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ABSTRACT

A study of common clinopyroxzenes is presented including 40 new chemical analyses.
The optical properties of these pyroxenes have been systematically determined with some-
what better accuracy than normally attained. Techniques for determination of these prop-
erties are discussed and their probable accuracy estimated. The results of the study are
graphically presented on a series of curves. The recalculation of the chemical analyses in
terms of a theoretical pyroxene formula and the distribution of various ions in the pyroxene
structure are discussed.

INTRODUCTION

The present investigation is aimed at determining the chemical com-
position and optical properties of such common clinopyroxenes as the
petrologist is likely to find in the course of his work. Only rarely do com-
mon pyroxenes occur as good crystals easily separable from their con-
taining rocks. Partly for this reason the literature contains a large propor-
tion of analyses of peculiar and unusual varieties of pyroxenes. Of the
several hundred chemical analyses of pyroxenes available many are old
and the great majority of poor quality by present standards. Aside from
inaccuracies of the actual chemical analyses, the purity of the material
analyzed is open to question. Furthermore, only a small percentage of
those analyzed are accompanied by descriptions of optical properties
and the accuracy of the optical work may be doubtful. After a study of
the literature very little material was found which could be used in the
present study.

Optical property curves for clinopyroxenes have been published by
Winchell (1923, 1935) and by Tomita (1934).1 The latter were revised

* Princeton investigations of rock forming minerals, No. 4.
1 Niggli (1943) has an exceedingly useful compilation of analyses of pyroxenes from
igneous rocks with such optical data as was available.
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by Wager and Deer (1938). All of these compilations are to a large extent
based on data from synthetic pyroxenes which appear in the works of
Bowen, Schairer and Posnjak of the Carnegie Geophysical Laboratory.
Use of the same data has been made by the present writer to obtain the
general trend of the curves into those areas where natural clinopyroxenes
do not occur or have not been found.
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NOMENCLATURE

A nomenclature to describe common clinopyroxenes was outlined by
the writer (1941) and is adhered to in this paper with the slight modi-
fications indicated below. The term ‘“endiopside,” to describe clino-
pyroxenes with more magnesian and less calcic than diopside, should be
dropped. The need for the term seems doubtful since pyroxenes of such
a composition are rare; and since those that are found lie close to the
augite field, they may as well be called augites with an appropriate ad-
jectival modifier.

Benson (1944) suggested the term “subcalcic augite’” to apply to that
portion of the clinopyroxene composition field between augite (Wo <25)
and pigeonite (Wo>15) which he correlated with optic angles of greater
than 45° and less than 30°, respectively (Benson, Table IX). The writer
would also adopt this term if pyroxenes are found which fall within the
above composition range. Benson believes such pyroxenes are common,
basing his estimate of Wo content on optic angle measurements. The
present revision of the optic angle-composition curves indicates that
the so-called subcalcic augites, which Benson was dealing with in his
paper, all probably lie within his (Benson’s) composition field of augite
and are probably some 109, or more, richer in Wo than he estimated.
Though the writer believes that subcalcic augite is very rare or non-
existent, it may occur, inasmuch as the optic angle-composition curves
are not always reliable. Minor constituents or peculiarities in conditions
of crystallization may affect the size of 2V.

As a further modification it is proposed that the use of Wo (wollasto-
nite), En (enstatite) and Fs (ferrosilite) be discontinued and Ca, Mg and
Fe (9%, atoms) be substituted at the three corners of the composition
diagram. This changes the diagram in no way, but eliminates the concept
of mixtures of end member “molecules” which is inconsistent with pres-
ent ideas on the actual occurrence of the constituents in the crystal
structure. It is also recommended because it is convenient to add Fe*® to
Fet? in the optical property-composition curves since this gives a better
approximation of the bulk composition than curves which neglect Fe™2.
Inasmuch as Fet3 would not be present in theoretical Fs, it is an addi-
tional argument in favor of dropping Wo, En and Fs. Similarly the sub-
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stitution of Al for Si, as well as other such replacements in the structure,
is also better taken care of by eliminating the old molecule concept.

CHEMICAL CONSTITUTION AND THEORETICAL FORMULA OF
CLINOPYROXENES

The structure of diopside was one of the first silicates to be worked out
by x-ray methods (Warren and Lawrence, 1928) and its similarity to
other clinopyroxenes was demonstrated by several investigators. The
general formula for the pyroxene group suggested by Berman (1937) is
here accepted with slight modification.

The formula for any pyroxene may bé written as follows:

(W) 1o(X, Y) 1402206
W=_Ca%2 Natl

X =Mg*2, Fet?, Mn*?, Ni*?
Y=AI*3, Fe¥s, Crt3, Tite
Z=SiH, Al®

Four such units would be required by the monoclinic cell and eight by
the orthorhombic. In the above formula p would be zero or close to it for
the diopside-hedenbergite or acmite-jadeite series and would be 1, or
close to it, for the orthorhombic pyroxenes and pigeonites.

No doubt many other less common ions enter the pyroxene structure
and probably some could enter in large amounts if the geological environ-
ment provided them. The above-mentioned ions are the only important
ones in the rock-forming pyroxenes. Though the orthorhombic pyroxenes
have relatively few of the ions of the W and ¥ groups such ions are pres-
ent in small but appreciable amounts so that the formula as given is
readily adaptable to either the orthorhombic or monoclinic members of
the group. The pyroxene, spodumene, LiAlSi;Os, may be mentioned in
passing though it plays no part in the present study since varieties inter-
mediate between it and the rock-forming clinopyroxenes are not known.

The W, X and 7 ions are in octahedral positions (coordination number
6) with respect to surrounding O~2 ions. In the Z group the Sit* and the
Al*? jons are in tetrahedral positions (coordination number 4) with re-
spect to surrounding O~ ions. There is no evidence suggesting that Fet3
or any other ion than Al*? may substitute for Si**in appreciable amounts.

The simplest clinopyroxene would be of the type Ca (Mg, Fe) Si;Os.
The substitution of Nit? for Mg+? or Mn+? for Fe*? represents an easily
understandable degree of variation. Where ions of different charge enter
into the structure, these must be balanced electrically by other ions with
compensatory charges. The distribution of various sorts of ions must
fulfill the requirements set forth in Table 1 below as governed by the
following rules: (1) The sum of the ionic charges in groups 4 and B of
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Table 1 must add up to +12 to balance the —12 charge of the six 02
ions. (2) 4 and B must each be represented by two ions to fill the re-
quired positions in the structure.

TasBrE 1
Distribution of electrical charge Examples

X, Y

M +2 +2 +8
@ +1 +3 +8
3 +2 +4 46
C)) +2 +3 +7

[oNeNoNe]

The above examples are not to be construed as end members of py-
roxene series though (1) and (2) happen to be. Al can only substitute for
Si to a limited extent in the structure. Since the Al*® jon is much larger
than the Si** ion, this substitution is probably limited by the degree to
which the pyroxene structure may be stretched or distorted to accom-
modate the larger ion. The largest amount of Al substituting for Si in
any pyroxene thus far analyzed is 27.6%, in a pyroxene from a xenolith
described by Dixon and Kennedy (1933). Very few analyses have been
made showing Al replacing Si to an extent greater than 12%. Recalcula-
tion of a large number of analyses of titaniferous pyroxenes indicates
that example (3) above is the normal manner by which the 44 charge of
the Ti ion is accommodated. The only other way by which it might be
done is by substituting two monovalent ions such as Na for two divalent
jons such as Ca for each Ti entering the structure. Search for analyses to
substantiate such a relationship proved negative. Neptunite of the py-
roxenoid group, however, might have such combination.

ExPLANATION OF CHEMICAL ANALYSIS TABLES

In handling the chemical analyses the weight per cents of the oxides
were first converted to molecular ratios and then to ratios of ions. To
save space in the tables the molecular ratios column was omitted since
it could easily be derived from the atomic ratios by inspection if there
were need therefor. The ions with +2 charge can readily be combined in
a 2:2 ratio with the Siions to form pyroxene molecules. However, the 1 1,
+3 and 44 ions must be so distributed that the charges compensate and
the correct proportion of ions is obtained in each group as explained
above. This operation is performed in the tables and is accomplished in
the following manner: (1) Na ions are combined with Cr ions if present to
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form NaCrSi:0s; (2) Remaining Na ions are combined with Fe*? to form
NaFeSiz:06; (3) Na ions remaining after the above steps are combined
similarly with Al ions; (4) For each Ti ion two Al ions are placed in the Z
group substituting for Si; (5) If Cr ions are in excess of Na ions and are
still to be accounted for, each Cr ion is combined with one Al ion placed in
the Z group; (6) After these five steps some Al is almost invariably pres-
ent. This is split into two equal parts one going into the ¥ group and one
into the Z group. If the chemical analysis is accurate and the material
analyzed pure, the total number of ions in the Z group (Si+Al) will come
within about 2 per cent of equaling the total number of ions in the
W+ X+7Y groups, and these will be in the ratio of 2:2:6 as compared to
the total number of O ions. This is tested by dividing the total O ions by
six and dividing the resulting figure into the number of ions in the Z
group and into the sum of the ions in the W+ X+ ¥ groups. The result
of these two divisions should equal 2.00+.02in a completely satisfactory
analysis. The common practice in the literature of splitting the Al be-
tween the Z group and the W+ X+ 7 groups in that proportion will
make their ratio 2:2 if possible, conveniently compensates error in the
analysis and is contrary to the rule which requires balancing of electrical
charge.

Since the optical property curves are based on the ratio of Ca: Mg:Fe
atoms, the three major variables in the pyroxenes under consideration,
this ratio recalculated to 1009, is given at the bottom of each table. In
this calculation Fe+? and Fet3 are added together plus the small amount
of Mn normally present. If Niis present it is added to the Mg. The per
cent Al replacing Si in the Z group is also indicated at the bottom of the
table since this represents the fourth most important variable.

In the recalculation of the analyses H,0 is omitted since its constit-
uents probably do not enter the pyroxene structure. In the few cases
where H:0 is present in appreciable amount, it probably represents an
alteration product and is best neglected in the recalculation.

SEPARATIONS

The major part of all separations was performed with the Frantz Iso-
dynamic Magnetic Separator. In those cases where a completely pure
separate was not obtained, heavy liquids were resorted to for final purifi-
cation. If this was not successful the sample was discarded as being un-
satisfactory.

