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CHANGES IN HORNBLENDE AT ABOUT 8OO.C.

Vrncrr. E. Banxns, Uniaersity oJ Wisconsin.

INtnolucrron

In recent years much activity has been displayed in the study

of the amphiboles and repeatedly the problem connected with the

change on heating of common hornblende to a material having

the appearance and optical properties of basaltic hornblende has

been attacked and partially solved. The purpose of this paper is to

solve the problem definitely. The writer wishes to acknowledge

the helpful guidance by Dr. A. N. Winchell and the suggestions on

optical methods ofiered by Dr. R' C. Emmons, and is also deeply

indebted to the Canadian Geological Survey for the sample of an-

alyzed, edenite from Argenteuil County, Quebec, and to the

Milwaukee Museum for a sample of actinolite from Val Malenco,

Italy.
Hrsronrcar- RBvrBw

It has been known for nearly 50 years that common hornblende

when heated to a sufficiently high temperature takes on the pro-

perties of basaltic hornblende;namely, a change in color and pleo-

chroism from greens to browns, an increase in absorption, an

increase in double refraction and a decrease in the extinction angle

(Z nc) from about 20o to 0o.

Rosenbuschl in 1885 noted that a dark green hornblende with

little pleochroism when heated became red and had strong ab-

sorption.
Schneider2 in 1891 studied a series of basaltic hornblendes and

found that upon heating them in superheated steam he obtained

a change in extinction angle to near 0o, and an increase in pleo-

chroism and absorption. The ferrous iron content and the extinc-

tion angle of the unheated hornblendes taken presumably on the

prism (110) face, are given in Table I. He did not give the ferrous

iron content after heating, but said that practically none is pre-

r Rosenbusch, H.: Mikroskopische Physiographie, II Aafl., Bd' 1, 463, 1885'
2 Schneider, C.: Sur Kenntniss basaltischer Hornblenden. Zeit' Kryst', 18,

580' 1891' 
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sent and that the extinction angle has been reduced to 0o, and that
the pleochroism and absorption have increased except in the last

Tlsrn I
Locality FeO Extinction

Laacher See
Altenbusch
Hartlingen

Wolkenburg
Bohmen

Ortenberg

7.03% 8+"
6 2 7  G 8
4.53 2-4
3 . 1 9  1 - 3
2 . 8 9  1
0 . 5 7  0

two samples which already had strong pleochroism and absorp-
tion. He believed that volcanic steam converted the ferrous to
ferric iron thus giving basaltic hornblendes.

During the same year Belowski3 in a short article stated that
he believed the change was due to oxidation. During the following
year B'i:lowski'sa Inaugural-Dissertation was published; in this he
elaborated his stand. He heated hornblende, actinolite and tre-
molite in a current of air and obtained in all, except the tremolite,
an increase in double refraction and absorption, a decrease in the
extinction angle (Z Ac) and a change in pleochroism from greens
to browns. Table II shows the iron content before heating and the
extinction angle before and after heating. He stated that: ,,Through

Te.nle II

Mineral Locaiity !'eO FezOs
Extinction

Before After

Hornblende
Actinolite
Tremolite

Arendal 6.9770 14.4870
Zillerthal 6.25
Campo Longo 0.50

18+' 0o
l A O  O o

No change

the action of heat, oxidation is permitted to go on, changing green
hornblende in rocks to brown hornblende." He cited as proof of
this, hornblende crystals in some of the Ecuadorian rocks that
have centers of green hornblende and borders (Resorptionriinder)
of brown hornblende.

Weinschenks in l9l2 suggested that basaltic hornblende is due
to the presence of ferric oxide and titanium oxide. He also noted.
the change in optical properties on heating.

3 Belowski, M. : N eue s J ahrb uc h J ur M iner atr o gi e, B d. I, Zl9, 189L.
a Belowski, M.: Die Gesteine der Ecuatorianischen west-cordillere von Tuican

bis zu den Escaleras-Bergen. Inaugurol-Dissertoti,on. Berlin, 1892.
5 Weinschenk: Petrographic Methods, 291 292, 1912.
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Winchell6 in 1924 suggested that possibly the peculiar optical

properties of "basaltic hornblende" are due to the presence of

Ti2o3.

GrahamT in 1926 heated common hornblende in carbon dioxide

and obtained the usual changes in optical properties that are found

on heating in air. He stated that, "These experiments strongly

suggest that the water is the controlling constituent." In a foot-

note, however, he made the following statement: t ' It is possible

there may have been oxidation by water driven from the horn-

blende during heating, but this is a reaction of the original parts

of the mineral and not an oxidation from atmospheric oxidation'"

K6zu, Yoshiki and Kanis in 1927 heated hornblendes' common

and basaltic, in nitrogen to prevent oxidation and found that the

common hornblende changed to brown hornblende at about 750"C'

They measured the expansion of the common hornblende in the

direction of the c-axis during heating and found that at 750'

contraction started in and continued to 790" at which point

expansion again took place. The basaltic hornblendes gave a

smooth curve of expansion over the same range of temperature'
'fhey stated that, "With regard to the fundamental cause produc-

ing the difierences between these two varieties of hornblende,

we can not say decidedly at present, but we are inclined to think

they are due to the quantitative and structural changes in the

main components, and are not only to be referred to the relative

amounts of special constituents, such as the oxides of iron and

titanium or the u'ater in the crystal." They also showed that there

is a break in the curve of loss of weight on heating for common

hornblende between 700o and 800oC., at which point the loss of

weight accelerates. Basaltic hornblende did not show this change'

Table III gives the optical properties of unheated and heated

hornblendes as obtained by them, and shows the increase of indices

and birefringence, and the decrease of the extinction angle that

takes place upon heating common hornblende and the lack oi

change obtained upon heating basaltic hornblende..

6 Winchell, A'.N.: Am. Jour. Sci",5th Ser. Yol-7,287,1924.
7 Graham, W. A. P.: Am. Mineral., Vol. 11' No. 5, 118, 1926.
8 K6zu, S., Yoshiki,8., and Kani, K': Scien'ceReports of the T1hoku Imperial

LIni'rersity, Ser. 3, Vol. III' No. 2, 143, 1927.
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Tesln IIIe

Unheated

No',

Nn',
CAZ'

Heated

N,'
No',
CAZ'

t . 6 7 2  1 . 6 8 9  1 . 7 0 1
1 . 6 8 4  1 . 7 t 9  1 . 7 3 t

130 00 00

1 . 6 9 5  1 . 6 8 9  1 . 7 0 I
t . 7 2 7  1 . 7 1 9  | . 7 3 1

00 0" 00

1. Green hornblende-Iratsuyama, Prov. Iyo.
2. Soretite-Otsurumizu, Prov. Bungo.
3. Common hornblende-Ishigami-mura, Prov. Iwaki.
4. Common hornblende-Kitayamagata-mura, Prov. Rikuchri.
5. Common hornblende-Kamimatama-mura, prov. Bungo.
6. Basaltic hornblende-Ikebukuro, Sakai-mura, prov. Shinano.
7. Basaltic hornblende-shichiseizan, Formosa.

