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Ansrru,cr

The heat capacities of beryl, phenakite, euclase, and bertrandite have been measured
between about 5 and 800 K by combined quasi-adiabatic cryogenic calorimetry and dif-
ferential scanning calorimetry. The heat capacities of chrysoberyl have been measured from
340 to 800 K. The resulting data have been combined with solution and phase-equilibrium
experimental data and simultaneously fit using the program pHAS2o to provide an internally
consistent set of thermodynamic properties for several important beryllium phases. The
experimental heat capacities and tables of derived thermodynamic properties are presented
in this report.

The derived thermodynamic properties at I bar and 298.15 K for the stoichiometric
beryllium phases beryl, phenakite, euclase, and bertrandite are entropies of 346.7 + 4.7,
63.37+0.27,89.09 +0.40,  andl72. l+0.77 J/ (mol 'K) , respect ive ly ,andGibbsfree
energies of formation (elements) of -8500.36 + 6.39, -2028.39 + 3.78, -2370.17 + 3.04,
and -4300.62 + 5.45 kJlmol, respectively, and, -2176.16 + 3.18 kJ/mol for chrysoberyl.
The coefficients cr to c, of the heat-capacity functions are as follows:

phase ct c2

beryl 1625.842 -0.425206
phenakite 428.492 -0.099 582
euclase 532.920 -0.150729
bertrandite 825.336 -0.099 651
chrysoberyl 362.701 -0.083 527

fNrnonucrroN

valid
c, x 105 c4 c, x 10-6 range

12.0318 -20 180.94 6.825 44 200-1800 K
1.9886 -5 670.47 2.0826 200-1800 K
4.1223 -6726.30 2.197 6 200-1800 K

-10 570.31 3.662r7 200-1400 K
2.2482 -4033.69 -6.797 6 200-1800 K

where C!: cr * ctT + crT2 * coT-os * crT-2 and Zisinkelvins.

phase-equilibrium experimental data, and a discussion of
the petrology of selected beryllium phases.

Recent advances in technology (Webster and London, All economic beryllium deposits are postmaglnatic and

1979) have improved the mechanical properties of be- related to acidic igneous rocks, generally biotite granites,

ryllium products at both room temperature and at ele- but rarely high-silica and alkalic granites (Beus, 1966).

vated temperatures and have led to a renewed expansion The deposits are genetically related to late stages ofpeg-

in the use of beryllium in, and perhaps beyond, the tra- matitic processes or to various stages of hydrothermal

ditional ur.as of weapons, space, optical, nuclear, and processes (Jahns, 1955). Historically, beryllium produc-

guidance systems; alloy-propirty modification; and, in tion was limited to handpicking large beryl crystals from

military aircraft, disc brakes. The renewed interest in be- beryl-bearing ganitic pegmatites. More recently, beryl-

ryllium applications has rekindled an interest in the geo- lium has been produced from hydrothermally altered de-

chemistry and thermodynamic properties of beryllium- posits such as Iron Mountain, New Mexico (Jahns, 1944)'

bearing phases. We report here the heat capacities and and Spor Mountain, Thomas Range, Utah (Staatz, 1963).

derived thermodynamic functions for beryl, phenakite, The pegmatitic process and related hydrothermal pro-

euclase, bertrandite, and chrysoberyl. A companion paper cesses have been reviewed by Jahns (1955) and by Jahns
(Barton, 1986) presents an evaluation of solution and and Burnham (1969).
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Table l. Experimental low-temperature heat capacities of
beryl, BerAlrSi6Ors. 0.36HrO

Table 2. Experimental low-temperature heat capacities of
phenakite, Be,SiOo

T e d p .  
H e a t  

T e n D .  
H e a t

-  c a p a c l t y  '  c a p a c l t y

K  J / ( o o L ' K )  K  J / ( d o 1 . K )

-  H e a t  _  I l e a t  _  H e a t
f e o D .  .  r e E p  f e E p .'  c a p a c i t y  '  c A p a c l t y  c a p a c l t y

K  J / ( n o l - ' K )  K  J / ( n o l ' K )  K  J / ( n o I ' K )

C a , i
T e u p .  - - _ :

-  c a p a c l t y

K  J /  ( u o  1 ' K )

S e r l e s  I

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

S e r 1 e 6  2

5 4 . 8 9  4 2 . 6 0
5 9  . 9 2  5 r . 4 5
6 4 . 6 7  5 9 , 9 9
6 9 . 9 6  6 9  . 9 5
7 6 . O 5  8 1 . 9 8
8 2 . O 7  9 4 . 0 7
8 8 . 1 3  L O 6 . 2
9 4 . 1 9  1 1 8 . 4

1 0 0 . 2 1  1 3 0 . 4
1 0 6 . 1 9  r 4 2 . 4
L L 2 . L 2  1 5 4 . 2
1 1 8 . 0 0  1 6 6 . 0
r 2 3 . 8 5  L 7  7  . 6
r 2 9 , 6 ' t  r 8 8 . 9
L 3 5 . 4 6  2 0 0 . 2
L 4 L . 2 4  2 L L . 2
1 4 6 . 9 9  2 2 2 . 0
r 5 2 . 7  2  2 3 2 . 4
1 5 8 . 4 3  2 4 2 . 6
r 6 4 . 1 3  2 5 2 . 8

S e r L e 6  2

1 6 9 . 8 0  2 6 2 . 6
t 7 5 . 4 7  2 7 2 . 3
1 8 1 . 1 r  2 8 1 , 9
1 8 6 . 7 5  2 9 r , 6
L 9 2  . 3 7  3 0 0 , 8
1 9 7 . 9 8  3 0 9 . 8
2 0 3 . 5 8  3 1 8 . 4
2 0 9 . L 7  3 2 6 , 6
2 ! 4 . 7  3  3 3 4  . 8
2 2 0 . 2 9  3 4 3 . 0
2 2 s . 8 4  3 5 1  . 2
2 3 1  . 3 9  3 5 9 . 0
2 3 6 . 9 5  3 6 7  . L
2 4 2 . 5 0  3 7  4 . 3
2 4 8 . O 4  3 8 1  . 7
2 5 3 . 5 8  3 8 8 , 8
2 s 9 . 1 0  3 9 5 . 8
2 6 4  . 6 3  4 0 2 . 8
2 7 0 . L 6  4 0 9 . 4
2 7 5 . 6 8  4 1 5 . 5
2 8 1 . 1 9  4 2 2 . 4
2 8 6 . 6 9  4 2 8 , 8
2 9 2 . 1 6  4 3 5  . 1
2 9 1  . 6 2  4 4 0  , 8
3 0 3  . 0 7  4 4 6  , 3
3 0 8  , 4 9  4 5  1  . 9

S e r l e a  3

4 . 9 5  0 . 9 5 1 6
5 . 3 3  0 . 8 5 1 9
5 . 7 7  0 . 7 3 8 6
6 . 2 L  O . 7  5 3 4
6 . 7 2  0 . 8 7 7 6
7  . 4 0  0 . 9 8 2 1
8  . 2 0  L , 0 2 6
9 . 1 0  L . 2 L 4

1 0 . 1 1  1 . 4 1 0
1 1 . 2 3  L , 5 4 4
t 2  , 4 8  r  . 7  4 6
1 3 . 8 5  L . 9 9 2
1  5  . 3 6  2 . 2 9 r
1  7  . 0 1  2 . 6 9 9
1 8 . 8 2  1 . 2 4 2
2 0 , 8 4  3 . 9 8 3
2 3  , O 9  4 . 9 3 5
2 5 . 5 9  6  . 2 5 9
2 8 . 3 8  8 , 0 8 7
3 1 . 5 0  1 0 . 5 6
3 4  . 9 9  1 3 . 8  I
3 8 . 8 9  1 8 . 1 0
4 3 . 2 8  2 3 . 8 7
4 8 . 1 9  3 0 . 8 9
5 3 . 6 9  4 0 . 0 r

S e r l e €  4

3 1 7 , 3 6  4 6 0 . 5
3 2 2 . 5 4  4 6 6 , 3
3 2 7  . 5 2  4 7  2 . 8
3 3 2 . 5 2  4 7 7 . 5
3 3 7  . 7  0  4 8 0 . 7
3 4 2 . 8 6  4 8 6 . 0

S e r l e s  I S e r l e g  1 S e r l . e s  4

3 L 5 . 4 9  1 0 0 . 7
3 1 8 . 9 4  1 0 1 . 7
3 2 4 . 0 5  1 0 3 . 2
3 2 8 . 9 6  1 0 4  , 6
3 3 3 . 8 6  1 0 6 . 0
3 3 8 , 8 8  1 0 7 . 4
3 4 3  . 9 0  1 0 8 . 6
3 4 8 . 9 2  1 0 9  . 8
3 5 3 . 9 3  1 1 0 . 9
3 5 8 . 9 1  L r 2 . O
3 6 3 . 8 8  1 1 3 . 1
3 6 8 , 8 3  r 1 4 . s
3 7 3 . 7 8  1 1 5 . 6
3 7 8 . 7 L  r 1 6 . 5

S e r l e s  5

2 9 7  .  L 3  9 5 . 3  I
3 0 2 . 4 2  9 7  . 2 6

S e r l e s  6

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

8 . 0 7  0 . 0 1 3 0  1 9 3 . 1 7  5 7 , 4 2
9 . 1 5  0 . 0 1 7 9  1 9 8 . 8 0  5 9 . 1 2

