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Summary. Cell dimensions and densities derived from least-squares refinement 
of X-ray powder diffractometer patterns are: orthoenstatite, a 18.2249i0'0013, 
b 8.8149• c 5.1746 • ~, V 831-30• ~3, D 3.208 g/cc ; low clinoen- 
statite, a 9.6065-0.0011, b 8.8146~0'0007, c 5-1688~0.0006/~, fl = 108.335• 
0.009, V 415.46~0.09/~ a, D 3.210 gm/cc. Because orthoenstatite transforms 
reversibly to clinoenstatite at high pressure and low temperature, and because a 
statistical test shows that orthoenstatite is less dense than clinoenstatite at the 
90 % confidence level (in accord with the direction of slope of the experimental 
transition curve), it is no longer possible to regard low clinoenstatite as a metastable 
form of MgSiO a. 

R ECENT at tempts  to clarify the complex da ta  on the polymorphism 
of MgSi03 (Brown and Smith, 1963; Boyd and Schairer, 1964) con- 

cluded tha t  at  atmospheric pressure protoenstat i te  is stable at  high 
temperature,  and clinoenstatite is a metastable phase produced by  
quenching protoenstati te in the stabil i ty field of orthoenstatite. Brown, 
Morimoto, and Smith (1961) presented crystal-chemical arguments ira- 
plying tha t  smaller atomic displacements are needed to form clinoen- 
stat i te instead of orthoenstati te from protoenstati te,  thus explaining the 
metastable formation of clinoenstatite during quenching. Recent syn- 
theses by  Sclar, Carrison, and Schwartz (1964) have demonstrated a 
reversible phase boundary between clinoenstatite on the higher-pressure- 
lower-temperature side and orthoenstati te a t  the lower-pressure-higher- 
temperature  side. They report  tha t  the phase boundary is given by  
T(~ = 538+3"3P (kilobars). Davis (1963), Boyd and England (1963), 
and Boyd, England, and Davis (1964) have synthesized MgSiO 3 poly- 
morphs between 1300 and 1950 ~ C and pressures up to 46 Kb. Protoen- 
stat i te is stable from about 1000 ~ C to the melting point at  atmospheric 
pressure, but  at  pressures above 8 Kb and temperatures above 1300 ~ C 
orthoenstati te is the only phase present. At  pressures below 8 Kb an 
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equilibrium phase boundary apparently exists between orthoenstatite 
and protoenstatite. Lindsley and Boyd (1965) have confirmed the 
orthoenstatite-clinoenstatite transition and have found there is an 
analogous transition in FeSiO 3. These results from controlled syntheses 
give a rather complete P - T  diagram in which the stability fields of all 
three polymorphs are defined. Perrotta and Stephenson (1965) have dis- 
covered a rapid high-low inversion in metastable clinoenstatite at 995 ~ C 
and atmospheric pressure. 

The experimentally determined positive slope (dP/dT) of the boun- 
dary between orthoenstatite and clinoenstatite requires that clinoen- 
statite is denser than orthoenstatite, but some of the more reliable 
literature values for the density indicate the opposite (table I). Direct 
determination of density is difficult because of the ubiquitous presence 
of impurities and structural defects, while indirect estimation from cell 
dimensions has been complicated by the possible presence of Fe, Ca, and 
A1 as significant substituents, and by low experimental accuracy. Con- 
sequently, we have accurately indexed X-ray powder patterns of ultra- 
pure synthetic orthoenstatite and clinoenstatite in an attempt to 
demonstrate conclusively which form is denser. 

Synthesis of MgSiO 3 samples. The orthoenstatite and clinoenstatite 
used in the X-ray determinations were prepared by reacting equimolar 
mixtures of Mallinckrodt ultrapure MgO (99"99 ~o) and Davison grade 
923 silica gel, which contains about 17 ~o water and less than 0"05 ~ 
impurities. The samples were enclosed in ~ in. diameter platinum tubes 
and held at the appropriate P - T  conditions in a belt pressure apparatus. 

