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Rosnnr W. CHenr-ns
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Abstract

The phase relat ions of the amphiboles r ichteri te and ferrorichteri te have been defined using
standard hydrothermal and oxygen buffering techniques. Richterite is stable to 1030' t IOoC at
I kbar Ptot"r.  Above 150 bars r ichteri te decomposes to forsteri te f  diopside + enstat i te f  melt
* vapor. Under condit ions between 930"C at 50 bars and 970"C at 150 bars the decomposi-
t ion assemblage is roedderite * forsteri te * diopside * melt + vapor. Below 930"C and 50
bars, r ichteri te reacts to roedderite - l  l :2' .6 Na-Mg si l icate t forsteri te * diopside * vapor.
Ferrorichteri te on the iron-wiist i te (IW) buffer is stable to 715' + 5"c at I  kbar p,o,.1,
decomposing to hedenbergit ic pyroxene * fayal i te * melt * vapor at higher Z. Below 600
bars ferrorichteri te decomposes to l :2:6 Na-Fe si l icate -F hedenbergit ic pyroxene * fayal i te *
melt + vapor. Ferrorichterite on the quartz-fayalite-magnetite (QFM) buffer is stable to only
525" + 20oC at I kbar, reacting to form acmite"rhedenbergiter, * fayalite + magnetite +
quartz + vapor at higher Z. Above 820o + l0"C at I  kbar, this assemblage undergoes part ial
melt ing to form hedenbergit ic pyroxene * fayal i te * magneti te * melt + vapor. Above IW
the ferrorichteri te bulk composit ion yields amphibole * acmit ic pyroxene, indicating that
completely ferrous ferrorichterite is stable only at very low/6 .

Introduction

The phase equil ibria of magnesium- and iron-
bearing amphibole end members have been examined
extensively for three amphibole series: tremolite
(Boyd, 1959)-ferrotrernolite (Ernst, 1966); pargasite
(Boyd, 1959)-ferropargasite (Gilbert, 1966); mag-
nesioriebeckite (Ernst, 1960)-riebeckite (Ernst, 1962).
The phase relations of these series along with
work on other amphibole end members have been
summarized by Ernst (1968). The richterite series
presented here adds information concerning the effect
of the Na = Ca and Mg e Fe substitution upon ther-
mal stabil it ies and physical properties of amphiboles.

Richterites are monoclinic amphiboles composed
of double chains of sil icon tetrahedra. The cation
sites l inking these chains contain Na in the 8-fold I
site, Na and Ca in the 8-fold M(4) sites, and Mg and
Fe in the remaining 6-fold M sites.

Richterites, though uncommon, are found in
rather varied low-pressure and high-temperature en-
vironments. Earlier investigations and some natural
occurrences were given in a previous article (Charles,
r974).

Experimental
Oxide mixes of appropriate bulk compositions

were prepared for both richterite and ferrorichterite.

Na was added as NarSi2Ou. Mixes containing both
hemat i te  and nat ive i ron were prepare d for
ferrorichterite. These mixes were used interchange-
ably to check equilibrium on the oxygen buffer
used.

The oxide mixes were subjected to temperature and
pressure in standard cold-seal vessels, in an internally
heated vessel, or in l-atm quench furnaces, depend-
ing upon the conditions desired. Oxygen fugacities
were buffered with standard solid buffering techni-
ques (Eugster, 1957), direct hydrogen diffusion
(Shaw, 1967), and graphite-methane buffering
(Eugster and Skippen, 1967).

Unit-cell dimensions were determined using BaFr,
Baker lo t  No.  308 (a :  6 .1971+ 0.0020 A),  as an in-
ternal standard for the powder diffraction patterns.
The cell parameters were calculated using the
program of Evans, Appleman, and Handwerker
( 1e63).