1 0 . 1 8  0 . 0 t 9 0  2 0 4 . 4 2  6 2 . O r
r 1 . 3 8  0 . 0 2 1 5  2 1 0 . 0 3  6 4 , 2 3
L 2 , 7 4  0 . 0 3 2 7  2 r 5 . 6 3  6 6 . 4 8
1 4 . r 9  0 , O 4 9 7  2 2 L . 2 2  6 8 . 6 4
1 5 . 7 9  0 . 0 6 8 5  2 2 6 . 8 1  7 0 . 8 0
L 7 . 5 5  0 . 0 8 8 s
1 9 . 5 0  O , L 2 L 7  S e r l e s  2
2 L , 6 6  0 . 1 6 3 5
2 4 . O 5  0 . 2 2 7 3  2 3 r . 0 6  7 2 . 4 4
2 6 . 1 2  0 . 3 2 4 4  2 3 6 . 4 5  7 4 . 4 9
2 9 . 7 L  0 . 4 8 0 5  2 4 r . 5 7  7 6 . 3 4
3 3 . 0 4  0 . 7 2 4 6  2 4 6 . 1 4  7 8 , 2 3
3 6 . 7 7  r . 0 6 2  2 5 2 . r 1  8 0 . 1 5
4 5 . 6 1  r . 9 1 0  2 5 7 . 5 8  8 2 . 0 7
5 0 . 8 5  2 . 6 6 L  2 6 2 . 9 9  8 4 . 0 0
5 6 . 6 7  3 . 8 3 5  2 7 3 . 7 6  8 7 . 8 3
6 2 . 9 L  5 , 4 L 7  2 7 9 . r 7  8 9 . 5 5
6 9 . 2 8  7 . 3 3 4  2 8 4 . 5 3  9 1 . 3 0
1 5 . 6 5  9 . 5 1 5  2 8 9 . 8 4  9 3 . 0 7
8  1  . 9  5  r L . 7  9  2 9 5 ,  L 5  9 4 . 7  5
8 8 . 1 5  r 4 . 0 8  3 0 0 . 4 3  9 6 . 2 9
9 4 . 3 0  1 6 . 3 8  3 0 5 . 6 8  9 7 . 8 3

r 0 0 . 3 9  1 8 . 6 7  3 1 0 . 8 9  9 9 . 4 7
L O 6 . 4 2  2 1 . 0 0  3 1 6 . 0 8  1 0 r . 0
I t 2 . 4 1  2 3  . 3 8
f 1 8 . 3 4  2 5 . 8 0  S e r l e s  3
L 2 4 . 2 4  2 8 . 2 8
1  3 0 .  r  r  3 0  . 7  9  2 6 5  . 5 1  8 4 . 8 0
r 3 5 , 9 4  3 3 . 2 5  2 6 6 . 5 4  8 5 .  r 4
L 4 1 . 7  5  3 5 . 7  3  2 6 7  . 4 7  8 5 . 7  6
r 4 7  . 5 4  3 8 , 2 2  2 6 8 . 4 0  8 6 , 0 2
1 5 3 . 3 1  4 0 . 6 5  2 6 9 . 3 7  8 6 . 5 1
1 5 9 . 0 5
L 6 4  . 7  8
r 7  0  . 4 9
1 7 6 . 1 8
1 8 1 . 8 6
r 8 7  . 5 2

4 3 . 0 7  2 7  0 . 3 5
4 5 . 5 0  2 7 L . 3 2
4 1 . 9 4  2 7 2 , 2 9
5 0 . 3 0  2 7  3 . 2 6
5 2 . 6 7  2 7 4 . 2 3
5 5 . 0 5

8 7 . 0 0  4 2 . 3 2  L . 6 7 9
8 7 . 0 0  4 3 . 4 3  L . 7 8 7
8 6  . 9 9  4 5 . 6 5  r . 9 0 7
8 7  , 2 L  4 6  . 7  7  2 . 0 4 9
8 7 . 6 1  4 7 . 8 8  2 . r 9 -

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

The generalized geochemistry of the beryllium phases
studied in this report may be summarized as follows. Beryl
is the most abundant beryllium mineral and is most com-
monly found in granite pegmatites and granites. Beryl is
also commonly found in greisens and quartz veins and
occasionally in skarns and other metamorphic rocks.
Chrysoberyl is the second most abundant beryllium min-
eral; however, the formation of chrysoberyl appears to
require either a local enrichment of aluminum or a re-
duced silica activity. Chrysoberyl is most abundant in
fluoritized skarns and is only occasionally found in peg-
matites. Bertrandite is one of the few beryllium minerals
that has a relatively wide occurrence and is found in most
deposits of beryllium minerals. Bertrandite is present in
commercial quantities in hydrothermally altered tuffs in
the western part ofthe Thomas Range, Utah (Staatz, 1963).
In pegmatites, bertrandite forms in the late stages, com-
monly forming as a hydrothermal alteration product of
beryl or other beryllium phases often with euclase, mus-
covite, or bavenite coprecipitating as the sink for alumi-
num released in the alteration process. Euclase is relatively
rare and is generally found in lower-temperature late-stage
hydrothermal vein deposits. Phenakite forms in a wider
range of deposits than euclase, but phenakite formation
appears to be restricted to depositional environments with
moderate to low aluminum activity. A more complete
discussion ofthe petrology ofthese minerals may be found

in Barton (1986). Beus (1966) and Mulligan (1968) dis-
cussed various beryllium deposits.

Kelley ( I 93 9) measured the heat capacities ofbromellite
and phenakite between about 54 and 294 K. Chase et al.
(1974) reported that Kelley's data for bromellite deviate
by +500/o at 56 K, *80/o at 100 K, and +10/o at 200 K
from more recent measurements based upon improved
technology. Similar systematic errors can be expected for
the heat-capacity data for phenakite reported by Kelley.

This study was motivated by the need to provide a
consistent set of thermodynamic functions for important
beryllium minerals to aid in the development of geo-
chemical models for beryllium ore genesis and to help in
the development of extraction procedures for beryllium
obtained from new source materials. To this end, low-
temperature heat-capacity measurements of beryl, phen-
akite, euclase, and bertrandite were combined with high-
temperature heat capacities for these and other beryllium-
bearing phases and with phase-equilibrium data and were
simultaneously evaluated.
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Table 3. Experimental low-temperature heat capacities of
euclase, BeAlSiO.(OH)

Table 4. Experimental low-temperature heat capacities of
bertrandite, BenSirOt(OH),

_  I l e a  t
r e D D .  .  f e n 9 .'  c a p a c l E y

K  J / ( D o I ' K )  K

q a r r
T e n D .  

- ' - .

L 4 P 4 L r  L t

K  J / ( n o 1 ' K )

-  l l e a t
f  e n D .'  c a p a c l  E y

(  J /  ( o o  1 ' K )

reop .  
" " f i l i . ,  

r enp .

K  J /  ( n o I ' K )  K

l l e a t
c a p a c i  t y

J / ( n o r ' K )

I I e a  t
c a p a c l t y

J /  ( n o  1 ' K )

S e r l e s  I

2 9 7  . 9 r  L 2 6 . 4
3 0 1 . 9 8  1 2 8 . 1
3 0 7  . 4 7  1 2 9 . a
3 1 3 . 0 0  1 3 1 . 8

S e r l e s  2

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

1 0 2 . 1 0  2 8 . 2 8
r 0 7 . 8 7  3 1 , 5 5
1 1 3 . 6 0  3 4 . 8 6
1 1 9 . 3 1  3 8 . 2 1
r 2 4 . 9 6  4 r . 5 4
1 3 0 . 5 5  t 4 . 7 9
1 3 6 . 1 0  4 8 . 0 8
1 4 r . 6 1  5 L . 2 9
L 4 7  . O 7  5 4 . 4 3
1  5  2 . 5 0  5 7  . 5 4
1 5 7 . 8 9  6 0 . 6 2
L 6 3 . 2 6  6 3 . 6 6
r 6 8 . 5 8  6 6 . 7 3
1 7 3 . 8 8  6 9 . 7 3
L 7 9 . r 4  7 2 . 7 r
1 8 4 . 3 9  7 5 . 5 5

S e r l e s  2

L 8 9 . 6 2  1 8 . 2 6
1 9 4 . 8 2  8 1 . 0 2
2 0 0 . 0 0  8 3  . 6 9
2 0 5 . t 6  8 6 . 3 2
2 1 0 , 3 0  8 8 . 8 5
2 r 5 . 4 3  9 1  . 4 5
2 2 0 . 5 5  9 3  . 9  3
2 2 5 . 6 6  9 6 . 3 7
2 3 0 . 8 0  9 8 . 8 r
2 3 5 . 9 5  1 0 1 . 3
2 4 t . 0 9  1 0 3 . 7
2 4 6  , 2 2  1 0 6  . 0
2 5 L , 3 4  1 0 8 . 2
2 5 6 . 4 5  1 1 0 , 4
2 6 L  . 5 4  L L z  . 5
2 6 6 , 6 6  I  1 4  . 6
2 7 1 , 8 0  1 1 6 . 7
2 7  6 , 9 2  1 1 8 . 7
2 8 2 . 0 2  1 2 0 . ' l
2 8 7  . I 2  1 2 2 . 7
2 9 2 . 1 9  1 2 4  , 6
2 9 7  . 2 5  t 2 6 . 4
3 0 2 . 3 0  1 2 8 . 3
3 0 7 , 3 3  1 3 0 . 1
3 r 2  . 3 6  r 3 1  . 8
3 1 7 . 3 8  1 3 3 . 5

S e r l e s  3

3 2 7 . 3 2  1 3 6 . 5
3 3 2 , 2 6  1 3 8 . 0
3 3 7  . r 4  r 3 9 . 7
3 4 2 . O 2  1 4 r  . 6
3 4 1  . O O  r 4 2 . 9
3 5 1 . 9 9  L 4 4 . O