Orthoenstatite was synthesized at 62 Kb and 930 ~ C for three hours, 
in its stability field. I t  had a 1.650, fl 1.652, ~ 1.658, all • (Na light) ; 
2V~ (calc.) 60 ~ These data may be compared with those given by 
Foshag (1940) for orthoenstatite from the Shallowater, Texas, meteorite: 
a 1.653, fi 1.656, y 1.660, 2V y (calc.) 54=.5 ~ The latter data are commonly 
used to represent the properties of pure orthoenstatite in optical pro- 
perties vs. composition diagrams despite the presence of 0-38 9/0 FeO and 
0"32 ~ CaO in the Shallowater orthoenstatite. Winchell (1933) gave the 
optical properties of pure artificial orthoenstatite in exact accord with 
our sample, but these data are not cited in Winchell and Winchell (1951). 
The refractive indices of orthoenstatite from the Bishopville, South 
Carolina, meteorite are reported to be a 1.650, fi 1.653, 7 1.658, all 
• (Allen, Wright, and Clement, 1906) or a 1.649, fi 1.653, ~ 1.658 
(Swanson et aI., 1956). This material has been widely used as a source of 
pure orthoenstatite, but it reportedly contains 0-1 to 1.0 ~o each of A1, 
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Ca, a n d  Fe  as well as 0"0l to  0.1 ~ each  of Cr, Mn, Na, a n d  Ti (Swanson  

et al., ]956). 

C l inoens ta t i t e  was syn thes ized  a t  75 K b  a n d  700 ~ C for two hours  in  

the  s t ab i l i ty  field of low c l inoens ta t i te .  The  sample  is la rgely  g r a n u l a r  

b u t  in  p a r t  acicular .  There  appea r s  to  be  a p r e s s u r e - d e p e n d e n t  h a b i t  

v a r i a t i o n  of low c l inoens t a t i t e  in  t he  t e m p e r a t u r e  r ange  550 to  750 ~ C. 

Below 70 Kb ,  i t  is d o m i n a n t l y  ac icu lar ;  above  70 Kb,  i t  is d o m i n a n t l y  

g ranu la r .  The  ? index  of re f rac t ion  of th i s  sample  is 1 .660•  (Na  

l ight)  and  is def ini te ly h igher  t h a n  t h a t  of o r thoens t a t i t e .  I t  is v e r y  diffi- 

cu l t  to  m a k e  accura te  m e a s u r e m e n t s  of t he  a and  fi r e f rac t ive  indices  be-  

cause t he  crys ta ls  are e i the r  too  smal l  or t w i n n e d  po lysyn the t i ca l ly .  The  

index  is in  a g r e e m e n t  w i th  t he  opt ica l  d a t a  g iven  b y  Winehe l l  (1931, 

1933) a n d  Winche l l  a n d  Winehe l l  (1951) for s y n t h e t i c  low c l i noens t a t i t e :  

a 1-651, fi 1"654, ~, 1-660. The  X - r a y  di f f rac t ion p a t t e r n  shows one weak  

ref lect ion a t  3.08 ~- n o t  asc r ibab le  to  low c l inoens ta t i te .  This  is p r o b a b l y  

t he  s t ronges t  ref lect ion of coesite, a smal l  a m o u n t  of which  was obse rved  

microscopical ly.  This  ref lect ion was o m i t t e d  f rom t he  powder  da ta .  

X-Ray data. To ensure the greatest possible precision a new Philips wide-range 
X-ray diffractometer and supporting circuitry were utilized in order to take 
advantage of unworn mechanical parts and more sensitive electronics. When the 
instrument had been properly aligned, all diffraction maxima of the Philips silicon 
standard fell within • ~ 20 of their calculated values from 20 ~ 29 to 100 ~ 20. 
Samples of orthoenstatite and low clinoenstatite were then mounted on glass slides 
without a binder and pressed flat. Each glass slide was adjusted with metal shims 
to ensure that the sample surface was tangential to the focusing circle. 

