated in Plate 3.

For a given colour @ , the colour squation can be conve-

niantly expressed as

R(R) + G(G) + B(B) = a(a) .

where R, G and B are amcunts of the three primary colours (R), (G) and
(B)y and they are termed the tristimulus values required to produce the
Q quantity of the (Q) colour, It is possible and convenient to represent
colours in colour space by thres dimensional vectors, and colour matches
by linear equations between such vectors, The symbol Q, for instance,

is a vector representing a colour and R,G,B ars the vectors representing
the amounts of three fixed primaries, A three dimensional vector diagram
illustrating a colour space and a corresponding two dimensional colour

plane are shown in Figurs I1,7.

Grassmann's third law says that if two colours 01 and 02
are produced by mixtures of three radiations, the colours together ,
when mixed additively, will be matched by the sum of the two mixtures
similarly combined,
i.@ey if

R, (R) + G, (6) + 8, (B) = q, (a) and

R, (R) + G, (c) + B, (B)

0, (@)
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then
R, + R G, + G B, + 8B Q, + Q@
2 - -
%) + L—2(6) + 15—2(8) = X)) 2 o, (a)

The new colour 03 is thus obtained by the additive mixing of the two
colours 01 and 02 and lies on the straight line connecting 01 and 02 ’

as shown in Figure 11.8.

If m units of Q, are mixed with n units of Q, , (m + n)
units of a new colourhos'will be obtained. The colour 03 will lie at a

distance on the line 01 02 such that 01 Q, / QS Q2 =n/m.

For threse or more colours the same principle applies, A
convention was made to base the units of (R), (G) and (B) on a match
on a wvhite of some defined quality.'For this purpose there was an
assumption that white may be regarded as a colour (achromatic)* in
which neither red nor green nor blue predominates. The standard white,
therefore, could be defined by its colour temperature if it were a
Plankian radiator (Black body), whereas the qualities of other colours
(chromatic colours) could be defined by their dominant wavelength and
purity corresponding, in an approximate way, to their hue and saturation

respectively,

Based on such units the colour equation for the standard
white (E) becomes:

1(€) = R(R) + G(G) +8(B)

* achromatic colour: colour that does not elicit hue,

white, grey, black are achromatic colours.
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Figure II §, Illustrating the additive mixture of the two colours 01 &0 5

producing a2 neu colour 03 .



R
r=rvcsg-1/3

G
9*R+G+8 1/3

bee——a—m=1/3,

This particular white in fact is the centroid of the colour triangle.
Ry, G, B are called tristimulus values and r, g, b are termed the
chromaticity coordinates, By definition tristimulus values are

components necessary in a three-=colour mixture matching a sample colour.

Grassmann's second law states that if two different light
spots give the same colour sensation they continus to do so if the
brightnesses of both are increased or decreased by the same factor .
1t means that with any change in brightness of a colour, its tristimulus

values increase proportionally,

All colours having the same hue and saturation but
differing in brightness will be represented by one point in a colour
plane, This is illustrated in Figure 11.9. Therafore colours slightly
different due to variation in brightness annot be distinguidhed by the

two=dimensional plane diagram,

Although the colour sensation is defined by thres
magnitudes only hues and saturation are taken into account in ths colour
plane, the brightness is ignored. Such a colour plane is called a chro-
maticity diagram, It is in fact a plane of constant brightness. The
chromaticity (quality of hue and saturation) of a synthesized colour

may be specified in terms of the proportions of ®ach of two of the
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components in the trichromatic mixture,

From the above laws any additive mixture of the primary
colours RGB will produce a colour point lying within the colour triangle
formed by three spectral radiations RGB. Practically this additive
colour=mixture system does not hold the fundamental rule which states
that all spectrum colours must lie inside the colour triangle, Some of
the spectrum colours lis slightly beyond the triangle RGB. They cannot
be produced by positive mixtures of RGB. Therefore the fundamental law

of additive colour=matching has a limitation in its application,

However the exceptions were eliminated by introducing
subtractive amounts in the colour-matching, For example the colour of
wavelength 510 nm cannot be produced by additive mixing of RGB but it

can be matched in the following way expressed algebraically thus,

(510) + r(R) = g(G) + b(B).

or (510) = -r(R) + a(G) + b(B).

Hence the spectrum colour (510) can bs produced by a negative quantity
of (R) plus two positive quantities of (G) and (B). In this manner the

fundamental law holds universally,

Based on these fundamental criteria of colour-mixing
theory, extensive experiments were made to specify the units of
reference stimuli (R), (G) and (B) and their quantities required to

match sach wavelength colour in turn in the squal=snergy spectrum.

To fullfil the above requirements important investigations
wers undertaken by Wright (1928-29 & 1930) and Guild (1931) indepently,

using very different instruments and with different groups of observers.
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In Guild's experiment seven observers made colour matches
through the spectrum, The instrumental stimuli were adjusted to be equal

in a match on the N.P.L. white.

Wright used ten observers in his investigation and his
reference stimuli were monochromatic radiations of wavelengths 650 (R),
530 (G) and 460 (B) nm. The units were adjusted so that equal amounts
of the red and green stimuli were required in the match of a
monochromatic yellow of wavelength 582,5 nm and equal amounts of the

green and blue in the match on 494,0 nm,

Both sets of data obtained by Guild and Wright were
transformed by the C.I.E. to the same reference stimuli, namely 700,0,
54649 and 435.8 nmy, with the units based on the N.P.L. white, The mean
results of the two investigations were compared and it was found that
they were in good agreement. Therefore the average values of the Guild=-
Wright investigations were accepted as basic data for further experiments,
These data are representative of a normal eye and called the 1931

standard observer by definition,

In 1955 a redetermination of the colour-matching functions
was made by Stiles (1955) and his data showed that no important errors

wers present in Guild-Wright data,

Figures II1.10 and 11,11 show the mean chromaticity
coordinates of spectrum colours, obtained by Guild and Wright respectively.
In both figures the coordinates add up to unity at each wavelength. But
one or the other of the coordinates is always negative, because those

colours indicated by negative coordimates cannot be matched by a positive
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mixture of three components. In such case a match was esstablished with

a mixture of the sample light and one of the components. The amount of
the component which is mixed with the sample light was taken as a
negative quantity., It can be explained by the following expressions
thus,

r(R) + g(G) = a(Q) + b(s)
or r(R) + g(6) - b(B) = q(a).

To obtain the amounts of (R), (G) and (B) in the equal-
energy spectrum the relative luminous efficiency function (VA ) was
used(Figure I11.3) instead of making direct colour matches on an equal=
energy spectrum, because the light flux (luminanca)at wavelength N\ in

the equael=-snergy spectrum is proportional to VA .

If the luminances are written as V(R), V(G), V(B) the

colour equation becomes

v(Q) = r.V(R) + g.V(G) + b.V(B).
the spectral colour with wavelsngth N\ is

V(N) =r V(R) +g V(G) +b v(B).
Since the light flux at wavelength ( A) in the equal=-energy spectrum
is proportional to VA , the unit quantities of the primaries in the
equal=energy spectrum will be proportional to

VN = = ﬁ)\

VA
V(A) r V(R) + g V(G) + b v(B)

The value VN is already in existance(Figure I1.3), the chromaticity
coordinates 4 tA , gn , bA , and the reference stimuli, V(R), V(G),
V(B) are known experimentally. The colour-matching functions (also

called distribution coefficients, or tristimulus valuss of the spectrum),
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;7\, '57_\ ’ 57\, of the equal-energy spectrum are given by

TA =mN\
gn =mN\ o\
E?\ = MmN b)\ °

Since only the relative values of the colour=matching functions arse of
interest, the coefficients for all wavelengths were multiplied by the

same factor, and thus they were finally derived to satisfy the equation
VN = a constant [57\ V(R) + gnV(G) + b \I(B)J

Figure 11,12 which was thus derived from Figures II. 11
and II,10 shows the spectral distribution curves for the aqual=energy
spectrum expressed in terms of the matching stimuli 700,0 nm, 546,71 nm
and 435,8 nm with their units adjusted to be equal in a match on an

equal=energy white,

Thus the spectrum colours were broken down into three
parameters T N ’ 9\ and b\ measured in terms:of the tristimulus

values (or distribution coefficients).

These basic data had to be used to compute specifications
of a given stimulus, The spectrum locus could be drawn by plotting -the
spectral chromaticity coordinates, giving the chromaticities of the
spectrum coloursi It is clear from Figure II1.13 that part of the spectrum
locus, unfortunately, lie outside the RGB triangle. Therefore it is not
a suitable system for colour measurement purposes. The RGB system had to

be transformed into a new reference system,
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II.7. THE C.I.E. SYSTEM OF COLOUR MEASUREMENT

The principles of colorimetry were developed from the
starting point of a colour-=match with a visual trichromatic colorimeter.
The whole of applied colorimetry is based on the primary RGB systems.
But the RGB system for the notation of colours in space and on a plane
diagram is not convenient for practical use. The negative quantities of
the chromaticity coordinates create difficulty in the sophisticated
computations for colour specifications and cause the spectrum locus to

lie outside the RGB colour triangle as shown in Figure 1I.13 .

The C.I.E. (Commission Internationale de 1'Eclairags), a
body which in 1931 took over the functions of the earlier 'Commission
Internationale de Photometris' was responsible for transforming the RGB
system into one bassd on new primaries XYZ. This new system not only
would make use of the experimental data underlying the RGB system but
also would introduce changes chiefly intended to simplify computation
in colorimetric calculations. Thus the new system was diveloped via a

transformation of the RGB coordinates.

This is the transformation of Guild's and Wright's data
by mathematical treatments into the new XYZ-CIE system so that the
coordinates and tfistimulus values of the spectrum are never negative.
Details of the transformation equations, if required, from one system

to another can be found in the text-books,

In this new system the colour-matching functions (;)\, 57\

BN in the old RGB system) are denoted by the symbols ;}\ ’ ;)\ s ZN o



26
The 1931 C.Il.E. colour=-matching functions based on the XYZ primaries are

presented by the curves in Figure II.14. Figure II1.15 shows the CIE=XYZ
standard chromaticity diagram in terms of the reference stimuli (X), (Y)
and (Z) with unit based on an squal-snergy (E) whose coordinates in the
chromaticity diagram are 1/3, 1/3 and 1/3, Table I1.2 summerises the
relationships between the 1931 CIE=RGB system and the 1931 CIE=XYZ

system.

With the new set of reference stimuli XYZ the transformed

system has the following characteristics:

(1) Tristimulus values and coordinates of all spectrum colours are nouw
positive, so the triangle formed by the chromaticity points XYZ

completely encleoses the spectrum locus.

(2) The units of (X), (Y) and (Z) are adjusted, as in the RGB system ,
to be equal in a match of an equal=energy white, so that the equal=-

energy white (E) liss in the middle of the chromaticity triangle.

(3) The colour=matching function §)\ is set to be identical with the
luminous efficiency function V)N « It follows that the tristimulus
values Y of a given colour is equal to its relative reflection or

transmission factor,

(4) As in the RGB systsm, the areas under the curves XA , YA , zAof

the spectrum are equal (Figure 11.10).

that is, $§7\ dN = 5?7\ dn = SEA dN

(5) The reference stimuli XYZ cannot be reproduced experimentally in
the laboratory. They are hypothetical stimuli, but they have real

merits as reference coordinates of the C.I.E. system,
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All colours will be represented by points within the spectrum locus

and the purple line connecting the red and blue ends. There is no

colour outside the curve,

Standard chromaticity coordinates x, y, z and the colour-
matching functions XN, YA, ZA , of the squal=-snergy spectrum are
given in Table 11,3 (from Wyszecki and Stiles, 1967),

These colour=-matching functions are to be used in calculations for any

light source when its spectral energy distributions are knouwn,
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Table II 2.

Relationships between the 1931 C.I.E.-(R,G,B) System and the C.I.E.=(XYZ)

System of colour specification

R,G,B System X,Y,Z System
(chromaticity coordinates) (chromaticity coordinates)

Stimulus r Q b X y z
(R) 700,0 nm 1 0 0 0.,73467 0.26533 0.00000
(G) 54641 nm 0 1 0 0.27376 0.71741 0,00883
(B) 435.,8 nm 0 i} 1 0.16658 0,00886 0.,82456
Equal=snergy source(E) % % 3 3 3 3
Source A 0.55255 0.32126 0.12619 0,44757 0,40745 0,14498
Source B 0.36230 0.34305 0.29465 0,34842 0,35161 0,29997
Source C 0.28226 0.,33326 0.,38448 0,31006 0,31616 0,37378

(from Wyszecki & Stiles 1967).



Table I1 3, Chromaticity Coordinates and Color-Matching Functions

in 1931 CIE Colorimetric System (X, Y, Z)
(A =2380-:-780 nm; AA = 5nm)
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o}

Chromaticity Cuordinates

Wavelength
i

Color-Matching Functions

%) R e (nm) i i i
0.1741 0.0050 0.8209 380 0.0014 0.0000 0.0065
0.1740 0.0050 0.82i0 385 0.0022 0.0001 0.0105
0.1738 0.0049 0.8213 390 0.0042 0.0001} 0.0201
0.1736 0.0049 0.8215 395 0.0076 0.0002 0.0362
0.1733 0.0048 0.8219 400 0.0143 0.0004 0.0679
0.1730 0.0048 0.8222 405 0.0232 0.0006 0.1102
0.1726 0.0048 0.8226 410 0.0435 0.0012 0.2074
0.1721 0.0048 0.8231] 415 0.0776 0.0022 0.3713
0.1714 0.0051 0.8235 420 0.1344 0.0040 0.6456
0.1703 0.0058 0.8239 425 0.2148 0.0073 1.0391,
0.1689 0.0069 0.8242 430 0.2839 0.0116 1.3856
0.1669 0.0086 0.8245 435 0.3285 0.0168 1.6230
0.1644 0.0109 0.8247 440 0.3483 0.0230 - 1.7471
0.1611 0.0138 0.8251 445 0.3481 0.0298 1.7826
0.1566 0.0177 0.8257 450 0.3362 0.0380 1.7721
0.1510 0.0227 0.8263 455 0.3187 0.0480 1.7441
0.1440 0.0297 0.8263 460 0.2908 0.0600 1.6692
0.1355 0.0399 0.8246 465 0.2511 0.0739 1.5281
0.1241 0.0578 0.8181 470 0.1954 0.0910 1.2876
0.1096 0.0868 0.8036 475 0.1421 0.1126 1.0419
0.0913 0.1327 0.7760 480 0.0956 0.1390 0.8130
0.0687 0.2007 0.7306 485 0.0580 0.1693 0.6162
0.0454 0.2950 0.6596 490 0.0320 0.2080 0.4652 -
0.0235 0.4127 0.5638 495 0.0147 0.2586 0.3533
0.0082 - 0.5384 0.4534 500 0.0049 0.3230 0.2720
0.0039 0.6548 0.3413 505 0.0024 0.4073 0.2123
0.0139 0.7502 0.2359 510 0.0093 0.5030 0.1582
0.0389 0.8120 0.1491 515 0.0291 0.6082 0.1117
0.0743 0.8338 0.0919 520 0.0633 0.7100 0.0782
0.1142 0.8262 0.0596 525 0.1096 0.7932 0.0573
0.1547 0.8059 0.0394 530 0.1655 0.8620 0.0422
0.1929 0.7816 0.0255 535 0.2257 0.9149 0.0298
0.2296 0.7543 0.0161 540 0.2904 0.9540 0.0203
0.2658 0.7243 0.0099 - 545 0.3597 0.9803 0.0134
0.3016 0.6923 0.0061 550 0.4334 0.9950 0.0087
0.3373 0.6589 0.0038 555 0.5121 1.0002 0.0057
0.3731 0.6245 0.0024 560 0.5945 0.9950 0.0039
0.4087 0.5896 0.0017 565 0.6784 0.9786 0.0027
0.4441 0.5547 0.0012 570 0.7621 . 0.9520 0.0021
0.4788 0.5202 0.0010 575 0.8425 0.9154 0.0018
0.5125 0.4866 0.0009 580 0.9163 0.8700 0.0017




Table II 3 (continued)
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Chromaticity Coordinates Wavclength Color-Maltching Functions
A
x5 Ya % (nm) Z, Ja i

0.5125 0.4866 0.0009 - 580 0.9163 0.8700 0.0017
0.5448 0.4544 0.0008 585 0.9786 0.8163 0.0014
0.5752 0.4242 0.0006 590 1.0263 0.7570 0.0011
0.6029 0.3965 0.0006 595 1.0567 0.6949 0.0010
0.6270 0.3725 0.0005 600 1.0622 0.6310 0.0008
0.6482 0.3514 0.0004 605 1.0456 0.5668 0.0006
0.6658 0.3340 0.0002 610 1.0026 0.5030 0.0003
0.6801 0.3197 0.0002 615 0.9384 0.4412 0.0002
0.6915 0.3083 0.0002 620 0.8544 0.3810 0.0002
0.7006 0.2993 0.0001 625 0.7514 0.3210 0.0001
0.7079 0.2920 0.0001 630 0.6424 0.2650 0.0000
0.7140 0.2859 0.000t 635 0.5419 0.2170 0.0000
0.7190 0.2809 0.0001 640 0.4479 0.1750 0.0000
0.7230 0.2770 0.0000 645 0.3608 0.1382 0.0000
0,7260 0.2740 0.0000 650 0.2835 0.1070 0.0000
0.7283 0.2717 . 0.0000 653 0.2187 0.0816 0.0000
0.7300 0.2700 0.0000 660 0.1649 0.0610 0.0000
0.7311 0.2689 0.0000 665 0.1212 0.0446 0.0000
0.7320 0.2680 0.0000 670 0.0874 0.0320 0.0000
0.7327 0.2673 0.0000 675 0.0636 0.0232 0.0000
0.7334 0.2666 0.0000 680 0.0468 0.0170 0.0000
0.7340 0.2660 0.0000 685 0.0329 0.0119 0.0000
0.7344 0.2656 0.0000 690 0.0227 0.0082 0.0000
0.7346 0.2654 0.0000 695 0.0158 0.0057 0.0000
0.7347 0.2653 0.0000 700 0.0114 0.0041 0.0000
0.7347 0.2653 0.0000 705 0.0081 0.0029 0.0000
0.7347 0.2653 0.0000 710 0.0058 0.0021 0.0000
0.7347 0.2653 0.0000 715 0.0041 0.0015 0.0000
0.7347 0.2653 0.0000 720 0.0029 0.0010 0.0000
0.7347, 0.2653 0.0000 725 0.0020 0.0007 0.0000
0.7347 0.2653 0.0000 730 0.0014 0.0005 0.0000
0.7347 0.2653 0.0000 735 0.0010 0.0004 0.0000
0.7347 0.2653 0.0000 740 0.0007 0.0003 0.0000
0.7347 0.2653 0.0000 745 0.0005 0.0002 0.0000
0.7347 0.2653 0.0000 750 0.0003 0.0001 0.0000
0.7347 0.2653 0.0000 755 0.0002 0.0001 0.0000
0.7347 0.2653 0.0000 760 0.0002 0.0001 0.0000
0.7347 0.2653 0.0000 765 0.0001 0.0000 0.0000
0.7347 0.2653 0.0000 770 0.0001 0.0000 0.0000
0.7347 0.2653 0.0000 775 0.0000 0.0000 0.0000
0.7347 0.2653 0.0000 780 0.0000 0.0000 0.0000

Totals 21.3713 21.3714 21.3715
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I1.8. C.l.E. STANDARD LIGHT SOURCES

It is necessary to specify a particular kind of light
source (or light sources) under which colours are observed and measured.
For the purposes of general colour measuremsnt three light sources have
besn recommended by the C,I.E. in 1931 since they are the most common
of all kinds of light. Téese sources designated by the symbols A, B and
C ars representatives of the following types of radiant ensrgy

distribution,

>
o

Incandesent lamp light, at a colour temperature of 2854°K
(this provides a standard illuminant similar to the average

tungsten=filament lamp),

Artificial sun light, correlated colour temperature of 4870°K.

C : Artificial average daylight, correlated colour temperature of

6770°K.

In the visible range the spectral emittance distributions
of source A is equal to that of a Planckian radiator and the spectral
irradiance from source A is found from the Planck radiation law. The
locus of Planckian (Black=body) radiators is useful for determining the

correlated colour temperature of a source, as shown in Figure II1.17.

Sources B and C were obtained by combining source A with
special filters, the Davis~Gibson filters. The relative spectral
distributions of sources B and C were obtained by measuring spectrophoto-

metrically and are represented by the curves in Figure 1I.16. Their
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chromaticity coordinates are tabulated in Table II., 4 and are plotted

in the C.I.E. chromaticity diagram of Figure 1I.17.

As a convenient and practical rule standard light sources

are used as reference achromatic stimuli.
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Table II.4,.

CHROMATICITY COORDINATES OF THE 1931 C.I.E. STANDARD

LIGHT SOURCES

29

Source X y

A Incandescent Lamp 0.4476  0,4075
B Sunlight (artificial) 0.3485 0,3518
C Average Daylight (artificial) 0.3101 0.3163
E Equal=snergy Stimulus 0,3333 0,3333

b
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I1.9. COMPUTATION OF TRISTIMULUS VALUES AND CHROMATICITY COORDINATES

The C.I.E. system of colour measurement is an internationally
adopted method to specify the characteristics of a light source or an
object colour in terms of its tristimulus values. For a desired light
source specified by its spectral irradiance distributions (SN dn) in the

visible range (i.s. 380 hm to 780 nm) the tristimulus values XYZ are

given by
X =K jsxhdh ’
Y =K fsxﬁ\d)\ = 100.0 (1)
Z=K SS?\E?\d?\ .
160.0
where K = ——— s @ normalizing factor and so that Y = 100.0;
SAYNdN

dN\ = wavelength interval,

The chromaticity coordinates are computed therefrom thus,

—_— (2)

X+Y+12

Spectral energy distributions, tristimulus values and chromaticity
coordinates of the C.I.E. standard sources and many other sources can
be found in the text-books, particularly in 'Color Science' by Wyszecki

and Stiles, 1967,
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To characterise an object colour irradiated by one of
thoss sources the first requirement is to determine its spectral
reflectance (r), ) or transmittance (tN\) by measurement, followed by
calculation. Genarally, spectral reflectance or transmittance is measured
with a spsctrophotometer and the C.I.E. tristimulus values are then
calculated, Sometimes tristimuilus values are measured directly with a

photoelectric colorimeter.
The evaluation of the tristimulus values of an object
colour with respect to a particular source can be done by either of the

following methods,

(1) Weighted Ordinate Method.

" This is merely a numerical method of integrating the
values of spectral energy distributions (SAXX 4 SAVYA 4 SAZA ) and
spactral reflectance (r\) or transmittance (t\ ) at esqual wavelength
intervals,

The tristimulus values of an object colour ars given by

K fn SAXNAN

X =
Y =K fn Sh y: dA (3)
Z=K frxsxixdh .

Since the products S) ;)\ d\ , etc. of a source are
caonstants for all problems of computing object celours, tables of
normalized products denoted by HA XNdN H) ;7\ d)\ and H)\ ;)‘ d)\ are

convenient for the Weighted Ordinate Method of svaluating the integrals.
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The normalized products to be used for standard sources A, B and C
are listed in Table I1.5 (from Wyszecki and Stiles, 1967). Using thesse

Tables the tristimulus values of an object colour are given by
X = 5RxH\§hd\ ’

Y = SWAHmVrdh ’ (4)

N
"

JRNH\Emdh .

In the same way for a transparent object T replaces R\ « Ths

chromaticity coordinates are then calculated by the equations (2) .

{2) Selected Ordinate fiethod

An alternative method for computing tristimulus
spacification of an object colour was proposed by Hardy and Pineo
(1935)s Their method is called the Selected Ordinate Method and is
popular in practical colorimetry because of the simpler computation
to be carried out, In this method numerous multiplications involved
in the Weighted Ordinate Method are avoided and only summations of

reflectance are required at selected wavelengths,

The sslected wavelength intervals are chesen to be
inversely proportional to H™ XN for X , HN yN for Y and HN 2\
for Z so that where the distribution coefficients are large the
wavelength intervals are small, and vice versa, Ths essential
calculations for the tristimulus values XYZ of an object colour by

the Selected Ordinate Method are performed simply by
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(1) adding the values of reflectance (or transmittance) at
selected wavelengths , and
(2) multiplying the three sums thus obtained by appropriate

factors.

The thirty ordiahtes for standard sources A, B and C are listed in
Table II.6 and the corresponding multiplication factors are also given
at the bottom of the Table. The derivations of the tristimulus
specification of an object by both methods are illustrated in Figure

II. 18.

ACCURACY OF THE TWO METHODS

The methods used to compute tristimulus specifications
hava limits of accuracy, The accuracy, based on comparison bstuween
computed values of standard reflecting surfaces and filters, depends
on ths numbers of wavelength intervals employed in the Weighted Ordinats
and Selected Ordinate methods (Kerf, 1957). The smaller the wavelength

intervals in the computation the better the accuracy obtained,

According to Nickerson (1935) the Weighted Ordinate
method with d\ = 10 nm and Selected Ordinate with N = 30 are sufficient
for accuracy, The Selected Ordinate method N = 10 is rejected. Many

authors think so for most purpases.

According to Kerf (1957) the Weighted Ordinate dA = 10 nm
and Selected Ordinate method N = 100 are equally accurate in averags,
but the error of both methods is greater than 1/2 jps (just perceptible

steps, or = 1/10 NBS units) in some cases, Kerf concludes that the
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only method, which determines the tristimulus specifications of all
the samples studied with an uncertainty smaller than 1/2 jps, is the
Weighted Ordinate method dN = 5 nm § and that the Selected Ordinate

method N = 30 may only be applied to smooth curves of samples.

It is obvious that if accuracy is of prime importance
the Weighted Ordinate method is preferable, With automatic computing
machines becoming increasingly available to ressarch worksrs the

Selected Ordinate method is of less importance,

It is also found that the Weighted Ordinate method is more convenient
to be used to derive weighted spectral energy distributions of any
desired illumination . Therefore computer programs for the Weighted

Ordinate method were developed and used in this present work.

Using the Weighted Ordinate method d N\ = 5 nm consistantly

as a standard method the deviations in computed colour values would

be only due to errors in measured reflectivity (or transmittance) or
insufficient numbers of wavelength intervals used in the measurement
of spectral reflectivity (or transmittance). Precision of colour

specifications in this work is discussed in a later Chapter.
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‘Table II 5, 1931 CIE Color-Matching Functions (&, #;, £) Weighted by Relative
Spectral Energy Distribution (4,42) of CIE Source 4
(A =380:--780nm; A = 5nm)

Wavelength Wavelength
l(nm) jAHA' g‘HA Z;HA ) A(nm) ji}’i ﬂAH‘ EAHA
380 0.0006 0.0000 0.0029 580 4.8594 4.6139 0.0090
385 0.0011 0.0000 0.0053 585 5.3549 4.4668 0.0077
390 0.0024 0.0000 0.0113 590 5.7896 4.2704 0.0062
395 0.0047 0.0001 0.0224 595 6.1403 4.0379 0.0058
400 0.0097 0.0003 0.0463 600 6.3518 3.7733 0.0048
405 0.0174 0.0004 0.0825 605 6.4299 3.4855 0.0037
410 0.0356 0.0010 0.1699 610 6.3340 3.1780 0.0019
415 0.0694 0.0020 0.3319 615 6.0877 2.8622 0.0013
420 0.1308 0.0039 " 0.6283 620 5.6865 2.5358 0.0013
425 0.2269 0.0077 1.0974 625 5.1267 2.1901 0.0007
430 0.3246 0.0133 1.5840 630 4.4902 1.8523 0.0000
435 0.4055 0.0207 2.0036 635 3.8779 1.5529 0.0000
440 0.4632 0.0306 2.3236 640 3.2791 1.2812 0.0000
445 0.4976 0.0426 2.5484 645 2.7004 1.0344 0.0000
450 0.5155 0.0583 27173 650 2.1681 0.8183 0.0000
455 0.5230 0.0788 2.8621 655 1.7078 0.6372 0.0000
460 0.5097 0.1052 2.9254 660 1.3141 0.4861 0.0000
465 0.4690 0.1380 2.8539 665 0.9850 0.3625 0.0000
470 0.3882 0.1808 2.5581 670 0.7241 0.2651 0.0000
475 0.2998 0.2375 2.1979 675 0.5368 0.1958 0.0000
480 0.2138 0.3108 1.8179 680 0.4022 0.1461 0.0000
485 0.1372 0.4004 1.4575 685 0.2877 0.1041 0.0000
490 0.0799 0.5196 1.1622 690 0.2019 0.0729 0.0000
495 0.0387 0.6813 0.9308 695 0.1429 0.0515 0.0000
500 - 0.0136 0.8960 0.7545 700 0.1047 0.0377 0.0000
505 0.0070 - 1.1878 0.6191 705 0.0756 0.0271 0.0000
510 0.0285 1.5398 0.4843 710 . 0.0549 0.0199 0.0000
" 515 0.0934 1.9518 0.3585 715 . 0.0394 0.0144 0.0000
520 - 02127 2.3855 0.2627 720 0.0283 0.0097 0.0000
525 0.3849 2.7859 0.2012 725 0.0198 0.0069 0.0000
530 0.6069 3.1609 0.1547 730 0.0140 0.0050 0.0000
535 0.8631 3.4987 0.1140 735 0.0101 0.0041 0.0000
540 1.1567 3.7999 0.0809 740 0.0072 0.0031 0.0000
545 1.4904 40618 0.0555 745 0.0052 0.0021 0.0000
550 1.8660 4.2841 0.0375 750 0.0032 0.0010 0.0000
555 2.2887 4.4701 0.0255 755 0.0021 0.0010 0.0000
560 2,7550 4.6110 0.0181 760 0.0021 0.0010 0.0000
565 3.2564 4.6974 0.0130 765 0.0011t 0.0000 0.0000
570 3.7853 4.7285 0.0104 770 0.0011 0.0000 0.0000
575 4.3259 4.7002 0.0092 775 0.0000 0.0000 0.0000
580 4.8594 4.6139 0.0090 780 0.0000 0.0000 0.0000
Totals

(Xao Yao Z,)  109.8472 100.0000 35.5824
(T4 Va0 24) 0.4476 0.4074 0.1450
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(continued)

Table II 5. 193! CIE Color-Matching Functions (&, 7;, £;) Weighted by Relative
Spectral Energy Distribution (#,44) of CIE Source 8
(A =380---780nm; A2 = 5 nm)

Wavelength Wavelength
4 (nm) #3H; HaH, L4, 4 (nm) i:H, JiH, 3H,
330 0.0015 0.0000 0.0070 580 4.4218 4.1984 0.0082
385 0.00238 0.0001 0.0135 585 4.6790 3.9030 0.0G67
390 0.0063 0.0001 0.0301 590 4,8644 3.5880 0.0052
395 0.0131 0.0003  0.0626 595 4.9701 3.2684 0.0047
400 0.0282  0.0008  0.1340 600 4.9736 2.9546 0.0037 -
405 0.0517 0.0013 0.2455 605 4.8999 2.6561 0.0028
410 0.1083  0.0030 -0.5163 610 4.7185 2.3672 0.0014
415 0.2139  0.006l 1.0236 615 4.4415 2.0882 0.0009
420 0.4058 0.0121 1.9495 ° 620 4.0700 1.8149 - 0.0009
425 0.7017 0.0238 3.3944 625 3.6031 1.5392 0.0005
430° 0.9916  0.0405  4.8394 630 3.1000 1.2788 0.0000
435 1.2134 0.0621 5.9951 635 2.6296 . L0530 0.0000
440 1.3446 0.0838 6.7448 640 2.1871 0.8545 0.0000
445 1.3878  0.1188 7.1067 645 1.7765 0.6804 0.0000
450 1.3718 0.1551 7.2308 650 1.4074 0.5312 0.0000
455 13229 0.1993 7.2399 655 1.0929 0.4078 0.0000
460 1.2269 0.2531 7.0422 660 0.8273 0.3060 0.0000
465 1.0807  0.318] 6.5769 665 0.6085 0.2239 0.0000
470 0.8589  0.4000  5.6599 670 0.4381 0.1604 0.0000
475 0.6365 0.5044 4.6670 675 03177 0.1159 0.0000
‘480 0.4348 0.6323 3.6980 680 0.2323 0.0844 0.0000
485 0.2667  0.7784 2.8332 685 0.1617 0.0585 0.0000
490 0.1475 09590  2.1449 690 0.1102 . 0.0398 0.0000
495 0.0672 1.1826 1.6156 695 0.0758 0.0273 0.0000
500 0.0221 1.4538 1.2242 700 0.0540 0.0194 0.0000
505 - 0.0106 1.7976 0.9370 705 0.0378 0.0135 0.0000
510 0.0403  2.1798  0.6856 110 0.0267 0.0097 0.0000
515 0.1246 2,6052 0.4785 715 0.0185 0.0068 0.0000
520 0.2707 3.0361 0.3344 720 0.0129 0.0044 0.0000
525 0.4735 342712 0.2476 725 0.0087 0.0030 0.0000
530 0.7291 3.7973 0.1859 730 0.0060 0.0021 0.0000
535 .1.0186 4.1292 0.1345 ] 735 0.0042 0.0017 0.0000
540 1.3445 4.4168 0.0940 740 0.0029 0.0012 0.0000
545 1.7042 46445  0.0635 745 0.0020 0.0008 0.0000
550 2.0915 4.8016 0.0420 . 750 0.0012 0.0004 0.0000
555 2.5006  -4.8840 0.0278 755 0.0008 0.0004 *0.0000
560 29200  4.8872  0.0192 . 760 0.0008 0.0004 0.0000
565 3.3360  4.8122  0.0133 765 0.0004 0.0000 0.0000
570 37359 46669  0.0103 7710 0.0004 0.0000 0.0000
575 4.1019  4.4568  0.0088 775 0.0000 0.0000 0.0000
580 44218 ° 4.1984  0.0082 780 0.0000 0.0000 0.0000
Totals

(Xp, Yg.Zp) 99.0930 1000000 853125
(Emypzg) 03484 0.3516 0.3000
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(continued)
Table II 5, 1931 CIE Color-Mmching Functions (&, §,, 1) Weighted by Rclative
Spectral Energy Distribution (H,44) of CIE Source C
(A =380-:-780 nm; A2 = Snm)
Wavelength Wavc.lcnglh
/‘.(l““) 'EAIIA _‘7&”* "ﬁ’lﬂ A(nln) "-ﬂ’ll l[‘-ll;L Ei’/"
380 0.0022 0.0000 0.0101 580 4.2084 3.9958 0.0078
85 0.0041 0.0002 0.0197 585. 4.3859 3.6585 0.0063
390 0.0093 0.0002 0.0447 590 4.4920 3.3133 0.0048
395 0.0197 0.0005 0.0938 595 4.5265 2.9767 0.0043
400 0.0425 0.0012 0.2018 600 4.4745 2.6581 0.0034
405 0.0782 0.0020 0.3716 605 4.3617 2.3644 0.0025
410 0.1647 0.0045 0.7850 610 4.1622 2.0882 0.0013
415 0.3263 0.0092 1.5611 615 3.8863 1.8272 0.0008
420 0.6192 0.0184 2.9743 620 3.5349 1.5763 0.0008
425 - 10672 0.0363 5.1628 625 3.1074 1.3275 0.0004
430 1.4986 0.0612 7.3139 630 2.6548 1.0952 0.0000
435 1.8165 0.0929 8.9747 635 2.2358 0.8953 0.0000
440 1.9874 0.1312 9.9687 640 1.8468 0.7216 0.0000
445 2.0182 0.1728 10,3351 645 1.4909 0.5711 0.0000
450 1.9578 0.2213 103194 650 1.1743 0.4432 0.0000
455 1.8499 0.2786 10.1235 6SS 0,9058 0,3380 0.0000
460 1.6811 0.3469 9.6497 660 0.6807 0.2518 0.0000
465 1.4539 0.4279 8.8481 665 0.4965 0.1827 0.0000
470 1.1360 0.5291 7.4860 670 - 0.3542 0.1297 0.0000
475 0.8281 0.6562 6.0719 . 675 0.2548 0.0929 0.0000
480 0.5563 0.8088 4.7305 680 0.1846 0.0671 0.0000
485 0.3348 0.9773 3.557 685 0.1270 0.0459 0.0000
490 0.1814 1.1790 2.6369 690 0.0855 0.0309 0.0000
495 0.0807 1.4197 1.9396 695 0.0581 0.0209 0.0000
500 0.0258 1.7004 -l 4319 700 0.0408 0.0147 0.0000
505 0.0121 2.0462 1.0665 705 0.0283 0.0101 0.0000
510 0.0447 24165 0.7600 710 0.0197 0.0071 0.0000
515 0.1350 2.8223 - 0.5183 ns 0.0136 0.0049 0.0000
520 0.2881 3.2309 0.3559 720 0.0093 0.0032 0.0000
525 0.4982 3.6052 0.2604 725 0.0062 0.0022 0.0000
530 0.7617- 3.9671 0.1942 730° 0.0042 0.0015 0.0000
535 1.0593 4.2941 0.1399 135 0.0029 0.0012 0.0000
540 1.3924 4.5742 0.0973 740 0.0020 0.0009 0.0000
545 1.7559 4.7853 0.0654 745 0.0014 0.0006 0.0000
550 2.1412 4.9]157 0.0430 750 0.0008 0.0003 0.0000
555 2.5414 4.9636 0.0283 755 0.0005 0.0003 0.0000
560 2.9399 4.9204 0.0193 760 0.0005 0.0003 0.0000
565 3.3167 4.7844 0.0132 765 0.0003 0.0000 0.0000
570 3.6613 4.5736 0.0101 770 0.0003 0.0000 0.0000
575 3.9623 4.3051 0.0085 775 0.0000 0.0000 0.0000
580 4.2084 3.9958 0.0078 - 780 0.0000 0.0000 0.0000
Totals
(Xe, Yo, Z¢2) 98.0705 100.0000 118.2246
(zc, ye, 20) 0.3101 0.3162 0.3737
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3

Selected Ordinates for Computing 1931 C.I.E. Tristimulus Values of

Object Colours with Respect to C.I.E, Standard Sources A,B,C

4 b

Ordinate

Source Source Source C

Number X Y Z X Y Z X Y 2
1 444,0 487,8 416.4 42841 472,3 414,.8 424,4 465,99 414,.1
2 516,9 507.7 424,9 442,71 494,5 422,9 435,5 489.,4 422,2
3 544,0 517,3 429,4 454,1 505,7 427,.1 443,99 500,4 426,3
4 554,2 524,1 432,9 46841 513,5 430,33 452,1 508,7 429,.,4

56%.4 529,8 436.,0 527.8 519.,6 433,0 461.,2 515,17 432.0
6 5671 534.,8 438,7 543,3 524,8 435,4 474,0 520,6 434,3
7 572.,0 539.,4 441,3 551.9 529.4 437.7 831.2 525.4 436.5

576.,3 543,7 443,7 558,5 533,7 439,9 544,3 529,8 438,6

580,2 547.8 446,0 564,0 537.7 442,0 552.4 533.,9 440,6
10 583,9 551,7 448,3 568.,8 541.5 444,0 558,7 537.7 442,5
1 587.2 555.,4 450,5 573.1 545,1 446.0 564.1 541.4 444,4
12 590,5 ©559,1 452,.6 577.1 548,7 448,0 568.,9 544,9 446,3
13 593,5 562,7 454.7 580,92 552,1 450,0 573.2 548.,4 448.2
14 596,5 566,3 4568 584,5 555,595 451,9 577.3 551.8 450.1
15 599,4 569,8 458,8 588.,0 559,0 453,9 581.,3 555,1 452,1
16 602,3 573,3 460,8 591.4 562,4 455,8 585.,0 558,5 454,0
17 605,2 576,9 462,9 594,7 565.8 457,.8 588.7 561.,9 455.9
18 608,0 580,5 464,.9 598,1 569,3 459,.8 592.4 565,3 457,9
19 610,9 584,1 467,.,0 601.4 572,9 461,.8 596,0 568,9 459,9
20 613.8 5B87.9 469,2 604,7 576,7 463.9 599,6 572,5 462.0
21 616,9 591,8 471.6 608,1 5B0,6 466,1 603,3 576.4 464,1
22 “620,0 5B85,9 474,.1 611.6 584,7 468,.,4 607,0 58B0,5 466,3
23 623,3 600,1 476,.8 615.3 589,1 470,8 610,9 584.,8 468,7
24 626,9 604,7 479,9 619,1 593,9 473.6 615,0 589.,6 471,.4
25 630,8 609,7 483.,4 623,3 599,1 476,6 619.4 594,8 474,3
26 635,3 615,2 487.,5 628,0 605,0 480,2 624,2 600,8 477,7
27 640,5 621,5 492.7 633,4 611,8 484,5 629.,8 607.,7 481,8
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Table II 6 (continued)

Ordinate Source A Source B Source C
Number X Y z X Y Z X Y VA
28 646,9 629,2 499,3 640,1 619,9 490,2 636.6 616,1 487,2
29 655,9 639,7 508.4 649,2 630,29 498,6 645,99 627,3 495,2
30 673.5 659,0 526,7 666,3 650,7 515,2 663,0 0647.4 511.2

Factors: 0,03661 0,03333 0,01185 0,03303 0,03333 0,02842 0,03268 0,0333 0,03938

(from Committee on Colorimetry Optical Society of America, 1968)
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nolour by Weighted Nrdinate and Selected Urdinates methods,



Figure II 18,

(1)
(2)
(3)

(4)

(5)

(6)(7)(8)

(9)(10)(11)

Illustration of the Computation of the Tristimulus
Values of an Object Colour by the Weighted Ordinate

and Selected Ordinate Methads.

Colour-matching functions (XN , YA 5 2N )e

Energy distributions of the C.I.E. source A (HN ).
Products of (2) with the colour-matching functions
(HAXN o HAYN 5 HAZN ).

Spectral reflectance (R ) of the object at equal
wavelength intervals ,

Products of (3) and (4). The areas under the three curves
give the tristimulus values X,Y and Z of the object by
the Weighted Ordinate method .

Selected ordinates derived from (3) for the C.I.E.

source A.

Spectral reflectance of the object at selected ordinates.
Products of the sums by the appropriate factors give the
tristimulus values X,Y and Z of the object by the Selected

Ordinate method,
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IT 10, THE 1931 C.I.E. CHROMATICITY' DIAGRAM

The 1931 C.I.E. chromaticity diagram with the spectral
locus and the purple line is drawn on the x-y coordinates chart, as
in Figure II 19. The chromaticity coordinates of the spectrum locus

are included in Table II 3,

Chromaticity, the quality of a colour may be specified
by a point in a plane diagram, the chromaticity diagram, This diagram
represents the relative chromaticities of all colours in the same
manner as a plane map represents the relative locations of various
places on the earth. That is, the brightness of any colour is not
taken into account in the diagram, The perfect white and black colours

in fact will coincide at a poimt (achromatic point).

All colours represented by points on the spectrum locus
are termed spectrum colours., All colours within the triangle defined
by the points of two ends (380 nm and 780 nm) of the spectrum locus
and the point of the achromatic stimulus are called non=spectral
colours. Colours having chromaticities (chromatic points) represented
within the curve and outside the non-spectral triangle are called
spectral colours . There is no colour outside the spectrum locus and
the purple line (the Science of Color by the Committee on Colorimetry

of the Optical Society of America, 1968).
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II 11. DOMINANT WAVELENGTH AND EXCITATION PURITY

Although the quality of a colour can be completsly
specified by its tristimulus values X,Y,Z (known as the trichromatic
system) these numerical values do not provide a suitable way to
visualize the chracter of the colour, A given colour can also be
characterised by additional numerical values in terms of the dominant

wavelength and excitation purity (known as the monochromatic system).

It is in practice sasier to get a gensral picture of a
colour when it is expressed in terms of its dominant wavelength, purity
and tristimulus Y value (brightness) with respect to a particular light

sQuUrces

The dominant wavelength of a colour is the wavelength of
spectrally pure radiant energy (spectrum colour) that, when additively
mixed in suitable proportions with a specified white light yields a
match with the given colour. The dominant wavelength of a colour
correlates in an approximate way with the general term, hue. Thus, in
genseral, colours of constant dominant %ﬁbelength would be said to have
the same hue, The derivation of the dominant wavelength of a sample
colour is shown in Figure II 20, That is the wavelength at the
intersection point of the spectrum locus with the straight line drauwn

from the achromatic point through sample point.

If a sample point lies in the non=-spectral tr#ngla then
the wavelength corresponding to the intersection is the complementary

wavelength ( Nc) of the colour, The chromaticity of a spectral colour
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is specified by its dominant wavelength (Ad) and excitation purity
(Pe), and the chromaticity of a non-spectral colour is specified by its

complementary wavelength ( Nc) and excitation purity (Pe).

The determination of dominant wavelength from the
chromaticity coordinates can also be carrisd out by computation,making

use of tabulated ratios prepared by Judd (1933).

Radiant energy of a single wavelength is said to bs
spectrally pure. In terms of the chromaticity diagram, a dominant (or
complementary) wavelength is constant for all points on any straight
line passing through an achromatic point, whereas purity increases
linearly with increasing distance from zero at the achromatic point
to the maximum (1 or 100%) on the spectrum locus (or on the purplec

line).

The excitation purity (Pe) is defined as a ratio by the

following equivalent expressions:

X, = X Y, =
X =X Yy =Y

o)
@
i
-
]

where Xq 0 Yy and x 4 y are coordinates of the samples point and
specified achromatic point respectively 3 x\ , y)\ are coordinates

of the dominant or complementary wavelength at the intersection point.

When the straight lineé passing through the illuminant
point and sample point is nearly horizontal the sscond formula will

become less accurate and vice versa when the line is nearly vertical,



Figure 11 /0, fecaphical determination nf dominart (or ~nmplemantar ;)
wavelennth and excitation purity of & sample colour

in the C.l.t. chromaticity diagram,
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II 12. COLOUR _DISCRIMINATION

It has besn shown that the standard C.1.E. system allows
all colours to be specified quantitatively in terms of tristimulus
specifications, As a consequence of the application of the system it
is necessary to specify colour differences. The reason for this isg
the fact that small differences in XYZ figures do not give directly

an indication of the visual effect of the colour difference.

There are limits to the precision and accuracy within
which colours were matched by the standard observer, as described in
previous sections, with a purely physical instrument. In other words
there are limits within which colours are not diseriminated to the

visual sensation,

This means that the C.I.E, system is not uniform and not quite suitable
for colour differsnce specification without additional standardization
or transformation into a uniform scale. Therefore, there is naed of an

additional system for specifying colour differences,

A number of different methods of calculating colour
differences have been tried by various workers : Judd (1935); Wwright
(1941); Nickerson (1944 & 1950); Balinkin (1941); Godlove (1951) ;

MacAdam (1942 & 1943); and others.

All of these methods are based on measurements of intervals
(distances) between colours. Three general approaches to the problem

of establishing a uniform colour space have been proposed. The first
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of these is a linear transformation of the C.l.E. chromaticity chart

into a so called Uniform Chromaticity (UCS) diagram (Judd , 1935 ;
MacAdam, 1937; Hunter, 1941; Committee on Colorimetry, 1963).
Combination of this transformation with a lightness scale yields a

colour difference formulation of limited usefulness,

The second approach, suggested by Nickerson (1936 & 1950),
Balinkin (1941) and Godlove (1951), is the transformation of C.I.E.
data into a so called uniform colour spacing as laid down in the
Munsell Renotation and DIN systems, A colour difference specification
can be defined in terms of hue, value and chroma (Munsell) or Farbton,
s&'ttigung and Dunkelstufe (DIN), The transformation of C.Il.E. data

into these units can only be made by means of graphical representation,

The third approach which is the more promising and
easiest way of handling the problem is to use the colour discrimination
data, as obtained by MacAdam (1942 & 1943), since no system is
sufficiently uniform and no simple set of transformation equations can
distort the C.I.E. space into a uniform space. Various methods proposed
by MacAdam, based on his discrimination ellipses have found wide

acceptance in industrial tolerance specification,

The work of MacAdam was extended by Brown and MacAdam
(1949) and Brown (1957). Many workers, Moon (1943), Davidson and Friede
(1952), Brown (1951) and Friele (1961) analysed the MacAdam colour
discrimination data and calculations based on these data were found
to correlate with the visual results much better than do those based

on other methods,.

In this present work the MacAdam discrimination data were
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used to compare nearly identical colours and colour differences of

minerals, From the literature the necessary basic information is

therefore summarised belouw.

MacAdam (1942) investigated visual sensitivity to colour
differences by studying just equally noticeable differences of colour
matches about a colour centrs. Twenty-five representative colour
centres scattered throughout the colour domain were used in colour
matching to determine noticeability of colour differences at constant

luminance.

Extensive tests with a colour discrimination apparatus
have indicated that the just noticeable differences of celour are
dirsctly related to the corresponding standard deviations of colour
matching. The standard deviation of colour matching has therefore
been adopted as a satisfactory measure of the noticeability of colour

diffaerences.,

The standard deviations (root mean square of individual
deviationé from the average setting) of MacAdam's colour matching were
plotted on the C.l.E., chromaticity diagram and all were in the form
of ellipses of varying size as shown in Figure II 21, These ellipses
represent the noticeability of chromaticity variations in all directions
from the chromaticities indicated at the centres of the ellipses,

That is, these ellipses indicate the noticeabilities of conceivable

combinations of purity and dominant wavelength differences,

Silberstein and MacAdam (1945) deduced from discrimination
ellipses that if the colour matches wesre not confined to chromaticity

variations (that is the luminance variations are also involved ) the
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surfaces in colour space representing the standard deviation of colour
matching would be ellipsoids. Silberstein (1946) proved that the
standard deviation figures werse in the form of ellipsoids in colour

space and gave formulae from which ths coefficients of the sllipsoids

could be determined,

The ellipses, therefore, are regarded as the constant
luminance cross sectionsof the ellipsoids. MacAdam (1942) describes
that C.1.E. chromaticity diagram appears#gonvenient as possible for
the representation of relative chromaticity difference, in the manner 'fﬁﬂ:

ﬁé a plane map represents the relative locations of various places on

the esarth,

Each ellipse is measured by the lengths of the principal
semi~axes 'a' and 'b' and the angle of inclination @ of the major
axis from the horizontal as shown in Figure 1II 22, These values of

MacAdam's discrimination ellipses are tabulated in Table II 7.

The sizes, shapes and orientations of the ellipses vary
throughout the chromaticity diagram, in a somewhat systematic manner.
These trends encouraged the intserpolation of ellipses representing
colours equally noticeably different from any other fixed colours.
MacAdam (1943) has prepared contour diagrams in order to evaluate
colour differencs specifications for most practical purposes. They
ars reproduced in Figures II 23, II 24, and II 25, and can be found
in the original paper by MacAdam (1943) or in 'Color Science' by

Wyszecki and Stiles (1967).

Each of the twenty-five ellipses representing thae known

standard deviations of colour matching, according to MacAdam, is
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represented by the equation

2 2
9 dx + 912 dx.dy + 9,59 dy = 1.
where dx is the distance of the x coordinates of the centre of the
ellipse and any point on the sllipsej dy is the difference of the vy
coordinates for the the same pair of points; and 911 » 945 and 9,

indicated in the diagrams are constants for each ellipse.

These constants can be determined from the length dx_ of

0 °
the horizontal radius of the ellipse (for which dy = 0 ), the length
dy0 of the vertical radius of the ellipse (for which dx = 0), and the

lengths dp and dq of the radii which are inclined at + 45° from the

horizontal
2
9,9 =1/ dxg
2 2
912-1/dp-1/dq
2
92 =1/ g -

The orientation © and lengths a and b of the ellipse may

be derived from the values of the coefficients g11 indicated

» 942 0 922
for that central colour

tan2 8 = 29,5 / (944~ 955)¢
6{90° uhen 99 {0,
©590° when g, >0 .
1/ a% 955 *+ 94, Cot @
1 /6% = Cot ©

991 ~ 992

From these values an sllipse may be constructed., This ellipse is the

equi-luminance cress section of the sllipsoid in colour space,.
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Every colour on the surface of the sllipsoid represents just equal

noticeabilities of total colour difference from the central colour,
Any colour which would plot within the ellpsoid would be visually

indistinguishable from the colour plotted at the centre of the ellipsoid,

According to MacAdam the necessity of censtructing such

ellipses will be almost completely eliminated by the method which

follous:

The ratio of any chromaticity difference colour matching is denoted by

ds. Then
2 2 2
ds” = 994 dx  + 2 g12dx.dy + 95, dy .
In the calculation sach of the numerical values, g11 » 9400
950 for the region intermediate between the two chromaticities , is

multiplisd by 10,000.

For example, if two colours A and B are to be comparsed with sach ather
the differences of their chromaticitiss and appropriate coefficients
found from the contour diagrams are substituted in the above equation
and say ds = n . This indicates that the two colours A and B exhibit

a difference of chromaticity n times as great as the standard deviations

of colour matching.

MacAdam (1943) described other methods of calculating
colour differences for particular problems. Brown and MacAdam (1949)
studied the visual sensitivities to combined chromaticity and luminance
differences and determined the coefficients and axes of sllipsoids

derived from standard deviations of colour matches, The cross sections
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of all ellipsoids correlate well with results previously published by

MmacAdam (1942),

Thus the precision of colour matching is commonly
described by colour=matching ellipses, To obtain colour discrimination
specifications, numerous colour=matching experiments have been mads
later by several workers: Stiles (1946), Brown (1951, 1952 & 1956),
MacAdam (1950), Wyszecki and Fielder (1971), Wyszecki (1972). For a
given colour centre the ellipses of different observers are not in
close agreement, but thers is an overall resemblance and a general

agreement between ellipses obtained by differesnt investigators,

It has been found that the sizes, shapes and orientations
of the ellipsoids depend upon many physical and psychophysical factors
such as the luminance level, field size, surroundings, adaptation ,

portion of the retina, technique of observation, stc.

The sffects of colour-matching field size, chromatic
surround and luminance level on colour discrimination ellipsoids have
been studied by Brown (1951 & 1952). The effect of luminance level is

already described in section 1I 4,

From the work of Brown there are some interesting facts to be noted
here. As a rule the colour of the field surrounding the matching field
has a quite noticeable sffect on colour discrimination when the matching
field is small, Best discriminations obtained when the surround has

the same chromaticity as the matching field, This agrees with results

reported by Schonfelder (1933).

In general, large fields of view (10°) allow better colour
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discrimination than flields covering only the foveal region (2°). This

result is in agreement with observations by Judd (1930, Lobanova and
Rautian (1949), The discrimination ellipsoids obtained for large=-
field and small=field viewing are similar in orientation and shape,
but differ in size. The orientation and shape of the ellipsoids (2°

matching field) are also affected by the colour of the surround.

However, at the present time the work of MacAdam, and
Brown and MacAdam has found wide acceptance for colour discrimination

purposes in many industrial and ressearch problems.
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Figure II 21. MacAdam's discrimination ellipses

(ten times enlarged),
(From UWyszecki & Stiles 1967)

Figure I1 22, Measures of a discrimination ellipse,

ma jor semiaxis

minor semiaxis

dx horizontal radius (for which dy =

d
Yo

vertical radius (for which dx = 0)

@ = angle in dagrees

0)
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Figure I1 23, Contour lines of constant metric coeffiriant P

for various locations in the C.I.E. chromaticity

diagram (from MacAdam 1943).



Figure 11 24, Contour lines of constant metric coefficient 2912

for various locations in the C.l.E. chromaticity

diagram (from MacAdam 1943),
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Figure II 25, Contour lines of constant metric coefficient 9,5

for various locations in the C.I1.F, chromaticity

diagram (from MacAdam 1943),
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III. SPECTRAL REFLECTIVITY MEASUREMENTS

111 1, PREVIOUS WORK

The measurement of reflectivity is the only reliable
quantitative method in ore microscopy since reflectivity is the most
important property of a reflecting material, Significant contributions
to the theory and practice of such msasurements were made by Folinsbes
(1949), Bowie and Taylor (1958), Gray and Millman (1960 & 1962) ,
Cameron (1961), Bowis (1962), Jones (1962), Nichol (1962), von Gehlen
and Piller (1964), and Nichol and Phillips (1964), using photoelectric
microphotometers. The photoelectric microphotometer replaces the visual
photometer used by previous workers, Hallimond (18957) and Leonard (1960)

and others,

The divices and technique of reflectivity measurement
for the visible spectrum have been improved in recent years .
Unfortunately there are still marked variations in reflectivity values
quoted for specific minerals by different workers, as Cameron (1961)
points out andj@;scribsd by Nichol and Phillips (1964), Causes of error
in reflectivity and in the calculation for refractive index and
absorption coefficient have been discussed by Piller and von Gehlen
(1964), Errors due to glare effects from optical pasrts of the microscops

and corrsction procedurss to reduce the errors have been described by

Bowie and Henry (1964) and Piller (1965),

According to Piller and von Gehlen (1964) relative error
of about + 0.5% to + 1% are unavoidable even under most favourable

conditions, Cameron (1963) claims an accuracy of + 0,27 .
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An important method of the linearity test of a photomultiplier used for

reflectivity measurement has bsen given by Phillips and Bradshaw (1965),

The interest in reflectivity measursment has been
increased to some extent to study other physical properties as well as
the chemical composition. By measuring reflectivities of a mineral in
air and oil its refractive index (n) and absorption index (K) can be
derived, provided that the measured values of reflectivity (R) are
accurate (Cameron, 19613 von Gehlen and Piller, 1964; Bradshaw, Phillips

and Smith, 1965),

Bowie and Taylor (1958) have proposed a system of ore
mineral identification from two quantitative valuss of reflectivity and
micro=hardness, On this basis an unknown mineral can be assigned to one
of the five main groups of similar composition and structure (oxides }
cobalt=nickel=ironj sulphides and arsenidesj; other sulphidesj sulphosalts}

and metals), and identification thereafter can be made with the aid of

other observable properties such as colour, anisotropism, bireflection,

etc.

Cameron (1963) has introduced the method of detesrmination
of optical symmetry from reflectivity measurements of randomly oriented
grains of anisotropic ore minerals in monochromatic light (549 nm).

From such measured data the recognition of Rw of uniaxial minerals and

Rm » corresponding to RB , of biaxial minerals can be made, The
optical signs are then classified by a suggested convention analogous to
that used for transparent minerals., Cameron suggested that with én accuracy
of + 0.2% the value of reflectivity corresponding to the ordinary ray

(Rw) for any uniaxial mineral can be used as a prime basis of mineral
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identification, For minerals sensibly of lower symmetry , a value of
Rm’ the reflectivity for Y direction, of biaxial minerals cen also be

determined and used in identification.

Cervelle et al (1968) and Vaas joki (1969) pointed out
an interesting optical phenomenon of reverse bireflectance in a feuw
ore minerals such as mawsonite and loellingite, showing the change of
optic signs at some definites wavelength of the visible range. This neuw

phenomenon has not bsen solved so far,

Vaughan (1969) and Demirsoy (1969) have made attempts
to explain variations in reflectivity and composition in zoned bravoites.
Engin (1969) showed a correlation between reflectivity and composition
cf chromite ores from Tdrey. Cr2 03 has a positive correlation with
measured reflectivity values at the 99,9 confidence level, That is
reflectivity increases linearly with increasing of Cr203 weight percent,

Attempts have been made to correlate reflectivity and
compositional variations of synthetic sphalerites by Akinci (1970) and

of synthetic tetrahedrite=tennantite series by Hall (1972).

Burns and Vaughan (1970) have shoun the existance of
correlation between reflectivity variations and effective number of
electrons in pyrite type compounds and have explained this relation for

other solid solution series of ore minerals,

Reflectivity data of most ore minerals can be found in
the books by C. Schouten (1962) and by Ramdohr (1969)., More important

spectral rsflectivity valuss for four wavelengths have been compilled
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recently in ' International Tables for the Microscopic Determination of
Crystalline Substances Absorbing in the Visible Light ' published by
the Commission on Ore Microscopy (1970), and ! Tables for Microscopic

Identification of Ore Minerals ' by Uytenbogaardt and Burke (1971).
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I11 2, PRESENT WORK

Spscimen Preparation

The polishing procedure of specimsns in this laboratory
was according to that described in the paper by Nichol and Phillips
(1964). For readily tarnishing minerals such as bornite, specimsns

wera kept in a vacuum desiccator immediately after their final polishing.

Transparsnt, low-absorbing minerals were cut in such a way that the

lower surfaces were non=parallel to the upper ones to reduce the back
reflection, Facetted gemstones were measured without any preparation
other than mounting and levelling in-a piece of black plasticine and

cleaning the surface thoroughly with very soft tissues,

Apparatus and Technique

The reflectivity apperatus in this laboratory was
originally used and described by Nichol (1962), Nichol and Phillips
(1964), Phillips and Bradshaw (1966), Burton (1967) who modified the
photomultiplier to improve linearity and stability, Engin (1968) who
replaced the galvinometer with the better digital voltmeter, and Tugal

(1969).

Figure III 1 shows the general arrangement of the present
reflectivity apparatus. To increase the accuracy and precision of

results instrumental and operational improvements were made as followss

Two specimen changer-stages which can be fixed one after the other on

the rotating stage of the microscope were made., Polished sections of
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a standard and specimen were levelled with plasticine on flat metal

plates., They were fixed on the spscimen changer=stages by means of
magnets, after choosing areas free from imperfections, By this way
whenever measurements were made the same area of standard and specimen
was measured, These changer—=stages are extremsly useful to increase
the accuracy and precision and also to save time in the measurement

for various wavelengths,

The microscope, photomultiplier tube, illuminator and
continuous monochromator, all in optical alignment, were rigidly

fixed by clamping to a wooden board to improve the mechanical stability,

All slectrical units, which are voltage stabilizer ( TSV

70 ), photomultiplier (EMI type 6094B), stabilized EHT power supply

unit (type E2), digital voltmeter (DM 2005), were checked and found

the following operational and conditional requirements for accurate
measurement,

(1) The calibrated digital voltmeter should be switched on
at least 15 minutes before taking a reading.