S e r l e s  3

3 5 6 . 9 7  r 4 5 . 7
3 6 r . 9 4  r 4 7 . 3
3 6  6 . 8 9  1 4 8  . 8
3 7 1 . 8 4  L 4 9  . 7
3 7 6 . 7 6  1 5 0 . 9
3 8 1 . 6 8  1 5 2 . 2

s e r l e s  4

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

1 0 . 4 0  0 , 0 2 6 2
1  1 . 5  1  0 . 0 2 9 2
1 2 . 7 5  0 . 0 3 5 4
L 4 . r 2  0 . 0 5 3 8
1 5 . 6 1  0 . 0 7 8 2
r 7  . 2 9  0 . 1  I  5 2
1 9 . 1 6  0 . 1 1 2 2
2 r . 2 2  0 . 2 3 9 8
2 3 . 5 2  0 . 3 2 0 9
2 6 , O 9  0 . 4 4 8 3
2 8 . 9 6  0 . 6 6 6 6
3 2 . t 7  r . 0 0 4
3 5 . 7 9  L , 4 7 7
3 9 , 8 4  2 . 2 5 5
4 4 , 3 7  3 . 1 7 1
4 9  . 4 7  4 . 3 4 0
5 5 . 1 1  6 . 3 0 0
6 L . 2 3  4 . 4 2 1
6 7 , 6 0  1 0 . 7 3

S*rpr,ns AND APPARATUS

Beryl (synthetic emerald) was provided by Richard M.
Mandle, President, Vacuum Ventures, Inc. The low-tem-
perature heat-capacity sample that weighed 25.1618 g,
corrected for buoyancy, was made up oflarge, dark-green,
tabular crystal fragments. The scanning-calorimeter sam-
ple was 22.826 mg in a single crystal fragment. The cell
parameters are q :0.9286(9) nm and c : 0.9193(4) nm,
and the molar volume is 203.27(7) cm3. Sixteen micro-
probe analyses were made using analyzed beryl, pollucite,
and several glasses as standards. The average values (weight
percent) were BeO 14.16 (assumed), AlrO, 18.12, CrrO,
0.37, SiO, 65.99, and H2O 1.2 (by weight loss). The ap-
proximate formula calculated for the synthetic emerald
was Ber(AlorruCroo,o)rSiuOr8'0.36HrO. The sample was
analyzed for Na, Mg, Fe, K, and Ca, all of which were
less than the level of detection (0.05 wto/o). Heat-capacity
measurements were also made at elevated temperatures
on chips that had been dried at about 1673K for I h.
X-ray difraction analysis of similarly dehydrated beryl
showed no change in cell parameters nor the presence of
secondary phases.

A phenakite (BerSiOo) sample was obtained from the
Wilson Collection (USNM 158142). The source was listed
as Brazil. The sample was composed ofclear, glassy chunks
of about 3 mm diameter. The low-temperature heat-ca-

pacity sample weighed 30.4317 g, corrected for buoyancy.
The scanning-calorimetric sample was 22.837 mg. Mi-
croprobe analyses of similar material (Barton, 1986) re-
vealed only silicon at the level of detection (0.05 wto/o for
elements heavier than F). The cell parameters are a:
1.2472(l) nm and c :0.8253(2) nm, and the molar vol-
ume is 37.19 cm3.

Euclase [BeAlSiO.(OH)] was provided by Richard
Gaines from material collected in Minas Gerais, Brazll.
Microprobe analysis of the sample detected only alumi-
num and silicon. The sample was analyzed for F, Na, Mg,
Fe, K Ca, Cr, and Cs, all of which were below the level
of detection (0.5 wto/o for F and 0.05 wto/o for the remaining
elements). The cell constants for the sample are a:
0.47703(29) nm, b:1.43235(54) nm, c: 0.46317(39)
nm, and p: 100.416(62)', and the molar volume is
46.86(6) cm3. The low-temperature heat-capacity sample

s e r l . e s  I

3 0 5 . 3  r  2 2 8 . 7
3 0 9 . 8 1  2 3 L . 9
3 r 4 . 6 8  2 3 4 . 7
3  1 9  . 5 9  2 3 7  . 8
3 2 4 . 6 0  2 4 0 . 4
3 2 9 . 6 0  2 4 3 , r
3 3 4  . 6 0  2 4 6  . 2
3 3 9 . 5 9  2 4 9  , 3
3 4 4 . 6 0  2 5 2 . 3
3 4 9 . 6 2  2 5 4 . 7
3 5 4 . 6 3  2 5 7  . 9
3 s 9  . 6 3  2 6 0 , 7
3 6 4 . 6 2  2 6 2 . 9
3 6 9  . 6 0  2 6 5 . 4
3 7 4 . 5 6  2 6 9 . 4
3 7 9 . 5 2  2 7 0 . 4

S e r l e s  2

5  . 9 9
6  . 4 9
6 . 9 3

8 . 0 7

9 . 3 0
1 0 . 0 2
1 0 . 8 7
1 1 . 8 7
1 3 . 0 0
r 4 . 2 8
r 5 . 7 0
r 7 . 3 3
1 9 . 1 4
2 r . L 6
2 3  . 4 3
2 5 . 9 9
2 8 . 8 5
3 2 . 0 4
3 5 , 6 0
3 9 . 6 0
4 4 , 0 8
4 9 . 1 1
5 4 , 6 7
6 0 . 7 1
6 1 . O 6
7 3 . 4 3

L A 2  . 4  4
0 . 0 6 1 6  1 8 7  . 8 9
0 . 0 6 6 6  1 9 3 . 3 2
0 . r 0 5 4  r 9 8 . 7 4
o . t 3 6 2  2 0 4 . L 5
o . L 2 5 5  2 0 9 . 5 4
o , L 3 9 8  2 L 4 . 9 2
o , 1 5 8 4  2 2 0 . 2 9
o . 1 9 8 4  2 2 5 . 6 6
0 . 2 5 5 3  2 3 L . 0 2
o , 2 7 r o  2 3 6 . 3 8
o . 3 4 2 9  2 4 L . 7  5
o . 4 3 9 0  2 4 7 . r O
0 . 5 8 1 8  2 5 2 . 4 5
o . 7 7 2 0  2 5 7 . 7 9
r  . 0 3 9  2 6 3 . L r
L  .  4 3 6  2 6 8  . 4 2
r . 9 4 3  2 7 3 . 7 9
2 . 5 4 6  2 7  9  . 2 3
3 . 4 3 4  2 8 4  . 5 8
4 . 6 5 9  2 8 9 . 8 4
6 . 1 0 3  2 9 5 , 1 1
L 2 8 7  3 0 0  . 3 8

1 0 . 8 1  3 0 5 , 6 4
L 4 . 2 9
1 9 . 6 0  S e r l e s

2 9  . 6 8  2 5 5  , L 6
3 4  . 0 3  2 5 6  . ! 3

2 5 7 . O 5
2 5 7 . 9 7
2 5 8 . 9 L

S e r l e s  3

2 5 9  . 8 5  L 9 9 . 7
2 6 0 . 7 9  2 0 0 . 7
2 6 r . 7  2  2 0 t . 6
2 6 2 , 6 6  2 0 3 . 4
2 6 3 . 6 0  2 0 3 . 8
2 6 4  .  s 3  2 0 5  . 5
2 6 5 , 4 7  2 0 7  . 2
2 6 6 . 4 1  2 0 8 . 0
2 6 7  . 3 4  z l r . 4
2 6 8 . 2 7  2 L 3 . 5
2 6 9  . 2 0  2 L 2 . 9
2 7 0 , t 5  2 1 2 . 0
2 7 L . O 8  2 1 1 . 3
2 7 2 , O L  2 r 2 . 3
2 7 2 . 9 5  2 L L . L
2 7 3 . 8 8  2 0 9 . 7
2 7 4 . 8 1  2 r 0 . 1
2 7 5 . 7 4  2 1 1 . 0
2 7 6 , 6 7  2 0 9 . 6
2 7 7  . 6 0  2 r 0 . 2
2 7 8 , 5 3  2 1 1 . 8
2 7  9  . 4 6  2 1 2  . 4
2 8 0 . 3 9  2 L 2 . 2
2 8 r , 3 2  2 1 2 . 7
2 8 2 , 2 4  2 r 3 . 2
2 8 3 . 1 7  2 L 5 . 0
2 8 4 . 0 9  2 t 5 . 6
2 8 5 . 0 2  2 1 6 . 7
2 8 7  . 8 0  2 r 7  , 9
2 9 2 . 4 r  2 2 0 . 8
2 9 7  , O O  2 2 3 . 9
3 0 1 , 5 9  2 2 7  . O
3 0 6  . 1  8  2 2 9  , 8
3 1 0 . 7 6  2 3 2 . 8
3  1 s  . 3 4  2 3 6  . O
3 1 9 . 9 1  2 3 8 . 6

S e r l e g  4

5 1 . 9 9  1 6 , 7 5
5 3 . 6 9  1 8 . 3 4
5 4 . 6 4  1 9 . 2 9
5 7  , 6 2  2 2 . 6 9
6 2 . 6 8  2 6 . 9 2
6 7 . 7 9  3 0 . 2 8
7 3 . 2 8  3 3 , 7 1
' r 8 . 8 4  3 8 , 1 6
8 4 . 3 1  4 3 . r 1
8 9 . 7  6  4 8 . 1 0
9 5  . 1 7  5 3  . 0 6

s e ! l e g

7 9 . 7 0
8 5 . 8 2
9 1 . 8 6
9 7 . 8 5

1 0 3 . 7 8
1 0 9 . 6 3
L r 5  . 4 2
T 2 L . L 7
r 2 6 , 8 8
r 3 2 , 5 5
1 3 8 . 1 9
1 4 3 . 8 0
r 4 9  . 3 9
1 5 4 . 9 5
L 6 0  , 4 9
1 6 6 . 0 0
l 1  7  . 4 9
r 7  6 . 9 7