Rocks containing the pyroxene to be separated were crushed to pass
through a 100 mesh sieve or, for finer grained rocks, a 200 mesh sieve.
The fines and adhering dust were removed by washing and decanting.
In a few cases limonite stain or adhering grains of chlorite or serpentine
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were removed by boiling for ten minutes in dilute acid (HCl). Magnetite,
or grains including magnetite, and iron filings from the mortar were re-
moved with an Alnico bar magnet before introducing the sample into the
magnetic separator.

In slowly cooled rocks where crystals exhibit a minimum amount of
zoning magnetic separations are as a rule excellent. In hypersthene gab-
bros, for example, the pyroxenes can be separated cleanly from the rock
and the hypersthene and augite cleanly from one another. In the more
quickly cooled diabases, on the other hand, it is exceedingly difficult to
separate the augite from the pigeonite since both of these minerals are
zoned and their ranges of magnetic susceptibility overlap almost com-
pletely. Since the density ranges of these two minerals also overlap, the
best that could be done was to produce an augite and a pigeonite con-
centrate, analyze both, and from the proportions present in each sample
calculate the compositions of the pure minerals.

DETERMINATION OF PROPERTIES

About two weeks were spent on each of the analyzed pyroxenes, de-
termining the various optical properties. A considerable portion of this
time was used in attempts to develop better or easier methods of measure-
ment. In the work thus far completed the accuracy of certain measure-
ments could be improved, but it did not seem warranted to hold up
publication any longer to effect further refinements. In many cases the
measurements of Z /¢ are unsatisfactory and no reliable method was
found for determining this value for many of the samples. Similarly,
density determinations on powders showed so large a degree of fluctua-
tion on repeated measurements that most of them were discarded as
valueless. Measurements of dispersion gave promise of supplying usable
criteria to distinguish the presence of, and possibly the amounts of, cer-
tain minor constituents but this study has not yet been completed. Ob-
servations on measurements of specific properties are summarized below.

(a) Indices of refraction.

All pyroxenes when crushed exhibit a small to moderate percentage of
pinacoidal parting tablets. For all clinopyroxenes, except pigeonites, the
{100} parting tablets were used to determine the ¥ index accurately.
These are easily recognized with practice and can be spotted quickly
from among the large number of grains on the slide. They have low bire-
frigence since an optic axis emerges from them at approximately 20° from
the vertical. If bounded by cleavages, or other partings, they exhibit
parallel extinction. The orientation of the grain is checked in convergent
light. An off-center optic axis figure should result. The stage is rotated
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until the isogyre is east-west. If it exactly splits the field in two then the
optic plane is vertical and ¥, the optic normal, is north-south. The grain
is now in position to determine the ¥ index. For pigeonites with the optic
plane L {010} it is necessary to use the {010} parting tablets and deter-
mine ¥ or Z, checking orientation against the observation of a centered
Bx, figure, or either the {100} or {001} parting tablets and determine X.

Though {110} cleavage fragments are very common they give unre-
liable results since exact orientation cannot be checked by the inter-
ference figure, and many of them are tilted an unknown amount from the
{110} plane.

The observations were made in white light and checked when close
with a sodium vapor lamp. The light was passed through an infra-red
filter to remove heat since errors resulting from not knowing the tempera-
ture of the immersion liquid are the largest potential source of error.
Temperatures were checked by swinging a thermometer into position
under the objective before and after observation.

Ordinary immersion methods were used with a closely spaced and care-
fully calibrated set of index liquids. Observations were made at different
times on the same day or on different days when room temperature had
changed sufficiently to split the spacing between index liquids. The index
of the grain to be determined was bracketed between two oils about .001
apart. The normal accuracy for index determinations is estimated to be
+.0005 except for material of variable composition. For the latter it is
+.001.

It was found to be both easier and more accurate to determine the
other two indices by calculations from birefringence and optic angle de-
terminations described below. For this purpose Wright’s curve was used
(1911, plate 9).

(b) Birefringence.

Birefringence was determined with a Berek compensator on specially
prepared slides. These were made as follows: A small amount of the min-
eral was mixed with an equal amount of fine quartz sand. A bakelite
mount such as commonly used for polished section work was then made
in a press (150° C. and 4000 lbs./sq. in.).* One end of the mount cylinder
was ground on a very flat steel lap with fine abrasive so that a semi-
polished, very flat surface resulted. This surface was cemented to a glass
slide and ground to .06 mm. thickness and then flattened and cut to +.04
mm. on the same steel lap as mentioned above. This gave two very flat
surfaces which were almost if not quite parallel. Thicknesses of four or

* Balsam mounts were not very satisfactory since it proved difficult to get a very flat
surface on them. This is attributed to the relative softness of balsam.
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five quartz grains surrounding the pyroxene to be measured were then
determined by measuring path difference with the Berek compensator
after the ¢ axis had been made horizontal on the universal stage. Path
difference in the quartz was converted directly to thickness by means of a
curve. The thickness value was then multiplied by the cosine of angle of
tilt of the stage corrected for indices of refraction of quartz and the hemis-
pheres thus giving true thickness of the slide at the point of observation.
The results give the thickness of the pyroxene grain to approximately
+.0001 mm. and birefringence of a pyroxene grain can ordinarily be
measured to +.0002. This is more accurate and much less tedious than
measuring the other indices of refraction. A number of the pyroxenes
measured had somewhat variable birefringence necessitating from five to
twenty observations to obtain a satisfactory average for the sample.

In choosing pyroxene grains for measurement only those were selected
which happened to have the optic normal nearly vertical in the slide so
that there would be only a small amount of correction for tilt. A fair
number of such grains can be found since they represent the {010} part-
ing tablets which were lying on this face when the mount was made.

The Berek compensator is of little practical use on an ordinary thin
section because the thickness can normally not be measured within an
accuracy of better than +109,. Ordinarily thin sections vary rather er-
ratically in thickness from grain to grain as well as across the slide, as a
whole, so that even if they contain quartz on which Berek measurements
can be made, the accuracy nevertheless is low. Measuring thickness by
various focusing methods commonly involves errors from 10% to 40%.
Unless special slides are made the Berek compensator gives little better
accuracy than merely estimating birefringence by observing the inter-
ference color.

(c) Optic Angle.

All optic angle measurements were made on the universal stage on
grains which had Bxa near vertical and by direct rotation from one optic
axis to the other. It appears that this observation for optic angles ranging
from 20° to 60° is more accurate than most authors state. The accuracy
after index corrections is certainly better than +0.5° and probably bet-
ter than +0.3° judging from the variations obtained by repeated meas-
urements on the same grain, or on numerous grains of uniform material.
On the other hand, measurements of the optic angle by rotating from one
optic axis to a bisectrix are apparently less accurate than one would sup-
pose from the literature. Errors of five degrees are fairly common. In fact
it appears that the orientation of a grain on the universal stage to bring
X, Y or Z to the vertical position cannot ordinarily be done with the
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accuracy usually attributed to such orientation procedures (see Turner,
1942).

(d) Dispersion.

Dispersion of the optic axes was noted and recorded during the optic
angle measurements. It is quite evident upon rotation of the stage
through an optic axis even when not observable at all in the interference
figure. Where the dispersion was just perceptible it was called weak,
where quite obvious but too small to measure accurately, it was called
moderate, and where greater than approximately 0.5°, it was called
strong. In most cases the dispersion is inclined. The optic axis emerging
in {001} not far from the ¢ axis is labelled “B” and the other emerging
in {100} is labeled “A”. (Fig. 1A) The dispersion on each axis is given.

The dispersion of the indices of refraction, birefringence and ZAc¢
have not been measured but represent a fruitful field for further in-
vestigation.

(e) Z/\c.

Since most common clinopyroxenes have an extinction angle, Z/\c,
between 40° and 46°, an accuracy of at least +1° is necessary if the ob-
servations are to have any determinative value. Even so their value is
comparatively small. Reasonably reliable values can be obtained on
twinned crystals by following a procedure such as suggested by Nemoto
(1938) and Turner (1940). Analogous methods were used by the writer
and are described below. On untwinned clinopyroxene, as a rule, the
value cannot be determined with the required accuracy.

To escape the comparatively large possible errors in bringing X or Z
to coincidence with the microscope axis, these positions were, as a rule,
not measured nor were such physical discontinuities as cleavages or
twinning planes. Choosing only twinned crystals which had their optic
planes nearly vertical (£20°) by rotation about ¥ (=8), the angles
between two optic axes of one twin and one of the second twin were
measured as well as the positions equivalent to the pole of {100} and the
direction of the ¢ axis. The latter two positions can be found by rotation
about Y to the point where the birefringence of the twins exactly matches.
Thus the angles A;AB.(=2V), B;AB; or A;AA, and either the angles
A1\ {100}, A2/A\{100} or BiAc, Bs/\c can be measured on almost any
such favorably oriented grain. In the special case where Bx, is vertical,
the angles By A¢, A;/AB; and A; A\ {100} can be observed. Three of these
angles will ordinarily require tilts of 0°~45° and the one or perhaps two
other angles will require tilts of 45°~55°. Higher tilts result in unaccept-
able errors particularly if the index of the mineral is greatly different than
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the index of the glass hemispheres. Those angles between 45° and 55°
should be marked as having lower accuracy than those below 45°.
Normally about ten such twinned crystals were measured and the results
averaged giving greater weight to the angles with lower tilt. From such
a series of measurements all angles in the plane || {100} can be observed

a = ocbserved angle

45°—$ = Zac where 2,aZ< 90°
45°+93 = Zac where Z,a 2, 90°

F1c. 1. Measurement of ZAc.

or calculated with accuracy estimated to be better than 1° and probably
good to +0.5°. ZAc¢ and 2V are thus determined simultaneously.

In powders twinned {010} parting tablets can be found in rare cases.
In such cases Z/\c¢ can be determined fairly well by measuring Z; A X2
as shown in Fig. 1B. This angle is normally less than 10°.

In untwinned clinopyroxenes exhibiting very fine, sharp exsolution
lamellae of orthopyroxene parallel to either {100} or {001}, the angle
Z/\c or X/\a may be measured on {010} parting tablets in powders
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(Fig. 1C). This is not as satisfactory as the other two methods suggested
above.

(f) Pleochroism.