lo 20 per minute at various scale factors Preliminary scans of both samples at 
established the approximate positions of all diffraction maxima. Before mixing a 
spinel internal standard (itself calibrated with spectroscopically pure Si, a 5.43062 _~) 
with each sample, peaks near spinel lines were scanned at 4 ~ 20 per minute several 
times to permit their location relative to peaks not obscured by spinel lines. After 
addition of the spinel standard, the shims were adjusted so that  all spinel diffraction 
maxima fell within 0.005 ~ 20 of their calculated positions. In this manner, errors 
arising from making a slightly wrong correction for sample peak positions relative 
to theoretical spinel peak positions could be minimized. Frequent checks of the 
spinel peaks were m~de to ensure that  the sample remained in good alignment. Peak 
positions were determined at two-thirds the peak height because many peaks 
were too closely spaced to permit peak centroids to be determined. Integrated inten- 
sities were obtained by measurement with a polar planimeter. After averaging peak 
positions from several scans made at 4 ~ 20 per minute, individual maxima were 
profiled by counting at increments of 0"01 ~ 20. This practice was abandoned after 
about 25 values obtained by step scanning were found to agree closely with peak 
positions read from the chart recorder. Filtered copper radiation was used through- 
out since many weak diffractions were obscured by background noise when an 
attempt was made to utilize iron radiation. With the aid of pulse height analysis, 
peak to background ratios were substantially increased so that  every line less than 
90 ~ 20 present on a standard Debye-Scherrer film was recorded by the instrument. 
Because a few faint lines in the back-reflection region were observed on Debye- 
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S c h e r r e r  films b u t  we re  n o t  d e t e c t e d  b y  t h e  d i f f r a c t o m e t e r ,  a l t  e f for t  w a s  m a d e  to  
l oca t e  t h e m  a c c u r a ~ l y  b y  t h e  use  o f  a J a g o d z i n s k i  semi - focus ing  c a m e r a  o p e r a t e d  
in  t h e  pos i t ive  a s y m m e t r i c  b a c k  ref lec t ion  m o d e .  F i l m s  t h u s  o b t a i n e d  were  n o t  
o f  suff ic ient  q u a l i t y  t o  p r o v i d e  a n y  a d d i t i o n a l  d a t a .  

W h e n  a l l  obse rvab l e  d i f f r ac t ion  m a x i m a  were  r e c o r d e d  w i t h  a n  e s t i m a t e d  e r ro r  
n o  g r e a t e r  t h a n  •  ~ 20 a n d  for  m o s t  l ines  w i t h i n  •  ~ 20, r e f i nemen t  of  t he  
p o w d e r  d a t a  w a s  begun .  B y  m e a n s  o f  a c o m p u t e r  p r o g r a m m e ,  in i t i a l  cell p a r a m e t e r s  

TABLE I I .  P o w d e r  d a t a  o f  o r t h o e n s t a t i t e  u s i n g  f i l tered c o p p e r  r a d i a t i o n  (;~ 1.5418, 
1.54050).  W, w e i g h t i n g  f a c t o r ;  in  t h e  t h i r d  s c h e m e  of  we igh t i ng ,  l ines were  w e i g h t e d  

i n v e r s e l y  as  t hese  f ac to r s  

hkl dobs. dca~r W UIo 
210 6'3300 ~ 6'3357 ~ 10 4 
020 4'4110 4'4074 4 19 
121 3"2998 3"2999 4 9 
420 3"1677 3"1678 3 74 
221 3"1502 3-1486 3 49 
321 2"9359 2"9371 10 2 
610 2"8705 2"8718 2 100 
511 2"8219 2"8229 3 7 

230 2"7961 2"7965 10 2 
421 2'7017 2"7018 3 8 
131 2"6299 2"5304 2 18 
202 2"4899 2'4889 3 7 
521 2"4681 2-4686 2 11 
302 2"3779 2"3804 5 1 
331 2"3528 2"3553 5 1 

800 2"2772 2"2781 3 7 
402 2"2478 2"2499 4 1 
431 2"2286 2"2286 3 2 
630 2"1105 2"1119 1"5 7 
531 2"0919 2"0922 1"5 11 
721 2"0570 2"0569 2 2 
512 2"0513 2"0519 2 2 

820 2"0230 2"0238 2 2 
141 2"0]36 2"0151 3 2 
440 1'9823 1"9839 1"5 4 
241 1'9782 1"9791 1"5 4 
631 1'9548 1"9553 1 9 
821 1"8841 1"8847 2 2 
332 1-8499 1'8496 2 1 

hkl dobs. dcalc. W I/Io 
702 1-8342 1-8352 2 1 
10.1.0 1"7849 1"7847 1-5 5 
541 1"7697 1"7718 2 2 
250 1"7308 1"7309 1.5 5 
831 1.6995 1.7004 2 2 
812 1.6785 1.6785 2 1 
023 1"6062 1.6062 2 1 
10.2.1 1"6014 1"6015 2 1 

002 1"5948 1"5946 2 1 
931"[ 1"5868 [1'5870 100~ 3 
413.1 [1-5868 100) 
840 1.5833 1.5839 2 2 
650 1.5253 1.5248 1.5 4 
12.0.0 1.5185 1.5187 1 14 
10.3.1 1.4839 1.4837 1 19 