(2) The voltage stabilizer for the light source must be left
switched on for about 2 hours at a required voltags
before making any measuresment, The result of a check is
shown by a curve in Figure II 2,

(3) The stabilized EHT power unit at a suitable voltags
(depending on reflectivities of specimen and standards)
range must be left switched on continuously for daily
task so that a steady sensitivity df the photomultiplier
was obtained,

(4) The working room chould be in a reasonably constant

temperature (about 21°C) because the sensitivity of the



Figure III . Schematic diagram of the apparatus for reflectivity and transmiticity

measurements,

1. Voltage stabiliser TSV 70
2, Illumninator
3, Pleld diaphragm
4. Heat absorving glass filter
5. Contimuous monochromator
6., Polarizer

7 & 8, Meassuring diaphragm

9, Condenser

10. Specimen

11.Microsope

12, Photometer stop

+3, Photamultiplier tube Type EMI 6094B
14.Stabilised EHT power supply unit Type E2
15, Digital voltmeter IM 7995

2 19



or:t  oOf oz o1l 06 o@ oL os

oy

o] o] 4 Ol

L Y T T T T 1 T

@inuw) 3Ny

INIL HLIM LN3S4ND IOVLIOA 43SI11GVLS IHL 40 1S31 V

A9 O3} p2sD2JduU| SDmM

26D1j0A 2y) 123D S21nUW Ok >

‘21 2anb1y

SONIQY3Y¥ dILINLTIOA VLIDIQ

(4 4

| 44

Ve

eve

0s°

444

141}

959



5:2
photomultiplier became unstable when the room was hot. 2

(5) No stray light should be around the photomultiplier tube

and the miceoscopse.

A test of the linearity of the photomultiplier was made
according to the method described by Bradshaw and Phillips (1965), and
no significant deviation from linearity was found,

Spectral characteristics of the photomultiplier and continuous
monochromator are according to the manufactursr's recommandations and

are also given in Bradshaw's Ph,D. Thesis (1964),

When the above instrumental conditions were satisfied
spectral reflectivity measursments were made using suitable standards.
During operation care was taken in every case such as exact levelling
polished surfaces, selecting measuring areas, exact focusing onto the

surface and accurate setting wavelengths of the sliding monochromator,.

At each wavelength three readings of the digital voltmeter were taken
for standard, specimen and finally the black box. Measuring the same
areas of the standard and of the specimen with the aid of the specimen

changer-stages the procedure was repeated for various wavelsngths,

Reflectivity value (in percent) corrected for thes primary

glare effect is computed by the following formila for a given wavelength.

AN (at) ™ (ep) =™ (B)

Un (et) - Y™ (b)

RN (ep) =

where R\ (sp)’ R (st) = reflectivity of specimen and standard,
respectively, at wavelength )\ .

Un (sp)’ LN (st)? b (b)= digital voltmeter readings for specimen,
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standard and black box, respectively, at

wavelength A .

When a large number of measurements is made it may be

preferable to use a PL / 1 computer program, as given in Appendix III 1,

to carryout the calculation.

Accuracy and Precision

The reflectivity apparatus of this laboratory and the
technique applied provids accurates and high precision results with a
small limit of error. Results of silicon standard (NPL) measured

against earborundum standard (NPL) are given in Tabls III 1.

The accuracy and precision of reflectivity values for

quantitative colour measursment are discussed in Chapter VI.



Table III 1,

R#% of Silicon (NPL) Measured Against Carborundum (NPL)

Accuracy and Precision of Spectral Reflectivity Measurements

Si(NPL) Vave~ Measired Values Mean Mean Standard Coeff,of % Accuracy
Values length I IT IIT Iv R% deviation Deviation Variation Error

43.1 L0 43,19 43.12 43.21 43.15 43.17 +.03 .035 .08 .16 .002
4.3 460 .54 41,56 41,51 41.68  b1.57 +e 05:. . 065 .16 .65 . 007
39.9 480 40,02 40,07 40,03 40.17 40,07 +.05 . 059 «15 42 « 004
.9 500 .93 36.99 38.98 39.10 3900 .05 . 062 6 .26 003
38,0 520 38,07 38,09 38,07 38,20 38,11 +.05 « 054 Ak .29 . 003
37.2 550 37.26 37.29 37.39 37.41  37.34 +.06 . 064 o 17 o 37 « 004
36,6 560 36,62 36,65 36.62 36,75 36.66  +.05 «053 14 .16 002
36.0 580 35,96 35.96 35.99 36.10 36,00  +.05 .058 .16 .00 .000
35.5 600 35450 35,48 35.53 35.62 35,53 +o Ol . 054 «15 .08 . 001
351 620 35¢20 35.14 35.16 35,29 35,20 +.05 .058 .16 .28 «003
34.8 640 34468 3454 34,56 34.67 34,61 +.15 .063 .18 «55 « 005
Shels 660 3483 3he33 3449 3450 34,54 +,29 .82 «53 o1 <004

about 21 C room temperature.

e ¢g
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111 3, SPECTRAL REFLECTIVITY OF GEMSTONES

Gem varieties of natural minerals, artificial materials
and some organic substances of beauty to mankind have been used as
gemstones. The qualities of colour and reflection are the most striking

and important properties of gemstones,

The colour of a gemstone is used as an aid for identifi-
cation and also made use of for classifying into differsnt qualities.
The colour may be the most important property to asssss the rslative

value of very similar stonses, other things being equal,

To measure the colour quantitatively the first problem
is to obtain the spectral reflection or transmission values of a
gemstone, Once a gem mineral has been facettsd, the transmitted light
method of determining its spectral transmission is difficult or
impossible to apply, because of its odd shape, therefore it was first

decided to make an investigation of the use of reflected light method.

The reflectivity of an isotropic gemstone is given by

Fresnel's equation
_ (n - N)2 + 12
R %= 7 2
(n +N) +k

* 100,0

where n and k are the index of refraction and absorption coefficient,
respectively, of the absorbing mineral. N is the refractive index of
the surrounding medium (air N = 1), k = nK and k /7\0 =K /N

where K is the absorption index, )‘D is the wavelength in air and

N 1is the wavelength in mineral, The index of refraction and absorption
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coefficient of a gemstone vary with wavelength and therefore

reflectivity varies accordingly.

For uniaxial gemstones, the reflectivities RD and Re of
the principal vibration dirsctions are related in the same way to
refractive indices n, and ng and the absorption coefficients k0 and
ke + Bireflectance of a gemstone is Ro- Re if it is optically negative

or Re- R° if it is optically positive,

Similarly, a biaxial gemstone has three principal
reflectivities Rw, R@ and R¥ corresponding to ne ke , N@ k@ and
n¥ k¢ respectively, The bireflectance is R¥ - Rex . If R@ is nearer
to Ree than R$ the stone is said to be optically positive and if R@

approaces Ry it is optically nsgativs,

As in ore microscopy, the reflection principles for
normally incident plane-=polarissd light are applied to gemstones and
the reflectivity measurements are also applicable to polished surfaces

of gemstones.

In an ideal brilliant cut stone the total back reflection
occurs as shown in Figure III 3., A test showsed that black plasticine
absorbed all incident light, no detac£able light reflectad from it and
so to reduce the back reflection facetted stones were moyrted on pieces

of black plasticine,

Inclusions and flaws are not uncommon in natural gemstions. Scattering
of light due to such imperfsctions will cause error and unfortunately,

this is unavoidable in the measurement,

However, an area as frse as possible from optical imperfections should
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be chosen and thus the conventional method of reflectivity measruement

can be employed to facetted gemstones.

Spectral reflectivity measurements, as described in the
previous section II 2, were made on polished surfaces of some ore
minerals and facetted gemstones in the visible spectrum ranging from
440 nm to 660 nm at an interval of 20 nm, In all measurements a low=-
power objective (X 10) and a measuring area of 50 micron were used
consistantly. Measured reflectivity values of ore minerals and
published data available in the literature were employed in the

quantitative measurements of colour,

The spectral reflectivity values of facetted gemstones
are presented by the curves in Figurse II 4., For non-opagque minerals
and gemstones there is no significant variation in reflectivity
throughout the visible spectrum, Consequently , their spectral
reflectivity values which ars not related to the pronounced colours

of the specimens are inapplicable for colour measurement,

The probable explaination for this is that reflection
of normally incident light actually takes place at the top surface,
perhaps a few micron thick layer of a non-opaque specimen, The amount
of sbsorption of such a thin layer of louw-absorbing material is
negligible (i.es k —» 0), and therefore it is not effective to
reflectivity although measurement is made on thick specimens of

pronounced colour,

It follows that reflectivity of a transparent(i.e. light
can pass through a petrographic thin section with a thickness of 0,3 mm)

mineral is completely dominated by its refractive index n rather than
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the absorption coefficient k.

For these reasjons the accurate measurements of reflsctivity
suggested that reflectivity values and refractive indices of non=opaque
minerals are directly correslated as shown by the linear straight line

in Figqure III 5,

Thersfore reflectivity measurement could provide an
additional method for identification in gemmology, especially thosse
stones whose refractive indices are high beyound the range of a normal

refracromseter,

Since the application of reflected light method to the
measursment of colour in transparent gemstions was unfavourable, an
investigation of the use oéﬁiransmittad method was made, Ths proper
transmission measurement method requires a thin, parallel sided
specimen, The most convenient thickness of a specimen depsnds on its
amount of absorption (Tauc, 1967).

Such measurement is obviously impossible to apply to facetted gemstones.

Therefore an alternative method of determining spectral transmission

of facetted stones was considesred and is described in the next Chapter.



Figure I11 3, Tatal lLiack reflection and dispersion of
a ray of light passing through brilliant

cut diamond.
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v, POSSIBILITY OF TRANSMISSION MEASUREMENT THROUGH FACETTED

GEMSTONES FOR COLOUR MEASUREMENT

THEORECTICAL CONSIDERATIONS

Consider a parallel bsam of light incident normally on
the surface of a parallel sided plate of thickness t , refractive
index N, and absorption index K7b « If the intensity is Io in the
direction shown in Figure IV 1, let Jobe the intensity of light
travelling in the opposite direction due to reflection at the surfacse
AB and transmission of components reflected from the surface CD .
With similar meanings for other Ix and Jx we have the following

relationships:

Equations for light leaving the surface AB

-
|}

R 31 + (1 = R) I3 ao =R I + (1 = R) 31

Equations for light leaving the surface CD

I.,=R 3, +(1=-R) I, _ .
3 3 2 3 3, =RI,+ (1 = R) Iy 3
Equations for absorption in the medium
=mt =mt
12 = 1109 H 31 = 3203 .

where R is the reflection coefficient at normal incidence

(n).b - N)2 + n%b K%b

R =

2 2 2
(mn, = N) + ny, K, (1)
K = k/ny N is the refractive index of the surrounding medium,
™, is the absorption modulus = 4T na K\O/ No = 4mn k)b /7\D (2)

)b is the wavelength of the light in vacuo.
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Figure IV, 1 Reflection and absorption of a parallsl
beam of normally incident light in passing through a

parallel sided plate of an absorbing substance.
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Assuming no reflection from the measuring instrument 33 = 0.

Hence I, = (1 = R) I, 3
32=R123
-mt
31 =R 12. (=} .

substitution gives

(1 = Ry

TND = 13 / I (3)

o
emy.ot_ R%D e—mmt

For non-absorbing substances it is usually assumed that m = 0, then

squation (3) becomes

T= (4)

Thus for an isotropic absorbing and non=absorbing
substance with two parallel surfaces on opposite sides the transmission
of normally incident light is given by equations (3) and (4)
respactively, From these equations, formulae for transmission of a

combination of layers can be qﬂrived as follows:

(1) Transmission of a combination of non-absorbing layers separated
by air as shoun in Figura IV 2 is

2 52
.o (1 - R1). (1 - R2-)

(5)

1 - R1.R2

when both layers have the same refractive index, then

R1 = R2 = R , and hence

2 x 2
T = (1 - R)

1 - R2

(2) Transmission of a combination of non-sbsorbing layers in optical

contact, when both layers have the same refractive index as shown



Figure 1IV,.2

Figure IV.3

Figure IV. 4

Te

A combipation of none=absorbing layers separated

hy Airy,both layers have same refractive index'n'

A combination of non=absorbing layers in optical

contact,both layers have the same refractive index,'n’'

N 2
NN
n J'R'
K
R1

A combination of non-absorbing layers in optical

contact,refractive indices of layers are different.
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in Fiqure IV 3, then

(1 - R1)(1 - R2) (1 - R)2 1 =R
T = = ———2 = — (6)
1'-R1.R2 1-R 1+R

(3) Transmission of a combination of non-absorbing layers in optical
contact when refractive indices of layers are different as shown

in Figure 1V 4, then

(1= 8)(1 = R')(1 = R,) (7)

T=

]
T = R10R .R2

where

L
I

=(n=1%/(+1)

w-n2/m+m?; N>n.

]
|

=127+ 12,

)
n

(4) Transmission of a combination of an absorbing layer and a non=-

absorbing layer in optical contact as in Figure IV S

(1= R)(1 =R )p-(1 = R,)
T= (B)

! 2
1 - R1.R .Rz/w

where a8 = a-mt (Bouguer's law), is called internal transmittance.

There is no parallel transmitted beam of light through
a facetted gemstone since total back reflection takes place from
inclined faces as shown in Figure IV 6, A parallel transmitted beam
of light through such stones can be obtained when immersed in liquid

of the same refractive index as shown in Figure IV 6B,

By this way transmission measurement is independent of



Figure [V B, Transmivsion nf a combination of an absorbing layer

and o noneabsorbing layer in optical contact,

)AA AA Jk

Figurs ¥V n =, Back reflection figure IV b b, A parallel transmitied
of A ray aof light in ray of light in passing

passing through a facelted throunh a facetted gstone in

stone in air, oil of the same R,1,
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the shape of a gemstone and the difficulty of preparation for a thin
parallel sided section is sliminated. The above equation, thersfore,
is also applicable for facetted gemstones (without spéling a stone)
at a particular wavelength, where the refractive index of a stone and

liquid is the same,

When measurement of spectral transmission based on this
principle is made errors will be introduced in the experiment,
The probable errors considered are
(1) due to the excess liquid over the stone and
(2) due to higher dispersion of the liquid for other wavelengths, sxcept

the matching wavelength,

In the first case the error may be eliminated if the
matching liquid is colourless, If the liquid has a negligible amount
of absorption at thin layer over the stones the consequent error may
also be regarded as negligible, Howsver for accurate measurement

colourless immersion liquids are preferable,

In the second case the smount of errors depends upon the
dispersion character of a liquid used in the measurement. Unfortunately,
the dispersion of immersion liquids arse normally higher than that of
solids as, for example, shown in Figure IV 7.(after wahlstrom, 1966).
The refractive index of solid and liquid will be matched at a particular
wavelength, and so parallel transmitted beam of light through a facetted

stone occurs,.

For other wavelengths in the visible spsctrum the dibiation of refractive
indﬁcies of liquid from those of a solid will cause the divergencs of

the transmitted beam from parallelism, From the theorectical point of
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visw, the refractive index of liquid at every wavelength could be

matched with that of the solid by adjusting the temperature, since
the R.,I. of liquid is much more sensitive to temperature tham that
of a solid, But in practice it will not be very convenient and costly

to do it.

However calculation shows that the estimate of the error
due to a differsnce of 0,01 n between liquid and solid is about 0,25%
in transmission and due to a difference of 0,1 n is about 2,5% , If
the second case ig considered as a maximum error the method of

transmission measurement in o0il is reasonably acceptablse,

The relative values of spectral transmission are of
interest for colour measurement of a particular gemstone, If the
dispersion of liquid is not too much stronger than that of the stone,
and as long as the same liquid is used for different cut stones of
the same mineral, their relative transmission values are comparable

and therefore their colour values are also comparable to one another,

The squation for spectral transmission of an isotropic
absorbing gemstone in oil (of the same n as that of the stone) may be

written as

(1= RAN1 = RN) (1 = R)

™= ,
1= RN e RN RNAE

(9).
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wavelengthy,and temperature ( after Wahlstrom,1966 )
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EXPERIMENTS AND RESULTS

To establish the validity of the above considerations
transmission measurements were made and measured values were compared
with those obtained by calculation according to equation (7) for

non-=absorbing specimens.

For an absorbing mineral two methods of transmission
measurement were applied according to the conditions for equation (8)
and equation (9). The equation (9) is the same as equation (8) which
is from equation (7), but the measuring methods are different. Hence

the results obtained by two methods should be the sams,

Measurements were made as follouws,

The same reflectivity apparatus was used for transmitted
light work, with some alterations of the equipment, as shown in the
diagram III 2, In the microscope assembly an iris diaphragm below the
polarizer, a measuring diaphragm, of about 80 micron in diameter,above
the objective, a photomultiplier stop, of about 50 micron in diameter
(the same as in reflectivity measurement), below the photomultiplier
tube-window, and the condensing lenses just bslow the microscope stage
were used, By using the condensing lenses the image of the light source

can be brought up to the specimen surface,

A glass cell was made by joining one end of a glass tube
to a surface of a polished petrographic glass slide with 'araldite! .
The glass cell was thoroughly cleaned and placed on the microscope
stage. The image of the light source was focused as in proper way,

Intensities of the light source (Io) at various wavelengths were read
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on the digital voltmeter.

One side of a basal section of clear quartz (rock crystal)
with polished parallel surfaces was wetted with a drop of Rayner's R.I.
liquid of 1.54 n and was placed with gentle pressure on the glass
slide in such a way that a thin film of the liquid served to make
'optical contact! with the specimen and the glass slide (i.e. the entire
space betwsen the specimen and the glass slide was completsly filled

without any air bubbles),

An area of the specimen as free from imperfection as
possible was selected and the image of the light source was focused.
So the distance between the surfaces of photo.cells and the sourcs
image was always the same when the specimen was in or without the

specimen in the plane polarized light.

Intensities of the emergent light passing through the
glass slide and the specimen were read for various wavelengths ,
Therefore the spectral transmittance of the combination of the glass

slide and clear quartz (w) in optical contact is

T=I/I°.

In order to compare the measured values with calculated
results spectral refractive indices of the same glass slide and the
quartz specimen were determined, at working temperaturs of about 20°C,
with an Abbe Refractometer model B and a quartz monochromator. Direct
readings on the scale for various wavelengths were corrected by using
given calibration tables for the dispersion characteristics of f.he

instrument as a function of the wavelength,
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Fresnel reflectances of the gquartz specimen, glass slide
and quartz=glass interface were computed therseafter and substitutions
of these values in the formula (7) gave spectral transmittances of the

combination of the two non—-absorbing layers at optiecal contact.

Measured spectral refractive indices and calculated
Fresnel reflectances are tabulated in Table IV 1. Msasured transmission
values and calculated results of the combination of clesar quartz and
the glass slide at optical contact are given in Table IV 2. The
measured values are slightly higher than the calculated values (N.B.
according to Ayres, 1949 and Bloss, 1955, the relative errors increase

congiderably when transmission is lower than about 20% and higher than

60%) o

Spectral transmission measurements of a combination of a
basal section of brown gquartz (cairngorm) and the glass slide were

made by two methods,

The first method was as described above for a combination
of non-absorbing and absorbing layers (equation 8) in optical contact
at interfaces, In the second method the brown quartz basal section
was measured in the matching liquid (equation 9). The polished surfase
of the brown quartz specimen was thoroughly clsaned and wetted with
the same Rayner R.I, liquid of 1,544 n., The specimen was placed on the
glass im the cell as mentioned above and the cell was filled with the
same liquid till it just covered the top of the specimen surface,
Measurement, as clese as possible to the previous area was made after

focusing to the image of the light source,

The measured values by two methods are given in Table
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IV 3.and are presented by curves in Figure IV 8. All calculated and

measured transmission results were then computed for quantitative
colour values, For the clear quartz specimen its chromaticity
coordinates must be the same as that of the achromatic point since

it is colourless,

For brown quartz its colour coordinate points derived
from two transmission measurements must also be more or less the same,
or at least fall within the limits of a discrimination threshold.
These conditions were satisfied as evidences of the proof are given

in Table 1V 4.

Thus statistical and experimental results permit the use
of matching liquid to determine the spectral transmission characteris-

tics of facetted gemstones,

For an anisotropic gemstone the transmission T is according
to the crystallographic orientation under sxamination. At a wavelength
whers the R.I. of the stone matcheﬁ that of the liquid the image of
the parallel tramsmitted beam is at the centre of the field of view
and the boundary of the image is sharp, During a gentle rotation of
the microscope stage and sliding the monochromator for other wavelengths
the image of the emergent light slightly deviates from the centre of
the field due to the different dispersion characteristics of liquid
and the stone. In this case values of minimum and maximum transmissions
were measured in plane polarised light at each of the two extinction
positions, It was considered that it may be permissable to take the
mean transmission values of an anisotropic stone for general colour

measurement .
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Table IV 1.
Measured Refractive Indices
wWavelsngth Clear Quartz Glass Slide
nm n, n

460 15517 1.524

480 1.5501 14523

500 1.5488 14522

520 145476 1.520

540 145465 1,519

560 145455 1.518

580 1.5446 14517

600 1.5439 1.516

620 105431 14515

640 145424 1,514

Calculated Fresnel Reflectances ( r = iﬂ;:_ﬂl; )
(n + N)
Wavelength Clear Quartz Glass Slids Quartz-G}ass interfacs

nm Ty r r

460 0.04675 0.04310 0,000081

480 0.04653 0.04297 0.000078

500 0.04636 0,04284 0.000076

520 0.04620 0.04258 0.000081

540 0.04606 0.,04245 0.000080

560 0.,04592 0.,04232 0.000081

580 0.04581 0.,04219 0.000081

600 0.04571 0.04206 0.000083

620 0.04561 0.04193 0.000084

640 0.04552 0.04180 0,000086
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Table IV 2, T % of a Combination of Clear Quartz and a Glass Slide
in Optical Contact

Wavelength Calculated Measured

nm Ty % T%
460 91.21 91.41
480 91.24 91,83
500 91.27 91,90
520 91.31 92,02
540 91.34 92.36
560 91,36 92.66
580 91,39 92.69
600 91.41 92,99
620 91443 93.12
640 91,53 93.36

Table IV 3, Measured T % of a Combination of Brown Quartz(w)

and a Glass Slide

Wavelength in optical contact in matching oil
nm at interfaces n = 1,544
440 43,97 42,82
460 44,84 43,86
480 45,67 45,01
500 46,95 46,50
520 48,55 48,34
540 50,98 50,52
560 53.36 52,98
580 55.70 55,11
600 58,02 57.30
620 59.80 59,63
640 61.52 61.98

660 64,10 64,10
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Table IV 4, Colour Specifications derived from Calculated and

Measured Transmittance Values

66 d

Chromaticity Dominant Excitation
Source & Specimens coordinates wavelength purity
x Yy d Pa%

Illuminant A 0.4476 0,4075
Clear Quartz(w) in air,

calculated 0.4477 0,4075
Clear Quartz=Glass in
optical contact,

calculated 0.4478 0,4075
Clear Quartz-Glass in
optical contact,

measured 0.4491 0.,4078
Brown Quartz-Glass in
optical contact,

measured 0.4712 0.,4090 591.42 17439
Brown Quartz-Glass in
matching o0il,measured 0.4722 0,4094 591.10 18431




67

Ve COMPARISON OF TRANSMISSION MEASUREMENTS MADE WITH A MICROSCOPE

PHOTOMETER AND A GRATING SPECTROGRAPH

Spectral transmission measurements have been usually
carried out with a recording grating spectrograph(or spectrophotomster ).
Such apparatus is not suitable to make measurement of very small
specimens (¢ 2 mm in diameter) and specimens with non-parallel sided
surfaces, Therefore, for non=opaque minerals and facetted gemstones,
spectral transmission measuremsnts were made with a microscope photomster
(the same apparatus used for reflectivity measurement ; as described

previously),

It was interaesting to compare transmission measurements
made with two different types of apparatus, For this purpese specimens
were prepared as follows,

A red spinel crystal of gem quality, from Burma and a basal section of
brown quartz (cairngorm) were embedded in synthetic resin discs. They
were ground with medium grade silicon carbide on the first lap and with
fine silicon carbide on the second lap., They were then polished with
fast cutting alumina, with 6 micron diamond paste, with 4 micron diamond
paste and finally with 'finish polishing' alumina, The other sides of
the embedded specimens were cut off and these second opposite surfaces
of red spinel and brown quartz were ground and polished down to 1,5 mm
and 1,0 mm in thickmess respectively. Minute solid inclusions in both

specimens were observed under the microscope with a low=power objective .

Measurements with the Microscope Photometer

Spectral intensity of the incident beam of light (Io)
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of about 80 micron in diameter was measured before and after measuremsnt

of a specimeny; as described in the previous section.

The polished specimen was cleaned thoroughly with xylene
and sdft tissues, It was placed on the microscope stage and an area as
clean and free from imperfection as possible was selected, Spectral
. intensity of the transmitted beam (I) of plane polarised light was
recorded from wavelengths of 400 nm to 680 nm, The specimen was turned
over to measure the second surface in the same way. The average of two
measured I was used to calculate spectral transmittance (in percent)

of the specimen as

T%=1/ I, x 100.0

The measured areas of the first sufface and second
surface of the specimen may not be the same. Howsver, to estimate the
precision of the measurement repeated experiments were made, The
spectral transmittance values (%) of red spinel and brown quartz are
given in Tables V 1 and V 2, The maximum variation of the average values

of two measurements was less than 1 % (absolute) at any wavelength.

Measurements with an Optica Recording Grating Spectrograph

The optica recording grating spectrograph manufactured
by Optica United Kingdom~- Limited has a double beam optical system and
a working range of 185 nm to 3200 nm, It has a 600 lines/mm ruled grating
with a dispersion of 16 A°/mm for the UV and visible regions (185 nm to

1000 nm).

Holders for a specimen and the reference beam of light
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of 2 mm in diameter were used., The holders were specially made, as those
supplied with the instrument are too large, The deflections of the
potentiometers on the chart recorder were set to 0 and 100 over the
visible spectrum by means of the 0% and 100% transmission controls ,
when the light beam was cut off and when the incident beam was passed

through the reference holder respectively,

The same specimens werse first cleaned thoroughly with
xylene and one face of a specimen was stuck on the back of the spscimsen
holder having a 2 mm hole, Measurement of the first surface was made
from wavelengths of 400 nm to 700 nm under the following operational

conditions,.

Source: tungsten lamp(12V, 48W) from 400 to 600 nm
" " n " with a red filter from
600 to 700 nm,
Photomultiplier Type: RCA 1P 28 with a maximum response at about 340 nm,
Slit: automatic slit used to obtain a constant 100%
transmission of the incident beam in air,
Time Constant: normal,
Gain: 6 (optimum condition).
Wavelength Scan Speed:0.5 A°/sec.
Chart Speed: 2°/minute.

Accuracy of the wavelsngth on the chart was 5 +1 AR® .
The measurement of the opposite second surface was
repeated in the same way, Transmittance values (%) thus obtained are

given in Tables:V 3 and V 4,

For comparison of the measurements made with two types
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of different apparatus the spectral transmiticity ( i.e. transmittance
in % ) curves of red spinel and brown quartz are shown in Figures V 1

and V 2,

From tabulated measured values and Figures V 1 and | 2,
it was seen that measurements with the spectrograph gave large variation
in transmittance values of the first and second surfacaes aof the specimen,
That is probably because of the differsnt polishing qualities of opposite
surfaces and imperfect parallelism of the section. Nevertheless, these
large variations do not considerably affect quantitative colour

measuremants as shown in the chromaticity chart of Figure. V 3.

With the microscope photometer a specimen can be
gxamined and areas of botih surfaces can be selected as free from
imperfection as possible, For this reason the variation in transmittance
values of the first and secend surfaces of the specimen was comparatively
smaller.Another advantage of the use of the microscope photometer was

that a very small specimen could be measured,

The differences in spectral transmittance values, within
the experimental errors, obtained with two different apparatus may be-

due to the following major reasons,

(1) Spectral sensitivities, over the visible spectrum, of
the two types of photomultiplier ares different as shown
by curves in Figure V 4
Results of colour matching experiments however, show
that for_different persons appreciable differences in
light sensitivity of retinal photocells result in

slightly different sensation of the same colour,
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Likewise, two apparatus differing in sensitivity of
light for each wavelength produced two different spectral
responses resulting slightly differsnt colours of same
specimen,

(2) Fields of illumination and measuring sizes were different,
although the same type of sources were used,

(3) There is a lower polarizer in the microscope photometer

but no peolarizer in the spectrograph.

Quantitative colour values were derived from the above
measured transmittance values and results are given in Tables V 5 and
V 6. Their colour points are plotted in the chromaticity diagrams of

Figures V 3,



Table ¥.. 1 .,

TRANSMITICITY(Transmittance in %)OF RED SPINEL (111) MEASURED WITH

THE MICROSCOPE PHOTOMETER.

(Thickness = 1,5 mm)

71

First Measurement Second Measurement

(nm) Face 1 Face 2 Average Face 1 Face 2 Average
400 9,7 1041 9.9 10.6 10.6 10,6
410 11.0 111 11.05 1145 11.0 11.25
420 13,3 133 13.3 13.9 12,6 13.25
430 171 1741 1761
440 22,5 22,1 22,3 23.0 21,25 22,1
450 28,7 28.1 2804
460 34,0 33,0 3345 34.4 32.15 33.3
470 37.4 36.0 3647 37.8 35.4 36.6
480 37.9 36.4 37.15 38.6 3641 37435
490 35.9 3443 3561
500 3149 30,5 31.2 32,7 30.3 3145
510 26,8 25.6 2642
520 22,2 21.3 21,75 23,0 21.2 22,1
530 18,5 18,0 18.25
540 1646 1641 16435 17.2 1547 16,45
550 16.5 16.0 164,25 17.0 1546 1643
S60 18,3 17.8 18,05 18,485 1743 18.1
570 22,3 21,5 21,9
580 28,15 27.0 27.6 28.4 26,2 2743
590 35,3 3346 34,45
600 42.6 40.1 41,35 42,8 39,55 41,2
610 49,3 46,6 47,95
620 55.1 51.7 53.4 55,0 50,9 52,95
630 59,9 55.9 57.9
640 62,8 58,9 60.85 63.5 5845 61.0
650 65,7 60,95 63.3
660 66.7 63.0 64,85 65.6 62,55 6441
670 6845 64,0 66425 67.9 62,9 65.4

680 67.8 64,9 66635 68.1 6640 67405
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Table ¥.2 ,

TRANSMITICITY OF BROWN gUARTZ(U) MEASURED-WITH THE MICROSCOPE PHOTOMETER.
(thickness = 130 mm)

(nm) Face 1 Face 2 Average _
400 41.3 43,6 42,25
410 42,3 44,8 43,55
420 42,9 44,9 43.9
440 43,1 45,3 44,2
460 43,4 45.8 44,6
480 44.0 46,5 45,25
500 45,1 47.6 46,435
520 46.4 49.1 47,75
540 48.1 50.8 49,45
560 49,9 52,7 51.3
580 51.4 54,4 52,9
600 53,3 5643 54,8
610 54,4 5649 55465
620 55,0 57.6 5643
630 55,9 5847 5743
640 5649 59,6 58,25
650 5744 604 58,9
660 59.4 609 60415
670 60,0 6240 6140

680 59,6 61.7 60,65
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Table V 3,

TRANSMITICITY OF RED SPINEL (111) MEASURED WITH THE OPTICA RECORDING

GRATING SPECTROGRAPH
(Thickness = 1,5 mm)

First Measursment Second Measurement
(nm) Face 1 Face 2 Average Face 1 Face 2 Avegare
400 5.6 3.25 4.4 3.3 2,3 2.8
410 8.0 4.7 6435 4,6 4,0 4,3
420 10.0 5.1 7455 6.0 5.0 5.5
430 15.7 8.9 12,3 10,0 8.6 9,3
440 2147 17.4 19,55 1745 1545 16.5
450 3841 24,9 31.5 25.4 22,44 23.9
460 45,5 30,0 37,75 31.0 271 29,05
470 49,6 32,9 41,25 3346 30.0 32,0
480 49,0 32,5 40,75 34,2 30,0 3261
480 4443 29.4 36,85 31.0 2741 29,05
500 3649 24,3 30.6 26.0 22.8 24,4
510 28.5 19.0 23,75 20,0 1842 19.1
520 21.4 14,3 17.85 15.0 13.5 14,25
530 17.0 11.4 14,2 12.0 10,7 1135
540 15,7 10.5 13.1 1142 9.9 10.55
550 17,0 1.4 14,2 1145 10.2 10.85
560 21.5 14,6 18,05 14,8 13.2 14,0
570 29,0 20.0 24,5 20.0 18.0 19,0
580 39,6 27.5 334,55 28.0 25.0 26,5
590 50,8 35,3 43,05 3647 32,0 34,35
600 60.8 42.6 91,7 44,4 39,3 41.85
610 69.0 48,3 58,65 50.4 45,4 47,9
620 74,3 52,0 63415 55.0 49,3 52,15
630 7863 54,8 664,55 58,3 52,1 55,2
640 80.4 5647 68,55 60,2 54,0 571
650 B2.2 57.6 69,9 6147 55,5 58.6
660 83.3 59,0 71415 63,0 57.0 60.0
670 B4.,3 59,7 72,0 64,2 58.0 6141
680 84,6 60.4 72.5 64,6 58.4 6145
690 83.7 60.0 71.85 6445 58,2 61435

700 83,9 6045 72,2 64,45 58.8 61.65




Table ¥V . 4 .

TRANSMITICITY OF BROWN QUARTZ(W) MEASURED WITH OPTICA RECORDING

GRATING SPECTROGRAPH.

(Thickness = 1,0 mm)

(nm) Face 1 Face 2 Average
400 26,4 41.8 34,1
410 26,6 42,0 34,3
420 26,9 42,0 34,45
430 27.0 42,2 34,6
440 27.1 42,2 34,65
450 2743 42,4 34.85
460 2745 42,4 34,95
470 27.7 42,5 35.1
480 28,0 42,7 35.35
490 28,3 43,2 35,75
500 28.6 43,7 36415
510 29,3 44,2 36.75
520 29,9 44,8 37435
530 30.5 45,6 38,05
540 31.4 46,5 38,95
550 32,0 47,5 39,75
560 32,8 48,7 40,75
570 33,2 49,4 41,3
580 33.8 5063 42,05
590 34,6 51.0 42,8
600 35.4 52.1 43,75
610 3661 54,5 45,3
620 36,9 55.4 46415
630 3745 5645 47.0
640 38,2 5745 47,85
650 38.5 58.7 48,6
660 39.8 59,9 49,85
670 40,8 60,9 50,85
680 41,6 61.8 5147
690 42,8 62,9 52,85
700 43,9 64,0 53,95

71d
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toor Figure V 1, Spectral curves of rad spinel measured with
the Oouble Beam Spectrograph and fMicroscope
Phntometer,
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fFigure v 2. Spectral transmittance curves of brown quartz measured with

the Double 8eam Spectrograph and Microscope Fhotometer.
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Figure V 4, Chromaticity diagram showing the colours of Red Spinel

(1.5 mm) and Brown Quartz (w, 1,0 mm) under the C.I.E..
source C, The differences in chromaticities are mainly
due to two different types of apparatus used for

transmission measurements,
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Finure v 4, Spec'r ' —naitivitins of the two types of photomulilipliers,
100
8o
60 - L
p EMI \J 6094 B Su
d
40 RCA

/

z

absolute sensitivity mA,watt

8 \
6
4
2
| | | | 1
200 300 400 500 600 700

WAVELENGTH NM



Table V7 5

QUANTITATIVE COLOUR VALUES OF RED SPINEL (111)

UNDER AVERAGE TUNGSTEN LAMP LIGHT

CHROMATICITY COORDINATES

X

y

COMPLEMENTARY EXCITATION
WAVELENGTH(A\c)  PURITY(Pe%)

T % Measurement with the Microscope Photomster.

First measurement

face 1 0.5226
Face 2 0.5186
Average 0.,5211

Second measurement

Face 1 0.5197
Face 2 0.5195
Average 0,5196

0.3602
0.3607

0.3604

0.3621
0.3615

0.3618

506,51
506,92

506,73

506,49
506,70

506,60

T % Measurement with the Optica R&cording Grating

First measurement

Face 1 0.5349
Face 2 0,5393
Averags 0.5367

Second measurement
Face 1 0.5410
Face 2 0.5422

Average D.5416

03543
0.3541

0.3542

0,3533
0,3536

0.,3534

506,07
505,51

505.84

505,47
505,25

506,37

29.81
29,12

29,48

28,63
28,82

28,72

Spectrograph,

34,02
34.84

34.36

35.42
35451

35.48

71



Table W 5 (continued)

QUANTITATIVE COLOUR VALUES OF RED SPINEL (111)

CHROMATICITY COORDINATES

X

UNDER AVERAGE DAYLIGHT.

y

COMPLEMENTARY EXCITATION
WAVELENGTH(Ac) PURITY(Pe%)

T % Msasurement with the Microscope Photomster,

First measurement

fFace 1 0.3671
Face 2 0.3636
Average 0.3654

Second measurement

Face 1 0,3646
Face 2 0.3640
Averagse 0.3643

T % Measurement with
First measurement

Face 1 0,3827

Face 2 0.,3887
Average 0.3851

Second measurement
Face 1 0.3901
Face 2 0.3919

Average 0.,3910

0.2939
0.2926

0.2933

0.2954
0.2944

0.2949

495,69
496,30

495,97

495,57
495,85

495,71

the Optica Recording Grating

0.2903
D.2919

0.2909

0.2920
0.2933

0.2926

495,26
494,69

495,03

494,60
494,33

494,47

19.69
19,56

19.62

18,62
18.91

18,77

Spectrograph.,

24,06
24,54

24,27

24,76
24,57

24,69

71
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Table V6

QUANTITATIVE COLOUR VALUES OF BROWN QUARTZ (W)

UNDER _AVERAGE TUNGSTEN LIGHT.

CHROMATICITY COORDINATES DOMINANT EXCITATION
X y WAVELENGTH(N\d) PURITY(Pe %)

T % Measurement with the Microscope Photometer,

Face 1 0,4672 0.4082 592.06 14.06
Face 2 0.4665 0.4087 591.42 13,93
Average 0.4668 0.4085 591.68 13.99

T % Measurement with the Optica Recording Grating Spectrograph.

Face 1 0.4714 0.4085 591,91 17.18
Face 2 0.4701 0.4064 594,33 14,70

Average 0.,4707 0.4073 593,18 15,36
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Table U*6 (continued)

QUANTITATIVE COLOUR VALUES OF BROWN QUARTZ (w)

UNDER AVERAGE DAYLIGHT.

——— tw—

CHROMATICITY COORDINATES DOMINANT EXCITATION
x y WAVELENGTH(2d) PURITY(Pe %)

T % Measurement with the Microscope Photometer.

Face 1 0.3306 063292 584,07 8.96
Face 2 0.3303 0.3296 583.44 8.99
Averags 0,3304 0.3294 583,72 8.96

T % Measurement with the Optica Recording Grating Spectrograph.
Face 1 0.3355 0.3325 583.68 11.16
Face 2 0,3328 0.3281 586472 9.25

Average 00,3339 0.,3299 585,41 10.03
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VI. METHODS OF COMPUTING COLOUR SPECIFICATIONS OF MINERALS

Description has already besen made of the basic principles
of colour measuremsnt, In the past colour specification of objects have
been usually carried out graphically in part, from spectral transmittance
or spectral reflectance data (Hand Book of Colorimetry by Hardy, 19363
Piller, 1966), Since better accuracy and precision of colour values of
minerals are preferable, the absolute mathematical approach is considered
and computer programmes developed to evaluate all colour specifications,
This has the advantage of eliminating personal errors and reducing the

time required for calculation.

VI 1, Computationial Procedure for Tristimulus values and Chromaticity

Coordinates

Measurements of spectral reflectivity for opaque mineral
and spectral transmittance for non=opaque minerals and cut gemstonses
could be made at various wavelengths only within the sensitivity range
of the photomultiplier (i.e. from about 420 nm to 660 nm) since the
colour-=matching functions are very small below about 400 nm and above
680 nmy the reflectivity curve can be extended justifiably towards the

two ends of the spectrum by extrapolation (see Figure II 14).

Therefore the values require for the calculations-were

then found by interpolation and extrapolation for wavelengths of 360 nm

to 780 nm with an equal interval of 5 nm , by the following linear
equation:
Ax ~ )ﬂ
R, = —2=—L (R, -R) +R, (1)

X N2 = W\
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wvhere Rx is a required reflectivity at the wavelength 7\x ’ 7\2 and
)\1 are longer and shorter successive wavelengths respectively, and
R2 and R1 are the respective measured reflectivitiss.,

The reflectivity values at S nm intervals are then
multiplied by the corresponding normalized products of the colour-
matching functions of the light source obtained from Table II 5., By

definition, the tristimulus values XYZ of an object colour can be

determined by evaluating the following integrals,

X = [RhH%?hdm

RN\ HN yn dn (2)

r

IRNH\;)dh .

N
il

Since the reflectivity (or transmiticity) values ars
in percent, the sum of the products for X is divided by 100,0, and
similarly for Y and Z, Each integral sxtends over the visible spectrum

at 5 nm intervals , that is an 81 = point multiplication and summation.

The chromaticity coordinates x, y, 2 are given by

X Y. 2
X = =m————— el | y s == ’ zZ = — (3)
X+Y+2 X+Y +12 X+Y+12Z

PL_/ 1 Computer Programme

A PL/1 (Programming Language / One) programme written

by the author and based on the above computational procedures (1), (2)
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and (3), has the capacity to determine the required values from data

for several samples at a time, for one or many different light sources.

The computer output includes measured reflectivity ( or
transmiticity) data (input), interpolated and extrapolated values and
chromaticity coordinates (output). This programme and an example of
listings of sample data are given in Appendices VI 1a amd VI 1b.

respectively .

VI 2, Computational Procsdure for Dominant Wavelength, Complementary

Wavelength and Excitation Purity

The dominant or complsmentary wavelength of a sample
may be determined graphically from the standard chromaticity diagram
(previously described), Judd (1933) gave a computational procedure to
calculate the dominant wavelength and colorimetric purity* by linear
interpolation from his tabular values given for the C,I.E, standard
sources A,B,C and E, Judd's tabular values of slopes of the dominant
wavelength lines can also be found in the book ' Color Science' by

Wyszecki and gtilas (1967).

* Colorimetric purity = spectral luminance purity, is the ratio of the
luminance of the spectrally pure component of
mixture with achromatic component, matching the
colour, to the luminance of the colour itself,

( CCcOSA , 1968)
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Such ratios of constant dominant wavlength ( also

complementary) for any other light source are evaluated by

r=(x=X)/(y=Y)
if absolute value (x = X) <‘y -Y)
re(y-v)/(x=x (4)

if absolute value (y =- Y)<(x - X).

where x,y and X,Y are coordinates of the spectrum and of the light

source respectively,

A PL / 1 computer programme to compute tabular ratios
was prepared and is given in Appendix VI 2, Tabular ratios for sources

A,8 and C are listed in Table VI 1.

The computation of the dominant wavelength ( Nd) or
complementary wavelength (\c) by means of the Tables of Appendix VI 3.

is as follous:

Knowing the chromaticity coordinates (x,y) of a sample
irradiated by a source whose coordinates are (X,Y) the ratio r is
computed from (4) above, The ratio r will be found lying between two
tabulated ratios r1and r, which correspond to dominant wavelengths 7\1
and hz respectively, The required dominant wavelength ( Ad) of the -

sample was evaluated by linear interpolation within the intervals of

1 nm, therefors
(r-r,)
Nd = ——— (N, - N)+ . (5)
T et N

To compute the excitation purity (Pe) it is required to
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find the coordinates of the dominant wavelength on the spectrum locus.
The dominant wavelength of a sample lies between the tabulated wave=
lengths h1 and hz « Their corresponding chromaticity coordinates
(x1, y1) and (x2, y2) were read from Table II 3, and the required
coordinates (xd, yd) of the calculated dominant wavelength ( d) were

obtained by linear interpolation,

(hg = N)
d = ————— (x2- x1) + X

(™ = N)

1

(6)
_(7\1_- 7\,)

(v, =v,) +y,
(n= )

The excitation purity (Pe) of the sample colour was

then computed from one of the following formulae:

_ X=X _ y =Y
Pe"—-——h T —— (7)
N = X 7},-v

These two expressions ars equivalent, but if the straight line is
approaching vertical the first expression is less accurate and vice
versa when the straight line is nearly horizontal, and therefore the

smaller value with the least rejection error was taken,

To Compute Excitation Purities of Non=Spectral Colours

Excitation purities of spectral colours always have
positive signs, but one or both values (Pe) for the stimulus of a
non=spectral colour will have a negative sign or signs when the above

procedures are carried out, Hence the negative sign or signs of
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excitation purity would indicate that the required wavelength was not a
dominant wavelength ( Ad) but a complementary wavelength ( Zc) and that
the specimen had a non=spectral colour. Therefore it was necessary to

recalculate the excitation purity for the complementary wavelength,

In order to calculates the excitation purity of a non=-
spectral colour it is first required to find the coordinates of its
complementary wavelength on the purple line., This could be done in two

ways,

(1) Chromaticity coordinates of complementary wavelengths
of maximum purity for the C.I.E. sources A,B and C can be obtained from
tabulated values in the book ' Science of Color' by the Committee on
Colorimetry, 1968. The calculated complementary wavelength was then read
from that table and linear interpolation from tabulated coordinates
would give the required coordinates, This method is less accurate

because wavelengths are not in linear scale.

(2) The second method used in this present work was as

follouws:

The equation of the purple line is

y = mx + ¢ 3 where

(y = vs) 7/ (x = %)y

c=(xy =xy)/ (x =x)

and xm, Yn and xn, yn are coordinates of the two esxtreme ends of the

spectrum locus,

The slope and intercept of the straight line passing
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through the illuminant point X,Y and sample point X490 ¥, @8 shown in

Figure VI 1 ars

(9)
c, = (Xy1 - x1Y) / (X - x1)
[ ] '
The required coordinates x , y of the complementary wavelength (N\c)

are involved at the intersection of the above two straight lines ,

Hence simultaneous squations give

X = (c1 -c)/ (m= m1)
y' = (C =0 (10)

+c
(m=m)

The excitation purity (Pe) of a non=-spectral colour was then calculated

by the formulae (4) in which x' and y' replace Xy and Yq respectively.

PL/1 Computer Programme

Acomputer programme written by Dr. Reevs and the writer,
based on the above equations (4) to (10) , has the capacity to computs
dominant and/ or complementary wavelengths, coordinates and excitation
purities of large numbers of specimen data, and to produce input and
output data. This programme and an example of listings of necessary data

are given in Appendices VI 4 a and VI 4 b respectively,.
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Figure VI 1. Explaination to compute complementary wavalength (Ne)

and excitation purity (Pe) of a non-spectral colour,
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VII,. ACCURACY AND PRECISION OF COLOUR SPECIFICATIONS

OF MINERALS

Spsectral reflectivity data available from different
papers were employed to svaluate colour values quantitatively,
Different authors gave different accuracy and precision of reflectivity
measurements, Piller and von Gehlen (1964) describe accurate
measurements of reflectivity with relative errors about + 0.5% to + 1%
Cameron (1963) claims an accuracy of + 0.2% at 549 nm (corresponding

to a relative error of + 1% at a reflectivity of 20%).

Nichol and Phillips (1964) obtained a precision of
+ 0.25% at the reflectivity level of 18%. Rowie (1967) gives reflectivity
data of some ore minerals with a precision of less than + 0.5 absolute
percent in white light. Levy (1966) obtained precision of about + 0.2

to 0.6 from twenty measurements of spectral reflectivities,

It is to be pointed out that the precision and accuracy
of spectral reflectivity measurements vary over the visible spectrum,
This is the case to be considered seriously for reproducibilities of
colour values of minerals, because calculations showed that a consistant
error of 1% or 2% in every wavelenath made no variation in calculated
chromaticity coordinates, but small inconsistant error at some

wavelengths only gave rise to differences in coordinatss.

However, as the C.I.E. colorimetric system has limits
of accuracy (threshold values), the accuracy and precision of colour
values derived from spectral reflectivities can be estimated in terms

of thess threshold values,
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The Weighted Ordinate method (dN = 5 nm) which is

preferable to the Selected Ordinate method (previously described) was
adopted as a standard method in this persent work, It follows that the
accuracy and precision depsnds on spectral reflectivity data and the
numbers of wavelength intervals used in the measurements, Most of the
reflectivity values given in the papers are only for a few wavelengths,
Hence several interpolated values required to evaluate the integrals
may deviate considerably from actual measureable values, This in turn

depends upon the shape of the reflectivity curve.

In order to estimate the precision of quantitative
colour values derived from available reflectivity data by the computer
programmes it is necessary to estimate the true valuss. This was done
by using reflectivity data with the smallest wavelength intervals,
Then the precision of chromaticity values derived from large wave-

length intervals can be compared to those obtained from small intervals,

A wide range of specimen data was selected to obtain
strong, medium and weak colours with the chromaticity points scattered

as regularly as possible around the standard illuminant points A and C.

Calculations for comparisons of results were carried
out on the following basis, For a particular mineral measured values
of reflectivity with smallest wavelength intervals were first used to
derive the chromaticity coordinates. From the same series of measursment
a few values of reflectivity were then selected and used to determine
the effect of making measurements at wider wavelength intervals., So
that deviations from the smallest intervals can be estimated as errors

intréduced in the colour values,
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For example, pyrite has a comparatively medium colour saturation so
originally the results of Demirsoy (1968), at 23 wavelengths, were used
in the calculations and then valuess only 16, 12, 8 and 4 were used in

turn, as shown in Table VII 1.

Table VII 1 shows the deviations of reflectivity valuss
at omitted wavelengths from the actual measured values of 23 wavelengths,
due to linear interpolation, The effective variations in the chromaticity
coordinates due to such inconsistant deviations of spectral reflectivities

over the spectrum are given in Table VII 2,

In the case of pyrite it was found that the chromaticity
coordinates derived from the 23=point, 16=point and 12=point series
were identical, although the interpolated reflectivities deviated from
the actual measured values of the 23-point serises, That is, the
deviations ranging from 0.0 to + 0,15 (see Table VII 2) in the visible
spectrum indicate that the chromaticity values are not affected by

errors of 0% to 0.,3% in spectral reflectivities,

Due to linear interpolation the deviation of the 8=point
and 4-point seriss from the actual measured values of the 23-point
seriss ranged from 0,0 to ¢.042°'dnd + 0,01 to + 2.2 respectively
(corresponding to relative srrors of + 0,4% and + 4% for the upper

limits).

Hence the chromaticity values of either the 23-point,
16~point or 12=point series can be taken as standard values for
comparison and the deviations of the 8-point and 4-point values can be

compared to the standard values, in terms of the MacAdam standard
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deviation formula (ds” = g11dx + 2912dx.dy + gzzdy 3+ where the unit of

ds = 1 3 previously described in Chapter II 12),

The chromaticity values obtained from the B=point and
4=point series differed from the standard values in the fourth and
third decimal places respectively, the results of calculations showed
that the chromatiecity point derived from the B8-point data was well
within the threshold values, but the chromaticities of the 4=point data
were only just within the threshold limit, It seems that the MacAdam's

standard deviations are slightly large,

In the same way to estimate the accuracy and precision
of colour values of minerals the calculated colour specifications and
standard deviations for pyrite (Demirsoy, 1968), bornite (the writer),
tennantite (Tugal, 1969), hematite (Demirsoy, 1968), covellite (von
Gehlen and Piller, 1964) and cattierite (Demirsoy, 1968) are given in

Table VII 2,

These considerations and results indicate that:

(1) for most ore minerals 12~ to B-point measursments of
reflectivity are sufficient for accuracy and precision,

(2)  for a strongly coloured mineral like covellite at least
12 measurements of reflectivity are necessary,

(3) four=point data will only provide reasonably accurate
values of colour within the thr?sholds when the
reflectivity curve is fairly 1linear,

(4) colour specifications derived from measured reflsctivity
(or transmiticity) values with regular approximate

errors of 0 to + 2% over the visible spectrum are

accurate within the small limits of the threshold values,



Table VII 1. Measured Reflectivity Values and Deviations at. Omitted Wavelengths Due to Interpolation
Wave- 23-point Series 16-Point Deviatiom 942-Point Deviation 8-Point Deviation 4-Point Deviation
length (measured) Series Series Series Series

120 40,9 40,9 40,9 - 40.9 + .80
1;50 )-i-zo)-i- 14-2-10- - .00 .oo + oll»o
460 43.9 .00 43.9 43.9 43.9

470 45.5 45.5 - +.,05 +;05 - 50
&80 4702 47.2 - l"7.2 .OO "1.10
h'9o h—so7 +.15 "'015 +o15 -1-50
500 50.5 50,5 - 50.5 - 50.5 - -2,20
510 50,9 50.5 - +.10 +,15 -1.50
520 51.5 +.05 51.5 - +.10 -1,00
530 52.2 52.2 - -.10 -, 05 -.60
SLI'O 5207 5207 - 5217 - 52-7 52.7 -
550 53.2 .00 .00 -.10 .10
560 53-7 53-7 - 53-7 - ™ 20 ° 20
570 5441 Sle 1 - =10 - 20 -. 20
580 54e3 .00 S54e3 - 543 - 543 -
590 54e5 54.5 - .00 .00 - .06
600 She7 Shke7 - 547 - She7 - - .13
610 54.7 .00 .00 -.08 - .0
620 She7 She7 - S5he7 - +.15 + 415
630 54e9 54.9 - -.05 +.,03 + .09
610-0 5500 +'1o 5500 - 55.0 + -13
650 55-5 55-5 - . "'.10 -.10 - .01;
660 55.4 55014- - 55.L|- - 550 I-i- - 55.’-&- -

e ¢8



Table VII 2,

Variations in Chromaticity Coordinates Due to

Interpolation of Reflectivity Values

Specimen Series dy dx dy dav/y

Pyrite 23=Point Compared to the 23=Point values

(Demirsoy, 16=Point 0,009 0,000 0,000 0,0002

1968) 12=Point 0,009 0,000 0,000 0.0002
8-Point 0,025 0,000 0,0001 0,0005
4=Point 0,362 0.,0006 0,0020 0,0068

Bornite

(the writer) 12=Point Compared to the 12=Point values
8-Point 0,079 0.,0005 00,0002 0.004
4=Point 0.138 0,0004 0,D048 0.007

Tennantite

(Tugal, 1969) 12=-Point Compared to the 12=Point values
BmPoint 0,033 0,0003 00,0001 0,001
4=Point 0.050 0,0009 00,0017 0,002

Hematite(w)

(Demirsoy,1968) 23=Point Compared to the 23=Point values
12=Point 0,009 0,0001 0,D0001 0.0003
B8=Point c.018 0.0000 0,0000 0,0006
4=Point 0,035 0,0002 0,0002 0,001

Vovellite(w)

(Gehlen & Piller,13=Point Compared to the 14-~Point values

1964) 12-Point o,008 0,0005 0,0001 0,001
8=Point 0,019 0,0014 0.0004 0,003
4=Point 0.260 0,0128 0,0030 0,038

Cattierite

(Demirsoy,1968) 23=Point Compared to the 23-Point values
16=Point 0,000 0,0000 0,0000 0.000
12=Point 0,009 0,0001 0,0001 0.0003
8=Point 0.004- 0.,0002 0,0000 0,001

a2

b
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VIII, MEASUREMENTS OF COLOUR CONSTANCY, BIREFLECTANCE AND

REFLECTION PLEQCHROISM

Colour constancy refers to the substantial invariance
of object=colour perceptions in the presence of changes in illumination
(The Science of Color by Committee on Colorimetry, 1968), Discussion of
the phenomenon of colour constancy is as old as the problem of matching
surface colours in different illuminants., Two samples, for instance ,
will mateh under one illuminant, but they may not match under another.
In some cases they will mis-match because the alteration in appearance
may be so slight that it would pass undetected if the second sample

were not available for comparison,

Each real object has a so=called object colour which is
merely its capacity to modify the colour of the light incident upon it,
This capacity depends essentially upon the spectral reflsctance of the
surface and is a more or less unique and constant characteristic of the

given object,

Changes in appearance accompanying changss in illuminant
may be too weak to be perceived, For instance, coal usually continues
to look black, and snow white, in a wide range of illuminants, owing
to the effect of colour constancy. They are said to have high degrees

of colour constancy,

Changes in colour sensitivity are less frequently noticed
although they, too, are continually occurring and may be quite large.
The tendesncy in maintaining the colour constancy of object colours is,

on the other hand, due to visual adaptation,
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The effect of visual adaptation in colour perception
may be illustrated as follows. The colour of dayligt and the colour of
tungsten light are very different when viewed side by side, but many
ordinary objects in a room seem little changed in appearance when they
are ssen during the day and at night.
Another example of adaptation effect is well known in photographic
colour processing, Whites in the original may consist of white surfaces
illuminated by daylight , artificial light, or some other illuminant ,
and hence have varying energy distributions, These are all seen as more
or less white, owing to the adaptation of the eye to the illuminant,
but of course the sensitivities of the photographic material are
unchangable, and therefore will give different reproductions for whites

under different illuminants,

Thus process of visual adaptation could largely
compensate for changes in sensitivity level of the eye and the colour
of the illumination, and hence favours colour constancy. Nevertheless ,
the compensation is rarely quite complete and a high degree of colour
constancy is rare (Wright, 1969; Committee on Colorimetry, 1968). On
the other hand, if the illumination changes ares too sudden or too great,
or if the colour of the object instead of the illuminant is seen ,
adaptation could not prevent obvious changes in object colour perception

due to changes in illuminant,

Changing the illuminant may change the brightness or
relative spectral distributions of the light from the objects, and
therefore they show changes in appearance, The degree of colour constancy

will be of significance to particular light sources,

A classic example of a poor colour constacy can be



85
demonstrated by alexandrite (Cr=bearing chrysoberyl) in the field of
mineralogy, particularly in gemmology. Alexandrite is green under
daylight and changes very distinctly to a red under tungsten light,
because it highly absorbs the light in the yellow and blue reqions,
gives a main peak in the green and a secondary one in the red, Its
spectral diffuse reflectance or transmittance curve may be somswhat
like the one as shown in Figure VIII 1. Unfortunately, no quantitative
data for alexandrite was cobtained vecause of lack of specimens, Its
colour values calculated from the above predicted, general curve were
plotted on the chromaticity diagram in Figure VIII 2 to show the obvious

changes of colour in passing from dayligtit to tungsten light.

It was, therefore expected that some minerals may have
characteristics changes in apperarance accompanying the changs of
illuminant and so some minerals may be easily distinguished from others,

which are similar under ordinary- observation conditiaon.

According to the literatures of ore microscopy briartite
and gallite are difficult to distingquish, galena and sulvanite are -
similar. They can be distinguished from similar counterparts by
observing changes differently in appearance when inserting and taking
out a daylight filter infront of the tungsten lamplight, As shown in
Table VIII 1 briatite shows very little change in appearance whereas
gallite changes in colour noticeably when changing the illuminant from
A to Ce In the same way the changes in contrast enchancement of galena
and sulvanite could be detected. Galena shows noticeably increasing
saturation and brightness (additive effect), i.e. its appearance changes
towards luminous bluish colour from bright grayish colour; whereas
sulvanite performs slight decreasing saturation and brightness (sub-

tractive effect) from grayaysllowish to faint yellowish colour,
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Figure VIIT 1, A spectral distribution curve giving a green colour in daylight

Figure VIil

and changing to a red under tungsten light,

?e Chromaticity diagram showiny a poor colour constancy nf a

spacimen of Figure VIII 1,
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The basic quantitative colour valuss of some ore
minerals for the standard light sources A (average tungsten light) and

C (artificial average daylight) are tabulated in a later Chapter.

Isometric minerals have a single reflectivity in all
directions in white light or in any monochromatic light and consequently
they remain unchanged in chromaticness (hue and saturation) and visual
brightness as the stage of the microscope is retated under one light
sourcse, Many minerals of other crystal systems show distinct changes in
appearance with rotation of the stage under ordinary observation
conditions.Such changes are due to the variation of indices of reflection
and absorption with different crystallographic orientations, The

changes may be in brightness or chromaticness, or both,

The terms bireflectance and reflection pleochroism are
here used in separate senses on the basis of quantitative values ,
although in the literature of ore microscopy these terms have been used
with the same or similar meanings but without clear dﬁ?initions .
(particularly in the books published by Uytenbogaardt and Burke, 1971

page VIj; Ramdohr, 1969 page 297).

Bireflectance may be defined as the difference between
the maximum and minimum reflectivities of principal ecrystallographic
directions or as the difference of brightness Y vaues ( = visual R) ,
i.,e, dY = Ymax.- Ymin. o Effective bireflectance to the visual

sensation can be estimated with the threshold value of the brightness

which is appeoximately dY/Y = 1% .