2

3 8 . 9 8
4 4 . 5 1
5 0  . 0 5

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

1 0 4 . 0
1 0 9 . 0
t t 4  . 2
1 1 9 . 3
t 2 4 . 3
r 2 9 , 3
r 3 4  . 3
1 3 9 . 1
1 4 3  . 8
1 4 8 . 5
t 5 3 . 2
L 5 7  . 6
L 6 2 . r
1 6 6 . 5
1 7 0 . 9
L 7  5 . 2
1 7  9 . 8
r 8 4 . 3
1 8 8 . 7
1 9 3 . 3
1 9 7 . 3
2 0 3 , 7
2 r 3 . 9
2 t o . 7
2 L 2 . O

2 L 9 . 2
2 2 2  . 6
2 2 5 , 9
2 2 9  . 5

1 9 4 . 6
t 9 6 . 2
t 9 6 . 1
L 9 7  , O
1 9 8 . 5



560 HEMINGWAY ET AL.: THERMODYNAMIC DATA FOR SELECTED Be MINERALS

Table 5. Molar thermodynamic properties of beryl,
BerAlrSiuO,r.0.36HrO, to 340 K

Table 6. Molar thermodynamic properties of phenakite,
BerSiOo, to370 K

T e d p .  I l e a t  E n t r o p y  E n t h a l p y  c l b b s  e n e r g y  T e m p .
c a p a c i E y  f u n c t l o n  f u n c t l o n

I I e a  t
c a p a c i  t y

E n t r o p y  E n t h a l p y  G l b b s  e n e r g y
f u n c t  1 o n  f u n c t  l o n

r  c ;  r ; - r ; ( H ; - H ; ) / r  - ( c ; - H ; ) / r  r / H o  - H o  )  / T  - / c o  - H o  \  / T\ r T  u o / /

J /  ( n o 1 ' K )

c ;  r ; - r ;

J /  ( n o 1 ' K ) K e  l v i n

5
l 0
t 5
2 0
2 )

3 0
3 5
4 0
4 5
5 0
6 0
7 0
8 0
9 0

r 0 0

t  l o
1 2 0
1 3 0
1 4 0
r 5 0
1 6 0
1 7 0
1 8 0
1 9 0
2 0 0

2 r o
220
2 3 0
2 4 0
2 5 0
2 6 0
2 7 0
2 8 0
2 9 0
3 0 0

5
1 0
t )

2 0
2 5
3 0

4 0
4 5
5 0
6 g
1 0
8 0
9 0

1 0 0

1 1 0
r 2 0
1 3 0
1 4 0
1 5 0
1 5 0
t 7 0
1 8 0
1 9 0
2 0 0

2LO
220
2 3 0
2 4 0
2 5 0
2 6 0
2 7 0
2 8 0
290
3 0 0

0 . 1 4 0
0 . 8 7 3
2 . 0 9 r
3 . 6 6 0
5 , 9 2 r
9 . 3 1 8

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

1 1 0 . 0
1 3 0 . 0

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

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

0 . 0 4 6
o  . 3 2 7
0 . 8 9 9
t . 7 0 4
2 . 7  4 5
4 . I 0 7
5 . 8 5 8
8 . 0 6 9

1 0 . 7 5
1 3 . 8 9
2 L  . 5 1
3 0 . 9 3
4 I  . 5 7
5 3  . 3 2
6 5 . 9 4

7 9 , 2 7
9 3 . 1 8

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

2 3 0  . 4
2 4 6 . O
2 6 1  . 6
2 7 7 . r
2 9 2  . 5
3 0 7  . 8
3 2 3 . O
3 3 8 . 1
3 5 3 . 1
3 6 7  , 9

3 8 2  . 6
3 9 7  . 2
4 t r . b
4 2 5 . 9
3 2 7 . 8
3 6 5 . 2

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

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

5 3 , 8 2
6 2 . 6 6
7 r . 6 8
8 0 . 7  9
8 9 . 9 5
9 9 . 1 . r

r 0 8 . 2
1 1 7 . 3
L 2 6 . 3
1 3 5 . 3

L 4 4 . 1

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

2 2 5 . O
2 3 2 . 3
2 3 9  . 5
2 4 6  . 5
1 9 6 . 8
2 1 6 . 1

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

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

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

8 6 . 3 4
9 3 . 2 5

1 0 0 . 2
1 0 7 . 3
t L 4 . 4
I 2 1 . 5
t 2 8 . 7
1 3 5 . 9
r 4 3 . 1
1 5 0 . 4

r 5 7  . 6
7 6 4  . 9
r 7  2 . 2
L 7 9 . 4
1 3 1 . 0
r 4 9 . 0

0 . 0 0 r
0 . 0 0 4
0  . 0 1 4
0  . 0 3 4
0 . 0 6 5
0 , 1 1 5
o . r 9 1
0 . 3 1 6
0 . 4 5 5
0 . 6 3 5
1 . 1 1 3
1 . 8 1 8
2 . 7 5 L
3 . 8 7 7

6 . 5 4 6
8 . 0 3 9
9 . 6 2 r

r 1 , 2 8
1 3  . 0 0
r 4 . 7 7
1 6 . 5 9
1 8 . 4 3
2 0 . 3 1
2 2  . 2 0

2 4 . r O
2 6 . 0 2
2 7 . 9 3
2 9 . 8 5
3 r . 7 6
3 3 . 6 6

3 7  . 4 3
3 9 , 2 9
4 t . L 4

4 2 . 9 6

4 D . ) )

4 8 . 3 0
5 0 . 0 3
5 t . 7 2
5 3 . 4 0
J b ' I )

4 0 . 8 0

0 . 0 0 0
0 . 0 0 2
0 . 0 0 5
0 . 0 1 2
0 . 0 2 3
0 . 0 3 8
0 . 0 6 2
0 . 0 9 6
0 . r 4 1
0 . 1 9 9
0 . 3 5 4
o . 5 7 5
0  , 8 ' l  7
L , 2 6 4
r  . 7  3 8

2 . 2 9 3
2 . 9 2 6
3 . 6 3 1
4  . 4 0 5

6 . ! 3 7
7 , O 8 1
8 . 0 8 7
9 . r 3 3

1 o . 2 2

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

2 4 . 2 1
2 5 . 6 0
2 7  . O O
2 8 . 4 2
2 9  . 8 4
3 1 . 2 8
3 2 . 7 2
L 9  . 2 L
2 2  . 5 7

0 . 0 0 2  0 , 0 0 1
0 . 0 r 7  0 . 0 0 6
0 . 0 5 8  0 . 0 1 9
0 . 1 3 7  0 . 0 4 6
0 . 2 5 8  0 . 0 8 7
0 . 5 0 0  0 . 1  5 4
0 . 9 0 0  0 . 2 5 9
1 . 4 0 9  0 . 4 1 2
1  . 8 8 0  0 . 6 0 6
2 . 5 L 3  0  . 8 3 4
4 . 6 4 3  L . 4 6 7
7 . 5 7 7  2 . 3 9 4

1 r . 0 5  3 . 6 2 8
1 4 , 7  4  5  . L 4 2
1 8 . 5 3  6 . 8 9 0

2 2 . 4 s  8 . 8 3 9
2 6 . 5 2  1 0 . 9 7
3 0 . 7 1  1 3 . 2 5
3 4 . 9 6  r . s . 6 8
3 9  . 2 3  1 8 . 2 4
4 3 . 4 8  2 0 , 9 1
4 7  . 7  2  2 3  . 6 7
5 r  . 9 2  2 6  .  5 2
5 6 . 0 9  2 9 , 4 4
6 0 . 1 9  3 2 . 4 2

6 4 , 2 2  3 5 . 4 5
6 8 . 1 6  3 8 . 5 3
7 2 . O 2  4 r , 6 5
7  5 . 7 7  4 4 . 7 9
7 9 . 4 3  4 7  . 9 6
8 2 . 9 9  5 1 . 1 5
8 6 . 4 6  5 4 . 3 4
8 9 . 8 2  5 7 . 5 5
9 3 . 0 7  6 0 . 7 6
9 6 . 2 0  6 3 . 9 7

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

3 1 0  9 9 . 2 0
3 2 0  1 0 2 .  r
3 3 0  1 0 4 . 8
3 4 0  1 0 7 . 5
3 5 0  1 1 0 . 0
3 6 0  L L 2 . 4
3 7 0  1 1 4 . 8
2 7 3 . L 5  8 7 . 5 3
2 9 8 . L 5  9 5 . 6 3

7 0 . 3 7
7 3 . 5 5
7 6 . 7 2
7 9 , 8 7
8 3 . 0 0
8 6 . 1 2
5 5 . 3 5
6 3  . 3 7

weighed 33.4966 g, corrected for buoyancy. The scanning-
calorimetric sample was 26.178 mg.

Bertrandite [BeoSirOr(OH)r] was obtained from the Field
Museum of Natural History GMNH 6969). The source
location listed was Albany, Maine. Microprobe analyses
of the sample detected only silicon. A few of the crystals
were cloudy in appearance. Inspection of some of these
crystals revealed the presence of a claylike phase. The cell
constants for the sample are a:0.87135(4) rm, !:
1.52677(14) nm, and c:0.4583(3) nm, and the molar
volume is 91.50(l) cm3. WeightJoss studies indicatedthat
the sample contained 7.4(6) wto/o HrO. The low-temper-
ature heat-capacity sample weighed 22.4678 g, corrected
for buoyancy. The scanning-calorimetric sample was
25.006 mg.