060 1.4696 1.4691 1 24 
352 1.4169 1.4167 1 1 
11.0.2~ 1"3950 ~1"3953 100"~ 1 
850 ) [1.3942 100) 
11.3.1 1"3904 1'3901 1 6 
12.3.1 1"3060 1"3055 1 5 
12.1.2 1/2957 1.2955 2 2 

14.1.0 1'2876 1.2878 1'5 3 
214 ~ 1'2670 J~1"2675 100~ 2 
lO.5.0J [1"2671 100) 
304 1"2656 1"2653 2 2 
16.0.0 1"1392 1"1390 2 1 
12.6.0 1"0561 1"0559 1 "5 3 
14.5.0 1"0472 1"0472 1"5 3 

a v e r a g e d  f r o m  l i t e r a t u r e  va lues  were  u s e d  to  g e n e r a t e  all poss ib le  hlcl indices  a n d  
c o r r e s p o n d i n g  d-va lues  d o w n  to  a m i n i n m m  of  1.0/~. L o w  ang le  l ines were  a s s igned  
ind ices  m o s t  o f  w h i c h  were  u n a m b i g u o u s  ; i.e. on ly  one hkl per  line. W h e n  a b o u t  
t w e n t y  u n a m b i g u o u s  l ines h a d  been  e s t a b l i s h e d  for  each  sample ,  a n  in i t i a l  l eas t  
s q u a r e s  r e f i nemen t  o f  cell p a r a m e t e r s  w a s  p e r f o r m e d  to  a r r i v e  a t  a m o r e  a c c u r a t e  
e s t i m a t e  o f  t h e  ceil p a r a m e t e r s .  T h e  va lues  o b t a i n e d  were  in t u r n  u sed  to  g e n e r a t e  
n e w  hkl ind ices  a n d  c o r r e s p o n d i n g  d -va lues  p e r m i t t i n g  a d d i t i o n a l  h i g h e r  ang le  l ines 
to  be  i ndexed .  Three  cycles  o f  th i s  p r o c e d u r e  a l lowed  a c c u r a t e  i n d e x i n g  o f  al l  l ines. 
I n  t h e  h i g h e r  20 regions ,  m a n y  p e a k s  c o r r e s p o n d e d  to  severa l  c a l c u l a t e d  d i f f rac t ions ,  
so f u r t h e r  e l i m i n a t i o n  o f  poss ible  indices  w a s  ca r r i ed  o u t  on  t h e  bas is  o f  o b s e r v e d  a n d  
c a l c u l a t e d  s t r u c t u r e  f ac to r s .  Poss ib le  d i f f r a c t i ons  o f  t h e  o r t h o e n s t a t i t e  p a t t e r n  t h a t  
w e r e  w e a k  or  u n o b s e r v e d  on W c i s s e n b e r g  a n d  precess ion f i lms o f  a s ingle  c r y s t a l  
o f  o r t h o e n s t a t i t e  (Bishopvi l le  me teo r i t e )  we re  de le ted  f r o m  the  list .  Th i s  r e su l t ed  
in  t h e  i n d e x i n g  for  o r t h o e n s t a t i t e  s h o w n  in  t a b l e  I I .  A s imi la r  e l i m i n a t i o n  o f  poss ible  
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di f f rac t ions  f r o m  the  low c l inoens ta t i t e  p a t t e r n  w a s  accompl i shed  b y  ca lcula t ion  o f  

s t r u c t u r e  fac to r s  f r o m  t h e  a t o m i c  coord ina tes  g i v e n  by  Mor imoto ,  A p p l e m a n ,  a n d  
E v a n s  (1960) a n d  dele t ion of  those  w i t h  low IF] 2 va lues .  Th i s  g a v e  the  i n d e x i n g  shown 

in  t ab le  I I I .  