Resultsl
Richterite

Figure I presents the stabil ity relations of Mg-
richterite for the P-T region 800o to I 150'C and 0 to

f f i ts theabbreviat ionsusedinth ispaper,andTable2
Usts the bracketing experiments from which the stability relations
were determined
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A  A m p h i b o l e
Ac Acmite

Cpx Cl inopyroxene
D i  D l o p s i d e
E n  E n s E a t i t e

F a  F a y a l i t e
F o  F o r s t e r i t e
H  H e m a t i t e
H d  H a d a n h a r o  i  r a

L  L i q u i d
M  M e l t
Mix Reduced mix ( I 'e ' )
M t  M a g n e t i t e
q Quartz

R o e d d e r i t e
V  a p o r
1 : 2 : 6  N a - ( M g , F e )  s i l i c a t e
P r o d u c t s  i n  p a r e n t h e s e s :

^57. content

Graph i  te- methane
Hemat i te-nagnet i  te
Iron-wi is t  i te
N i c k e l - n i c k e l  o x i d e

Quartz -  fayal i  te-magneti te
I{ i is t  i te-magneti te

Teu-B l .  Key to Abbreviat ions DF richterite a forsterite * diopside * clino-
e n s t a t i t e * m e l t * v a p o r

Curves BC and DE are complex melting relations in-
volving the disappearance of | : 2 : 6 Na-Mg sil icate
and roedderite, respectively. BC and DE involve
more than simple melting of these compounds since
the work of Schairer and Yoder ( 1970) shows that, at
1 atm, |  :2 :  6 Na-Mg s i l icate mel ts  at  1040"C and
roedderite melts at 1200'C. Richterite bulk composi-
tion consists of f ive components, and seven uni-
variant curves must emanate from each invariant
point. Those shown were found using a mix of
richterite bulk composition.

Within its stabil ity f ield Mg-richterite crystall ized
essentially 100 percent pure. Experiments at 800"C
and 2 kbar of 2-3 days duration yielded 98-100 per-
cent amphibole. This amphibole had the following
p r o p e r t i e s :  a : 9 . 9 0 2 ( \  A ,  b :  1 7 . 9 8 0 ( 4 )  4 , ,  :

5.269( l )  A,  v  :909.4(3)  A ' ,  P :  104 '13 ' ( l ) ,  a  :
1.604(5), t : 1.622(3). All experiments in the field
forsterite * diopside * enstatite t melt * vapor at I
kbar produced l0-20 percent quench amphibole. This
amphibole consisted of f ine isotropic needles com-
pared with the large (20 X 40 pm) pyroxenes and
irregularly shaped forsterites. Experiments at 2OO
bars and beyond the amphibole field produced
almost no quench amphibole. The term "clinoen-

statite" refers to a clinopyroxene near enstatite
composition, but some solid solution with the

diopside molecule and vice versa is certainly prob-

able (Boyd and Schairer, 1964). The stable form

of enstatite under these conditions is orthorhombic
and wi l l  be referred to hencefor th s imply as
"enstatite." Its 221 and 310 reflections appeared in
the powder X-ray diffractometer patterns from the
products of experiments of more than 2 days dura-
tion. Shorter experiments yielded forsterite * diop-
side i melt + vapor with possible small amounts of
enstatite, which are difficult to distinguish optically
from diopside.

Roedderite (a : 10.147(l) A, c : 14.240(3) A) and
l:2:6 Na-Mg sil icate were identif ied using the diffrac-
tometer patterns of Schairer and Yoder (1970).

Neither may be stoichiometric, because addition of
some Ca is possible without changing the unit-cell
parameters (Olsen, 1967).

Forbes (1971') indicated that richterite is about
80oC less stable at 200 bars and approximately 20'C
less stable at I kbar than the results presented here.
Experiments using forsterite * diopside f enstatite
* melt * vapor as starting materials and held for 68
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V
l : 2 : 6
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IW
NNO
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1000 bars Pwt^r : Pg-o. The univariant equilibria
involving r ichter i te are.