The absorption indicatrix does not coincide with the optical indicatrix
(X, Y, Z) in most clinopyroxenes. The colors observed can more readily
be related to the directions paralleling the b and ¢ axes and the direction
at right angles to the b¢ plane. Tt is evident from the analyses that the
color of those pyroxenes herein described may be directly related to the
Fe*?jon (predominantly greens) and to Ti (purplish tints). No other ions
have thus far been identified as affecting the transmitted color of clino-
pyroxenes either by themselves or in conjunction with the above. Where
no data are given on pleochroism the mineral appeared to be virtually
colorless in thin section. Faintly colored specimens were examined in
relatively thick sections or grains to determine the pleochroism.

(g) Density.

Accurate density determinations on mineral grains are difficult to
make. The numerous pitfalls are adequately pointed out by Mason
(1944). The most successful measurements were made with the Berman
balance. This has the great advantage of permitting rapid measurements
so that in an hour or two a number of observations can be made (10 to
15 minutes per grain). In this manner the results can be compared, ex-
tremes discarded, and a group of fairly consistent values averaged. It is
assumed that the aberrant values are grains with unseen cavities or in-
clusions. Unfortunately, this method is only applicable when pure grains
of at least 10 milligrams can be obtained. It is preferable to use a 20-25
milligram sample*.

Toluene was used in the Berman balance determinations. The ac-
curacy is thought to be better than +0.01. All observations were made
at room temperature (density of toluene at that temperature being used
in the calculation) and are uncorrected for atmospheric pressure. (Plate
IX)

A large number of pycnometer determinations on powders were made
but these are considered to be too unreliable to report. Some determina-

* It seems likely that if further experimentation were undertaken on powders that a
method using a rather large volume of heavy liquid would be the most satisfactory for
routine determinations. Large volume of liquid would minimize the errors resulting from
measuring the volume of the liquid and weighing it to obtain its density. This might be
coupled with calibration of the liquid for thermal expansion and density comparison to the
powders in a cell with variable controlled temperature thereby eliminating the need for
diluting the liquid and having to measure its density along with each sample determined.
Mason suggests measuring volume by displacing a gas, a method which also has promise of
greater accuracy than current methods.
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tions were made at the Rock Analysis Laboratory on Buddington’s
Adirondack pyroxenes presumably by pycnometer and these are at-
tributed to the Laboratory in the tables. The writer has no basis for
judging their accuracy.

ExpLANATION OF OPTICAL PROPERTY CURVES

The coordinates of the curves are in per cents of atoms of Ca, Mg and
total Fe. These ions plus their associated Si and O make up the great
bulk of the pyroxenes under consideration. There are, however, five or
six weight per cents of other metallic oxides normally present in the

Hedenbergite

Mg % Atoms Fe

e New Analyses
o Anatyses from Literature ; New Optical Properties
® Analysesand Properties from Literoture

Fic. 2

chemical analyses. As a rule, these other constituents are present in fairly
uniform proportions in naturally occurring Ca-Mg-Fe clinopyroxenes. It
is assumed in drawing the curves that the following amounts of these
other constituents are present: AlO; 39%; Fe Os* 1.5%; Na,0 0.4%;
TiOs 0.4%; MnO 0.39, but higher in more ferriferous samples; CrsOs¥
1.19%, in highly magnesian augites of igneous rocks but negligible after
Fe atoms reach 139, (of total Ca+Mg+TFe); other oxides negligible
amounts. If these minor constituents are present in considerably different
amounts than assumed, this can in most cases be recognized by failure

* Though the Fe*? ions are included in the total Fe of the curves, the effect of Fe3 on
optical properties is not exactly the same as Fe2,so it has to be dealt with in the same way
as other minor constituents.

T Cry0; content is taken care of by an extra set of dashed curves for Mg-rich augites
in Plates I, IT and III.
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of the optical properties to group together in such a manner that they
fit the curves. In a succeeeding part of this series of papers the specific
effects on optical properties of each of the above mentioned minor oxides
will be evaluated.

Two end members of the curves, diopside and hedenbergite, tend to
occur as relatively pure Ca-Mg or Ca-Fe clinopyroxenes, though the
intermediate varieties rarely if ever do. The optical property curves take
into account this normal decrease in ‘“‘impurities” upon approaching
these two corners of the diagrams.

The distribution of analyses on which the curves are based is shown in
Fig. 2. Since there are no natural clinopyroxenes along the side of the
diagram from clinoenstatite to a point quite close to diopside, the termi-
nations of the curves along this side are taken from the synthetic pyrox-
enes described by Bowen and Schairer (1935). Similarly use is made of
the synthetics from hedenbergite towards ferrosilite by Bowen, Schairer,
and Posnjak (1933). The curves are most reliable for those areas where
natural clinopyroxenes are commonest such as, for example, from diop-
side to CagsMgioFess or in the salite area. Conversely, they are least
reliable where natural clinopyroxenes are very rare or do not exist, so
that the writer does not feel too much concern for most of the area where
the data are poor. One area, however, does cause him concern and that
is in the region from ferroaugite with 309, Ca toward hedenbergite.
These ferroaugites are not too rare for they occur in ferrogabbros, sye-
nites, and some granites as well as probably in the ground mass of fer-
riferous lavas. The curves here depend very largely on only two analyses
of Skaergaard pyroxenes (Wager and Deer, 1939).

Plate I presents curves for variation of the optic angle with composi-
tion. I't also shows curves for the ¥ index of refraction for the area above
2V=0° and the X index for the area below 2V =0. The reasons for shift-
ing from ¥ to X index upon crossing 2V =0° are: (1) The X and ¥ curves
come together at 2V=0° so that ¥ of the augite field is continued in a
smooth curve as X in the pigeonite field thus making this combination
easier to construct than a broken curve; and (2) Y of the augite field and
X of the pigeonite field are respectively the easiest indices to determine
accurately in each case. Thus this becomes not only the simplest but also
the most useful combination to present on one diagram.

At “A” near the upper left hand corner of Plate I are two dashed
lines diverging at a sharp angle from the Y index curves of this area.
These dashed lines in this Plate and Plates IT and IIT should be used for
igneous rock clinopyroxenes rather than the solid lines if the determined
optic angle and indices indicate pyroxenes falling within this area. The
cause of this divergence of the index of refraction in igneous pyroxenes is
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related to the rapid increase of Cr*® with high Mg which seems to occur
in practically every case and in a regular manner. Crs0; amounts to 1.1,
when Fe is 79%* and decreases abruptly to almost zero at Fe equal to
13%*, thus the 1.69 ¥ curve is not at all displaced by this effect. Further
consideration will be given to this point in the part of this series of
papers which will deal with clinopyroxenes of gabbros, norites, peri-
dotites, etc.

“B” on the center right-hand side of Plate I indicates a dotted curve
representing the normal trend of crystallization of clinopyroxenes from
common mafic magmas as previously outlined by the writer (1941). It is
often convenient to estimate the composition of such a clinopyroxene
rapidly by determining the ¥ index and noting its point of intersection
with the crystallization curve. It is also a convenient check on composi-
tions inferred from 2V and ¥ index:

The optic angle curves were drawn by first making rough curves to
fit 30 analyzed clinopyroxenes and using a smoothed curve for the syn-
thetic pyroxenes from clinoenstatite to diopside. These rough curves
were then smoothed to make an even distribution of the variation of 2V
over the field. The smooth curves were then compared to the points for
analyzed pyroxenes with the following results. The maximum departure
for any one point from the curves was 4°. The average departure with
respect to sign was —1.25° and without regard to sign 1.5°. Ninety-four
per cent of the observed values depart from the curves by 3° or less, 809,
by 2° or less, and 609, by 1° or less. The distribution of points over those
areas where natural clinopyroxenes occur is good except in the ferro-
augite area, though even in this area the curves cannot depart far from
being correct unless an abrupt change in slope of the general family of
curves takes place which seems unlikely.

Where exsolution of lamellae of hypersthene has taken place in augites
(or any clinopyroxenes) the optic angle of the host material will increase
by about 3°. Thus if the bulk composition of the host plus lamellae is
desired, about 3° should be subtracted from the observed value before
entering the curves.

Plate II presents the Z index of refraction, and Plate III the X index
above 2V=0° and ¥ index below 2V=0°. These curves were calculated
by superimposing the birefringence curves (Plate IIT) on Plate I, and
calculating the remaining two indices of refraction by use of Wright’s
curves relating optic angle, birefringence and partial birefringence. While
these curves are not strictly correct, the errors amount to only about 2
in the fourth decimal place as rule for the birefringences, indices, and

* Of total number of Ca+Mg-+Fe ions,
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optical angles here encountered (see Larsen and Berman 1934, p. 6-7).
Considering the larger uncertainty in the measured values, this error is
acceptable,

Plate IV gives the birefringence variation with changes in Ca, Mg, and
Fe concentration. Birefringence is markedly decreased by Al substi-
tuting for Siin the Z group. After determining the composition of the
clinopyroxene on Plate I, a comparison of observed vs. normal bire-
fringence as given on Plate IV will indicate deviations in Al concentra-
tion from the assumed amount. Exsolution of hypersthene lamellae from
augites will generally increase the birefringence of the host material by

/Co c'.\

BIREFRINGENCE
280

PraTE IV

a small but appreciable amount. Several of the analyzed titanaugites
show birefringence about .0015 above the normal values indicated by the
curves. Other titanaugites are normal. It has not been possible thus far
to correlate this abnormality with variation in the amount of Ti or
amount of any of the minor constituents. Possibly it is related to condi-
tions of crystallization.

In succeeding parts of this study the following subjects will be con-
sidered: Skarn clinopyroxenes from the Adirondacks (with B. F. Leonard).
The diopside-hedenbergite series and related clinopyroxenes. Augites
and pigeonites from crystallization of basaltic magmas. The effects Tit*,
Al¥3, Fetd, Crt3, Mn*?, Nat! on optical properties. The optical property
curves for skarn pyroxenes (Plate V), the diopside hedenbergite series
(Plate VI), Mg-rich igneous augites (Plate VII), and pigeonites (Plate
VIII) are all included in this paper in order to present the main body
of the descriptive material as one unit. Discussion of these plates will be
undertaken in the subsequent papers.
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Specimen

Atomic o
Ratios ™=
a3
Wz
8i0, 54.38 Si 905%
ALOs 1.29
Fe,0s 2.19 Al 25
FeO .94
MgO 16.96 Fe'’’ 27
Ca0 2371 Cr 33
Na.0 .14 Fe 13
K.0 .08 Mn 13
H.0+ .14 Ni
20— .08 Mg 4204
i02 04 Ca 423
Cr:0s .28 Na 4
MnO 09 K
NiO 00 Ti 1
P05 .10 O 2757
100.42

Analyst: A, H Phillips
Density: 22°/4° 3.32(?)
Color hand specimen: Emerald green

8i02 54.07 Si 900

Al:Os 2 08
Fes0y .56 Al 40

FeO 2.53
Mg0Q 17.39 Fe'’ 8
Ca0 22.12 Cr 14
Na0 .41 Fe 35
K:0 .00 Mn 1
H,0+4 .04 Ni 1
H.0— .06 Mg 431
TiOs .21 Ca 3%
Cr:0s .98 Na 12
MnO .09 K —
NiO .04 Ti 3
0 2767

100.58

Analyst: R. B. Ellestad
Color hand specimen: Emerald green

Cr

Na

abbreviations

R.A.L.=Rock Analysis Laboratory. University of Minnesota.
A.F.B.=A. F. Buddington (1939).

