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ABSTRACT

W. E. Ford has found that if the index and specific gravity of a garnet are
known, together with its chief components as determined by qualitative tests, it
ought to be possible in the majority of cases to predict rather closely what its
chemical composition should be.

A. N. Winchell finds that if the index of a garnet together with cither its specific
gravity or isotropic or anisotropic character are known then the approximate
composition of any garnet can be determined. A qualitative test for manganese is
necessary in order to distinguish spessartite from almandite.

From the following X-ray study of the garnet group it is concluded that by
X-ray analysis alone (together with a simple test for manganese) any garnet may
be easily determined just as closely as by Winchell’s method. It is also found that
if the X-ray data, index of refraction, and specific gravity are known for any garnet
then it may be determined, at least in many cases, probably just as accurately as
by Ford’s method and no chemical tests, other than for manganese, are Necessary.

The determination of the relationships between the physical
properties and the chemical composition of minerals is an important
problem which has received the attention of many mineralogists.
Up to a short time ago, however, the only physical properties
usually studied were the optical properties and the specific gravity.
Within recent years X-ray analysis' has furnished an additional
and independent physical method for studying minerals. Ina study
of an isomorphous group like the garnet group it gives informa-
tion of two kinds both of which are variable and depend on the
chemical composition; one of these is the size of the unit cube and
the other is the intensities of lines on the X-ray pattern.

The relationships between the index of refraction, specific
gravity, and the chemical composition of the garnet group have
already been studied in considerable detail, particularly by W. E.
Ford.?

! The Structure of Crystals. Ralph W. G. Wyckoff. Chemical Catalogue Co.,
New York, 1924. X-rays and Crystal Structure. W. H. Bragg and W. L. Bragg,
G. Bell and Sons Ltd., London, 1925.

* A study of the Relations existing between the chemical, optical and other
physical Properties of the Members of the Garnet Group. Amer. Jour. Sci., 4th
Series, vol. XL, pp. 33-49 (1915).
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From a study of nearly two hundred analyses of garnets con-
taining only the five common molecules, pyrope, grossularite,
spessartite, almandite, and andradite, he found that nearly 15%
contained four or more constituents, with the molecule in smallest
amount forming more than 5% of the total. The remaining 85%
were garnets in which two or three components formed more than
959, of the total. Nearly 179, of all the analyses studied had only
two constituents. In addition he concluded that in any given
system formed by the mixture of three garnet molecules, two of
them must predominate while the third is present in very sub-
ordinate amounts. A study was also made on 23 analyzed garnets
of known index of refraction and on 64 analyzed garnets of known
specific gravity and the relationships between chemical compo-
sition, index of refraction and specific gravity were determined.
These relationships were plotted in the form of equilateral triangu-
lar graphs and it was concluded that if the refractive index and
specific gravity of a garnet are known, together with its chief
components as determined by qualitative tests, it ought to be
possible in the majority of cases to predict rather closely what the
chemical composition should be. He calculated that the indices
and specific gravities of the five common garnets are as given in
the accompanying table opposite the name of the garnet.

Boeke? has shown that the miscibility of different garnets with
each other has definite limits.

Ford’s triangular diagrams show complete miscibility between
grossularite-andradite, pyrope-almandite, and spessartite-alman-
dite, but only a limited miscibility* of grossularite-andradite with
almandite, pyrope, and spessartite. Thus there is evidence that
the garnets are divisible into two groups, one group comprising
grossularite and andradite and the other group comprising pyrope,
almandite and spessartite. These two groups are incompletely
isomorphous with one another, the miscibility of one in the other
having a maximum of 25 per cent. With the apparent exception of
pyrope and spessartite, the garnets in each of the two groups are
completely isomorphous with one another. This division of the
garnets into two groups, although shown by Ford’s data, was
apparently not recognized by him.