Readelo in 1928 heated common hornblende in hydrogen and
found only a slight change in optical properties. He heated another
sample in air and obtained the usual increase in birefringence and
indices of refraction, decrease in the extinction angle (Z Ac) and
change in color and pleochroism. This sample when reheated in
hydrogen changed back to common hornblende.

In the fall of 1928 at the time the present work was started the
most likely views published were three difierent solutions of the
problem by Belowski, Graham and K6zu and associates. Belowski
attributed the change in optical properties to oxidation of ferrous
to ferric iron, Graham thought dehydration to be the chief factor
in the change and K6zu and associates, although not making a
direct statement, imply that the volume change and change of
optical properties are due to inversion. With these views extant
it was deemed advisable to introduce enough incontrovertible
evidence to definitely prove which view or possibly combination
of views is correct.

Since 1928 Kdzu and Yoshikill have published another article

s No' andN n' are the minimum and maximum indices on a cleavage plate (110),
ar.d c \Z' is the extinction angle on the (1 10) face.

10 Reade, H. O.: B. A. Thesis, University of Wisconsin, 1928.
11 K6zu, S., and Yoshiki,B.; Science Reports of the T6hohu Imperial Ilnhersity,

3rd Ser,  Vol .  I I I ,  No.3,  177,  1929.

1 . 6 5 1  1 . 6 5 9
1 . 6 6 0  1 , 6 7 5

240 130

1 . 6 8 1  1 . 6 8 8
1 . 6 9 8  r . 7 1 4

00 00

r .664 1.668
r .673  1 .682

150 1go

1 . 6 9 0  | . 7 1 4
1 . 7 2 3  t . 7 4 0

0" 00
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which tends to uphold the oxidation theory and Kunitzl2 has

published an article containing material that definitely proves

oxidation. The present work is much more complete than either

of the above and substantiates the conclusion by Kunitz, and

furthermore treats of the manner in which the change takes place'

K6zu and Yoshiki show, in their Iatest publication, that the

volcano Samb6 is composed of two similar types of rocks, the only

difference being in the hornblendes and biotites. In one type the

hornblende is common green and the biotite is meroxene, in the

other the hornblende is basaltic and the biotite anomite' They

believed the latter to have been formed by reheating of the rock

to over 750"C. Table IV gives the ferrous iron content, the Ioss

on ignition and the optical properties of these minerals' It is

apparent that some of the ferrous iron has been oxidized and that

volatile constituents have been lost in the change to basaltic

hornblende and anomite-biotite. They stated that the common

hornblende and biotite must have been formed in a less oxidizing

medium and under a higher pressure.

Tnsr,B IV

Hornblende Biotite

Basaltic I Co-.rrott Anomite I M..o""n"

FeO
Loss
N,'
^ T l

7.6e7
o.0870
1 .708
1 .746

to.e7%
0.297o

Ne 1.661
1 . 6 7 5

s.e6%
r.v3%

N  s  1 . 7 0 6

r0.3270
2 .76%

Ns 1.&3

Table V gives the results obtained by Kunitz, in his last paper,

of analyses and optical properties of hornblendes before and after

Before Heating After Heating
Total
Fe as

FeOn",o, ff Ne r",o, ffi n, t \ slrg

N. Hampshire
Arendal

2 . 8 3  0 . 1 9 6  1 . 6 3 8  1 . 6 5 9
4 . 5 8  0 . 3 5 1  t . 6 5 8  1 . 6 7 7

1 0 . 2 0  1 . 3 1  1 . 6 5 5
4 . 2 6  3 . 2 4  1 . 6 7 6

t 6 . 9 6
1 7 . 2 0

u Kunitz, W.: Die Isomorphieverhaltnisse in der Hornblendegruppe. lfeaas

JohrbuthJtlr MineraJogi.e, LX Beilage Band, Abt. A, Zweites Heft, 1930.

Tasm V
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heating. He stated that it is quite evident that oxidation accounts
for the changes shown in Table V.

PnocppunB
fn order to settle definitely the process involved in the change

from green hornblende to brown hornblende a series of fourteen
hornblende samples including edenite and pargasite were studied
optically before and after heating to ascertain the amount of
change involved. Formerly only the green or iron-rich horn-
blendes were studied. The study was extended to the tremolite-
actinolite series of which six samples were studied optically before
and after heating.

Other workers obtained a change upon heating in steam, carbon
dioxide and nitrogen so it is unnecessary to repeat heatings with
any of these agents as mediums. It was deemed advisable to repeat
the experiment using hydrogen, so a sample that had already been
heated in air was reheated at a temperature of about 850oC., in
a stream of unwashed hydrogen, generated by the addition of
hydrochloric acid to zinc, and the optical properties again d.eter-
mined. With a temperature of 850oC., it was necessary to paramn
all joints to make them air tight to avoid an explosion, and the
exhaust hydrogen was passed through water which served as a
check valve against the entrace of air.

To complete the study two chemical analyses were obtained of
materials differing considerably in optical properties, but yet
capable of being classified as common or green hornblende. Par-
tial analyses were obtained of these samples after heating; namely
the tenor of ferrous and ferric iron, water and fluorine. Two other
analyses available, one of edenite and the other of tremolite, are
helpful in interpretation of results, but since practically no change
was found on heating they were not analyzed afterwards.

For heating the samples a furnace made from a glazed porcelain
tube an inch in diameter wrapped with nichrome wire and insulated
with asbestos was used. Temperatures were obtained on a Hoskins
typeH.A. "Thermoelectric" pyrometer. All of the experimentswere
conducted at a temperature of about 850oC., over a period of three
hours in order to be sure that the change proceeded to completion.