ANaLysts 1

=

=
[ ]

24

Cations to 8ix O

} Z
9303

Cag. ngw.sFem
% Alin L=2.1

ANarysis 2
Specimen Mo. 7666. Chrome Diopside. From bronzitite, Malips Drift Camp, Bushveld
Complex. Analyzed mineral only present in minute amounts in
this rock. Collected by E. Sampson

2‘_. —_
«

=
=]
w2
L
¥ g
2
w &
WXY
o11
CanMgsoFes
% Alin Z=3.0

TABLES OF ANALYSES

No. WEB. Chrome Diopside. Webster, North Carolina, from Websterite

Indices of .
Refraction Pleochroism
nX 1.6715 Colorless in
nY 1.6782 section
nZ 1.7007

Birefringence, x104 aver. 292
287, 290, 293, 297, 298

2V aver. 574
57°, 574°, 58%°, 58%°

Dispersion, Opt. Ax. {E ;%';i }r>v
Z Ac aver. 39°
Ezsolution Lamellae, rare [ {001}

Remarks: .
Chemical analysis good but not of
superior quality.

Indices of -
Refraction Pleochroism
nX 1.6742 Colorless in
nY 1.6800 section
n% 1.7019

Birefrigence, 104 aver, 277
254, 272, 272, 276, 278, 280, 288, 291
highly variable

2V aver. 555°
544, 55, 55%, 563°

Dispersion, Opt. Ax. {g :2:% }r>1;

Z Ac aver. 403°
303, 393, 40, 40, 403, 41°

Ezsolution Lamellae, rare, if any.

Remarks:
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ANALYsIS 3

Specimen No. PG 50. Chrome augite. Cayoguan chromite deposit, Moa district,
Oriente, Cuba. Rock a medium coarse feldspathic peridotite which grades into gabbro
pegmatite cutting chromite ore.

o Indices of Pleochroism
o Refraction i
@n nX 1.6797 Colorless in
2 nY 1.6844 seetion
2 27 1.7058
2
=
© Birefringence, x104 aver. 261
§i0. 51.98 255, 258, 261, 263, 269
%lx%: 3.67
ng 333 2V aver. 50°
MgO  18.28
ga% 20.13
K?(z) (l)g Dispersion, Opt. Ax. {113 g::t}r>v
H,04 11
To 0
10, .1
Crs0s 1.91 ZAc aver. 403°
n0 14
Nio 03
—_— Ezsolution Lamellae, || {100}
100.29
Analyst: Lee C. Peck .
Color hand specimen: light green Remarks:

ANALYsIs 4

Specimen No. MVL 101/2. Chrome augite. From pegmatitic olivine plagioclase rock be-
low chromite horizon, Mountain View Lake, west side. Stillwater Valley. Stillwater
Complex, Montana.

Indices of Pleochroism
Refraction K
2X 1.6810 Colorless in
7Y 1.6853 section
nL 1.7057
Btrefrmgezrscg ;‘}g 42818 248, 250 252, 259
Si 51.4: 230, 238,
Ao, 300 86 268, (2800).
F e60: 1.37 58,
ﬂego léﬁ 17 2V aver. 48%°
Ca0 17.86 14
Na,0 28 59 B moderats
11%8 + % 2 Dispersion, Opt. Ax.{ A Egdg:tg}r>v
20— .10 482
TiO, 27 319
Cra0s 1.09 9 Z \c aver. 403°
MnO 14 393, 394, 403, 41, 41°
Ni0 — 31
2719
99.93 Exsolution Lamellae, [|{100}

Remarks:
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ANALvVsIS 5

Specimen No. T 52. Chrome augite. From pegmatitic gabbro below chromite

Fe:0s  1.17 Al 58
FeO  3.98

0] .00 Mn 2
H.0+ 14 Ni
H,0— .08 Mg 4515
TiO: .24 Ca 344
Crs0s 1.18 Na 10
MnO A2 K
NiO 06 Ti 3
O 27465
100.25

=}
=
w
2
=
5
®
S
wWXY
9125
Ca«wMgs:Fes
% Alin Z=4.6
ANALYSIS 6

horizon. Stillwater Complex. Montana.

Indices of Pleochroism
Refraction
aX 1.6805 Colorless in
2Y 1.6852 section
aZ 1.7075

Birefringence, x10% aver.
249, 254, 258, 272, 272 276 282, 295
(variable).

2V aver, 49°
49, 49, 495°

Disperston, Opt. Ax.{g ﬁggg:gz}r>v
7 Ac aver, 403°
39, 39%, 40, 40;. 403, 403, 41, 414, 421°

Ezsolution Lamellae, ||{100} well devel-
oped

Remarks:

Specimen No. 7503. Chrome augite. From gabbro above Merensky reef, Rustenburg
Platinum Mine, Bushveld Complex. Collected by E. Sampson.

8i0, 52.92 &I 881

AlOs 2.80
Fes0s .85 Al 54
FeO 5,57

Cal 19.97 Cr 12

MnO 16 K —_—
Nio .10 6
0 2137

100.67

Analyst: R. B. Ellestad
Color hand specimen: green

WXY
899

Cau.sMguFem.s
% Alin Z=4.2

Cations to Six O

Indices of Pleochroism
Refraction
nX 1.6818 Colorless in
nY 1.6865 section
nZ 1.7085

Birefringence, x10% aver. 267
253, 262, 267, 273, 274, 274

2V aver, 49°
423, 47%, 48, 48%, 53, 53°

Dispersion, Opt. Ax. {E g}gfﬁrate}r>

Z Ac aver, 403°
39%, 403, 41°

Exzsolution Lamellae, || {100}

Remarks:
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Specimen No. PG 10. Chrome titanaugite. Gabbro pegmatite dike in chromite ore.

Atomic
Ratios

80, 50.90 Si 847

203 3.83
Fe,0s 1.2 Al 74
FeO 5.49

Na:0 .89 Fe 76
K0 .06 Mn 3
H.04- .71 Ni —
H:0— .20 Mg 399
TiO, 9 Ca 338

Cri0s .84 Na 22
MnO 19 K 1
NiO (.034) .03 Ti 12
0 2697

100.16

Analyst: Lee C, Peck
Color hand specimen: brown

Cations to Six O

Cao ‘Mgae.sFen
% Alin Z=5.7

Moa district, Oriente, Cuba

Indices of ;
Refraction Pleochroism
nX 1.6825 Colorless in
nY 1.6860 section
nZ 1.7090

Birefringence, x101 aver. 265
262, 265, 269

2V aver, 48°
45%, 483, 521°

Dispersion, Opt. Ax.{g $g;il§rate}r>v
ZAc aver, 403°
Ezsolution Lamellae, [ {100}

Remarks:

Specimen No. EB 175. Augite. From feldspathic pyrozenite, East Boulder
plateau, Stillwater Complex, Montana

Si0. 52.61
AlGs 2.72
Fes0q 1.36
FeO 5.85
MgO  15.97
Cal 20.50
Nas0 .28
K:0 02
H.0+ 19
H.0— 04
TiO, .44
MnO 18

100.16

Analyst: R. B. Ellestad
Color hand specimen: greenish brown

Indices of

Refraction Pleochroism
nX 1.6823 Colorless in
nY 1.6874 section
nZ 1.7093

Birefringence, x104 aver. 270
266, 268, 269, 270, 274, 279

2V aver. 515°
48%, 504, 513, 514, 523, 523, 53°

B weak

Dispersion, Opt. Ax.{ A very weak

}r>v
Z Ac aver, 41°

39, 393, 40, 404, 41, 41%, 413, 413, 413,
413, 422°

Ezsolution Lamellae, || {100}. 2V lamellae
orthopyroxene=66°+ 2°=MgFe:s

Remarks: Twinned on {100}
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ANALYSIS 9

Specimen No. 7648. Augite, from norite, Sekukuni, Fighting Kop, Bushveld Complex.

Collected by E. Sampson

8i0. 52.47
AlLGs 2.28
Fe:0s 1.49
FeO 6.61
MgO  15.71
CaO 20.28
Na:0 31
K20 02
H.0+ 20
H.0— 04
TiO, 46
Cr:0s 08
MnO 20
Ni0 04
100.19
Analyst: R. B, Ellestad Caq sMgss sFeis
Color hand specimen: greenish brown 9% Alin Z2=3.7

AnaLysrs 10

Pleochroism

Colorless in
in section

Birefringence x104 aver, 281 R
2724, 281, 283, 287} (margin one graln
254)

2V aver. 513°
501, 51%, 52, 52%°

Dispersion, Opt. Ax.{g $gg:;§tz}r>v

7 Ac aver. 423°

Exsolution Lamellae, a few coarse || {001},
fine, numerous || {100}

Remarks: Twinned on {100}. Contains a
gmall amount of impurity as follows:
hypersthene 0.4%, plagioclase 0.3%.
biotite 0.2%.

Specimen No. EB 43. Augite. From gabbro at base of upper gabbro zone,
Stillwater Complex, Montana. East Boulder Plateau area

=]
=}
w0
2
=
&3
$i0y 51.83 8 863
Al,Os 3 07 2.007
Fe,0s 1.38 Al 60
FeO 7.21
MgO  16.00 Fe 17
Ca0 19.21 Fe 100
Nas0 .27 Mn 1
K0 .02 Mg 397
H,0+ 47 Ca 3423
H.0— 11 Na 9
TiO: .49 K
MnO A7 i
O 2700
100.23
Analyst: R. B. Ellestad CauMguFeu
Color hand specimen: dark greenish brown % Alin Z=44

Indices of .