3 Zeit. Krys., LIIL, p. 149 (1914).
4 Pyrope and spessartite also seem to be incompletely miscible with one another.
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Winchells has recognized the probability of this two-divisional
grouping of the garnets. He has plotted indices of refraction as
ordinates and specific gravities as abcissa, thus producing a
diagram which clearly shows this relationship. He finds that
garnets belonging to the grossularite-andradite group are usually
anisotropic while those belonging to the other group are usually
isotropic and points out that this fact together with the index of
refraction serves to determine the approximate composition of
any garnet by means of the diagram. In place of this method based
wholly on optic properties, the index of refraction and specific
gravity serve the same purpose when the diagram is used.

These are the first methods ever proposed for the determination
of garnets by purely physical means. They have certain limita-
tions, however, which may be pointed out. Thus in general a
garnet composed dominantly of the almandite molecule can not
be distinguished from one composed dominantly of the spessartite
molecule and vice zersa. To distinguish these from one another
a qualitative test for manganese must be made. These methods
also have limitations due to the fact that the points for pure
grossularite and pure pyrope lie close together. Thus andradite
containing pyrope in amounts up to the limits of its miscibility
in andradite (say 259) cannot be distinguished from andradite
containing similar amounts of grossularite. Likewise almandite
or spessartite containing up to about 259, grossularite cannot be
distinguished from almandite or spessartite containing up to
about 25% pyrope. In these cases however the dominant molecule
can be determined.

In summary it seems well established that the chemical compo-
sition of the majority of garnets can be determined rather closely
if the refractive index and specific gravity are known together with
the chief bases as determined by qualitative tests; also that the
composition may be determined less accurately, but yet close
enough for many purposes, if the index of refraction and specific
gravity (or isotropic or anisotropic character) only are known and
no chemical tests are required excepting for, in some instances, a
simple test for manganese.

Garnets have already been studied by X-ray methods by two
investigators. Shoji Nishikawa,t investigated an almandite in

% Optical Mineralogy, Part IT, in press.

¢ Crystal Structure of a Garnet. Tokyo Math. Phys. Soc., Series 2., vol. 9,
1917-18, 194-197.
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which about one third of the iron is replaced by manganese. He
found that it has a body-centered cubic lattice; the length of the
edge of the unit cube is 11.4 A; there are eight molecules in the
unit cube; and the space group is 0i-10.7

G. Menzer8 studied a neatly pure calcium garnet from Xalostoc,
Mexico. He confirmed the conclusions of Nishikawa and deter-
mined the arrangement of the atoms in more detail. For this
garnet he found the length of the edge of the unit cube to be
11.80+.06 A.

The same investigator? later determined the edge of the unit
cube for each of the garnets, pyrope, almandite, spessartite, grossu-
larite, uvarovite and andradite. In each case, except for pyrope,
especially pure garnets are said to have been studied, mixtures
with other garnet molecules being very slight. No pure pyrope
is known so a Mg-rich garnet containing some ferrous iron was
studied. He also calculated the specific gravities and compared
them with the specific gravities as given in the literature, the
latter having been obtained by direct measurement by the usual
methods. The determination of the length of the edge of the
unit cube was made in two different ways, with results as follows:

1 I
Pyrope (Mg, Fe) 11.514+:0.0213 11.51040.0094
Almandite 11.51540.031 11.497 +£0.010
Spessartite 11.611:£0.022 11.60240.011
Grossularite 11.8384+0.022 11.833+0.011
Uvarovite 11.977+0.027 11.951+0.011
Andradite 12.044+0.030 12.024+0.012

The calculated specific gravities and those given in the literature
are:

I II Literature
Pyrope 3.7294+0.04 3.733+£0.015 3.710; 3.679
Almandite 4.333+0.04 4.354+0.02 41 —43
Sepssartite 4.189 +0.03 4.198+0.02 4.0586
Grossularite 3.613+0.03 3.618 £0.02 3.506
Uvarovite 3.832+0.03 3.858+0.02 3.772
Andradite 3.856+0.04 3.875+0.02 3.8+

7 See Wyckoff: op. cit.
8 Die Kristall struktur von Granat. Cent. Min., Abt. A, 1925, pp. 344-345.
9 Die Gitterkonstanten der Granate. Cent. Min., Abt. A, pp. 343-344 (1926).
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It is observed that the calculated values of specific gravities
are somewhat higher than those obtained by direct determination.
The reason for this according to Menzer is that cracks and inclu-
sions in the garnets cause specific gravity values to be too low when
determined by usual methods.