Some sections of anisotropic minerals may show changes

in brightness alone without changes noticeably in chromaticness, as the
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stage of the microscope is turned . In other words the change in

appearance of a polishsed section with rotation of the stage is due to

the bireflectance, not dus to changes in colour,

Reflection pleochroism may be defined as differences in
chromaticity values (dx,dy) or as differences in dominant wavelengths
- fu“-?'
(Nd) and excitation purities (dPe) betwsen the,principal directions of

a section, Effective reflection pleochroism can be estimated with

MacAdam's threshold values,

Thus on the basis of quantitative colour values we can
say that changes in appearance of anisotropic minerals with rotation
of the stage are either due to the effect of bireflectance or dus to

reflection pleochroism, or due to both effects,

Pleochroism can then be defined quantitatively as
differences between respective tristimulus values dX, dY, dZ for the
principal directions of a section or expressed differently as the

combined effects of bireflectance and reflection pleochroism,

For exampla, changss in colour of some ore minerals,
as the microscope stage is rotated under one illuminant, are shouwn in
Table VIII 2, Such quantitative values of bireflsctance and reflection
pleochroism may also help to direct the consentration of an observer in

a particular case or cases,

Figure VIII 3 shows the changes of dominant wavelengths
and excitation puritimss of some ore minerals in passing from tungsten
light (source A) to artificial daylight (source C). In the Figure dots

represent positions of the specimens under source A and the shifts are
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indicated by arrow-heads when the illuminant is changed to source € ,

From this Figure the following interesting points are noted.

(1)

(2)

(3)

ot '
Most of the ore minerals have hues in two major
wavelength regions = i.se, yellow-oranée part and
purple-blue part.
The shifts of chromaticness, accompanying changes
in illuminant, appear in a rather regular fashion.
These regular shifts, in genseral, indicate that
the colours of ore minerals having chromaticnesses
in yellow=orange region become fainter when a
daylight filter is interposed infront of the
tungsten light, whereas the colours of other
minerals having chromaticnesses in the purple-
blue become stronger.
As consequances of the effect three signi{icant

characteristics in some cases were observed,

Firstly, in comparison, if two faint coloured minerals

occur side by side there may be effective contrast

enchancement with changes in illuminant.

For

example, galena and briartite will show effective

contrasts because the degree of colour constancy of

galena is comparatively poorer than that of briartite.

Similarly as shown in Table VIII 1, briartite and

gallite which are difficult to distinguish from each

other can be differentiated and recognised by observing

contrasting degrees of colour constancy.,

Secondly, some anisotropic minerals will show more

effective pleochroism (bireflectance and reflection
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pleochroism) under one illuminant or under another,
For example, the reflection plsochroism of hsexagonal
pyrrhotite is stronger under illuminant A than under
illuminant C. The reflection plsochroism of klockmannits
is distinctly stronger under illuminant C than under
illuminant A. These esxamples are illustrated in

Figure VIII 4,

Thirdly, the colours of many minerals change
correspondingly in passing from illuminant A to C,
but their shifts are of the same magnitude, thus the
contrast betwsen:the colours of many minerals remain

the same,

The same effects were observed when attempts were made
to obtain significant changes in colour under new light sources, These
sources were combinations of source A and a neutral filter with 80 %
transmission, and source A and a neutral filter with 20 % transmission

characteristics,

The procedures for measurement of a new light source

are described belouw,

First and formost measurements of spectral transmittances
of sach neutral filter (FA ) were made in the visible spectrum, The
relative energy distributions of the C.I.E. source A (Hx dan ) uwsre
multiplied by the 1931 C.I.E. colour-=matching functions (;).), similarly
by (yn) and (z) ) for wavelengths 380 nm to 780 nm with an equal interval
of 5 nm,

The sums Z;?\ HAN dN I;h HANdAN 4 and )zA HA dA were
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multiplied by a normalizing factor K, where K = 100.0/ 5_;7\ Hn dN o
Then the spectral transmittances FA were multiplied by corresponding
products XN HN dn s 8tc, The normalizing factor K for the new light

source was computed by

K = 100.0/ s_rx YN HRN N,

The tristimulus veluss of the new light source were

Xe = K JFRXn Hn o
Y. =K )N YNHRON = 100.0  and
2. =K FRINHA ON

The relative snergy distributions or normalized energy distributions

of the required light source wers obtained thus

for X @ ](F)\ HN XN dh ) Xg

ir) H™ XN

for Y : f(m Hhyndn ) Y

Y HA YN

S(Fn Hnzn dn ) Z

EF'A HN ZA

for Z

These relative energy distributions were used in the calculation
according to the C.l.E. method for the measurement of an object colour

with respect to this new light source, The chromaticity coordinatss of
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the source were then calculated by the formulae given previously,
x=xF/(xF+vF+zF)

=Y / (xF + Y+ ZF) .

<
I

APL/1 computer program written by the author for
1BM/360 to compute relative spectral distributions, tristimulus values
and chromaticity coordinates of any light source whose spectral

characteristics are known is given in Appendix VIII 1,

Colour measurements of a few ore minerals werse made for
the new light source and results were compared to those obtained previously
fot the standard light sources A and C. With changes in illuminant A to
y the new light sources or C to the new light sources all bases of comparison
)
'( { shifted correspondingly, but nothing looked significan?ly different
d

compared to the shifts due to changes in illuminant A to C.

Therefore all quantitative colour values of some ore

minerals are presented in Tables for the standard light sources A and C.
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Examples
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Degrees of colour constancy in passing from tungsten

light ( source A) to daylight (source C).

Mineral dn dPe% dy dy/y %
Briartite 5.8 =0,33 +0,09 0.3
Gallite 10.7 +2.03 +0.18 0.8
Galena 11.15 +2.92 +0030 0.7
Sulvanite 11.44 -3.75 -0.36 -1.1
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Table V

91 b

111 2.

Examples of Quantitative Values of Bireflectance and Reflection Pleochroism

under average tungsten light (source A),

Anisotropic Bireflectance Reflection Effective Pleochroism
Pleochroism
mineral dy dPe% dh dy/y ds
Hematite (w - @) 3.7 0.5 1.1 12.7 1.0
Luzonite(max, = min,) 3.3 5.5 12.4 12.4 14
Mawsonite(max. — min,) 0.6 11e1 1.9 2.25 10,9
Chalcopyrite(max, - min.,) 0.1 0.9 0.3 - 0.3 -0.9
Chalcophanite(max. - min.) 16.7 3.1 1.3 63.5 7.4
Niccolite(max. = min,) 2,2 2.9 0.1 4,2 7.7
Hodrushite(max. = min,) 1.2 0.0 4,0 3.6 2.1

Note:

Plesochroism of hematite from (w) to (e) is mainly due to bireflectance.
That is,the brightness differsnce between (w) and (e) directions is
12,7 times greater than just noticeable difference. Reflection

pleochroism is just perceptiable since ds = 1.

The brightness difference (dY) of chalcopyrite between maximum and
minimum directions is below noticeable level, The saturation
difference (dPe%) is just below noticeable difference. Therefors,

its pleochroism (dY/Y & ds) may not be percepti?ble.
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FIGURE VI3  SHOWING CHANGES IN- HUE(Nd) AND SATURATION(Pe) OF ORE MINERALS IN PASSING FROM TUNGSTEN LIGHT TO DAYLIGHT
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Fiqure V1174, Example of vifferent effects of Reflection Pleochroism

in pessing from Tungsten light (source A) to Daylight(source C)
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IX, A STUDY_ ON SOME COLOUR PROBLEMS IN ORE MINERALS

The major aim of this present work lies in the
development of quantitative colour measurement methods for minerals and
the establishment of numerical colour values, spectral reflectivity data

and graphical reprasentation of the colours of some ore minerals,

On the basis of the quantitative values, attempts were
made to understand the nature of the characteristic.colour, colour
variation, colour discrimination, colour constancy, raefelction pleochroism
and bireflectance of a miperal. Explainations of these properties have

been given in the previous chapters,

Attempts were also made to understand the relationships
between variations in colour quality and chemical composition and/ or
physical properties, Unfortunately, in the majority of cases, insufficient
chemical and other physical data are available for measured specimens,
and therefore no promising correlation could be made, but general

relations werse observed,

The results of the analyses, described in the following
pages should be consulted with the appropriate Figures and Tables which

are compiled in Chapter X .
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PURE GOLD, Au
PURE SILVER, Ag

GOLD - SILVER ALLOY, 50% Au + 50% Ag

The chromaticity coordinates of pure gold, pure silver and
-synthetic gold=silver alloy were plotted on the x=y chromaticity chart,
A gentle curve passing through thess points indicates the increase of
excitation purity (saturation of hue) with increasing gold content in

gold=-silver alloys.

The chromaticity points of two natural sylvanite(AuAgTea)
specimens from different localities are also shown in order to compare
the positions of reslative chromaticities with variable gold-silver content,
The change in chromaticness of each sylvanite is due to two principal
orientations (a and ¥ ), and is almost parallel to the purity increasing

direction of the goldwsilver alloy,

It is svident from the chromaticity chart that the higher
purity of the sylvanite specimen from Fiji (the maximum purity point)
suggest a higher gold content or conversely lowsr silver content than the
specimen from Colorado, as quoted from their electron microprobe (Stumpfl,

1970) analyses on the chart.

These quantitative valuss of colour agree well with Eales
(1961), who noted qualitatively that the colour of gold in polished
sactions is an index of its fineness, According to Ealss nearly pure gold
from some Southern Rhodesian mines has a golden colour with a distinct
ruddy tint (approximately 950 fine) and with increasing proportion of

alloys silver this colour changes through yellow to pale silvery yellow
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(approximately 600 fine). Eales defined only four shades of colour

qualitatively, to which all gold grains encountered could be referred,

It be of interest to determine colour coordinates of
several gold=silver alloys having different finenesses because the
above data suggest that their colour points will lies on the suggested
gentle curve, showing an increase of purities with incrsasing gold contents
and that all gold grains encountered could be compared with known

standards.
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GERMANITE, Cu6 Fe Ge SB

Quantitative colour values of germanite specimens, as
plotted on a chromaticity chart, are in good aqreement with Levy (1966)

who made measurements of spectral reflectivity on those spsecimens.

The chromaticity chart shows that the two specimens
1 and 2 from Bancairoun have the same colour as they are chemically
homogeneous (Levy, 1966). The chromaticity points 3,4,5 arid 6 scattering
outside the discrimination ellipss represent the varying shades of colour
J

of four different areas on a ?éterogeneous specimen from Tsumeb, as the

differences are visually noticeable (Levy, 1966).

According to R. Phillips (personal communication),
Springer (1969) and Levy (1966) the probable reason for the heterogeneous
character of Tsumeb germanite is mainly due to the different contents of
tungsten (tungsten-germanite). The colour of homogenecus, probably normal
germanite is similar to that of bornite but slightly paler and higher in

reflectivity (see in bornite).
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BORNITE, Cu_ Fe S4

5

Freshly polished surfaces of some bornite specimens
show noticeable colour differences, It was of intsrest to investigate the

colour variation in bornites,

Spectral reflectivity measurements for colour evaluation
were made on freshly polished surfaces of six specimens from five different
localities, as described previously in Chapter II1. In order to know the
tarnishing effect with time, repeated reflectivity measurements were made .,
The values of the second measurement immediatsely after the first run,
within about 40 minutes, showed no sigificant cariation in reflectivity
and colour values, but during the third run it was noted that the specimen
surface tarnished quickly and caonsequently gave different values. Therefore
the reflectivity values obtained on the first run were believed to be

accurate for bornite,

Electron microprobe analyses of these specimens were made
by Dr. Peckett (Geology Department, University of Durham) with a 'Cambridge
Geoscan'! microanalyser, The precision of ths measurements was estimated at

about + 2% of the measured value,

All analyses show that the measured specimens are nearly pure as all trace
element contents are below the limits of detection. The contents of Ti, Cr,
Co, Ni arse approximately less than 180 ppm, As 1is less than 450 ppm and

Sb is less than 350 ppm.

Figure IX 3, showing the colour distributions of measured
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bornite specimens (also other bornite specimens from Turkeyj Tugal, 1969),
and the Table below indicate that there are slight variations in colour
with slight differences in composition, but also shows that there is no
linear correlation between colour and composition. The chemical formula

of each specimen is given on the basis of 4 sulfur atoms per moleculs,
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Table IX 1. Electron Microprobe Analyses and Colour Values of Bornites

Specimen No. 6305 13513 6320 5796 12894 6301
Locality Korea Australia Arizona Rhodesi a Rhodesd a New Jersey
Cu 634 41 63 47 634 4y 630 41 634 39 63.01  Wt. %
Fe 11ek1 11.48 11457 11.50 11641 11,60
S 25.49 24,82 2,88 25.70 ;.88 %5.50
Sum 100, 31 99.77 59.89 700,61 99.68 700, 11
Formula

Cu e S
5.03°°1.02°%  Cus yPey o8, Oug e, oS, Ou oofe, S Ouy Fe, (oS, Ou gofe oS,

Y (brightness) 22,05 21.30 21.83 20,14 19.78 20,32
d (nm) 593.8 595.8 596.1 603.7 610.6 603,.8
Pe % 19,74 19474 19.69 15.16 11.82 12,46

The colour values. are with respect to the standard illuminant A,

q L6
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PYRITE , Foe 52

The colour distributions of 15 pyrite specimens are
shown together with a discrimination ellipsion the chromaticity chart,
All colour points are scattered within about 3 nanometers of the dominant
wavelength, but the variation in purity (saturation) as a whole is
surprisingly large, i.s. their colour qualities may be perceptibly

whitest yellow to yellowish white,

Comparing the colour distributions with the threshold
ellipse, the colour quality, for instance, of the R,S5.M. pyrite is

noticeably different from that of the A.E.D, pyrite,

Spectral reflectivities of the (100) face of pyrite
(Demirsoy, 1968) ars lower, by between 0.3 and 0.6 units, than those of
the (111) face, but chromaticity coordinates are identical, Their
relative brightness ( = visual reflectivity) difference (dY/Y%) is 1%

which is just noticeable under an ors microscope;

Singh (1965) demonstrated the variations in spectral
reflectivity of a group of pyrite specimens from fifferent localities
and the same effect is also described by Gray and Millman (1961) and
others. According to Singh the specimens 1877, 1879 and 1883 have no
significant variation in composition and contain no trace element greater
than D,1%. In the figure they all will lie within a discrimination

ellipse centred on the specimen 1883,

The anisotropic pyrite NG 18 of Tugal (1969) has a

slightly larger cell size (about 0,001 to 0.002 A®°) than his other pyrite
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specimens., It seems that this difference is not significant in colour

quality as compared with his other pyrites,

Pyrite specimens have been smployed as standards in
comparative reflectometry but it is doubtful on the above evidence whether

pyrite is a reliable standard for spectral reflectivity measurements,

It is not included amongst the standards recommended by
the International Mineralogical Association Commission on Ore Microscopy

(I.MeA.Cs0.M.).

If the spactral reflectivity data given by different
authors are assumed to be reliable with small, conventional errors, then
appreciable chromaticity variations could be largely a function of

chemistry.

Since pyrite may have slight substitutional and non-
stoichiometric variation in composition, appreciable changes in optical
properties of pyrites from different types of deposits may be due to the
presence of a minor slement or elements (Co, Ni, Cu, As, Zn), perhaps
greater than 0.1 %. Unfortunately, chemical data on measured specimens

is not available in most cases.
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CHALCOPYRITE , Cu Fe S

2

The chromaticity distribution of 15 chalcopyrite specimens
from three mineral deposits of Turkey (Tugal, 1969) are presented in the
x=y colour diagram of Figure IX 5. Although ths variation in chromaticness
is not very large compared to the size of the discrimination ellipse ,
the brightness (visual reflectivity) differences from one mineral to

another could be quite appreciably large, i.e. 47.8 = 43,63 4,2 units,
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TETRAHEDRITE, Cu3 Sb 53.25

TENNANTITE , CU3 As 53.25

Quantitative colour valuss show that tetrahsdrite
specimens have slight colour variation from greenish-ysllowish grey to
bluish=gresnish grey and that tennantite specimens have comparatively
larger variation in colour from greenish grey to bluish grey with higher

saturation (purity).

Since the range of solid solution in the tetrahedrite-
tennantite series is very large, their reflectivities generally vary
correspondingly from 32,7 to 25.6 % in tetrahedrite and 31.0 to 26.5 %

in tennantite,

The chromaticity coordinates of some members of
synthesised tetrahedrite~ tennantite series (Hall, 1971) are not
directly comparable with those of natural tetrahedrite and tennantite,
probably because of large variable substitutions in stoichiometric

composition and weak colour values,

Hall (1971) concluded in his doctoral Thesis that with
increasing As:Sb ratio there is a genseral decrease in cubic cell edge,
increase in microhardness, decrease in reflectivity and increase in
saturation of colour (purity). Unfortunately, it was not possible to
support his conclusion for natural tetrahedrite and tennantite, because
no chemical and physical data on measured specimens is available in the

literaturse,



322

320

.18

-316

.314

312

-310

308

TETRAHEDRITE

Pigure IX 6. o
- TENNANTITE o . u2
3° 22 23
*:3
o _E.o 2,1
®1,)
06
a78 PE 4
[+ ] o4
£7A
-]
o o
. a9 A
o &
0 82
O 8,3
o72
Q 7.1
o5
A 1 A A A A 2 A o A A 1 i
296 298 300 302 304 306 308 310 n2 34

g Lot



102

SPHALERITE, Zn S

Many investigations on cause of coloration in various
sphalerite specimens have been reported, Since pure Zn sphalerites can
be colourless, the change in colour of sphalerites, from a translucent
yellow through brown to nearly opaque black, is usually considered to
be a function of iron content (Dana's System of Mineralogy, 19443 Deer

Howie and Zussman, 1969),

Roedder and Dwornik (1968) concluded, in a study on
colour banding of some low=iron sphalerites (Pine Point) with the
electron microprobe, that there is no correlation betwsen iron content
and colour. Graeser (1969) also reported that the coloration of low=-iron
sphalerites (from Binnatal) in various shades of colour from ysllow to
black is not due to the increase of iron content, but due to a strong
influence of the Mn content: the ysllow colour changes to brown and
black whenever the Mn content exceeds a values of about 100 ppm. Nao

report to support his view has appeared so far,

The quantitative colour values of 16 sphalerite specimens
from Yugoslavia (Grafenausr et al, 1969) do not agree with Graeser's
report and have no correlation with chemistry, Although there is a
linear relationship between reflectivity and FeS content in synthesised
sphalerites (Akinci, 1970), their quantitative colour values again do not

correlate with chemistry or cell size.

The reason for lack of correlation with chemistry in

this present work might be that the reflection colour of sphalerite is
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very much less sensitive to its chemistry or other physical properties
than the transmission colour,

The same reason will apply for other non-opaque minerals,

Therefore, quantitative colour measurements derived from
spectral transmission data of sphalerite may be more suited to investigation

in the colour problem,
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GALENA , Pb S

All quantitative colour values of 7 galena specimens

represent greyish white colours with slight differences in purity. The

specimen M1 of Tugal (1969), being an average one, is taken as a

reference origin of the discrimination ellipse to compare the chromaticity

point with

difference
brightness

Demirsoy's

relatively

values are

those of other specimens,

Figure IX B shows that all galena specimens have no
in colour perception., The specimens of Tugal have the relative
difference (dY/Y) not greater than the threshold level, but

galena (100) has 5% greater than the reference.

Under a daylight illumination galena will show a
brighter and slightly stronger saturation, as quantitative

given in Table VIII 1.
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COLUSITE, Cu, (As,5n,V,Fe,5b) 5,

SULVANITE, Cu, V S4

3

Colusite is very similar to sulvanite (rare) in
reflectivity and colour quality as given in Tables and shown on the
chromaticity chart of Figure IX 9, Sulvanite has a slightly higher
reflectivity whereas colusite commonly shows different shades of zonal

gstructure,

The different shades are not due to difference in
chromaticness but due to differences in visual reflectivity (brightness).
The chromaticity points of different zones lie within the discrimination
ellipse, as shown in the diagram, but the colours of two zoned colusite

specimens are different,



108 a

COLUSITE

SULVANITE o

340}
4
-]
336 I3
3
- 32
3 H
322} 3 . 2y
¢ 22
2,3
Y }
328
324}
320
b
C
318 p ®
-
.310 314 318 322 326 330

Figure IX 9,



106

STANNITE, Cu2 Sn Fe 54 3 Tetragonal

MAWSONITE, CU2+x 5n fe 5

1=x 4; Tetragonal

IDAITE , Cu3 fe S4 $ probably Tetragonal

Several unnamed varisties of stannite have been reported
(Ramdohr, 1944 & 1960), Ramdohr recognised four different stannites
which he called 'Zinnkies I - IV', Some of them have been named, but
still noticeable deviations from ideal compositions of stannite and
hexastannite ( = stannite jaune of Levy, 19663 renamed as stannoidite by
Kato, 1968) from different localities were found by slectron microprobe

analysis (Springer, 1968).

Mawsonite is considered as an intermediate membsr
between stannite and idaite (Uytenbogaardt and Burke, 1971), but little

is known about the relationships between stannite and idaite,

An investigation of the variations in colour and other
optical properties of stannite, stannite jaune (hexastannite), mawsonite,

orangs bornite and idaite were made and observed as follous,

The chromaticity points, as shown in the x-y coordinate
chart, show, in general, that excitation purity and combined effects of

bireflectance and reflection pleochroism increase firom stannite to idaitse.

It seems that the colour saturation and reflectiion pleochroism is largsly
influenced by the Cu content. That is, as given in Table below, the
above properties increase with increasing Cu content from stannite to

idaite,
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The electron microprobe analyses are average data as
quoted below Table IX 2 which shows the general relationship between

chemical composition and the optical properties,

For each member of the series the colour variation is
also due to slight variation in chemistry and orientation of the measured
sections. In Tables (Chapter X ) and Figure IX 10 the spectral reflectivity
data and respective colour values of 1=3=4 and 5=-6-7 belong to ths six
different areas of the specimens no. 2 and no. 1 respectively (Levy, 1966).
According to Levy (1966) the slight difference in reflectivity (as well
as in colour) is perhaps dus to the fact that the specimen no. 1 contains

Zn whilst the specimen no. 2 contains no Zn.

It was seen from the Figure that the colour points of
the so=called orange bornite lis inbetween mawsonite and idaite and its
colour variation is large perhaps with large variation in composition.
Orange bornite (13) from Peru has higher Cu and Fe contents than other

orange bornites from Vaulry (Levy, 1966).

Similarly, the reason for large variations in reflectivity
and colour of idaites are due to the different orientation and chemistry,
Idaite (4=5-6) from Cerro Huemul, Argentina has higher Cu and Fe contents

than those (1=2) from France,.

Thersefore, on above evidences the colour intensity in
the series from stannite to idaite is strongly influenced by Cu content,
i.e. the brouwnish yellow saturatiéon increasses with increasing Cu content,
A slight variation in colour of a member of the series is probably due to
the differences in content of Cu, Fe , perhaps Sn, and minor elements

such as Zn, As,
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Electron Microprobe Analyses

Stannite Stannite Hexastannite Mawsonite Orange Idaite
Jaune Bornite
Cu 29,7 29,8 37,5 39,8 44,3 43,8 44,2 50.5
Sn 27.1 26.7 20.1 16.4 12.5 12.6 1501 -
Fe 1145 10,9 11.8 10,8 12.6 12.4 14,7 14,7
Zn 1.7 3,2 2,7 1.7 - - - -
S 30.0 30,0 29,8 29,7 312 31.4 29,0 34,2
S L L 5 L 5 L L Ref,
(9) (5) (9) (4)* (4) (5) (7) (7) No. of
Specimens
Characters
13.3—9.6 21.4 - 18.0 33.7-22.7 43.6-27.4 42.1-31.5 PB %
Max,=Min,
11.4 19.7 28,2 35,5 36,8 Mean Pe%
1.1 2,3 1.1 0.6 1.6 dy
(Ymax.=Ymin, )
(+) (+) (=) from (=) from (=) from Optic
420 to 540 420 to 560 420 to 580 -+9"
(+) from (+) from (+) from
560 to 640 590 to 640 600 to 640 nm
S = Springer (1968)
L = Lavy (9166)
* a specimen also contains Sb and As,
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ENARGITE, Cu, (Rs,Sb) S, ; Orthorhombic

STIBIOLUZONITE-LUZONITE, Cu, (As,Sb) 5,3 Tetragonal

The chromaticity variations of snargite and stibioluzonite
are mainly due to the different orientations in the polished sections,
whilst the measured luzonite specimens were very small and had many

inclusions (Levy, 1966).

A potion of the chromaticity diagram shows the colour
distributions of enargite, stibioluzonite and luzonite, In order to
visualize the colour quality from part of the chromaticity diagqram and

their colour values, the qualitative colour discriptions are quoted

bslow,

Enargite: Pinkish grey to violet grey,
bireflsctance and reflection pleochroism
distinct,

Stibioluzonite: Pinkish without orange tints,
bireflectance and reflection pleochroism
distinct to moderate.

Luzonite: Light pinkish orange,

bireflectance and reflection pleochroism

distinct to stronag.
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THE EFFECT OF GRAIN SIZE ON CHANGES OF HEMATITE COLOURS

A massive hematite specimen from the Lake District
(England) and single hematitse crystals from Sweden were ground down
separately by means of a Tema disk mill to investigate the change of

colour when the grain size is reduced,

Each powdered specimen was passed through successive
nylon sieves. All separated samples were then pelletised (dry) with boric

acid powder backings by means of hydraulic Ram Press.

Under the reflected light photomster microscope all
pellets revealed brown to red sarthy grains and fairly, evenly distributed
shining tiny specular hematites. Three separate, smooth areas which will
represent the overall reflection of sach pellet wsrechosen and spectral
reflectivity measurements were made on each area. The average results of

each specimen were employed in quantitative colour measurement,

Somse pellets having large grain sizes were reground douwn
into sufficient fine powders for x=ray fluorescent analysis, bsecause it
was considered that the composition of the samples may change due to

separation into different grain sizes,

X-ray fluorescent analysis was carried out on a Philips
PW 1212 automatic sequential analyser for the following oxides, 5i 02,
Al2 03 and Fe2 03 line intensities of the elements were measured on 10
standards which had previously been analysed by wet chemical methods,

Calibration curves for the elements were then obtained and from these

the compositions of the unknown samples were determined by interpolation.
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/and
show that the

The analyses are given in the Table IX 3
compositions of the different samples of the massive hematite were not
significantly different within the experimantal error, The composition
of the different samples of hematite crystals was therefore assumed to

be the same as the original composition. Hence the change in colour of a

specimen was mainly due to the change in grain size,

Figure IX 12 shows the effect of grain size on changes
of colours of the massive hematite and hematite crystals, When the grain
size decreases saturation (purity) of hematite colours distinctly increases
together with slight change in hue (dominant wavelength). All sample points
are also shown with the discrimination ellipse on an enlargerart of the

chromaticity chart of Figure IX 13,

The changes of colour of the massive hematite were large
at first and then decreased when the grain size was finer and finer, The
dark red colour of the powders of hematite crystals changed little

compared to the changes of the massive hematite powders,

For a hematite powdered specimen the variation in colour
was due to the change of grain size and also the amount and nature of

tiny specular hematites which wsre pressent in the powdered specimans,

Therefore the change of colour is probably a function of
different light scattering (diffraction and reflection) from tiny
spherical grains and crystalline hematites, together with the absorption

of light incident upon the powdered specimens.
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Table IX 3, X=-Ray Fluorescent Analysis of Hematite
Specimen Mesh S$i0, Al,0, Fe,0 Total (Wt.%)
P Nylon sieve 2 273 273 ¢
Crystals 191 0.73 0,43 98,10 99,26
Massive 25 52 0.80 031 95,77 96,88

52 172 0,72 0,31 96,50 97.53

72 100 0.72 0,33 95,53 96,57

100 150 0.78 D32 96,42 974,52

150 200 D.79 0,33 96,04 97,16
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Figure IX 12, Chromaticity diagram showing the colour sequence of
- hematite powders under the standard illuminants A
and C. Saturstion increases with decreasing érain

size . Arrow indicates the starting chromaticity points.
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X1I. CONCLUSIONS AND SUGGESTIONS OF POSSIBLE FUTURE WORK

Quantitative colour measurements have besn widely
applied, in many ways (e.g. the use of the visual quality of a colour
for its own sakej the use of the colour of an object as an idicator of
other properties which it may possessj etc.), in various laboratories
and industries such as colour photography, colour television, signal
glasses and road signs, agriculture and food, meteorology and astronomy,
chemical tests, analysis of optical and visual phenomena, industries of

automobile, dyeing, paint, pulp and paper, setc.

This project was undertaksen to investigate the
contribution to be made by concepts and methods of quantitative colour

measurement to mineralogy and gemmology.

All necessary computer programmes were preparsd for
18M/ 360 and used in this work to reduce personal errors and to save
time, since numerous calculations are involved in the measurement of

colour, (Chapter VI).

An investigation of the use of reflscted light methods
of determining spectral reflectivity values of facetted gemstones was
made for quantitative colour measurement, (Chapter III 3). The same
method was applied to the measurement of colour in ore minerals, since
it promised to be a useful additional method for the identification of

these minerals.

Many ore minerals, especially oxides, sulpho=-salts and
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sulphides have similar reflectivity in white light and some have
overlapping values of reflectivity and microhardness, It has been
realized that spsctral reflectivity measurements, can be made use of

in many cases for mineral identification,

Although reflectivity is the most important propserty
of opaque minerals, it is still difficult to compare the measured values
with available reflectivity data of a mineral for determination. As
shown by curves in Figure XII 1 in the Appendix, spectral reflectivity
values of many polished specimsns of a mineral vary over the visible
spectrum, Such variations may be within the experimental errors and/or
due to slight variations in chemical and physical properties.
Unfortunately, such slight variation in properties is below detsctable
limits in many cases,
Therefore, it is difficult to interpret the significances of considerable
variation, at a wavelength or at some wavelengths , of spectral

reflectivities,

However, from such spectral reflectivity measurements,
little work is required to obtain additional quantitative values, colour
values, which may be more useful for mineral determination and which may
help in explanation of the significant variations of spectral
reflectivities of certain minerals (Chapter VIII and IX, Figures 1a and

1b)e.

The enlarged diagrams of Figures 1a and 1b may be used
as an aid for mineral identification on the basis of quantitative colour

values,
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From the chromaticity diagram of Figure 1a, in general,
the measured chromaticity point of a mineral can be compared with those
of other minerals. All similar minerals may be eliminated by reading off
the tristimulus values Y, which is the relative brightness (or visual
reflectivity) at an appropriate dominant (or complementary) wavelength

from Figure 1b,

The mineral identification thsreafter can be mads with
the aid of other quantitative properties such as degrees of colour
constancy, pleochroism (bireflectance and reflesction pleochroism), etc.
(Chapter VIII) and of other qualitative propertiss such as form, texture,

mineral associations, etc,

Thus spectral reflectivity data and colour values togethsr
may form an additional system of mineral identification. Therefore the
compilation of systematic data of spectral reflectivity and colour of ore

minerals took the large volume of the present work,

Further more, a chromaticdity diagram representing colour
qualities of ore minerals will be useful especially in teaching ore
mineralogy to students, The colour distributions of ore minerals can be

seen in a such a diagram,

It is of interest to look at the chromaticity diagram
of Figure 1a, because the colours of most ore minerals distribute across
the diagram ( i.e. within 40% constant purity curve) from the yellow=-
orange region through the illuminant point to the blue=purple region.
The cause of this somewhat systematic and characteristic colour

distribution poses a new problem,
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Finally, from this work quantitative célour values may
contribute to a useful means of representing colour characteristics of
ore minerals in a colour diagram, comparing and distinguishing between
similar coloured minerals, and to an understanding of relations betuwsen
colour quality and other properties such as compositional variations ,

bonding and structure of minerals.
SUGGESTIONS

More imformation for other ore minerals is required to

complete the chromaticity diagram,

An interference colour nf a mineral can also be shoun
in a colour diagram if its spectral energy distributions are known and

such measurement may reward further study,

It was considered that the transmission methods of
measurement of facetted gemstones:for colour measurement requires further
development of accuracy and precision and eventually, standardisation
of method, Further investigation could make use of internal transmitted
light method, since such a method has already been used to qualitatively

determine the absorption spectrum of gemstones (Chapter IV).

Further work will be worthwhile to investigate the
measurement of fluorescent colour of particular minerals,The fluorescent
colour quality of a mineral is very difficult to discribe and yet is
used as an important property for identification of some gesmstones and

minerals,
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Finally, a suggestion is made to investigate the
improvement of reflected light methods of observing polished ore
minerals by using certain types of illumination under which effective
colour constancy and/or different colour contrast of similar minerals

may be easily observed,



Appendix 1

Xe QUANTITATIVE COLOUR VALUES AND SPECTRAL REFLECTIVITY

DATA OF SOME DRE MINERALS

The quantitative colour values and spectral reflectivity
data of about 340 specimens of 130 different ore minerals are compiled
in the table forms,

In compiling these data minerals are divided into two
sections, isotropic and anisotropic, according to the crystal system,
The visual reflectivity (tristimulus value Y) has been chosen as the
chief property in the sub~division, in order of increasing valus, The
colour values derived form 4-wavelength reflectivity data are given at
the bottom of sach sub=division in the same order,

All these quantitative data can also be used together
with qualitative descriptions given in the literature of ore microscopy

for mineral identification,

1. ISOTROPIC MINERALS
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WAVELENGTH

[
-

\n

€

3

3.3C

)

c
-
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FUFITY
{(PF)

14.4%

1S5

RRIGHTNESS
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Y

89,81
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LAMBCA REFLECTIVITY

(NNM) R

43¢ £€.4C
45C 725C
5G0 86.0C
580 £8.3C
569 G2.,1C
€5C 52.2C

A |



MINERAL NAME

CCMFCESITICN

CRYSTAL SYSTEWN

FLRE CCLD
AU

CLBIC

REF, FOF R:

FEMARKS:

{SQUAIC,1S€5)

LCCo

CHRCNMATICITY COCMINANT
SCURCE CCCRLINATES (CCHPLs) PULRITY
X Y WAVELENCTE  (FZ)
2 NDaS00U4 0e424C EBT.C5 4E.0¢
c CeZE4] (e2£52 ET€.€6C 38,33

PRIGFTNESS
{visualL R)

Y

LA¥BCA
(NM)
42¢
450
5C0O
558
550

650

REFLECTIVITY
R

2S46C \
2650
37.4C
59.00
£4450

7420

gy



FINERAL NANE
CCMPCSITICN
CRYSTAL SYST
PYRITE
FE S¢2
(UEIC

REF. FCR R:

RENMARKS:

£

SCULRCE CCCRLINATES
X Y WAVELENGTH

(SINGF,19¢4)

LOC.

FLBA.

AeEeDe

CHRCMATICITY COMINANT
(CCFMFLS)

Je3287 (Ca235C £73.2F

STOesZ2I1SS CALIBRATEL

PURITY

(P2)

BPIGHTNESS
(VISUAL R) LAMECA
(NM)

Y

440

4¢C

480

R

42430
45,5C
48.6C
£1.uC
53.40C
£447C
55.1C

58 48C

REFLECTIVITY

vy



MINERAL NAME CHFRCMATICITY DCMINANT BRIGFTNESS

CCMPCSITICN SCUPCE COUODORDIMATES (CC¥FL.) PURITY (VISUAL R) LAMBCA ReFLECTIVITY
CRYSTAL SYSTEN X Y WAVELENCTE (P2) Y {(NM) R
PYRITE A 0.4€02 Tedi4c S5E4e.C2 12.€4 53.5%4 43C 4z.10
FE SZ C Ce226C Cu337¢ £74.25 12.2¢ 53.28 47C 4€.2C ”
cuBlIcC 490 4G45C “
REF. FCGR R: NICHOL & PHILLIFS (16G¢53) 520 £z.CO
REMARKS: LCC., RIC MARINA,ELBA 585C 53.7C

5€u F4a.4C

610 5420

EEC £6e2C

gy



MINERAL NAME CHRCY¥ATICITY CCMINANT BERIGFTNESS

AN

AR

CCMPCSITICN SCLRCE CCOFRLCINZTES {CCPLe) PURITY {(VISUAL R) LAMBEA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENGTE  (F%) Y (NM) R -
FYRITE A Jet571L Qe4lL:E FEELES Ce3E £3.776 47C 4G.1C -
FE S2 c Je 2217 CaZ226¢E £1c.82 hebb 53.27 460 5C.5C
CuUeiIC 520 £2.6%
REF. FOR R: FALLIMCND (1G£7) 550 572.7C
REMARKS: LCCe RIC MAFINA,ELPA 5&C £4,3C

610 £5.1C

65C €. 4C

67C 55.00

9°y



MINERAL NAME
CCMPCSITICN

CRYSTAL SYSTEM

PYRITE

FE S2

cLBIC

REF. FCR R:

REFARKS:

(CCMMUNICATICN

LCC.

ELBA.

A

SCLRCE CCCRCINATES {CCYFL)
X Y WAVELENCTH

Coe460€ Qo167 522.68
Ne22€2 (CeZ412 £72424

c

NeFelo

CFRCHMATICITY DCYINANT

WITEF PoRoSIMPECN)

CALIERATEC(ECWIE)

PURZITY

(P%)

15.41

11. 57

SRIGHTNESS
(VISUAL R) LAMBCA
(NVM)

Y

53.8¢

53022

400
420
44C
46C
48C
500
520

540

620
640
eec
£8C

7C0

R

Z7.1C
38.80
41. 20
44430
474 €C
5030
£2.CC

53.2C

TN

Cs.

REFLECTIVITY

L'y



MINERAL NANME CFRCMATICITY LCCMINANT 2RIGFTNESS
CCMPCSITICN SCLRCE CLORCINATES {CCMFLe)Y PURITY (VISUAL R) LAMBCA REFLECTIVITY
CRYSTAL SYSTEWN X Y LAVELENCTH (P%) Y (NM) R
FYRITE A Ce4ECT Ca41t4 £€3.44 13.87 52454 420 37.80
FE Sz C Je32€7 Ca33E4 E72.7C 1iC.28 52464 420 ZG. €0
(ueIcC 440 42010
REFe FCR F: (SINGF,1S€4) 4€0 45,10 ‘-
REMARKS: LOCe ELBAe AeEele STCoesNePele CALIBRATELC 480 48,10

ECC £C.4C

546 52420

589 544,40

€zC £4.,7C

660 5560

7CG 55.8C

g*y



FINEFAL NANE CHRCMATICITY CCVINAAT RRICHFTNESS

LG T

CCHPOGSITICN SCLRCE CCCRDINATES {CCV¥FLa) FURITY (VISUAL R) LAMEBLCA REFLECTIVITY
CRYSTAL SYSTEWM X Y WAVE_ZNGTH (P2) Y (NM) R
PYRITE,ZNGD1O A 0.4594 (a4l47 £83.75 1:Z.18 £Z2.S5 440 4Ze63
FE S2 C Cu2€c Caz2£2 E74.€2 a9 52.32 4€0 45,34
cuBic 480 47468
REFe FOF R: (TUGAL,1S€S) 520 48454
REVMARKS: LCCs TURKEY 52C S0et2
54C 524132
56C 3433
5€0 £44,32
60y 53.47
€20 54, €6
649 53647
6EC 4,132

6°v



MINEFRAL NANME CERCMATICITY CCMINANT BRIGHTNESS

CCMPCSITICN SCLRCE COCFDINATES (CCMFLa) FPURITY (VISUAL R) LAMEBLCA REFLECTIVITY
CRYSTAL SYSTEHM X Y WAVELENCZTH (P®) Y (NV) R
PYRITE 187¢ A Cets57€ Cot143 583421 1165 5Z2.84 400 38.80
FE S2 C Co323E& Ce32346 £72e44 BebT 52.2¢ 42C 4Co 70
CLBIC 440 43,20
REFe FCR R: (SINGF,1Ge4) 4€C 45,60 47_2
REFARKS: LCCse CCLCMETIA,SeAMERICA 48C 48.60

50C 50.2C

54¢ £2.€¢C

583 52460

€ezC £3.77C

6€0 5443C

7CC £644C

oLy



MINERAL NAME CFRCIMATICITY CCMINANT RRIGHTNESS

CCHPCSITICN SCURCE CCCRCINATES (CCMFL) PUKITY (VISUAL R) LAMBLCA REFLECTIVITY
CRYSTAL SYSTEN X Y WAVELENCTH (PZ) Y {A\V) R
PYRITE A CoaaZ71 Cea4il4l EE€3.,C5 1le.17 526172 400 36,10
FE S& C 0e3222 Ce3345 £12.14 Be4d 52.28 429 4Ce ST
(LBIC 44C 42640
REFs FCR R: (SINGH,1G€4) 4€C 45.EC 73
REMARKS : LCCe UNCERTAIN. ReSoeMe STUo YEASURED AGAINST AebEeDe STCS(NPL) 480 48.85 4

500 ECeEC

546 5250

5¢€6 £3.2C

£23 £2.7C

EEC £4435°

TCU £4.39

LL°v



VINERAL NANME CHERCMATICITY COMINANT BFICFTNESS

CCHPOSITION SCUFCE COTRDINATES (CCMPLo) PURITY (VISUAL R) LANBCA REFLECTIVITY
CRYSTAL SYSTEM X v WAVELENCTH (P?) Y {(NM) R
PYRITE 1883 (100) A Ze45E6 Ce4l4l £E3.E8 1zeli 524 €65 4CC 38420
FE S2 C Ce224f Co3354 574,02 S.C7 52.1i 42C 4C42¢C
CUBIC 440 42407
REFes FCR R: (SINGH,1G¢64) 460 45.40_ ;.
REMARKS: LCC. CRAY RIVER,NEWFOUNDLANC 480 4830

5CO 46.5C

546 5239

56 £2.2C

€20 £3.50

€eC £5.10

7C0 £5.2C

ZLey



MINEKAL NAME CERCYATICITY CUOVINANT BRIGHTNAESS

CCNMPFCSITICN SCURCE CCORLCINATES (CCMPL.) PURITY (VISUAL R) LAMBDA REFLECTIVITY
CRYSTAL SYSTEW X Y LAVELENCTE (F2) Y {NM) R
PYRITE A Ue4SE57 Co4123 582.52 Se8H 52e44E 4CC 3t.2C
FE S2 C Je22ic Co232:2 572.€€ Te21 52612 420 40207
CLBIC 44¢ 44, 4C
REFe FOR R: (SINGF,1S¢4) 460 47610 ,
RCcMARKS: LCCe KASSANCEA MINELCREECE 48C 49.43.

500 5C.80C

£4¢ £2.3C

589 52.80

620 £3.30

66C £2.6C

iy

~3



MINERAL NAME CHRCMATICITY CCOEINANT
COMPCSITICN SCLRCE COOFDINATES (CCMFLS)
CRYSTAL <SYSTewM X Y »AVELENCTF
FYRITE,NC1G A Uob6C8 Lodl4E EE4,E3
FE Sc C Ce2277 Ca33¢E 5754465
CuBlcC

REF. FOR R: (TLCAL,1G&6)

REMARKS: LCCs TURKEY

PURITY

(P2)

14,C1

i0.22

BRIGHFTNESS
{(VISUAL R)

Y

Sl.EE

LAMEBCA
(NM)

440

469

480

R

41.37
44,08
4€432
47.28
48676
£0.51

£2.45

REFLECTIVITY

V401



MINERAL NAME CHRCMA
CCMFCSITICN
CRYSTAL SYSTEM X
PYRITE 1E77
FE S2 C Ce2Z2E1
CLBIC

REFs FOF R: (SINGFryiGE4)

RENMARKS: LCCe CHARLCTTE MINE,NCRWRAY

TICITY

SCURCE COCRCINATES

Y

DCM¥INANT
(CCHPL.)
WAVELENCTH

(F2)

BRIGHTNESS
PURITY (VISLAL R)

Y

LAMEBDA
(NM)

4006

420

440

4€0

4EC

R

27.2C
38,7C
41e4C

444,50

REFLECTIVITY

GLeyY



MINERAL NAME CHRCMATICITY CCMIMANT RRIGHTNE SS

A

COMPCSITICN SCURCE CCGRCINATES  (CCKFL.) FURITY (VISUAL R) LAMBCA  REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENGTH (P3) Y {(NM) R
PYRITE A Ce4SE1 Co412€ 53,88 11.66 51462 436 47460
FE S2 C 543241 Ce3347  E£73.67 €.70  Slall 4€C 45,1C
cusIC 480 47,40
REF. FCR R: (SINGF,1964) 500 45410C
REMARKS : LCCo UNCERTAIN. ReSeMe STDe NePole CALIBEATEC 520 50.30

546 51420

580 E1.EC

€10 52480

€50 £3,4C

67¢ 53,60

gLy



MINCcRAL NAME CFRCMATICITY CCONINANT BRICFTNESS

CCMPOSITICN SCULRCE CCORCINATES (CC*FlLe) PLRITY (VISUAL R) LAMELA
CRYSTAL SYSTEWM X Y VAVELENGTH (P %) Y (NM)
PYRITE,CCY94 A Ceb€lr Cobiby £24480 14.5C £1e36 447G
FE S2 C De328% (2376 E75.42 15e€U S0.¢5 4€30
CUEBIC 480
REF, FOR F: (TUGAL,1%69) 5C0
kel ARKS: LCC. TURKEY 520
540
560
5€C
600
€2C
&40
66C

48449
£0.1€

51460

REFLECTIVITY

co é

LL*Y



—

MINERAL NAME CHRCMATICITY CCMINANT BRICHTNESS

CCMPCSITICN SCURCE COCRCINATES - (CCMFL,) FLRITY (VISUAL R) LAMELCA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENCTE (P%) Y (NM) (R )} (R )
PYRITE NGlE A 0.,48CE D.414E £84,21 14522 £2-15 44 41.25 41025
FE S2 A wobé€f5 Co4itz £832,50 14.2S £e-32 4€C 44,02 44.1L
(UEIC C 0,2¢78 €C.227%7 £74,5S 1C.4S 51,45 480 465 44 ;6.68
C Ce327€ C,33E1 £74.5S 19.54 £1.65 G 4E.1€6 4E52¢

REF. FCR E: TUCAL (1969) 520 49,48 49.74
REMARKS: LOCe TULRKEY; ANISCTRCFIC PYFRITE 549 £0.6¢ fl.2¢
| 560 52437 52,632

58.) £2.21 E2.5¢C

629 53,54 53,50

€2¢ £3.,52 EZ,E:

640 £3.60 53,6¢

EEQ £3.84 53,84

Ly



MINERAL NAME CHRCMATICITY DCHYINANT BRIGHTNESS

CCMFCSITICN SCURCE CCCFCINATES (CCMFLS) PURITY (VISUAL R) LAMBDA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENGTH (P%) Y (NVM) R
CCBALTITE(1CC) A Ce4EB2¢ (CobiT1 £G4,4,27 5422 506472 440 48.C2
(CCy,FE)AS S C Ne2178 Ca3iCE 5EEcS4 3.CC 4S0.6C 460 4743
(ugic 48J 47444
REFs. FCR R: (TFE AUTHEGR) 5C0 47.87
REMARKS: LCCe UNCERTAIN, SINGLE CRYSTAL 520 48445
549 49.16
Electron Probe Analysis: Wt. Go
SEO 4C,EC
Co 33,20
580 5Ceb7
Fe 1.90
Ni 1.87 €QC Sl1e52
As 45,25 620 52415
S 18.80
€40 €3.13
101,00
6€eG £2,5¢0

6L°Y



M INERAL NANE CHERCMATICITY DCMINANT

CCMPCSITICA SCURCE COCRDINATES {CCHPL,)

CRYSTAL SYSTEW X Y WAVELENCTH
CALENA A Ge44C3 Ca4lit 478471C

PE S C Ce2CC4 Co3L27 4€S.71

CUEIC

REF. FOR R: DEMIRSCY (1%¢£E)

REVMARKS: LCCs UNKNCWANe MEZASUREC ON CLZAVAGE FACE

PURITY
(P2)

BRIGFTNESS
(VISUAL R)
Y

LAMBCA

(NM)

440

4¢0

540

560

58C

€00

€20

640

€EC

REFLECTIVITY
R
4G.80
4844C
47.2C
45.50

44,7C

oz*v



FMINERAL NAME CHRCMATICITY CCFMINANT BRICFTANESS

CCMFCSITICN SCURCE COORCINATES (CCMPL.) PURITY (VISUAL R) LAMECA REFLECTIVITY
CRYSTAL SYSTEV X Y WAVELENCTE (PX) Y (NM) R
CALENA VM3 A 0e44Cz GCe4C24 4E1.57 2.C3 41.5¢€¢ 44C 47645
PE ¢ C Coe3CC8 Ca3C37 47Ce18 4.95 42.2€ 4 €0 4€.4¢
cLBic 48C 44, 17C
REFe FOR R2 (TUGAL,16¢€6) 500 43.68
REMARKS: LCC. TURKEY 520 42.71
520 42.11
540 42622
5¢0 420 0E
580 4l.62
€GC 41433
620 41,62 °
e4C 4l.41
660 4C.77

lz*y



FINERAL NAME CHRCMATICITY LDCMINANT BRIGHTNESS

COMPOSITION SCURCE CCCRLCINATES (CCMFLa) PURITY (VISUAL R) LAMECA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENGTH (P2) Y (NM) R
GALENA,NGC1E A 0.4411 C.4C(26S 48le51 1.7S 41.88 440 4€.82
pe S C De3C19 CGa3C4¢ 454565 4e4 4ee l4 “ 4€C 45, 84
cuBIC 480 44,38
REFe FCR R: (TUGAL,1969) 5C0 43424
REMARKS: LCC. TURKEY 520 42041
520 42.41
254G 42.02
5¢&0 41.57
58C 41.80
6G0 41.41
620 41457
€4C 41,01
660 4077

ey



MINERAL NAME CHRCMATICITY DCMINANT BRIGHTAESS

CCMPCSITICN SCURCE CCCRCINATES  (COMPL.) PURITY {(VISUAL R) LAMBCA  REFLECTIVITY
CRYSTAL SYSTEM X Y  WAVELENGTF (P%) Y (NM) R
GALENA,KLCZA A 0.4413 0.4C2¢ 47564 177 414€C 440 46,53
FE S € 0.2(16 C.2C45 4EELEE 4448 42.04 460 45445
CuBlIC 480 44,3¢
REF. FOR R: (TUGAL,15€9) 5C0 43422
REVARKS: LCC. TURKEY ' £2¢C 42446
520 42449
€4 41.91
560 41.81
5€0 41.38
600 41le47
€20 41,62
640 41.41
660 4Ce77

INAd



MINEFAL NANME CHRCNMATICITY

CCMPGSITICN SCURCE CCORCINATES
CRYSTAL SYSTEM X Y
GALENA,MI A Ce44CE Ca4lCZE
PE S C 0.3C14 0.3041
cuBic

REFe. FCR R: (TUGAL,1S69)

REMARKS: LGC. TURKEY

CCMINANT
(CCN¥FL.)
WAVELENCTH

48CeEE

6€Ce71

BRICHTNESES
FURITY (VISUAL R) LAMEBCA
(P%E) Y (NM)

1,85 4l.62 440

467C 41,€E8 4¢€C

REFLECTIVITY

R

46493
454.€1
44426
43.1¢
42430
42430
41.75
4176
4l.22
41.01
41434
41e41

4Ce 17

vZey



MINER2L NANE CRROMATICITY DCMINANT BRIGHTNESS

CCMPOSITICN SCURCE CCCFCINATES (CCMFL.) PURITY (VISUAL R) LAMBDA REFLECTIVITY
CRYSTAL SYSTtM )] Y WAVELENGTH (P9) Y (AV) R
GALENAZNGD17 A C.44C¢ C.4Ci8 47752 1.62 41.57 464G 47.31
PE S C De2C12 Gez2C2S 4c7e17 4eS7 41,81 460 45,62
cueic 480 44,33
REF« FCR R: (TUGAL,1969) 500 43,11
REMARKS: LCCes TLRKEY 5¢0 41. €€
520 41.8¢
54C 41e1¢
560 4le55
5€EC 4le31
600 41.1°%
62C 4l.4¢
640 41.C7
660 40.77

sc*Y



NINEFAL NAME CHRCMATICITY CCMINANT BRIGHTNESS

COMPCSITICN SCURCE CCGCRCINATES ({CCrFLe) PURITY (VISUAL R} LAMBEA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELERNGTH (P2) Y (NM) R
CALENA,KLCZ2C A Co4412 Co4CzE 4EC.£E1 1.76 41455 440 46450
PEe ¢ C 0.3C2C Co32C4E 4€G.21 46 4C 4le 7S 4€0 45422
cuelic 480 444,06
REFes FGR R: (TUGAL,1969) 5GC 43.01
REMARKS: LOC. TULRKEY 520 42.15
52C 42,12
540 41.6¢
560 41454
5€eC 41.2F
60C 41.05
620 ¢1le34
649 40.84
€€eC 4Ce 11

9z°y



MINERAL NAME CHERCMATICITY

CCMFCSITICA SCURCE COORDINATES
CRYSTAL SYSTEM X Y
KUTINAITE : A 064235 Co4(CES
CLU2.07 AGC.E4 AS c Co2S€E Co3CES
CUBIC

REFe FOR R: (JoHAK ET AL,1S7C)

REMARKS: LCCe CZECHGSLCVAKIA

Chemical Analysis: Wt. %
45,3
21.5
25,6

92.4

B &g

CCMINANT
(CCMPLW)
WAVELERNCTE

4GS z.E¢

480435

PURITY
(P%)

BFIGHFTNESS

{visualL R) LAMECA

Y

{(N¥)

42C

5C0
5CGC

520

REFLECTIVITY

R
47.20
4€.5C
46050
454 EC
44420
4442C
43.30
4248C
42.20
41.4C
41.7C

3G6.3C

Lty



MINERAL NAME CHRGMATICITY DCMINANT BRIGHTNES S

CCMPCSITICN SCURCE CCCRLINATES (CCMPLS) PURITY (VISUAL R) LAMBDA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENCTE (P%) Y (\V) R
CATTIERITE A 0.45C2 C.4C€1 ~5C5.05 0.93 33.E1 440 33.EC
cC s2 C 02116 Ce21%4 -4C€o11 Ce 72 33.6S 460 33.60
CuBIC 48C 232.5¢C
REF. FCR R: (CEMIRSCY,1G¢E) 500 33.40
REMARKS: LOCes LNKNRCN 5¢C Z2.3C
520 23,30
£40 23.4C
560 33660
SEC 232,8C
&6C0O 33.9C
620 24,30
€640 2447C
66C 35,20

ge°y



MINERAL NAME CERCMATICITY CCMINANT BRICGHTINESS

CCMPCSITICN SCURCE CCORDINATES (CCMFLe) PURITY (VISUAL R) LAMECA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENCTF (P%) \J (NM) R
CCLCFIELCITE 1,1 A 0e447% Coéb(tA E€Te5S5 0. 56 32.CC 420 31le49
CU3(TE,SB) £4 c 0.310% C.2176 5€61.5¢ Ce54 3z.02 44C Zl.2C
cuBicC 460 32.0C
REFs FCR R: (LEVY,1¢¢¢) 4€C 31. EC
RENMARKS: LCCo CCLCFIELLyUeSoho 5C0 32.20
' 50C 22.2C
520 32.00
£4C 22.00
5¢0 32,20
5€0 32,00
€00 31.80
€20 22.2C
64C 2l.8C

62°v



MINERAL NAME CHRCMATICITY
CCMPCSITICN SCURCE COCRLCINATES
CRYSTAL SYSTEM X Y
CCLCFIELCITE 1,42 A 0e4477 Ca4CES
CUZ(TE,SB)S4 C Ca?1CC CeZ1EC
CuBIC

REF. FOR R: (LEVY,1G6¢)

REMARKS: LCCs CCLCFIELLCyUeSo2e

DCMINANT
(COMFL,)
WAVELEMNCTH

£72.21

EETeES

(F2)

Ce €

Ceb7

BRIGHTNESS
PURITY (VISUAL R) LAMBCA
(NM)

Y

3l.71

32.25

540
560
SEC

60C

REFLECTIVITY

ogc*y



MINERAL NAVME CHFRGMATICITY COMINANT BRIGHTNESS

CCMPOSITICN SCURCE CCCFGCINATES (CCMFL.) PURITY (VISUAL R} LAMBDA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENGTH (P%) Y (NM) R
CCLOFIELDITE 1,3 A Coe44€C Coa4CET 5CS.C65 Ce37 31,71 420 321e4C
CL3(TE,SB)S4 C 0.3CSZ 043173 5C7a.CC 0.26 2178 44C 31.2C
CuBIC 4€C 32.00
REFe FCR Rz (LEVY,1966) 480 2l.80
REMARKS: LCCse CGCLCFIELLC, UaSe2, sCC Z2.CC
5C0 32.00
520 21. 8C
540 22.00
ceC 32.00
580 3l.¢€0
6CC 31.6C
620 31.80
640 31.0C

le*y



MINERAL NAME CFRCMATICITY DCMINANT BRIGHTNESS
CCMPCSITICN SCURCE COORCINATES (CCVMPLs) PURITY (VISUAL R) LAMECA
CRYSTAL SYSTEM X Y WAVELEMNGTE (P2) Y (NV)
SLLVANITE 3,2 2 Oe4€C5 Ce4lc2 586028 12.2C 31. 29 42C
CL3 vV £4 c Ce32244 C.333¢€ 574495 8.48 31.24 440
cugic 4560
REF. FOR R: LEVY (1S¢¢€) 480
REMARKS: LCCo MERCUR UTAF,UeSeAW 5C0
50U
520
54C
5€0
S5€C
600
€20
&4C

REFLECTIVITY
R
2€.6C
2€.2C
2%.7C
2745C
3l.7C
21.7C
32.20
21.2C
30.20
21.0C
21.2C
33.30

34,80

A% |



MINERAL NAME CHRCMATICITY CCNMINANT BRIGHTNMNESS

CCMPCSITICN SCURCE COCRLCINATES (CCMPLe) PURITY (VISUAL R) LAMBOA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENCTEF (F%) Y (NM) R
SULVANITE 3,3 A D407 0a411C¢ £€a14 1c2el3 31.5¢ 42C 2€.£0
CU3 V S4 c Ce2244 Co2222 B7%.2C 8.37 31.16 440 26.20
CLBIC 4¢C 2. iC
REFe FOR R: LEVY {19&¢) 480 2790
REMARKS: LOCe MERCLRyLTAFyUeSeAhe 5CC 21.£C
500 21.60
520 22,20
540 %1.00
560 3C.CC
5€E0 21.00
6CC 31.20
862G 22e3C
640 34480

gety



MINERAL NAME CFRCMATICITY CCMINANT BRIGHTNESS

COMPOSITICN SCURCE COCRCINATES (CCMFLe) PURITY (VISUAL R) LAMECA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENCTE (PZ) Y {A\M) R
SULVANITE 3,1 A Co4€CC Co411€ EEELEC 1157 31.14 420 28.20
Cu2 vV %4 C Ce3222¢€ 0.3327 £T744.63 .02 30.82 44C 2€e 2C
cuBiIC 460 25440
REF, FCR R: LEVY (1S6¢) 4EC 27.6C
REMARKS: LOCe MERCLR,yLTAHsUSe A 500 21.5C
£Co 21l.5C
520 32.0C
540 30.60
5¢0 25.60
5€0 30440
6C0 2i.2C
62C 33.00
640 24.,CC

Ui |



MINERAL NANE CHRCMATICITY CCMINANT BRIGHTAESS

COMPOSITICN SCURCE CCCFCINATES (CCMFL.) PURITY (VISUAL R) LAMECA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENGTH (P%) Y (hNV) R
SULLVANITE 4 A Coqé€28 Codqll€ 58Ee4S 14.2F 25485 420 254320
CL3 v &4 c OeZ272 Ga33¢€€¢ 575.C4 10.12 29e5C 440 22.8C
cuelilc 460 24.00
REFe FCR R: LEVY {1966) 480 25.80
REMARKS: LCCo EURRA-BURRA, AUSTRALIA 5CC 36.0C
5G0 2C.0C
520 3C. 6C
540 2%.20
560 28.30
5€0 €G.1C
600 30450
62¢C 21.2C
640 33.0C

Ge°yv



MINERAL NAME CHFROMATICITY DCMINANT BRIGHTNESS

COMPOSITICN SCURCE CCCFCINATES (CCMFL.) PURITY (VISUAL R) LAMBDA REFLECTIVITY
CRYSTAL SYSTEM x Y WAVELENGTH (P%) Y (NM) R
CGLUSITE 1,1 A Coe4€C2 Co4lse E€4.1C 13.E8 30.£65 420 22.€0
CL3(AS,SN,V,FE,S5B)S4 C Oe3c74 Ce32ES E15.EE 9.50 3Ce22 440 2%.1C
cuBIC 4€0 2€.CC
REFe FCPR R: LEVY (1966) 480 26450
REMARKS: LGCe BLTTELNMCNTANRA,CANALE 5CO cietC
5¢C0 2760
520 28. EC
540 29.90
S€C 21.0C
580 3l.EC
eCC 21.90
€20 21.5C
640 3C.8C

9g*y



MINERAL NANME

CHRCMATICITY

CCMFCSITICN SCURCE CCCFLCINATES
CRYSTAL SYSTEM X Y
CCLUSITE 1,3 A 0.4€03 0.4147
CL3(ASySNyV,FE,SB IS4 C Oez2272 (uZ23%17
ELBIC

REFe FOR Rz LEVY (1CS£¢€)

REMARKS: LCOCe ELTTELNMCNTANA

CCMINANTY
({COMPL.)
WAVELENCTE

£E€4,.1E

575.54

(F2%)

13, €1

G.82

BRIGHTNESS
PURITY (VISUAL R) LAMBCA
(NM)

Y

3CeE7

30.14

520
540
560
5€0
600
e2C

€40

R

22.€C
25.10
26.,0C
2€6.5G
27.40
27.4C
28.80
2¢.8C
31.00
21l.4C
31.80
21.5C

30.8C

REFLECTIVITY

PA%E |



MINERAL NAME CHRCMATICITY CCOMINANT BRIGHFINESS

CCMPCSITICN SCUFCE COCRCINATES (CCMFLe) PURITY (VISUAL R) LAMECA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENCGTE (P2) Y (NM) R
CCLUSI*E 142 A Coed€¢C2 Cod4izS £E4.75 132,18 3C.Cl1 420 23.40
CL2(ASySN,V,FE,SB)S4 c 0.22¢€8 0432345 57€.4G Se.3€ 2%.5S 44C 24e EC
CUBIC 4¢€0 25.80
REF, FCR R: LEVY (1S¢&¢) 4€0 é€e 2C
REMBARKS: LCC. EUTTE,MONTANA,CANACA 5C0 27410
50U 27.1C
52C 28430
£4C 2% 3C
5€0 3C.20
S5€Q 3C.8C
6C0 21.10
620 21.GC
€64C 30.5C

ge*yv



MINERAL NAME
CCMPCSITICGN
CRYSTAL SYSTEM

CCLUSITE 242 A 0
CUZ(AS,SN,V,FE,SB) S4 C
CuUBiC

REFe FCR R: LEVY (1S¢€¢€)

REMARKS: LOC. CHIZELIL,FRANCE

CHRCMATICITY

SCLRCE CCORCINATES

X Y

e4€34 (e4liCc

«2284 043214

CCMINANT
(CCivFLa)
WAVELENCTH

CEELEL

EEQ.ZE

(P2)

1i2.30

E.SE

BRIGFTINESS
PURITY (VISUAL R) LAMBCA
(NM)

Y

29.51

25.C2

420

440

460

4€EQ

500

£CC

520

540

5¢C

580

600

620

€4C

R

24.00
é4e EC
2544C
25.5C
2€.60
2€.EC
27,20
28.20
2%e6C
30.20
30.¢&C
31.60

31.4C

REFLECTIVITY

6g°v



MINERAL NMNAME CFRCMATICITY DCMINANT BRICGFTNESS
CCMPCSITICN SCURCE COORCINATES (CCMPLe) PURITY (VISUAL R) LAMECA
CRYSTAL SYSTEM X Y WAVELENCTE (P%) Y (NM)
CCLLSITE 2,43 A De4€2Z Coe4lC(E EEBEC 12417 2G4 EZ 42C
CU3(AS,SNyVyFE,SB)SH4 c Coe22€2 0.2312 58J.31 8485 28.58 44C
CLBIC LEC
REFe FCR R: LEVY (166¢€) 4EC
REMARKS: LOC. CHFIZEUIL,FRANCE 500
50C
520
54C
560
5€0
600
620
€40

REFLECTIVITY

ovey



MINERAL NAME
CCMPCSITICN
CRYSTAL SYST

CCLLEITE 2,41

Ew

CHRCMATICITY
SCLRCE CCCRCINAIES
X Y

A 0.4€25 Qo4llii

CU3(ASySNyV,FE,SB)S4 C Ce327% Co2321

cusIC
REF. FCR R:

REMARKS:

LEVY {(15¢¢€)

LCC,

CHIZEUIL, FRANCE

CCVMINANT
(CCrFLS )
WAVELENCGTF

5E7.46

57G.26

FUFITY
(P%)

1224

S.N1

BRICFTANESS
(VISUAL R)
Y

LAMECE

{NM)

42C

44¢

460

48C

58C
E€cc
€20

€4C

REFLECTIVITY

R

24.0C
2480
2840C

2¢e0uC

Loy



MINERAL NANE CHROMATICITY LCOMINANT BRIGHTNESS

COMPCSITICN SCURCE CCCRCINATES (CCYFL.) PURITY (VISUAL R) LAMBCA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENGTH (P2) Y (NM) R
TETRAFECRITE 1,2 A Ce.44€2 Co4lcCS £E58.12 1,48 32.67 420 20.8C
(L3 SB £3.25 C e21C8 Co22CE 558617 1.40 3z.1Z 44C 31.8C
cLBiIC . 4€0 32.00
REFe FCR R: (LEVY,1966) 480 32.0C
REMARKS: LCCe HCURMN-ALSEN 5CC 32.3C
500 32.3C
520 224 £C
540 33.00
Ee€C Z3.3¢C
580 33.20
6CC 32.7C
620 31.4C
€40 31e4C

vy



MINEFAL NAME
CCMPFCSITION
CRYSTAL SYST

TETRAFELRITE 2,2

CL2 SB S$2,2°¢

CLBIC

REF. FCR R:

RENMARKS:

EM

CHRCMATICITY CCMINANT BRIGFTNESS

SCURCE CCCRCINATES (CCHPLe) FPURITY (VISUAL R)
X Y WAVELENCTE (P%) Y
A Oe.448¢ (o41CE E4z.11 CeSS 32.€1
C 0.3C96 0.32C1 £48.24 0.S8 32.7¢C

(LEVY,166¢&)

LOC.