Refraction Pleochroism
aX 1.6832 Colorless in
nY 1.6870 thin section
aZ 1.7100

Birefringence, x104 aver, 268
266, 268, 269

9V aver. 52°, Average of 16 values

B weak

Dispei sion, Opt. Ax.{A none

}r> ]
7 Ac aver, 42.1°, Average of 16 values

Easolution Lamellae, |{100}

Remarks: Twinned on {100}
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Anavysrs 11

Specimen No. EB 41. Augite. From gabbro near uppermost exposure.
Stillwater Complex, Montana. East Boulder Plateau area

8i0.  51.86 863
AlLGs 2.33
Fes0; 1.60 44
FeO 9 45
MgO  14.50 20
Ca0 18.92
Na.O .23 131
K0 .00 1
H:0+ 37
H.0— .09 360
TiC, .55 338
Cr20s .01 8
MnO .24
NiO .02 7
26743
100.17
Analyst: R. B, Ellestad Ca, Mge.sFes
Color hand specimen: dark greenish brown % Al in Z=3.9

Anavysis 12

Specimen No. 7493. Augite. Bushveld Complex, Pretoria
Collected by E. Sampson

v 3
&
8
Y g

S
=
o

8i0. Z

Al O 888 2.00

FexOs

FeO

MgQ

CaO

Na:0 WXY

K.0 888

H.0+

H,0—

TiO,

MnO

Analyst: R. B. Ellestad Cass.:MgaFeo s
Color hand specimen: brownish green % Alin Z=3,7

Indices of

Refraction Pleochroism
aX 1.6870 Not perceptibly
nY 1.6021 pleochroie in
nZ  1.7149 thin section

Birefringence, x104 aver. 279
275, 278, 283

2V aver. 504°. Average of 22 values.

B moderate
A weak }r> v

Dispersion, Opt. Ax.{

Z Ac aver. 42°, Average of 22 values.
Exsolution Lamellae, | {001} and || {100}

Remarks: Twinned on {100}.

district, The Pyramids norite.

éﬁﬁ?gj&gﬂ Pleochraism

nX  1.6905 Pale smoky green

nY 1.6951 with a purplish tint

nZ 1.7190 in most directions but
_L bc yellowish brown

Birefringence, x104 aver, 285
283, 284, 285, 285, 286

2V aver. 471°

41, 43%, 45, 45, 451, 461, 463, 462, 47, 48,

gsg, 483, 482, 487, 494, 493, 502, 51, 512,
3

Dispersion, Opt. AX{X ?ﬁgggﬁt e}r>v
ZAcaver. 44° (average 25 observations)

Ezsolution Lamellae, || {100} and {001}

Remarks: Twinned on {100}
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Axarvsis 13

Specimen No. 4015. Augite. From mafic gabbro dike in anorthosite, 2 miles S.E. of
Gates Corners, Antwerp Quadrangle, Adirondacks. Chemical Analysis of rock AF.B. no.

47, p. 52
8i0,  51.01
Al:Os 2.69
Fe:0s 1.86
FeO 10.07
MgO 12.41
CaC 20.59
Na.0 .47
K0 .02
H.0+ .19
H.0— .06
TiO. .40
MnO .48
100.25

Analyst, L. C. Peck

Density, 3.394 (R. A. L.)
Color hand specimen:

Can 5Mg:a sFea

ANALysIS 14

% Alin Z=4,2

Indices of .
Refraction Pleochrotsm
nX 1.6924 X faint green
nY 1.6973 Y pink
nZ 1.7193 Z faint green
{lc axis faint green
_|_be pink

Birefringence, x10% aver. 270
268, 270, 271, 273

2V aver. 503°
483, 481, 494, 513, 52, 523

. . B k
Dispersion, Opt. Ax{ A ;:ggeg?e }r>v

ZAc aver. 425°
Ezsolution Lamellae, || {100}

Remarks: Rare twinning on {100}

Specimen No. 5641b. Augite. From metagabbro; garnet-augite-oligoclase-granulite.
Dike one mile west of Elizabethville, N. Y. Chemical analysis of rock A.F.B. 64-L, p.

62
B~ Z

== Y
S
z

Si0, 50.54 Si

AlLQs 2.74

FesOs 2.42 Al

FeO 12.80

MgO 9.65 Fe”

Ca0 20.16 Fe 178

Na.0 .75 Mn 2

K0 .07 Mg 239

H.0+ .17 Ca 3593

H.0— .04 Na 24 24

TiO. 25 K 2 2

MnO .15 Ti 3

0 26063
99.74
Analyst: Lee C. Peck Cau sMgsy sFezs
Density 3.414 (R. A. L.) % Alin Z=3.7

Color hand speecimen: dark green

Cations to Six O

Indices of .
Refraction Pleochroism
nX  1.6985 X pale bluish green
nY 1.7055 Y brownish green
nZ 1.7270 7 pale bluish green
with a trace of pink

Birefringence, x10% aver, 280
277, 282, 284, Y—X=215

2V aver. 573°
55%, 56, 574, 58, 59°

Dispersion, Opt. AX-{K ‘n’f;fi'emik}’ >?

ZAcaver. 4372
Ezsolution Lamellae, a few |[{001}

Remarks: Slightly purplish anomalous
dispersion,
Small amount of garnet and plagioclase
included in above analysis. Possibly 2%
impurities,
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ANALysIS 15

Specimen No. 5977. Ferroaugite. Ilmenite-magnetite pyroxenite band in syenite, 11
miles west of Kalurah, Oswegatchie quadrangle, Adirondacks. Rock analysis A.F.B. to ap-
pear in USGS report on geology of St. Lawrence County magnetite district

8i0, 51.53
1,03 1.50
Fe:0; 2.72
FeO 13.13
MgO 8.92
Ca0 20.17
Na,0 67
K:0 00
H.0+ 36
H.0— 06
TiQ, 19
MnO 82
100.07

Al 29%
Fe'”’ 34
Fe 183
Mn 12
Mg 221
Ca 360
E a 215
Ti 2%
0 2602

Analyst: L, C. Peck
Color hand specimen: medium green

Cas sMgyr sFess 2
% Alin Z=2.7

Anavrysrs 16

Indices of

Refraction Pleochroism
nX 1.6995 X, Y and Z pale
nY 1.7063 bluish green,
nZ 1.7280 __be pink

Birefringence, x104 aver. 284
278, 278, 285, 288, 290

2V aver, 483°
474, 473, 484, 48%, 491, 501°

*
Dispersion, Opt. Ax.{? :12?11; ate}r>v

ZAc aver. 423° variable
Ezsolution Lamellae, many |[{100} and

Lamellae are ferrohypersthene Mgo:Fers
estimated from 2V =77° negative.
Remarks:

* Peculiar purplish rather than normal
bluish dispersion on B optic axis. Mar-
gins of crystals have higher birefringence
and lower ZAc than cores.

Specimen No. 1197a. Ferrosalite. From marble layer in Whiteface anorthosite,
Adirondacks, N. Y. Pokamoonshine Quarry, Ausable Quadrangle

Si0- 50.71
Al,Os 106
Fe,04 53
FeO 18.57
Mg0 5.70
Cad  22.86
Na.0 .16
K.0 02
20+ 08
H.0— 04
TiO, 07
MnO 18
99.98

Si

Al

Fe'”” 6

Fe 258%
n 3

Mg 1411

Ca 4074

Na 6

K

Ti 1

O 2543%

Analyst: Lee C. Peck
Density: 3.413 (R. A. L.)
Color hand specimen: light green

} 8?5%

é’;ﬁ;ﬁfi% Pleochroism
nX 1.7080 Faint green not
nY 1.7140 appreciably
nZ  1.7360 pleochroic

Birefringence, x104 aver. 280
275, 271, 277, 283, 287
&

2V aver. 593°
59, 593, 591, 60%1°

. . B weak
Dispersion, Opt. Ax.{A moderate}r>”
ZAcaver. 432°

Exsolution Lamellae, none

Remarks:
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Anavrysis 17

Specimen No. 5657a. Ferroaugite. Inclusion in granoblastic melanocratic augite
syenite; quarry NE of Moody Lake, Saranac Quadrangle, Adirondacks. Chemical analysis
of rock A.F.B. #109, p. 120

8i0:
ALOs
Fei04
FeO
MgO
Cal

50.33

100.11

Si 838
Al 453
Fe'”’  23%
Fe 254
Mn 12
Mg 175%
Ca 328
Na 20
K 1
Ti 3
O 2567

Analyst: Lee C. Peck
Density: 3.397 (R. A. L.)
Color hand specimen: dark green

Si 805
Al 6
*Fe'”” 19
Fe 319
Mn 53
Mg 26
Ca 380
Na 5
K —
Ti 1
0 2430

213

3=
S1=E
E[&
712

Cations to Six O

2.022

Caa sMgzzl"Eas 5
% Alin Z=3.2

Awnarysis 18

Specimen No. HER. Hedenbergite, Herault, California. Analysis quoted from Wyckoff,
Merwin and Washington. Amer. Journ. Sci., 4 ser., 10, p. 389, 1925. Sample of original
material obtained from Merwin. Optical properties determined on this material

Cations to Six O

Cag 1Mg.7 2Fess 1
% Alin Z=0.8

Indices of

Refraction Pleockroism
nX  1.7080 X, Y, Z pale bluish
nY 1.7145 green .
nZ 1.7350 _|_be plane, pink

Birefiingence, x104 aver. 270
259, 261, 275, 277; X—Y=65.

2V aver. 57°
564, 563, 562, 573, 583°

Dispersion, Opt. Ax. {E I‘;voe';i}r>v

ZAc aver., 475°
Ezsolution Lamellae, ||{001) and {100}

Remarks: Twinned on {100}

Indices of .
Refraction Pleochroism
nX 1.7225 Colorless in section
2Y 1.7300 or faint brown
nZ 1.75056 nonpleochroie

Birefringence x104 aver. 280
268, 270, 272, 273, 274, 280, 295, 287,
289, 300

2V aver. 625°
Range 61°-67°

Dispersion, Opt. AX‘{% :t(;-%:g}r >0

ZAcaver. 4735°
Range 46°-49°

Euxsolution Lamellae, rare || {001}

Remarks: Pair and multiple twins with
{100} composition plane. Good {100}
and {010} partings.

