
422 MINERALOGICAL NOTES

An excellent crystal selected for measurement showed the following
fo rms :c  {0001 } ,  m  {1010 }  , a l l t 2 } l ,  q  [ 3031 ] ,  and  e  l 224 l l .

The masses of arsenides in which the algodonite occurs are rich in
copper near the matrix, and the arsenic content appears to increase in
the centers of the masses. The good crystals l ine pockets in the arsenides;
algodonite is interstit ial to quartz and calcite and so does not form well-
developed crystals in the matrix.

RnrnnaNcns

Burncan, M. J. (1937) A common orientation and a classification for crystals based
upon a marcasite like packing. Am.. Mineral.22r 48.

Moonr, P. B. (1962) Copper arsenides at Moharn'-k, Michigan. Rocks and Minerals.37,24.

\N MINERALOGIST, VOL. 48, MARCH_APRIL, 1963

ON THE MICROSCOPIC DETERMINATION OF
THE AMPHIBOLES IN GRAINS

P,roro Gtzzr, Institute oJ Mineralogy and Petrography, Bologna
U niuersily, Bologna, I taly.

The optical identif ication of minerals in grains, as for instance is the
case in the study of sands, is made easier in many cases by the use of
cleavage plates which represent, in fact, sections having a definite
crystallographic orientation. This method has been widely used for feld-
spars, but not for either monoclinic amphiboles or pyroxenes.

Experience shows that if either small amphiboles or pyroxenes crystals
are crushed very carefully, in addition to the most commonly found
plates parallel to the prism faces [1101, plates parallel to (100) are ob-
tained in good number as well, whereas only in exceptional cases are
plates parallel to (010) encountered, on which main extinction angle can
be determinecl. In any event the cleavage plates have an elongated shape
with two recti l inear sides parallel to the c crystallographic axis.

In order to ascertain with absolute certainty the fact that a plate l ies
perfectly parallel to a cleavage plane, it wil l be necessary to check whether
it has flat faces and constant thickness values (better if thin), i.e. i l  i t pre-
sents a uniform interference color (better when such color is rather low).
Diminution of interference colors very close to the edges of the plate
introduces no doubt.

After such control has been made, the distinction among the three
types of cleavage is always possible through observation in convergent
l ight :
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(1) Plates parallel to (010) may be recognized by the centered emergence of a main

axis of the indicatrix and by inclined extinction; such plates are absent however, as a rule'
(2) Plates parallel to (100) may readily be recognized by their parallel extinction and,

through observation in convergent light, by the position normal to the plane of the plate

and parallel to its elongation of a main section of the indicatrix (the optic plane in most

cases); these plates permit determination of which axis of the indicatrix coincides with

the b crystallographic axis, its refractive index and the birefringence sign.
(3) Cleavage plates parallel to (110), having inclined extinction, are oblique to all

three main sections of the indicatrix. In amphiboles a main section of the indicatrix (the

r-rptic plane in mcst cases) is inclined 28" to the normal to the (110) plate, and this permits

the control mentioned below through observation in convergent light. By rotating the crystal

plate until the isogyres form the cross, the arm of the cross parallel to the c axis (elongation

of the plate) will result in marked displacement as regards the center of the field. Such

displacement is equal to about 9/10 of the radius of the field when an objective having a

0 85 N.A. is employed; to be more exact, and provided Maliard's formula may be applicable

to the objective employed, such value wiil be equal to 88/100 lr'hen z:1.6, 94/100 when

The c\Z'extinction angle on the plate parallel to (110) can be used to
advantage for diagnostic purposes. As direct determinations of this
angle are not to be found in the l iterature, it wil l be necessary for the
time being to calculate it on the basis of four known features: the nature
of the axis of indicatrix coinciding with the 6 axis, the main extinction
angle, the optic axial angle; and the angle between the normal to (110)

and the D axis.
From Fresnel's construction it follows that on a section, no matter how

oriented, and containing a reference axis, the extinction angle is equal to
the half-sum of angles x1 and xz included between the reference axis and
the orthogonal projections of the two optic axes on the section itself.

In the monoclinic system, of particular interest are those cases in which
the reference axis, lying inside the section under consideration, l ies within
a main section of the optic indicatrix as well. Some very simple formulae
allowing a very fast calculation of the extinction angles may be obtained
in such cases by expressing separately the values for xr and xz.