The following study of the garnet group is confined to the five
common members, pyrope, almandite, spessartite, grossularite,
and andradite. Forty different specimens were studied. Most of
these are garnets which were readily obtainable in the museum and
laboratories of the Department of Geology, University of Wiscon-
sin, and are unanalyzed material. In only two cases (Nos.9and20)
was original material of analyzed garnets obtained; these garnets
were kindly supplied by Professor Ford of Yale University.

Since original analyzed material was not available, except in
two cases, the composition of most of the remainder was deter-
mined by means of measurement of index and specific gravity
together with a simple test for manganese. As already mentioned
this is a means of determining at least the dominant constituents.

The presence or absence of manganese (and at the same time the
presence or absence of iron) was determined by means of the borax
bead before the blowpipe in both oxidizing and reducing flames.
The indices of refraction of most of the garnets were determined by
means of immersion liquids'® of maximum index equal to 1.870,
the set of liquids differing from one another by .01 in index. The
indices of a few of the garnets and also of the set of immersion
liquids were measured by the method of total reflection by the use
of a hemisphere of high index glass mounted on a Federoff universal
stage as described by Nakashima.* The indices of two of the
garnets of index greater than 1.870 were determined by the method
of minimum deviation. The specific gravities were determined
by means of heavy solution (Clerici solution) and a Westphal
balance. The results of these determinations are tabulated in the
accompanying table, where different garnets are grouped according

10 Mixtures of methylene iodide, iodoform, sulphur, Snls, Asl;, SbI; See
Larsen: “Microscopic Determination of the Nonopaque Minerals,” U.S.G.S. Bull.
679, p. 15 (1921).

" Jour. Geol. Vol XXXIV, p. 237 (1926). The method used by the writer is
similar to the one described in this article except that an empirical curve between
angle of total reflection and index was used as it was considered more reliable than
a calculated curve. The empirical curve was obtained by the use of liquids and
glasses of known index. Measurements of index by this method are considered
to be accurate within 4-.002,
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to the dominant constituents as determined by the above method.”
The results are expressed graphically in Figure 1. The positions
of the pure molecules, represented by a dot in the center of a large
circle, were plotted from Ford’s data. The small circles represent
garnets without manganese and the triangles represent those with
manganese as determined by the blowpipe test. The broken lines
show the limits of miscibility of the two groups. This diagram
alone seems to indicate that the miscibility is almost complete,
but diagrams on X-ray data, as given farther on, show a wider
separation between the two groups. This diagram, due to the
limited number of determinations, also does not show complete
miscibility between the members of one group, but that such a
miscibility does exist has already been well established.
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2 Nos. 23 and 34 were too impure or porous to permit gravity determinations
so these were determined by the X-ray method.
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X-ray photographs were taken of each of these garnets by means
of the powder method. The apparatus used was made by the
General Electric Company.”® The X-ray tube was the Coolidge
water-cooled type with a molybdenum target.

The length of edge of the unit cube was determined in each case
and the results are given in the table. Special care was taken in
the determination of this length for garnets numbers 9 and 20
which are original analyzed materidl of almandite and spessartite,
respectively, and for numbers 3, 27, and 40 which Figure 1 indicates
to be the purest pyrope, grossularite and andradite, respectively.
In these cases the powdered garnet was mixed with sodium chloride
as recommended by Wyckoff* for accurate determination. Meas-
urement of the lines was done in a metal scale (supplied with the
X-ray apparatus) which is graduated so that any line on the film
may be directly interpreted in terms of the distance between the
planes of atoms which produced the line. The film was placed in
the scale so that the sodium chloride lines which are accurately
known, gave the correct reading and then the readings were taken
for the garnet lines. For each garnet several lines (from 8 to 12
in number in different cases) were carefully read and the signifi-
cance of each in terms of the indices of the plane of atoms which
produced the line were determined by equation 15a¥ or more
easily by a graphical method.' A value for the length of the edge
of the unit cube was then calculated by means of the same equation
from the measurement of each of these lines. The simple average
of these determinations was taken to be most nearly correct. The
maximum deviation from the average in any case was .02; a more
usual deviation was closer to .01. It is considered that the value
given for the edge of the unit cube for these garnets is accurate
within +.01. Although a few of the remaining garnets were also
accurately determined in this way most of them were not stand-
ardized with sodium chloride, but corrections which seemed
reasonable, were applied, and the average of only two or three
lines was taken as the final value. The values given for these
garnets are less accurate, but in most cases are probably correct
within +.02.