AB r ich ter i te  e  l :2 :6  Na-Mg s i l i ca te  l -  l :5 :12
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forsterite * diopside * vapor
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s i d e * m e l t * v a p o r
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FIc. l. Experimentally determined stability relations for Mg-
richterite bulk composition. Symbol size approximates the errors
in measur ing P and T.  Super imposed is Forbes'  (1971) stabi l i ty

limit for Mg-richterite. O, amphibole; O, forsterite * diopside
+ enstat i te *  mel t  f  vapor;  Q, 1:2:6 Na-Mg si l icate -F

roedderite + forsterite * diopside + vapor; @, roedderite f
forsterite * diopside + melt + vapor.
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1000

200

I

hours at 940'C and 200 bars produced )95 percent
amphibole even though this is well beyond Forbes'
stability limit. Experiments near the stability curve
were duplicated two or three times using mix, decom-
position products, or amphibole (see Table 2).ln ad-
dition, this work has yielded the low-pressure field of
1:2:6 Na-Mg silicate * roedderite * forsterite *
diopside * vapor.

Tnslr 2. Bracketing Experiments for Bulk Compositions
of Richterite and Ferrorichterite

P

9 1 5  b a r s )
T  D u r a t i o n

K e a c c a n t s
( l r  L J  ( n o u r s ,

o o o
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Ftc. 2 Experimentally determined stability relations for ferro-
richterite bulk composition with oxygen fugacities defined by the
IW buffer.

Ferrorichterite

The phase relations of the ferrous end member,
ferrorichterite, are presented in Figures 2, 3, and 4
and in Table 2. Figure 2 displays the relations of

a a
N a 2  c o  F e :  s . e  o 2 z  ( o P  ) ?  (  o  F  M  )

O O l o
I

a c 5 ?  H d 3 !  +  F o  +  M r  +  0 + v
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Flc. 3. Experimentally determined stability relations for ferro-
richterite bulk composition with oxygen fugacities defined by the

QFM buffer.
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richterite bulk composition. Field boundari6s are dashed where in-

ferred In this diagram amphibole gradationally changes to am-
phibole * clinopyroxene asrfs, increases until the stability limit of
the remaining amphibole is- reached. The buffer curves with

decreasing oxygen fugacity are: hematite-magnetite, nickel-

bunsenite, quartz-fayalite-magnetite, graphite-methane, wtistite-

magnetite, iron-wiistite, and iron-magnetite. Abbreviations as in

Table I

ferrorichterite in P-T space at oxygen fugacities de-
fined by the iron-wiistite (IW) buffer. At pressures
greater than 700 bars, ferrorichterite decomposes to
hedenbergitic pyroxene * fayalite f melt * vapor.
Reversals were obtained at l. 2. and 5 kbar. Some
metastable amphibole was observed in the decom-
position region at 5 kbar but not at lower pressures.
Reversal experiments contained amphibole crystal-
lized for 20-30 days at 7-10 kbar and decomposition
products grown at 800'i and 2 kbar for 2 days.
Complete transformation of one assemblage to the
other at >700"C was accomplished in experiments of
only 3 days or less.

Below 700 bars ferrorichterite reacts to form
hedenbergi t ic pyroxene * |  :2:  6 Na-Fe si l icate *
fayalite t melt * vapor. The I : 2 : 6 Na-Fe silicate
decomposes to fayalite + melt at higher tem-
peratures. The fayalite has a drro of 2.83 + 0.003
A and is believed to be pure FerSiOr, judging from
the determinative curves of Fisher and Medaris
(1969), since even a slight amount of Ca present in the
olivine phase (fayalite-kirschsteinite) would strongly
increase the drs, (Sahama and Hytdnen, 1958).

The hedenbergitic pyroxene has the following cell
parameters: a :  9.809(\  A, b :  8.999(7) 4,,  :
5 .288(18)A,  B  :  l05o l5 ' (7 ) ,  V  =  465.7(1 .3)  A3.

Because of poor resolution of pyroxene peaks and in-
terference with fayalite, only six reflections were used
for refinement: I 10, 220, 221, 310, 31,1, and I3l.
Refinements using these peaks generally yielded
values of c, and hence volume, with large errors. Us-
ing the determinative curves of Nolan (1969), the
pyroxene is about HdroAcro. Aoki (1964) and Nolan
(1969) have pointed out the l imitations of the deter-
minative curves when the pyroxene coexists with a
melt. Consequently, this value is only approximate.
Compositions determined by electron microprobe
were inaccurate because of small crystal size and Na
volatilization. Microprobe results indicate that (Ca *

Na) < Fe, and obviously there must be some fer-

rosil i te component in the pyroxene which moves

the composition from the acmite-hedenbergite join.