In order to arrive at the determination of such formulae the applica-
tion of known trigonometric relations, the same ones employed by
Michel Levy (1888, p. 9-23) to obtain formulae expressing directly the
extinction angles, will be sufficient. The formulae here derived are espe-
cially suited to emphasize the shape of the curves representing the vari-
ations of the extinction angle when the section is rotated around the refer-
ence axis; they are however exceedingly complicated for calculating the
numerical values of the extinction angles.

In case 1) i.e.when the optic plane is parallel to (010), the formula coincides with the

one obtained by llarker (1893), Daly (1899), and Tomita (a. Parker, 1961).
In cases 2) and 3) i.e.when the optic plane is normal to (010), the formula presented
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here has never been used before and is far simpler and quicker than those previously
employed.

c \ Z ' s t o ) : ; ( x r + x t

1) Yllu tan xr : tan lG n q * V,] cos [u n r (rro)]
tan x2 : tan [(c { z) - v"] cos [b,A, r(110)]

, , \  v 1 r . ^ -  [ u n r f i t o ) ] s i n ( c l Z )  * s i n [ l n r ( t t o ) ] t a n v ,
- )  - \ l l u  r4 r r  ^ r  -  -  -  

cos  (c  A  h  

- - - -  -

c o s [ b n  r ( 1 1 0 ) ] s i n ( c A  z )  -  s i n  1 b {  r ( 1 1 0 ) ] t a n v ,
ia i '  iz :  -

cos (c I Z)

3) Z b by substituting X for Z the preceding formula yields the angle c A X'rrror.

In the case, by far the most common, in which the Y axis of the optic
indicatrix coincides with the D crystallographic axis, the diagrams shown
on Figs. 1 and 2 indicate the variations of the c/\Zt extinction angle on
(110) against the c/\Z and 2V angles. The curves have been calculated
for values of c/,rZ at 2o intervals.

t t b  b^ I ( t t 0 ) . 32 'd

0 0 n 3 0 { 0 5 0 6 0 t m 9 0
cAZ  -

Frc. 1. Variations of cAZ'r1or against c7\Z and 2V angles on amphiboles.
Curves for 2Y are at 10o intervals (2V":0", 70",20",. . . etc,).
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t t b b^r(f lo). at ' !3'

o r o d I t 0 s o @ D t D r
cAZ-

Frc. 2. Variations of c/\Z'1rroy against cnz and 2V angles on pyroxenes.

Cu rves fo r  2Y  a rea t  20 ' i n t e r va l s  ( 2Y . : 0 " , 20o ,4Oo , .  . .  e t c . ) .

Angle b[I(110) varies but slightly in the different amphiboles, as
well as in the different pyroxenes; such variations influence the vaiues
caiculated for the cAZ'tno) extinction angle only in a negligible way.

For  amphiboles (F ig.  1)  we have used bn I (110) :62"0 ' ;  for

bn I(110):62"30' the greatest difference is for the values of cAZ
: 56o and 2V*: 180o, cAZ' otot passing from 34o50' to 34"24' .

For pyroxenes (Fig. 2) we have used bn I(110):43o35'; for
bn I(110):44"30' the greatest difference is for the values ol cAZ
:50" and 2Yo:9", cAZ'crro) passing from 40o48' to 40"22'.

Such differences, which are really much smaller in actual instances, do
not exceed those due to experimental error incurred in determining an ex-
tinction angle, and therefore the curves may, in practice, be applied to all
the members having Yl lb .

It may be observed that in amphiboles having the same c/12, the
cAZ'orq angle varies greatly when 2V varies. In pyroxenes such varia-
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t ion is considerably more l imited, c/\Z'6n) is nearer cAZ and usually
smaller, being 2V,{-70o, aegirine and aegirineaugite excepted.