The chrysoberyl (BeAlrOo) sample was a tabular crystal
fragment. The pale-green grain was opaque and contained
3.1 wto/o FerO. (Fe by microprobe). The scanning-calori-
metric sample was 20.429 mg. The cell constants for the

sample are q:0.54801(3) rrr, b: 0.94119(7) nm, and
c:0.44288(3) nm, and the molar volume is 34.32 cm3.

Low-temperature heat capacities were measured using
the intermittent heating method under quasi-adiabatic
conditions. The cryostat has been described by Robie and
Hemingway (1972), the provisional low-temperature scale
by Robie et al. (1978), and the electrical measurement
system by Hemingway et al. (1984). The samples were
sealed in the calorimeter under a small pressure of pure
helium gas (about 5 kPa).

High-temperature heat capacities were determined by
differential scanning calorimetry (DSC) following the pro-
cedures outlined by Heming;way et al. ( I 98 I ). The samples
were enclosed in unsealed gold pans.

The formula weights were based upon the 1975 values
for the atomic weights (Commission on Atomic Weights,
1 976). The formula weights are 5 44.7 4, 5 3 7. 505, I 1 0. 1 07,
145.084,238.230, and, 126.973 g, respectively, for beryl
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Table 7. Molar thermodynamic properties of euclase,
BeAlSiO"(OH), to 380 K

Table 8. Molar thermodynamic properties of bertrandite,
BeoSi,O,(OH)r, to 370 K

T e u p .  l l e a t  E n t r o p y  E n t h a l p y
c a p a c l  t y  f  u n c t l o n

G l b b s  e n e r g y  T e d p .  l l e a t
f u n c t l o n  c a p a c i t y

K e l v l n

E n t r o p y  E n t h a l p y  G l b b s  e n e r g Y

f u t r c E l o n  f u d c t l o n

r ; - r ;  ( E ; - H ; ) / r  - ( c ; - H ; ) / r

J / ( n o 1 ' K )

r  c ;  r ; - 1 6 ( H i - n ; ) / r  - ( c ; - H ; ) i r  r - P

J /  ( o o  1  ' K )

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

1 0 0

1 1 0
1 2 0
1 3 0
r 4 0
r 5 0
1 6 0
r 7 0
1 8 0
1 9 0
2 0 0

2 1 0
220
2 3 0
2 4 0
2 5 0
260
2 7 0
2 8 0
2 9 0
3 0 0

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

1 0 0

1 1 0
t20
r 3 0
1 4 0

1 5 0
1 7 0
1 8 0
r 9 0
2 0 0

0 . 0 0 2  0 . 0 0 1
0 . 0 1 7  0 . 0 0 5
0 . 0 6 9  0 . 0 2 0
0 , L 9 7  0 . 0 s 5
0 . 3 8 7  0 . 1 1 9
o . 7 6 7  0 . 2 1 9
r . 3 6 1  0 . 3 7 9
2  . 2 8 2  0  , 6  r 8
3 . 2 9 6  0 . 9 4 5
4 , 5 2 5  1 . 3 5 r
8 . 0 0 r  2 . 4 7 8

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

3 2 , 7 8  1 3 . 5 4
3 8 . 6 0  1 6 . 6 4
4 4 . 4 8  1 9 . 9 6
5 0 . 3 3  2 3 . 4 7
5 6 . L 2  2 7  . r 4
6 1 . 8 5  J O . 9 4
6 7  . 5 4  3 4 . 8 6
7 3 . 1 1  3 8 . 8 8
7  8 . 4 9  4 2  . 9 8
8 3 . 6 9  4 7 . r 4

8 8 . 7 5  5 1 . 3 s
9 3 . 6 8  5 5 . 5 9
9 8 . 4 8  5 9 . 8 6

1 0 3 . 1  6 4 . 1 5
t o 7 , 6  6 8 . 4 5
r  l  l  . 9  7  2 . 7  6
1 1 6 . 0  7 7 . 0 6
1 1 9 . 9  8 r . 3 5
r 2 3 . 7  8 5 . 6 2
1 2 7 . 4  8 9 . 8 8

2 1 0  1 5 8 . 0
2 2 0  1 6 6 . 3
2 3 0  r 7  4  . 4
2 4 0  L 8 2 . 5
2 5 0  1 9 0 . 9
2 6 0  2 0 0 , 1
2 7 0  2 0 9 . 8
2 8 0  2 t 3 . 3
2 9 0  2 1 A . 9
3 0 0  2 2 5 . 6

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

0  . 0 0 0
0 . 0 0 4
0 . 0 1 5
0 . 0 4 3
0 , 0 9 2
0 . 1 6 9
o , 2 9 4
0 . 4 8 2
0 . 7 3 8
1 . 0 5 1
1 . 9 1 5
3 . 0 4 3
4  . 4 3 3
6 . 0 6 9
7  . 9 0 5

9 . 9 0 1
7 2 . 0 6
r 4 . 3 2
L 6  . 6 9
L 9 . t 2
2 t  . 6 L
2 4 , 1 5

2 9  . 3 0
3 1 . 8 9

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

5 9  . 2 2
6 1 . 5 1
6 3 . 1  7
6 5 . 9 8
6 8 , 1 6
7 0 . 3 0
7 2 . 4 0
7 4 . 4 5
5 0 , 4 5
) b . 4 )

0 . 0 0 0
0 . 0 0 1
0 , 0 0 5
0 , 0 1 2
o . o 2 7
0 . 0 5 0
0 . 0 8 5
0 . 1 3 5
0 . 2 0 6
0 . 3 0 0
0 . 5 6 3
0 . 9 4 0
1 . 4 3 4
2 . O 4 9
2 . 7 A 2

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

t o . 7 2
t 2 . t 7
1 3 , 6 8

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

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

0 , 0 2 1
0 . r 6 4
0 . 5 1 7
1 . 1 9 8
2  . 3 0 0
3 . 8 6 0
5 . 8 4 5
8 . 4 8 8

1 5 . 0 2
2 4  . 6 2
5 L . b t

3 9 . 2 2
4 8 . 3 1

6 6 . 9 8
7 6 . 3 4
8 5 , 8 2
9 5 . 2 0

1 0 4 . 5
1 1 3  . 7
L 2 2 . 9
r 3 2 . O
1 4 0 . 9
r 4 9 . 6

0 . 0 0 7
0 . 0 5 5
0 . r 7 9
0 . 4 0 9
0 . 7 9 r

2 , O 7 9
3 . 0 2 5
4 . I 8 8
5  . 5 6 1
9 . 1 5 r

1 3 . 5 0
1 8 . 2 0
2 3 . 3 4
2 8 . 9 1

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

1 0 5 . 0
I  1 2 . 5
1 2 0 . 1
L 2 7  , 7
1 3 5 . 3
r 4 3 . 0
1 5 0 , 7
1 5 8 , 4
1 6 6 , 0
1 7 3 . 5

1 8 1 . 0
1 8 8 . 5
1 9 5 . 9
2 0 3  . 3
2 r 0 . 6
2 t 7 . 9
2 2 5 . L
r 5 3 , 2
L 7 2 . 1

0  . 0 0 5
0 . 0 4 1
0 . 1 3 3
0 . 3 0 3
0 . 5 9 0
0 . 9 9 4
1 . 5 4 3
2 , 2 4 0
3 . 0 9 1
4 . O 9 4
6 . 7  L 2
9 . 8 0 0

L 2 . 9 8
1 6 . 4 0
2 0 . 0 5

2 3 . 8 9
2 7  . 8 7
3 1 . 9 6

4 0 . 3 9
4 4  . 6 9
4 9 . O 2
5 3 . 3 8
5 7 . 1 5
6 2 . r 3

6 6  . 4 9
7  0 , 8 4
7 5 . r 7
7 9 , 4 7
8 3 , 7 6
8 8 . 0 6
9 2 . 4 2
9 6 . 6 8

1 0 0  . 8
1 0 4  , 8

1 0 8 . 8
1 1 2 . 8
1 1 6 , 7
L 2 0  . 5
r 2 4  . 3
1 2 8 . 0

9 3 . 7 8
1 0 4  . 1

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

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

3 2 . 2 6
3 5 . 3 3

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

7  2 . r 9
7  5 . 7  |
7 9 . 2 4
a 2 . 7 8
8 6 . 3 3
8 9 . 8 8
9 3 . 4 4
5 9 . 3 8
6 8 . 0 4

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

9 4 . 1 1
9 8 . 3 2

1 0 2 . 5
1 0 6 . 7
1 1 0 , 8
1 1 4 . 9
1 1 8 . 9
] , 2 2 . 9

7 8 . 4 1
8 9 . 0 9

of the composition BerAlrSi6O,8 . 0.36HrO, stoichiometric
beryl, phenakite, euclase, bertrandite, and chrysoberyl.

Low-rnvrpnRATURE HEAT cApAcrrIES AND
THERMODYNAMIC FUNCTIONS

Heat-capacity measurements for beryl, phenakite, eu-
clase, and bertrandite are listed in the chronological order
of measurement (series) in Tables l-4. The results are
corrected for curvature (e.g., Robie and Hemingway , 197 2).
The data were smoothed using cubic spline routines and
were graphically extrapolated to zero kelvin using the ex-
perimental and smoothed values for temperatures less
than 30 K plotted in the form of Co/T vs. T2. Smoothed
values of the heat capacities and derived thermodynamic
functions are listed in Tables 5-8.