The optical work was done on Emmons'l3 double variation modi-
13 Emmons, R. C.: Am. Mineral., Vol. 13, 5O4, 1928. Am. Mineral, Vol. 14,

414, 1929; and Am. Mineral., Vol. 14, 441, 1929.
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fied universal stage in which is incorporated a Bausch & Lomb
monochromator and Abb6 refractometer, a Leitz universal stage
modified by Emmons and a Leitz research model petrographic
microscope. This apparatus embraces temperature and wave-
length control. The temperature is regulated by a flow of water in
series, first through the Abb6 refractometer then through the cell
on the universal stage, and is checked by two thermometers one
on the refractometer and the other in the water line past the cell.
With a strong flow of water the maximum difierence between the
thermometers is 2o at a temperature of 70'C. At lower tempera-
tures the difference is inappreciable and usually double variation
Iiquids are available to cover the range of index at these lower
temperatures. At Ieast fi.ve minutes are allowed after each tem-
perature change before an index is read to allow the apparatus
suffi.cient time to come to a constant temperature. The wave-
length control is exercised through the monochromator and the
width of the band of I ight used was for F, 1504, for D, 3204 and
for C, 4604. The wave length used from this band is essentially
a mean value. For determining indices several checks falling
within a range of 404 are obtained for the wave length at which
the liquid is of the same index as the mineral.

A mineral mount for the universal stage consists of two or three
grains between a pair of cover glasses with a double variation liq-
uid of the proper index as an immersion medium, and as a contact
liquid between the cell and the lower cover glass, and between
the upper cover glass and the upper hemisphere. To avoid dilu-
tion of the index Iiquids the refractometer and cell are cleaned
thoroughly with acetone before and after each determination.
The best appearing grain is chosen and worked to the center of
the field where it is fixed by tightening the screws which hold the
upper hemisphere in position, care being taken not to exert enough
pressure to fracture the grain. The usual procedure as outlined
by Emmonsra is followed for orienting a grain on the universal
stage. With hornblende at least 95 times out of a 100 the optic
plane becomes vertical, enabling one to measure the optic angle
and the indices No and N^. No can usually be approached by rota-
ting from either ly', or N*, or, as in this work, from both, thus
giving a check on the accuracy of the results. With rotation and
optic angle readings it is necessary to correct the amount of rota-

raEmmons, R.C.: Am. Minerul., Vol. 14,441, 1929.
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tion when there is a difierence in index of the mineral and the hem-

ispheres. This correction was obtained by using Plates I and IV

in Emmons' article. For obtaining No from the rotation reading

it is necessary to use Plate II of the same article. This orientation

gives parallel extinction and to obtain the extinction angle of the

clinopinacoid section (Z nc), it is necessary to rotate toward No

recording the amount of rotation and the extinction angle observed;

from these data Znd can be calculated by using the equation

(I/Sina)B:Z[c, where a is the angle of rotation and B is the

extinction angle at this rotation.
The data recorded include wave-length, index, ray being meas-

ured, and temperature of both thermometers as well as the amount

and direction of rotation in case rotation is necessary. Corrections

must be applied to indices obtained at wave-lengths other than

sodium light from a graph supplied with the Abb6 refractometer.

The optic angle can be calculated by using the indices from either

the equation, Sin2V: N*-Ne/No-N, or the graphical solution

of this equation.ls A sample of each mineral before and after

heating was mounted in balsam and several determinations of

the optic angle and extinction angle (Znc) were made on each

sample.
AccunecY

Emmons states the accuracy expected using this set up in the

publication cited above. In this study the probable error is stated

for each determination, based on the number of determinations,

the closeness of the checks, the clearness of the Becke line, the

checks obtained on the monochromator, and the color of the min-

eral, which, when strong, partially masks the Becke line. The

accuracy of the indices for the D or sodium line is about twice that

for the indices of the F and C lines. The statement of error for

the calculated optic angle is based on the statement of error for

the indices and for the observed optic angle, it is estimated that

the error can be * 2o for sodium light and about i 3o for F and C.

Fig. I shows the accuracy to be expected, with a statement of

error for the indices of *.0002 and a birefringence of .0200. It

will be noted that with the lowering of the optic angle the possible

error increases rapidly. In comparing the optic angle obtained by

observation and calculation it will be seen that the statement of

error for the indices must in most cases be too large. The samples

15 Emmons, R. C.: 02. cit.,PIateIII.
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from Frankfort, Pa., and Renfrew, Ont., have an index for N,
which is above the double variation liquids used, so Iy'o was cal-
culated hom N*, ny', and the observed optic angle.

goo 8o" Te 60" so" +o" go' aoo loo
OPTIC ANGLE

Frc. 1. Correction to be applied to the calculated optic angle, based on an assumed
error of *.0002 for the indices and an assumed birefringence of .0200.

In Table VI a comparison of the accuracy of this method with
other methods is given using the mineral from Argenteuil Co.,

Quebec. Fordl6 used oriented plates and the total refractometer,
and KreutzrT used mineral prisms and a crystal goniometer. These
checks are rather close considering that the samples from which the
optical properties were obtained may not be from the same out-

T.qnr,n VI

zo
u
Ig
tr
a,
ou

I

J
rt

,g

4 7

Ford
A

Kreutz Barnes
B C

Difierences

A&B A&C B&C

N, | .6328 r.6332 1 .6331
N-  1 .6180 1 .6180 1 .6186
Ne | .6128 t.6t42 1.6t43
Nr-tro 0.0200 0.0190 0.0188
2V 5609' 51055' 57.
ZAc 29"44' 27"34' 27o

+.0004
0

+.0014
- .0010
-4"
-2 "

+.0003
+.0006
+.0015
- .0012
+1 '
-2+"

- .0001
+.0006
+.0001
-.0002
+s"
_ l o

rs Ford, W. E.: Atn. Jour. Sci.,37, 179, 1914.
r? Kreutz, S.: Sitz. Akail. Wiss. Wien.,ll7,I, 875, 1908.
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crop and that some hornblendes vary considerably in the same
specimen. The check between the work of Kreutz and the present
is the closer and speaks well for the accuracy of both methods.
Kreutz also states the indices for several wave lengths, which are

compared in Table VII with those obtained in the present work.
Again excellent checks are obtained.

Tlsre VII

r.6113 1.6149 r.6302
r.6t42 1.6180 1.63s2
r .6175  I . 62 t t  1 .6165

t .6270

Barnes
B

1 . 6 1 1 3  1 . 6 1 5 5  1 . 6 2 9 5
1.6143 1 .6186 1 .6331
r . 6 1 7 5  1 . 6 2 1 7  1 . 6 ; 6 3

t .6270

Difierences
A&B

0 .0006 .0007
.0001 .0006 .0001

0 .0006 .0002
0

1r.