BCUCJCUCCUNyALGERIA

LAMELCA
(NM)

420

44¢

4€0

4EC

580
600
620

64G

R

3C.90

v
LN}
L ]

(o]
(]

32.2C
32.2¢C
3244C
32440
32.€0
33.10
33.30
33.10
32e4C
31.10

21.4C

REFLECTIVITY

chey



A.44

MINERAL NANE CFRGMATICITY DCMINANT BRIGHTNESS
CCMPOSITICN SCURCE CCCRCINATES  (CCMFL.) PURITY (VISUAL R) LAMBDA  REFLECTIVITY
CRYSTAL SYSTEM X Y  WAVELENGTH (P%) Y (NV) R
TETRAFECRITE 2,1 A C.4454 Ce4lC4 527.57 Ce71 32.55 420 21.6C
CU3 SB $3.25 C  U.2CS€ 0.21%4 541.56 Ca72 32464 440 32.CC
CUBIC 4€0 22.2C
REFe FCR R: (LEVY,1566) 480 32,2C
REMARKS: LGC. BCUCJOLDCUA,ALGERIZ 5G0 32440
5C0 32.40
52G 22.17C
540 33,10
\ 56C 23410
580 32.90
£Ce 32.2€C
620 21.6C
&40 31.4C

oy



MINERAL NAME CHRCNMATICITY GCCMINANT BRIGHTNESS

CCMPCSITICN SCURCE CCGORCINATES (CCMPLe) PURITY (VISUAL R)
CRYSTAL SYSTEM X Y WAVELENCTF (FZ%) Y
TETRAFECRITE 1,1 A O.44%1 Cl.41C2 51S.16 Ca. &€ 3z.52
CU3 SB S3.2°% C Ce2(Cz Ce21¢1 £2c.1C Ce57 32464
CuBIC

REfe FOR R: (LEVY,19€€)

REMARKS: LCCe HCRNFALSEN

LAMECA
(NM)

42C
440
4¢€Q
480
5C0
500
52C
540
5€0

580

REFLECTIVITY

R

21.7C
32.30
32.4C
32.20
32.5C
32.50
22.8C
23.1C
33,1C
32.8C
32.10
Z1l.&C

31.40

Svev



MINERAL NANME
CCMPOSITION
CRYSTAL SYSTEM
TETRAFECRITE 1,3
CL2 SE §3.2°¢
CUBIC

REF. FOF R: (LEVY,156¢)

RFENMARKS: LCC. FCRNFAUSEN

C

CHRCMATICITY

SCURCE COORCINATES

X Y

Ce44€2 (o4lC4

0.3103 C.32(CC

CCVMINANT
(CCNFL.)
WAVELENCTE

£52.14

£52.€4

PURITY

(P%)

le C7

1.0¢

Y

BRICFINESS
(VISUAL R) LAMBCA
(NV)

3Z2e4¢€

3

Z

13
-

2

420
44C
460
4€0
500
5C0

520

640

R

30.80
2l.8C
32.00
22.G0
32.20
32.2C
32450
32.EC
33.06
32.9C
2Z2.40
31.20

2l.4C

REFLECTIVITY

9p*y



MINERAL NANME CERCMATICITY CCNMINANT ERICHFTNESS

CCMPCSITICN SCURCE COORCINATES  (CCMPL.) PURITY (VISUAL R) LAMBCA  REFLECTIVITY
CRYSTAL SYSTEM X Y  WAVELENCTF (P2) Y (NV) R
TETRAFECRITE 2,3 A 0.44€4 Co4lCE 557067 la24 32,46 420 3C. 96
(L2 SB S2.2°% C 0.31C& C.32C2 557.C7  1.19 32.52 440 21.7¢C
cusic 460 22.GC
REF. FGR R: {LEVY,1S€€) 4EC 31.8¢C
REMARKS: LCC. ECUCJOUCCUN,ALGERIA 500 32.00
500 32z.LC
520 32440
£40 32.5C
560 33.G0
SEC 33.0C
600 32440
€20 31.10
64C 21.40

AR}



MINERAL NANE CHRCMATICITY COMINANT BRIGHTNESS

CCMPGSITICN SCURCE CCCRLCINATES {(CC¥PL.) PURITY (VISUAL R) LAMBDA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENGTE (P2) Y (NM) R
TETRAFECRITE 3 A 0e4437 Co4CSE EC5.€6 0.85 31.63 420 3C.50
(L3 SB £3.25 C 003C7€ Ca2177 457776 0.84 31.7¢ 440 21.7C
cuslcC 4€0 22.2C
REFs FCR Rz (LEVY,196¢) 480 31.80
REMARKS: LCCe. FANMATINA 5CC 22.0C
5C0 32400
50 31.5C
540 32.20
5€C 22.2C
58C 32.0C
€0C 31.20
620 30.4C
640 2C.3C

gr°y



PINERAL NAME
CCMPCSITICN
CRYSTAL SYSTEM

TETRAFELRITE 4

Cu2 SB S3.2°¢

CUEBIC

REFe FOR R: (LEVY,1966)

REMARKS: LOC.

BRIGFTNESS
(VISUAL R) LAMECA
(NM)

CHRCVATICITY
SCLRCE CCCRCINATES

CCMINANT
(CCVEFL.)
WAVELENGTH

0a442E Co4lCC

0.3C71 C.2174

FAMATINA

420
440
460
480
500
5GC

520

560
580
€00
62C

£4C

REFLECTIVITY

R

26420
31.4C
31.4C
31.1C
Z1.0C
21.G0
é1.40
31.4C
21.3C
31.10
2C.4C
30049

26.0C

67°Y



MINERAL NAME CFRCMATICITY LCCMINANT BRIGHTNESS

CGMPGSITICA SCURCE CCCFOUINATES (CCMFL.} PURITY (VISUAL R) LAMBDA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENGTE (PZ) Y {NM) R
TETRAFECRITEE A C.4450 Co41C7 £23.€3 0.7¢ 30.5¢ 44C 2C.1¢
(L3 SB 53.25 c Oe2CS4 C.Z216%2 83¢€436 Ce €5 3Ce 8 460 29.93
CUBIC 4€0 2C.CS
REFe FCR R: (TUGAL,1G¢€S) 500 30.47
REMARKS: LGC. TLRKEY 520 IC. EC
520 3C.80
54C 21.C1
5€0 3l.12
£EC 3C.SG4
600 20.3¢
€20 2G.51
€40 25.271
660 28.08

0s*v



MINERAL NAME . CHRCMATICITY CCNMINANT BRICGFTNESS

CCMFCSITICN SCURCE COORDINATES (CCMPLe) PURITY (VISUAL R) LAMECA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENCTH (P2) Y (NM) R
TETRAFECRITE,4GA A 0.445E Co4CTE 465414 Cad? 25451 44C 3C.30
CUZ SB £2.2°% C C.2(CES C.3155 484472 C.&? 30.02 4¢0 30e2C
CUBIC 480 20.25
REFe FOR R: (TUGAL,1S€¢%) 500 2C.3¢
REVARKS: LCCo TURKEY 520 20.28
520 ZC.2¢
540 30.03
560 3007
580 29.88
e¢CC ¢G.81
620 30017
€4C 25.55
660 28.617

LS°Y



MINEFAL NAVME

CCMPCSITICN

CRYSTAL SYSTEM
TETRAFECRITE,4¢B

CL2 SB £3.25

CLEIC

REF. FOR Rz (TUGAL,19€9)

REVMARKS: LCC. TLRKEY

CHRCVATICITY
SCURCE COCRCINATES
X Y

A 0.442C C.41C6

DCMINANT
{CCMPL.)

WAVELENCTE

5C4.52

4S5,

(%]

S

PURITY (VISUAL R) LAMBCA

(F2)

1.26

le

a

¢

BRIGHTNESS

Y

26422

25455

(NM)

44C
460

4EC

54C
560
580
600
620
€40

6€0

REFLECTIVITY

Zs°*y



MINERAL NAME
CCMFCSITICN
CRYSTAL SYSTEM

TENNANTITE 6

CUBIC

REFe FOR R: (LEVY,1S¢£€)

REMARKS: LCC. TSUNEE

CHERCMATICITY
SCURCE COORDCINATES

X Y
A 0.4432 C.41(2
C Coe2C72 C.2182

CCMINAMT
(CCVMFLG)
WAVELENCGTH

5CEe4€

455,27

PURITY
(P2)

CeS7

C.93

BERIGFTNESS
(VISLAL R)
Y
3C. 7S

3Ce.<7

LAMBCA

(NM)

420

440

460

480

500

50C

520

REFLECTIVITY
R
3C.40
20.8C
30.70
21.2C
31.50
21.5C
31.70
21.4C
31.0C
3C.8C
30.80
25. 60

2%.30

ggey



MINERAL NANE CHRCMATICITY CCMINANT BRIGHTNESS

COMPCSITICN SCURCE CCCRDINATES (CCMFL.) PURITY (VISUAL R) LAMBLCA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENGTH (PR) Aj {N\M) R
TENNANTITE 8,1 A Ce4ZEE Co4Cci 4S8.,C1 2.72 2G.28 420 31.80
CL3 AS S3.25 C 02002 0.2126€ 486420 2e5€ 264 7C 44C 320.8C
LeiIc 469 31440
REFe FCR R: (LEVY,166¢€) 480 3C.70
REMARKS: LOC. FAURCNey SPECIMEN WITH SN 500 20.6C
5CC 2C.€&C
520 30.60
54C 3C.70
£¢€C 3G.CC
58C 29.20
6CC 284SC
620 2744C
£4C 2€.3C

w5y



MINERAL NAVNE CHFRCMATICITY CCNMINANT BRICGFTNESS
CCMPCSITICA SCURCE COORCINATES (CCMPLes) PURITY (VISUAL R) LAMELCA
CRYSTAL SYSTEM ' X Y WAVELENGTE (P%) Y (NM)
TENNANTITE 8,2 A 0.42€0 Co4(CS2 467.21 2e€8 28454 42C
CU3 AS S:z.ZE C C.3CCZ C.2121 485.171 4,05 2Ge35 440
cuBicC 460
REF. FOR R: (LEVY,1G€¢€) 48C
REMARKS : LCC. FAURCNoy SPECIMEN WITE SN 5CGC
5GGC
520
540
560
SEC
600
€20
64C

REFLECTIVITY

R

3l.8C
30.4C
31.2¢C
30.30
30440
3C.4C
30.30
20.2C
29460
2G.00
28430
27.0C

2663C

GGy



FINERAL NAVME CHRUMATICITY CCOMINANT BRICHFTINESS

CCMPCSITICN SCLRCE CCCROINATES (CCMFLe) PLRITY (VISUAL R) LAMBDA REFLECTIVITY
CRYSTAL SYSTEM X Y RAVELENGTE (P%) Y {(NM) R
TENNANTITE,40 A Ce4¢2C Co4l2l £1Co 73 1.30 2B. €6 446G 28453
Cu3 AS E2,.2°% c 0.307G C.32C2 507.12 1.C2 26.(8 4¢C c€a4t
cuglc 480 28,95
REFe FCR R: (TUGAL,1969) £CO 2625
REMARKS:: LOC. TURKEY 520 2S.72
sec 2S.72
540 2Se7€
5€0 29.61
5€&0 2S.04
6G0 28.16
620 2Te 12
640 27.07
€Eeq 2€.14

95°y



MINERAL NAME CFRCMATICITY CCMINANT BRIGHTNESS

CCMPCSITICN SCURCE CCORCINATES (CCMPL.) PURITY (VISLAL R) LAMBDA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENCTE (F%) Y (NM~) R
TENNANTITE E,3 A 0.42€0 0.40¢5C 457,01 2e €S 28.E2 420 21.8C
CU3 AS S53.2% C «2CC1 C.211€¢ 485.27 4e011 25423 440 30.40
CUBIC 4¢€C 21.0¢C
REFe FOR R: (LEVY,1S€¢€) 4890 30.3C
REMARKS: LCCe FAURCNey SFECINEN WITF SN 5CC 2C.4C
500 20.4C
520 30610
540 30.10
5€C 2%.5C
580 28480
€CC 28.2C
620 26.8C
€40 26.3C

LSV



VINERAL NAME CHRCNMATICITY CCNMIDMAMNT ERICHTNESS

CCFFCEITICN SCURCE CCCFCINATES (COMPLS) PURITY {(VISUAL R) LAMBDA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENCTE (P%) Y (NM) R
TENNANTITE, 478 A 0.4404 Ce4lll £02.€¢ le€2 ZE€e£3 44C 2G.C8
cu2 AsS £32.2% C CeZ{EC Co217E 4€3,18 le€1 28.80 460 Z8e72
cuBiIcC 4EC 28.65
REF. FOR R: (TUGAL,16¢€5) 500 25.28
REMARKS: LCCe TURKEY 52C 25. €2
520 2Sa.€2
540 2G. 6¢€
560 2¢€.0%
580 28463
6GC 2. €4
620 2702
64C 2€e5C
6€0 26642

g5°y



MINERAL NAME CRRCMATICITY CCMINANT BRICGHFTNESS

CCMPCSITICN SCURCE CGCRCINATES {CCMFL.) PURITY (VISUAL R) LAMECA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENCTEF (P%) Y (NM) R
TENNANTITE,47A A Ce428C Qo4112 ECl.E32 el 28432 440 29.25
CL2 AS E3.2% C 0.302€ C.31¢€6€ 451.46 Ze£ES 2EL.EE 4¢€0 cEe &2
(UBIC 480 29.05
REF. FOR R: (TUGAL,16¢€9) 500 2Se4¢
RENMARKS: LGCe. TURKEY 520 29.82
520 2. 82
540 25466
S€0 ¢8.91
580 2843¢€
€0C 27¢3¢
€20 ZT.02
€40 S5e84
ceC c4.5¢

65°Y



MINEREZL NAVME CFRCMATICITY CCMINANT BRPIGHTNESS

CCMPCSITICN SCURCE CCCFRCINATES (CCMFLS) PURITY (VISUAL R) LAMBDA REFLECYIVITY
CRYSTAL SYSTEM X Y WAVELENGTH (PZ) Y {(\VM) R
TENNANTITE,E1 A Ce44C3 Ca41C2 5C1.34 l.€5 28.14 440 c8.85
(L3 AS B3.25 C 0.2C45 Co32162 4SCa75 Z.05 28641 4¢C 2B 7S
cusic 48C 28a13
REFe. FCR R: (TUGAL,1969) 500 29.01
REMARKS: LOCes TURKEY 52C 2S.1¢€
52C 29.16
540 2S.LE
5€¢0 2877
S€EC 28.0C
600 2766
¢2C 2€.51
640 26423
(X3¢ 25471

o9°v



MINERAL NAME
COMPCSITICN
CRYSTAL SYSTEM

TENNANTITE 7,2
(L3 AS £3.25
CuBIC
REF.

FOR R: (LEVY,1966)

RENMARKS: LCCe MIARI

CHRCMATICITY
SCURCE CCCRCINATES
X Y

A Ce4238 CoalEE

C 0.257S C.21CC

DOMINANT
(CCMFL.)
WAVELENGTH

45€&e15

48445C

PURITY
(PEY)

2.22

510

BRIGHTAESS
(VISUAL R} LAMBDA
Y (NV)

27.22 420

27.67 44C
460

480

500
520
540

560

600
ea2c

640

REFLECTIVITY
R
20,50
2Ge7C
25.5C
29,20
28.50
28.90
28,50
2€.6C
27.90
27.CC
26620
25.8C

2446C

L9°v



MINERAL NAME
CCVMPCSITICN
CRYSTAL SYSTEM
TENNANTITE 7,1

CU3 AS S3.2%5

cLBiIC
REF. FOR R: {(LEVY,1SGE€)
RENMARKS: LCCe MIZRI

CHRCVMATICITY

SCURCE COGRCINATES
X Y

A 0.433S C.4C78

C Ce2G7€ Co3CES

DCMINANT
(CCMPL,)
WAVELEMNGTH -
455.16

4832.C%

BRICHTNESS
PURITY (VISUAL R)

(F%) Y
3.22 272G
527 2144

LAMBCA
{NM)

REFLECTIVITY

R

2C.5C
30040
25.6C
28480
25.00
29.00
28450
28440
278G
27.CC
26460
2864C

24460

29y



MINERAL NAME CHFRCMATICITY CCMINAMNT BRIGHTNKESS

CCMPCSITICN SCURCE CCCRDINATES (CCMFLe) PURITY (VISUAL R) LAMECA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENGTH (P2) Y (NM) R
TENNANTITE E A 0.431€ Ce4Cit 4%5.12 3.7C 2€.05 420 29.40
CL3 AS 83.25 C 02656 03077 483.ZC €.CE 2€453 44C 25,30
CLelIcC 4¢€0 28.8C
REFs FGR R: (LEVY,196¢€) 480 28440
REMARKS: LOC. SAN VINCENT 500 28.00
5CGC 28,0C
5290 27.8C
540 27430
5&06 2€a6C
58C 26010
600 2%.2C
620 240,20
€4C ¢2.20

go*y



VINERBL NAWE < . oo CHROMATICITY DOMINANT. *  BRIGHTNESS L
‘COMPOSITION.  : “ - '-. SCURCE COORDINATES!: . (CCMPL,) ' PURITY. [VISUAL R) LAMBOA  REFLECTIVITY
CRYSTAL SYSTEM' . 3 XY HAVELENGTH (PZ) Y (NK) R

H

- -VAESITE - - if:ﬂ;ﬁ? 0.4467 10,4043 —875.95 1.01 30.89 440 32,50
if;ﬁi s2 - ¢ 0.3076 0.31C5 ~566490 . 1.87 30,89  4€0 31.90
“ cysrc o ' f?:_.__..3,_ffj;' LT 480 31.60
REF. FOR Rz (DEMIRSOYV,1968) . - = - . 500 31.10
REMARKS: La§}~uNKNhQ@ﬂ.‘_;  b: T . _-;' 520 51‘00
e o | 540 30470

560 30,60

580 . 30,70

600 30, 80

620 21.10

|  6%0_ . 31.40

660 31,90

vy



FINEFAL NAME
CCMPGSITICN
CRYSTAL SYSTENM
CERNANITE,3

CLE FE GE SE

cueiIc
REF. FCR R: (LEVY,15¢€¢)
RENMARKS: LCC. TSUMEE

CFRCMATICITY
SCLRCE CCGROINATES

X Y
A Cet€4% (Co4C2%
C 02245 0a317117

CCMINANT
{Ccvrel,. )
WAVELENCTH

ECle 26

603.55

BERICHFTNESS
PURITY ({VISUAL R) LAMELCSA
{(P%) Y {NM)

8.22 22023 420

4e22 224C2 440
460
480
500
500

520

REFLECTIVITY

21.80
22460
23440
244 €0

S.€C

S9°Y



FINEFAL NANE
CCMPCSITICN
CRYSTAL SYSTEM
CERMANITE €

CUE FE CGE SE

cuelIc
REF, FCR R: (LEVY,1S6¢)
REMARKS: LGC. TSUMEB

CHRCMATICITY
SCURCE CCCROINATES
X Y
A 0o4€41 Cot(ClE

C 0.3234 0.31¢1

COCMINARNT
(CCMFL. )
WAVELENCTE

€12024

€18.S0

FLRITY

(P%)

Te

2
-

k)

-l

I
-

-

1

BRICHTINESS
{VISUAL R) LAMBCA
Y {(NM)

22427 420

21.71 446
460
4E(C
500

500

540
560

580

REFLECTIVITY

21.00
cCe7C
2Ce4C
20040
2044C
20.80
21.3C
22.4C
23.900
¢4.CC

25480

99°y



FINEREZL NANME
COMPCSITICN
CRYSTAL SYSTEM
CERMANITE,S

CLé6 FE CGE &8

CLBIC
REFe FCR R3 (LEVY,1966)
REMARKS: LOC. TSUMEE

CHRCMATICITY
SCURCE CCCFCINATES
X Y

A 0.46€16 C.4025

C 062215 0.21¢&2

DCMINANT
(CCMFL.)
WAVELENCTH

€12.28

€1l7.E2

PURITY
(P2)

BRIGHTNESS
(VISUAL R) LAMBDA
Y (NV)

2204 420

zle €2 44C
4€0
480

5¢C

580
€CC
620

64C

REFLECTIVITY
R
2G.5C
21.2C
21.00
20.70
2C.40
20440
2C.4C
20.8C
zl.2¢C
22.2¢C
22.8C
23.7C

244 8C

L9y



MINER2L NAME
CCMPCSITICN
CRYSTAL SYSTEM
CERMANITE 4

CU6 FE CE S8

CLelIC
REF. FOR R: (LEVY,15¢€¢)
RENMARKS: LCC. TSUMER

CHRCMATICITY
SCURCE COORCINATES
X Y

A 0.,4€14 Co.4CCE

c g. 134

s

éCe Co

il

CCMINANT
(CCMFLe)
WAVELENCTF

E5TSZE

—494040

BRIGFTNESS
PURITY (VISUAL R} LANMBCA
(F%) Y (NM)

4,5C 21.£C 420

3.05

21.18 440
4€C
480
5CC
500

520

560
580
600
€2C

€490

REFLECTIVITY

21.2C
21.00
2G.60
¢C.10Q
ZU.10
2C.GC
20.4C
20670
cle€C
22420
23.1C

2448C

89°yY



MINEFEAL NANME CHFRCMATICITY DOCMINANT BRIGHINESS

COMPCSITICA SCURCE CCCRLINATES (CCMFLS) PURITY (VISUAL R) LAMBDA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENGTH (P%) Y (NM) R
GERMANITE,2 A Co4£6€E CatL2E €03.52 Se76 21.5¢t 42C ¢C.CO
Cué FE CGE S8 C O0e2271 CeZlEe €Cze€E Sel7 21.C2 440 20.10
cusic 4€0 16,.¢C
REFe FCR R: (LEVY,1GE€E€) 480 19.50
REMARKS: LOC. BANCAIRCULMN. FCFMCGEMNECUS SFECINEN 5C0 16.2C
5C0 19,20
£2C 16.,1C
540 15.90
cec 2C.80
580 21.80
€00 23,.1C
620 24400
640 24440

69°v



VINERAL NAME CHRCMATICITY CCMINAMT BRICHTNESS

CCMPCSITICAN SOURCE CCORDINATES (COMPLe) PURITY (VISUAL R) LAMBOA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENCTE (P2) Y (NM) R
CERMANITE,1 A De4€€E Co4aC2€ £032,2¢ SeSC 2lezz 42C 16.6C
ClLé6 FE GE £8 C 063271 0.31E7 €02.25 5.20 20.67 440 19.80
CLBIC 4¢€C 15.30
REF. FCR R: (LEVY,1c€¢) 480 15.00
FENMARKS: LCCe BANCAIRCUNe FHONMCCENEOUS SPECIMEN 5C0C 18,50
50U 18.9C
520 18.90
540 16.7C
56C 20430
5€E0 2l 4C
&GO 22.60
€2C 23e5C
€40 2442C

oLy



MINERAL NAME CHRCMATICITY CCMIRAMT ERIGHTNESS

CCMPCSITICN SCURCE CCORCINATES (CCVMPL.) PURITY (VISUAL R) LAMBDA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENGTH (F%) Y (NM) R
BCRNITE.NG3E A 0e¢4727 Ca4l4cC E8T7e82z 21a61 244€1 44C 18,21
CUS FE S4 C De24C2 Ca2427 £7€.S5 15445 24.21 460 18,71
CLBIC 48C 16.83
REFe FOR Rt (TUGAL,1%5€S) 500 2134
RENARKS: LCCe TURKEY 520 22452 )
—s20 72u52—— (
540 234,53
56C 2445C
580 25440
eCC z2€e1lE
620 2705
64C 27445
660 2Ee

LLy



MVINERAL NAME
CCMPCSITICN
CRYSTAL SYST
ECRNITE,NCC2
CU5 FE S4
cuBic

REF. FCR R:

REMARKS:

CHFRCMATICITY ODCMINANT BRICKTNESS
SCURCE CCCFCINATES (CCMFLe) PURITY (VISUAL R) LAMBDA REFLECTIVITY

EM ] Y WAVELENGTH (P%) Y (KNV) R
A Ce47ES Co4CEE 5€1.62 22.58 22.EE 440 17445
C 0De2443 Co2376 SE4021 14486 22.C1 460 17.09
480 17.€7

(TUGAL,1G¢€G) 500 18465
LOC. TURKEY 520 16.81

52— 1S.81

<

540 2Ce76
5¢0 22.08
5€&C 22.1¢
600 24475
620 ¢S EC
640 2747
€¢eC 21e1E

Ly



MINERAL NAME CHRCMATICITY DCMINAMNT BRIGHTNESS

CCMPCSITICN SCURCE COGRLCINATES {CCMPL.) PURITY (VISUAL R) LAMBDA REFLECTIVITY
CRYSTAL SYSTEM x Y WAVELENCTE (FZ) - Y {NM) R
BCRNITE ¢€3(CE A 0.4774 Co4CtE £C2,7€ 1S.174 22.0°5 440 17.E5¢
CUS5 FE S4 Cc Ca2412 C.3327 £E€a53 12.74 21.22 460 1742
cuBlIC 480 17. 52
REFe« FOR R: TFHE AUTHCR - 590 18.12
RENMARKS: LCCe KCFREZ 52C 184617
528 - YESTI~N-
Electron Probe Analysis: Wt, &
Fe 11.41 56C Z1.23
S 25.4
349 580 22435
100,31 . -
€0C £3.£3
620 25406
€4C 2€e 18
6€0 27643

gLty



MINERAL NANME CHERCMATICITY CCMINANT BRICHFTNESS

CCMPCSITICA SCURCE COORCINATES  (CCMPL.) PURITY (VISUAL R) LAMBCA  REFLECTIVITY
CRYSTAL SYSTEM X Y  WAVELENGT+ {(P%) Y (NM) R
ECRNITE,NGL6 A 044751 Ca411% EESL.ET 21469 224C4 440 16.7C
CUS FE S4 C  0.2413 €.33¢7 561e62 1l4e&5 23032 460 1€.6C
CUBIC ' 480 17.2€
REF. FOR R: (TLGAL,15€9) | 5G4 1E.4E
RENARKS: LCCo TURKEY 520 _ .. __19441 -
52¢C 15.41
54C 20465
5¢G 21,40
580 22449
ecC 22,42
620 24417
€40 25.03
660 2€.46

LY



MINEFAL NAME CHRCMATICITY

CCNMPCSITICN SCURCE COCRCINATES
CRYSTAL SYSTEM X Y
BCRNITE 62C2 A 04793 0e4042
CU5 FE S4 C 0.3241¢ C.22¢:2
CLBIC

REFe. FOR R: TFE AUTHGR

REVMARKS: LCCo ART2CN2
Electron Probe Analysis: Wt. %
Cu 63,44
Fe 11.57
S 24,88
99.89

CCNMINANT
{CCHMPL.)
WAVELENCTH

5GE.14

£@c.CSC

ERICFTNESS

PURITY (VISUAL R)

(P2)

15.€7

11.98

Y

21483

2654

LAMBDA
(NM)
440
460

4€0

520
54C
5€0
580
€00
62C
&£4C

660

REFLECTIVITY

R

17.88

17.37

17.2C

17.80

20.6E

22.15%

£3.€¢C

25.C1

2€.74

284132

SLtY



MINERAL NANE CHRCMATICITY DCMINANT BRIGHTNEESS

COMPCSITICN SCURCE CCCRCINATES  (CCNFL.) PURITY (VISUAL R) LAMBDA  REFLECTIVITY
CRYSTAL SYSTEM X Y  WAVELENGTH (P%) Y (M) R
BCRNITE,4€ A Ce473S C.4CEC  £S2.47 18456  21.52 440 17.37
CUS FE S4 C  0.328C C.232€  5E4053 11.51 20482 460 17.1¢
CUBIC 480 17.42
REF. FCR R: (TUGAL,1969) 500 1818
REMARKS:  LOC. TLRKEY 526 1€.52
526 —~——T8.92~
540 19.89
560 20.84
SEC 21.84
600 2z.8%
€26 24416
640 24.7¢
660 25.71

9Ly



FINERAL NAME
CCMPCSITICN

CRYSTAL SYSTEM X
BCRNITE 12€1:= A Ce4791 C.4045
CLS FE %4 C 02417 0,222
(LRIC
REFe FCR Rt THE AUTHFCEF
REMARKS: LOCe ALSTRALIA
Electron Probe Analysis: Wt. %
Cu 63.47
Pe 11010-8
S 24.82
99.77

CHRCMATICITY
SCURCE CCCECINATES

DGMINANT
(CCMFLS )
WAVELENCTE

5¢5.83

£ES.EE

(P2)

18.74

11.G¢

BRIGHTNESS
PURITY (VISUAL R) LAMBDA
(A\V)

Y

230

2Ce 44

44C

4¢€C

480

5C¢C

540
560

5€0

REFLECTIVITY

R

17.52
17.CC
l€.45
17.38
18.10
1841

15.08
20.24
2l.63
23.07
24e37
215

2Te1z

LLCY



MINERAL NAPME CHRCMATICITY THINANT BRIGHTNESS

CGMPCSITICN SCLRCE CCORCINATES  {CC¥FL4) PURITY (VISUAL R) LAMBDA  REFLECTIVITY
CRYSTAL SYSTE} X Y RAVELENGCTH (P%) Y (NV) R
BCRNITE €301 A Se472C Cl.4Cl1 €12,80 12.46 2C.22 44C 1€.72
CU5 FE S4 C  Ce2317 Co321E7 €34e43  £,43 1G. &4 40 17.81
CUBRIC 480 17417
REFe FCR R: THE AUTFKOFR 502 17.28
REMARKS : LCCe NEW JERSEY 520 174 &€
Electron Probe Anal ysis: Wte % 540 18.47
.01
Cu 63 56C 15, 3¢
Fe 11.60
S .50 500 20047
100,11 ECC Zi.£6
620 23,063
€4C 24,64
66” 25. 54

BL*Y



MINERAL NANME

CCMPCSITICN SCURCE COORDINATES
CRYSTAL SYSTEM X

BCRNITE 5756 A 0e4772 Co3GSE
CUS FE S4 C  0.226€ Ce32163
CUBRIC

REF. FGR R:

RENARKS:

THE ALTHCR

LCC., RFCCESIA

Electron Probe Analysis: Wt. %
Cu 63.41

Fe 11.%

S 25,70

100,61

BRICFTNESS
PURITY (VISUAL R) LAMEDA
{NM)

CCMINANT
(CCMPLO)
WAVELENCTH

CERCMATICITY

440

4€C

480

500

REFLECTIVITY

R

18.16
17.C¢
16444
1€.51

16.98

TTESTGE. -

17.85
18.9%
20e43
21.74
22,23
240 E€

c€.EE

6L°Y



PINERAL NAME . CFRCMATICITY CCMINANT BRICGFTINESS

CCMPCSITICN SCURCE CCCRCINATES (CCMFLS) FURITY (VISUAL R} LAMBCA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENGTH (P2) Y {NM) R
ECRNITE 12894 A CediZ€ (Ca2CEE €1C.5 11,82 1,78 440 18,75
CLS FE S4 C 062316 (0a2146 631.04 e bt 16,C¢ 4¢€C 1746
CUBRIC 480 1€4665
REFe FOR R: THE AUTFCER 5C0 lé45E
REMARKS: LOC. RFCDESIA 520 164G5
Electron Probe Analysis: Wt. % 82l -—16.85
Cu 63.39 540 17.6¢
Fo 114 560 18.7C
S 24,88
E— SEC 15.6¢
99.68
6C0 2131
€cC 22e€E
&40 24412
€eC 2Se44

D8°*yY



MINEFRAL NAME CHRRCMATICITY CCMINANT RRICHFTNESS

CCMPCSITICN SOURCE COORDINATZES (COFPLe) PURITY (VISUAL R) LAMBCA REFLECTIVITY
CRYSTAL SYSTEWNM X Y WAVELENCTE (P%) Y (NM) R
BCRNITE, A55(2) A Je417¢ Co4CCe €Gle?7z 1€e18 1667 440 17455
CU5 FE S4 c Ce2376 (o32.C £0Ca5J BeT1: 18.8¢ 4€0 16437
(ueliIc 480 15.72
REFs FOR R: (TUGAL,1GE€S) 500 15466
REMARKS: LCCo TURKEY 520 l6s67
54V 17.4€
5€0 18.51
5€0 16,82
6C0 21le41
e2C 22.5C
&40 24445
660 2%.21

le*y



MINERAL NAME CHRCYATICITY DCKFINANT
CCMPCSITICN SCURCE CCCRLCINATES {CCMPLW)
CRYSTAL SYSTEM X Y WAVELZNCTH
BCRNITE,AEE(1) A Cebib4c Co2513 E1C4E7
CU5 FE S4 C CeZZlE CoZizeE £CLoGE
cuBIC

REFe. FOR R: ({(TUGAL,196G)

REMARKS: LCCe TURKEY

(P%)

BRIGHTNESS
PURITY (VISUAL R)

Y

184,62

17692

LAMBDA

(NM)

449

4€0

4EQ

600

€20

R

1€.02

16.54

1. €7

15.65

15.94

1¢.51

17.48

18.€1

2017

cle€S

Ny
€8]
°

N
[en]

N
)
[

m
~l

REFLECTIVITY

rA: A



MINERAL NAVE CHROMATICITY CCMINANT BRIGHTANESS
COMPGSITIGN SCURCE CCCRLCINATES (CCMFLe) FURITY (VISUAL R) LAMELA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENEGTE (P2) Y (NNM) R
EIXBYITE A 0e4445 CaqlcCC 51Ce28 0e72 224024 43¢ 22627
(MN,FE)2 02 c Ce3(E4 C,21EC 533455 Ge55 22432 47C cZ42C
CLBIC 4¢(C 22¢CC
REF. FOR R: (NICHCL & PHILLIPS,1%¢4) 5C 22.5C
REVMARKS: LCC. UNKNWON 550 22410
S€U 224C
&.0 21480
65L ¢ie2C

ey



MINERAL NAME
CCMPCSITICN
CRYSTAL SYSTEM
MAGNETITE

FE FE2 04
cusliIC

REF., FOR R: (GEMIRSCY,1968)

REMARKS: LOC. UNKNWON

A

c

CHRCMATICITY

SCURCE COORDINATES

X Y

044497 00,4078

0.2124 0.3178

DCMINANT
(cemeL,)
WAVELENCTH

SECGL. 78

R

£2.58

(P%)

1.66

1.02

BRRIGETNESS
PURITY (VISUAL R) LAMBDA
{(NM)

Y

20.92

20.64

440
460
480
500
520

540

580
600
620
640

660

R

20.5C
20450
20.60
20.60
20669
20.70

2100

21,700
21.0N
21.10

21,10

REFLECTIVITY

y8°vY



MINERAL NAME CHRCMATICITY DT INANT 3RIGHTAESS

CCMPCSITICN SCURCE CCCRDINATES (CCIFLa) PURITY (VISUAL R) LAMEBCA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENGTH (P¥) Y {NM) R
JACGBSITE A Ce42G4 CatlEc 466425 le51 18.51 430 19.7¢C
{MNLFE,NG)(FE,MN)Z (4 C C0e2C2S T63126 485.C5 2458 1s.1C 47C 2C. 00
CuBIC 4G9 2000
REFes FCR R: {NICHCL & PHILLIPS,1<64) 520 15,40
REMARKS: LCCs UNKAWCN 55U 16.3C

58cC 19.00

610 18 4C

€50 17.5D

sgy



MINERAL NAME CFRCNMATICITY CCNMINANT BRICHTNESS

CGMPOSITICN SOQURCE CCORDINATES (CCvPL.) PURITY (VISUAL R) LAMECSH REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENCTE (PZ) Y (NM) R
FRANKLINITE Coa 0e441C GCo4C75 4544 €6 ls 5€ 18415 43C 196,20
(ZNJFE.MN)(FE,VMN)2 C4 C 0.3C36 0.2122 482454 2e €65 1626 47iC 1E,5C
cLBicC 450 18.80
REF, FOR R: (NICHCL & PHILLIPS,15¢4) : 520 18,£C
REMARKS: LCCe UNKNWON 550 18.40
55C 186 4C
580 18.20
€10 17.8C
65C 17.10

g98°Y



MINERAL NAME
CCVMPCSITICN
CRYSTAL SYSTEM
MAGNESICFERRITE
MG FE2 (4

CLBIC

REFe. FCR R: (DEMIRSCY,1GEE)

REMARKS: LCCe UNKAWCN

A

C

CHRCMATICITY

SCURCE COORDINATES

X Y

04354 0.4C454

Ce2S574 Go2047

DCNMINANT
(CCMPL,)
WAVELENCTE

490445

478487

PURITY

(P%)

2.02

563

BRICHTNESS
(VISUAL R) LAMBCA
(NM)

Y

17.CS

17.33

44¢C
460

4EC

540

S€0

580

6CC

620

€4C

6€0

R

1G6.4C
i9.10
18.,7C
18.40
17.6C
1750
17.5C
17.2C
16.990
1€.6C
16.40
1€.2C

15.50

REFLECTIVITY

L8y



MINERAL NAME CHROMATICITY
CCVMPCSITICN SCURCE COORCINATES
CRYSTAL SYSTEM X Y
MARMATITE A 0.4410 G.4C55
IN S Cc Ce3(21 Co.3CS32
CLBIC

REFs FOR R: (NICHOL & PHILLIPS,16¢4)

REVMARKS: LCCe TFREFCA,YLGCSLAVIA

DCMINANT
(CCMPL, )
WAVELENCTH

4EC.EE

478.CC

BRIGHTNESS

PURTITY (vIsSuaL R)
(P%)

1.€5

3

3

2

Y

17.¢2

17.75

LAMBCA
(NM)

5€C
6iC

65C

REFLECTIVITY

R

16.CC
18.80
1€.2C
18.00
17.8C
17.80
17.6C
i7.30

17.00

88°y



MINERAL NAME CFRCMATICITY CCMINANT BRIGHTNESS

CCMPGSITICN SCURCE CCCFLCINATES (CC*PL.) PURITY (VISULL R) LAMBLCA REFLECTIVITY
CRYSTAL SYSTEM X Y RWAVELENGTH (P%) Y (NM) R
SFHALERITE 1% A Ce4434 La4CAh4a 4EC.EC 1.17 19.16 440 20.72
IN S C Ce3C4S 0.3CE3 46£4265 2eG2 ) 4€C 2050
CuUBIC 480 15.84
REFo FCR R: (GRAFENAUER ET AL,1G66%) 5CC 15.30
RENMARKS: LCC. NCVC BRCCyYLCCSLAVIA £4C 16.27¢
540 19.22
5€0 16.25
620 19.02
6€d 1€.7€

68°Y



MINERAL NANME CERCMATICITY CLCCOMINANT BRIGFTNESS
CCMPLCSITICA SCURCE COORODINATES (CCMPLo) PURITY (VISUAL R) LAMBCA
CRYSTAL SYSTEM X Y WAVELENCTE (P%) Y (NM)
SPHALERITE 5 A De44C2 Ce4Cc4 46S5.2¢ 1s£6S 16.C7 440
IN S C Ce2C43 Co3142 485.50 2432 16.22 4¢€C
CUBIC 480
REF, FOR R: (GRAFENALER ET AL,1G5¢€¢) 5C0
REMARKS: LCCe LECE,YUCCSLAVIA 540
540
580
&2C
660

REFLECTIVITY

R

16.9C
16.71
19.51
16,1¢
19.6C
16, €C
19.50
i7.6C

17.6C

06°Y



MINERAL NANME CHRONATICITY LCCNMINENT BRICHTNESS

CCMPCSITICN SOURCE COORDINATES (CCVMPL.) PURITY (VISUAL R) LAMBCA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENCTF (P%) Y (NM) R
SFHALERITE 14 A 0e4422 Ca404C 4Eze E4 le4é 18,55 440 Z20.85
IN § C Ce3(35% C.3C¢€C 4€£G.21 2.59 15.C8 4€C 2C.5C
CUBIC 480 19.7¢
REF. FOR R: (GRAFENAUER ET AL,15¢¢) 5C0 16,22
RENMARKS: LCCe STARI TRCG,YUCGCOSLAVIA 540 19.11
54G 1S.11
580 15.02
62C 1€.7C
660 18.5¢

l6°Y



MINERAL NAME CEFRCMATICITY COMINANT BRIGHTMESS

COMPCSITICN SCURCE CCCRLCINATES = (CCMFL.) FURITY (VISUAL R) LAMBCA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENGTH (PZ%) Y (NM) R
SFRALERITE 1ic¢ A Ca44C32 Qa4CEC 48B6E7 1.84 18.67 440 zGC.81
IN § C 0.3C21 0.3C77 G7€ecl 2,S1 1S.12 4¢€C 2C.4C
cuBIC 480 20.02
REF. FOR R: (CRAFENAUER ET 4AL,1G¢&¢) 5CC 1G.51
REMARKS: LOCe AJVALTIJA ,YLGCSLAVI 540 15.2¢
£4C 1¢.2¢8
58C 18.94
620 18448
£€C 18,18

6%y



MINERAL NAME CHRCMATICITY DCMINANT

CCMPCSITICN SCURCE COORLCINATES (CCKPLs)

CRYSTAL SYSTEM X Y WAVELENCTH
SFHALERITE 11 A 0.4415 C.4C42 4EE,. 10

N S C Ce3C27 Ce307C 472,85

cLBiIC

REFe FCR R: (GRAFENAUER ET AL,16G¢€S)

REMARKS: LCCa KIZNICA,YUCCSLAVIA

PURITY

(P%)

l.€1

3.82

PRIGHFTNESS
(VISLAL R) LAMEBCA
(NM)

Y

1€.GE

19.07

44C

460

4EC

5C0

R

20.88

Ny
o
]

L}
"

16.8¢
16,58
19.07
16.07
18.90
18.€3

18.51

REFLECTIVITY

£6°y



MINERAL NANME CHROMATICITY DCMINANT

CCMFCSITICN SCURCE CCORCINATES (CCMPL.)

CRYSTAL SYSTEM X Y WAVELENCTF
SFHALERITE 1¢€ A Ce44C2 044G35 485,10

N S c 0.2C12 C.2CE2 4732.C5

cLBIC

REFe FCR F: {(GRAFENALER ET AL, 19€S)

FEMARKS: LGCe JANJEVO,YLGCSLAVIA

(F%)

1.65

4.58

BRIGHTANESS
PURITY (VISUAL R) LAMECA
{NM)

Y

18.54

19.08

440

460

4EQ

5CC

540

540

580

62C

€60

16.1C
16.1iC
18.8¢C
184€5

18.3C

REFLECTIVITY

6y



MINERAL NANME CHRCMATICITY DCMINANT BRIGHTNESS

CCMPCSITICN SCURCE CCORCINATES (CC¥FLe) PURITY (VISUAL R) LAMBCA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENGTE (PZ) Y (NM) R
- SPHALERITE 12 A 0e4292 044042 487654 2414 l18.€2 440 2Ca EC
IN S C 0.3C07 Ge2CES 4754 €€ 4o £3 1€6.78 460 20.28
CuBIC 480 1S.72
REFe FOR R: (CRAFENAUER ET AL,1G¢€¢) 500 19.42
RENMARKS: LGCs SREERENICA,YLCCSLAVIA £4C 18.9¢
540 18.92
580 18,51
620 18,12
6EQ 17.8%

S6°vY



CHRCMATICITY CCMINANT
SCURCE COCRCEINATES (CCMFL.)

FINERAL NAVME
CCVMPCSITICN

CRYSTAL SYSTEM X Y WAVELENCTH
SPEALERITE 1C A Ce 4421 Co4C4? 485.73
IN & C 0e3C35 C.3CEC 472482
cLBiIcC

REFe FCR RK: (GRAFENAUER ET AL,19¢9)

REMARKS: LCCe SASE,YLCGCSLAVIA

(P2

)

l1.44

34

1

-

BRIGHTNESS
PURITY (VISUAL R) LAMBDA
(V)

Y

18.56

1E.€¢

440
4¢€C
480
50C
54C
540
5€&0
629

€eC

REFLECTIVITY

R

20432
1%.48
16,2C
1S.CE
1€.67
i8e.67
18.5¢
18424

18.1C

96°Y



MINERAL NAME CHROMATICITY DOCMINANT BRIGHTNESS

CCMPCSITICN SCURCE CCORECINATES {COMPLW.) PURITY (VISUAL R} LAMBCA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENCGTE (F%) Y (NNM) R
SPHALERITE 7 A 00,4431 C.4CES 462452 l.08 18.12 44C 16.CE
IN S C Ce2(57 Co2l21 417€622 20038 1€.,2C 46C 18.88
cuBiIC 4EC 1€.,4C
REF« FGR R: (GRAFENAUER ET AL,16é%) 500 18.21
REMARKS: LCCe CKCSKA GCRRHZYULECSLAVIA £&C 18.4C
540 18.40
580 18.20
62C 17.72
66C 17.40

L6°Y



MINERAL NAME CHRCNATICITY CONINANT

CCMPOSITICN SGURCE COORCINATES (CCMPL.) PURITY
CRYSTAL SYSTEM X Y WAVELENCTE (P2)

SFHALERITE 8 A 04417 Cu4CtE3 4868421 1. 49

IN S C 0G«30324 0.30SC 475457 3.265

CuBlcC

REF. FOR R: (GRAFENALER ET AL,1S¢9)

REMARKS: LCCe CCEREVC,YUCGCSLE2VIA

BRIGHFTNESS

(VISUAL R) LAMEBCA

Y

17,63

18.04

(NV)

44C
4€0

480

REFLECTIVITY

86°Y



MINERAL NAME CHRCMATICITY ODCMIKANT | RRIGHTNESS

COMPOSITION SCURLCE CNOPNINATES (CCMPL.) PURPITY (VISUAL R) LAMBCA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENCTH (PZ) Y (NM) R
SPHALERITE 4 ‘A Do4437 04045 £80,05 1. 09 17.92 440 19.18
IN S C 043051 C.306S0 468423 275 17.98 4€9 19,12
Cus1C 480 18.70
REFe FOR R: (GRAFENAUER ET AL,1969) 500 18.15
REMARKS < LCCs PONOVICE, YUGOSLAVIA 540 17.92

580 17.92

620 17,80

660 17.62

66°Vv



MINERAL NAME CHRCFMATICITY DCMINANT BRIGHTNESS

‘CCMPOSITION SOURCE COORDINATES (CCMPL,) PUPITY (VISUAL R) LAMBDA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENETH (P2) Y (NM) R
SPHALERITE 3 A 064420 0.4054 488e 27 l,42 17.91 440 19.31
IN S c N0.3039 N,3062 474,56 2,09 18.01 4¢€0 19,10
cuBIC ' 480 18,51
REFe FOR R: (GﬁAFENAUER ET AL,1969) 5C0 18.15
REMARKS? LOC. REMSNIK,YUGOSLAVIA 540 18.20

580 17.85

620 17.58

660 17.35

ooL°v



MINERAL NAME CHROMATICITY CCMINANT BRICGHFTNESS

CCVPCSITICN SCURCE COORCINATES (CCMPL.) PURTTY {VISUAL R} LAMBCA REFLECYIVITY
CRYSTAL SYSTEM X Y WAVELENGTH (PJ) Y (NM) R
SPHALERITE 6 A 004438 044046 480,20 1,06 17.872 449 19.28
IN S C Ne2051 Ce3CET 4€6e 7S 2.80 17.89 460 18,68
CuBIC | 480 18,32
REF., FOR R: (GRAFENAUER ET AlL,16&9) 500 1R.27
REMARKS: LCCe RUCNIK,YLEGCSLAVIA _ 540 17. 8¢

580 17.890

620 17.71

660 17.690

Loty



MINERAL NAME CHRCMATICITY DOMINANT BRIGHTNESS

COMPOSITICN SCURCE COORDINATES {CCMPL.) PURITY (VISUAL R) LAMBOA REFLECYIVITY
CRYSTAL SYSTEM X Y WAVELENGTH (P%) Y {NM) R
SPHALERITE 1 A Ne4437 Ca4C47 481.27 1.08 17.82 440 19,08
IN S c Ne3051 0.33¢2 46G62C 2,71 17. 88 4¢&0 18,72
cuBIcC 480 18.5¢
REF. FOR R: (GRAFENAUER ET AL,19669) 500 17,95
REMARKS: LOC. CEMERNICA,YUGCSLAVIA 540 17.90

580 17.80

620 17.70

660 17.50

Z0L°y



MINERAL NAME
CCFPCSITICN
CRYSTAL SYSTEM
SPHALERITE M3
IN S

CuBIC

REF. FGOR RK: (TUGAL,19¢89)

REMARKS: LCCe TULRKEY

A

CHRCMATICITY

X

T 64415

CeZ2(C2E

SCURCE COCRCINATES

Y

0.45¢E¢

Ce211C

DCMINANT
{CC¥PL,)
WAVELENCTH

452428

47%eC7

(p2)

le47

2089

RRIGHTNESS
PURITY (VISuAL R)

Y

17475

1788

LAMBDA
(NM)

440

460

480

Q

1E.SG¢
184590
1€.37
18424
18440
18.02
17.83
17.67
1747
i7.312
17.18

17.12

REFLECTIVITY

goL®y



MINERAL NAME CHRCMATICITY CCMINANT BRIGHINESS

CCMPGSITICN SCLRCE CCGROINATES  (CCMFL.) PLRITY (VISUAL R) LAMBCA  REFLECTIVITY
CRYSTAL SYSTEM X Y  WAVELENGTF (P%) Y (NM) R
SPHALERITE KD24 A 044422 Ce4CE1l  4ES.17  1.08  17.3E 440 18432
IN S C  0.3C54 0.3115 464460 2,70  17.4¢ 4¢€0 1€.C4
CueIc 480 17455
REFe FCR Rz (TUGAL,15&S) 500 17. 7€
REVARKS: LCC. TURKEY 520 17.70
520 17.7¢C
54 17454
56C 17.2¢
580 17.35
&cc 17.11
620 17.45
64C 17.25
€60 16441

voL*Y



MINERAL NANE CERCVMATICITY COMINANT BRICFTNESS

CCMECSITICN SCURCE COORCINATES (CCMFLe) PURITY (VISUAL R) LANMBCA REFLECTIVITY
CRYSTAL SYSTENM X Y WAVELENCTE (P%) Y (NM) R
SFHALERITE Mz A Co422C Lo4CtE 462.C5 1e 38 17.324 440 18436
IN S C Je304E& UeZ11 43ELE5 Ze58 i7.44 4EL 1€.1E
CUBIC 480 17485
FEFe FOR R: (TLGAL,1569) 5C0 17. 65
KEMARKS: LdCe TURKEY 524 17.7C
54U 17. ¢
5€0 i7.39
S5€U 1737
620 17.24
€2C 17.3C
640 i€.45
660 2662

soL*y



MINERAL NANME CHROMATICTTY DCMINANT BRIGHTNESS

CCMPCEITICA SCURCE CCCPLCINATES (CCMFLL) PURITY (VISUAL R) LAMBCA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELEANGTH (P%) Y (NM) R
SPHALERITE 6§ A Ce44lE Co4l24 482433 l.6¢€ 17.27 4$4C 16.3C
IN S C Ce3C24 Ca3C54 46S5.4C tg 11 1763 ¢ 4€C 18.48
cuBic 480 18.20
REFo FCR F: (CRAFENAUER ET AL,19¢6) S1aV 17.65
RENMARKS: LCCe SUPLJA STENA,YUGCSLAVIA 540 17.40

58C 17.18

620 17.28

6ecC l1€.85

golL°®v



MINERAL NANME CHROMATICITY CCMINANTY

CCMPOSITION SCURCE COORDIMNATES (CC¥PLW)
CRYSTAL SYSTEM X Y WAVE_ENCTH
SPRALERITE 2 A De8437 L4152 4E44CS
IN S C 03054 Ca31C2 472.C.
cuBic

REF. FCR ®: {(GRAFENALER ET AL,1G5€€¢)

RENARKS: LCCe MEZICA,YUCCSLAVIA

PUFITY

(Ppz)

1. C6

2e 4t

BRICFTNESS
(vIiISuaL R)

Y

17.16

17.2¢

LAMBCA
(NM)

440

4€D

480

5CC

54C

£€0

€29

8EC

R

i€.25
18.CE
17.88
17445
17.28
17«15
17.06

1€.86€

REFLECTIVITY

LoL°Y



-MINERAL NAME
CCMPCSITICN
CRYSTAL SYSTEM
SPHALERITE 33SB

ZN

tn

cuelIcC
REF. FOR R: (TUGAL 19¢%)

FEMARKS: LOC. TURKEY

CFRCMATICITY

SCURCE CCORCINATES

A

X .Y

Cet44z Co4li

Ue3C6E 0.313C

CCVMINANT
{CCMFL.)
WAVELENCTH

PURITY
{(PX¥)

BRIGHFTNESS

(VISUAL R) LANBLCA

Y

(NNV)

440

4¢C

480

6Ly

6eC

64C

£690

REFLECTIVITY

R

17.74

(W)
~t
]
3]
n

17435

i7.24

17,20

1706

16,77
16495
1€.1¢

1¢.85

oLy



MINERAL NAME CHRC"ATICITY DCMINANT 2EIGHTNESS

CCVMPCSITICN SCURCE COORCIMATES (CCHMPL.) PUFITY (VISUAL R) LANMBCA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELERNCTE (PR) Y (NM) R
SFHALERITE 41 A Debs2¢ Ta40EC 48€afe 1440 l1€a.C4 449 i€.1E
IN S C Coe2C32E Co3CCi 47843C 2el3 17.04 460 18406
CLBIC 487 17.7¢
REFe FOR R: {TUGAL 19£9) 530 17450
REMARKS: LCCs TURKEY 52C 1725
240 17.0F
5¢C 1é€.63
58u 1£.63
&6CC i6eb €
€20 1¢.8C
64C 1657
&e€n 1€. 24

60L°Y



MINERAL NAME CRRCIMATICITY DCMINANT RRIGHTNESS

CCMPCSTTICN SCURCE CCCRCINATES  (CCNFL.)  PURITY (VISUAL R) LAMBDA  REFLECTIVITY
CRYSTAL SYSTEs X Y  WAVELENCTF  (P%) Y (V) R
SPHALERITE KC2C £ Ce44l€ C.4CS4 468.72  1.5i 16.5C 440 18422
In S C  Go2C2% C.32(S4 477245 2425 17.Cz2 460 17.86
CuBlIC 48y 17. 73
REF. FCR R: (TUGAL,1S€9) 5C4 17053
REAARKS: LCGC. TURKEY 529 174 3¢
540 17405
5¢L 16455
580 16083
6co 1€.5€
620 1€.58
64C 16452
66¢ 1€e41

oLL°yY



FINERAL NAME CHERCFATICITY CCFMINANT BRIGFTNESS

CCMPCSITICAN SCURCE COURLCINATES (CCP’PLs) PURITY (VISUAL R) LAMBCA REFLECTIVITY
CRYSTAL SYSTENM X Y WAVELENETH (P%) Y (NM) R
SFHALERITE M1 A Uos4i4 0a.4C5E 46Co 132 ie 54 1éa €1 44C 17.98
IN S C €e20328 Cu21(CC 478422 3412 16,93 4€Q 1787
CLeicC 4E3 17.£3
kEF« FCR R: (TUGAL,1G€6S) 500 17435
RENMARKS: LCCe. TURKEY 520 17.21
£490 17.0¢
5¢0 16 €5
580 16e70
&£CG l€.72
&z0 1€.63
¢aC 15.6¢
€69 16402

Lty



- INERAL NAML CHRCYATICITY ODCYINANT BEIGHFTNESS

CCrPCSITICN SCURCE CODROINATES (CCAPLe) PURITY (VISUAL R) LAMPRDA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVEL_ENCTFE (P2) Y {(NN) R
SFHALERITE NGz98B A Det4lz CW4CET 428 ,E6 l1a27 1€.72 44C 17.67
IN S c Ce3C32 0o3467 477.G2 2.22 le.84 4€L i7.6¢&
cLBic 4¢&0 17.¢1
REF, FOR R: (TUGAL,1G¢€G) 5GC 17.25
ReMARKS: LCCo TURKEY 529 1726
540 l€.54
560 16,78
SEC 1€.€6€
60C 16.42
620 1€. 54
£4C 1£.19
66C léeuz

cLL®y



MINERAL NAKNE CHRCMATICITY DLVINANT BRIGFTNESS

CCMFCSITICN SCURCE CCGGRCINATES (CCMPLL)  PLRITY (VISUAL R) LAMBRCA PEFLECTIVITY
CRYSTEAL SYSTEM X Y WAVELENCTE (P%) Y (NM) R
SPHALERITE NGDi6A A Ue44l1 C.4051 488426 1.65 164£S 4490 18.2C
IN S C Je2028 Le30E2 475485 2. 56 16 EC 460 1773
eBic 48C 17.45
kEFe FCR R: (TUGAL,15£9) 5CC 17.26
REMARKS: LCCe TLRKEY 540 17,02
£49 l1€e 8E
560 l€.81
584 léas &4
600 1633
62¢ 16,67
6490 15.87
6EQD 1¢.G2