The stability of amphibole on the ferrorichterite
bulk composition is greatly reduced at/6 above the

WM buffer. Figure 3 shows the phase equil ibria

defined by the QFM buffer at variable P and Z. A

larger amount of Fe3+ is present here as indicated by

the M6ssbauer fit (D. Virgo, personal communica-

tion,1972). Accordingly, 30-40 percent ofthe charge

in the amphibole field was an acmitic pyroxene. Ex-
per iments at  h igher  pressure (7 kbar)  y ie lded

somewhat greater amounts of Fe'+-rich amphibole
with a distinctly smaller unit-cell volume than

amphibole on IW (929.7 L" us 936.0 A';. the

amphibole may become more riebeckitic as larger

amounts of Fe3+ appear and Ca, Na, and Fe are lost

to the pyroxene. In order to prove the stability of the
pyroxene in the amphibole field, amphibole prepared

on IW was reacted on QFM and yielded amphibole

* pyroxene. Between I and 7 kbar and 535" + l0oc,

amphibole * pyroxene decomposes to Ac.rHdr' *

fayalite t magnetite + quartz * vapor. At higher

temperatures this assemblage undergoes partial

melting: AcurHd33 -f quartz c hedenbergitic pyrox-

ene * melt + fayalite * magnetite. Ac.7Hd3, was

determined directly by microprobe analysis and from

Nolan (1969) since no melt is present. Its unit-cell
parameters as well as those of other pyroxenes grown

in the bulk composition "ferrorichterite" are given in

Table 3. On the basis of estimates from Nolan ( 1969)

with the reservations expressed previously, the pyrox-

ene above the solidus is found to be somewhat more

ferrous (Hd'uAczu).
Problems with metastable formation of l:2:6 Na-

Fe silicate were encountered owing to the lesser

buffering capacity of QFM. Starting materials con-

taining Feo, buffered by QFM for a few days, in-
variably reacted to yield charges containing l:2: 6 Na-
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Coexis t ing
p h a s e ( s )

P
( b a r s ) . ( f ) y  (83)! (A)3 (A)T

( " c )

c P x

A
A
A

cPx
cPx
c p x

cPx
A

A

H+Mt+Q

c P X
c P x
c P *

Fa+Mt+Q
Fa+Mt+M

A

Fa+M

5 .  2 8 9  ( 3 )

5 .  2 8 0 ( 4 )
s .  3 3 0 ( 4 )
5 . 3 2 8 ( 1 1 )
5 .282(5)
5 . 4 7 1  ( r 8 )
5 . 2 8 0

s . 2 8 8 ( r 8 )
5 . 2 9 2 ( 2 )
5 . 3 0 3  ( 2 )
s .  300 (6 )

106 "47  '  (3 )

1 0 3 " 2 7 ' ( 5 )
103 "46  '  (4 )
1 0 3 " 5 7  t  ( 4 )
106"42 '  (7 )
r 0 5 ' r 9 ' |  ( 5 )
106 '28  |

r 0 3 ' 3 7  |  ( 8 )

1 0 3 ' 4 4 '  ( 5 )

4 3 4 . 2  ( 0 . 3 )

9 2 7  . 7  ( 0 . 7 )
e 2 7 . 7  ( o . e )
9 2 9 . 0 ( 0 . 9 )
4 3 s .  5  ( 0 .  5 )
4 s 4 .  s  ( 0 .  s )
437 .O

4 6 5 . 7  ( r . 3 )
9 3 s . 0 ( 0 . 5 )
9 3 7  .  0  ( 0 . 4 )
9 3 6 .  s  ( 0 , 6 )

7  000 500
4000 475
4000 475
1000 700
1000 820
1000 475

1000 800
i0000 530
5000 530
2000 500

Fe304- I 'e2O3 Buf fe r

9 , 6 9 6 ( s ) *  8 . 8 4 4 ( s )