6710
5890
5350
4640

Rnsur-rs

The results obtained in the present work show that the change
of properties of the unheated hornblendes are in large part in

direct proportion to the change in content of iron and that upon
heating the properties are not changed at the iron-poor end of
the series and are changed markedly at the iron-rich end of the
series. The water content apparently has little efiect on the optical
properties as shown by lack of change in the low-iron hornblende
when water is driven ofi. Inversion is found untenable as an ex-
planation of the changes because no change takes place upon heat-
ing in hydrogen and because a chemical change takes place when
heated in any other medium. Oxidation is proven to be the out-
standing process causing the change in optical properties, as shown
by optical studies before and after heating in both air and hydro-
gen, by the relation of weight-percent loss to the percentage of

water from analysis, and by analyses of hornblende before and

after heating.
The results of the present optical study are stated in Table VIII

and are plotted on Plates I to IV. In plate I the properties of the
hornblende series are plotted using the average index of the un-
heated samples as a straight line variation. This plate shows more

clearly than the tables the lack of change in the iron-poor end of
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Pr.r.rn 1. Optical properties of the hornblende series plotted on the basis of the
average index of the unheated hornblende as a straight line variation.
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the hornblende series and the large change in the iron-rich portion
of the series. This diagram shows, as is already known, that the
hornblende series is of too complex a nature to be represented on
a two dimension diagram. Generalizations that may be drawn

EDENITE hRGASITE HORNBLENDE

Fg
-c;
't'c
to.gr

lrl<

il'.z

Plero II. Indices of the hornblende series plotted on the basis of 1[- of the

unheated hornblendes as a straieht line variation.

from Plate I are that the hornblendes with appreciable iron, on
heating, increase markedly in average index, birefringence and
dispersion, decrease in extinction angle (Z Ac) to r'ear zero degrees
and have a change of opLic angle to near 650. The optic angle in
the hornblende series measured about X ranges from 38" at the
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high-iron end of the series to 125o at the pargasite-edenite end of

the series. The optical properties of edenite and pargasite are al-
most the same, the only marked difierencebeing in color. It would
be well to designate all the positive hornblendes under one name,
preferably pargasite since it has priority in usage.

TREMOLITE ACTINOLITE

o
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Plern III. Optical properties of the tremolite-actinolite series plotted on the basis

of the average index of the unheated samples as a straight line variation'
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In Plate Ii the indices are plotted on the basis of ly'- of the
unheated samples as a straight line variation and the diagram
shows the increase of indices with the increase in iron and the
marked increase of indices upon heating at the high-iron end of the
series. Plates III and IV are of the tremolite-actinolite series and
are plotted on the same basis and show about the same facts as
Plates I and II, respectively.

TREMOLTTE ACTINOLITE

Purn IV. Indices of the tremolite-actinolite series plotted on the basis of nL. of
the unheated samples as a straight line variation,

The optical properties of the sample from Lanark Co., Ontario,
when reheated in hydrogen returned practically to the same value
as in the original sample before heating, indicating that feric
iron has treen reduced to ferrous iron.

o
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Tnsm VIII

flornblende-Var. Edenite, Grenville Township, fugenteuil Co , Quebec.r8
Unheated
Errorret .0002

Ns Nm Np N{Np 2V Calc. 2ll Obs. ZA, Pleochroism

F 1 .6394 1 .6252 r .6209 .01E5 580 t40  580130
D 1 .6331 1 .6186 1 .6143 .0188 57o !2o  58o!2o  27o+ro

c  1 . 6 3 0 0  1 . 6 1 6 0  1 . 6 1 1 7  . 0 1 8 3  5 8 0  t 4 0  5 8 0 + 3 0

Heated
Enor  1 .0002

F 1 .6369 1 .6255 1  6221 .0148 57+o+60 58o+30
D 1 .6317 1 .6204 r .6170 .0147 57+ot30  58ot20  2sot  10

c  |  6294 1 .617E 1 .6144 .0150 570 +60 5E +3"

Hornblende-Var Edenite, Edenville, N. Y.

Unheated
Error t .0005

F  1 . 6 3 6 1  1 . 6 2 4 5  t . 6 L 8 l . 0 1 8 0  7 3 0
D  1 . 6 3 0 7  1 . 6 1 9 0  1 . 6 1 2 5 . 0 1 8 2  7 3 + o t 4 ' 7 4 o 1 2 o  2 3 o t 1 6

c  1 . 6 2 8 6  1 . 6 1 6 6  1 . 6 0 9 8 . 0 1 8 8  7 4 + o + 8 0  7 4 0 + 3 0

Heated
Error t .0005

F 1 .63?5 r .6263 1 .6198 .O177 74ro t80  740+30

D 1 .6311 1 .6204 1 .6138 .0173 760 !40  74o120 256+20

c  1 . 6 2 8 8  r . 6 1 7 E  1 . 6 1 1 2 . 0 1 7 6  7 5 ; o + 8 0  7 4 o + 3 0

HorublendeVu., Pargasite, Edenville, N. Y.

Unheated
Error i .0003

F  1 . 6 4 6 4  1 . 6 3 1 3  1 . 6 2 4 5 . 0 2 1 9  6 7 + o t 6 0  7 0 o t 3 o
D t '6410 1 .6256 1 .6188 .0222 67ro t30  700r20 210t10

c  1 . 6 3 8 2  1 . 6 2 3 1  1 . 6 1 6 2 . 0 2 2 0  6 8 + 0 + 6 0  7 0 o t 3 0

Heated
Error t .0005

F 1 .6492 L  6348 1 .6219 .0213 69*o t60  71o+30
D 1 .6430 1 .6291 1 .6221 .0209 710 130 71"+20 21"+ lo

c  1 .6406 1 .6264 r .6 t97  0209 690 +60 710*30

None

None

None

None

ta This sample was fumished by the Canadian Geological Survey, and is one

of t}re most studied amphiboles, having been analyzed by three different people,

Harrington, Johnston and Stanley, and studied optically by Ford and Kreutz.
10 This error refers only to the indices for the D line. For a fuller discussion of

accuracv see text.
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Horublend*\rar. Pargasite, Amity, New York
Unheated
Error t .0005

Ns N," l\b Ns-Ne 2V Calc. 2Il Obs. ZA, Pleochroism

F 1 .6484 1 .6338 1 .6283 .O2O1 630 t8"  64ot3 .  None
D 1 6416 | 6265 1.6206 .0210 640 +4" 640!20 220!to
c  1 . 6 3 8 3  |  6 2 3 3  1 . 6 1 7 5  . 0 2 0 8  6 6 0  1 8 0  6 4 . t 3 .