¥ A New X-ray Diffraction Apparatus. Wheeler P. Davey: General Electric
Review, Sept. 1922,

Y 0p. cit. p. 179.

¥ Wyckoff, 0p. cit. p. 187.

16 Wheeler P. Davey, General Electric Review, Sept., 1922,
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An attempt was then made to calculate what the length of the
edge of the unit cube would be for each of the five pure end mem-
bers of the garnet group. These values cannot be determined by
direct measurement, since none of the members occur without at
least a small amount of other garnet molecules present in isomor-
phous mixture. In these calculations it was assumed that in garnets
consisting of mixtures of two members the size of the space lattice
varies between the sizes of each of the two members in a straight
line relationship with the percentage of each member present.
This probably is very nearly true over the short distances involved
in the calculations. At first values which were evidently very
nearly correct could be assigned to each member. The two analyzed
specimens (numbers 9 and 20) and one (number 27), which no
doubt corresponds closely in composition to a similar garnet of
which analyses have been published, were corrected on the above
assumption for the small amounts of other members which they
contain. No analyzed andradite was studied but number 40 is
apparently very nearly pure. Garnet number 1 (pyrope) indicates
that pure pyrope has a unit cube at least as small as that of this
garnet. The calculated and estimated values of the length of the
unit cube of the five pure members are given in the table opposite
the name of the member. The value for pyrope may be only
approximately correct, but the values for the other members are
considered to be accurate within £.01. These values for the unit
cubes of almandite, grossularite, and andradite check very well
with those determined by Menzer and listed above. There is a
considerable difference in the two determinations of spessartite,
the value obtained here being considerably lower than that of
Menzer. The values for pyrope are of course also different because
his value is for an iron-bearing pyrope.

Specific gravities were calculated from the values of the unit
cubes of the pure members as well as from the values for numbers
7, 9, 20, and 27 of which the X-rayed specimen was either on
original analyzed material or on material which is very similar to
and from the same locality as analyzed material.

In these calculations the mass of one unit of molecular weight is
taken to be 1.650X 1072 grams. The results are shown in column
one. The specific gravities of the pure molecules as calculated by
Ford are listed in column two, and those obtained by direct
measurement in column three. Differences are shown in Column
four.
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I II 111 v
Pyrope 3.571 3.510 .061
Almandite 4.332 4.250 .082
Spessartite 4.229 4.180 .049
Grossularite 3.598 3.530 .068
Andradite 3.882 3.750 .132
No. 7 Almandite 4.156 4.071 .085
No. 9 Almandite 4,236 4.135 .101
No. 20 Spessartite 4.229 4.169 .060
No. 27 Grossularite 3.607 3.558 .049

It will be noted that the specific gravities as determined by the
X-ray method are uniformly higher than those determined by
ordinary methods. This is in agreement with the results obtained
by Menzer as previously mentioned. The differences in the
values obtained are quite constant suggesting that the discrep-
ancies may be due to some cause other than fractures or inclusions.
The greatest discrepancy is between the two values for pure
andradite; this indicates either that Ford’s value is too low of that
the estimated value of the length of the unit cube for pure andradite
is too small. The same conclusion is indicated in Figure 3 for,
assuming the presence of no unusual elements, it would be impos-
sible for any garnet to occur above a line joining andradite with
almandite (or spessartite).