* Insufficient AL to balance electrical
charge Fe™ by substitution Al*3 for Sit4
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Anavrysis 19

Specimen No. 4785, Ferroaugite. From quartz syenite, quarry § mile NE Ausable
Forks, N. Y. Chemical analysis of rock A.F.B. #113, p. 120

8i0;  48.28
AlLOs 1.45
Fe:0s 3.96
FeO 27.02
MgO .32
Ca0  16.18
Na,0 1.51
K.0 .14
H,0-+ .15
H.0— .15
TiO: .28
MnO .76

100.20

Analyst: L. C. Peck
Color hand specimen: medium green

Cass sMglFEss.s
% Alin Z2=2,0

AnavLysis 20

I ndices. of

Refraction Pleochroism
nX 1.7355 X blue green
nY 1.7450 Y yellow green
nZ  1.7650 7 yellow green
¢ axis blue green
| ¢ brownish yel-
low green

Birefringence, x104 aver. 295
283, 295, 297, 297, 299

2V aver, 70}°

Dispersion, Opt. Ax.{]z gggﬁg 2};;

ZAc aver, 561(1)°
Ezsolution Lamellae, || {001} coarse

Remarks:

Specimen No. TrM 2. Augite. From contaminated granite gneiss, Lyon Mt. Quad-
rangle, N. Y. Collected by and published by permission of A. W. Postel

Si0, 5211 S 867L
Feé); 459 Al 361
MgO 11.32  TFe” 57%

Ca0 20.16 Fe  110%
Na:0 1.61 Mn 3

K.0 .06 Mgz 281
H:0+ 12 Ca 360
H:0— .05 Na 52
TiO, 06 K —
MnO .23 Ti 1
O 2650

100.10

Analyst: Lee C. Peck
Color hand specimen: green

Z
8893

Cau.sMgm.sFezl
% Alin Z=2.5

Indices of

Refraction Pleochroism
nX 1.6977 X blue green
nY 1.7055 Y brownish green
nZ 1.7240 Z pale green

L be nearly colo less

Birefringence, x101 aver, 263
263, 263, 264

2V aver. 66° variable
61°, 69°, 73°, 75+ °

Dispersion, Opt. Ax.{g ;Z?ikerate};;:

Z Ac aver. 50° variable

Ezsolution Lamellae, probably || {100}
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Anarysis 21

Specimen No. 6072. Augite. From anorthositic gabbro, Keene Valley road, 1 mile
WNW intersection with main N-S highway. Elizabethtown quadrangle, N. Y. Chemical

analysis rock A.F.B. #25. p. 36

Atomic
Ratios

Al 4.30
FeyOs 1.96 Al 84
FeO 8.87

MgO 12700 Fer 24}
Ca0  20.43 Te 1231
3

Na.0 .52 Mn

K-0 .00 Mg 2973
H.0+ .64 Ca 364
H,0— .10 Na 17
TiO. .67 K —
MnO 22 i

Ti 83
0O 2640
99.67

Analyst: R. B. Ellestad
Density 25°/4° 3.315 (R. A. L.}
Color hand specimen: medium green

Cations to Six O

Cau 15_Mgas.75Fels

% Alin Z=6.1

ANALYSIS 22

Indices of

Refraction Pleochroism
nX 1.6892 Absorption Z>X>Y.
nY 1.6950 All olive green in thick
nZ 1.7164 sections. Y slightly

yellowish tint and ||c
axis slightly bluish
ting

Birefringence, x101 aver. 272
263, 265, 269, 273, 277, 283

2V aver. 553°
55, 55%, 55%, 553

Dispersion, Opt. Ax.{g geo?:ilirate}r>”
ZAc aver. 43(?)°
Exsolution Lamellae, || {100}

Remarks: Lamellae altered to cloudy
opaque material
Not twinned.

Specimen No. 5915. Augite. From coarse anorthosite, Mt. Marcy, road cut S.W. end of
outlet Lake Clear, St. Regis quadrangle. Chemical analysis of rock A.F.B. #7, p. 24

8i0, 50.13 Si 8343
4.71
Fey0s 2.67 Al 92

MgO 10.98 Fe 17 17
Cal 19.54 Fe 1343
3

K0 .14 Mg 272
H,0+ .01 Ca  348%

20— .05 Na 27 14
TiO, .58 K 3 3
MnO .23 Ti 7

G 26193
100.41

Analyst: R. B. Ellestad & L. C. Peck
Denstty: 25°/4° 3.285
Color hand specimen: medium green

WXY
8573

Ca45MguFezu
% Alin 2=5.3

Cations to Six O

Indices of

Refraction Pleochroism
nX 1.6925 X yellow green
7Y 1.6980 % blue green
nZ 1.7195

Birefringence, x101 aver, 265
238, 242, 257, 260, 260, 266, 267, 272,
280, 287, 291

2V aver. 543°

Dispersion, Opt. A"-{E ¥$§}7>"

7. Ac aver, 453(2)°
Eazsolution Lamellae, coarse || {100}

Remarks:
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ANaLYsIS 23

Specimen No. 6102. Salite. Skarn inclusion in gabbroic anorthosite magma. From
quarry 2.5 miles SSW of Upper Jay, Lake Placid Quadrangle, N. Y. Chemical analysis of
rock A.F.B. #30, p. 36

Atomic N
Ratios =
<
z
8i0. 48.81
205 4.37
Fe,0s 2,12 Al 854 |- -
FeO 12 70
MgO 879 TFe' 26§17
Ca0 21.70 Fe 181
NazO .53 Mn 3
K.0 .00 Mg 218
H.0+ .10 Ca 387
H,0— .03 Na 17 117
TiO; 70 K
MnO .23 Ti
100.08
Analyst: R. B. Ellestad
Density: 24°/4° 3.445 (R. A, L.)

Color hand specimen: black

Cations to Six O

Z
868

0841 sMgzs.nFezs 7%

% Alin Z=6.1

ANALYSIS 24

Indices of .
Refraction Pleochroism
2X  1.6990 X pale gray green
nY 1.7048 Y pale brownish green
nZ 1.7260 7 pale gray green

_ be¢ pink
Birefringence, x10¢ aver. 270
268, 269, 270, 274

2V aver. 56°
55%, 55%, 553, 561, 563, margins 1° higher
than cores :

Dispersion, Opt. Ax.{g ?ﬁ;?i%%ate}r>”

Z Ac aver. 457°
Ezsolution Lamellae, none

Remarks: not twinned.

Specimen No. 6053. Salite. From granoblastic Whiteface gabbroic anorthosite. Quarry
0.3 miles east of Stickney Bridge, Ausable Quadrangle. Chemical analysis of rock A.F.B.

#10, p. 24

Atomic
Ratios
8i0,  45.80  Si
ALQG, 7.06
Fes0, 3.14 Al

Mg0 842  Fe'

CaO 21.58 Fe
Na,0 .68  Mn
K:0 .01 Mg
H:0+ .30 Ca
20— .10 Na
TiO, 1.42 K
MuO 20 Ti
(0]
99.00%

39
143

209

385
22

18
2578

241

Ti

Cations to Six O

423
43

Caw.sMges.1sFes; =
% Alin Z=11.2

Indices of :
Refraction Pleochroism
aX 1.7087 Z=X olive green
nY 1.7140 Y brownish green
nZ 1.7339 L be pink

Colors very faint
in thin section

Birefringence, x10¢ aver. 247
245, 245, 248, 251

2V aver. 56°
55, 55%, 551, 56, 561, 57°

Dispersion, Opt. A"'{E ::,;gﬁg}r>v

ZAc aver. 44(2)°
Easolution Lamellae, none
Remarks: not twinned.
* Low summation, probably some car-

bonate alteration decreasing 8i0:. CO.
not determined.
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ANALYsSIS 25

Specimen No. 6020A. Ferrosalite. From skarn inclusion in gabbroic anorthosite, 1.9
miles SW of Willshoro bridge, Willshoro Quadrangle, N. Y. Chemical analysis of rock
AF.B. #38,p. 44

Indices of .
Refraction Pleockroism
nX 1.7154 X purplish green
nY 1.7208 Y pinkish purple
nZ  1.7402 7 yellowish green
lle axis bluish green
_|_be pinkish brown
i Birefringence, x10% aver. 245
i‘l%a 4?:32 237, 239, 247, 247, 250, 252
gezé)a 13%? 2V aver. 571°
M0 704 e 42 561, 574, 574, 573°
gaoo 21.;3 I‘I\‘/f 171 Bt
BT . n 2 . . strong
K0 .16 Mg 175 Dispersion, Opt. Ax.{A woalkk }r>v
HO+ .39 Ca 383 .
H.0— .06 Na 28 ZAcaver 465(7)
o od oK
n . i 16 Exsolution Lamellae, fine |{100} a few
O 2578 1{001}
100.39
Analyst: R. B, Ell . C. Remarks: . .
S 5.5, B 1. P T Ty ——

Color hand specimen: black solution products.

ANALYSIS 26

Specimen No. 6101a. Ferrosalite. From gabbro pegmatite in Mt. Marcy anorthosite.
Quarry 3 miles east of Wilmington on south shoulder of Hamlin Mt., Lake Placid Quad-
rangle, N. Y. Chemical analysis of rock A.F.B. #26, p. 36

_?_1 gjfﬁz;g{t Pleochroism
"; aX 1.7095 X pale bluish green
s nY 1.7153 Y pale green with pink
g nf 17350 _fint
= Z pale yellowish green
S |_be pink
Weakly colored in thin
iil() 6 46.85  8i 780 section
203 5.03 Lo
1 Birefringence, x10t aver, 255
i B 250, 256, 257
M : " 1 .
G5 ol o a0 2V ayer. 541
Na;0 .46 Mn 3 533, b4l, b4}, 5%
K:0 .00 Mg 1745
. . B strong
gzgt %g g:; 3?(5)% Dispersion, Opt. Ax.{A moderate}r>”
ﬁ,?(z) l%g % 18% T Ac aver. 44(2)°
99.77 0 2567 Exsolution Lamellae, none
. Remarks: Much exsolved sphene as mi-
%’;ﬁlgs}t{: 5301/3401?311‘284?(1 %"ﬁﬁiﬂgzyl nute blebs or rods (checked by z-ray).