Heated
Error j .0005

F 1 .6476 1 .6332 |  6262 0214 680 t8"  70 . j3 "  None
D 1 .6413 1 .6265 1 .6190 .0223 71"  X10 7oo+20 280+2"
c  1 . 6 3 7 8  1  6 2 2 7  1  6 1 4 8  . 0 2 3 0  7 1 + " + 8 .  7 0 . 1 3 .

Hornblende-Var, Pargasite, Warwick, N Y
Unheated
Error t .0002

F 1 .6480 16325 1 .6259 .0221 660 +4o 660+30 X:Co lor less
D 1.6429 | 6284 1.6218 .O2r1 680 X2o 66"!2" 24a!f Y:Very l isht sreen
C 1.6411 1.626s | 6203 -o2o8 660 t4. 66"t3o Z:Very l igbt brownish

green

Heated
Error t .0005

F 16599 1 .6472 1 .6354 .0245 88o i40  860+30 X:Very l i shrs reen
D 1 .6526 1 .6402 1 .6287 .0239 88 .  t20  86" t2"  2 lo1  10  y :L igh t  b rown ish  green
C 1 .6492 1 .6370 |  6256 .0236 88o l4o  86"+3 L ish t  b rown

Hornblende-Var Pargasite, Pargas, Finland
Unbeated
Error I .0005

F  1 . 6 5 1 1  1 . 6 3 6 0  1 . 6 3 1 8  0 1 9 3  5 6 .  t 8 0  5 6 . 1 3 "  N o n e
D  1 . 6 4 3 7  1 . 6 2 8 6  1 . 6 2 4 4 . 0 1 9 3  5 5 + o + 4 .  5 6 . t 2 0  2 7 o ! t o
c  1 . 6 4 0 1  1 . 6 2 5 0  1 . 6 2 0 8  . 0 1 9 3  5 6 0  1 8 0  5 6 0 j 3 "

Heated
Error t .0003

F  1 . 6 5 1 0  1 . 6 3 5 1  1 . 6 3 1 4 . 0 1 9 6  5 1 ; o + 6 0  5 3 o + 3 0  N o n e
D 1  6451 1 .6297 1 .6260 .0191 52+ot3o  53 . t  2 .  21ot1"
c  1  6427 1 .6265 1  6228 .O1gg 51"  !60  53 . t3 .

Hornblende, Ottawa, Canada
Unheated
Error t 0002

F 1 .6600 1 .6551 1 .6423 .0177 630 X4o 62" !3"  X :L igh t  b lu ish  green
D 1 .6522 1 .6472 1 .6341 .0181 630 !2 .  02"72"  2 f  t ro  Y :Deep green
C 1 .6490 1 .6440 1 .6311 .0179 64"  t40  62o+3"  Z :Deep b lu ish  s reen

Heated
Elror t .0005

F 1.1288 1.7095 1.6596 .0692 640 I 4" 6401 30 y:yellowish brom
D  1 . 7 1 1 1  1 . 6 9 7 8  1 . 6 5 0 3  . 0 6 0 8  5 5 + o + 2 0  5 6 0 1 2 .  0 . 1 1 '  y : A m b e r  b r o w n
c 1  7016 1 .69 !1  1 .6478 .0538 51o i4o  52o+ 30  Z :Deep dark  b rown



JOURNAL MINERALOGICAL SOCIETY OF AMERICA

Hornblende, Sandeled, near Risor, Norway
Unheated
Error I .0005

Ns Nn Np 1[s-Ne 2V Calc. 2V Obs. ZA, Pleochroism

409

F
D
C

1.6642 |  6572 1 .6421 .0221 690 !80  120!30

1 . 6 5 7 1  1 . 6 4 9 0  1 . 6 3 3 1  . 0 2 4 0  7 1 0  i 4 "  ? 2 " ! 2 "
1 .6536 1 .64s7 1 .6297 .0239 70o j l8 "  72"+3"

X:Light green

16'+ 10 Y:Yellowish green
Z :Dark yellowish green

lfeated
Error t .0004

F  1 . 6 9 8 0  1 . 6 8 3 E  1 . 6 s 2 0
D 1 .6862 L-6724 r .6406
c  1 .  6798 1  .  6678 1 .  6367

Hornblende, Tyrol
Unheted
Error t .0005

F  1 . 6 7 1 3  1 . 6 5 8 5  1 . 6 4 4 5
D  1 . 6 6 4 0  1 . 6 5 1 0  1 . 6 3 7 0
c 1 .6618 1 .6494 1 .6347

Ileated
Error t .0010

F  1 . 7 4 1 1  1 . 7 1 5 2  1 . 6 6 2 3
D  1 . 7 1 7 5  1 . 6 9 8 0  1  6 5 0 7
c 1 7093 | 6928 1.6413

.0460 660 t40 66ot3o

.04s6 670 t 20 66"t2"

.0431 640 + 40 660+ 30

X :Light greenish brown
0ot 10 Y:Greenish brown

Z:Deep brown

.0268 87o +  40  860*  30
,o27t 88" t2" 86ot2o
.0371 8s ;o+40 860t30

X:Very light green

toot l" Y:Light grayish ereen
Z: Grayish green

.0788 700 t  40  70"+ .30

.0668 65+ '+  20  650+ 20
0620 62" !4" 620 !3o

X:Light amber
10 + 1' Y:Amber brorvn

Z :Deep brown

llornblende. Lanark Co., Ontario2o
Unheated
Error i .0002

F  1 . 6 7 3 2  1 . 6 6 6 8  1 . 6 6 0 8
D  1 . 6 6 6 5  1 . 6 5 8 9  1  6 5 1 1
c 1  6641 1  6557 1 .6473

Heated
Error i .0005

F t .1243 1  1083 1 .6726
D  1 . 7 1 0 0  1 . 6 9 6 1  1 . 6 6 2 6
c  1 . 7 0 1 4  1  6 8 9 0  1 . 6 5 8 1

Reheated in hydrogen
Error I .0004

F  1 . 6 7 3 7  1 . 6 6 5 9  1  6 5 8 1
D 1  6670 1  6583 1 .6493
c  1 . 6 6 5 0  1 . 6 5 6 2  1 . 6 4 6 4

.0124 880 i40  88 '13 '
0154 89+ '+  20  88o*  2 '

