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ABSTRACT

INTRODUCTION

Thermal studies of the amphiboles were initiated more than fifty
years ago by Doelter and Hussak! when they determined that green
hornblende broke down into magnetite plus augite, or olivine, at a high
temperature. These observations were made without the benefit of a

® Warren, B. E., and Modell, D. I., The structure of anthophyllite, H.Mg;(SiOs)s:
Zeit. fiir. Krist., 75, 161-178 (1930).

* Posnjak, E., and Bowen, N. L., The role of water in tremolite: A, Jour. Sci., 22,
203-214 (1931).

§ Thilo, E., and Rogge, G., Chemische Untersuchungen von Silikaten, mitteil VIII:
Ber. der Deut. Chem. Gesell., 72, 341 (1939).
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in the form of water was closely associated with the disintegration of
the crystal structure.

The investigation described here is a re-examination of some of the
previous experiments by a quantitative method® of differential thermal
analysis that permitted the heats of reaction for the structural disin-
tegrations to be measured. In addition, x-ray, optical, and spectrochem-
ical methods of analysis were employed as supplementary tools in the
investigation.

The chemical analyses for the eight specimens tested are shown below.

Several differential thermal analyses of diverse members of the amphi-
bole group indicated that the range of stability of these minerals lies
between 600° and 1125° C., a region of high efficiency for the thermal
equipment used in this investigation. No changes were observed below
600° C. and so only the thermographic records above that temperature
are exhibited. A heating rate of 30° C. per minute with a furnace evacu-
ated to a pressure of 1 mm. Hg was used to obtain the thermographic
curves.

The structural disintegration of all the specimens analyzed occurred
in the temperature range 925°-1125° C., and this reaction is designated
by the peaks (y) in Figs. 1 and 2. Only the thermographic peaks so des-
ignated are concerned in this investigation. In all cases the transforma-
tion is a solid state reaction requiring heat absorption (endothermic).
Other reactions, such as inversions” in the magnesian varieties, and
oxidation of Fe*+ in the ferrous varieties, are thermographically recorded
at temperatures below the disintegration level.

TREMOLITE

Posnjak and Bowen® demonstrated the role of water in tremolite by
static weight-loss experiments. At 900° C. the theoretical water content
(2.229,) is driven off, and the following reaction takes place in the solid
state:

CasMgsSigOn(0OH), + AH = 2CaSi0;- 5SMgSiO; + SiO. + Hz0

tremolite diops.-clinoenst. cristo-
balite

A thermographic record of the removal of hydroxyl groups from tremo-
lite (Fig. 1) gives a graphical representation of this dissociation reaction.
The specimen from which the analysis was obtained was a portion of the

¢ Wittels, M., Some aspects of mineral calorimetry: Am. Mineral., 36, 760~767 (1951).

7 Wittels, M., Structural transformations in amphiboles at elevated temperatures:
Am. Mineral., 36, 851-858 (1951).

8 Posnjak, E , and Bowen, N. L., 0p. cit.
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TEMP. °C.

600 700 800 200 1000

Fic. 1. Thermographic curves of amphiboles.
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Anthophyllite

Hastingsite

600 700 800 900 1000

¥16. 2. Thermographic curves of amphiboles.
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very pure material investigated by Posnjak and Bowen. The results are
in complete accord with those described in the earlier investigation,
where the reaction went only to partial completion after 24 hours at
900° C.

Specimens heated to 960° C. and immediately cooled showed no struc-
tural changes upon #-ray examination. This observation was a reflection
of the dynamic nature of differential thermal analysis in that there is a
noticeable reaction-temperature lag which static tests do not give.
Where the reaction is not instantaneous and when high heating rates

chain units split into single-chain units plus a residue which are stable
at these elevated temperatures. The heat absorbed (AH) in the reaction
was 6.40 calories per gram, and the accuracy of the determination is
estimated at +15%.

RICHTERITE
3CaSiO;
2NaCa1,5Mg4_aMno,BSigOn(F)(OH) -l— AH = 9Mg8103 + 2NaF 35102 + Hzo
richterite 1MnSiOs glass

pyroxene

tering action.