Fe25 iO4-S iO2-Fe3O4 Buf  fe r

e . 9 3 7 ( 5 )  1 8 . 1 8 0 ( 9 )
9 . 8 8 1 ( 1 1 )  1 8 . 1 3 6 ( 8 )
e .  8 e 8  ( 9 )  1 8 .  1 4 6  ( 9 )
9 . 6 9 8 ( 1 0 )  8 . 8 6 9 ( 1 1 )
e . 1 4 4 ( 4 )  8 . 8 3 8 ( 4 )
9 . 1  4 6  8 . 8 5 5

f ' e - F e O  B u f f e r

9 . 8 0 9 ( 4 )  8 . e e e ( 1 )
9 . e 7 5 ( 2 )  1 8 . 2 2 6 ( 6 )
e . 9 9 0 ( 3 )  1 8 . 2 1 6 ( 6 )
9 . 9 8 0 ( 8 )  1 8 . 2 2 7 ( 6 )

* P a r e n t h e s i z e d  f i g u r e s  r e p r e s e n t  t h e  e s t i n a t e d  s t a n d a r d  d e v i a t i o n  ( e s d )  i n  l e r m s  o f  l e a s t  u n i t s  c i t e d  f o r  t h e  v a l u e  t o  t h e i r  i m e d i a t e
l e f t ,  t h u s  9 . 6 9 6 ( 5 )  l n d i c a t e s  a n  e s d  o f  0 . 0 0 5 .

Fe sil icate if grown within the field of stable | :2: 6
Na-Fe sil icate which occurs on IW. This region is ap-
proximately 600" to 750"C at pressures up to 4 kbar.
Such charges,  whe n resubmit ted,  converted to
Ac.rHdu, * fayalite * magnetite * quartz on eFM.
Similar problems were found with amphibole. A
ferrous amphibole may crystallize within a few days
using a reduced mix, if i t is held just beyond the
stabil ity l imit of amphibole f cl inopyroxene. In
order  to avoid these problems only mater ia ls
equil ibrated for several weeks on QFM were used for
most reversal experiments.

Figure 4 displays the phase equil ibria for the
ferrorichterite bulk composition at a P1osul of I kbar
with variablefo,and Z. Within its f ield of stabil ity the
amphibole is on the ferrorichterite bulk composition
only at low fo, (IW). On buffers of progressively
higher /o,, increasing amounts of pyroxene appear
with amphibole and approach 30-40 percent of the
charge on QFM buffer.

Maximum stabil ity l imits of amphibole in the
ferrorichterite bulk composition &t P.-161 : I kbar
a re :  QFM,  535 '  +  l 0 'C ;C-CH ' ,580o  t  l 0 'C ;  WM.
760" +.  lO'C;  IW, 715'  + lOoC. Amphibole *
clinopyroxene decomposes according to the follow-
ing reactions:

(QFM) Amphibole * clinopyroxene = Ac.,Hd,, *
fayalite * magnetite + quartz * vapor.

(C-CH.) Amphibole * clinopyroxene c Ac.rHd*
* fayalite * quartz * vapor.

(WM) Amphibole + (c l inopyroxene) F2
clinopyroxene * fayalite * melt f vapor.

(IW) Amphibole e clinopyroxene * fayalite *
melt i vapor.

The subsolidus assemblage melts athighfs,:
(NNO) Ac.rHdr, * magnetite + quartz + vapor c

clinopyroxene * magnetite + melt +
vapor.

(QFM) AcurHdr, * fayalite * magnetite + quartz
* vapor = clinopyroxene * fayalite *
magnetite * melt * vapor.

(C-CH.) AcrrHdr, * fayalite t quartz + vapor a
clinopyroxene .| fayalite * melt * vapor.