.0168 900 t  40  88 ' t  30

X:Very l ight green

23o X2" Y -Brownish geen

Z:Greet

0s17 68 '  t  4 "  7601 30
.0474 660 + 20 66"t 30
0433 650 140 64 ' t30

X :Light greenish brown
5't 20 Y:Amber brown

Z:Deep brown

.0156 90 ' t4 '  88o t3 '  X :Very l igh tgreen

.0177 89o X2o 88o!2o 24ol2o Y:Brownish green

.0186 870 + 40 880+ 30 z:Greet

20 Analysis by R. B.  El lestad,  Univers i ty  of  Minnesot t r .
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Hornblende, Eganyille, Ontario
Unheated
Error t .0003

Ne N^ Np /fs-ilp 2V Calc 2V Obs. ZA" Pleochroism

F 1 .6786 1 .6735 |  6614 .0172 660 t4o  63ot3o  X:L igh t  g reen
D 1.6702 1.6656 1 6539 .0163 640 X2o 63"!2" 3lollo y-Deep green
C 1 6660 1 6616 1 6499 0161 630 + 4. 63ot 30 Z:Deep blue sreen

Heated
Error I .0010

F 1 .?311 1 .7 t68  1 .6741 .0570 600 t80  610+30 X:Green ish  brown
D 1 .7193 1 .7060 1  6666 .0527 610 +4o 610+20 4" !2o  y=Darkgreen ishbrown
C 1 .7148 1 .7017 1 .663s  .0513 620 +80 610+30 Z=Opaque brown

Hornblende, Millford, Massachusetts
Unheated
Error t .0005

F 1 .6836 1 .6788 1 .6663 .0 t93  Z3o j  60  ?26t3"  X :ye l low ish  green
D 1 .6792 1 .6715 1 .6578 -0214 74o +30 I2o+20 2Oo+10 y=Darkye l lowgreen
C |  6766 1 .6686 1 .6549 .0217 ?410+6o 72o+3"  Z :Darkb lu ishreen

Heated
Error t .0008

F L7729 1 .7450 1 .6884 .0845 ?0o ! :60  7Zo13o X=ye l low ish  seen
D 1.7477 1.7288 | 6759 .0718 62o +3o 65o+2 y:Dark amber brown
C 1-7399 1 .7206 1 .6119 .0680 64+0160 630+30 Z :Deeo brown

Hornblende. FranLlort, Pennsylvan ia
Unheated
Error t .0004

F 1 .7073 1 .7043 1 .6900 .0173 4go +12o 45o+30 X:L igh tye l lowgreen
D 1 .6980 1 .6950 1  6801 .0179 48o i60  45ot2o  22o+to  y :ye l low ish  green
C 1  6960 1 .6930 1 .6765 .0195 4?o +12o 45o+30 Z :B lu ishgreeo

Ileated
Error t .0012

F 1 .8068 1 .?759 1 .7137 .0931 _  70o+30 X:ye l low green
D 1 .7825 1 .7564 1 .7003 .0822 -  69o+20 Oo+to  y :Opaqueye l lowgreen
c  1 .7106 1 .7183 r .6962 .0744 _  6610+30 Z :Opaque

Hornblende, Renfrew Co,. Ontario4
Unheated
Error I .0005

F 1 .7110 1 .7090 1 .6908 .OZO2 37o +14.  35o+30 X:L igh tgreen
D 1 .7000 1 .6980 1 .6804 .0196 38o + io  38ot40  20o+10 y :Darksreen
C  1 . 6 9 4 8  1 6 9 3 0  1 . 6 7 5 8  . 0 1 9 0  3 6 0 + 1 4 o  4 0 o + 3 o  Z = V e r y d a r k g r e e n

Hated
Eror  f .0012

F 1 .8275 1 .?857 1 .7 t45  .1130 _  75ot30  X:L ieh t  b rom
D 1 .7960 L .769O 1 .7020 .0940 _  65ot20  0 .1  r .  y :Dark  b rown
C 1 .7838 1 .7608 1 .6973 .0865 _  62ot30  Z :Very  dark  b rown

21 Analysis by L. C. Hurd, Universitv of Wisconsin.
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Tremolite, Russell, New York
Unheated
Error t .0002

Ns Nn y'fp ,\'s-l[p 2V Calc 2V Obs. ZA, Pleochroism

F 1 .6342 1 ,6230 1 .6096 .0246 85o +4o 8 f t3 "  None

D 1 . 6 2 7 8 1 . 6 | 7 8 I . 6 0 4 2 . 0 2 3 6 8 1 } . t 2 o E 1 . + 2 o 2 0 o +
c  r . 6 2 5 2  1 . 6 1 5 4  1 . 6 0 1 6 . 0 2 3 6  8 0 + " + 4 0  8 1 0 t 3 '

Heated
Error t .0004

F 1 .6488 1 .6350 1 .6105 .0383 74o t4o  72o+3o X:Co lor less
D 1 .6367 1 .6262 1 .6058 .0309 71+oX2o 72o!20  13ot  10  Y:Verv  l i sh t  s reen
C 1 .6323 I .6228 |  6047 0276 72o !4o  72o+3o Z :Very l igh tbrown

Tremolite, Natural Bridge, New York
Unheated
Error t .0004

F  1 . 6 3 0 3  1 . 6 2 1 8  r . 6 0 7 6 . 0 2 2 7  7 5 + o + 4 o  7 7 o X 3 o  N o n e
D |  6267 1  6181 1 .6041 .0226 76"  +20 770X20 160110
c  1 . 6 2 4 7  1 . 6 1 6 1  1 . 6 0 2 0  . 0 2 2 7  7 6 o  + 4 o  7 7 " t 3 "

Heated
Error t .0005

F 1  6335 1 .6224 |  606r  .0274 19o !6o  83o+3o None
D 1 .6284 1 .6175 1 .6014 .0270 79"  I  3 '  83o+ 20  15o l  1o
c  1 . 6 2 5 8  1 . 6 1 4 7  1 . 5 9 9 1  . 0 2 6 7  8 0 0  + 6 0  8 3 0 + 3 "

Tremolite, Ossining, New York22
Unheated
Error t .0002

F 1 .6369 1 .6245 1 .6086 .0283 83"  +4 '  82ot3o  Nonc
D 1  6 .307 1 .6183 1 .6024 .0283 83o !2o  82o+2o 15+11 '
c  1 .6278 1 .6155 1 .5996 .0282 83"  t40  820t30

Heated
Error I 0004

F 1 .6355 1 .6228 1 .  6080 .0275 85 ;o t  40  82o+ 30  None
D 1.6308 | 6178 1.6026 0282 85io+2o 82o!2" 18ot 10
c  r .6282 r .6 t52  t .6002 .0280 860 140 820130