TABLE I I I .  P o w d e r  d a t a  of  low c l inoens ta t i t e  u s ing  f i l tered copper  r ad i a t i on .  W, 
w e i g h t i n g  fac to r  (see t ab le  I I )  

hkl dobs, dca$c. W I/Io 
110 6"3391 ~ 6"3377 ~ 100 1 
020 4"4089 4"4073 10 5 
011 4"2888 4"2867 100 1 
111 3"5229 3"5244 100 1 
021 3"2808 3"2786 4 24 
220 3"1699 3"1686 4 31 
221 2-9756 2"9747 2 76 

310 2"8732 2.8736 2 100 
130 2'7936 2'7966 10 1 
211 2'7633 2"7660 10 1 
131 2"5376 2"5372 2 14 
202 2'5]76 2"5154 2 1~ 
002 2.4524 2"4530 2 28 
221 2'4313 2"4306 2 17 

231 2"3737 2"3745 2 8 
302 2"2928 2*2939 10 1 
400 2"2777 2'2797 10 1 
040 2"2066 2'2036 2 5 
102 2-2015 2'2014 2 5 
112 2"1362 2'1358 5 2 
331 2"1152 2'1156 1"5 30 

421 2"0882 2"0888 5 1 
322 2"0312 2"0348 5 1 
402 2"0157 2"0158 2 4 
041 2"0106 2"0102 2 4 
240 1"9831 1"9841 3 1 
412 1"9648 1"9650 3 1 
241 1"9328 1'9336 3 2 

202 1'9220 1"9225 3 1 
431 1"8454 1"8457 3 1 
510 1"7852 1"7859 1"5 4 
222 1"7618 1.7622 1 8 
24T~ 1.7580 ~1.7576 100~ 8 
521J (1.7585 10O) 
150 1.7305 1.7309 2 4 
421 1"7110 1"7107 2 1 

hkl dobs. dcalc. W I/Io 
242 1'6567 1"6575 1-5 1 
312 1'6401 1"6403 1 3 
531 1'6055 1"6060 1 12 
440_) 1"5850 ~(1"5844 100"[ 1 
341j t l . 5 8 5 3  lOO 
350 1"5244 1"5249 1 7 
600 1"5203 1-5198 1 10 

233 1-4852 1'4849 1 6 
133 1"4752 1"4751 2 1 
060 1"4691 1"4691 1"5 4 
402 1"4570 1"4569 2 1 
3 5 i ~  1"3943 f1 '3952 lOO'~ 1 
523 J [ 1"3933 100 J 

243 ~ 1"3563 ~r 1"3563 lO0"~ 2 
133j (1 .3558  100j 
702 1'3382 1"3380 2 1 
712 1"3230 1"3228 2 1 
043 ~ 1"3134 [ 1"3132 100 ~ 1 
533 J ( 1"3137 100 J 
304 "[ 1"2873 [ 1"2865 100 ~ 1 
710 j ( 1-2887 100 ) 

26'_2 ~ ~ 1"2686 100 
512 ~ 1"2686 ~1"2696 100 I 1 
313 l ~ 1"2684 100 
062 1"2604 1"2604 2 1 
731 1"2423 1"2421 2 1 
014 "~ 1"2151 ~ 1'2148 100"( 1 
353 J / 1.2150 100 J 

352 ]'2123 1"2121 1'5 2 
362 1"1033 1"1028 2 1 
752 1"0658 1"0658 2 1 
281 1 "0632 1"0628 2 1 
750 1"0478 1'0477 2 1 
303"~ 1"0307 -f 1'0304 100 ) 1 
281 j t 1.0306 100 j 

To determine the effect of different ways of weighting the observations 
on the cell parameters,  various schemes were used in the final refine- 
ments. Table IV shows the results obtained when (1) all lines were pro- 
cessed with equal weight, (2) only unambiguous lines above 50 ~ 20 were 
used, or (3) all lines were weighted according to intensity, diffraction 
angle (20), and ambiguity. The weights (W) used in the last scheme are 
shown in tables I I  and I I I .  I t  is evident tha t  some systematic error is 
responsible for the variat ion in cell parameters  for the three weighting 
schemes. For  a discussion of systematic errors in powder diffractometry, 
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the reader is referred to Parrish, Taylor, and Mack (1964). Because of the 
complexity of the present powder patterns, it  was not feasible to apply 
correction factors depending on spectral distribution, axial dispersion, 

absorption, etc. Although an internal standard was used in an at tempt 

TABLE IV. Cell parameters (in -~) and their standard deviations at 26 ~ C. 