The entropy changes, ^Si - ,S3, a|298.15 K are 365.2 +

0.7.63.37 t  0 .13.89.09 + 0. l8 ,and 172.1 !  0 .34Jl (mol '

K), respectively, for beryl (Be3Al2Si6O'8 ' 0.36 HrO), phen-
akite, euclase, and bertrandite. Our value for the entropy
of phenakite is about l.5olo lower than the value reported
by Kelley (1939). Our heat capacities for phenakite are
roughly equivalent to those reported by Kelley (1939) at
the higher temperatures, but at lower temperatures the
values show significant deviations. Kelley's (1939) heat
capacities are l3o/o larger near 55 K. Similar discrepancies
were noted by Chase et al. (1974) for BeO (Kelley, 1939)
and were expected in this study.

HtcH-rnupERATURE HEAT CApACITIES AND
THERMODYNAMIC FUNCTIONS

High-temperature heat-capacity measurements for ber-
yl (BerAlrSi.Ort'0.36HrO), anhydrous beryl powder,
phenakite, euclase, bertrandite, and chrysoberyl were made
between 340 and about 800 K. The experimental values
are listed in Tables 9-14. Each scan represents one con-
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Table 9. Experimental high-temperature heat capacities of
beryl, BerAlrSi6O,8. 0.36HrO

Table 10. Experimental high-temperature heat capacities of
beryl, BerAlrSi.O,,

-  H e a t
r e E P '  

c a p a c i t y  
f e E P '

K  J / ( n o l . K )  K

H e a t  _  H e a E
.  l e n D .

c a p a c l  E y  c a p a c i  t y

J / ( E o l ' K )  K  J / ( o o 1 ' K )

-  H e a t
f e m D .  ,  f € n P .-  c a p a c r E y

K  J / ( n o 1 . K )  K

_  H e a t
I E N D .-  c a p a c l  E y

J / ( n o 1 ' K )  K  J / ( u o 1 ' K )

l { e a t
c a p a c L  t y

S c a n  1

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

S c a n  2

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

S c a n  3

4 7  2 , 8  5 7 1  . 9
4 9 2 , 6  5 8 7 . 1
5 L 2 , 4  5 9 5 . 2
5 3 2  . 3  6 0 1  . 5
5 5 1 . 1  6 1 5 . 3

S c a n  4

4 7 2 . 8  5 7 8 . 2
4 9 2 . 6  5 8 6 . 7
5 L 2 . 4  5 9 5 . 9
5 3 2  . 3  6 0 6  . 0
5 5 1 . 1  6 r 3 . 8

S c a n  5

5 2 2 . 4  5 9 7 . 0
5 4 2 , 2  6 0 3 . 1
5 6 2 . 0  6 1 0 . 6
5 8 1 . 9  6 2 0 . 0
6 0 0 . 7  6 2 6 . 5
6 2 r . 6  6 3 2 . 8
6 4 L  . 4  6 3 8  . 3
6 6 1 . 3  6 4 7 . 6
6 8 1 . 1  6 4 9  , 2
7 0 0 . 0  6 5 7 . L

S c a n  6

5 2 2 . 4  5 9 5 . 2
5 4 2 . 2  6 0 5 . 2
5 6 2 . O  6 1 3 . 7
5 8 r . 9  6 2 2 . 4
6 0 0 . 7  6 2 8 . 6
6 2 L  . 6  6 3 5  , 5
6 4 r  . 4  6 4 r  , 5
6 6 L . 3  6 4 7  . 6
6 8 r . 1  6 5 4 . 6
7 0 0 , 0  6 6 0  . 2

S c a n  7

5 7 1 . 8  6 1 8 . 2
5 9 1 . 6  6 2 6 . O
6 L L , 4  6 3 3 . 2
6 3 r . 3  6 3 8 . 2
6 5 0 .  1  6 4 6  . 4

S c  a n  8

5 7  1  . 8  6 2 5 . 1
s 9 r . 6  6 3 2 . 3
6 1 1 , 4  6 3 8 . 9
6 3 r . 3  6 4 3 . 9
6 5 0 . 1  6 4 8 . 0

S c a n  9

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

S c a n  I 0

6 9 0 . 9  6 5 4 . 4
7 r 0 . 8  6 5 7 . 9
7 3 0 , 6  6 6 2 . L
7 4 9 . s  6 6 8 , 0

S C a n  l r

7 4 0 , 5  6 5 0 , 1
7 6 0 . 4  6 6 4 . 6
7 8 0 . 2  6 6 9  , 2
7  9 9  . r  6 7 1  . L

S c  a n  l 2

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

S c a n  1 3

8 5 8 . 8  7 0 9 , 2
8 6 8 . 6  7 r r . 2
8 7 8 . 4  1 1 4 . 7
8 8 7 . 2  7 r 1 . 2

s c a n  1

3 4 3 . 5  4 7 0 . 2
3 6 3 . 3  4 8 7  . 7
3 8 3 . 1  5 0 3  . 2
4 0 3 . 0  5 r 1  . 5
4 2 2 . 8  5 3 1 . 0
4 4 2 . 6  5 4 1 . 4
4 6 2 , 4  5 5 5 . 5
4 8 2 . 3  5 6 7  , s
5 0 1  . 1  5 7  6  , 3

S c a n  2

3 4 3 . 5  4 6 9 , 6
3 6 3 . 3  4 8 4 . 7
3 8 3  . 1  5 0 0  . 3
4 0 3  . 0  5 r 4  . 2
4 2 2 . 8  5 2 6 , 8
4 4 2 . 6  5 4 0 . 1
4 6 2 . 4  5 5 2 . 8
4 8 2 . 3  5 6 6 . s
5 0 1 . 1  5 7 7 . 6

S c a n  3

4 7  2 . 8  5 5 9  . 2
4 9 2 . 5  5 6 9 . 2
5 L 2 . 4  5 1  6  . 8
5 3 2 . 3  5 8 6  . 9
5 5 1 . r  5 9 3 . 4

s c a n  4

s 2 2 . 4  5 7 8 . r
5 4 2 . 2  5 8 7  . 6
5 6 2 . O  5 9 5 . 0
5 8 1 . 9  6 1 0 . 7
6 0 0 . 7  6 1 0 . 7

S c a n  5

4 8 0 . 7  5 6 2 . 6
4 9 0  . 7  5 7  0  , 4
5 0 0 . 6  5 7  6  . 2

S c a n  6

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

S c a n  7

7 1 0 . 2  6 s 0 . 8
7  8 0 , 2  6 5 5  . 7
7 9 0 . 2  6 6 3 . 1
8 0 0 . 2  6 6 L . 7

S c a n  8

5 7  2 , 0  6 0  I  . 6
5 9  1  . 8  6 0 3  . 6
6 1 1 . 7  6 1 0 . 3
6 3 1 . 5  6 1 8 . 4
6 5 0 . 4  6 3 1  . 9

S c a n  9

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

s c a n  1 0

6 2 ! . 6  6  1 9  . 8
6 4 t  , 4  6 2 4  . 2
6 6 r . 3  6 2 7 . 3
6 8 r . 1  6 3 6 . r
7 0 0 . 0  6 4 2 . 7

S c a n  1  I

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

S C a n  L Z

6 9 0 . 9  6 3 0 . 0
7  r 0 . 8  6 3 7  , O
7 3 0 . 6  6 4 2 . 4
7 4 9 . 5  6 4 8 . 0

S c a n  1 3

6 9 0 . 9  6 3 6 . 3
7  1 0 . 8  6 4 2 . O
7  3 0  . 6  6 4 5  . 6
7  4 9  , 5  6 4 5  . 6

S C a n  L 4

7  4 0 . 5  6 4 3 , 2
7 6 0 . 4  6 4 8 , 7
1 8 0 . 2  6 5 3 . 6
7 9 9 . r  6 5 7  , 7

s c a n  1 5

7 4 0 . 5  6 4 8 . 9
7 6 0 . 4  6 5 r . 0
7 A O . 2  6 5 5 . 3
7 9 9  . L  6 6 0 . 9

S c a n  1 5

3 4 0  , 9  4 6 r . 7
3 5 0 . 9  4 7 L . 2
3 6 0 . 9  4 7  8 . 6
3 7  0 . 8  4 8 6 . 6
3 8 0 . 8  4 9 5 , 3
3 9 0 , 8  5 0 2 . 6
4 0 0 . 8  5 0 9  . 4
4 1 0 . 8  5 1 7 . 8
4 2 0 , 8  5 2 4 . O
4 3 0 . 7  5 3 0 . 6
4 4 0  . 7  5 3 8  . 0
4 5 0 . 7  5 4 5 . 4
4 6 0 , 7  5 5 0 . 8
4 7 0 , 7  5 5 8 . 6

S c a n  L j

4 7 0 , 7  5 5 9 . 5
4 8 0 . 7  5 6 3 . 8
4 9 0 . 7  5 7 L . 6
s 0 0 , 6  5 7  8 . 6
5 1 0 . 6  5 8 1 . 0
5 2 0 . 6  5 8 5 . 0
5 3 0 . 6  5 9 0 . 9
5 4 0  , 6  s 9 2  . 8
5  5 0  , 6  5 9 5  . 2
5 6 0 . 5  5 9 8 . 9
5 7  0 . 5  6 0 2  . O
5 8 0 . 5  6 0 4 . 8
5 9 0 . 5  6 L O . 2
6 0 0 . 5  6 1 1 . 0

s c a d  1 8

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

S c a n  1 9

6 0 0 , 5  6 1 2 . 6

tinuous set of measurements under one experimental set-
up. The data were collected at infrequent intervals over
a 2-yr period with two measurement chambers, the initial
chamber having failed electrically.