Actinolite, Pierrepont, New York
Unheated
Errort 0004

F 1 .6367 1 .6271 1 .6131 0236 790 !40  82" t3 '  None
D 1 .6301 1  6201 1 .6067 .0234 82o +20 82ot2o  18ot  1"
c  1 .6276 1 . .6169 1  6037 .0239 84o t40  82o13"

Heated
Erro! t .0004

F  1 . 6 4 4 3  1 . 6 3 2 8  1 . 6 1 0 6 . 0 3 3 7  7 1 + o + 4 0  ? 0 o t 3 0  X : C o l o r l e s s
D |  6377 1 .6270 1 .6053 .0324 10"  !2o  7 loXzo l2o t lo  Y :Very l igh ts reen
C 1 .6343 1 .6242 |  6032 .0311 69+0+40 7O' t30  Z : \ re ry l i sh tb rown

22 Analysis by Allen and Clement : Amer. ! oca. S ci., 4tin Ser., Vol' 26, l1l, 1908.

The material studied is a portion oI the original sample that was analyzed.
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Actinolite, Zil lerthal, ' Iyrol
Unhqted
Error t 0005

Ns N* N" ilp -Np 2V Calc 2V Obs ZA" Pleochroism

F 1 .6463 1  6332 1  6142 .0321 79o t4o  780+3"
D 1 .6403 1 .6278 1 .6085 .03 :18  77 ia+2"  78"X20 160t  1 .
c  1 _ 6 3 8 0  1 . 6 2 5 3  1 . 6 0 6 0  . 0 3 2 0  7 8 .  t 4 0  7 8 0 1 3 0

Heated
Error I .0010
F  1 . 6 6 7 9  1 . 6 5 9 4  1 . 6 2 8 3  . 0 3 9 6  5 5 0  +  1 0 0  5 6 0 + 3 0
D 1 .6617 1  6532 1  6220 .0397 55"  +50 560+2
c 1 .6581 1  6496 |  6183 .0398 550 +  100 560+30

Actinolite, Val Malenco, Italyzt
Unheated
Error t .0004
F 1 6490 1.6384 1 6214
D  1 . 6 4 1 3  1  6 3 1 3  1  6 1 3 3
c 1  6379 1  6280 1 .6108

.0276 764"X4"  73ot30

.O28O 73 io+2o 73o!20  15ot  10

.027r  11 lo+ 40  73o+ 30

X :Very light green
Y:Yellowish green
Z:Grcen

X:Light green
Y: Greenish brown
Z =Mottled brown

X:Ligbt green
Y:Bluish green
Z:Greet

X : Greenish brown
Y:Deep brown
Z:Dark brown

Heated
Error t .0005
F 1  6848 1  6743 1 .6380 .0468 56 ;0+6o 57 .13o
D 1  6728 I  6634 1  6301 .0127 56 .  +3"  s6 .12o 10o+1o
c  1 . 6 6 8 0  1 . 6 5 8 6  1 . 6 2 7 8  . 0 4 0 2  5 8 o  1 6 "  5 5 o t 3 0

Kreutz2a mentions that for common hornblende the birefringence
in red is greater than for violet and that for basaltic hornblende
the opposite is true. The results obtained in this study bear out,
in general, the results obtained by Kreutz for common hornblende
and entirely for brown hornblende. The heated hornblende also
shows a marked rhombic dispersion as indicated by the difierence
of the optic angle for F and C calculated from the indices and
observed directly.

fn dehydration of amphiboles hydrogen is given off and not water
(except water which is not a constituent part of the space lattice),
This is substantiated by the difierence between the weight per-
centage loss on heating and the water content by analysis. The
percentage loss in weight of the Lanark County hornblende upon
heating was 0.2770 and the analysis for water gave 0.747a. The
sample from Argenteuil Co., Quebec, shows a weight loss of 0.047a
and the water content by analysis is 0.58/6. K6zu25 and associates
show a weight-percent loss for common hornblende oI 0.13/sand
for soretite ol 0.2870 at a temperature of 800oC., which compares

'!3 No. 11453 of the Milwaukee Museurn.
2a Kreutz,  S. :  .Si l : .  Akad.Wiss.Wien-.  117, I ,875,  1908.
25 K6zu, S., Yoshiki, B., and Kani, K.: Science Reforts oJ the Tdhohu hnperiol

Unitersity, Ser. 3, Vol. III, No. 2, 143, 1927.
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with the temperature used here, and at 1000' the weight-percent
Ioss is O.l87o and O.49/s, respectively. The water analysis is not

given for either of these samples, but it is reasonable Lo assume

that as in other amphiboles the analyses would show about 1/p

or more of water. The reason it is thought that hydrogen is given

ofi and not water given off and oxygen taken on is that the sample

from Argenteuil Co., Quebec, which is very low in iron shows

a weight percentage loss that is only a small fraction of the

water contained, and since little iron is present there would be

no reason for oxygen to enter the mineral. The oxygen which

remains in the mineral must (if ferrous iron is available) oxidize

the ferrous iron to ferric iron, and when no ferrous iron is present

must be held in the mineral by its size and consequently its inability
to move through the space lattice.

To establish oxidation definitely we may turn to the analyses
of the Renfrew and Lanark hornblendes, before and after heating,
in Table IX. In both samples it is very apparent that a large

share of the ferrous iron has been converted into ierric iron and that

Frc, 2. Relations between ferrous and ferric iron in analyzed samples of common,

basaltic, and heated hornblende.

FeaO3
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water has been lost. Two other analyses of iron-poor amphiboles
that show very little optical change on heating are included in the
table. Analyses after heating were not made because the small
optical change indicates practically no chemical change.

The total iron is stated for the unheated and heated phases of
the Lanark and Renfrew hornblendes. The total iron for the
Lanark sample checks within 0.0470 and from all appearances the
analysis is excellent. The total iron in the Renfrew sample is over
twice that in the Lanark sample. The analyses before and after
heating show a discrepancy oI 0.28/s for total iron and the ac-
curacy given for the fluorine indicates that it is little better than
an estimate, so this analysis should be used with discretion.