SopA-TREMOLITE-GLAUCOPHANE

The structural disintegration of amphiboles whose composition in-
cludes portions of tremolite and glaucophane end-members was parallel
to the rupture of tremolite and richterite samples. The breakdown prod-
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ucts included a pyroxene of the acmite-augite series, hematite, cristo-
balite, and water. A hypothetical reaction for this process is

2NaFe3*tS1,04
NazMg2F62+Feg3+Si8022(0H)z + i‘Oz + AH = 2MgSlO3 + %FCan + 28102 + Hzo
soda-trem.-glaucophane $Fey0s hema-  cristo-
polyaugite tite balite

This reaction will vary in amphiboles of this variety depending upon the
chemical composition of each specimen. Small amounts of Ca and Al
alter the reaction only slightly since both are acceptable constituents of
the augite reaction product. Indeed, the ability of the augite structure
to accept small amounts of Al*++, Fet++ and Ti++++ in addition to
regular amounts of Cat+, Mg+, Fet+, and Mn*+, makes it almost im-
possible for any precise reaction to be written. Slight differences in the
amounts of the isomorphous constituents of the amphibole minerals
definitely alter the proportional amounts of the reaction products. The

Both specimens fused into glassy masses at 1100° C., and as a result,
the accuracy of the calorimetric measurement was reduced to about
1+25%. The peculiar heat effects accompanying glass formation is detri-
mental to the type of heat analysis employed in this investigation where
the test specimen must maintain its physical characteristics if accurate
measurements are to be made. The high alkali and fluorine contents of
both samples was largely responsible for this glass formation. Spectro-
chemical analyses of the disintegration products revealed no loss of fluo-
rine in samples heated to 1125° C. This might be expected in view of the
very high electronegativity of fluorine. The heat absorbed by specimens
A and B in the disintegration reaction was 4.68 and 5.24 calories per gram,
values of the same order as those determined for tremolite and richterite.

PARGASITE-HASTINGSITE

These amphiboles are members of the lime-alkali varieties of horn-
blendes that are high in calcium as well as aluminum. At 1100° C. the
disintegration products included some plagioclase feldspar flakes in ad-
dition to polyaugite, hematite, and water. The complex composition of
both the amphibole and its reaction products prohibits the writing of an
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exact expression for the reaction but a possible reaction may be expressed
as follows:

ZNaCazMgF€32+F61 53+A11.5Si5022(0H)2 + %Oz + AH
hornblende
F 6203+2H20.

hema-
tite

The hastingsite specimen heated to 1145° C. reacted to form all the prod-
ucts above plus some olivine and magnetite. Evidently temperatures
greater than 1100° C. are necessary for the formation of these reaction

relation holds true in this instance.

The heats of reaction for the pargasite and hastingsite specimens are
7.83 and 0.83 calories per gram, respectively. These heats are noticeably
lower than those determined for the other monoclinic amphiboles and

MAGNESIAN ANTHOPHYLLITE

The disintegration of magnesian anthophyllite closely parallels the
collapse of tremolite, its monoclinic counterpart. The products of struc-
tural disintegration are orthopyroxene, cristobalite, and water.

® Buerger, M. J., The role of temperature in mineralogy: Am. Mineral., 33, 101-121
(1948).

10 Kozu, S., Yoshiki, B., and Kani, K., Note on the transformation of common horn-
blende into basaltic hornblende at 750° C.; Sci. Rept. Tohoku Imp. Univ., Ser. 3, No. 2,
143 (1927).
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The reaction

MgiSig0»(0H), + AH = 7MgSiO; + SiO, + H,0
anthophyllite enstatite  cristo-
balite

has a peak temperature of about 1020° C., and absorbs 4.50 calories per
gram. The estimated accuracy of the heat measurement is the same as

FERROUS ANTHOPHYLITE

Specimen (B), Fig. 2, gave orthopyroxene, cristobalite, and water as
disintegration products according to the reaction

Mg s Me |si|

Fet+ , Al Ozz(OH)g + AH = 7 Fett+ Al IOa + SlOz + Hgo

Attt ], § A+t cristo-
anthophyllite hypersthene balite

where the pyroxene is hypersthene, the variety that accommodates Fe
and Alin its structure. Once again ferrous iron oxidation interferes with
the calorimetric measurement of the disintegration reaction, and makes
the heat determination of 2.00 calories per gram accurate to about
+30%. It may be expected that alkali fluoriferous specimens would yield
a glass among the disintegration products.

! Thilo, E., and Rogge, G., op. cit.
2 Rabbitt, J. C., op. cit.

Manuscript received April 25, 1951,