1



MINERAL NAME CHRCMATICITY DCMINANT BRIGHTNESS

CCHPCSITICN SCURCE CCORCINATES (CCvPLs) PURITY (VISUAL R) LAMBCA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENCTH (P2) Y (NM) R
SPHALERITE NG2cA i ~e44ll Co4CES 4E8GLEE 1,¢F 16462 44(C 17.SE
IN S C GeZCZS Cs2CS1 477.CC 3er4 16074 460 17.61
CLBIC 48, 17.47
REF. FCR 2: (TUGAL,19&£¢%) £9D 17.20
RENARKS: LCCe TURKEY 852G 17.08
540 16.8¢
5¢G 1léa84
58C l€.5¢
6C0 1€.,37
&2¢ 1€.32
640G ibeN2
EEL 1é.02

pLLY



MIN£RAL NAME CHRCMATICITY DCMINANT BRIGHTNESS

CCNMFCSITICN SCURCE COORCINATES (COMPLe) PURITY (VISUAL R) LAMBCA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVZLENGTH (F%) Y (NM) R
SFHALERITE 4CGE A JUe44l8 Ca4lEE 4516E5 le 41 1é.51 L4l 17. 36
IN S C Ua2C42 CaZ2116€ 48Ca b2 2066 1662 4€S 1741
CLEIC 4E0 17.22
REFe FIR R: (TUGAL 15¢€S) 500 17.11%
REMARKS: LCCe TURKEY 52¢C 1€.9C
540 ibeT2
Sen 16.€3
58C 1€.43
&oC 16,26
€20 1ea32
€4C 1€.T1
6¢&0 15467

sti°v



MINERAL NAME

CCMPCSITICN

CRYSTAL SYSTEM
SFEALERITE NG34B

IN S

cuslicC

REF, FCR R: (TUGAL,1969)

REMARKS: LGC. TURKEY

A

CHRGMATICITY
SCURCE COGRLCINATES

X Y

Oe442€ Ca4CE3

Cez2(Z1 CoZlC€

DCMINANT
(CCMPL,)
WAVELENCTF

48441

4T24C8

(F%

i.C

24

¢

[

z

BRIGHTNESS
PURITY (VISUAL R) LAMECA
(NNM)

Y

1€.5C

16457

440
460
4EQ
5CC
52C
520
540
560
SEC
60C
¢2C
640

€eC

R

17.4¢
17.2¢€
17.1:Z
1€é.54
1€.82
1683
1€.57
1656
1€.34
1£.23
16.365
16,37

1€654

REFLECTIVITY

gLL*Y



MINEFREL NAME CHERCMATICITY CCMINANT BRIGHTNESS

COMPGSETICN SCLPCE CCGFUINATES (CCMPLL) PUFITY (VISUAL R) LAMBDA REFLECTIVITY
CRYSTAL SYSTE™ X Y WAVELENGTH  (P2) Y (NNV) R
SPHALERITE 4(CA A Coet414 Cuatl57 48G,¢t1 1.54 164471 440 17.62
IN S C 020324 Ta3(SS 478421 2.6 i6.5€ 4EC 17.5¢C
CLBIC 480 17.31
REFo FCKk R: {(TUGAL 1969) 530 17.13
REMARKS: LCC. TULRKEY 52C 1€.GC
540 le.86
5¢0 1€o4E
58C 16038
ECC lél.32
&z0 1€.24
€aC 15.G4
S€Q 15447

LLL®Y



MINERAL NAVME CHRCOVATICITY DCMINANT BRIGHTNESS

CCMFCSITICN ' SCURCEZ COORLCINATES (CCYFLe) PURITY (VISUAL R) LAMBEDA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENCTH (F%) Y {NM) R
SPHALERITE A Ued4lZ (e4l%2 4E8.45 ~e59 1£.25 440 17.7C
IN S c D.32C31 C.2CEE 47€e21 2e42 16,46 4€0 17.40
cLBic 4EC 17.2C
REFe FOR R: (CEMIRSCY,1%¢éE) 520 1€.6C
REMARKS: LCCe UNKNCWA 5zC 1€.72
544G l1€.5C
560 i€.4C
58l 1€.3C
&lC 16420
£2C 1€,1C
620 16.00

BLL°Y



MINEFAL NAME CHRLMATIC

CCVMPCSITICN SCURCE COORCINAT
CRYSTAL SYSTEM X
SPFALERITE 3¢A A Teb4cE (a4
IN S C Le2C42 (o2
cuBlIC

REFes FCR R: (TUGAL 1Gé€6)

REMARKS: LCCs TURKEY

ITY
ES
Y
g4t

ccz

DCMINANT
(CCMPL)
WAVELENCTH

“84.66

473246

PURITY

(r%)

1e27

2.5E

BRIGHTNESS
(VISUAL R)

Y

16.04

ibell

LAHBDA
(N#M)

440

460

48¢

1ée45
1619

1€all

REFLECTIVITY

6LL°Y



MINERAL NAME CHRCMATICITY CCMINANT BRIGHTNESS

COMPCSITICN SCURCE CCCGRDINATES  (CCMFLe) PURITY (VISUAL R) LAMBCA  REFLECTIVITY
CRYSTAL SYSTEM x Y  WAVELENGTH (P2) Y (NM) R
MANGANGSITE A GCe441C C.4CE€4 461455 1460 14.07 430 15.0C
MM C C 0.2032 Cl31CE 480+ €1 2412 14,16 47¢C 14.9C
CLBIC _ 4S0 14.60
REFe FCR R: (NICHCL & PFILLIPS,1964) 520 14440
REMARKS: LCCe UNKNWCA 550 1444C
550 14440
580 13.5C
610 13.70
€50 12.7C



MINERAL NAWE CHPROMATICITY DCMINANT RRIGHTNESS

CONFCSITION SCURCE CCUORCINATES  (CGMPL.) PURITY (VISUAL R) LAMBDA  REFLECTIVITY
CRYSTAL SYSTEM X Y  WAVELENGTF  (P%) Y (NM ) R
CRROMITE ALG A Ue4414 0ebCéS 463,14  1o49 12655 440 122
(FEyWGI(CRIAL,FEI2 C4 C  003C4% CoZilé 48Co &1 2270 120 €4 460 13,14
CLBIC 480G 12.C¢
REFo FOR R: (ENGIN,1G¢9) 520 12085
REMAKKS LCCo TURKEY E4C 12,72
560 12,46
5EC 12,52
600 12045
620 12625
640 12415
660 1le66

zecLey



MINERAL NAME
CCMPCSITICA

CRYSTAL SYSTEM X
CFRUMITE F1l1l¢ A Ceb422
{(FEsMCI(CRHAL,FE)Z C4 C Co2{4Z
CLBIC

REF. FOK F: (ENGIN,:9&S)

REMARKS: LCCe TURKEY

CHRCHMATICITY
SCURCE CCGRCINATES

Y

DEMINANT
(CCHMBL.)
WAVELSNGTH

49 )eC3

477e7C

PURITY
{(P%)

BRIGHTAESS
(visualL R)
Y

LAKBDA
(NV)
440

46(

€20
64C

cEy

REFLECTIVITY

12.44
12.32
12.35
12.04

11.98

gzly



MINERAL NANME CHRCMATICITY

CCMFCSITICA SGURCE CGORDINATES
CRYSTAL SYSTEN X Y
CFRCGNMITE 2LIZ2 A Cebt24 £o4CE2
(FE,MCI(CR4AL,FE) 2 Ca C Ce3{48& CuZ111
CLBIC

ReFoe FCR P: (ENGIN,1G€€)

REMARKS: {CCe TURKEY

DCMINANT
(CCi¥3La)
WAVELENCTH

4G 2.E3

473e3¢

PURITY (vISuaL R) LAMBRCA

(P%)

1.2E

2456

BRIGFTNESS

Y

(NM)

440

4eC

580
60D
&29

€40

REFLFCTIVITY

R

13.21
12.00

12.51

12424 )



MINEFAL NAME CERCMATICITY CCNMINANT BRIGHTNESS
CCMPCSITICN SCLRCE CCCFRTINATES (CCMFLs) PURITY (VISUAL R) LAMBCA REFLECTIVITY
CRYSTAL SYSTEM X Y FAVELEAGTH  (P%) Y (NM) R
CHFRCMITE ALY A Cett2S Co4ltE GETeT2 i.20 12042 440 13,17
{FE,MC)ICR,AL,FE)2Z C& C Ge30¢T Ca2iCE 5VE4E3 2o €2 i2.46 4€C 13.12
ceeic 480 12.88
REFe FOR R: (ENGIN,19&%) 52¢C 12.6€
REMARKS: LOC. TURKEY 240 12455
5¢0 1245
5¢&u 1243¢
6CC 12.22
626 12.29
640 i2429
€€C 12.21

sZlev



MINERAL NAME CHRCMATICITY DCMINANT BRIGHTNESS

CCMPCSITICN SCURCE CCORDINATES (CCMFLo) PURITY (VISUAL R) LANBLCA REFLECTIVITY
CRYSTAL SYSTEWM X Y WAVELENCTE  (P%) Y {NM) R
CHFRCMITE ZILZ0E A Ze&b4z]l Co4lCES 4ECLEC 1e37 12.2¢ 44C 13,2¢C
(FE,MG)(CR,AL,FE) 2 C4 C Ce.3C42 (L 31C5 477eZ3 2. 78 12.4€ 469 12434
CLelic 487 12. 8¢
REF. FOK R: (ENGIN,.9¢S) 520 12.68
REMARPKS: LOC. TURKEY 540 12.53
SED 12.43
580 ize32
€00 12421
620 12.2C
&40 12.32
66C 1i.82

9ZL*y



MINERAL NANME
CCMPCSITICN
CRYSTAL SYSTEM

CHFRCMITE aU3z

G

(FE,MC)(CR,AL,FE)2Z2 C4
cLsiIc
REF. FCR R: (ENGIN,1959)

KREMARKS: LCC. TURKEY

CFRCNMATICITY

SCLRCE CCCERCINATES

C

X Y

Ce44lz Co4lia

Uea2C2& CeZlCE

CCF INANT
{CCMFL.)
WAVELENGTH

4G1.8¢

476,43

PURITY
(P%)

l1.55%

2.CC

RRIGHTAE
{(VISUAL
Y
1237

12.4¢

S
R

S
)

LaMBDA
(NV)

440

4¢€C

480

REFLECTIVITY

12.54
12¢47

1243¢%

LeLey



CHRCMATICITY CLCCOMINANT
SCURCE CCORDIMATES (CCVFLo) PURITY

FINERAL NANME
CCVMPCSITICN

CRYSTAL SYSTEM X Y WAVELENCTH (PZ)
CFRCNMITZ 278 A Uod4c4 Ce4CES 4EG.EC 16327
(FE,MC)(CR,AL,FE)Z C4 C Ce3(42 CW31CE 477.C0 Z2e85
(ubliIC

REF. FOR R: (ENGIN,1GES)

REMARKS: LCCes TURKEY

BRIGHTNESS
{VISUAL R) LAMBCA

Y (NM)

12,24

«
<

Z

ehi

449

460

480

524

540

560

580

6CC

12.1¢
lz.08

lz.08

REFLECTIVITY

1A R



MINERAL NANE

CC¥PCSITICN

CRYSTAL SYSTEM

CHFRCMITE F31
(FEsMC)(CR,AL,FE) 2 CH4
CUBIC

REFs FCR R: (ENGIN,19£9)

RENMARKS: LGC. TURKEY

CHFRCMATICITY
SCURCE CUORDINATES
X Y

A fo4414 CoslEl

C Co2C27 Cua323C2

CCVMINANT
(CCVMPLS)
WAVELENCTH

43Ce S4

4784465

PURITY
{P%)

ie52

3.71

BRIGHFTNESS

(VISUAL P) LAMEEA

Y

12,23

lee42

(NM)

54C
5€éL
580
6iC
&20

€4C

REFLECTIVITY

12429
12.2°
12e0€
1Z.35

11.¢617

62L°V



MINEREL NAME CHERCYATICITY CCMINANT BRIGHTNESS

CCMPCGSITICN SCURCE CCCFLDINATES (CCMFL.) FPURITY (VISUAL R) LAMBCA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENGTH (P2) Y (NM) R
CHRCMITE 2ZUS A Oeq4lf Ca4lCTCL 4532,:6 leté 1221 4490 12.94
{FE,MC)(CR,AL,FE)2z C4 C Ce3042 DL212C 4E1.ES Ze €l 1Ze 26 4¢C 12.94
(LEIC 480 12.82
REF. FOR R: (ENGIN,1969) £2C 12.5¢8
REMARKS: LOC. TURKEY 540 12.46
5€0 12.42
580 12.28
€GO 1Ze16
620 ize1E%
es4n 11.72
EEC 11,47

ocLey



MINERAL NANE CHRCMATICITY

CCMPCSITICN SCLRCE CCCRCINBITES
CRYSTAL SYSTEVM X Y
CHRCMITE A1 A Co4c¢zy Co4(€c
(FEyMG)(CRyAL,FE)Z C4 C Ue3044 (CL21CE
CUEBIC

REFe FOR E: (ENGIN,1969)

REMARKS: LOC. TURKEY

CCPINANT
(CCFFLW)
WAVELENGTH

PURITY
(P%)

BRIGHTNESS

(VISUAL R) LLAMBCA

Y

12.27

12.25

(NM)

440

5€0
600
620

649

REFLECTIVITY

ey



MINERAL NAVME CHROGMATICITY DIYINANT BRIGHTNESS

COMPCSITICN SCLFCE CCCKCINATES (CC¥FLa)  PURITY (VISUAL R) LAMBDA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENGTH (P%) Y (NM) R
CHRTCYITE F7C A Cet42C Co4lE7 4524 3¢ 1.35 12.18 440 1Z.81
(FE,NCY(CR,AL,FEIZ C4 C De2C44 [.Z211E8 48C.7¢2 ¢e57 i2e2€ 4¢C 12,77
(ubiC 48GC 124665
KEFe FCR R: (ENGIN,196%) 520 12,47
REMARKS 3 LOC. TURKEY 540 12.33
el 12.24
5&0 12.1°F
600 12,08
6cC il. €4
&40 11,92
ged lle.€4

celLey



MINERAL NAME CHRCHMATICITY OCMINANT BREIGHTNESS

CCVFCSITICN SCURCE CUORCINATES (COMPLe) PURITY (VISUAL R) LAMBCA REFLECTIVITY
CRYSTAL SYSTEW X Y WAVELENCTH (P%) Y (NM) R
CFRCMITE AUlZ A Tel4i1 La.4CEE 492.,16 le&3 12.97 440 12,72
(FE,NCI(CRyALsFE)Z C4 C Je32C4Z2 Co2l14 48le13 2. €9 12415 4¢&C 1272
CLBIC 480 12.¢C
REFs FOR R: (ENGIN,19&9) 520 12.35I
REMARKS: LCC. TURKEY 540 12,21
5€0 iZ.10
5¢€C 12412
€09 1161
€293 il.G4
£463 il.57
6€&C 1l1e33

geLey



MINEFAL NAME CHRCMATICITY CCMINANT B2 ICHFTINESS

CCMPCSITICN SCLRCE COGRCINATES (CCVFLe) FURITY (VISUAL R) LAMERCA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENCTH (P%) Y (NM) R
CRKCMITE Zus A Do4427 Co4C63 4SJ0€1 1e 25 12434 440 12.€5
{FE,MC)(CR,AL,FE)Z C4 C Le3C4C Cu3117 47G.312 2e4l 12.11 4€C 12463
cueic 480 12.51
RtFe. FOR R: {(ENGIN,19¢&G) 529 12.3.
REMARKS: LCCa TURKEY 54C i2el5
5¢e0 12.0€
580 11.G¢
&6CC 11.6G2
£2C 1i.81
€4C 11485
€€d 11.€5

Ly



MINERAL NAME CHRCMATICITY CCWINANT BRPICGHFTNESS

CCVMFCSITICN SOQURCE CCORDINATES {CCMPLe) PURITY (VISUAL R) LAMRDA PEFLECTIVITY
CRYSTAL SYSTEY X Y WAVILENCGTFH (P2) Y (NM) R
CHFRCMITE ZU44 A TebdédZq Cob4lET 48R485 le 21 11.6G€ 440 12e74
(FEs“C)(CR,AL,FE)2 C4 C Le2(4Z Ca31C4 477440 2618 12.04 4¢0 12.€6
CLBIC 48C 12,42
REFe FCF R: (ENGIN,19€%) £20 12.23
FENMARKS: LCCes TULRKEY 540 12.1C
£eC 12.13
580 11.9¢C
60C 11.81
€206 i1i.7E
&4C 11.7C
&£&0 11. 76

SELeY



MINERAL NAVME CHRGOFATICITY DCFINANT BRIGHTNESS

CCMPCSITICN SCLRCE CCOSRCINATES (CC:'PLe)  PURITY (VISUAL R) LAMBDA REFLECTIVITY
CRYSTAL SYSTE™ X Y WAVELENCTH (P¥) Y (NM) R
CFRUMITE F16 A Ded424 Cob4lE4 4%1e16 1.28 I1e57 44C 1z.16
(FEsMCI(CR,AL,FE)2 C4& C Ue3C4E CozZilt 47Se T Ze T2 11.£4 4€0 12.C%
CuBIcC ‘ 48 12.34
REF. FCR R: (ENGIN,y1G¢9) 520 11081
PEMARKS: LCC. TURKEY 540 - 1le7%
ssQ 11.62
5€&C 11445
€390 lie4l
626 11,33
&4C 11«30
660G 1i.33

geL°y



MINERAL NANE CFRCMATICITY CUONMINAAT BRIGHTNESS
CCMPCSITICN SCLRCE CLCRCINATES (CCrP=Ls) PURITY (VISUAL R) LAMEBCA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVEL :NCTE (PE) R { (NM) R
CFRCMITE Féz A Ce44l17 Co4Cél 4CLe T4 1. 45 ile46 440 12425
(FE,MC)(CRyAL,FE)Z C4 c Ze303S Ca21C4 | 478,2¢ 2452 1154 4¢&L 12.C4
CLBIC 480 1152
REFe FCR R: (ENGIN,1569) 520 11,73
RENVARKS: LCCe TURKEY 54C 11441
5¢&0 11.51
580 1le42
63C 11.32
€20 1134
£4C 1le21
6690 1G.74

LeL®Y



MINERAL NAME CHRCMATICITY DCVMINANT BRIGHTNESS

CCNPCSITICN SCLECE CCCRCINATES  (CCMFLa) PURITY (VISUAL R) LAMBDA  REFLECTIVITY
CRYSTAL SYSTEM X Y  WAVELENGTH (PZ) Y (NM) R
CFRCMITE Fet A De442E Ce4CEE 462421  1l.16 1C.732 44C 11.28
(FE,NG)(CP,AL,FE)2 C4 C o305z Co2liz 48CeC3 2024 1Co 75 46C 11.06
CUBIC 480 11.905
REFe FOR R: (ENGIN,15€5) 520 11.00
éEMAnKs: LCCe TURKEY ' 540 10.88
560 10.72
5€0 10463
600 10.63
6290 1Ce 70
£40 10.37
€60 '1Ce13

geL°Y



MINERAL NAME CHRCMATICITY

CCVMPCSITICA SCURCE COORDINATES
CRYSTAL SYSTEN X Y
CHFRCVMITE F63 A 00442C Co4Ce32
(FEyMC)(CR,AL,FE)Z C4 C Ce3(Z1 Ca3115

LBiIc
REF. FOR R: (ENGIN,1iGEG)

KENMARKS: LCCo TURKEY

OCNINANT
(CCMFlLa)
WAVELENCTH

4G6C.22

478613

PURITY (VISUAL R) LAMEDA

(P2)

1.14

2.%¢&

BRIGCFTNESS

Y

(NM)

440

5€0
586
eCC
620
é4C

667

REFLECTIVITY

1049
1C. 43
i34
10.42

10.23

6gL*Y



MINERAL NAME CHROMATICITY
COMPOSITION SOURCE CCIRCINATES
CRYSTAL SYSTE™ X Y
ZVYAGINTSEVITE A Ne 455" Datliz
(PDsPT)I2(PC,SN) C Ne3185 J432E3
CUBIC

REMAPKS: LOC: UNKNCWN

REFe FCR R LoVYALSOV, MOWSCCW

COPPER A Y5955 Da.4705

Cu C De273C 743412
CUBIC
REMARKS: GEORGETCWN,USA. CU=93%,7%

REF, FOR R CEFVELLE & CAYE,1968

DOMINANMNT
(CCHMPL.)
WAVELENGTH
586.37

57747

5966 77

8¢l 56

PURITY
(P?%)

7e¢ 3N

4e T4

BRIGHTNESS
(VISUAL R)
Y
67.18

564€3

LAMBDA
(NM)
459
552
587

654

REFLECTIVITY
K
6Lle 40
65¢ 80

67« &M

ovL®y



MINERAL NAME CHROMATICITY DOMINAMY BE IGHTNESS

COMPOSITTICN SOURCE COOFDINATES (COMPLs ) PURITY (VISUAL R) LAMBDA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENG™H (°%) Y (MM) R
SPERRYLITE A 004448 Q040S3 5C6e 77 Ne 53 54,91 460 55,79
PT ASZ2 C Jo3T85 043172 498.58 Te54 55411 540 55,50
CuBIC 58¢: 55¢ 57

662 52007
REMARKS: LOC: UNKNOWN

REF. FOR R L.VYALSOV, MOWSCOW

CLAUSTHALITE . A 14252 Ne4lLlé 4860 37 2a 1 43418 &79 5504
PR SE c Ne 296" 43003 475417 Te1 4G, 74 546 496 50
cuBIC 58¢ 48,17

650 47,10
REMARKS: LOC: FAGLE GROUP,CANADA

REFe FOR R BURKE, FREZ UNIV. ) AMSTERDAM

(3254



MINERAL NAME CHROMATICITY DOMINANT BRIGHTNESS
COMPOSITION SQURCE COORDINATES (COMPL.! PURITY (VISUAL R)
CRYSTAL SYST=A X Y WAVELENGTH (P%) Y
SKUTTERUDITE A Je 4462 NetN72 491.14 V.34 53427
(CO,FE,NI)AS3-X C N03786 CGe315( 475582 Te69 53.29
CusBIC

REMARKS: LOC: JACHYMOV,CZECHOSLOVAKIA

REF, FOP R BURKE, FREE UNIV.,AMSTERDAN

HOLLIMGWIORTHITE A De4451 21,4167 512.14 Se59 5ia71
{RH,PC)AS S c Ne3CRY J.3182 512068 De4l 51089
CusBIC

REMARKS: LOC: UNKNGWN

REFe FOR R LJVYALSOV,MOSCOW

LAMBDA

{NM)

479

546

5389

653

549

589

&4

REFLECTIVITY

516 51
BZe5™

524057

Ly



MINERAL MAME CHROMATICITY DCMIMANT BRIGHTNESS

COMPOSITION SOURCE COORDINATES {COMPLe} PURITY (VISUAL R) LAMBDA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELEMNGTH (2%) Y {N#) R
RU=-HOLL INGWORTHITE A Ne4455 Jo4315 494, 7 Mo &N 49,004 455 49.5%
(RH,RU,PDJIAS S C 143385 T43153 483704 "ab6G 9,14 52) 4G, 49
cuslIcC 560 49023

650 48,40
REMARKS: LOC: UNKNOWN

REFe FDR R LeVYALSGV, MOSCOW

GERSDORFFITE A 0s 44390 Ja4d76 591.24 Tetdh 48041 479 47,90
{NI,CO,FE)AS § c Ne3ll6 153171 586437 Y -YA 4B8e 22 546 48,417
cuBIC 583 48487

659 48450
REMARKS: L3C: SUCBUPY,ONTARIC CANADA

REFe FOR R BURKFE, FREE UNIV.s»AMSTEPDA™

1504 el



MINERAL NAME CHRCOMATICITY DOMINANT RRIGHTNESS

COMPOSITION SOURCE CONDRDINATES (COMPLo) PURITY (VISUAL R) LAMBDA REFLFECTIVITY
CRYSTAL SYSTEM X Y WAVELENGTH (P2) Y {NM) R
GERSDORFFITE A Ne 4497 Js46191 58ue33 2678 46042 470 45e40)
(NI,CC,FE)AS S C Ne3123 Ne2198 57147 153 464 37 £4b Lbe 7N
CusIC : 589 460320

650 466 6D
REMARKS: LOC: UNKNCWN

REFe FBDR R UYTENBOGAARDT & BURKE,1971

GERSDORFFITE A NedBE 1o4738G 587622 1o 87 52.64 479 52. 69
(NI,CO,FE)AS S c e 3123 J43162 57Le %3 l.29 53,58 546 52,81
cusIC 58¢ 53. 89

65D 53¢ 4"
REMARKS: LOC: UNKNCWN

REFes FDR R UYTENBOGAAFDT & BURKE,1971

147404



MINERAL NAME CHRCMATICITY

COMPOSITION SOUSCE CCORPDINATES
CRYSTAL SYSTEA X Y
POLYDYMITE A Det50D DouNBS
NI3 5S4 c Je3220 D.3261
cuBicC

REMARKS : LOC: DRY NICKEL MINE,S<RHODESIA

REFe« FOR R BURKE, FREE UNIV. AMSTERDAM

IRARSITE A 54426 De4071
({IRyRUyFH,PT)AS S G Ne3051 we3127
cuB IC

REMARKS: LOC: UNKNOWN

REF. FOR R L,VYALSOV, MCSCOW

DCMINANT
(COMPL,. )
WAVZLENGTH

527, 8&

581444

4934473

48le72

PURITY
(P2

9. 34

509

BRIGHTNESS
{VISUAL P) L AMBDA

Y {NM)
4712 470
46045 546

589
650
4€. T4 455
47«02 52.
56
657

REFLECTIVITY
R
4209
4601
474300

£le72

4806
474 &7

L7400

SpLey



MINERAL NAME CHROMATICITY OCMINAMT BRPIGHTNESS

COMPOSITION SOURCE COORDINATES (COMPL,) PURITY (VISUAL R) LAMBNDA REFLECTIVITY
CRYSTAL SYSTE™ ' X Y HAVELFNCRTH (P2%) Y (NM) R
IRAPSITE A Ne4426 Te&il4 49846°% 14 €2 4655 49-3 L7ebe
IRyRU,RH,PT)AS § C MNe2167 (23157 488,87 1o, 31 46482 52 47089
cuslcC 589 4661

65 45529
REMARKS: LCC: UNKNCWN

REFe FOF R UYTENBOGAARDT & RURKE,1G7L

TYRRELITE A N04527 J.47RT 58Re 11 4327 46e N1 &7 444700
(NI,CO,CU)2SES c Je 2156 43212 57C. 71 20R4 45.73 546 65,451
CUBIC 583 Lf ¢ BT

£57 47410
REMARKS : EAGLE GROUP,CANADA

REF, FOR R RURKE, FREE UNIVe,AMSTERNA™

gpL°y



MINERAL NAME CHROMATICITY DOMINANT RPICHTNESS

COMPOSITION SCUeCz CCORDNIMATES (COMPL.) PUFTTY (VISUAL R) LAMBDA REFLECTIVITY
CRYSTAL SYSTEM™ X Y WAVELENGTH (B9) Y (N4%) R
PENTLANDITE A Jeb4T Da4lN] 589. &2 13.65 45484 474 39,83
{NI,FE)S S8 C De3207 Ng2316 580, 7% Gal2 44,53 £46 L4 0
cuBlicC 586 47,00

659 57¢ 5
REMARKS: LOC: FLAT NICKEL MINZ,TELEMARK NORWAY

REFe FOR R BUYRKE, FREF UNIVes AMSTERDAM

ULLMANITE A Veabab’) Ne&tal 577eit5 le7? 444 C7 479 450 71
NI SB S C Ja3ET 43796 453,25 2oL 7 45, 17 246 44467
cuBicC 589 4445

&59 46410
REMARKS: LOC: EISENHARTER, SAXNY

REF. FOR R BURKEs FREE UNIVe sAMSTERDAM

LyLey



MINERAL NAME . CHROMATICITY NDCOMINAMT BRIGHTNESS

COMPOSITION SOURCE COJRLINATES (COMPLe} PURITY (VISUAL P) LAMBLDA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELEMGTH  (PR) Y (NI1) R
LAURITE (1) PURE A V042S4 1e4027 497128 4051 41.25 4730 47287
RU s2 c Ne,2C814 ‘142986 478,67 Be 77 472613 546 42,450
cuB1IC 589 ang 3

6513 37.27
REMARKS: LOC: GNODNEWS BAY,ALASKA. RU=61, . 3IRPR=1c"38=28:7 WTo?

REFe FOR R (LEONARC ET AL,19€9)

LAUPITE (2) NUGGET A Ne43V5 Ja4 i3 49,20 be 24 4')e G4 47°) 476730
RU S2 c Ne292% 1.296¢ 478458 Be26 41l 74 546 424119
CuBIC 589 4$)e NN

€54 27. 20
REMARKS: LOC: GOCDNEWS BAY,ALASKA. RU=&1a55IR=13,155=31,1 WTa2

REFs FGP R (LEONARDC ET AL, 1969)

ayLy



MINERAL NAME CHRCHMATICITY

COMPOSITION SOURCE COORDINATES

CRYSTAL SYSTE™ X Y

LAURITE (3) A Ve b2bh3d 2,3554

RU S2 c No284 NGa28€7

cusIC

REMARKS: LOC: GDODNEWS BAY,ALASKA, RU=59,531R=2,';5=38.7 ViTe"%

REFe FCR P (LEONARD ET AL,1966)

LAURITE (&) A YalzTL Ve39€:
RU S§2 c Ve 2E71 (42887
cuBlIC

REMARKS: LOC: STILLWATER COMPLEX,MONTANA

REFe FOR ® [(LEGNARDE ET AL,1966)

DOMINANT
{COMPL,)
WAVELENGTH

BRIGHTNESS
(VISUAL R)

REFLECTIVITY

&

470 70’
28,450
2ba 47

35,40

434 1)
39,04
28, 37

26He 37

6vL°Y



MINERAL NAME
COMPOSITION
CRYSTAL SYSTEM
LAURITE (5)

RU S2

CuBIC

REMARKS: LacC:

REFe FOR R

PETZITE
AG3 AU TE2

cusIcC

REMARKS: Lac:

REF. FOR R

UNKNCWN

Le VYALSQOV,

CHROMATICITY DCMINANT
SOUFCE COORDINATES (COMPLS)
X Y WAVELENGTH

A Neb344 NobN3T 489,85

C Ne2962 )e3129 478a%17

RU=31,MV3IR=2D47355=27-" WTa?=

(LEOMARE ET AL,1969)

A Ve a27 Del&iSZ 4806,

5
C \0331‘4 -‘)031";6 4974042
MOSCOW

RRIGHTNESS
PURITY {(VISUAL R)

(P%) Y

3020 41,07
he 58 4l.61
1627 4 %e 32
2,87 4la22

LAMRDA
(NM)

REFLFECTIVITY

oGL®vY



MINERAL NaAME
COMPOSITION
CRYSTAL SYSTEM
PETZITE

AG3 AU TEZ2

CUBIC

REMARKS : LaC:

REF. FOP R Ll.VYALSOV,

PETLZITE
AG3 AU TEZ2

CusIC

REMARKS: LOC:

REF. FOR R

UNKNCHN

UNKNCWN

P.BEISTEIN,

CHRCMATICITY
SOURCE COORDINATES
X Y

A Vo 4413 Na 4174

c Je3D48 M,3227

MOSCOW

A Ned422 NVs4254

C Ne3C3G6 D.376G8

MOSCODwW

DOMIMANT
(COMPL. )
WAVELENGTH

494449

4824 2€C

488,02

4764 65

PURITY
(PZ)

135

24 31

BRIGHTNESS

{VISUAL R) LAMBDA

Y (NM)
38455 460
386 91 543
580

ALy

38eiJ 46y
38033 540
58.

64

REFLECTIVITY

4e 2.)

2845

27. 84

2749

LGL*Y



MINERAL NAME CHEQMATICITY CCMINAANT BF IGHTNESS

COMPOSTTINN SOURCE CCORNINATES  (CCMPL.) PUFITY (VISUAL R) LAMBDA REFLECTIVITY
CRYSTAL SYSTF™ X Y WAVELEMGTH (P%) Y (N*4) R
PETZITE A 0.627¢ 9.3994  487.727  5.1)  35,£3 46 4241
AG3 AU TE2 C Me2R84 1.2933  4T5.66 17,55 36,63 54°) 37010
cuslc 587 34,9

640) 334 3)
REMARKS: LOC: UNKNGHWN

REF. FOR R UYTENROGAARDT & RURKE,1971

COLORADOITE A Ne45)) Jeb )78 59 i.1¢ 1,87 37.29 460 27.1°
HG TE C De3132 N 31756 5Ci.6¢E .5 37,73 54 36,8"
CuBIC 58) PRI

£4) 37647
REMARKS: LOC: UNKNCWN

REFe S0OF R LeVYALSOV, MOSCOW

ZsLey



MINERAL NANME
COMPOSITINN

CHROMATICITY
SOURCe COORDINATES

CRYSTAL SYSTEM X
COLCRADOITE A Na4504
HG TE C Je31l44
CUBIC

REMARKS: LOC: UNKNOWN

REF. FOR F P,BEISTEIN, M3SCOW
COLORADQOITE A SPWYAS
HG TE c a3 .28
cuBlicC

REMARKS: LOC: UNKNNWN

REFe FOF R UYTENBOGAARCT & B8URKE,1971%

Y

Je 4798

1e 3207

Ve 4222

142737

DOMINANT
(COMPLG )
WAVELENG™H
582.£8

57T7e4b

PURTTY
{p?)

2447

2.32

BR [GHTNESS
(VISUAL R)
Y
36,24

36611

34,21

34es3

LAMBCA
(N¥)

64

REFLECTIVITY

R

5344 8:)
35450
37«5

25,59

34, 8)

g5y



MINERAL NARE CHROMATICITY
COMPOSITICN SCURCE COGRDINATES
"CRYSTAL SYSTEM X Y
MURDOCHITE A Ne 4523 o487
Cus PB 08 C Ne3163 123216
CuBlIC

REMARKS: LAC: TCHAH-KHOUNT MINE,IRAN

REF, FOR R BURKE, FREE UNIVe,AMSTERDAM

MURDOCHITE A Ne 45234 Ja4iNC2
Cusés PB N1 c Je3168 Ne63224
cuBIC

REMARKS: LOC: UNKNOWN

REFs FOR R UYTENBQOGAARDT & BURKE,1971

DOMINANT
(COMPLa )
WAVELENGTH
588459

579.78

PURITY
(PZ)

4,78

3.79

RFIGHTNESS
(VISUAL R)
Y
17.21

17420

17.19

1T7a07

LAVMBDA

(NW)

479

546

589

557

4770

565

589

REFLECTIVITY
1645
17,1
17452

17.87

145154 ]



MINERAL NAME

CHROMATICITY

BRRIGHTNESS
{visSuaL R)

DOMINANT
PURITY

COMPOSITION SCURCE COORDINATES (CCMPLL )

CRYSTAL SyS7eM X Y WAVELENGTH (P%) Y
TITANOHAGNET ITE A Ne446G Jogln3 563.7& Tel&T 16693
FEL+X,FEZ-2X,TIX 04 c Yo 3112 Ne3271 563411 1.29 16294
cuBIC

REMARKS: L3C: UNKEL,RHENANIE. FEZ D3=84,5%:;T1 (02=15,3%

REFo FDR R CERVELLE,1957

LAMBDA

(N

479

546

58¢9

65

REFLECTIVITY
R
16.60
1747
173N

1660 00

=1



2, ANISOTROPIC MINERALS



MINERAL NAME CFRCMATICITY CCMINANT BRIGHTAESS

COMPOSITICN SCURCE CCCRCINATES (CC¥FL.) PURITY (VISUAL R) LAMBCA REFLECTIVITY
CRYSTAL SYSTEM ' X Y WAVELENGTH (P®) Y (NM) (Rp ) (Rﬂ )
KCSTOVITE A 0e44E2 (Co413C 572.52 4e.24 53.22\b 433 49430 50.1C
AL CU TE4 A 0.4208 C.414¢€ 57€.58 T.1€ 57.507@ 4€6S 45.,7C 53.7C
FRGBAELY MGNO. C 0e2132¢€ (Co32EE ££5.54 3.41 53.26\@ 482 5210 55.20
C 002172 0.33C2 5¢€B. €4 e €4 57.79\@ 518 52.7C 56440

REFs FOR Rz (TERZEIV,16566) 559 54.90 60.10
REMARKS: Lt0C. CHELCPECH,BULCARIA 589 £3.,0C 57.9C
€24 £2.5C 57.CC

6&£8 45,3C 55.2C

651 48.40 53,30

9GL°Y



MINERAL NAME
CCMPCSITICN
CRYSTAL SYST

EV

MARCASITE NGC S (1)

FE Sz

CRTHCRFCMEIC

REF. FGR R:

REMARKS:

(TUGAL ,1969)

LOC,

TURKEY

CHFRCMATICITY

SCULRCE CCOGRCINATES
X Y

A D.4525 (41217

A Ce4834 £.4127

C D-3218S 0:32€5

c Cs 2165 wGa33CE

CCNINANT
(CCVMPLL)

WAVELENCGTH

BRICGFTNESS

PURITY {(VISUAL R)

(p2)

1. 7C
£.32
o €4

.28

Y

5,84 Yp
£2.18Vy
50,55V
52.51Yg

LAMECA
(N#)
440
4€G
480

590

600
€20
640

€eC

REFLECTIVITY

(RP )

44,98
48,¢C¢
47,72

4€,52

EC€LCT
£0,6GL

EC-17.

(99 )
45,62
48.1%
5000
El.1¢

51,8E

LSL°Y



MINERAL NAME CERCMATICITY. CCMINANMT ERIGFTNESS

CCMPCSITICN SCLRCE CCCRCINATES  (CCMFLo) PURITY (VISUAL R) LAMBCA  REFLECTIVITY
CRYSTAL SYSTEM X Y  WAVELENGTE (FZ) Y (NV) (Rp ) (Rg )
MARCASITE NGLC S(2) A C.44S€ 9.4121 E7E.E1  4.5E 4,55 Yp 442 45,7€ 45.4%
FE €2 A D.4517 Ca412¢ E7G.67  EofZ £1-0¢ Yg  4€q 46,41 47,45
CRTHCRHOMBIC C  0.2142 9,32%1 56E.C5 3046 45.51 Yp 480 47,62 4. EC
C  0.2170 0.326C 570e55 4459 £0,5C My 5LC 4E. 61  4S.&4

REFs FCR R: (TUGAL,15¢S) 520 49,20 5Q.22
REMARKS: LCC. TURKEY 540 46,606 51,17
£¢9 £C,€2 1.7z

583 50,22 51,63
€CT 4E.1€¢ 51.24

620 4G.44 50,97

AN
€
®

Ny
-l

€449 4S,€2

662 48,73 50,17

8sL°y



MINERAL NAME CHRCMATICITY
CCMPGSITIGN SCLRCE COGROCINATES
CRYSTAL SYSTEM X Y

MARCASITE KC 1¢ A 0.4522 Ce4lzl
FE S§2 A 0.4514 C.4140
CRTHORHOMBIC c Coe21E2 Co32€€¢

C 03172 Ce33CC
REF. FOR R: {(TULGAL,16¢9)

REMARKS: LCCe TURKEY

CCMINANT
(CCNFLS)
WAVELENETF
S€2.1€
578422
574.10

555418

PURITY
(P2)

T.08

BRIGHFTNESS

(VISUAL R) LAMBCA

Y

46463 Yp
52.54V§
46437 Yp

£52. 74 Yg

(NM)

44C

4¢0

480

580

ECC

620

€4C

6560

REFLECTIVITY
(Rp ) (Rg )
42,01 46420
42,56 4E.1%3
43,55 5C.é€1
44,38 Sl.64
45.23 £2.3°F
4€.25 53.1¢
47448 5347E
4T.71 52.78
45.51 E1.4S
47.70 53,10
47465 53449
45.41 5C.91

65L°Y



FINERAL NAME CFROMATICITY DCMINANT BRIGHTNESS

COMPOSITIGN SCURCE CCGRCINATES  (CCMPL.) PURITY (VISUAL R) LAMBDA  REFLECTIVITY
CRYSTAL SYSTEM X Y  WAVELENGTH (P%) Y (NVM) (Rp ) (Rg )
NICCOLITE 1 A C.4€E15 C.4134 589422 27.58 51.29Yp 420 35.56 42.9¢
NI AS A 064702 Co4113 5E36.34 18,.3¢ £4.52Vg  44C 38,04 42.6C
HEXAGONAL C  C€.35C7 C.3477 581418 19432 O 49.22 Yp 460 343¢& 432,27
C 043360 Ce3477 58099 12.39 £ 53.C6 Y 480 37.33 45,14
REF. FOR R: (THE AULTHCR) 500 26454 4€.7S
REMARKS: LCCe CNTARIG,CANALCA 52C 43.30 48.93
.7

Electron Probe Analysis: Wte % O Concl T 54G 474C1 £1.4%
R 560 50426 53467

As 55.12 08
5€0 53, €545
Sb. 00,90 °e 3¢
600 55460 57+54

100,09

€20 57.64 5S.1C
640 5GeL5 6Ce39

09L°y



MINERAL NAME
CCVMPCSITICN
CRYSTAL SYSTEM
LCELLINGITE

FE AS2

CRTHORHCMEBIC

CHROMATICITY
SCURCE CCOORCINATES
X Y

A 0.4500 C.411C

A Go45E4 (o4145

C 0.3142 0.3236

c 03247 043352

REFe FOR R: 00 VAASJOKI (1969)

REMARKS: LGCe UNKNCWN

CCNINANT
(CCMPL )
WAVELENGTEH
ET1C«C5
583048
56Ge55

E14.0E

PURITY (VISuAL R) LAMBDA

{P%)

BRIGHTNESS

Y

50.2C0W

53.22‘13

50.12 Yp
5266 Yo

(NM)

440
48C
500
520
540

60C

REFLECTIVITY
(Rp ) (RS )
4€.5C 43,.8C
48430 47.40
45.5C EC.1C
50.00 51.30
£0.6C 53.GC
50.20 54.00

LoL®y



MINERAL NAME CFRCMATICITY LCCMINANT BRIGHTINESS

COMPOSITICN SCURCE COCRDINATES  (CCMFL.) FURITY (VISUAL R) LAMBCA  REFLECTIVITY
CRYSTAL SYSTEM X Y  WAVELENGTH (P2) Y (NVM) (Ret ) (Ryg )
SYLVANITE,F1J1 A 0.456C C.413C 584,55 11.02 50.71 Yee  44C 42.0C 56430
AU AG TE4 A 0.4518 C.4101 583,02 4437 60.80 Ny 460 44,60 57.50
NCACCLINIC C 043232 C.3234 574.C7 8413 5Ce 24 Y, 4EC 47.CC 5S5e1C
C 0.3148 0.3237 571.53  3.25 60.65 Yy 500 48.40 €0.60

REFe FCR R: (STUNEFL,1970) 546 £0.80 61,20
REMARKS: LGC. EMPERDR MINE,FIJI 589 50.0C 59.5C
Electron Probe Analysis: Wt, % €00 Sle3C  €i.1C

Au .4 626 52430 6&1.6C

Te 9.9

ZoL®y



MINERAL NAME

CHRCMATICITY

COMPOSITICN SGURCE COCRCINATES
CRYSTAL SYSTEM X Y

SYLVANITE,COLCRADG A 0.4552 C.411C
AL AG TE4 2 004452 Co4CEE

MCNOCLINIC

REFe FLCR R:

REMARKS 3

c 0.216C C.32717
C Ce3122 C.31657
(STUNFFL,1970)
LCC. REL CLCUC MINE,COLCRACG

Electron Probe Analysis: Wt. %
Au 23,6
Ag 13.2
Te 61.7

98.5

COMINANT
(CCMFL.)
WAVELENGTH
5E5.25
5Bcecz4
£74.22

571l.18

PURITY (VISUAL R) LAMECA

(PZ)

BRIGHTNESS

A

44 o 04 Yoo
£€. 58 Yy
43075 Y

5892 Yy

(NM)

440
4€C

480

REFLECTIVITY
(Ree ) (Ryg)
39.C0 57.0C
4C.1G 57.4C
41.40 5841C
43410 58.EC
44.2C 55.3C
42.00 5844
44.10 58,60
45.20 59.2C

oLy



MINERAL NAME _.f?fLEHRuﬂAﬁJCIIY _DOPINANT | BRIGHTNESS
CCMPCSITICN . SOURCE 'CODRDINATES -~ (COMPL.)  PURITY (VISUAL R) LAMBDA  REFLECTIVITY
CRYSTAL SYSTEM - XY WAVELENGTH  (PR) v (NM) R
CHALtcpvnlrg,E ;A:'.o.aﬁza'c,4zez- 582465 39{16 47.62 440 26422
CuU FE S2 o 0,5484;0.3¢s2_ 573422 24447 46455 460 31.80
TETRAGCNAL B o 1_  - " 480 27,00
REF. FOR R:I(TUGALylgég) e : 500 41.23
REMARKS LCCs TURKEY - 'f}.Lf" . - ' _ _ ' 520 44,05
| E 540 46438
560 4Beél
 5§0 - -49.29_
600 49.52
620 49.67
640 49,05

660 48,16

oL’y



: <

< & .

MINERAL NAME CHRCNMATICITY LCCMINANTY BRIGFTNESS
CCMPOSITICN SCURCE CCCRCINATES (CCMPL.) PURITY (VISUAL R) LAMBCA REFLECTIVITY
CRYSTAL SYSTENM X Y WAVELENCTH (P%) Y (NM) (RP ) (Rg )
CRALCCPYRITE 4 A Ce470€ Co4243 532682 27461 ’ 47.617F 440 2763 27463
Cu FE S2 A Ca4i2C Co4242 533,17 £8.51 47.75V§ 4€C 22466 32.2¢
TETRECGONAL C Oe244E Co2¢43 £73e2C 2¢e16 46.63\@ 480 37.75 38447

C Oe24€2 Cu384S 573,55 22.75 46.67\@ 500 4l.62 42.05
REF. FCR R: TUCGAL (19€9) 520 44,21 44.18
REMARKS: LOC. TURKEY 540 4€.50 4€.5°5

E€EC 48,11 48,11

580 49423 4S.14

6CG 49,75 49,08
€2GC 45453 4G,.E4
64C 49,80 49.17

6€6C £Cel7 4E.72

gol°y



MINEFAL NANME CHRCMATICITY COCMINANT BRIGHFTNESS

CCMPCSITICN SCULRCE CCCRDINATES (CCMFLo) PURITY (VISUAL R) LAMBCA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENCTR (P¥) Y (NM) R
CHALCCPYRITE.NG3S A Ced711 Co4zES £t2.45 2S.0°5 47631 440 26453
CU FE Sz C 0e34€7 Co3€77 E73.00 22.¢€2 4E3E 4€G 32022
TETRACONAL 480 3747
REFe FCR R: (TUGAL,1969) 5C0 41.41
REMARKS: LOC. TURKEY 520 44405
£2cC 44.C5
540 46018
5¢0 4795
SEC 49.16
600 49,35
€20 4Se4€
€40 49.06
€e0 4€.1€

99l°*y



MINERAL NAME CHRCMATICITY LCCGMINANT BRIGHTNESS

COMPCSITICN SCURCE CCCFCINATES (CCMFLe) PURITY (VISUAL R) LAMBDA REFLECTIVITY
CRYSTAL SYSTEM X A\ WAVELENCTH (P%) Y (NV) R
CEALCCPYRITE M2 A Ce4721 Ce42%1 5€2.73 2S.61 41625 440 2€43¢
Cu FE S2 C Ce247€ (Co3€EZ 573s15 234665 46425 460 31.74
TETR2ACONAL 480 27.0¢
FEFe FCR R3: (TUGAL,1969) £CC 41.06
REMARKS: LOCe TURKEY 520 44,410
52C 44,10
540 46013
5¢0 47717
5€0 48451
600 49.05
€20 4G.14
640 49462
€eC 48417

LoL°Y



MINERAL NAME ' . CHROMATICITY' DCMINANT BRIGHTNESS

COMPOSITICN SCURCE COORCINATES - (COMPL.) PURITY (VISUAL R) LAMBDA  REFLECTIVITY
CRYSTAL SYSTEM | X Y WAVELENETH (P%) Y (NM} R

CHALCCPYRITE,3¢ A 0.4725 044248 582.07 25.28  47.22 440 26,68
" CU FE 52 | C  0.2475 C.36€6  ~ 573456 23453 46413 460 32.03
TETRAGONAL - B L 480 7. 2¢€
REF. FOR R: (TUGAL,1949) - B 500 49,89
REMARKS:  10C. TURKEY - = - o 520 43,59
| 540 45.71
5€0  47.72
580 49,04
600 49.19
620 48.88
640 48460
660 49.91

8oLV



MINERAL NAME

CCMPCSITICA

CRYSTAL SYSTEM
CHALCCPYRITE,M3

CU FE Sz

TETRACGCNAL

REF. FOR R: (TUGAL,1S€6)

RENMARKS: LOCe TURKEY

A

c

CHRCMATICITY

SCURCE COORDINATES

X Y

0647332 Co4cécC

COMINANT
(CCMPLL)
WAVELENCGTH

582.5C

573e42

(P%Z)

3C. 7

24.82

BRIGHFTNESS
PURITY (VISUAL R) LAMBCA
(NM)

Y

4716

46.C€

440
4€0
480
5006
520

520

580
&éCO
620
64C

66C

2€a41

40.72

43444

43.44

454,90

4777

48473

4G.2C

49,14

REFLECTIVITY

69L°Y



MINERAL NANME
COMPCSITICN
CRYSTAL SYSTEM

CEALCCPYRITE,M12

CU FE Sz

TETRAGGNAL

REF. FCR R: (TUGAL1969)
REMARKS : LOCe. TLRKEY

CHROMATICITY
SCULRCE CCCRCINATES
X Y

A Ced721 Ca42t6

c Ca24EG Co3€EE

DOMINANT
(CC¥EL, )
WAVELENGTH

582.57

£73.48

BRIGHTNESS
PURITY (VISUAL R) LAMBDA
(P%) Y (AM)

30.2¢€ 4Te14 440

24450 46405 4€0

48C

520
540

560

600
€2¢C
640

660

REFLECTIVITY

R

25462
21.57

2€.74

4808¢
45,20
4S.14
4G.62

48,17

oLL®y



MINERAL NAME CHRCMATICITY DCMINANT BRIGHTNESS

CCMPCSITICN SCURCE COCRCINATES (CCMFL.) PURITY (VISUAL R) LAMBDA REFLECTIVITY
CRYSTAL SYSTEM X ] WAVELENCTH (P%) Y (NM) (Ra ) (Rr )
CHALCCPYRITE M24 A 04722 Ce42€C 582.671 29.88 46455V 440 2452 2€.(E
Cu FE S2 A 064720 Co42€2 582078 3Ce5E 47.35\@ 460 31032 31449
TETRAGCNAL C Ce34E€]1 Co3€ES 573425 24.21 45454 Yp 480 3€.5E 3t.tE
c 0.3491 Ce3é€¢7 573433 24.8C 46e26 Yg 560 40,89 40.80

REF, FOR R: TUGAL (1969) 520 43.¢4 435.3¢
REMARKS: LCC. TURKEY 540 46432 45471
5€0 47.8G6 47.6%

580 48491 48473

€0C 45,51 49.20
620 49.14 48.83
€4C 4G. €2 48.98
660 48417 46478

VAR |



MINERAL NAME CFROMATICITY DCMINANT BRIGHTNESS

COMPOSITICN SCURCE CCCRLCINATES (CCMFLe) PURITY (VISUAL R) LAMBDA REFLECTIVITY
CRYSTAL SYSTEM X ¥ WAVELZNGTH (P%) Y (A\V) R
CHALCCPYRITE K A Ge4713 Qa4252 582.71 28.71 G€. €T 440 26467
CU FE £2 C 0.24€2 Co3EE€4 573.1% 23,1¢ 45.87 4¢€0 32.0%
TETRAGCAAL 480 3Teci
REFs FCR R: (TUGAL,1969) 5C0 40.92
REMARKS: LGCs TURKEY 520 43453
520 43,53
540 45074
5€0 47.48
580 48452
&CC 4846C
€26 48448
640 48447
6¢€C 4E.1€

cLLtY



MINERAL NAME CHRCMATICITY CCPINAMNT BRIGFTNESS

CCMPCSITICA SCURCE COCRCINATES (CCMPLe) PURITY (VISUAL R) LAMBCA REFLECTIVITY
CRYSTAL SYSTEM X A WAVELENCTE (P%) Y (NM) R
CHALCCPYRITE, N1 A 0.473¢€ 0l.42€2 5B¢eSC 21.02 4é€o 11 44C 25.2¢
CU FE S2 C 0s24GS (C.37(E 572.4C 25.22 45.66 4€0 30.61
TETRACGCNAL 48GC 36,23
REF., FOR R: (TUGAL,15€¢) 500 40642
REMARKS: LOCe TURKEY 52C 43.0¢
520 43,.,0¢
540 45.5C
5€0 470332
580 48632
€0C 4E.E1
62C 48481
640 4€0,12
660 48017

gLLey



MINERAL NAME CHRCMATICITY CCMINANT BRIGFTNESS

CCMFCSITICN SCURCE COCRCINATES (CCMPL.) PURITY (VISUAL R) LAVMBLCA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENCTE (FZ) Y (NM) R
CHFALCCFYRITE NCG31E A 064748 Co42¢€4 £82.L9 21l.¢S 4€.5E 44C 24 1€
CU FE Sz C Ce2E1Z (o271E £7Ze54 25495 45042 460 29.94
(TETRAGCAAL 48C 35.64
REFa FOR R: (TUGAL 19¢9) 500 3G.88
REMARKS: LCC. TURKEY 820 42.73
520 42473
£40 45,02
560 47451
580 48403
é€0C 4€e517
€20 48433
64C 484 €4
660 49454

wLL®Y



MINERAL NANE CHRCMATICITY CCMINANT BRIGHTNESS

CCMPOSITICN . SCURCE CCCRCINATES  (CCMFL.) PURITY (VISUAL R) LAMBDA  REFLECTIVITY
CRYSTAL SYSTEM X Y  WAVELENGTH (P%) Y (NM) R
CHALCCPYRITE,NG35 A C.4745 C.4254 SH3.41 3134 46445 440 25.03
CL FE S2 c «3506 C.27CC 573,65 2536 45422 4€C 3Ce£€
TETRAGGNAL 480 35.75
REFe FCR R: (TUGAL,1969) ECG 3¢, 86
REMARKS : LGC. TURKEY 520 42470
52C 42.70
540 44,88
560 46.74
580 48,08
6C0 48475
620 45417
640 45.CS
€eC 48416

SLL®Y



MINERAL NAME CHRCNMATICITY CCNMINANT BRIGHTNESS

CCMPCSITION SCURCE CCCRDINATES  (CCNFL.) PURITY (VISUAL R) LAMBCA  REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENGTF (PZ%) Y (NVM) R
CFALCCPYRITE,2C A 0.47zZ1 Ce42%3 SE2.E5 254324 46046 440 26.C8
CLU FE §2 C 02474 0.3673 573435 23.69 45,45 4€C 21445
TETRAGONAL ' 480 36463
REF. FCR R: {(TUGAL,1969) | 5C0 4Ce42
REMARKS LGCe TURKEY 520 43403
52C 43.C3
540 45425
5€0 47417
S€0 47.76
ecc 48,21
62C 48,82
640 48.98
£EC 46478

9LL®Y



FINER2AL NAME CHRCMATICITY LCOMINANT BRICHFTNESS

CGMPCSITICN SCURCE COCRCINATES (CCVFL.) FURITY (VISUAL R) LAMECA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENCETE (P2) Y (NV) R
CHALCCPYRITE,NC31A A 0e474F (o425 £€2.21 31.35 46640 440 24092
CL FE S2 C 0.3E5C€ Co37C5 573,63 2%.41 45,25 4¢C 2Ce 21
TETRACONAL 480 35.66
REFe FOR R: (TUGAL,1569) 5C0 3G. §E&
REMARKS: LOC. TLRKEY 520 42661
£20 42.€1
540 44458
560 4€.94
580 47.86
€CO 480517
620 4€.0%
€40 48448
66C 45,54

LLLY



MINERAL NAME CHRCNMATICITY DCMINANT BRIGHFTNESS

CCVMPCSITICN SCURCE COORCINATES (CCMPLe) PURITY (VISUAL R) LAMBCA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENCGTE (P%R) Y {NM) R
CHALCCPYRITE 43-46 A 0+4ECY Ce42EE £EE€2.55 27,E¢ 43, €C 44C 16.57
Cu FE S2 c C.2€05 C.3823 574.C3 31.35 42425 4€0 2Se4
TETRAGCNAL 4EC 2le16€
REF, FOR R: (TUGAL,16¢S) 5GC 35.98
RENMARKS: LECs TURKEY 520 3%9.24
5¢zC 36424
540 41.81
5¢0 43,77
580 45454
€CC 4€.17
620 46.C4
€4C 46661
66C 46.78

gLL®yY



MINEFAL NAFME
CCVECLSITICN

CRYSTAL SYSTEW
GFCCRCNITE

Z7PE S T(SE,AS)2 S22
MCNCCLIMIC

REF.

FCE N: NACEZCA

REMARKS: LCCo

NeWCZICVA =7

UNKNCHA

CHRCHATICITY
SCUPCE COCRUIMATES

X Y
& (ed4sEs (4734
A Nobdédl To41322
(‘ r», "'ul r.gzéq
C Te3TCE No3227

CCMINANT
(CTPL,)
“AVE' ENCTH

FURITY

(7%)

ROTCHTNESS
(visLaL R)

Y

37.14\p

4,67 Y9

LLAMPCA
(NM)

CRAY

FEZ®LCCTIVITY

(QP )

(RS )

6LL°Y



MINERAL NANVE CFRCMATICITY CCOFIRNAANT RPRIIGFTNESS

CCMPCSITICN SCLRCE CCORCINATES (CCM:Le)y PURITY (VISUAL R) LAVBCA REFLECTIVITY
CRYSTAL SYSTEN X Y WAVFLENCGTE  (F%) Y (N¥) R
GECCRCNITE A Neb4bE T,4151 E57,99 2437 4Ca%SS 47 e 7T

27PB S TI(SE,AS)2 S£32 C TeZlll NoZZE E520 26 222 4C, 82 529 42007
MCNGCLINIC £18 416 31

REFs, FCR R: CR2Y & MILLMAN (16¢2) 672 3Te 50
REMARKES: LCCoe UNKNCWMN3 UNCRIEMNTELD SECTICA, 7{C ERTRY

osL*y



MINERAL NANME
CCMPCSITICN

CRYSTAL SYST
BCULANCGERITZ
2SB?2 S

MONQCLINIC

REF, FCR =:

REMARKS:

=M

A

15

c

SCLFCE CCOCRTINATES (COMELG)  PLEITY
X Y VAVELEACGTE  (F¥)
"el434 L4120 2E7.5¢€ le74
TobtZf To6G127 Elia8E 1o 27
Ta2087 Co222E E27e7L loelg
'oZCT7F Co22CE SlhoE3 {7l

C

NACEZLA NMOZIGCVE

LCCo UNKNCWN3; RP=NCFMAL 70 C,

ET

CERCMATICITY

AL, IMMTR{1IGAT)

NOMTNANT

RE=FATALLFL YC C

BRIGHTAESS

(YISuaL R)
%
26,46 p
4C03619
2.7 Yp

4”066Yb

LAMETA
(N )

£40

e7C

REFLFCTIVITY
(7p ) (63 )

3,20 26,7/
36,07 25 4R"
€450 41477
27,90 4245
27457 4745
28,57 40,47
iE, €M 26,3
3L 3IN 3E,0N

A7.C€7  Z€aET

Lty



MINERAL NAME CHROMATICITY LCC™INAANTY BP ICHFTNESS

CCVMPCSITICN SCURCE CCCETINATES (CCMELed ELRTTY (VISUAL R) LAMECSE FEFLECTIVITY
CRYSTAL SYSTE¥ X Y WAVELENCTE (P%) Y {(AV) R
BCULANGERITE A NedZ62 (o412 EC7.16 1,88 3€.46C 477 2707

SPB £ ZSEZ S3 C Ne2T4¢ [422(C Brie3: 182 26455 £l ERTRAN
MCNOCLINIC 575 ER R

REFe FCR R: GRAY & MILLVAN (139€2) AOC 26,58
REMARKES: LCCe UNKACWNS UNCRIENTEC SECTICN. EARY 23,67

r4:] %



MINERFAL NAME
CCVMPCSITICN
CRYSTAL SYSTEY

FETERCVCRPHITE
7PR S 4SR2 S3

-~ 1w !

FCNCCLINIC

~
AV

¢

CHRCWATICITY
SCURCE CCORTINATES

~02

C.3213

COMINANT
(CCY=Lle)

in

N
L9

wn
A8}

LB}
9

™

REF, FCR F: NACTZCA NJMCZGCVE ET ALLIMMTE(1SFG)

FENMARPKS : LCCo.