Turning our attention now to the variation in the intensities of
lines on the X-ray film, we find that the intensities of certain lines
vary decidedly with chemical composition, but fine distinctions
cannot, in general, be made, due largely to the inaccuracy in
measuring intensities. The intensities of the lines of the different
types of garnets are represented in Figure 4, where the length of
the line is approximately proportional to intensity. All of the
garnets listed as pyrope in the table have the same intensities as
far as can be observed and these intensities are shown for pyrope in
figure 4. Likewise all almandite and spessartite garnets listed in
the table have the intensities of almandite-spessartite, figure 4.
Also all grossularite garnets listed in the table have the intensities
of grossularite, figure 4. Of the andradite garnets in the table
only numbers 35 to 40 inclusive (the purest andradite) have in-
tensities as shown for andradite in figure 4. Numbers 30 to 34
inclusive have intensities intermediate between andradite and
almandite-spessartite or grossularite. Most of these last garnets are
“Polyadelphite.”
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As shown in figure 4, the most distinctive feature of pyrope, as
far as intensities are concerned, is that the lines from planes
332, 121 (2) (second order reflection from the 121 plane) and 150-
341 are all of equal strength. This feature serves to distinguish
pyrope from the other garnets. Almandite gives the same type of
pattern as spessartite, but these can be distinguished from pyrope
by the fact that line 332 is very faint in almandite and spessartite.
The grossularite pattern is very similar to that of almandite-
spessartite except that line 332 is stronger, but not so strong as
for pyrope. Andradite gives a quite distinctive pattern; the most
distinctive and characteristic features are that line 121 (2) is very
strong, line 130 (2) is strong and line 111 (4) is very weak. All
these differences are much more evident on the films themselves
than on the diagrams.

This leads to the practical question of determination of unknown
garnets by X-ray analysis. The difficulty of distinguishing almandite
from spessartite is present here as it was also in the method of
specific gravity and index determination, but the simple blowpipe
test for manganese may be easily applied. Taking the two factors,
intensity of lines and the size of the unit cube, into consideration
it may be safely concluded that by X-ray analysis alone, except
for a simple qualitative test for manganese, the dominant molecule
of any garnet may be determined.

Thus garnets dominantly pyrope or almandite may have the
same size of unit cube, but they can be differentiated by intensities.
The difference in intensity between grossularite and almandite-
spessartite is slight and they can not be safely distinguished on
this basis, but there is a wide difference in the size of the unit cubes.
Grossularite has, in general, the same size of unit cube as the
polyadelphite variety of andradite, but these can easily be distin-
guished by differences in intensities. It is not certain from the
available data that two constitutents each forming about 50% of
the total can be determined by X-ray analysis alone, but a careful
study of relative intensities of lines should make this possible.
Useful conclusions of a more special nature may also be drawn such
as: any garnet with a unit cube smaller than andradite contains
some pyrope; likewise any garnet with a unit cube larger than that
of spessartite contains some calcium garnet.

This method of determination of garnets gives just as much
information as the method of index and gravity determination



JOURNAL MINERALOGICAL SOCIETY OF AMERICA 337

and the determination is much easier to make since immersion
media of high index are not always available and the impure or
porous nature of some garnets may make even approximate de-
termination of the specific gravity difficult. The determination of
the dominant constituent may be sufficient for many purposes.

If either or both the index of refraction and specific gravity of a
garnet, together with the X-ray data, particularly the size of the
unit cube, and the presence or absence of manganese, are known
then its composition can be determined much more accurately
than if the X-ray data alone areavailable. In many cases the two
dominant constituents can be determined and their approximate
percentages obtained and in some cases even a third may be de-
termined, but, as Ford has shown, a third constituent is usually
very minor and so it usually may be neglected.
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In figure 2 the indices of refraction, and in figure 3 the specific
gravities, of the garnets studied are plotted against the length of
the edge of the unit cubes. The positions of the pure end members
are plotted from Ford’s calculated indices and specific gravities
and from the above calculated and estimated sizes of the unit
cubes. The other symbols are as in figure 1.

A striking feature of the diagrams (figures 2 and 3) is that the
two groups of garnets are here more distinctly separated. It appears
to show conclusively that at least most garnets belong to one or
the other group, but of course does not mean that no garnet will
ever be found which is intermediate between the two groups.