Not twinned
Host material minus sphene
=CasMgs: Feus 7.3% Alin Z,

Color hand specimen: black
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ANavysis 27

Specimen No. Percy (19258, Harvard No.). Ferroaugite. From syenite, White Mountain
magma series, Percy Quadrangle, New Hamp. Quoted from Chapman and Williams. 4 mer.
Min. 20, p. 512, 1935. Optical properties redetermined

Indices of

o .
ﬁ Refraction Pleockroism
° nX 1.7258 X, Y, Z yellow green
b nY 1.7327 1 be yellow
g nZ 1.7550 Weakly pleochroic
=
S
8i0:  47.58  Si 797 Z
AlOs 1.16 8193 2.002
Fe.0s 2.60 Al 224 9V aver. 58%°
Mo AR L e 563, 58, 594, 594°
MgO 3.34 Fe' 325 19
gaOO 18 80 ﬁe 3371
ET .47 n 8
K0 .21 Mg 837 Dispersion, Opt. Ax.{g :':fg:rate}:;;
HO+H, o Ca 335 &
00—/ - Na 15 15
R S ZAc aver. 48(2)°
O 24563
99.67 Ewsolution Lamellae, none
Analyst: F. A, Gonyer CanMgi.sFes s
Color hand specimen: medium green % Alin Z=2.7

Remarks:

ANALYSIS 28

Specimen No. 9639. Titanaugite. Duluth gabbro, collected by E. Sampson. From fine
grained biotite gabbro in city of Duluth. 150 yds. NE of top of inclined railway at small
quarry

Indices of

- o .
= mﬁ Refraction Pleochroism
° nX  1.6930 Pale purplish
e = nY 1.6968 brown not
2 © g nZ 1.7215 appreciably
= pleochroic
> o
. Birefringence, 104 aver. 285
Sio 50.79
ALG, 3.8 262, 2854, 287
o' o
e 9 a
. 2V aver, 43}
M0 1404 424, 423, 43}, 441, 45°
o
2' 0
' ; ;: B strong
H,0+4 .03 Dispersion, Opt. Ax. }1>v
H:O— o1 {A weak
Ti0, 1.03
?/f;(())’ %i ZAc aver. 435°
NiO .03
100.25 ! Ezsolution Lamellae, none
Analyst: R. B. Ellestad CaznMguFers

Color hand specimen: dark brown % Alin Z=5.7
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ANALysIS 29

Specimen No. D3. Titanaugite. Coarse diabase pegmatite. Bluff east of Dutchmans Lake.
Sec. 7, T 63 N, R 6 E. Cook Co., Minn. Supplied by F. F. Grout

Indices of .
Refraction Pleoclfrmsm
nX  1.6941 Faint purplish brown
nY 1.6984 not perceptibly pleo-
nZ 1.7218 chroic in thin sections.
. . Birefringence, x101 aver. 277
810 50.76 Si
ALOs  2.83 272, 275%, 277, 281, 282
Fez0s 1.35 Al
FeO 10.23
MgQ 14.22 TFe'* 2V aver. 461°
Ca0 19.08 Cr 46%, 475°
Na.0 .32 Fe
11%8 .00 Mn
H:()__l— g% {\q/[lg Dispersion, Opt. Ax {E $§:ﬁmte}r>v
TiO: 99 Ca
(IE/I“(()), . lg Ea
n 2 7 L 44°
NiO 02 T A aver
o]
100 27 Ezsolution Lamellae, none
Analyst: R. B. Ellestad Caas /Mger.sFeus o
bl Cf{lor hand specimen: dark brown, almost % Alin Z=5
ac

Remarks:

Awnarysrs 30

Specimen No. D2. Titanaugite. From pegmatitic zone in gabbro sill, shore of Lake Superior;
Sec. 35, T 63 N, R 5 E. Cook Co., Minn. Supplied by F. F. Grout

b= Indices of .
% Refraction Ple(fchrmsm
© nX  1.6937 Z, X faint purplish
= 7Y 1.6982 brown color
g aZ 1.7221 Y pink
3
|3
« R Birefringence, x10* aver. 284
Si0; 50 85 Bi 846 3
%12(:); 210 0 279, 2833, 284, 285, 287}
e2Us 1.11 % _
Fh‘/leoo ig_‘gg I 10 Z—Y =239, 241, 241
Y . . 2V aver. 47°
S0 UE e o 463, 463, 464, 47, 474, 483°
28 b
04+ . i 8884
HC— 090 Mg 349 : Dispersion, Opt. Ax.{g $eo;ilgrate}r>v
TiO. 1.056 Ca 343
%‘2%3 . lg E& 10
n .2
NiO .02 Ti 13 ZAc aver. 44°

Ezsolution Lamellae, none

CanwMgu,Fe o

%0 Alin Z=4.7 Remarks:
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Anarysts 31

Specimen No. W. Titanaugite, gabbro sill vicinity of Pigeon Point, Minn. (?)
Supplied by A. N. Winchell

Indices of

o .
?_;_; Refraction Pleochroism
° nX 1.6954 Faint pleochroism in
b nY 1.7005 pale purplish brown
g nZ 1.7250 X=Y=2%,1 belighter
= colored yellowish
3 brown
Birefringence, x104 aver. 296
Al 289, 293, 297, 2974, 300, 300
Fe'*
Cr 2V aver. 49°
Fe 44, 47, 473, 48%, 483, 48%, 513, 53, 531°
Mn
i\IIIi
Cag Dispersion, Opt. Ax.{};3 Ir;on(ierate}r>v
Na
K
81 ZAcaver, 44(7)°

Easolution Lamellae, rare || {001}

Analyst: R. B. Ellestad

Color hand specimen: dark brown or black Remarks:

ANALYSIS 32*

Specimen No. LAM 12A. Augite. From diabase sill in Triassic, south of Lambertville,

N. I. From wall of quarry 750 feet above base of sill approximately and 1000 feet below,
roof

Indices o

o .
ygg) Refraction Pleochroism
Atomic ° X 1.6950 Barely pleochroic
Ratios bt nY 1.6990 Range X=Y=Z pur-
E nZ 17220 +.002 plish brown
£ _| B¢ light brown
&}
Birefringence, x10* aver. 270
[S&ilO(z) 50.74  Si 845 2617, 270, 271, 273
.21 N
FeO: .70 Al 63 2V aver. 433 o
FeO 13.07 413, 423, 43, 43%‘; 433, 433, 44%, 45%
MgO  13.45 Fe'! 9 Rims about 6° higher than cores
CaC 17.40 Fe 182 B moderate
1 . .
%:160 gg %2 33%; Dispersion, Opt. Ax.{A weak }r>v
H. .
Hzgi . 3? g’; 318 8 Z Acaver. 435(7)°
ﬁx?(z) gg %(‘1 é ! Ezsolution Lamellae, numerous ||{001}
100.00* o 6 Remarks: Twinned on {100},
. * Impurity 6% pigeonite LAM 12 P.
Analyst: Lee C. Peck % C:f;y%’:fg“ ! Pigeonite also anglyzed and appropriate
Color hand specimen: brown with slight purple tint ’ correction has been applied to above

analysis by subtracting pigeonite and
calculating to 100%.
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AnNALYsISs 33

Specimen No. TR-1-A. Augite. Coarse diabase pegmatite. Goose Creek, Va.
(Triassic) Pigeonite TR-1-P also analyzed

- o Indices of .
, < 2 Refraction Pleochr:otsm
° nX 1.6972 Light purplish brown
—_ - 2Y 1.7005 Pleochroism not evi-
< g nZ 1.7240 dent in thin section
3
@]
Si0, 50.53 Si 841 Birefringence, x10* aver. 285
feon O30 Al
e . 49 o
PO 14.25 2V aver. 40
T
3/ .38 e 198
Na:0 .23 Mn 5% Dispersion, Opt. Ax.{]g l:;g:lgrate}r>u
K0 .03 Mg 324} 2 002
H.04- .25 Ca 310
— 1
%282 gg ﬁa 8w Z Ac aver. 44°
MnO .38 Ti 11
0 2631
100.17

Exsolulion Lamellae, none

Analyst: Lee C. Peck
Color hand specimen: brown with slight

purplish tint Remarks: Twinned on {100}

ANarLysis 34

Specimen No. Dil 3. Augite. Diabase dike, Dillsburg Quadrangle, Pa.
(Triassic). Collected by P. Hotz

Indices of

o .
5 Refraction . Pleochrorsm
Atomie ° aX 1.6950 Faint purplish brown
Ratios - aY 1.7010 not appreciably
g nZ 1.7240 pleochroic
3 Birefringence, x10 aver. 265
258, 261, 261, 263, 264, 265, 268, 269,
§0. %072 S84 270, 271
2 2.2
%92(())2 84 Al 44 2V aver. 44°
e 16.32
. . B weak
MgO  12.63 Fe’ 104 Dispersion, Opt. Ax.{ }r>v
Ca0 1546 Pe 227 A none
1
R My oa ZAcaver. 431
H.04- .22 Ca  275% A
H.0— .08 Na 9 Ezsolution Lamellee, none
TiO, 84 K
MnO 3 Ti %ig% Remarks: Twinned on {100}
100.00*

* Estimated impucity 10% pigeonite.
Analyst: Lee C. Peck Analysis corrected by subtraction of

. 3 109, pigeonite of appropriate eomposi-
Color hand specimen: brown tion and recalculated to 100%.
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AwaALvsrs 35

Specimen No. BH 1.23. Diopside. Skarn rock, Brunner Hill magnetite deposit near
Colton, Stork Quadrangle, St. Lawrence Co. N. Y.; 2.8 miles WNW of Catamount MLt.

Collected by B. F. Leonard

=
@
z

8i0, 54.51 Si 9083

A0 .40

Fey04 40 Al 8 {|- -

FeO 2.35

K:0 .05 Mg
H:0+ .03 Ca
H,0— .03 Na
TiO. .04 K
MnO 160 T
0
100.12

Analyst: Lee C. Peck
Density: 19°/4° 3.281
Color hand specimen: Very pale green

o
wh

D
N

Cau.angs.&Feq.n
% Alin Z=0.6

ANALYSIS 36

Indices of .
Refraction Pleochroism
nX 1.6718 Colorless
nY 1.6785
nZ 1.7013

Birefringence, x10¢ aver, 295
289, 295, 299

2V aver. 563°
543, 563, 563, 571, 573°

Dispersion, Opt. Ax.{g3 gg:lﬁ}r>v

ZAc aver. 395°
Ezsolution Lamellae, none

Remarks:

Specimen No. CN 20.4. Diopside. Skarn rock from Clifton Mine, magnetite deposit,
Stark Quadrangle, St. Lawrence Co., N. Y. 3.5 miles SE Degrasse hamlet. Collected by

B. F. Leonard

8i0, 53,79  Bi 896

Al:04 1.41
FeyO4 .33 Al 28
FeO 2,60

Na,0 14 Mn
K0 .04 Mg 413
H,04 .10 Ca 440
H.0— .04 Na 43
TiO, .04 K 3
MnO .22 Ti i
Cr:0s 00 O 927358
NiO 00

100 01

Analyst: Lee C. Peck
Color hand specimen: white

CamMg«Fes
% Alin Z=15

Indices of :
Refraction Pleochroism
nX 1.6740 Colorless
nY 1.6805
nZ 1.7029

Birefringence, x10¢ aver. 289
2863, 288, 288, 290, 292

2V aver. 56§°

Dispersion, Opt. Ax.{z3 x::t}r>v

Z Ac aver, 393°
Ezsolution Lamellae, very rare {100}

Remarks: Rare {001} twin lamellae.
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AnALysts 37

Specimen No. CN 69.1. Salite. Skarn rock. Clifton Mine magnetite deposit collected by
B. F. Leonard. Published by permission U. S. Geological Survey.