UNKACWN

m

il
L]

n £

re

-t

r BVELENCTEH

A TERFTNESS

PLIITY (VISL2L R)

(7?)

Y

EE.EIY}
4?.1773
2625 Yp
4042 Yy

LAMBL A
(NR)

i~
'n
Y

6cE

n
ny
d

\h
vn

FEFLICTIVITY
(PP ) (FS )

2770 41.0CC
Tt B 47,31
Af,6 326,70
34441 TR T
24427 274708

geLy



MINFRAL NAMEZ
CCMPCSITICN
CRYSTAL SYSTzZW™
VENEGFINITE
CL2 S.26PR S 788z
CRTHCRECHMEBIC

REF. FCF E:

PEMARKS? LCC.

UNKNCWN 3

CHRCFATICITY

SCUFCE CCCRLCINATZS

C

NACEZLOE NGMECZCLCVAE ET

X Y

Feht2P [ ,4782

Celdg24 [ o4NET
Ne3LER Ta2ifk1
Ca2TET7 f,21€1

CCMINENT
(CT! FLo)
WAVELENCTH

HCTT, 8¢

AoyIv¥MTE(LCES)

2p=NCR¥LL TC C,RE=PAPALLEL 7C

EURITY
(P%)

o

RRICFTNESS
(vIsSLAL R)
Y

LAMRELL
(NN

FEFLECTTVITY
(PP ) (?3 )

EX TICANE IV
2t 40,67
Fee 1T G4l
L850 4L6°C
R0 GTGEL
28627 2Co&f

244,87 ZCeU?
L LN 2E 2T
24,27 BT

8Ly



FINERAL MAME CHEOCMATICIIY DONMINARNT FEICFTNESS

CCMPLCSITICON SCUFCE CCCPRIINATES {CC*"Ple) PURITY (VISLAL F) LAMBDA REFLECTIVITY
CRYSTAL SYSTEW X Y WAVELEMNGETE  (F%) Y (NA) &
MENEGFINITE A N.4372 5,475 454,94 e4f 37.5¢ 477 4727

CUZ S.2ePR & 75B2 St C Co2CLI No2217 4FEL, 52 Go2" 2ELCF £2° 39,9
CRTHCRKCNEIC 515 e

REF. FCR R: CR2AY & MILLMAN (1c¢2) 670 EL N
REMAPKS: LCCe ULNKNCHWNS LANCFIENTEC SECTICR. 700 35. 5L

11:] e



MINE&RZL NAME
CCMPCSITICN
CRYSTAL SYSTEM
ZINKENITE

FBE S SBR2S3

FEXACCNAL

REF. FCR R: ANALFZTA

REVARKS: LCC

NeMCIGCVE

UNKNCWN 5

CHFRCMATICITY

SCUPCE CCTRLINATES

Ne37E4 £31¢4
FT AL, IMN78(1GAC)

RP=NCRMAL T C,RG=PARALLEL 77 C

TCMINANT
(Crx2L.)
FAVELSNCTH

REIGFTNESS
(VISuAL =)

2£,42 Vp
26,31 Vg
28,72 Vp
1€, 64 Yo

REFLECTIVITY
(Rp ) (Pg )
AE,ET 3EL47
22,07 28,07

In 36,2t

33,80 Zéekl

LT 73,7C

ggL*V



MINERAL NAME
CCMPCSITICA
CRYSTAL SYSTEN
ZINKENITE

FB S §Res:

FEXAGCNAL

REF. FCF 2: CR2Y

CHRCMATICITY
SCUPCE COCRCINATES

X Y
A Jebd27 Te4iEE
A TeblT4 T 42EN
C DW208C ,32717
C Ne2128 %,221¢

& MILLEAN (1T¢2Z)

FOMTHNEINT
(CCI*=Lo)

b AVELINETH

PLRITY
(P%)

DIIGFTNESS
(VISUAL R)
Y
36,48 Vp
L;r.qs‘lg
26,65 Vp
41-1? ys

LAMBCA
(N¥)

REFLECTIVITY
l#P ) (93 )

7750 22

LeLty



MINERAL NAME CRRONMATICITY FMINANT R ICETINESS
CCMPCSITION SCUPCE CCCPTINATES (COMFLa)  PURITY (VISKAL F) LAYSLCA REFLICTIVITY
CRYSTAL SYSTR¥™ X Y WAVELENCGTE (D) Y ANV) (Rp ) (Fg )
JAMESCNITE A TedZIM2 To4l4 Erl.87 Za732 34095Y¥ &5, 363 3CGa67
4PR S, FE & £°72 S§3 A TedICE Ny 12 EmZe?2 12 EG.CE\@ 472 ZéeZ0 2. T7T
MCANCCLINMIC C De3CZF1 To2NEE 4C o7z 2565 35344-Yb 4S5 Z2€.52 47,47
c Te3T&N L[ZFLED 4C4L, 50 Zo L& 3S.49 YQ 527 277" 41620
REF. FCP Rt NACEZLCS NMCZGCVA ET AL, ,INWTR(1CG69) £EN F€.50 4fl.e(
REM¥ARKS : LCCo UNKNCWNS RP=NCR¥AL 7T (,RG=PARALLEL 1T C 37¢ e, 7™ 2,7
£ 8 33,00 3,67
€at 32650 366,20
£7C 3157 3c.czi

gLV



MINERAL NAME CEEOCMATICITY CCORINANT FrIGFTNESS

CCMPCSITICN SCURCE CCOROINATES (CCVYFLe ) PURITY (VISUAL R) L2MPELR REFLECTIVITY
CRYSTAL SYSTEW X Y PAYELENCTE  (O%) Y (NN) (Rp ) (95 )
JAMESONITE & TebZ44 D 4TCE STah Z."E 25,13 471 27270 26,77
4PB & FE & SRZ S3 A Te44325 N,4127 2i2e77 le2" ?¢.76Y9 520 3R, 47,
MCANCCLIMIC _ c JeZ2C8BE Te2.27 LE7, F L& EE,?EY? Ei8 ZEeMT LN, AT

C NeZ2C72 (aZ2217 B} le4sS TeC¢ 40»?6\@ &TC 3247 RRezT
REF. FCF R: GRAY & MILLMAN (19€2) 77< 2l.27 77,27

68L°Y



MINFRAL NAME CERCOMATICITY LCCOHIMANT BRICHETAESS

CCMFCSITICA SCLRCE CCCRCINZTES (CCFLe) PURITY (VISLZL P) LANMPTA AEFLECTIVITY
CRYSTAL SYSTE™ X Y FAVELENCTE  (P¥F) Y (N#) (RP ) (Es )
PLAGICNITE 4 TeG42E Labl22 ElzetS le2l 33.67\# 4E0 3740 2727
5FPe,S 4%tRz Sz L faldlf 54112 R Eqf2 TaF1 37.53Y§ 472 33480 PTG €7
MCNCCLINIC C Te2074 L2214 E"Faf5 le72 32054 YP 4G 6 24 447 LY
c DeZ(5¢ (CaZltE L PO le®3 37°3?YS £z 38,70 Zfe2”

REFe FGF R: NALESZEA NJ¥CZCGCVA ET 2L, IMMTE(16GE%9) 5eC 34,57 25,00
REMARKS: LCCe LNKNCKN £7e IZ4EN 37657
£7E 32480 25,77

41 2180 24,37

77 2NeED 2Z420

o6L°Y



MINERAL NANME CHFROMATICITY CCMIAANT REIGHTNESS

CCFFLCSITICON SCURPCE CTCPCINATES (CNYunla) BURITY (VISLAL R) LaMBLA AFFLECTIVITY
CRYSTAL SYSTE™ ¥ v WAVFLENCTE  (F%) Y (M) (Fu) (Rg )
FEXAGENAL FYRZECTINC ’ MNeGEZZ To4rci E9c,f2 12.,3¢ 35,12Y0 &7 I €T 2¢6,2C
FE(1-X) S 2 TelECY .41 7Z F3%,16 GoPl sroceYe 4afe 31487 2€097
FEXAGCNAL c Te3277 To32CC EEr ¢ £a224 24,50 YW S4g 3Ll T ZCG2T

C Ce2832 (L32ZEL BIC,re £.C8 3¢, 52 Vg CES R A S G 4
REF, FCR R: VCN GEFLEMN & PILLFR (1Gge) 65C APLEN 42,50
REMARKS: LCCa TREPCA,YULCCSLAVIA; 52¢ 3RL,CT 4z

L6L®Y



MINERAL NAME CHROMATICITY DCMINANT BRIGHTNESS

CCMPCSITICN SCURCE COORCINATES {COMPL.) PURITY (VISUAL R) LAMBCA REFLECTIVITY

CRYSTAL SYSTEM X Y WAVELENCTH (P3) Y (NM) (Rr ) (Rs )

HCORUSHITE A D.45€1 C.41C4 EEELET 7«90 32,15V 4¢C 2€.20 27.CC
CU(B.12)1BI(1154)FE(Ce2S) S22

A 0.4541 Ce4124 582.6¢ 7.90 33.55‘5 440 28630 2S.50

MGNOCLINIC C Ce32C5 Co3273 576081 5.74 31.86Yp 4EC 25.5C 3(C.2C

c «21S67 Ce22€S 2726 €S e G8 33.L4Y§ 480 30.70 31.80

REF. FOR R: (KCDERA ET AL,1970) 5GC0 31.5C 322.,4C

REVNARKS: LGC. 520 3l.60 32.70

540 21.0C 2z.5C

5€0 31.40 32.8C
5€0 32.CC 232.4C
600 34,60 36,C0

62C 33440 34.10

6Ly



MINERAL NAME
COMPOSITICN
CRYSTAL SYSTEM
PYROLUSITE
BETA-MN C2

TETRAGCNAL

CHRCMATICITY
SCURCE CCCRCINATES
X k]

A 0.4441 Co4CéET

A 0.444€ 00,4072

C 0.2C€4 (2121

C 063C72 0.3145

REFe FOR R: (NICHOL & PRILLIPS,1G¢E%)

REMARKS: LCC.

UNKNCWN

DCMINANT
(CCMFL.)
WAVELENGTH
4SGC. 8¢S
4S2,CS
47¢.¢61

483.1C

BRIGHTNESS

PURITY (VISUAL R)

(P2)

Y

32.42Vp
32,72 Yy
32,55 Jp

33, 8¢ Vg

LAMEBLCA
(NM)

5€C
610

650

REFLECTIVITY
(Rp ) (Rg )
33.30 34.GC
33.6C 35.0C
33,20 34.5C
32.7C  34.C0
32.70 34.0C
22.40 33470
31.5C  33.3C
32.CC  33.2C

g6L°yY



MINERAL NAME CHRCMATICITY DCMINANT BRICFTNESS

CCVMFCSITICN SGURCE CCORDINATES (CCMPLe) PURITY (VISUAL R) LAMBCA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENETE (P%) Y (NM) R
ALPHA-MN C2-NSUTITE A 0e4411 Co4CEE 4€7a.71 1.50 3Ce 7S 420 31.7C
MAN1=-X MNX CZ=2X(0H)ZXxyX=e(€=0oC?
C 0e3C4€ Ca2l44 4E6011 2423 31.GC4 470 32.00
FEXAGONAL 450 21.8C
REF. FCR R: (NICHGL & PHILLIPS,1C¢4) | 520 31.50
REMARKES: LCCe LNKNWCNA 5EC 2l.E5C
550 3le5C
58C 3C. 8C
610 3C.00
€EC 2G.00

veley



MINERAL NAME
CGMPCSITICN

CRYSTAL SYSTEM
ICAITE 4

CU3 FE S4

FROBABLY TETRACGCNAL
REF,

FOR R: (LEVY,1G&¢€)

REVARKS: LCC.

CERCMATICITY
SCURCE COORDINATES
X Y

A 0.48E8 Cl.4224

A Ce4715 (o4242

C 0.2€72 00,3737

c 0e352S Ce3674

CCMINANT
{CCMPL,)
WAVELENCTH
586.1C
584,26
57752

575.16

CERRC-FUENUL-MENCCZA, ARGENTINA

BRIGRTNESS

PURITY (VISUAL R)

(P%)

3G, €0
32.32
3035

25420

Y

31.63 %

31.38 Vg

€ &=

LAMBLA
(NM)

L oo
420
440
4€0
480
500
520
540
560
580
600
€2C
640

Gen-d

REFLECTIVITY

(RP )
1S 60
15450

16.C0
17.8C
19,80
22.50
25450
£5.2C0
22.20
23,40

33.90

(Es )

16440
18.30
20.80
22.5C
26601C
29.0G6
31.2C
33,10
33.4C
33.20
34, EC

35.1C

S6L°Y



MINERAL NAME CHROMATICITY DCMINANT BRIGHTNESS

COMPOSITICN SCURCE CCORCINATES (CCHMFL.) PURITY (VISUAL R) LAMBDA REFLECTIVITY
CRYSTAL SYSTEM X ¥ hAVELENGTH (PZ) Y (NM) (Rp ) (RS )
ICAITE 5 A CedEEE Ca424C 58590 36.88 31.49Yp 420 1530 1¢€.2C
CU3 FE S4 A 0.4791 (C.4238 E€4.6€6 33,14 21.72 Yg 44C 15,8C 17.70
PROBABLY TETRAGONAL c 0.3€77 03743 577.84 30465 BO.UTVP 460 17.6C 2C.CC

C 0.354S C.3€76 575.73 25.79 30.69 Yg 480 19.70 22.4C
REFe FCR R: (LEVY,1G6¢€) 5C0 22.60 25.20
REMARKS: LCC, CERRC-HUEMUL-MENCCZ2,ARCENTINA 5¢C 2%.¢C 28,CC

540 29.10 306.40
5¢C 31 €0 31.6C
580 33.€60 33.2C
6CC 24.5C 33.86C
620 35.00 23,50

€4C 34,90 34,20

96lL°Y



MINERAL NAME CHRCMATICITY DCMINANT BRICHTNESE

COMPOSITICN SCLRCE COCRDINATES (CCMPL.) PURITY (VISUAL R) LAMECA REFLECTIVITY
CRYSTAL SYSTEW X Y WAVELENCTE (PT) Y (NM) (Rp ) (ﬁs )
ICAITE 6 A Ce4S2C (o042(3 EETe 26 36,65 28.C1% 420 13.80 17.60
CU3 FE 4 A 064737 Co422C £E4.29 28,16 ZG.ESVb 440 14.7C 1E&.1C
PROBABLY TETRACONAL c Ce2£€SE Ca2€ST 57S.1C 30.29 26.59 ¥p 460 16.C0 20.30
€ 0e.34€€ Ca3568 5715.2€ 2l.52 28.86V9 4EQ 17.40 22.CC

REFe. FOR R: (LEVY,196¢) 500 19.60 24.80
REMARKS: LOC. CERRC~HUEMUL-MENCCZA,ARCGENTINA 520 22.30 264,80
540 25,10 28.¢&C

S€G 2€.1C 3C.2¢C

580 29.80 3C.6C

60C 30.€0C 3C.6C

620 22.C0 31l.7C

640 32,50 31460

L6L°Y



MINERAL NAME CHFRCMATICITY DCMINANT BRTCKTNESS

COMPGSITICN SCURCE CCORDBINATES (CCVFLe) PURITY (VISUAL R) LAMEBCA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENGTH (P3) Y (NM) (Rp ) (%3 )
ICAITE 2 A o502 Cs4CST 562.01 42.12 25.85 Y 420 14.40 15.40
CU3 FE S4 A 0.,4€77 Ca412€ 586,52 321.52 26.55Yg 440 14.5C 1€.7C
PROBABLY TETRACONAL c 0023612z Ce25E7 EE4.82 30444 23.96 Yp 460 14,40 17.90
C 0.325€3 0.3526 £8l.56 22.€7 25.30V§ 480 14¢5C 1&.SC

REFe FOR R: (LEVY,156%) 500 16,00 20.10
REMARKS LCCe EANCAIRCUN,FRANCE £20 18,20 21.6€0
540 21.20 22.8C

€0 243C 25.7C

580 2750 27.50

6CC 2G61C 2Se1C
620 33.30 30.50
€4C 33,70 31.9C

6Ly



MINERAL NAME CHRCMATICITY CLCCNMINANT BRIGHTNESS

CCMPOSITION SCURCE COORDINATES (CCMPL.) PURITY (VISUAL R) LAMEBCA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENCTH (P2%) Y (NM) (Rr ) (SS )
ICAITE 1 A 065065 Co40S5 58210 4Z.18B 25.72Yp 42C 1440 15,20
Cu3 FE S4 A C.4EE3 Cl4127 560.C6 31,78 26.48Y§ 440 14.4C 1lé.6C
PROBABLY TETRACGONAL C 0.381€ GCo3EE4 8684459 30647 23.82‘ﬁ 460 1430 17.80

C 0.35EG (3527 58l.70 22.8¢€ 5.20\% 4€0 14, EC 184, EC
REFe« FOR R: (LEVY,1S6€€) 500 16,00 19.9C
REMARKS: LCCe BANCAIROUN,,FRANCE 52C 18.CC 21.4C

540 21.60 23.6C

5¢€0 24.20 25.6C
580 27.40 27.6C
€CC 25.7C 29.00

62G 33.20 30.4C

€40 33.5C 31,90

66l°Y



MINERAL NAME CHECNATICITY
CCVMPCSITICN SCURCE COORDINATES
CRYSTAL SYSTEM X Y

ICAITE 3 A O 4BEZ Co4lts
CU3 FE S4 A Ce4E42 CoalcC
FROBAPLY TETRACGGNAL C 0.3€15 Ce35E7

c Ce35€3 Coe36€11
REF. FGR R: (LEVY,1966)

REMARKS: LCCes SAINT-VERAN

CCMINANT
(CCMPL,)
WAVELENGTH
5EB.45
5€7.C3
5¢0.28

578,62

BRICGHETNESS

PLRITY (VISUAL R)

(P%)

34,32G
33443
25.16

24.95

Y

25 56"?
24434 Yp

LAMEDA
(NV)
420
440
4€0
480
500
520
540
560
580
6CG
620

€4C

REFLECTIVITY
(RP ) (RS )
14,90 14,50
15.20 1%.7C
1€.10 1é&.4C
17.00 17.SC
18.50 20.00C
20.80 21.¢9C
2290 24.20
25,C0 2¢€.CC
27.00 27.80
28.4C 28.5C
28.90 28.80
2S.6C 2G.6C

0oz°*v



MINERAL NAME
CCMPCSITICN
CRYSTAL SYSTEM
CRANCE BCRNITE 6

CULZ+X)SN(1-X)FE £4

TETRAGCNAL
REFe FCR R: (LEVY,1966)
REMARKE: LCCe VALLRY

CHRCMATICITY
SCURCE COORDINATES
X ¥

A 0.4511 C.4152

A Co47€S Ca4lls

C 03644 C.35¢CE

c Ce34E2 Ce3550

COMINANT
(CCMPL.)
WAVELENGTH
5€S.12¢
S5E€.50
SEC.ES

577.69

BRICEFTNESS
PURITY (VISUAL R) LAMBDA
(P2) Y (NM)

35,55 27.10Y 420

27.52 26.88Y¢ 440

26424 5.72Y¢  4¢c

20443 26.C3 Y3 480

540
5¢0
580
60C
620

€4C

REFLECTIVITY

(R )
9

14.80
15.70
1€, €C
18.1C
20.G0
21.SC
24.10
2€.2C

28,20

(RF )

1570
1€.65
186,50
2G. EC
22.6C
22. €L
25420
2€.5C
2T.6C
28.6C
29.80

2G5 4C

Loz*yv



MINERAL NAME
COVMPCSITICN
CRYSTAL SYSTEM
CRANCGE BCRANITE 1

CU(2+X)SN(1=-X)FE ¢S4

TETRAGGNAL
REF. FCR R: (LEVY,196¢)
REMARKS: LGCes VALLRY

CHRCMATICITTY
SCURCE COORDINATES
X Y

A 0.491€ Q0.415¢C

A Cet4714 Ca4l

C O0.3€45 0.325S¢

C Ce3487 043550

CCMINANT
{CCMPL.)
WAVELENGTH

N
[a¢]
\n
®

Ny
m

5E6.€6
£EC.E2

57794

BRIGFTNESS

PURITY (VISUAL R)

(P2)

3C.6¢

27.72

26637

20.46

Y

27.C7 Vg
26.93Yp
zc.eavp

26.07 Vg

LAMBC A

(NM)

420

440

4¢€C

480

5ce

540

5€0

580

&6CC

620

€40

REFLECTIVITY

(RS )

14,7C
12.€C
1€.7C
18.2C
20.10
¢l.EC
24.00
2€.C0
28420
30.4C
21.10

32.50

(RP )

1570
l€.EZ
18.50
206 6C
22.EC
23. €C
25.2G
2€45C
27460
2%.CC
3C.C0

25.60

cozty



MINERAL NAME
COMPOSITICN
CRYSTAL SYSTEM
CRANCGE BCRNITE 4

CUCZ+X)SN(1=-X)FE S£4

TETRACCNAL
REF, FOR R: (LEVY,1966)
REMARKS: LCC. VAULRY

CHRCMATICITY
SGURCE COORDINATES
X Y

A 0.4940 0.415C

A Ce4774 (o417

C D.3¢EC Co2€22

c Co34E7 04355C

CCYINANT
(CCMPL,)
WAVELENGTH

)]

\Jj

SEBE.EE

58Ce €1

57794

PURITY
(P2)
27.34
27.72
27.88

20446

BRICHTNESS
(VISUAL R) LAMBCA
(NM)

Y

26,63 Yp
26.53 Y
25,21 Yp
26.G7 Yy

420
440
460
480
500
520
540
566
580
ece
620

€4C

REFLECTIVITY
(Rp ) U@ )
15450 15.70
14,0C 1¢€.EE
15.80 18.SC
17.60 2C.&C
2020 22.60
2lezC 23.8C
23.60 25,20
2e.2C 26€45C
27«7C 27460
£S.6C 29.0G0
321.80 30.CC
32.5C 2S.€0

cocty



MINERAL NAME
CCMPOSITION
CRYSTAL SYSTEM
CRANCE BCRNITE 3

CU(2+X)EN(1=-X)FE S4

TETRACCNAL
REF. FCR R: (LEVY,1S6¢)
REMARKS: LCC. VAULRY

CHRCMATICITY
SOURCE COORDINATES
X Y

A 0.4%41 Q.4126
A Ce4iT74 Co4lE
c 0.2€71 Ce25E¢

C 0.34E€ (Co3545

CCVMINANT
(CCMPL,)
WAVELENGTH
5ESeSS
586e62
581. 77

577.27

BRICFTNESS
PURITY (VISUAL R) LAMBDA
(P2) Y (NM)

3¢ 39 26.51¥p  42C

27.87 26.81Y9 440

26 €4 25,65 Y0 460

20,27 25.54 94 480

5€0
580
é€ca
620

€4C

REFLECTIVITY

(RP )

15.70

£.1C
16.00
17.4C
19.35
21.CC
23,20
2%.3C

2760

26.7C

3140

32.50

(Rﬂ )
16.60
1€.€5
18.70
éCelt
22.20
c3.1%
25.50
2€.2C
27450
28.50
30.0C

29. €0

vocty



MINERAL NAME
COMPOSITION
CRYSTAL SYSTEM
CRANCE BCRNITE 5

CUCZ+X)SEN(1=-X)FE S4

TETRACGCNAL
REFe FCR Rz (LEVY,1966)
REMARKS: LCCe VALLRY

CHRCMATICITY

SCURCE COORDINATES
X Y

A 04546 0e414°F

A Cod4EC3 Co4lé€C

c 0e2&8Z Co3€22

C Cs350S 0.3545

COVINANT
(CCMPL,)
WAVELENCTH
5ES. €7
587.80
58C.91

278452

BRICHTNESS

PURITY (VISUAL R)

(P2)

3742
284571
27.93

21.19

Y

2¢.50 Yp
26.67Yg
25.¢6 Yp

25472 Yo

LAMBDA
(NM)

420

440

4€0

480

5€0
580
ECC
620

€ac

REFLECTIVITY

(Rr )

13.55
14.4C
12.6C
17.77C
19,50
21.30
23.30
25.40
2730
5. 10
31.4C

33.CC

(R8 )

15.€C
l1é.5C
18.40
2C. EC
21,90

2.2C

N

2448C
2€e2C
27.10

S0z*v



MINERAL NAME
COMPOSITION
CRYSTAL SYSTEM
CRANCE BCRNITE 8

CUl2+X)SN(1-X)IFE ¢S4

TETRAGCAAL
REFes FOR R: (LEVY,156¢)
REMARKS: LGC« VAULRY

CHRCNMATICITY

SCURCE COORDINATES

X Y

A C«4540 004138
A Ce4iit Co4lie
C 0e3€72 0.35EE

C 0.24EE Co3E4°C

CCMINANT
(CCMPL. )
WAVELENGTH
5ES.S1
£EEL13
EEleT2

E17.45

BRICFTNESS

PURITY (VISUAL R)

(P2)

3€.52
27.80
2€e12

20.40

Y

2€¢.47Yp
zs.c2 Yp

25.58 Yg

LAMECA
(NM)

420

440

4€C

480

5CC

520

54GC

560

580

6C0

620

64C

REFLECTIVITY

(RP )

i5.70

£.CC
1€.006
17.30
15.30
21.C0

23.2C

(53 )
16,60

1€.€C

1€.7C

902°y



MINERAL NAME
CCMPLSITICN
CRYSTAL SYSTEM
CRANGE BCRNITE 7

CU(Z+X)SN{1-X)FE S4

TETRAGCNAL
REFs FCR R: (LEVY,156€)
REMARKS: LCC. VAULRY

CHRCMATICITY
SGURCE COORDINATES
X Y

A 0.4526 Ce4156

A Co47E3 Co41£3

C Ce3€71 Co32615

C 0.34S1 0.3538

CCVMINANT
(CCMPL,L)
WAVELENGTH
£€Sell
5g7.18
58Ce €2

£78.15

BRICHTNESS
PURITY (VISUAL R) LAMBDA
(P%) Y (NM)

¢, 80 25.6CYp 420

27.73 26484 ‘Ig 440

27,42 24044 Vp 460

20.52 25.54 ‘Ig 480
500
520

540

580
€CG
620

64C

REFLECTIVITY
(RP ) (RS )
13,50 16.6C
14.20 1¢.80
15,70 18.70
17.2C 2C.=5C
18670 22440
¢Ce5C  23.4C
22.60 25,10
24.90 2¢€.40
2710 27460
2S.10 28.70
30.70 2S.590
3Ce5C 30410

L0Z°Y



MINERAL NAME
COMPOSITION
CRYSTAL SYSTEM
CRANGE BCRNITE 2

CULZ+X)SN(1I-X)FE £4

TETRACGCNAL
REF. FCR R: (LEVY,1966)
REMARKS: LGCe VAULRY

CHRCMATICITY

SCURCE COORDINATES
X Y

A 004523 00415¢

A Co47E3 Co41€E

c 002€¢€7 Ce3€Ll5

c Ce34SC 0.3537

CCMINANT
(CCMPL.)
WAVELENCTH
56%.CS
587.18
58Ce 14

578415

BRICFTNESS
PURITY (VISUAL R) LAMECA
(P2) Y (NV)

2€4 59 25.78Yp 420

27.73 26.84Y9  44C

27421 24.44 Yp 460

20447 25.54 Yy 480
500
520
540
5€0
580
€0C
620

€4C

REFLECTIVITY

(RP )

13.70
14,20
15.80
17.1¢
18.9C
dUe EC
227G
24. EC
27.00
25.CC
20.70

3C.50

(R3 )
164,60
1¢.8€5
18,70

2Ce5C

25.10
c€e 4l
27.60
28.70
25.5C

30,10

BOoz*v



MINERAL NAME
CCMPCSITICN
CRYSTAL SYSTEM
CRANGE BCRNITE 10

CU(2+X)ISN(1-X)FE S4

TETRAGCNAL
REFe. FOR R: (LEVY,1S6¢)
REMARKS: LOC. VAULRY

CHRCMATICITY
SCURCE COORCINATES
X Y
A 0.5040 0.4137
A 04821 Co41E1
C 0.3E0S C.3£85

C 0.35€1 (C.2€C4

DCMINARNT
(COMPL . )
WAVELENCTE
560042
EET.25
EElo EE

578.165

BRICHFTNESS
PURITY (VISUAL R) LAMBDA
(P%) Y (NM)

25.70Yg 420

24.89Yp 440
24.C0Y9  4e0
23.92Yp 480
5C0
520
540
560
580
60C
620

&€4C

REFLECTIVITY
(RS ) (R? )
1135 13.4C
12.60 14440
1410 1€.2C
15.70 18440
17.40 1S.80
19.45 21.4C
21.8C 22.9C
24420 24.4C
26.7C 25.8C
29.3C 26.8C
30.7C 27.80
23.,5C z8.4C

602°Y



MINERAL NANE
COMPCSITIGN

CRYSTAL SYSTEM
CRANGE EBCRANITE 12
CU(2+X)SEN(1-X)FE S4
TETRACCNAL
REF. FCR R: (LEVY,196¢)

REMARKS: LOC. VALLRY

CHRCMATICITY

SOURCE COORDINATES
X Y

A 0.5C1% Qo4142

A C.4€2€ (Co4l1¢1

c 02782 Co3€EC

C 0.3572 (C.3¢24

CCVINANT
(CC¥FL.)
WAVELENGTH

57774

BRIGKTNESS
PURITY (VISUAL R) LAMBCA
(P2) Y (NM)

25.55Y4 420

24.52 VP 44C

23.54 TP 460

23.55Yg 480
500
520
54C
5€0
580
6GG
620

€4C

REFLECTIVITY

(RB )

11.40
1Z2.CC
14.00
15.60
17.75
¢C.10

2l.80

(RP )

13.40
14,2C
16.00
17.€C
15.90
21.4C
2%,2C
24.4C
25.8C
2€4€C
2Be 2C

28440

olz*y



MINERAL NAME
CCMPCSITICN
CRYSTAL SYSTEM
CRANCE BCRNITE 11

CU(Z2+X)SN(1-X)FE S4

TETRAGCNAL
REFe FCR R: (LEVY,1S6¢€)
REMARKS: tGC. VAULRY

CHRCVMATICITY

SOURCE COGRDINRTES
X Y

A 0.505% 0.4123

A Do 4E7]1 Co4lé€4

c 0«381G C.3€€7

c Ce35SE (.3€C7

ODCFINANT
(CCMPL.)
WAVELENCTHE
5GC.6G8
£E€E.25
EBZ.55

576.C8

BRICGHTNESS
PURITY (VISUAL R) LAMBCA
(P%) Y (NM)

43,23 z4.€3¥p 420

33,55 25.34 Y9 440

37478 22.54 VP 460

25,17 24.24Y9 480
500
520
540
5€C
580
(Xl
620

€4C

REFLECTIVITY

(Rr )

1135
12.10
13.80
14.EF
16465
18. 4C
20.70
22.G0
25440
28440
29.50

32450

(R3 )

13.4C
14440
1€.2C
18.25
19.90
21l.5C
23.1C
240 €L
25450
27440

2842C

3C0.4C

Lizy



MINERAL NAME
CONMPCSITICN
CRYSTAL SYSTEM
CRANGE BCRNITE 13

CUZ+X)SN(1-X)FE S4

TETRAGCNAL
REFe FCR R: (LEVY$1966)
REMARKS: LOC. PERU

CHRCMATICITY

SCURCE COORDINATES
X Y

A 0.50S8 C.4(CB2

A Ce2E1l4 Cu4l32

c 0.285C C.36C4

C C.3502 0.34SS

CCMINANT
(CCMPL,)
WAVELENCTH
5524 €71
53%9.31
534459

530.C¢

PURITY (VISUAL R) LAMEDA

(P%)

42457
27.327
21.91

16.77

BRIGCHTNESS

Y

23.57Yp
24.18Y5
z1.76 Yp

23.27Y3

(NM)

420

440

4¢C

480

5Ce

520

540

5¢C

580

€0C

62C

£4C

REFLECTIVITY

(Rf )

12.70
12.2C
12.5C
12.€0
12.4C
16.85
18.9C
2144C
24460
2741C
30.70

31. €0

(Ra )
14.90C

S.6C
17.30
18.5¢C
2C.20
2C. 8G
22.20
23.40
2446C
25.€C
27.60

286 EC

IAYAL



MINERAL NAME

CCMPCSITICA

CRYSTAL SYSTEM

MAWSCNITE 14

CU2+X SN1-X FE S4,545<2<1

TETR2CCNAL

(LEVY,1966)

REMARKS: MONT-LYELL

CHRCMATICITY

SCURCE COORDINATES

X Y

0.4SC4 Co4133
0.472E Ce4l4l
0.32£21 0.3556

03416 0.24%2

CCMINANTY
{CCMPL.)
WAVELENCTH

585.52
58752
E€le4C

£78.53

BRIGFTNESS
PURITY (VISUAL R} /LAMBDA

Y (NM)

27,18 % 4zc
26,10 1P 440
. €1 Y9 F 4ec
25.34 Yp € 480
500
520
540
560
580
£00
620

€4C

AN

S’&,@n‘-d o O

REFLECTIVITY

(R, )

9

&
<

14,50
l1€.4C
17.5C
19.00
20.50
21.80

24.1C

(Rr )
c
17.10
18. 50
1€.6C
2Ce8G

22.40

W

22.20
24.50
25.7C
26060
274 EC
28.50

2S5 (C

INTAL |

-



MINERAL NAME CHRTMATICITY DCMINANT BRICGETNESS

CCMPCSITICN SOURCE COORCINATES (COMPLe) PURITY (VISUAL R) LAMBDA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENCTE (P%) Y {NM) (R3 ) (Rf )
e o

MAWSCNITE 16 A 0.4902 004132 £86.,55 32,52 2¢.64 Y5  42C 14.5C 17.2C
CU2+4X SNi1=-X FE S4,e5¢<X<1 A Ce4737 Co4l2E SEE.CE 22.44 26400 ¥p 440 16,20 18.4C
TETRAGCNAL c 0.3€2C Co3553 81,56 24,28 E.ZGY_‘)Z: 4¢C 17.2¢C  20.C0
C 0e341& Co344E ET€.GS 16.10 25.24YP © 480 18.50 20.70

REFe. FOR R: (LEVY,1966) 500 2C.2C 22.3C
REMARKS: MONT=LYELL 520 21.30 22,2C
54C 22,60 24.5C

560 25.70 25.50
580 27«70 26040
600 29.3C 27.€C
620 3l.4C 28450

€4C 22,2C 2%.CC

vlzoy



MINERAL NAME CHRCMATICITY OCCNMINANT BRICGFTNESS

CCMPCSITICN SOURCE COORDINATES  (COMPLe.) PURITY (VISUAL R) LAMBOA  REFLECTIVITY
CRYSTAL SYSTEM X Y  WAVELENGTF (P%) \ (NM) (Rp ) (Ry )
€ o

MAWSCNITE 15 A 0.4729 Ca414C 587499 22.7C 26.07Yp 420 17.30 17.1C
CU24X SN1-X FE S4,45¢X<1 A C.472€ C.4141 £E£7.52 22472 26.23Y9 440 18.20 1845€C
TETRAGCAAL C 02420 0.345C E76.C7 16426 zs.zefo 4¢€cC 20.G60 2C.1G
C  0.341E 0.34%4 578.75 1€.31 25.47Y9 480 20.80 20.90

REFe FOR R: (LEVY,1566) 500 22.20 22.5C
REMARKS: LOC. MONT-LYELL 520 23.20 23.5C
E4C 24.4C 2447C

560 25.7C 25.€C

580 26060 26460

6GC 27.7C 27.8C
620 28.50 28.70

€40 26.CC 2S.3C

1 7Ad



MINERAL NMNAME
COMPOSITION
CRYSTAL SYSTEM
STANNITE JAUNE,S

CUlI+X)SN(1-X)FE S4

TETRAGONAL
REFs FOR R: (LEVY,1S€¢€)
REMARKS: LCC. VAULRY

CHRCFATICITY
SCURCE COORDINATES
X Y
A 0.4712 €o4140
A C.46E4 C,4131
C 0.322€¢ (,2416
C 0.334S8 (C.33%4

CCMINANT
(CCpPL,)
WAVELENCGTH
5€7.5¢
£€1.67
51S.24

578456

BRICGHFTNESS
PURITY (VISUAL R) LAMECA
(P3) Y (NM)

2C. 86 26.62Yp  42C

18.30 28.56 Y9 440

14.59 25.89Yp 460

12.85 28.25Yy  48C
500
520
540
560
580
600
620

640

REFLECTIVITY
(RP ) (R9 )
20.50 21.20
1.2 22.CC
2050 23.3C
21,20 24.4G
22.60 25.20
23.50 26470
25.0C 27.50
26.€60 28,90
27.3C 2S.4C
28.20 30.0G0
2€.6C 2C.E5C
29.00 31.90

ate*y



VMINERAL NAME
COMPCSITION
CRYSTAL SYSTEM
STANNITE JAUNE,6

CUCI+X)SN(1=-X)FE S£4

TETRACGONAL
REF. FOR R: (LEVY,16€¢)
REMARKS: L{CCe VAULRY

CHRCMATICITY
SOURCE COORCINATES
p | Y

A 0e4724 (4133
A De4€E0 Co4127

c Ce

W
(§Y)

2¢€ (o 341°%

C 0.334E C.3369

DCMINANT
(CCMFL,.)
WAVELENGTH
58€8.21
£87.17
57€.7%

578.24

BRIGHTNESS
PURITY (VISUAL R) LAMBCA
(PE) Y (NM)

21.21 26.54¥p 420

16044 27.56 79 a4c

14.67 25.78 P 460

12.5¢€ 26.55Yg  48C
500
52C
540
560
580
6G0
62C

864G

REFLECTIVITY
(RP ) (Rj )
2040 Z0.5C
1S.4C 2C.80
2030 22.20
21,00 22.90
22.50 24.00
22,80 25.40
24.80 26.3C
2¢.4C 27.€0
27,20 28.GC
28.00 28.8GC
2€e.5C Z8.5C
29.50 30.C0

IA%Ad |



FINERAL NAME
CCMPOSITION
CRYSTAL SYSTEM
STANNITE JAUNE,4

CUCT+X)SN(1-X)FE S4

TETRACONAL
REF. FGR R: {LEVY,1966)
REMARKS: LGC. VAULRY

CHRCMATICITY

SCURCE CCCRDINATES
X Y

A Ce4izC Ca4lacC

A 0s4€EC Cotl3é€

c Co236¢& (.2425

C 0.3348 C.3369

CCMINANT
{CCF;FL.)
WAVELENGTH
5€7.71
SEl.c4
£7G.25

578024

BRIGHTNESS
PURITY (VISUAL R) LAMBCA
(P%) | (NM)
21442 26.48Yp 420
1€.37 28.17Y4 440
14494 25.74 VP 460
12.9¢6 27.53 Y  4E0
500
520
540
560
580
6CG
620
€4C

REFLECTIVITY
(RP ) (Rj )
20.00 20.80
16.2C <21.3C
20.20 22.70
¢les0f 23.4C
22.40 24460
23,80 2¢é.(C
24480 26480
2€.4C ZE.2C
2710 28460
28.20 2%.320
28440 2S.€C
25.CC 30.7C

gleey



NINERAL NAME
COMPOSITICN
CRYSTAL SYSTEM

STANNITE JAUNE,7

CULI+X)SN{1-X)FE Sa

TETRAGONAL
REFe FCR R: (LEVY,1S6¢)
REMARKS: LCC. VAULRY

CHRCMATICITY
SCURCE CCOCRDINATES
X Y

A O.4724 Ca4l3e

A 0.4673 041328

c 0.34C1 G.3422

C Ce3344 (a3366¢

DCMINANT
(CCMFL.)
WAVELENGTH
588.01
EB€.SE
57%.65

578. 19

BRIGHTNESS
PURITY (VvISuatL R) LAMEBOA
(P2) Y (NM)

21.38 26.29Yp 420
2812 Yq
25.53Yp

27.49 Yg

1€.02 44(C

15,C0 4¢0
12,77 480
5C0
520
540
560
5€C
600
62C

640

REFLECTIVITY
(RF ) (Ra )
20.0C 20.7C
16.,C0 21.2C
éC.CC 22,5C
21.00 23.5C
¢202¢C 24.5C
22450 25,Su
24450 2¢&.50
2600 28440
27.2C 2E&.7C
2€410 29.4C
2€.20 2S.5C
28.80 30.2C

6lLz*Y



VINERAL NAME CFRCMATICITY LCCMINANT BRICHTNESS

COMPCSITICN SCURCE CCCRCINATES (CCMFLe)  FURITY (VISUAL R) LAMBLCA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENGTH (PZ) Y (NV) (Rr ) (35 )
STANNITE JAUNE,1 A Ce4i€Z2 (o41C5 £€0.£3 21.50 25.59Yp 420 20.20 21.0C0
CUCI+X)SEN(1-X)FE S4 A 0e¢4712% Ce41CO ECCa€2 18,56 27.18*@ 440 1€. €C  Z2CeSC
TETRAGONAL C Oe3421 C.32€1 562034 14.70 24.72\? 460 19,55 21.90

C 043372 0.3363 5E1.89 12.¢€¢ 26.38Y§ 480 ¢0.CC 2Z.2C
REF, FOR R: (LEVY,19¢¢) 500 21440 23440
REMARKS: LCCe VAULRY 5206 22,60 24.5C

540 23,30 2%5.2C
5€0 25.C0 26480

5€e0 26420 27.4C

gzz°yv



MINERAL N2AVME
CCMPCSITICN
CRYSTAL SYSTEM
STANNITE JAUNE,3

CULT+X)SEN(I=-X)FE S4

TETRACONAL
REF. FOR Rz (LEVY,196¢)
REMARKS: LCCes VAULRY

CFRCMATICITY
SCLRCE COCRDINATES
X Y

A Ce415S Co4CcS
A 04721 Co4(S2
c e 3241C (.2374

C 0.33¢€& 0.3348

CCMINANT
(CCMFL.)
WAVELENGTH

BRICGFTNESS

FURITY (VISUAL R)
(P2) Y
21.00 25.38Yp
1€.15 27.55Yy
13.95 24452 Yp
12.07 26.75 Yo

LAMBCA
{NM)
420
44C
46C
480
500

52C

580
600
626

640

REFLECTIVITY
(RP ) (35 )
1945 21400
1645C 21.¢6C
19.5C 22.60
¢0ecC 22.E8C
21.20 23.8C
22.EC 24.5¢C
23.00 25.€C
24460 27.20
25.60 27.8C
27.2C 28.8C
27.7C 2Se5C
29.60 31.90

Leety



MINERAL NAME
CCMPCSITICN
CRYSTAL SYSTEM
STANNITE,3

CL2 SN FE 54

TETRAGCANAL

REF. FOR R: (LEVY,1S¢€¢)

REMARKS : LCC.

CHROMATICITY

SOURCE COORDINATES
X Y

2 04568 0.41£4

A 04543 Co415E

c Ce3242 C.3371

3\

¢15 Co3

(3 Y]

C C. 47

SAINT-AGNES,CORNCUAILLES

CCVMINANT
(CCvFL.)
WAVELENCTF

58l.21

57%.51

BRICKFTNESS

PURITY (VISUAL R)

{(P%)

12,51
10.41
9. 39

g.00

Y

27.56 Yp

28446 Yg

LAMEDA

{NM)

420

440

4€EC

480

5G0

520

540

560

5€0C

€00

620

640

REFLECTIVITY

(Ry )

r

22.20
22.80
24.CC
25.20
2€.2C
27420
28420
28470
28. €0
28.7C
28,20

28.C0

(sﬂ )
22.2C
24.C0
25.2C
26620
27.2C
27.80
2€.77C
29.00C
2Se EC
29.00
8420

28.CC

zzecy



FINERAL NAME CHRCMATICITY DCMINANT BRIGHTNESS

CCMFCSITICN SCURCE CCCRGCINATES  (CCMFL.) PURITY (VISUAL R) LAMBDA  REFLECTIVITY
CRYSTAL SYSTEM X Y  WAVELENGTH (P2) Y (NV) (Rp ) (Rq !
STANNITE,1 A 044571 Ce4l67 561,21 12452 28.17% 420 22420 Z2.2C
CU2 SN FE S4 A 0e4%41 Co4lSE 57Ss74 1Ce27 28.64Ya 440 22.50 24.C0
TETRAGCAAL C 042247 0.2377 E7Ze44  Se€E z7.52%  4ec 24.CC  25.4C

C Ge221Z 0,334 E714C2  7.86 28.48Yy 480 24.80 2€.20
REF. FCR R: (LEVY,1966) 500 26430 27.20
REMARKS: LOC. SAINT=AGNES,CCRNCLAILLES 520 27.20 27.8C

540 28.2C 28.8C

5¢6C 284840 29.1C
580 28.80 29.4C
6G0 2B.€C 2S.GC

620 28020 28.2C

640 2€.CC 2E.CC

IAA



FINERAL NANE CHRCMATICITY DCMINAMT BRIGHTNESS

CCMPCSITICN SCURCE CCCFDINATES (CCMFLe) PURITY (VISUAL R) LAMBDA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENCGTH {P%) Y (NV) (Rr ) (63 )
STANNITE 4 A 04575 Co41€E 5€1.329 13.2S 28.14Yf 4¢G c2.2C 22.5C
CU2 SN FE S4 A Oe4E27 (e4l152 51%.EC Se5E ZS.IBYS 440 22.50 24.7C
TETRAGONAL C Ce3252 Co33E1 572064 Ge 99 27.88Yr 4€0 23.€60 2%8.E&C
c 0e%2C3 C.32334 57C. 74 7. 33 28.9935 480 24480 26.70

REF. FOR R: (LEVY,15£¢) 500 i€ezC 2Ba2C
REMARKS : LOCe SAINT-AGNES,CCRNCUAILLES 520 27.2C 28.£6C
540 28400 2%.20C

5€0 28.80 29.4C

580 28480 2S.E50

6C0O 28.€0 2G.&C

620 28.2C 2%.GC

64C 28.00 28,6C

veety



MINERAL NAME CHRCMATICITY CCMINANT BRIGFTNESS

COMPOSITION SCURCE COORDINATES  (CCMPL.) PURITY (VISUAL R) LAMBDA  REFLECTIVITY
CRYSTAL SYSTEM X Y  WAVELENGTH (P%) Y (NM) (Rg ) (Rg )
STANNITE 46 A 044629 0.4153 584472 16402 28.C1Y¥p 420 20.6C 22470
CL2 SN FE S4 A Ce4tCE Co4l3C 585¢67 12482 z€.84Yy  44¢C 21.SC 23.7C
TETRAGCAAL C 042255 Ce23CE 575024 11.62 27.59 YP 460 22.70 24430

C 043264 Ce3344 576615 9423 28.45 Y9 480 264,4C 2641C
REFe FCR R: {(LEVY,15&€) 5C0 25.60 27420
REMARKS : LOCe SEINT-AGNES,CCRNCUAILLES 520 2648C 27.6C

54C 27.50 27.40
5€C Z2745C 28.8C
580 28.20 29.2C
€CO 2€.5C 30C.20
620 289C 2G.70

€4C 25.4C 2%.8C

gzety



MINERAL NAME
CCMPOSITION
CRYSTAL SYSTEM
STANNITE,?

CU2 SN FE S4

TETRACGCNAL

REF. FCR R: (LEVY,1666)

REMARKS: Ltaoc.

CHRCMATICITY

SCURCE COORDINATES
X Y

A 0e4€27 Co4lt4

A Ce45¢S Ca4141

c 003232C8 Go34CE

c Co22€2 (3356

SEINT-ACNES,CCRNACLAILLES

CCMINANT
{CCMPL, )
WAVELENGTH
584482
54447
57528

575411

BRIGHTNESS

PURITY (VISUAL R)

(P2)

1€.65
13.10
12,132

S50

Y

27.54Yp
25.¢5Yq
27.5C ¥}

za.es\g

LAMBDA
(NM)
420
440
460
4€C
5G0
520
540
560
580
&CC
620

€4C

REFLECTIVITY
(Rr ) (es )
20.70 22.80
2140 23.8C
22.30 24.30
24.4C <2é.1C
25.50 27.20
£€.5C 27.65C
27.50 28450

27.6C 28.6C

c8.S6C 23(C,32C
29.00 29.70

25450 2S.8C

gze*y



MINEFAL NAME CHRCMATICITY CCMINANT BRIGHTNESS

CCMPCSITICN SGLRCE CCORDINATES (CCVFLe) PURITY (VISUAL R) LAMBCA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENGTH (P2R) Y {NM) (RP ) (53 )
STANNITE,S A Os4€CE Ca4lcs 58348 1l4.84 27.71Yf 420 21.60 21.10
CuZ SN FE S4 A 0e4:5S1 Ce4l82 EB3.20 13.21 ZE.EBYS 440 2le€C 2Z.2C
TETR2ACONAL c 0.22€2 Ce22¢C 87457 1C.S7 27.35VP 460 2260 24,00
C 0.32€1 Ca3372 £73.S¢ %90 ZB.ZIYQ 480 ¢4¢5C 2t.70

REF., FCR R: (LEVY,1S¢¢) 500 25460 26470
REMARKS: LCCe SAINT=-ACGNES,CCRNCUAILLES 520 2€e2cC Zzl.2C
54C 27.40 28.20

5€C 27.8C 28.7C

58e0 28.C0 29,00

éCC 2E. 80 26G.c2C
620 29.20 29,20
€4C 2745C 2S.CC

Leety



MINERAL NAME CHFRGMATICITY DCMINANT BRIGHTNESS

CCMPOSITICN SCURCE CCCFCINMNATES (CCMFLe) PURITY (VISUAL R) LAMBDA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENGTH (PZ) Y (NM) (Rj ) (Rr )
RENIERITE,1(REZRO) A Ce4€46 Ce4lE4 5€7.3C 33.20 28.6475 420 17.30 17.¢&C
CLU(3=XIGE(X)FE S44X=<Ce5) 2 0.48641 C.41%:C 588.£E 3C.45 ZT.TTYP 44C l1éeSC 17.2C
TETRAGONAL C Ce35E2 043565 E78.9€ 24.€0 27.42Y3 46C 18.0C 18.0C
c 03561 03550 58C.00 2Zz.72 26.38Yf 4EC 1. 70 16.2¢C

REFe. FGR R: (LEVY,1S&¢) 500 21.50 2C.80
REMARKS: LCCe KIPUSEI 520 23.80 22.9C
54C 2644C 25.1C

560 28040 27.2C
580 3C.20 2S.CC
6G0 31.00 30.20
62C 31.8C 2C.€&C

640 32.50 31.40

8zety



MINERAL NAME CHRCMATICIYY OCCMINANT BRICGHTNESS

CCVMPCSITICN SCURCE COORLCINATES (CCMPLe) PURITY (VISUAL R} LAMBLCA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENCTE (F%) Y (NM) (R3 ) (RP )
RENIERITE €(RE>RQ) A 0,4E5€ Ca4176 S87.€1 3Z.,t%8 28.44Y5 42C 17.40 18.8C
CU(3=X)ICE(X)IFE S49X=<CeS) A Ce4E4Z Co4l4c CEEe74 30456 27.T7YP 440 17.30 18450
TETRAGCNAL C 0.32562 C.,35¢0 S8Ce57 232,82 26.53\5 4¢€C 17.8C 1E&.3C
o 0.3E5C €.3475 582469 2Ce41 25.76\1f 480 1850 184,50

REF, FCR R: (LEVY,1S6¢) 5C0O 20.4C 2C.1C
REMARKS: LOC., TSUMEB 520 22.60 22.0C
54C 2%.2C 24.2C

560 2730 2642C

5€&C 2G.4C 2844C

600 31.00 29.SC
620 21.7C 31,.1C
64C 21.€C 31.4C

6Zc°Y



MINERAL NAME CHRCMATICITY LCCVMINAMT BRICHTNESS

CCMPCSITICN SCURCE COORCINATES (COMPL.) PURITY (VISUAL R) LAMBDA REFLECTIVITY
CRYSTAL SY;TEM X Y WAVELENCTE (P %) Y (NM) (95 ) (R? )
RENIERITE,8(REDRO) A 0.4E6€S 0.4156 E83.54 322,0°¢ ZE'ISYS 42C 17.€0 17.6C
CU(3=X)GE(X)IFE S4.X=<Ce5) A Ce4tzc (a4l E€CSeC1 28.34 26.C3Yr 440 17.40 17.70
TETRACGCGNAL C O0.35¢&8 Co354¢ £8l.27 22.80 26.76Y3 4€Q 18.7C 1€.2C
c 0.2521 (C.34E2 58le44 15.82 24.94Yf 480 19.C0 18.20

REFs FOR R: (LEVY,166¢) 500 21.0C 1S.7C
REMARKS: Lo0C. M PASSA,CONGC 520 23.1C 21.7C
54C 28.4C + 23.76

5¢&0 27.6G 25.6C

580 25.4C 2z7.2C

6GC0 30.90 28460
62C 31.40 2S.4C
640 31,90 29.690

ogecy



MINERAL NAME CHROMATICITY COMINANT BRIGHTNESS

COMPOSITICGN SCURCE CCORDINATES (CCMSLe) PURITY (VISUAL R) LAMBDA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENEGTH (PZ) Y {NM) (R3 ) (RP )
RENIERITE,4(REDRD) A Ce4EES Cobl4 587.74 33.14 27.93% 420 1730 17.€C
CLI3=XIGE(XIFE S4yX=<0s5) A 04852 0.4125 5&EG5.G7 29,56 27.C27b 44C 1€.60 17.1C
TETRAGCNAL C 02593 (0,356¢ 575.28 24.81 27.19‘/5 4€0 17.8C 17.¢€C
C 0e3%€1 (o3541 560634 22.48 25450 Yr 480 19,60 18.90

REF. FOR R: (LEVY,166¢) 50C 21.20 20.°50
REMARKS: LOCe. KIPLSHI 520 23.60 22.2C
£4C 2E.CC 24.6€C

5&0 28.0C 2¢&.€C

580 25.8C 284,60

600 31.4C 2C.10

62C 32.10 20.60

64C 22.2C 3(C.2C

lezey



MINERAL NANE - CHRCMATICITY DCMINANT BRIGHTNESS

COMPGEITICN SCURCE CCORDINATES (CCMFL.) PURITY (VISUAL R) LAMBDA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENGTH (PZ) Y (NM) (R? ) (Rj )
RENIERITE3(REDRO) A Ce4E41 Co4l1€2 5E8.03 31,38 27.5679 420 17.20 1l€.SC
CLI3=X)CE(X)IFE S4,X=<0e5) A 0.48¢€4 Ge4l€2 EB8e27 32452 ZT.EZYQ 44C 1€.€C 1¢&43C
TETRACONAL C Ce3E5E7 C.35E85 E79«517 24436 26.7OYb 460 17.50 17.CC
C 0.3555 0.3528 58Ce64 Z21.57 24.66Y5 48C 16.40 18.30

REFs FOR R: (LEVY,1G¢€¢) 5C0 20.80 1%.80
RENARKS: LCCe KIPUSHI 5¢0 23.1C0 21.20
54C 25.4C 23.4C

560 2760 25.20

580 29¢4C 27.0C
6CC 30.70 28.5C
62C 21.20C 2E&.EC

640 3180 2G.60

Zeety



MINERAL NAME CHRCMATICITY CCMINANT BRIGHTNESS

CCVMPCSITICN SCURCE COORCINATES (CO¥PL.) PURITY (VISUAL R) LAMBCA REFLECTIVITY
CRYSTAL SYSTEM x Y WAVELENCTEF (F2) Y (NM) (RP ) (Rg )
RENIERITE,7(RE>RQO) A 0.4E36 C.41¢€1 EtB.1€6 21612 27.C17p 420 17.4C 18.4C
CU(3=X)CE(XIFE S4,X=<C.5) A Oe4E47 Co4lES BEEL322 31.54 27.99*@ 440 1730 184,3C
TETRAGCNAL c 035687 C.35€C £80.71 23.,9¢ ze.82YNp 4€C 1€.1C 1E&.5C
C 0«.3£57 (.3515 £8l.21 21.68 26.54‘9 480 18.80 18.50

REF. FCR R: (LEVY,156¢) 5CC 2Cs 7C 2C.6C
REMARKS: LGC. TSUMEB 520 2290 22.7C
540 .40 25420

560 2750 27.20

58C 25,70 2S.40

6CC 31.2C 3C.9C

620 32.00 31.40

640 32.5C 321.40

gegety



MINERAL NAME CHRCMATICITY DCMINANT BRIGHFTNESS

CCMPCSITICN SCURCE COORCINATES (CCMPLe) PURITY (VISUAL R) LAMBCA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENEGTH (P%) Y (NM) (Rf ) (Rﬂ )
RENIERITE,SIRE>RO) A D.4844 Ca414S EEELTE 3Cet3 25.78\# 420 17.4C 18,40
CU(B=-X)ICE(X)IFE S4yX=<Cs5) A Ce4€ic Ce4lET EtEabS 33,12 28.15Yb 440 17.30 18.3C
TETRACGNAL C 0De25CS¢€ Co435¢£2 EEC.ET 24.01 26.88‘¥f 4€0 1€.1C 1€.5C

C 0.3554 (C.3E16€ 58l0.(8 21.62 26.557% 480 18.80 18,90
REFe FOR R: (LEVY,1%6¢) 5C0 20,80 20.7C
REMARKS: LOC. TSUMEB 520 23.00 22.80

54C 25.5C 25.20

560 2760 27.3C
5€C 25.7C 2S.3C
6CG 31.20 30.8C
620 32.00 21.4C
€40 3250 Z2i.4C

peety



MINERAL NAME CHRCMATICITY DCNMINANT BRICHFTNESS

CCMPCSITICN SCURCE COCFCINATES {CCMPL.) PURITY (VISUAL R) LAMBDA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENCTE (P2) Y (NM) (Rﬂ ) (Rr )
LLZCNITE 1 A O.4€07 0.40C78 5¢Z.28 €. 28 28.9015 42C 27.6C 25.CC
CU3(AS,S58B154 A 0.48%2 (o4CE4 €EC4.76 3.81 25.62Yf 440 26480 25.30
TETRACGCNAL C O0e322€ C.322E€ EETe7¢ e 36 28.3919 4¢€C 25.80 Z4e.é€0

c 0.31€5 0.21¢E 607,19 1.85 25.36Yf 480 2%.2C 24.3C
REFe FCR R: (LEVY,1G€¢) 5C0 26.C0 24.70
REMARKS: LCCe MANKAYAN,FFHILIFFINES 5¢C 2€e1C 2445C

540 27.90 24.EC
5¢€0 28,5C 25.2C

580 2944C 2640C

ECC 3C.&0 25.8C
620 30,0C 26.8C
€4C 3C.5C 27.20C

=1 Ad



MINERAL NAME
COMPOSITION
CRYSTAL SYSTEM
LUZCNITE 2
CL3(AS,SB)S4

TETRAGCNAL

REFe. FOR R: (LEVY,15¢€¢)

CHRCMATICITY
SOURCE COORDINATES
X Y

A 044560 Co4CE1L

REMARKS: LCCe MANKAYAN,FEILTFFINES

CCMINANT
{CCMFL. )
WAVELENGTF
551424
607.72
SET.EC

€lesZ¢C

PURITY (VISUAL R) LAMBCA

(PZ%)

te 4

BRIGFTNESS

Y

2Ee42 Vg
25.68 Vp
28.C8 g

25.45Yp

(NM)

42¢
44¢
460
480
5C0

5€0
580
€0C
620

640

REFLECTIVITY
‘Rﬂ ) (R‘ )
2760 26400
2ie2C 2%.3C
2640 24.80
25.60 2443C
2630 25.10
2€eSC  24.7C
27.80 25460
2820 25.3C
£84SC 2%5.6C
2S5e€C 25.8C
25.60 2¢€.8C
29,00 27.20

gge*y



MINERAL NAME CHFRCMATICITY CCMINANT BRIGHTNESS

CCMPCSITION SCLRCE CCORDINATES  (CCMFL.) FURITY (VISUAL R) LAMBCA  REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENGTH (P%) Y (NM) (Rg ) (Rp )
LUZONITE 3 A 0.454%5 (44C7S £S1.54 5406 26.54% 420 25.C0 25450
CL3(AS,SB1S4 A De4523 044075 55093 2452 2564 Yp  44C 2543C Z4eEC
TETRAGONAL € 0432172 C.32C4 585.46 3403 26.30 V8§ 460 25.10 24460
C 043148 043154 563,42 2406 25.6S YP  4EC 25.C0 24490

REFs FOR R: (LEVY,156¢€) ' 500 25.20 25410
REMARKS: LCCe MANKAYAN, PEILIPPINES 52C 25.4C 25420
540 26010 2546C

5¢Q0 2€e3C 25.8C

580 2680 Zé6.CC
600 Z274C 25.8C
620 2720 2642C

640 27.20 2647G

Lezey



MINERAL NAME
CGMPOSITICN
CRYSTAL SYSTEM
STIBICLUZCNITE 5
CL3(AS,8B)S4

TETRACCAAL

REFe. FCR R: (LEVY,15¢€¢€)

CHRCMATICITY
SCURCE CCORDINATES
X Y

A Ce45El (o4C54

A 0.4532 C.4017

C 062164 CaZ17C

C 03124 0.3GS5

REMARKS: LOCe FAMATINA,ARGENTINS

CCMINANT
(CCNVFL,)

WAVELENGTH

6CCo 2%
~-516.38
€745

~528.43

BRIGCFTNESS

PURITY (VISUAL R)

(PZ)

5.81

Y

27.C71Yy
24420 Yp
z6.65 Y
244C9 Yp

LAMBCA
(NM)
420
440
460

480

5¢€0
580
€0C
620

€4C

REFLECTIVITY
(R3 ) (Rr )
28440 26480
c€eZC 2. 4C
25.20 2444C
24.5C 23,8C
2470 23470
25.C0 23.4C
2620 23.7C
c7.CC 22.8C
2740 24.0C
27460 24.50
27.SC Z25.3C
2540C 2€.4C

gezZeyY



MINEFAL NAME CHFRCMATICITY DOCMINAAMNT BRIGFTNESS

COMPOSITICN SCLRCE CCCRDINATES (CCMFL.) FURITY (VISUAL R) LAMBCA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENGTH (P2} Y (NM) (SS ) (R? )
STIBICLUZCNITE 4 A O0.45€5 Ca4C45 €1C.C2 4,08 26.30*9 420 279C 26430
CU3(As,8B)S4 A 0.454C C.401E ~£12.41 3.1% 24.59YP 440 ¢€.3C 25.EC
TETRAGONAL c Ce2174 (Co214E -463,42 1.57 25.95\@ 460 25.00 24.6C
C 0.3132 0.3100 -£17.82 3.12 24034 Yf 480 24020 23.EC

REFe FOR R: (LEVY,19&€) 500 2440 23.8C
REMARKS: LCCs FAMATINA,ARGENTINA 52C 24,50 23.5C
540 2e40 23.5C

5€G 2€6.4C 24.2C

580 26440 24.2C

6CO 26.7C 25.00

620 27.6C 2%.4C

640 28,10 26.8C

(ANAS



MINERAL NAME CHRCNMATICITY CCMINANT BRIGHFTNESS

CCMPCSITICN SCLRCE CCCRCINATES (CCFFLe) PURITY (VISUAL R) LAMECA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENCGTE (P%) Y (NV) R
ERIARTITE 11 A Co4d4€E CodlZl EtEasCS 3.21 264565 420 244,20
CLZ(FELZIN)GE 54 C 0.2120 0.3252 £e0.322 Z2eG1 27.C7 44C 25.2C
TETRACONAL 46GC 25.80
REFes FCR R: (LEVY,1G6¢) 480 2€.2C
REMARKS: LOCe KIPUSHI 500 2700
5CC ¢7.0C
520 27430
£4C 27.6C
5€0 2740
580 27449
6CC c€.5C
620 26400
€4C ¢6.0C

ove v



MINERAL NAME
CCMFCSITICN

CRYSTAL SYSTEM
ERIARTITE ¢
CUZ2{FE»INICE S4
TETRAGOGNAL

REFe FOR R: (LEVY,1G¢€¢)

REMARKS: LCCe KIFLSHI

A

CHRCMATICITY
SCURCE COORCINATES

x

De44é€z2

Y

ODCMINANT
(CCMPL.)
WAVELENGTHR

PURITY (VISUAL R) LAMBCA

(FZ)

2.21

Z.88

BRICHTNESS

Y

26486

26.58

(NM)

420

440

4¢C

560
5€&0
600
£20

640

REFLECTIVITY
R

Ny
AN
[

ti)
(o}

25.30C
22 4C
26010
2645C
2E.9C
27.€0
27.60
2720
27.0C
2650
c€.2C

25.80

Lve*y



MINERAL NAME CHERCMATICITY
CCMPGSITICN SCURCE COCRDINATES
CRYSTAL SYSTEM X Y
ERIARTITE 10 A La4471 Cobl14C
CUZ(FEZZINICZ t4 C Ue3129 Ua32732
TETRAGCNAL

REFe FCR ®: (LEVY,1G6¢)

REVARKS: LCCe KIPLSHI

CCVMTINANT
(CCHFLS)
WAVELENCTH

St€a 7S

5&1-73

PURITY
(P%)

4o 14

3,71

BRICGFTNESS
(vISuaL R)
Y
26087

2£.55

LAMBLCA

(N\V)

420

440

4&C

560
5EQ
60U
€2C

640

REFLECTIVITY

266190
2€. 8L
2750
275G
27420
27.CC
2€.EC
26620

25480

rAZAd |



MINERAL NAVME
COMPOSITION
CRYSTAL SYSTEM
CCRCNAECITE
PB<=2 MNE C¢

TETRACGCAAL

CHRCMATICITY

SCURCE COGRDINATES
X Y

A 0e437S Ca4CE7

A 064254 Go4017

C 0.320C07 Ca.2CS€

C Ce258S Ce03CSE

REF. FCR Rz (NICHCL & PFILLIPS,1965)

REMARKS: LCCe UNKNCHKN

CCMINANT
{CCMPL,.)
WAVELENCGTH
463,32
455,07
481,82

483,40

PURITY (VISUAL R) LAMECA

(P2)

BRIGFTNESS

\{

26.C9Yp
31.48Y
26.39Yp

31.94Y3

(NM)

430

41C

450

5¢0

550

5¢&0

610

€5¢C

REFLECTIVITY

(R, )

P
28.20
2€.20

27.20

lsﬂ )
34,40
24, 2C
33.3C
332.3C

32.30

20.00

2€e.7C

I Ad ]



MINERAL NAME CHROMATICITY
CCMFGSITICN SCURCE CCCRCINATES
CRYSTAL SYSTEM X Y

CRYPTOMELANE A Ce427]1 Ca4077
<=2 B8 (16 C C.2006& Cs21CS
TETRe & MCNO.