That these two diagrams give more information about the
chemical composition of an unknown garnet than does the index-
gravity diagram alone is due largely to the fact that pyrope and
grossularite are more widely separated.
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In the determination of an unknown by this method it has to be
assumed for the present that the index, specific gravity, and size
of unit cube depend upon chemical composition in a straight line
relationship. That such is very nearly or exactly so for the index
and specific gravity, at least, is shown by Ford’s work.

The use of the diagrams for the determination of the percentages
of two dominant constituents may be best illustrated by examples.

Garnet No. 4. The point lies close to or on the line between
almandite and pyrope, therefore Ca-garnet and spessartite are
eliminated as unimportant. Spessartite is also eliminated by the
absence of Mn as shown by the blowpipe test. Measurement of
the proportion of almandite to spessartite on each of the three
diagrams gives,

Fig. 1. Almandite 66.5%,
) “ 634

‘i3 “ 69.0
Average—Almandite 669, Pyrope 349,

Garnet No. 22. Blowpipe tests indicate the presence of man-
ganese and at the same time the absence of iron. This simplifies
matters considerably as the possibilities are now limited to spessar-
tite, pyrope and grossularite. Reference to Fig. 1 shows dominance
of spessartite with some grossularite or pyrope or both. In Fig. 2,
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the point is practically on aline between spessartite and grossularite,
therefore if pyrope is present in importance then andradite is also;
but andradite is absent as shown by blowpipe test and so pyrope
must also be absent (or unimportant). The garnet therefore
consists of spessartite and grossularite; measurement of the pro-
portions on the three diagrams gives an average value of spessartite
879, grossularite 13%,; maximum difference from the average is
2.5%.

Garnet No. 14. Blowpipe tests show the absence of manganese;
Fig. 1 shows dominance of almandite with either pyrope or gross-
ularite of secondary importance and probably a minor amount or
absence of andradite since the point is slightly to the right of a
line joining almandite and pyrope and on a line joining almandite
and grossularite. In figure 2 the point is almost on a line between
almandite and grossularite, thus giving two possibilities:—either
grossularite is important or both andradite and pyrope are im-
portant. But andradite has been shown to be minor or absent,
therefore pyrope is unimportant. Figure 3 confirms this view as
the point is still nearly on the line between grossularite and alman-
dite although the position of andradite iri this diagram is quite
different. The garnet therefore consists dominantly of almandite
and spessartite. The measured proportions of the two give an
average of almandite 687, grossularite 32%, with a maximum
difference from the mean in the two readings of 2%. In this case
it was stated that the point lies approximately on the line between
almandite and grossularite. As a matter of fact it lies slightly
toward the pyrope side in each of the diagrams, thus indicating
that pyrope is present as the minor third constituent. Supposing
the accuracy of the plotted data is sufficient to really show the
presence of this minor constitutent, then the percentages of the
three constituents may be taken from the graph by measurements
in a triangle with a corner at each of the three constituents. In
figure 1 the triangle is too acute to give good results; measurements
on figures 2 and 3 give results in remarkably good agreement with
one another.

Fig. 1. Almandite 67.3%, Grossularite 28.6%, Pyrope 4.2%
Fig. 2. “ 67.1% » 2889, “ 4.1%

Garnet No. 30. Blowpipe tests show the presence in important
amounts of both manganese and iron. The intensities of lines on
the X-ray film show that an important amount of andradite is
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present. The two major constituents are, therefore, probably
andradite and spessartite. Figure 1 indicates that andradite and
spessartite are present in about equal amounts, also the point
lies below a line joining spessartite with andradite thus indicating
a dominance over almandite of either pyrope or grossularite or
both. Figure 2 shows that there is some grossularite as the point
lies to the right of a line joining pyrope to andradite. Since most
garnets have only three constituents it seems probable that this
garnet consists of three molecules, andradite, spessartite, and
grossularite. Calculation of the proportions by the triangular
method gives the following values.