Weighting 
scheme a b c fl V 

18.2251 8-8143 5.1737 - -  831.10 
1 • • • • 

18.2259 8 .8167  5.1754 - -  831.65 
Orthoenstatite 2 • ~0.0008 • • 

18.2249 8 .8149  5.1746 - -  831.30 
3 • • • • 

9.6048 8 .8148  5"1698 108.345 415.45 
1 • • • =L0"011 • 

9.6069 8 .8165  5 .1688 108'339 415.56 
Low elinoenstatite 2 • • ~0.0010 • ~0.14 

9.6065 8 .8146  5 .1688 108.335 415-46 
3 • • • • • 

Orthoferrosilite - -  18.431 9.080 5.238 - -  876.68 
• 

Clinoferrosilite - -  9"7085 9"0872 5"2284 108.432 437"60 
• 

Data for orthoferrosilite and clinoferrosilite kindly supplied by C. W. Burnham 
of the Geophysical Laboratory of the Carnegie Institution of Washington. 

to eliminate such factors, it is possible that  compensation was not com- 
plete. The high-angle lines for both forms of enstatite were rather 
broad, rendering difficult the measurement of the peak positions. The 
source of the broadening is not known. Disorder (Brown and Smith, 
1963) is one possibility, but  our data for synthetic orthoenstatite are not 
in accord with the criteria for disordered enstatite given by Pollack and 
Ruble (1964). Optical examination showed that  the crystals are large 
enough to eliminate particle-size line broadening unless the crystals are 
composed of a mosaic of very small units. Perhaps during release of 
pressure after crystal synthesis, the crystals are stressed resulting in in- 
ternal break-up without change of external morphology. Annealing for 
five hours at 800 ~ C produced no sharpening of the diffraction pattern. 
The average error in the cell parameters listed in table IV is about 1 in 
104 . 

The reader is referred to Deming (1943) and Burnham (1961) for a de- 
tailed description of the calculation of the error in the cell volumes. 
Briefly, the estimated variance (~2) in volume is given by ~.c.~, where 
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is the column vector {~V/~a ~V/~b ~V/~c} and c the covariance matrix 
of the observed values of a, b, and c. For the present p~rpose it is impor- 
tant to realize that this estimate of error depends principally on the 
random error of measurement and on uncertainties caused by small dis- 
placements of peak positions by overlapping. Assuming that  systematic 
errors are the same for both polymorphs, it is possible to test the hypo- 
thesis that clinoenstatite is denser by use of the standard equation 
t = AV/(~ + 622) �89 Using the large sample approximation, the confidence 
levels for the hypothesis to be true are: refinement scheme 1, 60 ~ ; 
scheme 2, 90 % ; scheme 3, 90 %. The third weighting scheme is pre- 
ferred because it is based on a reasoned judgment of the errors for in- 
dividual lines. Even for this scheme, the confidence level is only 
moderate. 

Density of MgSiO s polymorphs based on the Gladstone-Dale relationship. 
The general applicability of the Gladstone-Dale relationship, (n--1)/d, 
where n = ~ja~7 and d = density, has been demonstrated by daffe 
(1956). Using the optical constants for our synthetic orthoenstatite and 
the optical constants for synthetic low clinoenstatite given by Winchell 
and Winchell (1951) plus the specific refractive energies for MgO and SiO 2 
given by Larsen and Berman (1934), the calculated densities for ortho- 
enstatite and low clinoenstatite are 3-20 and 3-21, respectively. 

Conclusions. All three lines of evidence--slope of the orthoenstatite- 
clinoenstatite phase boundary, densities, and refractive indices--lead to 
the conclusion that clinoenstatite is denser than orthoenstatite, and this 
convergence helps to give confidence to the proposition that clinoen- 
statite is the stable, low-temperature form of MgSiO s. Similar evidence 
leads to the conclusion that clinoferrosilite is the stable, low-temperature 
form of FeSiO a. Because orthopyroxene is the ubiquitous form of 
(Mg,Fe)SiO s in metamorphic and plutonie environments, while the clino- 
equivalent (pigeonite) appears to form at high temperatures and to invert 
to an orthopyroxene (plus augite) at low temperatures, there seems to be 
a drastic difference in stability for the end members and the intermediate 
compositions. The present results show that the cell volumes of ortho- 
enstatite and clinoenstatite are extremely similar and it is possible that 
even small amounts of impurities such as Ca, A1, and Mn will cause 
major changes in the stability fields of the polymorphs. The lower 
symmetry of the clino- form of pyroxene may permit for atomic substi- 
tution quite different changes in coordination compared to the ortho- 
form. Finally, it should be emphasized that an unknown systematic 
error may occur in addition to the errors quoted in the text. 
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