It follows that it may prove more interesting to consider the values of

c AZ' ont for the members of the difierent series of the amphiboles group

than for pyroxenes.
Figure 3 and 4, calculated on the basis of the data quoted by Tr<iger

(1956), show the variation oI the c/x,Z'1rroy &ngle and that of the refrac-

tive index in the direction of theDaxis in the difierent series of amphiboles.
In the most ferriferous members of the glaucophane series, the extinction
angle (not given in Fig. 3) becomes rapidly larger and has scant meaning,

because the optic axes approach closely the normals to the prism faces

{ 1 1 0 } .
The diagnostic usefulness of the cAZ'on) extinction angle are equal,

in general, to that of the c/12 angle and, in some particular cases, def-

initely greater.
Figure 4 and 5 show how the c/\Z'6n angle allows a definite distinc-

tion among the actinoiite, hornblende and hastingsite series, with an

obvious diagnostic advantage, as no superimpositions occur for this

angle, as happens for cAZ.
The distinction is far less clear among the difierent members of the

actinolite series.
A constant advantage of the use of the cAZ'rrg) angle as against

cAZ lies in the followinq considerations:
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Frc. 4. Extinction angles c\Z' 6o1on actinolites, hornblendes

and hastingsites in terms of Nllb (Ny).



428

N y

1 , 7  |

' | , 70

I  6 a

r  , 6 8

1 , 6 7

1 , 6 6

r , 6 5

1 ,54

r , 5  3

1 ,52

r , 6 t

MINERALOGICAL NOTES

j

l

F
F

t-

4;[-T-T-rrT-T-T-rT-l-r tT_T-FL:i''F_TTT_T_T-I-T-]-r
IT

l,-
It--l H O P N B L E N D E

z \ l_?F

--.{--+

r0 t2 t4 t6 t! 20 22 21 26 28 30 32 !4 35 3! 4 a2 4

c A Z

Frc. 5. Extinction angles cAZ o\ actinolites, hornblendes
and hastingsites in terms of Nu.

1) The angle c/rZ may be determined, as a rule, only by means of the universal
stage, and such a determination is liable to an error of about 3o-4o, whereas on cleavage
plates the extinction angle can be determined with an error of only about 1o. 2) rf one grain
measuring 0.2 mm is crushed, many cleavage plates are obtained, and a large number of
measurements may be taken in a far shorter time than that required for onlv one measure
ment with the universal stage.

Some disadvantage derives from the fact that the data determined
directly on the amphiboles thus analyzed are not available, and that data
calculated on the known values of c/\Z and 2V can be influenced greatly
by the sum of the errors affecting the primary data. We would suggest
therefore that the complete study of each amphibole and pyroxene be ac-
companied by the determination of the extinction angle on the cleavage
plates as well.

In practice, a satisfactory accord between the cl1Zt61ny values calcu-
lated and those determined directly on many members of the actinolite
and hornblende series, as well as on some members of the hastingsite,
cummingtonite and titaniferous hornblende series, has been obtained.
The comparison has yielded less satisfactory results for difierent mem-
bers of the glaucophane series, on which extinction angles smaller than
the calculated ones have been determined; but in the cases taken into
consideration the optic properties differ somewhat from those usually re-



MINERALOGICAL NOTES

ported, in particular Iower values lor cAZ and higher ones for 2V* have

been observed.
In a very recent paper, Parker (1961) presents, in separate diagrams,

the curves relative to the extinction angle and refractive indexes on (110)

for a number of difierent amphibole and pyroxene series, without point-

ing out however the advantages of this method. Some obvious incon-

sistencies result when Parker's data are compared with those that can be

calculated from his primary data. This is especially true for the extinc-

tion angles of hornblendes having compositions near those of the end-

members, and of hastingsites having a prevalence of Fe2+ over Mg2+; but

also, for the whole glaucophane series for the greatest refractive index on

(110), n2, which results in smaller values than the index B(N").
This study was carried out with the financial assistance of the Research

Group, "Mineralogy of sediments," of the Italian Research Council
( c .N .R . ) .
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DIMORPHIC RELATION IN Ag$SbS'

Lure Lr-Yu CueNG, Department oJ Geophysical Sciences,

University oJ Chicago

The dimorphic relation in Ag3SbSr has not been well understood. ln na-

ture monoclinic pyrostilpnite is very rare, whereas rhombohedral pyrar-

gyrite is described as an important and abundant ore of silver and formed

at low temperatures (Palache et at,., 1952). Miers (Palache et al., 1952),

who first studied these two minerals, concluded that pyrargyrite and

pyrostilpnite were always contemporaneous. Jensen (1947), in his study

on the system AgzS-SbsSa, stated that "the compound 3AgzS'SbrSa

showed no heat effects below the melting point. This was unexpected, be-

cause this compound is formed in nature as two distinct mineral species,

pyrargyrite and pyrostilpnite."
Pyrargyrite has been prepared previously by several methods (van