Fig. 1. Andradite 3249, Spessartite 45.99, Grossularite 2149,

& 2 4 359 “ 36.8 £ 27.1
“ 8 ¥ 43.5 “ 42.5 “ 144
Average “ 37. & 42. “ 21.

The agreement is not very good, indicating that the garnet may
contain still other molecules or that the assumption of a linear
relation is incorrect. More probably, the agreement is poor because
of the incorrect position of andradite on the diagram as previously
mentioned. It should be noted that the percentages indicate a
slight chemical dominance of spessartite over andradite although
the size of the unit cube associates the garnet more closely with the
grossularite-andradite group.

A few trials were also made on garnets consisting dominantly
of only one constituent. In such cases the results were contra-
dictory for the minor constituents due no doubt to inaccuracies
in the plotted data. Tt might also be expected that these in-
accuracies will make it difficult to obtain correct proportions be-
tween almandite and spessartite for these two garnets lie very
close together on all of the diagrams. '

Since, as previously shown, the discrepancies between observed
and calculated specific gravities is fairly constant, the determination
of the above garnets could be checked by determining the molecular
weights from the chemical composition as found from the graphs,
calculating the specific gravities and comparing the results with
the observed values. If it were found that the calculated value
was from .03 to .09 higher than the observed value this could be
considered as a good check on the chemical composition as deter-
mined from the graphs. The calculated specific gravities of the
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above garnets are shown below in column I. The observed specific
gravities are shown in column II. The differences are shown in
column III.

I 1I IIT

Garnet No. 4 4.075 4.018 .057
“ « 22 4.130 4.1 .03

“ “ 14 4.09 4.01 .08

& “« 30 3.935 3.900 .035

In each case the calculated value of the specific gravity is higher
than the observed value. The differences for garnets No. 4 and
No. 14 check with the expected differences. In the case of garnet
No. 22 the difference is too low probably because the observed
specific gravity is given only to one figure beyond the decimal place.
In the case of garnet No. 30 the difference is too low probably
because the position of andradite on the diagram is incorrect.

By this method it appears that the percentages of the dominant
constituents, and sometimes even of a third minor constituent
can be determined fairly accurately. The chief advantage of this
method over one proposed by Ford is that no chemical analysis
nor test (except for manganese) is necessary.

It is unfortunate that only a few chemically analyzed garnets
have been studied. Before much confidence can be placed in
quantitative determination by this method it will be necessary to
test it out in many cases with material of known chemical composi-
tion. Itis thought, however, that the general conclusions reached
will stand. The chief usefulness of further work with analyzed
material will be to test out the validity of the assumption that there
is a linear relationship between size of unit cube and chemical
composition,

This is only one of the many mineralogical problems which may
be studied by X-ray analysis. The Department of Geology,
University of Wisconsin, is anxious to obtain, for X-ray study,
original material of analyzed garnets or any other minerals, and
will be glad to take X-ray photographs and supply the contributor
with all X-ray data on any analyzed material which may be sent
here. Only a small quantity of material, about one-tenth of a
cubic centimeter, is required for taking an X-ray photograph.
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TABLE I. PROPERTIES OF CERTAIN (GARNETS
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Dominant No. Indexof Specific Edge of Fe Mn
Molecule Refraction Gravity Unit Cube A
Pyrope 1.705 3.510 11.430
1 1.752 3.777 11.44 present  absent
2 1.745 3.750 11.48 present  absent
3 1.742 3.686 11.504 present  absent
Almandite 1.830 4.250 11.493
4 1.784 4.018 11.47 present  absent
5 1.818 4.085 11.49 present  absent
6 1.804 4.10 11.49 present  absent
7 1.807 4.071 11.501 present  absent
8 1.792 4.060 11.50 present  absent
9 1.8132 4.135 11.506
10 1.813 4.21 11.51 present  absent
11 1.807 4.059 11.51 present  absent
12 1.805 4.125 11.52 present  absent
13 1.805 4.039 11.57 present  absent
14 1.797 4.01 11.59 present  absent
Spessartite 1.800 4.180 11.568
15 1.815 4.166 11.54 present  present
16 1.795 4.2 11.54 present  present
17 1.820 4.173 11.55 present  present
18 1.814 4.165 11.55 present  present
19 1.805 4.20 11.55 present  present
20 1.8057  4.169 11.562
21 1.810 4.189 11.57 present  present
22 1.792 4.1 11.61 absent present
23 1.793 11.630 absent present
Grossularite 1.735 3.530 11.840
24 1.760 3.620 11.79 present  absent
25 1.745 3.582 11.80 little absent
26 1.738 3.588 11.82 little absent
27 1.742 3.558 11.826 absent absent
28 1.752 3.610 11.84 present  absent
29 1.763 3.648 11.86 present  absent
Andradite 1.895 3.750 12.040
30 1.817 3.900 11.81 present  present
31 1.835 3.887 11.84 present  present
32 1.845 3.745 11.89 present  present
33 >1.870 3.912 11.93 present  absent
34 1.835 11.94 present  absent
35 1.893 3.827 11.96 present  absent
36 1.865 3.804 11.97 present  absent
37 >1.870 3.811 12.00 present  absent
38 >1.870 3.743 12.00 present  absent
39 >1.870 3.826 12.02 present  absent
40 1.897 3.770 12.029  present  absent
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REFERENCES FOR TABLE 1.