REFe FCR R: (NICHCL & PRILLIPS,15¢4)

REMARKS: LGOCe LNKNWGA

DCNMINANT
(CCNPL.,
WAVELENCTE

455412

4E3.E1

BRIGHTNESS
PURITY (VISUAL R) LAMBDA
(F%) Y (NM)
Ze 47 25.G¢ 430
4003 26432 470
460
520
550
550
58C
610
€sC

R

27.8C
284,00
c2Tebl
27 .00
c€a1C
26«70
2€.CC
25.00

23.50

REFLECTIVITY

vpecy



MINERAL NAME
CCVPCSITICN
CRYSTAL SYSTEM
BGLLANCITE
EA<=2 R8 Clé¢

TETR.& NMCACe

CHRCMATICITY

SCURCE COORDINATES
X Y

A 044267 0,4C¢€4

A CebZEE Co4CET

c «2G2l C.31C3

c Coe3CZ4 Ca31lz€

REFs FGR R: (NICHCL & PHILLIPS,19¢5)

REMARKS: t0C. ULNKNCHWN

CCMINANMNT
(CCMFL.,)
WAVELENCTH
4GS ze42
467.CE
481e2S

484,58

BRICFTNESS

PURITY (VISUAL R)

(P2)

Y

28,25 Yp
31.78 Y4
z€.53 Y

32.12\@

LAMEDA
(NM)

580
610

65C

REFLECTIVITY

(RP )
27.C0
27.10
26.6C
26420
25.6C
25420
24.5C

24.30

(Sﬂ )

32.50
3C.2C

2S44C

Syety



MINEPAL MNAME
COMPOSTTION

CRYSTAL SYSTEY

ENARGITE
CU3(AS,SB)S4

QRTHORHOMBIC

REF,

REMAPKS:

FOR PR:

CHROMATICITY DCMINAMT

SOURCE CONPRDINATES {COMPL,)
X Y WAVELENGTH

A No&li'R “16473206 481leczl

A "Na 4497 To4N42 ~5374 3¢

A 124454 1je& VA3 4854 "1

C N 3011 Ge3354 473,75

c Jo313 33129 =5647,9¢

C 1e2)TE D327 477,14

LOPEZ-SOLER £T AL (1979)

LOCe

UTAH Ua Se Ae s DORIENTED SFCTIOM

DAFALLZL TO X- Y-

PURITY
(P2

ia BR

le52

e 58

4,58

T
e -

‘o 41

40

RRIGHTNESS
{VISUAL R)

Y

25, 32 g
26437 Yy
28, 68 Y3
R}
Yy

N

[AV)
[}

S

N

6o

[AV]
[$3)

28.72 Yz

I-AX1S

LAMBDA
(NM)
447
46
480

507

625

&40

664

PEFLECTIVITY

Rn

"y

Faz

12 A



MINERAL NAME
CCMPOSITICN
CRYSTAL SYSTEM

ENARCITE 7
CL3(AS,5B)S4
CRTECGRECMEIC
FOR R:

REF. (LEVY,196¢)

REMARKS: LCC. FARAL

CFRCMATICITY
SCURCE CCCROINATES
X Y

A 0.451C C.4C322

c Cez11C Coz2116

c 03070 U.308¢

DOMINANT
(CCVMFLW)

WAVELENGTH

BRIGHTNESS

PURITY (VISUAL R)

(P2)

Y

25.75Yp
26.96\3
25.62 Yp

26.96Y3

LAMECA
(NV)
420
440
460
480
500
520
540
560
580
60C
62C

640

REFLECTIVITY
(RP ) (Rﬂ )
2670 2S.l1C
2¢.2C 28.€0
26430 28.5C
2€.CG0 27,40
25.60 27.50
25.30 26.5C
25.20 2¢€.SC
25.4C 26440
25.40 26.SC
2550 26460
c€e2C 27.3C
27+4C 284,00

Lty



MINERAL NAME
COMPOGSITICN
CRYSTAL SYSTEM

ENARCITE ¢

CL3(AS,SB)S4
CRTFORHOMEIC
REF.

FOR R: (LEVY,196¢€)

REMARKS LCC, PARAL

CHRCMATICITY
SCURCE COORCINATES
X Y

A 0e422C Ce4a(C21
A 0.4465 Co402¢
C Ce2117 (e211E€

c 0.3C6E C.3081

CCMINANT
(CCFPFL.)

WAVELENGTH

~58C.C0
-E7Z.(8
=£27.,12

'56)6-.15

BRIGHTNESS

PURITY (VISUAL R)

(P2)

Y

25.62 Vp
Z€eE2 Yy
25.46 Yp
26.82V

LAMBCA
(NM)
420
44C

460
48C

REFLECTIVITY

(RP )

2€e.5C
c€e cC
26420
25.10
25.5C
25.20
25.10
2543C

.00
25,70
2€.1C

27.10

(63 )
2G6.2C
284 €0
28450
27 4C
27456
264 8C
2€.1C
2602C
2€.8C
26440
27.1C

28400

gycty



MINERAL NAME CHRCMATICITY LCCMINANT BRICFTNESS

CGMPCSITION - SCURCE COORDINATES {CCMPLes) PURITY (VISUAL R) LAMECA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENGTH (P%) Y (NM) (RP ) (39 )
ENARCITE 1 A 0.4502 Co.4032 -54C. CE 202 25.59VP 420 26,70 2943C
Cu3(AS,SB)S4 A C.44E]1 Co.402¢4 -568427 1.94 26.91yb 440 2€e44C ZB.EG
CRTHCRECMEIC C 0.21C5 Co211C =-547.(C2 Ze21 25.487? 460 26430 28.2C
C 0.307S6 C.3C83 ~562440 2e.81 26.86)& 480G ZE.EC 27.5C

REFe FCR R: (LEVY,156¢€) 500 25440 27.20
REMARKS: LCCe KAURCN,PERU 5¢C 5620 264,7C
540 25.0C 2€.50

560 Se2C 2€45C

5€&0 25.5C 26.7C
6CO 2570 26470
620 Z2é.LUC Z7eE5C

640 27.00 28.20

(Y 7Ad |



MINERAL NAME
CCMPCSITICN
CRYSTAL SYSTEM
ENARGITE 4
CU3(AS,SB)1S4

CRTHORHCMRIC

REFe FOR R:

REMARKS:

(LEVY,1G6€)

Ltac.

CHRCMATICITY
SCURCE COGRCINATES

C 0.2110 G.3112

C Ce32CE3Z Co3(CEl

BORsYGUGOSLAVIA

CCMINANT
(COMPL.)
WAVELENCTEH

BRIGHTNESS

PURITY (VISUAL R)

(F%)

celb
2.04

222

Y

z2c.18Vp
26.85Y3
25.C5 Yp
26,77 Yg

LAMBDA
(NM)
420
440
4¢€0
480
50C

560
SEC
600
62C

640

REFLECTIVITY

(R? ) (33 )
2€e2C 26.4C
2549C 28.7C
cf.70 28.CC

2540 27.3C

2%.(C 2Z¢l.8C
24.80 2€.60
244 EC  2€44C
24e€0 2€e40
254,00 2646C
25.5C 27.1C
26.CC 27.30
2€.50 28.6GC

0sey



MINERAL NAME
CCMPCSITICN
CRYSTAL SYSTEM
ENARCITE ¢€
CU3(AS,SB IS4

CRTHORHONMEIC

REF. FOR R: (LEVY,1S¢€¢)

REMARKS: LCC.

CHRCMATICITY
SCURCE COORCINATES
X Y

A 0.4505 C.4011

A 0e45C7 (Ca4C21

c 0.3CSS 0.3078

C Ce3100 CG.3CS4

BCR,YCUCCSLAVIA

DCMINMNANT
(COMPL,)
WAVELENGTH
544,58
"549.77
-551.92

-552431

BRIGHTNESS

PURITY (vISualL R)

(FZ)

Y

25.13Yp

27.14Y§

24.58 Yp

27.C1 Yy

LAMBCA
(NM)
420
440
4€0
4€Q
500
520
540
560
580
6C0
620

64C

REFLECTIVITY
(RP ) (Sﬂ )
27.2¢0 28.SC
26.7C 2B.60
2€s1C 27.65C
28.5C 27.3C
24.9C 27.2C
2407C 267G
2450 26.7C
24440 26450
24.SC 26.8C
25.1C 27.00
28.4C 27.SC

27.00 29.20

(RTAd



MINERAL NAME CHROMATICITY DCNMINANT BRIGHTNESS

CGMPCSITICN SCURCE CCCFLCINATES (CCMFLe) PURITY (VISUAL R} LAMBDA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENCTH (P%R) Y (NV) (RP ) (ﬁs )
ENARCGITE 3 A Ce451C Co4Cl7 -543,50 2.68 24.82Yf 4zC 2€.7C 28440
CU3(AS,SB)S4 A 0.450C Ca4C24 -55¢.5¢€ 2628 26.59\5 440 26,20 28.1C
CRTHORHCMBIC c Ce21C4 C.30€7 «-546,C8 2,12 24.68YP 460 25.6C 27440

c Co2(CS€ (.2CCZ -£854.€4 2673 26.48Vb 480 25.C0 2648C
REFs FGR R: (LEVY,16¢€¢) G0 24.€60 zé.17C
REMARKS: LOC. HAURON,PERU 520 2420 264,20

540 24.30 26420

56C 24,20 26.0C
£EC 24,60 26430
60C 25.C0 26.5C
620 25.80 27.4C
640 c€e50 28.3C

rATAd |



MINERAL NAME CHRCMATICITY
CCMPCSITICN SCURCE COORCINATES
CRYSTAL SYSTEM X Y
ENARGITE = A 04537 Cl.4021
CU3(AS,SBISY A Ce449S (C.4C21
CRTHCRHCMEBIC C Ge212S (0.21CE
C 0e3CS4 Ce3(CSC
REFe. FCR R: (LEVY,1cé€¢)
REMARKS: LOC. BCRyYDUGCSLAVIA

CENVINANT
(CCMPL, )
WAVELENCGTH

[AN]
[Z8]
m

i

\in

\n

\n

g
-

-J
\n

-E£1€.9G

-£55.11

PURITY (VISUAL R) LAMBDA

(F%)

2655
235

Zel4

BRICKFTNESS

Y

24.7¢ Yp
27.03 Y

24,54 Yp

2e.53 Ny

(NM)

42C

440

4¢0

48C

REFLECTIVITY
(RP ) (Rq )
2€ecC 26.0C
25470 28.4G
24070 2841C
24440 27440
24.1C 27.1C
24.20 26.70
24.00 2¢€.7C
24420 2604C
24,50 Zé&oEC
24070 27.10
25.7C 27.SC
27.20 28.80

iNTA |



MINERAL NAME CHRCMATICITY DOMINANT BRIGHTNESS
COMPOSITION SCURCE COORCINATES (CCMFLe) PURITY (VISUAL R) LAMBCA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENGTH {(PZ) Y (NV) (RP ) (Eﬂ )
ENARCITE 8 0.4227 (e.4Clt =£14.€32 3.21 24.70Yp 420 26040 29.20
CU3(AS,SB)S4 0+449E% Co4C22 -55G.28 Ze 24 26.9$\5 44C 250SC 28.32C
CRTHCR+OMEIC Ce212€ (o3(C<S -£24,.,53 3.05 24047YP 460 24.7C 28.10
C 0e3CS1 0.3086 ~5587,35 ce 1S 26.89V§ 4EC 24.4C 2744C
REF, FOR R2 (LEVY,15¢&¢€) 500 24.1C 27.2C
RENARKS: LCCs FARAL 52C 24,2C 2647C
540 23.80 2¢€.5C
560 2461C 26440
580 24.4C 2645C
600 24470 27430
€20 2%.,7C 27.7C
640 2720 28450

145744 |



MINERAL NAME CHRCMATICITY CCMINANT BRICHTNESS

CCMPCSITICN SCURCE COORCINATES (CCMPLe) PURITY (VISUAL R) LAMBCA REFLECTIVITY
CRYSTAL SYSTEM X \] WAVELENCTE (P%) Y (NM) (Rr ) (55 )
ENARCITE 48 A Oet4424 Ce4C2€ 4€Ca%1 le45 24.70Yp 44C 28¢5 29424
CL3(AS,SB)S4 A Cod4€3 Caau(C5ES 4€£1.18 Ce43 28.17Y§ 460 2be€S 28,473
CRTHCRELVMEIC C 0.3020 C.308C 474,54 ZeE1 24.66\@ 4€C Z2€e42 284,37

c Ce3C76 0.3126 4€146S 1.30 28.19\6 560 2601 28.4c¢
REFe FCR R: (TUGAL,1969) 52C 2%445 2B.35
REMARKS: LCCs TLRKEY 540 24451 28.2S

560 2451 27.54
580 24.1E 28.12
600 24416 28,11
€20 24,48 2EB.(Z
640 24476 28.11

€eC

n
AN
*

-)
b
(28]
m
L ]

-
F

=1 TAd



MINERAL NAME CFRCMATICITY COMINANT BRIGHTNESS

COMPOSITION SCURCE CCCGRDINATES (CCMFLo) PURITY (VISUAL R) LAMBCA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENGTH (PR) Y (NM) (RP ) (ﬁs )
ENARCITE 49 A 0e462S (o4lEE 4874713 1.20 24.,46Np 440 25.68 26,401
cu3tas,SB1S4 A Oe44E€ Co40FES -£4C.22 C.75 ZS.ETYB 4¢eC 25,12 2¢€l.C(CS
CRTHORHCMEIC c Ce3C4E (aZ2114 47%.46 2459 24.61“? 480 2572 26401
C 0.21C1 C.214¢% ~551e55 C.56 25.84\@ 500 28055 Zé€.12

REFe FCR R:2 (TULGAL,19€9) £zc 28,12 25.6G8
REMARKS: LCCes TURKEY 540 ¢f.08 25.77
560 24417 25,63

580 22,6€ 2%t.4C€

6CO 24,04 25.78

&2C 24025 <c€l.1€

640 2474 26470

€€C 24026 27411

1 TA



MINERAL NANME CERCMATICITY COMINANT BRIGHTNESS

COMPOSITICN SGULRCE COORDINATES (CCMFLe) PURITY (VISUAL R) LAMBCA REFLECTIVITY
CRYSTAL SVYSTEM X Y WAVELENGTH (P2) Y (NM) (RP ) (Rﬂ )
ENARGITE 2 A Ce484C Co4CleE -£1z.2C 3.22 23.68YP 420 25420 2Z8.CC
CU3(AS,SB)S4 A O.4ECE C.4C1E —=58C.ck ie5€ 26.11?3 440 24.€0 27.5C
CRTFCOREGMEIC c Ce2132C Co21C2 -€1E.76S 3.00 23.46V? 460 22.80 27.CC
C 03058 C.3088 ~-5E8Z,117 Z2e9€ 25.98?3 480 23,30 2¢€.50

REF« FCR Rz (LEVY,1S€€) 500 23.C0 2¢é.CC
REMARKS: LCCes HAURGN,PERU 520 23.00 25.8C
54C ¢3,00 25.¢C

560 23.00 25.50

S5€EC

Ny
[¥V)
.

D
o

25.¢C
60C 23,80 26,20
620 24.8C 27.060

640 26.00 28.0C

LSZY



MINERAL NAME
CCVPCSITICN
CRYSTAL SYSTEM
KCSTERITE 242

Cuz Sk ZIN S4

TETRAGCNAL
REF. FOR R: (LEVY,15¢¢)
RENMARKS: LCCe VAULRY

CHERCMATICITY
SCURCE COORCINATES
X Y

A 0.4502 C.41lE

C Ce214S 0.325E

CCMINANT
(CCrPLS)
WAVELENCTH

E7€.3S

5¢8.71

BRIGKETNESS
PURITY (VISUAL R) LAMBCA
(PZ) Y (NM)

4475 25456 4206

3.84 25.52 44C
460
480
500
5C0
526G
540
5¢&0
S5€C
600
620

€640

REFLECTIVITY

R

2246C
22.7C
244 €0
2447C

25420

25.7C
25450
25.50

25.4C

gGey



MINERAL NANE
CCMPCSITICA
CRYSTAL SYSTEM
KCSTERITE 1,1

Cu2 SN ZIN S4

TETRAGCNAL
REF. FOR R: (LEVY,1C€¢€)
REMARKS: LCC. VAULRY

CHRCNMATICITY
SOURCE COORDINATES
X Y

r 0e4505 0e4l122

C Uez1%4 0.22€€

COCVMINANT
(CCrPL,)
WAVELENCTF

E18646

Z¢€ELTC

BRIGFTNESS
PURITY (VISUAL R) LAMBCA
(P%) Y (NM)

.27 42C

4e2% 440
4€0

480

500
520
540
560
5€C
600
€2C

640

REFLECTIVITY

R

22.10
22.50
24¢4C

24.80

65¢°yY



MINERAL NAME
CCVMPCSITICN

CRYSTAL SYSTEM
KCSTERITE 3,1

Cu2 SN IN S4

TETRAGCNAL

REFe FOR R: (LEVY,16Gé&¢)

REMARKS: LCCe VAULFY

A

CHRCMATICIVY
SCURCE COCRLCINATES

X

Y

0.4502 0.4122

0.21°%1

C.

2Z¢7

CCMINANT
(CCMFLa)
WAVELENCTH

E71.6¢

E€E.13

(F%)

£oC7

4414

BRIGFTNESS
PURITY (VISUAL R) LAMBODA

Y

(NM)

42C
440
4¢€C
480

5CC

56C
5€&0

6C0O

€20

640

REFLECTIVITY
R
22420
22.50
2404C
24.5C
2%.2C
25.20
25+6C
25.80

25.60

AN ]
\n
[ ]

-]
(o]

25030
2545C

25440

oge*v



MINERAL NANME
COMPCSITICN
CRYSTAL SYSTEM

KCSTERITE

a -
2

CLZ2 SN ZN S4

TETRAGCNAL
REF. FCR R: (LEVY,1966)
REMARKS: LGC. VAULRY

CHFRCMATICITY
SCURCE CCCEDINATES
X Y

A Ce4464 Cotlls

C 0.2142 (0.322E5

DCMINANT
(CCMFL.)

WAVEL=NCGTH

\n
-~

[$]

[%))
m

-

\n

E

Ny

BRIGHTNESS
PURITY (viSualL R) LAMBDA
(PZ) Y (AV)

443C 25453 420

2457 25452 44C
4€0
480
5CC
5C0

520

580
€CC
620

64C

REFLECTIVITY

R

22.60
2245C
244€0
24480
2%e4(
25440
2E.¢6C
2580
2Ce.€C
257G
25.40

Se4l

25.2C

(A-YAd



MINERAL NAME CHRCOMATICITY CCMINANT BRICGETNESS

CCMPCSITICN SCURCE CCCRCINATES (CCMPLe) PURITY (VISUAL R) LANMBCA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENCTH (P2%) Y (NM) R
KCSTERITE 2,1 A 0.4506 Co4l121 57¢€.18 5.28 25,52 420 22420
CL2 SN IN S£4 C «2154 C.32¢€ £68.53 4,15 25.4¢ 44C ¢2.5C
TETRAGCMNAL 460 24440
REF. FGR Rz (LEVY,156¢) 480 24071C
REMARKS: LCC. VALLRY 5C0 2%.2C
5Ca 25.20
520 25.60
540 25.7C
5¢0 25.5C
580 25.70
6C0 2fe04C
620 25450
€4C ¢%e4C

rArAd |



MINERAL NANE
CCMPGSITICN
CRYSTAL SYSTEM
KCSTERITE 1,2

Cu2 SN IN S4

TETRAGONAL
REFe FCR R: (LEVY,1966)
REMARKS: LCCe VALLRY

CHRCFMATICITY
SCURCE CCCORUINATES
X Y
A C.44SC Co4llS

c 0e3212€ C.322EC

DCMINANT
(CCMFLS)
WAVELENCTH

£75.50

S6be 14

BRICHTNESS
PURITY (VISUAL R) LAMBDA
(P%) Y (NM)

4403 25041 42C

3.33 25441 440
4€0
480

5C0

580
e¢CcC
62C

&40

REFLECTIVITY

R

2Ze€C
22.90
24e6C

24.80

gozy



MINERAL NAME CHRCMATICITY CCMINANT SRICFTNESS

CCMPOSITIGN SCURCE CCCRDINATES  (CCMPL.) PURITY (VISUAL R) LAMBCA  REFLECTIVITY
CRYSTAL SYSTEM X Y  WAVELENGTF (PZ) Y (NVM) (Rg ) (Ryy)
FEMATITE A 0.4335 C.4Cel 4G3,1C 2437 25,40V 47C 28.0C 31.50
FEZ G2 A 044355 C.4071 454,23 2,87 29.12 M 4g¢ 27.6C 32l.2C
TRIGCAAL C  Ce2965 Co2CES 4€1.C8 €l.C8 25.€2Yg 546 26.20 30.0C
C 0.2988 0.3CE6 482,26  4.94 26.53 Yw 58§ 25.10 28.8C
REFe FCR R: (VCN GEFLEN & PILLER,1G€5) 656 22.80 2645G
REMARKS LOC. ELBA,I1TALY €56 22.6C 264 2C

Chemi:cal Anelys s: Whof

Fe,0; 99055

Fe']!.:I.O3 - -

o0, 0,0k

Mg]:.':'.oj -_—:_

99.59

y92Z°vy



NINERAL N2AME CHRCMATICITY CCMINANT BRIGFTNESS

COMPOSITION SCURCE COORDINATES  (CCNFLe) PURITY (VISUAL R) LAMECA  REFLECTIVITY
CRYSTAL SYSTEM X Y  WAVELENGTE (PZ) Y (NV) (Rg ) Ry )
TI-FENMATITE A 0443257 Co4CSE 452426 2487 23.9eY¢ 470 26.1C 29.80
FE(FE,TIIC3 A 044362 C.40€¢ 463445 2472 27.57w  48¢ 25,70 2S.5C
TRIGCAAL C Co2SE3 C.3C66 48Ce2% 54137 24030 546 24460 28.3C
C 0.2992 0.3084 481465  4.82 27.54 Yu 5E&S 23.7C  27.3C
REFe FOR R: (VCN GEFLEN & PILLER,1S€5) 650 22.0C 25.20
REMARKS 3 LCCe SNARLM,NCRWAY 6E€ z21.6C 2%.1C

Chemical Analysis: Wk

Fe20'3 90.7

FeT.iOB 7.8

Unl30, 0.06

Mgrio, 0.6

99.16

goc*y



MINERAL NAME

CCMPCSITICN

CRYSTAL SYSTEM
'3

ILM’NITE

FE T1 03

TRIGCNAL

REF. FOR R:

REMARKS: LaC.

Chemicasl Analysis:

CHRCMATICITY
SCURCE CCORCINATES
X Y
A 0¢4504 04047
A 0e44€7 Ca4CE4
C 0.3114 C.313C
C 0.2C82 0.2122

(VCN CGEFLEN & PILLER,1S€5)

ILMEN MTS.,USSR

W%
Fez()-3 6.6

3
Mgli0, 3.0

annp——————

99.5

MbTi0, 9e4

DCNMINANT
(COM®L,)
WAVELENCTH

-£1%:.C0

\n
-
[31.]
®

—d
\n

[
\n
Ny
i
.
N
N

-5€7.71

BRICFTNESS
PURITY (VISUAL R) LAMBDA

(F2) Y (NM)
1445 17,32 47C
Ce.61 20.22 Y 486
1.57 17.24Yg  s4e
1.3C 20.22Yw 589

650

656

REFLECTIVITY

(Rg )

17. 20
17.10
17.C0O
17 .40
18.0C

183.10

(R )

2C. &0
20440
20.1C
2C.2C
2Ce 4C

20440

99z°vy



MINERAL NANME
COMPCSITICN
CRYSTAL SYSTEM
CREDNERITE

CU MN C2

MGNOCLINIC

CHRCMATICITY

SCURCE CCORCINATES
X Y

A 0.4373 0.4078

A 0.424E Co4CS5

C 0.3007 Ce311C

C 02662 0.212%

REF, FCR R: (NICHCL & PHILLIPS,196%)

REMARKS: LCCe UNKNGWN

DCMINANT
(CCFFLS)
WAVELENGTH

455429
4970 4€
483,87

4&6.67

BRIGHTNESS

PURITY (VISUAL R)

(P%)

Y

23.12Y
33,51 Y9
23.41 Yp

34.46 Ty

LAMBDA
{NM)

420
470
450
520
550
580
610

650

REFLECTIVITY
(RP ) (Sﬁ )
24.1C 35,EC
24490 36480
2402C 3¢.1C
24430 36406

23.,6C 35.CC

IATAd |



MINERAL NAME
COMPOSITICN
CRYSTAL SYST

EM

CEALCOPFANITE

(ZNJMNSFEIMN3 C7.3F2 C

TRICLINIC

kEF. FOK R:

REMARKS:

CFRTUMATICITY
SCURCE CCCRDINATES
X Y

A 0.42175 C.4C324

A 04252 Co4CCE

(1%

C CedSSz CazZ(C47

C D.2871 002542

(NICHOL & PHILLIPS,19¢€%)

LCC.

UNKNCWA

CCMINANT
(CCMFL,)
WAVELENGTH
487.36
48G,€¢
476436

473612

BRIGHTNESS

PURITY (VISUAL R)

(P%)

2449
£e56
5.21

10. 88

Y

9.577p
ze.stS
5,68 NP

26456 Vg

LAMBCA

(NM)

430

47C

490

520

550

5&C

610

650

REFLECTIVITY

(RP )

10.80
1C.£€C

10.2C

(Rﬂ )

W
W

(]
"
o

32.20C
30.GC
28050
27.320
25470
2446C

23.5C

ik Ad |



MINERAL NAME CFRCMATICITY COMINANT BRIGHTANESS

COMPGSITICN SCURCE CCCRCINATES {CCV¥FL«) PURITY (VISUAL R) LAMECA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENGTH (P%) Y (NM) R
PSILCMELANE A €e4375 Ce4iC 463,65 2440 22696 423 2447C
A3 X6 MN8 (16 C 0e30C5 Ce3CST 48z018 4420 £3e¢3 §7C 25.CC
CRTHCRKOMBIC 4S50 c4.iC
REFe ¥CR R: (NICHECL & PHILLIPS,19¢4) 52¢C 23480
REMARKS: LCCs UNKNWON 550 £2e5C

580 254C0

£10 22.1C

65C 21.20

692°Y



 MINERAL NAME
CCMPCSITICN
CRYSTAL SYSTEM

GALLITE 1

CL GA S2

TETRACGCAAL

REF. FOR R: (LEVY,16Gé¢)
REMARKS: LCC., TSLMEB

CHRCMATICITY
SOURCE COORDINATES
X Y
A Ce4421 Co40c%1

C 0.303¢ G.30%4

DCMINANT
{CCMPLW)
WAVELENCGTH

4E7.1:2

47€042

BRIGHTNESS
PURITY (VISUAL R)

(P%) Y
le4l 21.€5
34156 21.78

LAMBOA

(NV)

42C

440

4€C

480

5C0

52C

54C

580

60C

€2C

640

REFLECTIVITY

R

23460
22.2C
23.0C
22470
22e4C
224490
22010
22.00
21.7C
2140
2l.2C
¢l.2C

21.5C

oLz*yv



MINERAL NAME
CCVMFCSITICN
CRYSTAL SYSTEM

CALLITE 3

CLU CA Sz

TETRACGCNAL

REF. FCR R: (LEVY,1¢5¢¢)
RENMARKS: LCCs TSUMER

CHRCMATICITY
SOURCE COORCINATES
X Y

A O.44C€ C.4CEC

C «2{22 C.32(CE5

CCMIANANMNT
(CCMFL.)
WAVELENCTH

4ERLEC

477.40

BRICHFTNESS
PURITY (VISUAL R} LAMECA
(P%) Y (NM)

420

—
.

-
-l
N)
[
[

\n
in

440

w
.

~d
N
N
[
.

~
N

4¢€C

480

500

5C0

520

54C

60C
€2¢C

640

REFLECTIVITY
R
23450
¢32.2C
23.2C
22.80

22.17C

YXA |



MINERAL NAME
COMPGSITICN
CRYSTAL SYST
CALLITE 2

CLu GA S2
TETRACONAL
REFe. FOR R:

REMARKS:

EM

/

(LEVY,1966)

Ltac.

JSULMEB

A

c

CHFRCOMATICITY

SCLRCE COORDINATES

X Y

Ce44CE Co4(C4S

0«3C20 C.2CE4

CCMINANT
(CCMFL.)
WAVELENGTH

488443

477,78

FURITY

(P2)

l1.8C

3.82

BRIGHTNESS
(VISUAL R) LAMBCA
{NM)

A

21454

¢le iz

420

4€0
4EQ

500

5&0
580

€C0

620

€4C

R

23.9C
23.2G
22.,2C
2450
c2.17C
22.7C
224G
Z21.8G
¢le4C
21.40
21.1C
21.10

Zle1C

REFLECTIVITY

AR A |



MINERAL NAME CHRCMATICITY CCMINANT BRIGFTNESS

COMPOSITION SOURCE CCCROINATES (CCMFLe) PURITY (VISUAL R) LAMEBECA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENGTH (P%) Y (NM) (RF ) (Rﬂ )
ERAUNITE A D.42S1 Co4Ce2 462,18 2.06 19.97Y? 430 2170 22.80
MN MNE(CB/SI C4) A Ge4=E2 Co4CE4 492,480 2e26 ZC.GQYS 470 21.5C 22.5C
TETRAGCNAL C 0.3C15 Ce2(%2 48C.2C 3,62 20.16Yp 450 20460 21,70
C C.3(CE C.30S1 48CaS5 4017 21-10Y§ 52C 2C.71C 21.7C

REFe FOR R: (NICHCL & PHILLIPS,196%) 550 20440 21.4C
REMARKS: LCCs UNKNCWN 5€0 15, 8C 2C.,7C
610 19.40 20,20

65C 1.€C0 1¢<.7C

gLeey



MINERAL NAME
CCVMPGSITICN
CRYSTAL SYSTEM
HAUSMANNITE
(MN, FEIVMNZ Q4

TETRAGCNAL

REF. FOR R:

REMARKS:

LCCe UNKMNCWA

CHRCMATICITY

SOURCE COORDINATES

C

X Y

0.4382 0.4073
Coe4Z€E CeaCi2
0.3C13 C.21C7

Ve 3CCC Co3(CS

{(NICHCL & PHRILLIPS,1G¢€5)

BCNINANT
(CCMPL,)
WAVELENETF
494442
454441
4Ez0EE

482452

BRIGFTNESS

PURITY (VISUAL R)

(P2)

ce23

Y

1e.65Yp
19.53 Y3
17.C4 YP

20.19 Vg

LAMBDA
(NM)

43¢

61C

650

REFLECTIVITY

(R‘: )

1€.CC

18.1C
17. 80
17.20
17.20
l1é. 80
16.40

15.€C

(%J )
21.70
21440
21.20
20.£0
2050
16,60
16.2C

18.40

vLzty



MINERAL NAME
COMPOSITION
CRYSTAL SYSTEM
FYRCCHRCITE
MN{QOH)2

FEXACCNAL

CHRCMATICITY

SCURCE CCCRCINATES
X Y

A 04388 C.405¢7

A Co43EE Co,4CE7

C 0.2CCS Co3C717

c 0.201¢6 C.31(C

REF., FCR R: (NICHGL & PEILLIPS,1G65)

REMARKS: LCCs UNKNCWN

CCMINANT
(CCFPL.)
WAVELENETF

478052

48l.42

PURITY (VISUAL R) LAMBELCA

(P%)

Ze18
Z2.10
4e 32

2.78

BRICGFTINESS

Y

14,99 Y
17.55 Vg
15.13 ¢
17.78 Vg

(NM)

43C

47C

5€&0

610

€S0

REFLECTIVITY

(R? )

16 .40

1€.:C

(R

' )
19.1C
1€.¢€C
18.80
18.1C
17.9C
l7.6C
17.1GC
1€.5C

T A |



MINERAL NAME
CCMPCSITICN
CRYSTAL SYSTEM
HETAERCLITE

IN MNZ2 04

TETRAGCNAL

CHRCMATICITY
SOURCE COCRDINATES
X Y

A 0.437¢ C.4065

A 042732 (a4C€2

C 0.3C0¢ C.2062¢

C 0.3000 C.2(CE4

REFe FCR R: (NICHCL & PHILLIPS,1965)

REMARKS: LOC., UNKNCHWN

COMTNARNT
(COMPLG)
WAVELENGTH
452,032
4624 €4
481410

48C. 83

BRICHTNESS

PURITY (VISUAL R)

(P2)

Y

12.177¢
17.22%
132.22Yp
17.43 Vg

LAMBDA
{NM)

61C

65C

REFLECTIVITY

(RP)

14.3C
14.20
14.C0
13,60
13.4C
132.20
12.80

12.20

(ﬁﬂ )
1S.CC
18.€C
18.2C
18.00
17.50
17.2C
16.7GC

16.CC

9Ly



FINERAL NANME
CCVPCSITICN
CRYSTAL SYSTEM
CROUTITE
ALPHFA-FMN CCH

CRTRORFOMEIC

CERCMATICITY

SCURCE COCRELCINATES

X Y

Ceo4415 Ca4CEC
0.441€ Cl.4056¢
«2(45 (.313%

0.3C3% C.30C¢S

REFes FOR R: (NICHOL & PHILLIPS,1S€%)

REMARKS: LCC.

UNKNCWA

DCNMINANT
(COMPL,)

WAVELENGTH

46€.19
490422
484412

47€.54

PURITY

(PE)

BRIGHTNESS
(VISUAL R)
Y
12.23Yp
15.62 74
12.32 Yp

15.54 Yy

LAMBDA

(NM)

430

47C

490

520

550

REFLECTIVITY
(Rr ) (ﬁa )
12.80 21.4C
12.6G  2C.8C
12.70 20.50
12,60 2C.CC
12.40 20.C0
12.20 20.GC
12.00 1%.5¢C
11.€0 18.9C

LLey



MINERAL NAME
CCMPCSITICNA

CHERCHATICITY
SCURCE COCRDINATES

CCMINANT
(CCMPLG)
WAVELENCTEH
4GE.EC
4SHe42
4E5,.18

465,07

"576.82

CRYSTAL SYSTEWM X Y
ANTINONY A Co442¢& Co4CE]
SB A Ce4424 (Ga4CTS
TRIGCNMAL C 03CE8 (Ce3143
C 0.3C632 Ce3145
REFe FCR P: CERVELLE & CAYE (1968)
REMARKS: LCC: NEYNMAC,FRANCE. SB=GG2Z;AG=1RACES
CYSCRASITE A Ce4EC5 Co4C(CEE
AC3 &B A Ce453¢8 CadC2
CRTHCRECNMBIC C e2132¢ Co22CC
c Ce3157 C.3165

REF. FCR R: ARAYA (1968)

REMARKS: LCC: UNKNCWA

585.42

BRIGHTNESS
FURITY (VISUAL R)
(P2) Y
l.16 73.54 Yp
0.98 75.53 Y9
1.7¢  72.56 P
1.57 75.52 Yo
2.62 61.73Yp
3491 65.00 Yg
1463 61,52 Tp
2.3¢ 64454 g

LAMEBDA
{NM)

470

REFLECTIVITY
{Re ) (33 )
TE2e45C 7763C
T401C TEL€C
i3.3C 715.2C
70.20 7T2.8C
EGeG0 62460
€1.5C €4.GC
€2.20 &5,1C
€2.1N €E8,50

gLeZ Y



MINERAL NANE CFRCMATICITY OCMINAANT BRICHTNESS

CCMPCSITICN SCLRCE CCCRCINATES  (CCMFL.) FURITY (VISUAL R) LAMBCA  PEFLECTIVITY
CRYSTAL SYSTEM X Y  WAVELENGTF (P%) \ (AM) Fp Rm Ry
FARACCCRASITE A 004451 Co4C74 4S4411 Ca5S £7.50Yp 470  €Beb6 Tle2 7540
SB2 (SB,AS)2 P C.444S Ce4CTE 4S6.7C  Ceb2 7Cez2YM 546  £74€ 7CeS T34
MCACCLINIC A De4427 Co4(TE 465,23 CeGZ 73,27V 589 67.6 TU.T T3.6
C 042077 Ce3145 482426  1.07 £7.6SYp 650  £5.5 6748 702
C  C€o2C7S Ce31S5C 483,5C CoS4 7Ce42 Ym
C  D.206€ Ca314C 4€245%  l1.52 ‘72.55 Yy

REFe FCF R: BeFe LECNARLC €& MEAC(1S71)

REVARKES : LCCe BRCKEN FILL,NEW SCUTH WALES. A NEW NMINERZL

TXAd



MINERAL NAVME
CCMPCSITICN
CRYSTAL SYSTEM
MELLCNITE

Nl TEZ2

FEXAGCNAL

REFs FOR R: BURKE,FREE UNIV4,AMSTERDAM

REMARKS: LCC:

BISNUTH
Bl

TRIGCAAL

C

C

C

CHROMATICITY
SGURCE COORDINATES

X

0.45¢6

Co.4€2¢E

0.3215

C. 3235

o
]
o
\n
m
n

-

(@]
[ ]

E-J
n
\n
un

O.

(1%}
[\N]
n
Y

C.3162

REFe FCR R: CERVELLE & CAYE (1%&8)

REMARKS: LGC:

ALLEMCNT ,FRANCE.

BI=

Y

Co40EC
Co4042
Ce322€

C.3165¢

Co4C<?

C.41C2

i Ce32€6€

Ce3256

GE.8%3

DCMINANT
(CCMPL, )
WAVELENGT
5%1.84
€CC.93
5E3,.,83

595.64

RCEBB MCNTERAY MINE,QUEBEC,CANALCA

582714
58#50 67
5854C7

577«24

SB=2,3%;

BRIGHTNESS
PLRITY (VISUAL R) LAMECA
H (P%) Y (NM)
e C4 56.C1Vp 47C
Bel7 60.6613 546
4,58 59.66\@ 650

S.C8 58.55Yp 470

7.35 63.C7Y9 546

6.CE 57.81 Yp 5€S

4458 62455 yb 65C
AS=C.2%

REFLECTIVITY

(RP )

54450
700
€Ce 40

€2.50

£3.30
£7.10
£S.€C

£€1.€0

(Rﬂ )
56630
£€.3C
€4,0C

€€a5C

58¢5C
€2.90
€2.SC

€€.40

0sz°v



MINERAL NAME CHRCMATICITY CCMINANT BRICHFTNESS

COMPOSITICN SOURCE COORDINATES (CCMPLe) PURITY (VISUAL R) LAMBCA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENCTE (P%) Y (NM) (R? ) (RS )
KITKAITE A Oe45€1 044CSS 58E429 £eS4 57.01‘? 41C 52.0C 54.7C
NI TE SE A Cedf7€ Ce4CC SEte44 8e45 59.6513 546 55480 58430
HFEXAGCNAL C 0.3220 GC.32¢7 57Ce 48 £.58 56.327? 5€ES S€.1C €1.CC

c 0.2214 (Ce32E5¢ 57¢« 87 S5¢61 58.96YB 650 €0.00 62.30

REFe FOR R: EBURKE,FREE UNIVe,AMSTERLCAN

REMARKS: LOC: KUUSAMC,FINLAND

RAMMESLBERGITE 2 0.4448 Ga4CE1 47774 0.281 EG.GCY( 41C £9.0GC £2.5C
NI AS A 0e 4426 Ca4Ctl 4€z.82 1,00 59.92‘@ 546 56.8C 59.90
CRTHCRHCMEIC C Oe3Cé&2 Ce31CS 47Ca11 2406 57.CE Y? 589 E€.EC 5G.6€C

c Ce3C54 (.31(3 472e%4 2644 60.15Vb 650 5700 5G40
REFe FOR R: W.PETRUK, OTTAWA

REMARKS: LCC: EISLEBEN,CERMANY

:r Al



MINERAL NAME CHRECMATICITY DCMINANT BRIGHTNESS

CCMPCSITICN SCURCE CCCRCINATES (CaMPL.) PURITY (VISUAL R) LAMBDA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENCTE (F%) Y {NM) (Re ) (Rg )
RAMNELSBERGITE A 0.4449 0.4C5€ 4832424 0.72 S€e41YP 47C SB.2C €1l.80
N AS A 0o4427 Go4CEY 4EEWES 1.01 59.437& 54¢ 5€e€C 59.7C
CRTHCRHCMBIC C Ce2C6& Ca3121 473457 1.77 56.64Yp 589 £€.CO0 £8.9C

C Ce3(C54 (Ce3211l1 4754 66 232 59.69Yj 650 £€.40 58.8C

REFe FCR R: WePETRLK, CTTAWA

RENARKS: LCC: EISLEBEN, GERMANY
Re Rw
MILLERITE A Le46E83 (Ge4l5 £844.9¢ 21626 55.24Y£ 418 43,6C 43.5C
N S A Ce4€CS Cablcz? F8E4ES 12.5¢€ 5C.17‘*° 546 84,30 4G.4C
FEXAGONAL C Ce2277 Ce3472 E76e04 i5.7C 54,02 Y 5€¢ 7440 "Elez(
c o3zl 042231 ET7£692 8e 8C 45,46 Yw 650 58440 52.4C

REF., FOR F: BURKE,FREE UNIVe yAMSTEFCAM

REMARKS: LCC: LIBUSIN,KLACNC BCFEMIA

28z%y



MINERAL NAME CFRCMATICITY COMINANT RRIGHTNESS

CCMPCSITICN SCLRCE CCCRCINATES  (CCYFL.) PURITY (VISUAL R) LAMBCA  REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENGTH (P2) Y (NM) Rd R# R+
ARSENCPYRITE A Ce4Z1E C.4CES SE€8.14 3460 52068Vt 47C  5Cef 4847 5i.8
FE AS S " p De453S C.41CE SE4.61 €452 524128 54€&  Ezez Eief 5i.S
MONOCL INIC A Co44EE Co4C17 602,02  Ceb2 51.73 Y4 589+ 5342 52.8 51.7
C  0.2148 C.3203 576,85 2423 52.43 Y  £50  E3,€ 5z.S El.2
C C.218C 0.32%1% 57€.i1  4a8 51,77 VP
C  De3C65 0.3162 EXCL65 ColS 51,77 VY

REFe FCF R: PoRe SINMFSCN(LCNCCN)

REMARKS: LCCe UNKNCWN

ggey



MINERAL NAME CFRCMATICITY DCMINANT BRICGHFTNESS

CCMPCSITICN SGURCE COORDINATES (CCFPLs )} PURITY {(VISUAL R) LAMBCA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENCTE (P2Z) Y {NM) (RP ) (ﬁs )
STAMNCPALLALINITE A 0e4€01 04412C SEEe4E 12.48 53,68 p 4€0 4620 48450
PC3 SN2 A C.46C€ Ca4lCS 5ET«78 11.37 55.30‘5 540 53.0C E4.CC
HEXAGCNAL C 0632257 Q0.3236 57€417 683 52.9¢€ Y% 5&Q £4.CC 55.5C

C 0e224S Ce33C2 5T7te48 770 54.51Yj 660 57.00 60.06

REF. FOR Rz LeVYALSCV, NMCESCCH

REMARKS : LCC: UNKNCWN
ARSENIC A 044433 0.4061  48S.17 1.08 44.28\p 41C 46.C0 4€.7C
AS A 0.44ZE Ce4CS54  487.11 1e23 44.57Y§ 546 44,60 44480
TRIGGNAL { FSELDGCUEIC) C  Ce3CS2 0.3116 477465 2427 44445 Yp 565 43.SC 444 2C

c 0e3C45 Co21C2 47567 2015 44.81y5 65GC 43.50 43.80
REF. FCR R: CERVELLE & CAYE (19é68)

REMARKS: LCC: STESMARIE AUX MINE,FRANCE. AS=98%; SB=2%

L4: 1A



MINERAL NAME
CCMPCSITICN
CRYSTAL SYSTEV
BREITHAULPITE
NI S8

FEXAGCNAL

CHRCMATICITY

SGURCE COORDINATES

C
c

X Y

Daet71S Co4allc
Co4éEE Cosle
0e¢2212 Co31E7

Co22€3 (o32¢1

REFe FCR R: EBURKE, FREE UNIVe)AMSTERDAM

REMARKS: LCC: CCBALT,CNTARIC CANACA

SCHAPBACHITE(NATILLITE) s Ge445C Q0a4C7E

AGC B1 S2 A Ce 4452 CaaCi3

HEXACCNAL C «3C77 Ca2147
C 0.2C76 043147

REFe FCR R: FARRIS & THORPE (1G6S)

REMARKS: LCC: CAMSELL RIVER,CAMNALCE

CCMINANT
(CCMPLS )
WAVELENCTF
tC6et2
566,18
€C4a22

H86e.24

4164416
483,31
L82446

£8l.t1

PURITY {VISUAL R) LAMELCA

(PZ)

11.75
11.S5
€.25

751

D.97

BRICHFTNESS

Y

51033 Yw
40.27 Ye

50,18 Yw

43,45 Yp
44460 Yy
43.62 Yp
44+72 Yq

{NM)

470

REFLECTIVITY

(Rg )

3740

44.20
42.8C
4344C

42.60

(Ryy !

45450

48420

45.30
44.5C
44440

44,00

g9gz°y

oo odamb

GE



MINERAL NAME
CCMPCSITICA
CRYSTAL SYSTEWM
STIBNITE

SE2 S§:32

CRTHFCRBECMEIC

REFe FCR R: P.R,

REMARKS : LCC.

SCURCE
A 0
A g
A J
C g
C 0
C c

SIVFESCMN(LONECN)

LAKNC WA

CHRCMATICITY
COORCINATES
X A\
Ce44S
C.4CcC
£.4C2g
Ce2CT6
C.31¢C

«28EGC

COVINAMNT
(CC4FLo )
WAVELENGTH

478,22
460615

43Ce 83

PURITY
(P2)

4e15
1.6¢

S.L8

BFICFTNESS

(VISUAL R)
Y
47, 40 Yoe
35,1370
45,27 Y%
36,35

46,39 Yo

LAMBCA
(NM)

REFLECTIVITY

R o<

Fe

R3

526
48l
42,1

4241

L8c*y



FINERAL NAME CHRCMATICITY CCMINANT BRIGHTNESS

COMPCSITICN SCURCE CCCFDINATES (CCMFLe) PLRITY (VISUAL R) LAMECA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENGTH (P2) Y (NVM) (Rf ) {Rq )
FESSITE A 0.442C C.4C57 489.25 1.40 38.17 P 460 40.30 40.7C
AG2 TE A 0.4518 Co.4C€2 500e2¢ CeS5 41.43Y5 £4C 3€.7C 40.80
MONGCLINIC C Ce3(3¢ C.21C2 47€8.C1 2654 38441 Y? 580 27.80 41.3C

C 03135 0.3167 489454 1,29 41.2C‘Y3 €4C 27.4C 43,00

REFs FOR R: Lo.LOGINCVA, MOSCCHh

REMARKS: LCC UNKNCWN

GEOCRONITE A 0s4432 C.4C76 495,18 1.03 37.92Vf 460 39.00 43.2C

27PB & T(SE,AS)2 S3 A Oe440& 0,4C€0 451.072 1.67 4C.7C’5 £4C 3,40 41.3C

MCNCCLINIC C 0.2G¢€1 CoZl2¢ 4€3.,3¢ i.71 38.11 VP 580 28.00 4C.6C
C 0.3030 G.3100 475427 3.25 4l1.C1 Yg €50 3€.50 39.00

REFs FOR R: L.VYALSOV, MOSCGW

REMARKS: LCC: UNKNCHWNA

88e°v



MINERAL MAVNE CHROMATICITY DCMINANT BRIGHTNESS

COMPGSITICN SCLRCE CCGERCINATES (CCVFLS.) PURITY (VISUAL R) LAMBCA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENGTH (P%) Y (NNM) (Rp ) (33 )
BISMUTHINITE A 0e4425 Ca4CE4 487456 1.30 37.63Y? 470 39.5C 50.60
BI2 S3 A Ce442€ Co4CE2 4S743C lo11 4G,2¢ Yﬁ 54¢€ 27.8C 504620
GRTHGRHOMEIC C Ce3(43 (C.31CC 475,03 2.84 37.84'Yr 586 37.40 49.20

C 0.2060 03146 485.82 le67 49.6&V5 £5C 3€.8C 47.2C

REF. FOR R: BURKEy FREE ULNIVe yAVMSTERDAV

REMARKS: LCC: AVENTURA FMINE,BOLIVIA

LAUNAYITE A Ce44l4 Co4055 485423 ie55 36.56Yp 470 28.60 4¢€.20

22PB S 13(SsB,AS)2 S3 A 0.428S 0.4C56 451,07 2e14 43.13Y3 S4¢€ 3¢e5C 43,8C

MCNCCLINIC C 0.3633 C.3CS6 47772 3.c4 36.81‘% 588 26420 42.7C
C 0.32C11 C.2CE3 419,24 4017 43656 YS 650 35.50 40.90

REF. FOR R: JANBOR (1667)

REMARKS: LCC: MAELOC,CNTARIO CANADA

682°Y



MINERAL NAME
COMPCSITICN
CRYSTAL SYSTEM
VEENITE

2PB Se(SByAS)Z S3

CRTHCRHGMEIC

CHRCMATICITY
SCURCE COGORCINATES
X Y

[ 004275 0.4C6€3

A CoedZEZ Coa(EC

c 0.3C01 C.3CEe€

c Ce3CCT7 Ce3CE4

REFe FOR Rz JANMBOR (1S67)

REMARKS: LGC: MACOC,CNTARIC CANACA

SCRBYITE A 0.43E0 C.4CEQ

17PE S.11(SByAS)2 S3 A 0e4zE2 Co4CEC

MFCACCLINIC C 0.200% Cl.3CE4
C 0.3005 C.3CE7

REFe FGR R: JANMBOR (1967)

REMARKS: LOC:

MACOC,CNTARIO CANADA

CCMINANT
{CCMPL )
WAVELENCTH
452617
4C1.8€
481.01

47c,98

480024

4BCe €S

BRIGHTAESS

PURITY (VISUAL R)

(P%)

Y

3¢,75 Yp
42.42 g
37.1€ p
42.87 Yy

3€.22 Yp
41.94 Yg
3€.72 VP
4241 Y

LAMBCA
(NM)

41C

546

5€&S

650

REFLECTIVITY

(RP )

3%.5C
37.60
2€.2C

34,20

3s.CO
27.00
3€.C0

34.00

(Rﬂ )
45450
43,20
42.CC

39.9G

45400
43.0C

41.00

40e0C

062°Y



MINERAL NAVME CHRCMATICITY DCMINANT BRIGHTNESS

CCMPCSITICN SCURCE CCORCINATES (CCMPL.) PURITY (VISUAL R) LAMBDA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENCGTH (P%) Y (NV) (Re ) (R3 )
TWINNITE A Ce43%4 Ca4C5¢ 4914417 Z2.070 36.317P 470G 2€.1C 4Z.6C
FE S(SE,AS)2 S3 A 0.,4274 Ce4CES 4S1.45 Ze 465 42.15j3 546 3690 43.00
MCNCCLIMNIC(FSELDO-CRTHCS) C Ce3017 C.30S0 47%.5¢% 2.817 Eéoéfw? SES 3,50 4l.6C

C 002597 0.2(74 47%.1°% 477 42665 Ys 65C 34,60 39.6C

REF., FCR R: JAMBCE (1567}

REMARKS 2 LGC: MACOC,CNTARIO CANADA

HETERGMCRPHITE A Oe4442 0.41CS 515631 0.83 36.17’? 45C 35.70 3S.3C

7PB § 45BZ S§3 A Oe4442 Co4lll S518.CE O.88 3%.58 Y3 550 237.00 41.C0

MENCCLINIC C 0.3CE€ Ce21CE 22Ce077 Ce €4 3¢e 34 Yf £is 3€45C 4G.30
c «2(EE Co3ZCc 52E. 165 Ce79 40017 Yj 640 34.40 38.00

REFe FOR R: A RAKTSFEEV, MCSCOW

REMARKS: LGC: UNKNCWN

L6Z*v



MINERAL NAME CHRCMATICITY DCVMINART BRICHTNESS

CCVMPCSITICN SGURCE COORDINATES (CCMPLe) PURITY (VISUAL R) LAMECA REFLECTIVITY
CRYSTAL SYSTEWV X Y WAVELENCTE (P%) Y (NM) (R? ) ‘RS )
TINTINAITE A 0e441S C.4(€2 4SC.SC l.4¢ 35,71V 41C 37e4C 43,5C
5PB S 4(BI><SB)e £2 A Ce44324 Co4C71 493,17 1.00 42.61Yb 546 26.320 43.3C
CRTHCRECMEIC C 0e2C40 Ce3111 47¢.8C 2. 80 35.95#? 586 354,00 41.S0

C 0.3C5€ 0.3134 48cz.3¢€ 1.88 42484 Yj 65C 35.1C0 42.CC

REF. FOR R: EURKE, FREE UNIVe,AMSTERDAM

REMARKS: LOC: TINTINA,CANACSE

PLAYFAIRITE A 0.436GC Co.4CEE 4Sl.42 2.10 35.8G‘YP 470 284320 42.3C

16PB S.9(SB,2S8)2 S3 A 064252 Ge4CES 4G1.51 ceC2 39.64*@ £4¢ 36,4C 40.3C

MCNCCLINIC c Ce2Clc C.2CEE 47S.¢€C 4.10 36.16\@ 589 35040 39.2C
C 0.3015 0.3CES 477G ¢LE 3,65 QC.OZYB €EC 34.0C 37.70

REF, FOR R: JAMBOR (1%67)

REMARKS: LCC: MALCGC,CNTARIC CANACA

TATAd |



FINERAL NAME CHRCMATICITY DCMINANT BRIGHTNESS

COGMPOSITICN SCURCE COCRCINATES (CCMFL.) PURITY (VISUAL R} LAMBOA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENGTH (P%) Y (NFV) (Rf ) (RS )
STERRYITE A C.44(1 Co4C61 4G61.¢€1 1.83 25.,4€Yp 47C 37460 40.4C
12PB S 5(SE,AS)2 S3 A 04299 (0.4C€2 4G1.61 1l.87 38.CS Ys 546 3€.CO0 38.70
CRTHGRECMEIC C C.3(23 C.3065¢ 473.7C 2.58 3577 Y? 586 35.10 27.7C

c 0.3C22 0.3C¢<? 481.05 3.¢€1 38642 YS €50 23.S0 3¢€.3C

REF, FOR Rz JAMBOR (1€¢&7)

REMARKS: LCC: MACGC,CNTARIO CANADA

CUETTARDITE A Ce432S4 C.4CES 462.71 1.67 34.22\@ 470 2Ee30 44,20

GPB S.8(SEByAS)2 S3 A 0.4328€& C.4CES 461.7¢ 219 41.26\@ 54¢ 24.,8C 42.00

MCNGCLINIC c 0.3C2C 0.2CSS 482471 3465 34454 YP 586 24,00 4C.EC
C 0+2C06 C.3CES 479.87 4421 41. €S Ya 65C 32.20 3%5.00

REF. FOR R: JAMBOR (1S67)

REMARKS: LCC: MALCC,CANTARID CANACH

£62°Y



MINERAL NANE
CCMPCSITICN
CRYSTAL SYSTEM
BCURNCNITE

2PB S CLz ¢ £8Bz S§=

CRTHCRHCMBIC

C

CHRCMATICITY
SCURCE CCORCINATES

X

064435

Ce3CC7

REFe FCR R: PoRe SINMFSCN{LCADCN)

FEMARKS: LCC. PRIBRAM,LSSR

Y

Ce4CEC
Co4CE2
0.4C57
Co32126
Ce33C4

Ce3G76S

DCVINANT
(CCrPL.)