Table 3 gives the cell parameters of coexisting
phases in the bulk composition ferrorichterite. The
decrease in cell volume at higher/e^ suggests that the
amphibole becomes a ferrorichterite coexisting with
an acmitic pyroxene. The pyroxene coexisting with
melt greatly increases in a, b, and V with a large
decrease in B from QFM to IW. This result indi-
cates an increase in acmite component as /e is
increased, if the data of Nolan (1969) are loosely
applied. Judging from the gradual disappearance of
020 and 310 reflections as/6 decreases and from the
l imi ted uni t -ce l l  data,  the-conclus ion is  that  the
pyroxene reacts continuously with the melt and
possibly the other solid phases as/e is decreased. Na
plus sil ica from the melt react with Fe to yield a more
acmitic pyroxene at higher /e . Such variations are
not present in the subsolidus iegion. This may be a
problem of slow reaction rates as pointed out by J.
Holloway (personal communication, 1974). The
pyroxene, Ac.7Hdr3, remains at constant composition
on QFM and HM, as verif ied by the unit-cell dimen-
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r  (110'c)
D

l j u r  re r
(kbar )

Tnsl-r 4. Clinopyroxene Stability experiments resulted in the same phase assemblage,
richterite at 990'C and Fo + Di + En * M * V at
1000'C. Not enough experiments were performed to
prepare a detailed T-X diagram for richterite-Hro.
Consequent ly,  the three possible melt ing rela-
t ionships of r ichter i te on the pseudobinary
NazO.CaO.5MgO.8SiOr-HrO are presented sche-
matically in Figure 5 (after Eggler, 1973). These are
arranged in order of increasing total pressure. As
the vapor-present fields sweep toward the left, it is
possible to generate melts either more or less hy-
drous than amphibole. Some experiments in the
amphibole field did have trace pyroxene, olivine, and
glass. This result could be due to very slight in-
homogeneity or nonstoichiometry of the mix.
However, most experiments, regardless of HrO con-
tent, were very nearly 100 percent amphibole. This
observation along with those presented at the begin-
ning of this paragraph suggests that Figure 5a is most
valid for total pressure in the range 200 to 1000 bars.

As Figure 5 shows, in the presence of a melt the
stability limit of amphibole may remain the same or
decrease with addition of an excess of HrO. An ex-
cellent example of the latter effect is observed in
the work of Yoder and Kushiro (1969) in which
KrO.6MgO.Al2Os.6SiOr-HrO is examined at a
Ps 6 of l0 kbar. Their Figure 4 is topologically
siniilar to Figure 5b here. If Figure 5a is valid for
richterite, excesses of less than 27 percent HrO do not
significantly affect the maximum stability limit of
amphibole.

Crystal Chemistry

At I kbar the maximum stability limits of the rich-
terites are: Fe-richterite (WM),760" * l0'C; Mg-
richterite, 1030' + l0oC (see Table 5). Substitution
of five ferrous irons for five magnesiums, causing a
decreased linking of the silicon double chains, lowers
the stability limit 270'C at I kbar. This lowering of
the stability limit compares with 210'C under similar
conditions for pargasite-ferropargasite (Boyd, 1959;
Gi lbert ,  1966) and 365'C for t remol i te-ferro-
tremolite (Boyd, 1959; Ernst, 1966).

The substitution 2Na e Ca in tremolite, fil l ing the
vacant A site, greatly stabilizes the resulting rich-
terite. The thermal stability limit is increased by
200'C at I kbar. Magnesioriebeckite(Ernst, 1960) on
HM buffer is about 100'C less stable than richterite
for the same reason. The substitution CaAlg c
NaMgSi2, transforming pargasite to richterite, re-
sults in only a slight decrease in stability of about
15oC at I kbar. The substitution of cations of similar

Ac67Hd33

(+Fa+Mt+Q)
Acm i te

( B a i I e y , 1 9 6 9 )

sions, the determinative curves of Nolan (1969), and
the electron microprobe analyses. These observations
show that a singular invariant point occurs just
above the WM buffer at approximately 770"C at I
kbar P1o1"1. The dashed extension of the melting
curve (Fig. 4) to higher /o, has been estimated using
the data of Bailey (1969) for the melting of acmite,
as shown in Table 4.