“Almandite” (pink), Waldheim, Granulitgeb, Saxony.

Pyrope (red), Navajo Reservation, Arizona.

Pyrope (red), Tribitz, Bohemia.

Almandite (red), Octzthal, Tyrol.

Almandite (red), Roxbury, Connecticut.

Almandite (red), Salida, Colorado.

Almandite (red), Fort Wrangel, Alaska. Ford’s Analysis No. 13 was used
in the calculation of the specific gravity.

Garnet (red), from a gneiss boulder in Wisconsin.

Almandite (red), Redding, Conn. For analysis, specific gravity and index
see No. 18 of W. E. Ford.

Garnet (red), Shatford Lake, Manitoba. From contact metamorphosed
andesite.

Almandite (red), Zillerthal, Tyrol.

Garnet (red), from andesite or graywacke. Winnipeg River, Manitoba.

Garnet (red), from arkosic schist, Meminiska Lake, Ontario.

Garnet (red), from amphibolite, Meminiska Lake, Ontario.

Garnet (red), from pegmatite, S. E. Manitoba.

Garnet (red), from lithia pegmatite, Winnipeg River, Manitoba.

Spessartite (red), U.S.N.M. No. 80457—Nathrop, Colorado.

Garnet (red), from pegmatite, S. E. Manitoba.

Garnet (red), from pegmatite, Cat Lake, Manitoba.

Spessartite (pink), Branchville, Conn. For analysis, specific gravity and index
see No. 14 of W. E. Ford.

Garnet (red), from pegmatite, Winnipeg River, Manitoba.

Garnet (cream colored), from lithia pegmatite, Winnipeg River, Manitoba.

Spessartite (vellow), U.S.N.M. No. 80360. Llano Co., Texas.

Garnet (red), from metamorphosed limestone, Winnipeg River, Manitoba.

Grossularite (yellow), Santa Fé, N. M.

Grossularite (colorless), Ontario, Canada.

Grossularite (Roseolite) (pink), Xalostoc, Morelos, Mexico. The composition
used in calculating the specific gravity is that given by Ford—No. 1.

Grossularite (Essonite) (light brown), Raymond, Maine.

Essonite (red), Essex Co., N. Y.

“Spessartite” (red), Haddam, Conn.

Polyadelphite (red), Franklin, New Jersey.

Andradite (Polyadelphite) (red), Franklin, N. J.

Andradite (Polyadelphite) (brown), Franklin Furnace, N. J.

Garnet (red), from highly metamorphosed limestone. Hedley, B. C.

“Grossularite” (brown), Morauitza, Banat.

Andradite (Melanite) (black), Franklin, N. J.

Andradite (yellowish), Ludwig, Lyon County, Nevada.

Garnet (brown), Texada Island, B. C.

“Grossularite” (brown), Vasks, Hungary.

“Grossularite” (light green), Binnenthal, Switzerland.