WAVELEMGTF

455,
492415
451446

4E4416
4€Ca4C

417Ge i1

BFICFTNESS

PURITY (VISUAL R)

{P%)

lLe &t

2403

2065
2. 8¢

40 3¢

Y

344 €7 Yu
32,34 7B
35.04 Yy
35,16 Yat
22.¢6¢ Yp

35,40 Yo

LAMBCA
{NF)

FEFLECTIVITY

Rae

Rp

Ry

{TA

S

W

(G
: ‘:\'i)cf 2

ooy
VXN

)
¥



MINERAL NAME CHRCNMATICITY CCMINANT BPIGHTNESS
CCMPCEITICN SCURCE CCCFLINATES (CCMFL.) PURITY (VISUAL R} LAMBDA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENCTE (FZ% Y {N¥) R o R@ Ry
CRALCCCITE A O0e421S Coa4C35 4SCL.E8 3.8¢ 32.43% " 47C 3Ee7 36,7 3T
Lz S _ A Det222 Ce4(2E 4S¢CatE 2. 7€ 32.48ﬁ@ 546 3343 33,3 33.1
CRTFCRECNMEBIC A CotZ2€ Co4(cc 48SoE1 3. 75 32,33 Yy 586 2le7 31,8 32145
C 02641 0.3C16 475408 Tet 4 23,01 Yw EE5C 2Ge ¢ 2%e7 32(a2
C Ca2G44 Ce3C2C 4784651 Te22 33.C5 13
C Ge2S42 0.230S 77565 1«52 32.88 Y€

REFe FCR R: P.Rs SIMFSCN(LCNEON)

RENMARKS: LCCsa LNKNCWN

g62°Y



MINERAL NANME CHROMATICITY DCMINANT BRIGHTNESS

COMPOSITICN SCURCE CCCRDINATES (CCMFL.) PURITY (VISUAL R) LAMBDA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENGTH (PZ) Y {NM) (Rg 1 (Ra)
ESKEBCRNITE A Ce412€ Ce4l3C 588.44 21.14 5.66Y£ 470 2040 320.6C
CU FE SEZ A 0e4€2E8 Co4l22 £E€7.(€C 12.8C 38,26 Yw £4¢€ 24.4C 34460
HEXAGONAL C Ce336E (e3421 57G.56 14.89 24.53 Ve 589 €70 3é€.2C

C 0.3282 C.332E 57¢.61 1C. 89 34,75 Yw €2C 26.C0 37.S0

REF. FOR R: BURKEs FREE UNIVe sANSTERCAV

REMARKS: LCC: EACGLE CRCUF,CANAD2

Re Rs
CETCHELLITE A Ce43€C 0.4C31 48E.1S 2.94 25.55Yp 470 28.4C 3G.7C
AS SB S3 A 0e4241 Ca4CléE 487el1c 3.41 27.01\% £4¢€ SeSC 27.3C
MCNCCLINIC C Ce2673 C.3026 476.6€8 6.20 25.88 YP 589 25.1C 2¢€.5C

C 06295C 0,25656 475,61 Ta44 27.41\@ ésC 24.3C 25.€0
REF. FOR R: BURKE, FREE UNIV. ,AMSTERCAV

RENMARKS: LCC: CETCHELL MINE,ZNEVADR,USA

JATAA |



VINERAL NANE CHROMATICITY DCMINANT BRIGHTNESS

CCMPCSITICN SCURCE CCCRCINATES (CCMFLo.) PURITY (VISUAL R) LAMBDA REFLECTIVITY
CRYSTAL SYSTEM X ¥ WAVELENGTH (P%) Y (NVM) (Re ) (Rs )
STANNCICITE A Oe4€VE Co4l2i 87,12 1830 25,08 Yo 47C 20660 22460
CUS SN(FE.ZN)2 S8 A Ce4€64 (a4132 587.18 16.99 27.12'V9 546 24040 Z€.4C
CRTHCRKCNMEIC C 0e2245 (ao324(C1 E17.E€ l¢.SC 24052‘YP 589 25.70 27.80

c 0.3328 C.3382 578.1C 11.97 2645¢ YB 650 2i«€C 2S.6C

REFe FCR R: BURKE, FREE UNIV.,AMSTERDAM

REMARKS: LGC: KCONJG MINE,JAFAN

CINNABAR A Co4281 Ca4C31 4860 €2 2046 24.71Y? 460 27«40 29.90

FG £ A 0.4386 0.40E2 456,12 Z.10 28«33‘3 54C 25.0C Z2S.3C

TRIGCNAL C Ce2¢S3 (o3C4C 475 1C 54138 24456 Y? 580 24450 28.20
C 0.3C19 00,3123 484.88 2. 40 284 €4 Yb 640 22.SC 2¢&.¢€C

REFe FCR R: L.VYALSCvV, MCSCCW

REMARKS: LGC: UNKNCWN

86c°Y



MINERAL NAME CHRONMATICITY LCCNMINANT BRICHETNESS

CCMPOSITICN SCURCE COCRCINATES (CCWFLe) PURITY (VISUAL R) LAMBCA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENGTH (PZ) Y (NV) (R? ) (69 )
CINNIBAR A 0.426C Co.4C3E 487.24 2.21 23,88 Yp 470 25490 30.40
FE S A 04403 C.4CEE 4G2.€S l. 7€ 28.8735 54¢ 23.60 2S.1C
TRIGONAL C Ce3CC5 0a3054 475416 4.78 24,06 Yp 5€&s 23.SC <2%.1C

C 0o2C21 C.21(3 467412 3.22 25.1C Ya 65C 22.70 26490

REFes FCR R: HABERy FREE UNIVe  ANSTERCAN

REMARKS: LCC: ZIPS-GCMCRER, USSR
Rw Re
CINNABAR A 0a4282 0o04C43 488491 2.36 24442 Yw 470G 2€452 2C.12
KC S A 0e4364 0e4Cl1 4G4,18 Ze €S 28.57‘% 546 24468 29.51
TRIGGNAL C 0.2999 0,3CES 4776322 4,85 24.67‘%0 5€¢ c4el17 Z284C2
C 0.2665 C0.,3092 48ze5°¢ 44 €1 2B« <5 Ye¢ 65C 23626 26044

REFe FOR R: LCPEZ-SCLER ET AL (1970)

REMARKS : LCC: RIANC,LECN,SPAIN

662°Y



MINERAL NAME CHROMATICITY DCMINANT BRIGHTNESS

CCMFCSITICN , SCURCE COORCINATES (CCMPL.) PURITY (VISUAL R) LAMEBDA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENCTH (F%) Y (NM) (Rg 1 (Ry )
FPAGANETCFLUIMBITE A 0.4:6€ C.40€4 4Gz445 1.53 21.4&‘1; 470 2280 24,5C
PE O.&FEZ 03 A Ce62S2 Co4(EE 4¢Z. 14 2.00 23.44 Yw 546 22.0C 24.CC
FEXAGCNAL C O.3Cl¢c C.31C1 481.2C 3e6¢ 21065 Vt 58¢ ¢leCC 23,CC

C 0.3C17 G.31C1 48l .46 3.73 23,68 Yw 650 2C.70 22440

REF. FOR R: BURKEy FREE UNIVe s AMSTERCAV

REFARKS: LCC:s LGNG BAN,SWEDEN
Re R
RUTILE A Ce4365 0.4042 487,67 2.07 19.74 Yp 470 21.30 24.70
11 02 A 0.44C0 0.4046 488415 163 23.02Y5 54¢ 18.6C 23.2C
TETRACONAL c C.3C10 0.30¢&5 47¢418 4e45 19.51 Yp 5€&S 19.50 22.8C
C 0.301¢ 0,3073 476448 4el2 23022 Yﬂ €EC 19,10 22.25

REFs FCR R: HABER, FREE ULNIV.,AMSTERLCAV

REMARKS: LGC: ZIPS-COMCRER,USSR

oog°v



A3

FINERAL NAME CHROMATICITY DCMINANT BRIGHTANESS
COMPOSITIGN SCURCE COCRDINATES (CCMFLS) PURITY (VISUAL R) LAMBODA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENCTH (P%) Y (KV) (R ) (R )
NB-RUTILEC(ILMENCRLTILE) A Ce4415 044051 487462 155 1S.1E 4750 20020 Zzle4C
(FEDNMNIXHY INEDTAR)IZ2X TI2=-(3X4Y)C4-Y
A Oe44ll 0.4046 4860655 le&7 20.0S 546 19.3C 20.2G
TETRAGONAL C 0e3C3c Ce3CES 47€42E 3.37 1930 589 15.00 19.50
C 0.302¢& Ce308C 4754 EE 2.7C 2C.23 650 18.70 1S.¢€C

REFe FOR R: BURKE, FREE UNIV.yAMSTERDAM

REMARKS: LOC: LEIRA NSEERAZIL

TAPIGLITE A 0.4444 Co4C11 4G2.€¢ Ce77 l16.61 470 17.00 1€.00
(FE,VFN)TAZ 06 A 0e4420 Ca4CE3 451e14 1¢ 27 15.3C 54¢ 1670 154,50
TETRAGONAL ' C Gs3CES (o312€ 476462 le46 16.67 586 16.60 51C

15.4C 65C 16.2C 14.90

{s})
LN}
[ ]

-}
\n

C 0.,3041 0.3112 47S.8
REFe FOR R: BURKEs FREE UNIV.,AMSTERDAW

REMARKS: LCC: NeEe. ERAZIL

Log*y



MINERAL NAME CHRONATICITY DCMINANT BRIGHTNESS

CCMPOSITICN SCURCE CCGRDINATES (CCMFLa) PURITY (VISUAL R) LAMBDA REFLECTIVITY
CRYSTAL SYSTEM ' X Y WAVELENGTH (PZ) Y (NV) (Rg ) (R )
TAPIOLITE A Coe4476 Ca4CEE 4€G,04 0.%8 17.€65Yg 417C 17.50 16.4C
(FEyMNITA2 06 A 064427 Co4CE2 48%.C4 C.58 15,84 YN 54¢& 17.80 15.%C
TETRAGGNAL c Co31CE& Co31E€3 564467 0.73 17.7¢Y¢ 58S 17.7C 1Z.€&C

C 0.3C58 0.3118 476469 2.08 15.51 Yw 650 17.50 15.5C

REF. FOR R: BURKE, FREE UNIV, yAMSTERCAV

REMARKS: LCC: NeoEo EBRAZIL
Re  Rq
PLATTNERITE A 0.4220 0.4CES 4G62,7C 3,71 16.5CYp 47¢C 18.32C 1¢<.:C
FB 02 A 044307 GCe4C4S 4924171 4,06 17.24\3 E4¢ 17.2C 17.96
TETRACONAL c CezSE2 Ce3(EC 4€Za.C¢E €49 l6.81 YP 589 1610 1€.8C
C 0.2535 0.3C26 48C.4¢t Te52 17.55\@ €0 14,80 15.5C

REF. FOR R: BURKEy FREE UNIV.,AMSTERDAVM

REMARKS 3 L0C: TCHAF=KFCUNI NINEy ANARAK, IRAN

zog°y



MINERAL NAME
COMPCSITICN
CRYSTAL SYSTEM
WCLFRANMITE
(FEs#NIWO4S

MCNOCLINIC

CHERCMATICITY
SCURCE CCCRCINATES
hd Y
A Ced422 (o4(CES
A 0e445€ C.4CEE
C DeZ0EE CuaZ2174

C Ce3(€8 Ca2172

REFe FCR R: EURKE, FREE ULNIV.4AMSTERCAV

REMARKS: LOC: UNKNCHWN

KWCDGINITE
(TANByFEsMN,SN,yZR)1€E 0322

FCNCCLINIC

REF. FOR R: EBURKEs FREE L

REMARKS: LCC: SERICCZI

[ 0.4438 0.4046
A Ce 4457 (Ca4CEC
c 0.30€0 C.2123
C 0e3C7& Go3127
NIVe s AMSTERCAN

NEC,ERAZIL

CCMINANT
(CCMFLL )
WAVELENGTH

507.27

4B8S9.82
47554
477.8¢&

477.72

PURITY (VISUAL R) LAMBCA

(P2Z)

2.24

BRIGHTNESS

Y

15.78 Ve
1€.4¢ Y9
15.82 Yp
18.51 Yg

14,22 P
15.42 74
14,25 Yp
Se4e Y4

(NM)

REFLECTIVITY
(RP ) (R9 )
15.80 18.5C
1€.CO0 1¢&.70
15.70 18.4C
1540 18.0C
14,70 15.80
14.2C 15.40
14.,2C 15.4C
13,6C 15.40

gog*y



MINERAL NAME CHRCMATICITY COMINANT ERICHFTNESS

CCMPCSITICN SCURCE CCCREDINATES (CCMFL.)  PULRITY (VISUAL R) LAMEBLCA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENCTH (P2) \ (KV) (Rg ) (R
UMANCITE A Q4306 € .4CC4 4E7.24 4:28 16327v£ 470 19,09 17240
Cu3 SEz A D,4232 9-,378G —56&5,64 11. €4 14.26Yn 54¢ 1€,€7 1Ze€<
TETRACGCAAL C ToeCle T,26¢°5 67€,47 €-66S 16,57V 586 15,70 12.89

c 0adSST L2157 =5€1.7E 14440 1427 Yw €5 15,4C 20,544

REF. FCR R: VCN CEFLEN, FRANKFLRT

REVMARKS: LCC: SIERRA CA LMANGC,ARGENTINZ

UMANCITE A €C-4217 CT-40GC2 4LEE, B2 4:1¢ léwﬁﬁyi 4790 18.60 15,8C

CL2 SEZ A Co 4562 T.276E =55¢.,1¢€ 12097 3,6 Yw 546 16.0C 12.0C

TETRAGCAAL C dozG2e T 2¢¢1 474,82 .15 16027 VE 58S 16 3 12.1€
C Je208E Ccc€lbd —=55€aE6 1z.7¢ 13,24 Yoo €cl 14. €€ 2{e 10

FEF. FCR R: EURKE, FREE UNIV,,AMSTERCAM

REMARKS 3 LCC: EAGLE GRCUF,LAKE ATHREASCR,CANALA

yogty



MINERAL NAME CHROMATICITY DCVMINANT BRIGHTNESS

CCMPCSITICN SCURCE COORCINATES  {(CCMFLe) PURITY (VISUAL R) LAMBDA  REFLECTIVITY
CRYSTAL SYSTEM X Y  WAVELENGTH (F2) Y (NM) (Rg ) (R )
STARINGITE A 0.4427 GCe4C54  4B87.28 1.26 13.63Ys  47¢C 145G 124 EC
(FEsMN)0e5(SN,TI)4e5(TA,NE) o012
A 0.4418 0e4047  43&424 1.51 12,07 Tos  54¢ 13.SC 12.16
FEXAGONAL C  C€.3C44 Co31C1 4764CC 2.80 13.50Y¢ 589 13,70 12.CC
C  0.3C33 043084 414467 3,41 12,15 Y,,  €5C 13.60 11.86

FEFe. FOR R: EURKE, FREE ULNIV.,AMSTERDAF¥

REMARKS : LCC: SERICCZINEC,BRAZIL
Re Rg
KLCCKMANNITE A 0+4C45 Q0.3623 43G.,10C 10.81 10.997? 470 15,50 27.40C
CL SE A 0+42ES (e4(CES 432,22 2« E0 34.5073 £4¢ 11.SC 25,60
FEXACONAL C Ca2€iE Lez15¢ 4178.C2 20.04 11.55\@ 589 9«80 33,80
C 0.2987 Ce3081 481672 Ee04 34.€E\H 6EC 9.30 32.00

REFe FOR R: BURKEy FREE UNIVesAMSTERDAWN

REMARKS: LCOC: EACGLE CRCUFoLAKE ATFABASCA,CANALA

cocy



MINERAL NAME CHERCMATICITY DCMINANT BRIGHTNESS

COMPCSITICN SCURCE CCCRDINATES (CCMPL.) PURITY (VISUAL R) LAMBCA REFLECTIVITY
CRYSTAL SYSTEM X Y WAVELENGTH (PR) Y (NM) (Rg ) (R )
CASSITERITE A Ce44CE Ca4054 485.48 1.70 1z.26Y¢ 470 2.C0 11.3C
SN 02 A 0.4421 C.40¢€1 490444 l.3¢ 1Ce 76 Yoo E4¢ 12.4C 1C.SC
TETRAGONAL C Ce3(27 Co30651 477,85 3.50 12.35 Vg 586 12.i10 10.7C

c 0.3C42 Co31CE 478457 2.77 10.86 Yw 650 1150 10.5C

REFe FCR R: BURKE ET AL (1669)

REMARKS: LGC: UNKNCHWN

CEIKIELITE A 004422 0.4C€1 49C .36 le34 11.7¢VYg 47C 12.3C 14.9C

MG TI1 03 A 004431 (.4CEE 4Sz.14 1.09 14440 Yo 546 11.96 1445C

TRIGCNAL C 043042 0.311C 47¢.1C Ze14 11. €2 Ys 5€S lia€0 1444C
C Ce20€%E% Co312:2 47%e54 2.12 14447 Yo 650 11.50 13.9C

REFe FCR R: CERVELLE (1967)

REMARKS: LOC: CREST MORECALIFCRNIAs NG 0=2Ge43FE C=3.85T1 02=66.5

gog*y



MINERAL NAME CFRCMATICITY CCMINANT BRIGCFTNESS

CCMPCSITICN SCURCE COCREINATES (CCMPLe) PURITY (VISUAL R) LAMBCA REFLECTIVITY
CRYSTAL SYSTENM X Y WAVELENCTF (P%) Y (NM) (Rg ) (Rw )
CCVELLITE A 0e42z51 Ca2S44 484425 £e96 23.C& Vg 470 2910 13,40
Cu S A 0.3581 C.35¢8 485.02 23461 6e34 Yoo 546 23.7C 7¢1€
HEXAGCNAL C Ce2E27 (Co28%5¢8 474465 12.24 23.66’% 5¢t¢ 21.15 4420

c Ce2284 Q.223¢€ 475.17 40463 7.06 Yw . 656 23.00 5.5C

REFe FOR R: SIMPSCN; LONDCN

REMARKS:  LCC: UNKNCWN. S$=32,63CU=65.53FE=CeC5551=CeC15AL=0.C3

COVELLITE A 0.4155 C.3548 485483  7.25  22.15Y8  47C  28.7C 13.€0

cu s A 0.3€6€ Co35C4 481,57 22430 6.3C Yoo 546 23.1C  €.50

FEXAGONAL C  C.27S5 C.283¢  476.31 14.92  22.87 Y6 589  20.20 2.7C
C 002301 G.2177  473.32  4C.S7 6,56 Yo 650 20490  T.4C

REF. FOR R: CERVELLE (1S€E)

REMARKS:  LCC: ECR,YCUGGSLAVIA. CU=66.23FE=042;5=22,2

Logty



MINERAL NAME
CCMPCSITICN
CRYSTAL SYSTEM
COVELLITE

cu $

HEXAGONAL

REfFe FOR R: VON

REMARKS: LCC.

CHRCMATICITY
SCURCE COCRCINATES
X \
A 0.3€73 0.3¢73
A Dea24E Co2€52
C Ce2355 (Co2343

c D«2E857 Co02S23

GEHLEN & PILLER (1Sé€5)

ALCHERC, SARCINIA, ITALY

DCMINANT
(CCMFL, )
WAVELENCTH
485.86
4EE6 55
475.79

477e52

BRIGHTNESS

PURITY (VISUAL R)

{(P%)

20,56
5.76
3€.70

11450

Y

6027 Yo
23.25 T
7.61 T

23.87 Y¢

LAMBCA

(\V)

486

546

589

656

REFLECTIVITY
(Res ) (R )
i1.3C 27.5C
1620 243G
4¢5C Z21.7C

59C 21.8C

gog*y



A.309

Table XI 1. Mean Transmittance Values of Some Cut Gemstones
Wavelength 440 460 480 500 520 540 560 580 600 620 640 660

(nm) .
Citrine 11¢8 1662 2145 2744 3346 39,7 45,4 50,8 55,3 59,1 62,6 66,0
Amethyst 3309 3847 38,7 3642 33e4 3149 32,0 33,7 36.5 40.2 44,1 47.5
Chrysoberyl 39,2 42,9 43,4 42,5 47,3 56,0 6645 75.0 80.5_83.5 84,8 86,2 Sp1
Chrysoberyl 9.2 1148 12,6 1321 17.4 25,8 36,9 48,5 57.4 63:71 67.0 70,1 Sp2
Spinel 0.0 0e¢1 G&1 0e1 0,1 0,6 2,3 6Be6 13.8 21.9 29,9 37.9
Syns Ruby(1) 0s4 2,2 342 1.8 0.6 0.2 0.3 147 Be9 24,2 41,7 51,5
Syne Ruby(2) 6.0 8.6 665 447 441 4.5 6.8 13.7 29,0 48,1 6146 68,0
Almandine(1) 2642 27,9 24,1 1442 111 15.8 19,6 20.2 28,8 38,7 47.6 53,9
Almandine(2) 31.8 33.6 29.9 18.8 15.0 20,1 24,1 24,2 31.7 40.3 47,6 51,3
Matching Liquid
Di=iodo fMethane R.I. = 1,74 for Chrysoberyl & Synthetic Ruby
Rayner = 1.70 for Spinel
Rayner = 1.,55° for Citrine & Amethyst
Cargille = 1,78 for Almandine




Table XI 2,

A.31G6

QUANTITATIVE COLOUR VALUES OF SOME CUT GEMSTONES.

Chromaticity Dominant or Excitation

coordinates Complementary purity

x y Wavelength (Pe %)
Under Tungsten Light (Source A)
Citrine 0.5203 0.,4245 588,21 62,19
Chrysoberyl Sp1 0.5006 0.,3940 591.88 368.31
Chrysoberyl Sp2 0,5556  0,4050 593,59 71457
Spinel 0.6595 0,3397 “608,32 99,65
Synthetic Ruby Sp1 0.6711 0,3064 633426 84,55
Synthetic Ruby S5p2 0,6189 04,3417 615,97 72,92
Almandine S5p1 0.5163 0,3573 =508,66 29,80
Almandine Sp2 0.4969 ° 0.3643 -512,05 23,99
Amethyst 0,4635 0.3940 =511,39 7.58
Under Average Daylight (Source C)
Citrine 0.4,.72 0.4100 579.46 53.86
Chrysoberyl Sp1 0,3745 0,3537 585,19 27,30
Chrysoberyl S5p2 0.4641 0,3955 586.86 62,54
Spinel 0.6407 0.,3567 603,60 99,38
Synthetic Ruby Sp1 0.6063 0,2945 634,35 73.46
Synthetic Ruby Sp2 0.5197 0.3185 614,82 5630
Almandine Sp1 0,3560 0.2731 =502.74 26,00
Almandine ‘Sp2 0,3387 0,2746 -509,91 22.15
Amethyst ' 0.3186 0.3087 =502,11 4,65

# = gign indicates complementary wavelength,



A.311

Figure XI 1, Chromaticity diagram showing the colour distributions of

some cut gemstones under average daylight (CIE source C).

0 (o)) 0.2 03 04 05 (o] oz



e
~—

?
3

o
Legen for Figure XI 1.

24
3.
4,
Se
He
Te
8.
9,

Gemstones

Citrine; brilliant cut,circular

Chrysoberyl Sp 13 mixed cut

Chrysoberyl Sp 23 cushion-shaped cut

Spinelj trap cut, B=sided

Synthetic ruby Sp 13 brilliant cut,circular
Synthetic ruby Sp 2§ mixed cut,oval -
Almandine Sp 1§ cabochon with a concave bass
Almandine Sp 2; " noon " "

Amethysts fancy cut, hart-shape

Weight

122 ca
0.58
1.42
130
0.91
1.28
0.5%
0.91
3.01

rat
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Ae313
Figure XI 3,
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Figure XI 4,
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- A.315

SN GALENA
\ liote: There is no significant vaoriation
r \ in colour although reflectivity varies,
\
Ak \ The colour of all galena s;.zcimens is the
\‘\ same to the visual sensation

ATP \\\ N\ (see pages 174 & 10%4a)
a6L
a5k
4a4p
a iL

3 o
l.’|1h

}
BORNITE
—_— 6302
Notes Significant variations in spectral 6305
b reflectivity and colour of bornite specimens, 13543
’eflectivities of bornite and germanite are 5796
< f romparatively indistinguishable botwaeen 6301
2} wavelengths of 520 nm to 620 nm,but l
their colours are preceptibly different.
241 (see pages 76,97a,95 &v5a),
)-IL
22f
21
20 i'\
P _L > Germanite
- SO —--
19
18¢
17}
420 460 500 540 580 i 66C

Wavelength (nm)

Figure XII 1. Showing marked variations in spectral reflectivity

values quotad for specific minerals, (ses pages 112 & 4G),



Appendix III 1, R.316

CFePRull OPTIUNS(HLINY;

I
COECRIPRIC CPTIINS(HAIMN)
5P 0 IS A PROGEAM T COMPUTE SPECTRAL REFLECTIVITY oOr =/
JEMIMNERAL FRGM GALVOD - ADINGS, */

BOCLOR TNy STIR) g WlHY 3 AN ) gBIN) 4GLT )y GGITYICINTENLLED FLIAT;S
DCLET 9y JySUNMGCIFTI Xz BING
DCLE" o TITLEICHAR(SD) VAL
Take:ATT LISTUTITLE )
O-T LIST(N)
ALLTCATE ySyWeA,R3
[l I=Y T Mj
CLT LISTOS(T)) S
thD g
GET LIST(T)
GFT LISTUW)
PUT FOIT(TITLE o "SPECTRAL REFLECTIVITYY)(SKIP(2) A SKIP(2),Ci
(5-')'A):
PUT eDITCYSAVELENGTH MY W ISKIPLZ) g AsCCLI22) 3 INV(F(B,L)yX{2)))

STARTIGET LIST(w);
I ENDETILC(SCARNS)IGUTE FING

nr- =7 T N
ALLOCATE (4,663
vy =1 T T

LiM=,3
Ge T LISTUGOU) ) S
Suv=SHMenl JY) e
AI)I=SuUM/T
FedDs
vy =% T T
SUM= g
G571 LISTUNG (Y )
CUM=SUM+GA ()
BLT)=5LN"/7T5
M
HeT LISTIGO)
AU =(AT)=G0) Z(R(T-60)=S(])
o3
PUT FRITAaPIISKIPEI bo AgCDOLI22) 9 {NI(F(542),%X(3)));
CT Y START
FlneLNp) g



Appendix VI 1 a,

ECT:PRUOC OPTINNS(MAIN):

ST

ot Pt b Pued

TR NN = s e s

~nN NN N N N = N

NN =N

A 317

REFLECT:PRNC UPTIONS(MAIN);
/*REFLECT IS A PRNGRAM TO COMPUTE TRISTIMULUS VALVES AND
/*CHPOMATICITY CONRDINATES OF (OBJECT COLOURS BY WEIGHTEDN

/¢ORNDINATE

METHOD.

DCLIK{M)yR{M),AIN)BIN)yHIN,C)yDIN,CYICONTROLLED FLOAT;
DCLAETNT(3),V(3),0(3),T,P)FLOAT
NCLUITLyJyCyeZ yMyNIFIXEN BIN (X, YICHAR(L1"(:)VAR?
IN ENDFILECSCARDSIGOTO LASTS
. /*READ IN MEASURED SPECTRAL REFLECTIVITY VALUES
CRESFTIGET LIST(M,X)3

ALLACATF

K'p: [

GET LIST(K, R}

pPuT

SKIP(4)3

*x/

PUT PAGE EDIT(*MEASURED REFLECTIVITY',*WAVELENGTH"){(COL

{693) yAySKIP(2),COL(18),A4,SKIP}:

[F M<=¢ THEN DO ’

-

PUT EDIT((K(TI)Y DO I=1 TO MY)I(CNL(3B+7%1),F(3));
PUT EDIT(X)ICOL(18),A)3 '
PUT EDITIIRITI) NO I=1 TO MIY(COLU(3B+T%1),F{5,2));
FND3
ELSE DO;3
PUT ENIT((KITI) DN I=1 TO AIM(COL(38+7*[),F(3));
PUT EDIT{X)(COL(18),A);
PUT EDIT((R(I) DO =1 TO 6)11{CNL(38+7%1),F(5,2));
IF M<=12 THEN D03
PUT SKIP(2):
PUT EDITU(K(I) DO I=7 TO MIYUCOL(45+7:MND(I-1,6)),F(3})5
PUT EDRIT((RITI) DN I=7 TO MIY(CNL(45+T7xMDOD{TI=-]1,6)),
F(542) )2 :
GOTn L1
ENDS
[F (M>12)6(ML19) THEN DO;
PUT SKIP(2)s .
PUT EGIT(K(I)Y DO T=7 TG 1211 (COL(45+7MOD(1=-1,61)),
F(3) )
PUT EDIT((R(I)Y DO T=7 TC 12))M(CAL(45+T7=MNDLT=-1,6)),
F(5%42))%
PUT SKIP(2);
PUT ENDITH(K(LY DO TI=13 TO MII(COL(4S+T=MOD(I-1,6)),
F{3)); '
PUT EDIT((R(TI) DN I=13 TO MIV(COL(4S+T72MOD{T~1,46)),
F(5,2)):
END;
ELSE DN
PUT SKIP(2);
PUT ENDITIIKITIY NO [=7 TO 12)M{COL(45+T7xMOD(T=1,6)1),
F{3)):
PUT EDRIT((R(]I) DN I=7 TO 121V {COL{&aS5+T72MOD(I=-1,6)),
F{5,2))3
PUT SKIP(2):
PUT EDITHIK(I) DO =13 TO 18I )I(COL(AS+TEMOND(I~]1,,})
F(3))
PUT EDITOIR(TI) DO TI=13 TO 181V (COL(45+T2MON(I~-1,6))
F(5,2))3
PUT SKIP(2):
PUT EDITIK(TI) DO I=19 TO MIILCOL(45+T7=MOD(]I=-1,61)),
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Appendix VI 1 a, (continued) A.318
T
F(3))3
PUT EDTITOIR(TY DN 1=19 TO MIN(COL (45+7%xMOND(T1-1,6)),
F{5,2)1)3
f FND S
END
L1SGET LIST(N,Cy2)
ALLOCATE AyByH,.D;
GET LIST(A);
N I=1 TN N;:
IF A(1)<KX(1)Y THEN
DNs
' RUTI=R{1)I+((ALI)=K(1III%(R(2)-R{1))/({K(2)=K(1)})};
' GOTO KWINT:
' ENDS
J=23
S IWOGF:TF ALT)=K(J) THEN
| - D0
’ RLIV=R{J):
' GOTN KWINT:
f ENDS
IF A(TICKK(J) THEN
NOs

BOII=REJ=-1VI4((ACTI)=K(J=1DI¥(R{JI=R(J=1II/(K{I)=K(J=1)1)3;
: GOTO KWINT;
r END S
J=J+13;
IF J<=M THEN
GNTO 7WOGF:
IF ACT)DK(M) THEN
| D03
' RUI)=R(MY+{(A(T)=K(M))IR[R{M}-R{M=1))/(K(M)=K(M=-1)));
r ENMS :
KWINT2ENDS
PLINK:TDT=:3
SPLUDIGET LIST(P,Y);
no 1=1 TO M3
GET LIST(H(L 1) 4HUI,2)4HIT43))3
DO C=1 T 33
r DUILCI=RIIY=H({T,C);
' END3
END S
PUT SKIP(3);
PUT EDIT(X,*WAVELENGTH® 'REFLECTIVITY,*ENERGY !,
'NDISTRIBUTIONY ) (COL(2%) yAoSKTIP(2),COLI2. VA,
COL(34),A,COL(SB),A,A)
nn =1 TN N3
PUT FDITIA(T) R{I)(D(TI,C) DO C=1 TO 2)H(COLI24),
FU3)oCOLU3T)oF{693),COL(52)F(8y4),2(F(12,4)))3
no C=1 10 33
TOTICI=TOT(CI+D(T,C)
FND:
END3
on €=1 Tn 3
VIC)=TOT(C) /P

CTYT*DLRNC NDTINAMCINMA IRNY) o
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Ve
TCrprg Y e
VY F=1 TY e
: M Yy=M{rYV /T
B A
ONT NI A ((TATHC ) N S A IV {rE 5Ty G (7Y,
CUr g2 )Y (T2 ,5)))
DT AN PTEV 0t Yy T T ICTAM (T A T () e e
IV LICHEPAUATYTICTTY FONLATN2TECH (A7) > 7zt T2 ¥y
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TF 7=~ Tucw
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Appendix VI 1 b. A.320

Example of listing of the programme "REFLECT" of Appendix VI 1 a,

12 (number of wavlengths used in the measurement of R% or T%)

YBORNITE SP. 6305(W.H, 1971)"'
440 460 480 to 620 640 660

17455 17442 17,53 etc.

81 (number of weighted ordinates from 380 to 780 nm)
3 (for tristimulus values X,Y,Z)

2 (for two light sources)

380 385 390 to 770 775 780

'1931 CIE STANDARD SOURCE A!

0,0006 0.,0000 0,0029

0.0011 0.0006 0,0053

0,0024 0,0000 0,0113 (colour-matching functions weighted by
relative spectral distribution of CIE

etc, sourcse A)

0.0011 0.0000 0.0000

0.0011 0.0000 0.0000

oc.0000 0,0000 00,0000

oc.0000 0,0000 0,0000

Y1931 CIE STANDARD SOURCE C'

0.,0022 0,0000 0,0101

0.,0041 0,0002 0.0197 (colour=-matching functions weighted by

relative spectral distribution of CIE

etc. source C)

0.0003 0.0000 0,0000

0.0000 0,0000 0,0000

14

'BORNITE SP,NGD 6(TUGAL, 1969)!

440 460 480 to 660 680 700

16470 16,60 17426 stc.

81

3

2

380 385 390 395 to 770 775 780



Appendix VI 1 b. (continued) A.321

11931 CIE STANDARD SOURCE A!
0.0006 0.,0000 0.,0029
0.0011 0,0000 0.0053

etc.
0.0000 0,0000 0,0000
1931 CIE STANDARD SOURCE C*
0.0022 0,0000 0,0101

0.0041 0,0002 0,0197

and so on.
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Appendix VI 2 b, R.323

1SOURCE A COMBINED WITH NEUTRAL FILTER(20%)(x=0.4473,y=0,4196)"
0.4473 00,4196

320 (number of wavelengths)

380 0,17411 0,00496

381 0,17409 0,00496

382 0.,17407 0,00497

atc, (wavelength & chromaticity coordinates of

equal-energy spectrum)

697 0473465 0426535
698 0,73467 0426533

699 0,73469 0,26531



Appendix VI 3, ' A.324

Table VI 1, Slopes of Lines of Lonstant Dominant Wavelength for C.I.C.
Standard Sources A,B,C and Source E (Equal-snergy, Wavelength basis)
(from Judd 1933)

Source’A Source B Wave- Source C Source E
r r T r length r r r T
1 2 1 2 (nm) 1 2 1 2
+0.67950 +0.50303 380 +0.43688 +0.48508
0.67954 0.50307 381 0.43693 0.48513
0.67957 0.50311 382 0.43698 0.48517
0.67963 0.50319 383 0.43706 0.48525
0.67968 0.50326 384 0.43714 0.48532
+0.67972 +40.50330 385 +0.43719 +0.48537
0.67980 0.50340 386 0.43731 048548 ¢
0.67986 0.50347 387 0.43739 0.48555
0.67991 0.50355 388 0.43747 0.48563
0.68000 0.50365 389 0.43759 0.48574
+0.65-08 +0.50375 390 +0.43770 +0.48584
0.68016 0.50385 391 0.43752 0.48595
0.68624 0.50395 392 043793 0.18606
068035 0.50408 393 0.43508 0.48620
0.68046 0.50421 394 0.43522 0.48633
+-0.08052 +40.50430 395 +0.43832 +0.486:13
G.65066 0.50445 396 0.43550 0.48655
0.65076 0.50458 197 0.43845 0.48673
G.O8087 0.50471 398 0.43879 0.48687
0.63102 0.50489 399 0.43399 0.48705
+0.68115 +0.50504 400 +0.439i7 +0.48722
0.08130 0.50522 401 0.43936 ) 0.48740
0.6814) 0.50538 4m 0.43954 V.48757
0.61157 0.50553 403 0.43971 0.48774
0.68171 0.50571 404 0.4399i 0.48792
+0.65i09 +0.50591 405 +0.4013 +0.48513
0.68202 (1,50607 406 . 0.44031 0.+8830
0.65222 050030 407 0.44057 0.i3854+
008241 .50651 408 0.43081 0.48877
0.68265 . 0.50679 - 409 0.44111 0.48906
+0.6K29 +0.5071 410 +0.4314 +0.1893
0.6831 0.5074 a1 0.4417 0.4897
0683} 0.5076 412 0.4421 0.4900
06810 0.5079 413 0.4424 0.1903
0.0839 0.5082 414 0.4427 0.4906
-+ 0.0841 +0.50385 415 +0.4430 +0.4909
0.0840 U.5089 416 0.4435 0.49i3
0.0843 . G.5092 a17 0.4438 0.4916
(1.6K5S 0.5160 - 418 0.4546 0.4%24 i
0.6857 0.5102 419 0.4449 0.4927
+ 06861 +0.51;0 420 +0.4457 +0.4935
0.6570 0.5117 421 0.4465 0.4942
0.6577 .51 422 0.4473 0.4950
0.6h86 0.5!133 423 0.4452 04959

0.6892 0.5140 424 0.44%0 (.4966




Table VI 1 (continued) Re325
.t T2 T1 T 1 T2
+0.6503 +0.5152 425 +0.4502 +0.4979
i 0.5163 426 0.4515 0.4991
00023 0.5172 427 0,452 0.5600
0033 05184 428 0.4537 0.5012
00944 0.5196 429 0.4550 0.5024
+0.6957 +0.5209 430 +0.1564 +0.5038
04472 0.5225 431 0. 5al 0.5055
0.0988 0.5241 432 05598 0.5072
07000 05254 433 0.46i3 0.5086
0.7620 0.5275 434 0.4635 0.5108
+0.7037 +0.5293 435 +0.4654 +0.5126
0.7056 0.5314 436 0.4676 0.514%
0.7074 0.5332 437 0.4695 0.5167
0.70u5 0.5354 438 0.4719 0.5190
0.7115 0.5375 439 04742 0.5212
+0.74, +0.5402 440 +0.477i +0.5240
0.7165 0.5428 441 0.4793 0.5267
0.719] 0.5455 442 0,327 0.5296
07218 0.5481 443 04455 0.5323
0.7244 0.5511 444 0.4888 0.5354
+0.7277 +0.5546 4us +0.4026 +0.5391
0.73:0 G.5551 446 0.0 0.5423
07300 0.5617 447 0.5002 0.5465
0.7382 0.5687 448 0.5045 0.5507
07424 0.5702 449 0.5044 0.5555
+0.7465 +0.5746 450 +0.514! +0.5600
0.7508 0.5791 4sl 0.5160 0.5648
0.7556 0.5842 452 0.5244 0.5701
0.7642 0.5891 4s3 0.5207 0.5753
0.7655 0.5947 454 0.5358 0.5811
+0.705 +0.603 455 +0.5419 +0.557
077066 0.6i065 456 0.5+ 0.5935
050 0.6129 457 G.5853 0.6003
0w 0.6201 458 0.5633 0.L079
5. 7963 0.6273 459 0.5711 0.6155
+0.5036 +0.6351 460 +0.5796 +0.6236
05110 0.6429 Gl 0.55%1 0.6319
0.8192 0.6516 462 0.5675 0.6410
0.52%] 0.5611 463 0.6G74 0.6510
0.5382 0.6717 " 464 0.6i92 0.6622
+0.5m0) +0.6831 465 +0.6317 +0.6743
0.8610 0.6958 466 0.645 0.6877
0.5747 0.7103 467 0.60;2 07030
0.9 0.7263 68 0.675% 0.7200
04062 0.7435 469 0.6476 0.7332
+0.4251 +0.7635 470 +0.7:95 +0.7594
0.9455 0.7852 471 0.7:454 0.7825
99682 0.8094 472 6.7702 0.508%
0.995 | +1.0008 0.8364 473 0.8002 0.8372
+1.0217 09788 0.8669 474 0.5342 0.8699
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[ R
AN
[V XY
(ORI

48188
i
(ein 33
G AN
0.3353

40,2797

-+0.2024

+{.1638

+0.:0%]
+0.0:610

e (AR

e VAV AT

-(),; a7

-0, ih0l

-=0.242)3

-=.2979
().35 I“
{.(ivD
[{T1V]
. %75

=547
hln?
G.08%)
0,706
0. 7:59

-(), 712
08229
08742

WA MRS

09530

=0.9:847
-].0239

09879
+1.0405

- 1.0
09439
[EAAY]
0.8650

~0.83.0
L7992
0.7629
0,7298
00998
-(},6720
(L6453
0(.6262
.6057
0.5565
— i, SoNE
0.5522
G538
(ORI

G.507y

+0.5518
0,727
0.7522
Q.6645
OGSO

0.5397
04717
0.4023
0.3315
0.2%96

+-0.i1871
+0.1127
+0.0371
—{.0582
~.1iM

—0.i877
-0,2619
-={),.1350
-0.40174
i) d7R4
-,
0.61¢%
0.0832
0.7504
0.8153
- (18795
0.9433
- 10061

483
484
485
486
487
48
489
490
491
492
493
494

45
496
4497
498
4499
500
RiYH
s02
03
504
565
506
507
SG8
509
S10
St
512
§i3
514
S8
Lie
517
518
519

520
521

522
523
524

Ty

R4326

T2

+0.8734
0.0.43
0.971y
+1.0328

-5
096X,
={Lhi.0
[/ R. ]
0.806712
0, 7567
DN M
-(,6826
0.6507
(Lali6
0.5%47
0.56%9
=3.8471
0.5263
0,5072
(3.1540)
G708
—(i.sS587
ael)
0.<253
048i17

G.3979

. .
[T

[TARVALY

G835
6.7708
0,702
0.62717
0.55<)

+0.4789
+0,<015
+,3227
+0.2428
+0.16i9
-4 00,0305
-ibit) 2

-—Q.17606
—-G.28537

=035,
liqih?
0.4y23
0,570}
0.(574
~0.7387
0.515
0.3563
0,500

d BIXKY

+-0.%075
09510
+i.000Yy

-1.0182
N,Y394
RAUIAY|
11.4516
0.800638

—{.76606
7304
G0977
0.0077
{.6:403

— 04553
05928
0.5722
(8828
J.5347

~0GS5178
0.5y
04570
00.4726
G.4887

E AT Lh N
Lyl
WY e
0.8843

+(.2290
0.7070
0.7033
0.6374
0.570

40,5013
4-0.4302
40,0877
+0.2828
+0.2084

+0.1323
+0.0500
=J.228
=0.i0us
E ALY
P ¢ T A
[DRARY
G.~“‘-\7
O.a838
0.5574
=0.6304
07013
BT
(UL R
0.9031
—0.9754
-i.0423
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T4

T2

T4

T4

A,328

1‘1 1‘2

0.0
03488
GoeSt
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10.079;

40,8205
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4 1.i818

—LGIBY
- (T0GE
=), lthHi
- i 216
—0.4850
=i 7
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0.2 I8

[{EN
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s
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-0.4067
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402G
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r_1 1‘2
--0.4277
R
L0

Yooy 7

=068
(.4 87
080507
[1XH (r}

Goalrd?
e U1t

[T
0,406
0.4712
0.4725

=0.4739
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04703
0.4775
0.1756

—-().1 708
Q1808
(A RS T
0,821
[|RIERY]
-5 38
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(continued)

1‘1 1‘2

-1 i
0527
Lafnl
iLisn
G, [ ol

=(i.j 0}
[{RTEIH
01721
OIT S
01770

(LN
(LA
01817
O.lat8d
0.ixvl

~Q0.1911
0.193]
014547
01968
01980

e AR
0.2010
0,2022
0.2035
0.2048

={).2058
.20
0.2679
(). 20GRN
.04

—-1.106
L2188
0.21214
02129
0.2135

—-0.2142

“.?.i'rl’!

02182

Q.2i50

. 0.12a40
—=0.2i64

0.2i06r

6.2

LS

0.2171

=0.2153
0.2145
0.2159
0.2191
0.2148

[TRa
[
(‘\.:7
628
(29
03}
631

632
[(kR}
634

15
030
617
[(RH
639
[O8Y)
[\ 1]
(42
(YR

{rbe

645
046
(e ?
648
9
ne0
{{hT]
652
6S3
654

nHss
0S50
nS7
658
659

660
6061
H62
6.3
()

608
(€40
ah?
-3

thy

570
671
672
673
674

1‘1 1‘2

EIUTERN
Ohiers
AT
[TATRE
(LOSR0

—=0.064;
(3.0
O.0672
0.076
0.072

E{KIYARS
[AXY e
[ KIR{R 1]
0.U823
00356

-~ 0.0866
0.0as6
0.0}
Q.09
0.09360

—-0.0052
0.6967
0 GUKD
0.0443
Q.11i06
- 1G17
0.1028
0.1039
0.1047
0.1058

~-0.1066
0.1075
0.1081
0.1090
0.1696

-=0.1103
0.1107
0.1113
01117
0.i1122

—0.1126
0.1130
D113
Nill9
0.1141

-0.1145
0.i147
0.itsi
0.1153
0.1157

As329

2

— 0,152
i)y,

';.”p‘.:_ﬁ

0,01

0.7

—0.1105
0.1:36
0.1167
Q.11498
0.1223

—0.1248
N )
G20
04309
0.1341

= 1362
0.1382
0,139
01417
0.1432

—0.1448
,5403
(1474
0.8
0.i502

—{L1513
0.152¢
0.15358
0.1543
0.1554

—.1562
0.157)
0.1577
0.1586
0.1592

—-0.159
01603
0.1609
01613
0.1618

=0.1622
0.1626
G.1030
0.1634
0.1637

~G.161%1
0.1643
0.1647
0.1649
0.1653
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Table VI 1 (continued)

Ty T2 Ty T ryn Ty B T
-~0.4918 -0.2197 675 -~0.1159 —0.1655
0.4921 0.2201 676 0.1164 0.1660
0.4923 0.2203 677 0.1166 0.1662
0.4925 0.2205 678 0.1168 0.1664
0.4928 0.2209 679 0.1172 . 0.1668
-=0.49300 -0.22110 680 -0.11741 =0.16700
0.49321 0.22134 681 0.11766 0.16725
0.49343 0.22158 682 0.11791 0.16750
0.49362 0.22180 6383 0.11814 0.16773
0.49382 0.22203 [+ 0.11837 0.16796
=0.49401 --0.22225 685 -=0.11360 —-0.16819
0.49419 0.22245 686 0.11881 0.16839
0.49435 0.22263 GY7 0.11899 0.16858
0.49451 0.22281 688 0.11918 0.16877
0.49465 0.22297 689 0.11935 0.16893
-0.49477 =0.22311 690 -{Q.11949 —0.16908
D.49488 . 0.22324 691 0.11962 0.16920
0.49496 0.22334 692 0.11972 0.16931
0.49503 0.22342 693 0.11980 . 0.16939
0.49510 0.22350 694 0.11987 . 0.16947
=0.49514 . -0,22354 © 695 -0.11993 —0.16951
0.49519 0.22360 696 Q.11999 0.16957
,49521 0.22362 697 0.12001 0.16960
0.49523 0.22364 698 0.12003 0.16962
-=0.49525 -=0.22366 699 =0.12005 —0.16964

‘(see pages 74 to 76, Chapter VI)
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Appendix VI 4 a, Ae331

UPTIUNSIMAIND S

CHROMEIPRMC NPTIONS{MAINI

7ECHROM IS A PFOGRAM T CALCULATE DOMINANT WAVHLENGTH, =/
/HCHRUMATICITY COCRDINATES ANC EXCITATION PURITY PERCENTLGL, </
DELAXE ) g YOHM) g TINGZ) gWIN) gCUIN) JIND 3P (M) g 7(M) g EIMY E(M),PLH),
QUMY W VIMY, GIM),HIM)Y JCONTROLLED FLOAT;
DCLEAGRyINDgSXySY o PXoPYyVVyGGyHH)FELOAT:

NDCL (M Ny Ty JyK)FIXED HING

DCLICOLIM)ICOMTROLLED FIXFED BING

NCLIMAME CHARC(YL »1))VAR;

DCLATITLE(MICHAR(SO ) JCUNTROLLED VAP

QN UNUFPFLOW PUT DATAS

GFT LIST{NAME)

PUT PAGE ZDIT(MAME) (COLUMN{20),4) 3

/% READ IN NUMBERS NF MINERAL SAMOLES f
GET LIST(M); :

/% KEAD IN CHROMATICITY COORGINATES OF STANDARD SOURCE Y
GET LISTIA,R)3

/% ALLOCATE ARRAY STORAGE */

ALLUOCATE XoeY gR gZ yEZF P, Q,TITLE,COL;

J% RCAD IN CHROMATICITY COORDINATES 0OF MINERAL SAMPLES AND xf

/% TITLES S/

PUT FOIT('CHRGMATICITY CODERDINATES )Y (COLUMNIG ), A)

PUT ELITOYSAMPLE g "X, 'Y ) (COLUNMNI2:9) yAyCOLUMNIAS) o A CUOLUMN( 7 )
s A

Ny I=1 TO M;

GeT LIST(VITLECT)) S

GET ll:T(X(l)'V(l)):

PUT EDTTOTITLECL) 9 XCL) oY (I)YISKIP(2) 4COLUMN(2), AyCOLUMNIE3 ), F
(A ) o COLUMN(TE) yF(sa) )3

EMD

/= COMPUTE CONRDINATE RATIOS , r/

DN 1=5 T M;
IF ABSUX(T)=AYCABSIY(T1)=B) THEN DOj
RO =(XCI) ~A)/(Y(T)=R)3

COLUT) =13

END 3

ELSE 003

RIII={YL1V=-B)/{(X(1)-A)3

Cat (11=23

END; :

PUT SKIP FOITUIZRUIIIUIXUISY yF(2)¢X(5)oF(T43))3

END §

/% READ IN NUMBRER 0OF TABULATED CONRDINATE FATIOS,WAVELENGTH =/
/% VALUES, AND CHROMATICITY COOKDINATES ¥/
GET LIST(M):

/% ALLOCATE AREAY STNORAGE w/
ALLYDCATE ToeWeC D3

/% PEAD Tid WAVELENGTHS £TC */

DU J=L TO N3
GET LISTUTUJeL) s TUI92) o W(J14CLI)4CI) )

END ¢
/x COMPUTE WAVELENGTH (F CALCULATED MINERAL COUGRDINATE RATIOS=/
/% FROM TABULATED VALUES . %/
=03

DO 1= TO M3
K=COL(T )3



MIpOOC OPTLUNS(MAIN);  Appendix VI 4 a (continued) A.332

w
—

PO J=3 TO N=-13

IF TUOJeKIDROIVE TUS+L,KIKRETY THEN GOTY L1

ELSE TF TUJeKICR(IIE T{J*1,KIDE(]I) THEN GOTNO Lig

ELSE GOTO L2

LI =(RUTI=-T(JoK IV (T(J+14K)I=-T(JyK));

LEIY=2(1)+wld);

IF T(dyKI=R{T) THEN Z(T)=wW(Jd};

MND §

PUT SKIP EDIT{TIZZUIIYU(XKUD) 4F(2) 4X{5)4F{T43));

END S

DO I=1 TO M3

TF Z2(1)=0 THEN

Hos

no o Jd=1 10 M3

TITLE(I)=TITLE(J#) )

2{J)=21J+l);

X{J)=X(J¢i )3

Y{Jd)I=Y(J+1);

END S

END S

END 3

J=93

e I=1 TO M3

i IF Z2(1)=) THEN

1 J=Jd+1 ¢

L END S

M=M- )3

/% COMPUTE DOMINANT WAVELENGTH CNNRDINATES w/
DO =1 TO M3

IF ARS(ZUI)-=TRUNC(Z{IY))>Y THEN DO

FOE)=Z 01V --TRUNC(Z2(T))

JETRUNCOZOT Y )I-W 1)+

FOI) =8 (1) (C(Jel)-ClII)+C (I}

FOIM=2CI)=TRUNC(Z(I))3

FOEY=FLT)=(D(I+1)=D{J)I4D(I )

END

IF ARS{ZUT)=-TRUNC(Z(I)))=00 THEN DO}

ECTY=C(J)s

FlI)=ntd);

FMND s

END 3

/3 COMPUTE EXCITATIGN PURTTY PERCENTAGE </
ING=0s

Doy I[=? TO Mg
PII)=(X(IV=A)XIDD/(F(T)~A)]
QUIY=(Y(I)=-B)x120/(F{1)-D)3
PUT SKIP CDIT(LP(Y1)4Q(I),&
XIS ) o FUTo 2y X(S Vg F({Ty3),X(5
EMN0 S

IF I4=1 THEN GOTO Lo

GET LISTOSXySYPX,PY)
ALLUCATE VyGyH:

NGO I=, TH M3

IF (PLTI>D) & (QUIY>I) THEN GOTN LE;

L1

LS

[N L B SO OO U TR NP M )

Ll NFRR UL B CYRR VR U N

SN RGN PO N e

-

L5

e ol

(D)o FUI)YUIXAS) 4 FU2) 4 X (5),F(T,43),
VoF(T743))3%

e

-
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Appendix VI 4 a (continued) A,333
ELSL DOj
JXCOAPUTE CONRDINATES UF CHMPLEMENTAFY WAVFLENGTHS &
VV=SX-PX3
GC=(SY=-PY)/VV;
HH=( SX*PY=-PXu:SY)/VV;
VII)=A=-X(1)3
GOIV=(R-Y(L})/V(I)}
H{TI)=(AxY{T)=-BxX(]))/V{
ECI)=(HOL)=HH)Z(GG--G( )
FOT)=0G+E (1) +HH;S

-

™

1§
|

PN PO RIS N T

END 3
L5 EMD S
IND=1:
GIMTG L 3
/* PRINT OQUT RESULTS %/
L4:PUT PAGES
PUT SKIP{(#);
PUT EDIT(*WEIGHTED CROINATE METHOD')(COL(1N),A):
PUT eDIT{NAME)(COL(L M) A)
PUT SKIP(2);
PUT EDIT(*WAVELENGTH® s *COGRDINATES?Y , *EXCITATINN PURITY? )
(COL(SY )3 A COLI69)yA,CIL{8G) yA) S
PUT EDITCTNMY X,y D0 00 ) (COL(54) s Ay COLTIBS) gAyCOLITI)4A,CN
{P3) A, COLLITINE) gAY
PUT SKIP(?); '
DO I=1 T M3
i PUT EDITITITLLCI) o ZUIDZyELT)ZFUI)4PLIY,QUIN)(SKID(2),COL(L ) 4N,
COLIS2Y 9F(642)4COLIEA) yF 9oy COL(T6)Flhya),COLII 1),
Fieyz) pCOL{2 ) yFlbyz) )

—

P

ctNG s

PUT SKIP(S):

PUT FDITU*PRIORLEM COMPLETED*I(COLUMNIR) JA);
END CHR(OM; )

4t PROC OPTIOMS(MAINDS

ATTRIBUTF ANL CRCSS-PEFEREMCE TABLE
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Example of listing of the programme "CHROM" of Appendix VI 4 a,

'1931 CIE STANDARD SOURCE A (0.4476, 0,4075)!
10 (number of specimans)
0,4476 04,4075
'BORNITE SP. 6305(W.H, 1971)!
0.4774 0,4066
'BORNITE SP.NGD 6(TUGAL, 1969)!
0.,4751 0,4113

and so on

'GERMANITE SP. 1(LEVY, 1966)°
0.4666 0,4026

184 (number of wavelsngths from 516 to 699 nm)
-0,9769 1 516 0,04533 0.81939
-=0,9473 1 517 0.05218 0.82516
etc.
+0,9862 1 581 0.51906 0.,48003 (see Table VI 1)
1 +0.8462 582 0,52560 0.47353
1 +0,7053 583 0,53207 0.46709
etc,
1 ~=0,49525 699 0.73469 0.26531

017411 0,00496 0,73469 0,26531 (chromaticity coordinates of 380 nm
and 830 nm of the spectrum)
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PDPTTHNS(HATMY

COLUOR:PRUC UPTTONS(MAIN) G
DCLAWINY s TUNM) g EIND) o FUNy 3y P{Ny 3}y PP(N,3)4CMFIN,3)ICONTRALL =L
FLOATS
DCLISE3), TOTIAN, TOTALIZ2) o XI5y Y{3)yA(3)4B(3),K(3)4yNK,QyV,R(2),
NF LYY (3)IFLODAT
DCLOT o yMIFIXED BINI3L)Y W (TITLEICHAR(1LOD)IVARS
N ENDFILE(SCARDS)IGOTO DONF S
REGINIGET LISTOTITLE,ZN)
ALLOCATF WeT,E3F P yPP,CHMF3
GT LISTU(T L83
L1:00 I=1 TN N3
SET LISTUWIT o FlT41 ) F(T42),F(1,3));
L2eD0 J=1 TN 53
PULWJI=ELTI*F(I,d)3
OELTJ)I=TUI) =P (14305
tND L23
FND L1 .
PUT PAGE COIT(*FILTLR Y g "WAVLELENGTH? , *SOURCE=-ENERGY ",
11237 CIE CM FUNMCTIONSY, *PRODUCTS®, *PROCUCTS?Y,
CTO N XY Y 20 XYY VY g VT Py T
SIHTYI(COL (2) 4 A0 COLIG) y Ay COLUZN) yACOLI34) ,A,C0L
(73)oACOLIY M3 ) A SKIPLCCL(&) 2, COLIZ25),A,CNLI(34)
2 A COLILS) ) ACOLLSS4) yACNLIES Y A,COLITE )Yy A, COLIRT)
rAyCOL(36) A, COLILNE) yA,COLIT116),A)%
PUT SKIP(2):
L3:D0 1=1 70 N3
PUT EDITITOLN Wl T Y2 ll ) (F(Lyd) DO J=1L TO 3,
(P{l4d) DO J=1 TO 2),(PP(I,J) DC J=1 T 3))
(COLU3) g Fla,2),CNLUL3 )y FI3),COLLERI)»F(5B42),
3(.‘:(3.-')‘9’)'3(‘:(11 '2)),%(F(1"Z)),;
PN L2
S=3 TNT=i,3
L4tNd T=1 T N3
L&:D0 J=1 TU 33
S =5(J)+P(T,J)3
TOT(SYI=TOT(I)+PP (] ,d)
END LSS
LN L4
PUT EODITLISUNSY,(S()) DI J=1 TAQ 3),(T0T(J) VO J=) TO 31))
{SKIP(2)yCL(55 )y Ay FlI92) 92 F(1142))43LF(3,2)))3
/=COMAPUTE NOEMALTZED TRISTIMULUS VALUES AND CCORDINATES NF x/
/+THL SMHIRCE %/
L&D J=1 T2 32
K(JY=100,0/S0J)
1F J=& THEN
GOTO RURS
MDD LGS
QUR IS .
NRK=K(J}3
EN S
L7::00 Jd=1 T2 33
X(J)Y=NK®ES(J) 3
Y (J)=NK=2TOTY (J):
| WA Wy 3
N=5UM(X) §
v=SumMly):
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ZCHE W ATTCITY COUFDINATSS OF SOUKCEY AND FILTE R, !
La: b =, Tur 733
AR AR (IR AN
n(Ji=Y{(J)/Vs
cNDO L3S '
PUT EDITOINDPMALTZING FACTOR K o= ¢ NK ' Xt 0y 070,
PNCREMALTZUD TRISTIMULUSY y *(SOURCF)I Y (X{J) L0 J=1 T
Ay (FTLTERY (Y (J) DI J=1 TO S))(SKIP(2),COL Lz ). A,
COL(4a) 3y FUT45) g SKIPZCOLISY) yAsCOLIG9) yAyCUL(79) 44,
SKIPLCOLIZ ) s Ay COLIGO) 9y Ag2{F(114%)),5KIPL2),CNLL{AE),
cAJAIF(LY &) ) )
PUT IDIT(YCHPOMATICITY COIORDIMATES, Y (SOURPCE)*(A(J) DO J=1i
T 3 e " (FILTER)Y L (B(J) D0 J=1 T 31Y(SKIP(2),COL{2)
sA s CULT4AY A 3(F{L0y4) ) SKIP(2),C0LI45) yAW3(F(L11V44))
)s
La:ni) Jd=¢ TN 33
RAI)=1 . /TATHI ) S
1F J=2 THEN
SO0TO DURS
END Lag
NHR DS
NF=R({J)3
ZND S
ZCOMPUTE NORMALTZFD TRISTIMULUS VALUES 0OF FILTFR %/
LieDY Jds1 T 3¢
YY(J)=NFRTOT(J)
MDD L)
FECAPUTE NRMALTZCD COLOUR=-MATCHING FUNCTINNS 0OF FILTLFR =/
J7RCOMAINED WITH CIE SNURCE. x/
vy I=v T M3
i J=4 1O 33
CMFLT o J) =YY LJ)EPPLT o JYZTOT ()
chit)s
=MN9;
PUT PAGE EDITITITLE,,"WAVELENGTH! ,*CCLDR MATCHING FUNCTIONS ')
(COALCY ) g Ay SKIPL2),,COLITIS ) yACNL(35),4);
TOTAL=.
PUT SKIP(2)3
Lil:DnN I=} T3 N3
PUT ENDITIWIT) y(CHFE (T, d) DO J=1 TG 3)X(COL(12),F(3),
J(F(15,4))) 3
LleetD) Jd=1 T 33
TOATAL(J)I=TOTAL(J)+CMF (] oJ) s
cND LTSS
END LLLS
PUT EDITOYSUMSY, (TOTAL(J) DG J=i TC 2))(SKIP(2),CUL(28),4A,
I(F(14,4)) )3
DUNE SEND CRLCR S

IITDes DL ADYTY 1,381 1 *2A YA L »
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Figure 1.a. PART OF THE C.LE. CHROMATICITY DIAGRAM SHOWING THE COLOURS OF SOME ORE MINERALS UNDER THE C.LE. SOURCE C (average daylight)
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Figure 1b. RELATIVE BRIGHTNESS AND HUE OF ORE MINERALS UNDER THE C-I.E. SOURCE c (average daylight )