Si0: 50.19
Al,Os 2.73
Fe,0, 2.98
FeO 7.54
MgO 12.38
Ca0 23.58
Na0 45
K.0 00
H:0+ 00
H:0— 02
TiO 20
MnO 40

100.47

Atomie
Ratios =

Si 836
Al 52
Fe'”’ 38
Fe 104
n 6
Mg 307
Ca 420
Na 14%
K —
Ti 3
0 2057

ANavysis 38

Indices of .
Refraction Pleochroism
nX 1.6915 X pale bluish green
nY 1.6980 Y brownishk green
nh 1.7185 Z yellow green
Colorless in thin
section

Birefringence, x10¢ aver. 270
269%, 270, 270. Z-Y =210

2V aver. 59°

Dispersion, Opt. Ax.{g xg:t}r>w

ZAc aver, 45(2)°

Ezsolution Lamellae, none

Remarks:

Specimen No. CN 28.14. Salite. Skarn rock, Clifton mine magnetite deposit.

8i0. 48.40
AlO, 3.95

Fe:0s 3.90
FeO 10.52
MgO 8.92
Ca0 23.20
Na,0 .46
K20 02
H.04 16
20— 04
TiO: 27
MnO 39
100.23

Analyst: Lee C. Peck
Color hand specimen

Si 8055
Al 78
Fe'’’ 48
Fe 146
Mn i
Mg 221
Ca 414
Na 15
K —
Ti 33
0 260t
: dark green

Collected by B. F. Leonard

=3

Fe'

33

33

z ‘

Caug sMgis.sFea
% Alin Z=6.9

Cations to Six O

Indices of .
Refraction Pleochroism

2X  1.7073 X =Y dark blue green
Y 1.7140 Z yellowish blue green
nZ 1.7328 _|_be yellow brown

Birefringence, x104 aver. 255
250, 251, 256, 2623

2V aver. 62°

B moderate

A strong }r>v

Disperston, Opt. Ax.{
ZAc aver. 473(2)°

Ezxsolulion Lamellae, none

Remarks:
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ANavrysis 39

Specimen No. OF 1.15. Ferrosalite. Skarn rock, Outafit mine, magnetite deposit,
Stark Quadrangle, St. Lawrence Co. N. Y. 4 miles NNW of Cranberry Lake village. Col-
lected by B. F. Leonard

Indices of .
Refraction Pleochroism
2X 1.7210 X dark blue green

nY 1.7290 Y blue green
nZ  1.7463 Z yellow green

__be brownish yellow
. : Birefringence, x104 aver. 253
510 45.80 Si 763
AlQs 5.11 2493, 254, 255
gezOOa 13'81 Al 100
e 4 o
MgO 6.86 Te' T4 2V aver. 673
gaOO 22 54 FMe 173
a4 35 n 6
. . B moderatelv>r
K.0 .02 Mg 1713 Dispersion, Opt. Ax.{
HO+ .17 Ca 402 Rstong 3
HO— 09 Na 11
{/f!?(z) Eﬂ %{‘1 _4 Z Ac aver, 51(2)°
99 97 Ezxsolution Lamellae, none
Analyst: Lee C. Peck Caus sMizo.sFeso.s
Density: 25°/4° 3.44 % Alin Z=10

Color hand specimen: dark green Remarks:

ANarvvsrs 40

Specimen No. CM. Augite. Cerro Mercado, Durango, Mexico. U. S. Museum no. 92159,
Obtained from E. P. Henderson. U. S. Nat. Mus. Analysis from Foshag (1928)

Indices of -
Refraction Pleochrmsv.n
nX 1.700 X =17 green, slightly
nY 1.711 bluish
nZ 1,728 Y green, slightly yel-
owish
_L_be light brown
iil?é, 50'3; S 848 Birefringence, x10 aver. 276
Feir  7.08 Al 18} 257, 268, 278, 282, 203
FeQ 6.96
MgO  11.55 Fe'’ 883 2V aver. 77°
gaOO 20.8?2 Ill\;f 97
as 1. n —
K.Q .05 Mg 2863 Dispersion, Opt. Ax.{]A?' :;:gl; };;:
IO+ .19 Ca 374 &
%28: .20 Il\é'a 6(1)1 6(1) ZAc aver. 51° variable
MnO gl 2643; Ezsolution Lamellae
100.77
Remarks:
Analyst: F. A. Gonyer CauMgsFes I .
Color hand specimen: green 7 ‘Al inZ=9.3 * 2 Fe'td included here in the Z group

to balance charge.
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ANALysIs 41%

Specimen No. TR-1-P. Pigeonite. Coarse diabase pegmatite, Goose Creek, Va. (Triassic).
See TR-1-A augite analysis from same sample.

= o Indices of .
= n
L P Z A Refraction Pleochroism
i o nX 1 6980 Colorless
Alomic o £ .Y 1.6088
Ratios 2| E Y B aZ 1.7228
g .
W 5 Bi_refrZLge%ce, x10¢ aver. 248
8i0, 51.53 S 858 Z o
AL:Os 1.64 } 880 2V aver. 18°L {010} .
Fe:05 .18 Al 32 12, 124, 16, 19, 19, 203, 204, 23
21\}%) %37,32 Fe''' 2 Dispersion, Opt. Ax. moderate r>ot
al 4.4 Fe 325 o
Na,0 .10 n Z Ac aver. 40-41
gzg-l- gg lglg o8 Ezsolution Lamellae, very fine and regu-
B . a 80 Jar 1001}
H.0— .14 Na 3 ar
%}x?(z) 2&1) x _61 Remarks: o .
) 2621? * Analysis corrected for augite impurity
100,00* H and recalculated to 100% . Original sam-
: ple]L %A pigeotiite ag_d $ augite. )
Analyst: Lee C. Peck Cas sMgso oFess 5 i nomalous dispersion colors green-
Color hand specimen: Light brown % gAsl inSDZ;Z?% ish blue concave side of isogyre and pur-

ple convex side.

ANALYSIS 42*

Specimen No. LAM 12 P. Pigeonite. Diabase sill (Triassic) south of Lambertville, N. J.
Sample came from approximately 750 feet above base and 1000 feet below roof.

Indices of .
Refraction P leaL.'hrms.m
Atomic nX  1.7055 X faint pink
Ratios nY 1.7066 Y faint pink
nZ 1.7325 Z faint green
8i0, 51.24  Si 853 Birefringence, x10¢ aver, 270
AlLQs  1.07 Z—Y =259
Fe:05 .05 Al 21
lﬁg% %g'gg Fe'’ 1 9V aver. 22° opt. plane_L {010}
Ca0 431 G — 14, 154, 173, 223, 233, 26, 28, 29°

Na,0 .02 Fe 374
K0 .02 Mn 8
HO+ .36 Ni —
H.0— .18 Mg 368
TiO, .50 Ca 77
Crq0s .00 Na 1
MnO .55 K —

Dispersion, Opt. Ax. moderate 7>

Z Ac aver. 427°

Nio 2572% Ezxsolution Lamellae
L
10000 Remarks: . )
Analyst: Lee C. Peck * Sample contained 17%  augite

TAM 12 A also analyzed. Augite sub-
tracted from above analysis and remain-
der recalculated to 100%.

Color hand specimen: light purplish brown
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ANALYsSIS 43

Specimen No. MC. Pigeonite. Moore County N.C. meteorite. For description see
Hess and Henderson (1949) Am. Mineral., 34, 499

49.37
1.55
1.83
26.44
15.54 Fe’” 9
4.60 Fe 355

Mn 5
Mg 385
Ca 82
Na —
K .
Ti 2
(o] J—

ANALYSIS 44

Indices of

Refraction Pleochroism
nX  1.7085 Faint brown
7Y 1.7005 nonpleochroie
nZ  1.7360

Birefringence, x10% aver. 275

2V aver. 21°

Dispersion, Opt. Ax. moderate r>v

Z Ac aver. 40°

Ezsolution Lamellae. Coarse augite lamel-
lae ||{001}

Remarks:

* 14Fets, 13Fet? and 6Tit* sub-
tracted from these ratios to take care of
magnetite-ilmenite inclusions.

t Composition of host less augite
lamellae CasMgur sFesr s,

Specimen No. Mull. Pigeonite. “Uniaxial augite” described by Hallimond (1914) from
glassy lava 1 mile south-south-west of Pennygael, Mull. Rock analysis Summ. Prog. of
Geol. Surv. Great. Brit. 1912-1913, p. 69

8i0,  49.72  S§i 828

20y .90
Fex04 1.72 Al 18
FeO 27.77

MO  12.69 Fer 22 8
CaO 3.80 Fe 3863

K0 .12 Mg 3143
HO04+ 127 Ca 68
H.0— .08 Na [ 6
Ti0, .85 K 2
MnO .08
Ni0 .00 O 2524
Li,0 tr

100.13

Analyst: E. G. Radl
Density: 3.44 (8, G. 17°C 3.44 Hallimond)
Color hand specimen: yellow brown

Cations to Six O

N
(=1
0

Ilzndweslof Pleochroism
efraction

nX 1.7137 X, Y pale greenish
nY 1.7137 brown

nZ 1.7417 Z pale yellowish or

reddish brown

Birefringence, x104 aver. 280
278, 279, 279, 280, 286

2V aver. 0°-12° in place | {010}.
Dispersion, Opt. Ax, moderate r>v

ZAc aver. 39°-40°

Ezsolution Lamellae, none

Remarks:

* 3 Fets substituted for Al to balance
charge.
} 53 Fet?should go in Z group to
balance charge. This analysis made_in
1914 is suspected of being slightly high
in Si and low in Al It is nevertheless a
very good analysis.