T,q.nr,n IX

r 2 3 4 5 6

sio, 43.59
Tio2 0.86
AhOs 11.17
Fego: 4.60 12.42
FeO 7 .48 0. 39
MnO 0.29
MeO 14.59
CaO 11.60
KrO 1 .95
NagO 2.49
H:O 0 .74  0 .05

Fz 0 .29  0 .  34

4l  -02 45.79 57.35
1 .O2 0.  63 0.07
9 . 6 9  t 2 . t 8  t . 2 l
9 .23  23 .40  0 .50  0 .  11

16  51  4 . t 2  0 .39  0 .23
t r .  0 .29  0 .01

7 .20  20 .85  23 .87
10.65 12.98 14.02
1 . 3 3  r . 7 6  0 . 1 9
2 . 7 2  2 . 5 4  0 . 4 2
0 .92  0 .08  0 .  58  2  . 21
0 . 4 0 + . 2 0  0 . 3 0 + . 2 0  2 . 8 0  0 . 1 1

Total

o:F :
99. 65

. 1 2
100.68

. 1 8
10r.29 99.80

I . L I  . U J

Total

Fe

99. 53 100.50 r00.12 99.75

9.03  8 .99  19 .29 19.  57

1. Unheated hornblende, Lanark Co., Ont. Analyzed by R. B. Ellestad,
University of Minnesota.

2. Heated, otherwise the same as 1.
3. Unheated hornblende, Renfrew Co., Ont. Analyzed by L. C. Hurd, Univer-

sity of Wisconsin.
4. Heated, otherwise the same as 3.
5. Edenite, Argenteuil Co., Quebec. Average of analyses by Harrington, B. J.:

Am. Jour. Sci., XV, 392,1903; Johnston, R. A. A.: GeoI. Sur. Canado, Vol. XIII;
and Stanley, F. C.: Am. f our. Sci., XX[I, 49, 1907.

6. Tremolite, Ossining, N.Y. Analysis by Allen and Clement, Am. Jour. Sci. ,
4th Ser. ,  VoI .26,101,  1908.
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The optical properties were plotted against the content of iron
oxides and also against the ratio of combined iron oxides to mag-
nesia. In both cases the resulting diagrams were almost exactly
the same as obtained in Plate I in which the average index of the
heated hornblendes were plotted as a straight line variation. fn
Fig. 2, ferrous iron is plotted on the ordinate and ferric iron on
the abscissa. The areas of common hornblende and of basaltic
hornblende are shown as obtained from many analyses. The analy-
ses from Table IX are indicated by crosses, and it will be noticed
that for the heated samples the crosses fall outside of the basaltic
hornblende area. It is probable that most basaltic hornblendes
are not fully oxidized. This view is supported by Schneider, pre-
viously quoted, who heated basaltic hornblendes and found in
most of them an increase in pleochroism, absorption and double
refraction, and a decrease in extinction angle (Z Ac).

The density of the heated hornblende is greater than that of
the unheated hornblende. Using Clerici solution the density of the
Lanark Co., sample was determined to be 3.175 in the unheated
state and 3.215 afterwards, and for the Renfrew Co. sample the
density was determined to be 3.258 for the unheated sample and
3.320 for the one that was heated. Graham26 states that, "The
diffraction-angles of the heated sample are slightly greater than in
the unheated one, indicating that in the heated hornblendes the
planes of atomic structure are a trifle closer together and the
mineral is slightly denser." K6zu and associates, previously
quoted, found a contraction between the temperatures of 750o
and 790o C., which is additional evidence that the heated horn-
blendes are denser. K6zu attributed this change to inversion.
Many substances do show this phenomenon at the inversion point,
but with inversion there is only a rearrangement of the material
present and no change in chemical composition by either addition
or expulsion. It may be argued that the efiects of the chemical
changes taking place are subordinate as shown by the lack o{
change of the iron-poor amphiboles upon the loss of water, but
at the same time there is no change to indicate inversion. Inver-
sion should take place without regard to the atmosphere in which
it is heated. As found in the present study the high-iron horn-
blendes when heated in hydrogen do not change. If inversion
were the chief factor the change of mean index should be related

s Graham, W, A. P.: Am. MineroL., Vol. XI, No.5, 118, 1926.
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to the change in density. This was tested with the aid oi the
formula of Gladstone & Dale:27 n-l/d:constant, where a is
the index and d is the density. The constant obtained for the
unheated sample was used with the density of the heated sample
to obtain the index. The Lanark Co. sample gives an increase of
mean index of .0083 due to density increase, whereas, the meas-
ured increase of mean index is .0308. Following the same proce-
dure for the Renfrew Co. sample .0132 is obtained for the increase
in mean index due to density and .0625 is the mean index increase
observed. The increase of index due to the increase of density is
only about one-quarter of the increase actually found. The ac-
curacy of this formula for solids is seriously questioned, so these
results cannot be regarded as more than approximations.

Oxidation is by far the most important factor in the change from
green to brown hornblende and in fact if it were not for oxidation
there would be no increase in density and consequently no in-
crease in index from this cause.

Suuuanv

The facts obtained in this study may be enumerated as follows:

1. Green hornblende, when heated in air, changes to brown
hornblende, which has the same optical properties as basaltic horn-
blende.

2. The iron-poor hornblendes do not change on heating.
3. Upon heating tremolite behaves like the iron-poor horn-

blendes and actinolite like the iron-containing hornblendes.
4. The changes obtained in the iron-rich varieties upon heating

are as follows: fncrease in density, indices of refraction, bire-
fringence, and dispersionl decrease in extinction angle; and change
in optic angle to about 65o, and in pleochroism and color from
greens to browns.

.5. Brown hornblende when heated in hydrogen
green hornblende.

6. The weight-percent loss on heating is only
water obtained by analysis.

changes back to

a fraction of the

7. The birefringence of brown hornblende in violet is greater
than for red and the opposite is true in general for common horn-
blende.

27 Gladstone and Dale:  Phi l , .  Trans. .153.  317.  1863.
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8. The heated, iron-rich hornblendes show a
dispersion.

9. The analyses show a marked conversion of
iron on heating and a loss in water.

10. Tlre optical properties change almost in proportion to the

change in the total iron oxides, with ferric iron being the most
influential upon the optical properties.

11. Dehydration has l itt le effect upon the optical properties.
12. Heated hornblendes in general have a more complete change

of ferrous to lerric iron than basaltic hornblendes.
The conclusions drawn from these facts are as follows:
1. Oxidation of ferrous to ferric iron causes the changes in optical

properties observed upon heating common hornblende.
2. Dehydration is of no importance except that it allows oxida-

tion to proceed.
3. Inversion is not present as proved by the lack of change when

heated in hydrogen.
4. In dehydration, hydrogen and not water (except water that

is not a constituent part of the space lattice) is given off, and the

oxygen remains in the mineral, either oxidizing ferrous to ferric

iron or, when ferrous iron is not present, remaining because of its

size.

marked rhombic

ferrous to ferric