The partial melting of Ac.rHdag occurs under
almost the same conditions as that of acmite.
Another similarity is that AcurHdr, (* fayalite *
magnetite + quarlz + vapor) reacts to form
amphibole (ferrorichterite) at lower /6^ and acmite
also forms amphibole under similar conditions (rie-
beckite-arfvedsonite).

Discussion

Melting of a Hydrous Phase

The effect of an excess of HrO upon the thermal
decomposition of amphibole, if any, is less than l0oC
for the P-T range examined. Specifically, experiments
at I kbar varied'in excess HrO from 0 to 12.9 wt per-
cent, yet a l0oC reversal is observed. At 200 bars the
excess HrO varied from 1.9 to 27 .l wt percent, also
with a l0oC reversal. To be more speciflc, at 990oC
and 200 bars P6o61 the two experiments contained 1.9
and 22.9 wt percent excess HrO. At 1000'C and 200
bars P1o61, the two experiments contained 5.2 and
27.i wt percent excess HrO. Each set of bracketing

;L;
8 1 5

890
850
8 1 0

I H M
1 NNO
I Qul.r

X R - H z O X R - I L O X R - H z C

FIc. 5. Schematic isobaric Z-X equilibria for the compositional
jo in x-HrO, wherex = NazO .  CaO .  5MgO. 8SiO,,  R :  r ich-
terite, R' : incongruent melting products of richterite andx Load
pressure increases from right to left: P, 1 Po 1 P".



PHASE EQUILIBRIA OF RICHTERITE AND FERRORICHTERITE

Tesr-r  5.  Amphibole Stabi l i t ies at  Prot :  Ps,o of  1000 Bars

Si te  occupancy

M1+Mr+Ma sir+si11

Maximum thermal
s tab i l i t y  l im i t  Re fe rence

(I' "c)
Phase (bu f fe r )

M,.

R i ch te r i  Ee
Ferror ichter i te (WM)
TremoI i te
Ferrotremol i te ( IM)
Magnesior iebecki te (HM)
Riebeckite (HM)
Pargas i te
Ferropargasi te (WM)

Na

Na

atr
tr
D
Na
Na

N a r C a

N a r C a
2Ca
zLa
2Na
2Na
2Ca

2Ca

d J a

8 s i
8s i
8 s i
8S i
8s i

830
465
928
496

5Mg
5Fe2+
5Ms
sF;2+
3Mgr2Fe3+^.
," .2+r 2Fex
4Mg,AI
4Eez+,AI

1030 This paper
760 This paper

B o y d , 1 9 5 9
E r n s t , 1 9 6 6
E r n s L , 1 9 6 0
E r n s t , 1 9 6 2

6S i , 2A1  1045  BoYd '  1959
6S i , 2A l  835  G i l be r t '  1966

size, while keeping the I site filled, has little effect on
thermal stabil ity.

The iron-bearing end members have been dis-
cussed at some length in a previous paper (Charles,
1974). Briefly, local charge imbalance due to Na in
the M(4) site greatly decreases amphibole stability at
higher /o" (QFM and NNO) when compared with
ferropargasite (Gilbert, 1966), which has complete lo-
cal charge balance. On the IW buffer, where the
ferrorichterite contains 95 percent ferrous iron, the
thermal stabil ity l imit is sti l l  somewhat less than that
of ferropargasite (80oC at I kbar) owing to the de-
creased linking of the double chains of sil icon tetra-
hedra in ferrorichterite. Amphibole chains are l inked
primarily by the M(2) and M(4) cations. ln richterite
the mean size of the cations in M(2) is much greater
than in ferropargasite (2Fe'z+ us Al * Fe'z+) with M(4)
holding cations of similar size. The effect is also seen
in the smaller b dimension of pargasite (18.14 A us
18.22 A). Once again ferrotremolite and riebeckite
are much less stable than ferrorichterite owing to the
vacancy in A.

Currently under investigation is the series parga-
site-ferropargasite, which does not involve prob-
lems of local charge balance. Combining these
data with a study of tremolite-ferrotremo.lite would
yield valuable information for the interpretation of
most natural hornblendes.
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