The high-temperature results were combined w'ith the
low-temperature heat capacities from this study, or in the
case of chrysoberyl with the data of Furukawa and Saba
(1965), and simultaneously fit with the solution and phase-
equilibrium data described by Barton (1986) using the
program pHASzo (Haas and Fisher, 1976). pHAS2o attempts
to fit all data types within the respective precision ofthe
data type and, therefore, does not degrade the precision
ofrelatively precise data like that for heat capacities. The
heat capacities for the hydrous beryl sample were cor-
rected for the small amount of CrrO, using the data of
Robie et al. (1979) and for HrO using an estimated heat
capacity of 67 J/(mol.K) for caged HrO. The heat capac-
ities for chrysoberyl (listed in Table 14) were corrected
for 3.1 wto/o FerO, using the data of Robie et al. (1979).
Heat capacities were estimated for temperatures greater
than 800 K. It should be noted that heat capacities were
estimated only to 1000 and 1500 K, respectively, for ber-

trandite and euclase. Equations for the smoothed heat
capacities are given in Table 15.

We have adopted the Gibbs free energies and uncer-
tainties calculated by Barton (1986) from the simulta-
neous regression analysis ofthe data set discussed above.
These results have been combined with the entropies at
298.15 K reported in this study for phenakite, euclase,
and bertrandite; the entropy at 298.15 K for chrysoberyl
reported by Furukawa and Saba (1965); the entropy at
298.15 K for beryl obtained by Barton (1986) through
multiple regression; the equations listed in Table 15; and



Table I l. Experimental high-temperature heat capacities of
phenakite, BerSiOo
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Table 12. Experimental high-temperature heat capacities of
euclase, BeAlSiO.(OH)
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-  H e a t
r e E D .  .  f e o p ._  c a p a c l  E y

K  J / ( n o l ' K )  K

-  H e a t
f e n D  .'  c a p a c l  E y

K  J / ( n o t ' K )

-  H e a  t' f  e E D .  t e o D .'  c a p a c l E y

K  J / ( n o l ' K )  K

V a . r
f  e o D .'  

c a p a c l  E y

J / ( o o 1 ' K )  K  J / ( o o 1 ' K )

I I e a t
c a p a c l t y

J / ( n o 1 ' K )

I I e a t

c a p a c L t y

S c a n  1

3 4 0 . 0  t o l  . 2
3 5 0 . 0  1 0 9 . 4
3 6 0 , 0  1 1 1 . 5
3 7 0 , 0  1 1 3 . 6
3 8 0 . 0  1 1 5 . 5
3 9 0 . 0  r r 7 . 6
4 0 0 . 0  1 1 9 . 5
4 1 0 . 0  r z L , 7
4 2 0 . O  L 2 3 . 8
4 3 0 . 0  r 2 5 . 9
4 4 0 . 0  t 2 7  , 9
4 5 0 . 0  L 2 9  . 8
4 6 0 . 0  r 3 1 . 3
4 7 0 . 0  t 3 2 . 8
4 8 0 . 0  1 3 5 . r
4 9 0 . 0  t 3 7  . 5
5 0 0 . 0  1 3 9 . 0

S c a t r  2

3  3 0 . 9  r O 4 . 4
3 4 0 . 9  1 0 6 . 4
3 5 0 . 9  1 0 9 . 3
3 6 0 . 9  1 1 1 . 8
3 7 0 . 8  r 1 4 . 6
3 8 0 . 8  1 1 7 . 5
3 9 0 . 8  7 2 0 , 4
4 0 0 . 8  r 2 2 . 6

S c a n  2

4 1 0  . 8  r 2 5  . O
4 2 0 . 8  L 2 7  , 2
4 3 0 . 7  1 2 8 . 8
4 4 0  . 7  r 3 0  . 2
4 5 0 . 7  1 3 1 . 1
4 6 0 . 7  L 3 1 . 2
4 7 0 . 7  r 3 5 . 5
4 8 0 . 7  r 3 7  . 5
4 9 0 . 1  r  3 8  , 5
5 0 0 . 6  1 3 9  . 6

S c a n  3

4 6 0 . 7  L 3 3 . 2
4 ' t  o . 7  L 3 4  . 9
4 8 0 , 7  1 3 6 . 8
4 9 0 . 7  1 3 8 .  I
5 0 0 . 6  1 3 9  . 9
5 1 0 . 6  r 3 9 . 9
5 2 0 . 6  r 4 2 . L
5 3 0 . 6  L 4 3 . 2
5 4 0 . 6  r 4 4 . 5
5 5 0 . 6  L 4 5 . 4
5 6 0  . 5  1 4 6  . 1
5 7 0 . 5  1 4 6  . 8
5 8 0 , 5  r 4 7  . 7
5 9 0 . 5  L 4 8 . 7
6 0 0 . 5  1 4 9 . 5

S c a n  4

5 8 0 , 5  1 4 9 . 1
5 9 0 . 5  1 5 0 . r
6 0 0 . 5  1 5 0 , 8
6 1 0 . 5  1 5 1 . 8
6 2 0 . 4  L 5 2 . 5
6 3 0 , 4  7 5 2 . 9
6 4 0 . 4  1 5 3 , 2
6 5 0 , 4  L 5 4 . 4
6 6 0 . 4  1 5 5 . 1
6 7 0 . 4  r s 6 , 0
6 8 0 . 4  r s 4  . 9
6 9 0 . 3  1 5 9 . 3
7 0 0 . 3  1 5 9 . 3

S c a o  5

6 9 0 . 3  r 5 7 . 1
7 0 0 . 3  r 5 8 , r
7  1 0 . 3  r 5 9  . 1
1 2 0 . 3  1 5 9 . 5
7 3 0 . 3  L 6 0 . 7
7 4 0 . 3  1 6 1 . 4
7 5 0 . 2  1 6 1 . 9
7  6 0  . 2  1 6 2 . 3
7 7 0 . 2  L 6 2 . 4
7 8 0 . 2  1 6 3 . 8
7 9 0 . 2  L 6 4 . 3
8 0 0 . 2  L 6 4 . 9

ancillary data from Robie et al. (1979) to provide the
smoothed values ofthe heat capacities and derived ther-
modynamic functions listed in Tables 16-20 for the tem-
perature interval 298.1 5 to 1 800 K (1 200 K for bertran-
dite).

DrscussroN
The entropy correction for the HrO in beryl may be

estimated by assuming that the HrO in beryl is similar in
bonding characteristics to that in analcime or clinoptil-
olite. Under this assumption we calculate the entropy con-
tribution of I mol of H,O to be 55 J/(mol.K) at 298.15
K from the data of Johnson et al. (1982) for analcime and
dehydrated analcime or 57 J/(mol'K) calculated from the
data of Hemingway and Robie (1984) for clinoptilolite.
The calculated value for the entropy of anhydrous beryl
at 298. | 5 K is 345.0 + 5 J/(mol. K) based upon this model
and is in excellent agreement with the value of 346.7 +
4.7 J/(mol'K) predicted from the multiple regression anal-
ysis (Barton, 1986).

The heat capacity of beryl is unexpectedly high at low
temperatures (ess than 30 K) for a cornpound with such
a low mean atomic weight. We can calculate the Debye
temperatures for two beryls, goshenite as 795.6 K and
aquamarine as 799.1 K, from the elastic constant mea-
surements of Yoon and Newnham (1973). The heat ca-
pacity of material with a Debye temperature of approxi-
mately 800 K can be represented reasonably well to about
1 6 K by a Debye function. From such a function we would

estimate a heat capacity for beryl that is only about 190/o
of the measured heat capacity at 16 K. The heat capacity
of 0.36 mol of ice is similarly about 200/o of the measured
heat capacity at 16 K. Finally, a Schottky contribution to
the heat capacity, arising from Cr3+ ions in solid solution,
may be expected at very low temperatures. However, it
is unlikely that the contribution would be 600/o of the heat
capacity observed at 16 K. We have no explanation for
the deviation of our measured heat capacities from our
theoretical estimates.

Small numbers of fluid inclusions in the phenakite and
bertrandite samples produced small anomalies in the heat
capacities near 269 K. The bertrandite sample produced
a larger anomalous heat capacity and, therefore, contained
a greater quantity of fluid, generally associated with a
claylike phase. The smoothed values of the thermody-
namic properties ofthese phases have been corrected for

s c a n  I

3 4 3 . s  r 4 0 . 9
3 6 3 . 3  L 4 6  . 6
3 8 3 . r  1 5 1 . 9
4 0 3 . 0  1 5 6 . 8
4 2 2 . A  1 6 r . 3
4 4 2 . 6  L 6 5 , 4
4 6 2 , 4  t 6 9 . 4
4 8 2 , 1  1 7 3 . 1
5 0 1 . 1  I 7 6 . r

s c a n  2

4 7  0 , 7  1 6 7  . 1
4 8 0 . 7  1 7 1 . 0
4 9 0 . 7  L 7  3 . 2
5 0 0 . 6  t 7 5 . 3
5 1 0 . 5  L 7 6 . 5
5 2 0 , 6  1 7 8 . 1
5 3 0 . 6  t 7 9 . 1
5 4 0 . 6  r 8 0 . 3
s 5 0 . 6  1 8 1 . 7
5 6 0 . 5  1 8 3 . 0
5 7 0 . 5  1 8 4 . 0
5 8 0 . 5  1 8 5 . 0
s 9 0 . 5  L 8 6 . 7
6 0 0 . 5  r 8 7  . 2

s c a n  3

4 7 2 . A  L 7 2 . 4
4 9 2 . 6  t 7 5 . 5
5 L 2 . 4  1 7 8 . 3
5 3 2 . 3  1 8 1 . 7
5 5 1 . 1  r 8 4 , 3

S c a n  4

4 7 2 , 8  1 7 r . 9
4 9 2 , 6  r 7 4 . 9
5 L 2 . 4  1 7 7 , 9
5 3 2  . 3  1 8 1  . 1
5 5 1 . 1  1 8 3 . /

S c a o  5

5 2 2 . 4  t 7 7 . 4
5 4 2 . 2  1 8 0 . 5
5 6 2 . O  1 8 3 . 4
5 8 r . 9  1 8 6 . 3
6 0 0 . 7  1 8 8 . 5
6 2 r . 6  1 9 0 . 8
6 4 1  . 4  L 9 2 . !
6 6 1 . 3  1 9 3 . 5
6 8 1 . 1  L 9 5 . 7
7 0 0 . 0  r 9 7 . 8

s c a n  6

6 2 L . 6  1 9 1 . 6
6 4 r . 4  L 9 2 , 4
6 6 1 . 3  1 9 3 , 9
6 8 r . 1  1 9 6 . 3
7 0 0 . 0  1 9 8 . 5

s c a n  7

5 9 0 . 5  1 8 7 . 0
6 0 0 . 5  1 8 8 . 5
6 1 0 . 4  1 8 9 . 7
6 2 0 . 4  1 9 0 . 8
6 3 0 . 4  1 9 1 . 8
6 4 0 . 4  r 9 2 . 9
6 5 0 . 4  1 9 4 . 0
6 6 0 . 4  1 9 4 . 2
6 1 0 , 3  1 9 5 . 0
6 9 0 . 3  1 9 6 . 3

S c a n  8

5 7 1 . 8  1 8 5 , 0
s 9 r . 6  1 8 7 . 3
6 r r . 4  1 8 9 . 5
6 3 r . 3  1 9 1 . 3
6 5 0 . 1  1 9 3 . 5

s c a n  9

5 7 1 . 8  1 8 5 , 8
5 9 1 . 6  1 8 7 . 5
6 r I . 4  r 9 0 . 3
6 3 1 . 3  1 9 1 . 9
6 5 0 . 1  r 9 3 . 3

S c a n  1 O

6 9 0 . 9  1 9  6 . 8
7  1 0 . 8  L 9 8 . 2
7 3 0 . 6  1 9 9 . 8
7  4 9  , 5  2 0 1  . 8

S c a n  1 1

6 9 0  . 9  r 9  6 . 8
7 1 0 . 8  1 9 8 . 3
7 3 0 . 6  L 9 9 . 9
7 4 9 . 5  2 0 2 . 2

S c a n  1 2

7 4 0 . 5  2 0 0 . 9
7 6 0 . 4  2 0 2 . A
7  8 0 . 2  2 0 3  . 8
7 9 9 . r  2 0 5 . O

S c a n  1 3

7  4 0  . 5  2 0 1  . 5
7 6 0 . 4  2 0 2 . 7
7 8 0 , 2  2 0 4 . 4
7 9 9 , r  2 0 6 . r

S c a n  l 4

7  7 0  . 2  2 0 5  . O
7  8 0 . 2  2 0 4 . 2
7 9 0 . 2  2 0 3 . 5

S c a n  1 5

7 7 0 . 2  2 0 3 . 3
1  8 0 . 2  2 0 4 , O
7 9 0 . 2  2 0 r . 9
8 0 0 . 2  2 0 3  . 6

S c a n  t 6

8  5 8 . 8  2 0 7  . 3
8 6 8 . 6  2 1 O . 4
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Table 13. Experimental high-temperature heat capacities of
bertrandite, BeoSirOr(OH),
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Table 14. Experimental high-temperature heat capacities of
chrysoberyl, BeAlrOo

r e n p .  . . f : : i . "  r e n p ,

K  J / ( n o l . K )  K

C a . r
T e f , p .  

- - - :
L d P a L r  L '

J / ( n o 1 ' K )  K  J / ( n o 1 ' K )

_  I l e a t
f  e u D .  f  e o D .'  c a P a c l E y

K  J / ( E o 1 ' K )  K

-  H e a t
f C D D .

L d P d L T L J

K  J / ( o o 1 . K )

H e a t
c a p a c l  t y

H e a t
c a p a c l t y

J  /  (  m o I ' K )

S c a n  1

3 4 3 . 5  2 5 0 . 7
3 6 3 . 3  2 6 r . 6
3 8 3 . r  2 7 t . 9
4 0 3 . 0  2 8 0 . 3
4 2 2 . A  2 8 8 . 3
4 4 2 . 6  2 9 5 . 7
4 6 2 . 4  3 0 3 . 3
4 8 2 . 3  3 1 0  . 4
5 0 1 . 1  3 1 6 , s

S c a n  2

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

S c a t r  3

3 4 0 . 8  2 5 1 . 9
3 5 0 . 8  2 5 8 . 0
3 6 0 . 8  2 6 3 . r
3 7  0 . 8  2 6 A  . 3
3 8 0 . 8  2 7  2 . 9
3 9 0 . 8  2 7 6 , r
4 0 0  . 7  2 8 0 . 6
4 r 0 . 7  2 a 4 , 9
4 2 0 , 1  2 8 9 . 0
4 3 0 . 7  2 9 3 . 2
4 4 0 , 7  2 9 6 . 3

S c a n  4

4 7 2 . 8  3 1 0 . 0
4 9 2 . 6  3 1 5 . 5
5 1 2 . 4  3 2 1 . 2
5 3 2 , 3  3 2 8 . 1
5 5 r . 1  3 3 3 . 5

S c a n  5

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

S c a n  6

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

s c a n  I

3 4 0 . 0  L L 5  . 7
3 5 0 . 0  1 r 7 . 8
3 6 0 . 0  1 1 9 . 9
3 7 0 . 0  t 2 2 . O
3 8 0 . 0  t 2 3 . 7
3 9 0 . 0  1 2 5 . 8
4 0 0 . 0  t 2 1 . 4
4 1 0 . 0  t 2 9 . 4
4 2 0  . O  1  3 1  , 3
4 3 0 . 0  1 3 3 . 0
4 4 0 . 0  1  3 4  , 8
4 5 0 . 0  1 3 6 . 8
4 5 0 . 0  1 3 8 . 2
4 7 0 . O  1 3 9 . 9
4 8 0 . 0  1 4 1 , 9
4 9 0 . 0  1 4 3 . 8
5 0 0 . 0  1 4 5  . 4

S c a n  2

3 4 0 . 9  1 1 6 . 9
3  5 0 . 9  t l 9  . 2
3 6 0 . 9  t z r , 2
3 7 0 . 8  1 2 3 . 5
3 8 0 . 8  L 2 4 . 9
3 9 0 . 8  r 2 7 . 5
4 0 0 . 8  r 2 9  . 3
4  1 0 . 8  L 3 1  , 2

S c a n  2

4 2 0 . 8  1 3 3 . 0
4 3 0 . 7  L 3 4  . 7
4 4 0  . 7  1 3 6  . 3
4 5 0 . 7  1 3 8 . 1
4 6 0  . 1  I  3 9 . 4
4 1 0 . 7  r 4 r . 3
4 8 0 . 7  L 4 2 . O
4 9 0 . 1  r 4 4 . 4
5 0 0 , 6  1 4 5 . 5

S c a n  3

4 6 0  . 7
4 7 0 . 7
4 8 0 . 7
4 9 0 . 7
5 0 0 . 5
5 1 0 . 6
5 2 0 . 6
5 3 0 , 6
5 4 0  , 6
5 5 0 . 6
s 6 0 . 5
5 7 0 . s
5 8 0 .  s
5 9 0 . 5
5 0 0 . 5

1 4 0 . 3
1 4 1 . 3

t 4 3 . 9
1 4 5 . 0

r 4 7  . 4
t 4 8 . 5
L 4 9 . 9
I 5 1 . 1

L 5 4 . 2
1 5 5 . 4
1 5 6 . 5

S c a n  4

5 8 0 . 5  1 5 5 . 1
5 9 0 . 5  1 5 5 . 8
6 0 0 . 5  1 5 5 . 6
6 1 0 . 5  L 5 7 . 2
6 2 0 . 4  L 5 7  . 2
6 3 0 , 4  1 5 9 . 0
6 4 0 . 4  1 5 8 . 9
6 5 0 . 4  1 6 0 . 0
6 6 0 . 4  r 6 0 , 6

S c a n  5

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

S c a n  6

6 9 0 . 3  1 6 r . 2
7 0 0 . 3  1 6 1 , 8
7 1 0 . 3  1 6 3 . 3
7 2 0 . 3  r 6 3 . 3
7 3 0 . 3  1 6 4 . 8
7 4 0 . 3  1 6 5 . 8
7 5 0 . 2  1 6 6 . 8
7 6 0 . 2  t 6 7  . l
7 7 0 . 2  t 6 7 , 2
7 8 0 . 2  1 6 7 . 0
7 9 0 . 2  t 6 A . 2
8 0 0 . 2  t 5 8 . 2

the small contribution to the heat capacities of the H2O
in the inclusions.

The high-temperature heat capacities were obtained de-
spite significant experimental problems. At temperatures
greater than about 470 K, small quantities of volatiles
were emitted from some of the samples during the dif-
ferential-scanning-calorimetric measurements. The ex-
cess heat required for difusion of the volatiles to the
sample surface and for vaporization from the surface re-
sulted in a large scatter in calculated heat capacities and,
in some cases, the calculation oferroneous heat capacities
from the DSC scans (Hemingway and Kirby, unpub. data,
1985). Experimental results obtained for temperatures
greater than 800 K were of poor quality and were not
reported. Therefore, it is estimated that the uncertainties
in the high-temperature heat capacities m ay averase +2o/o.

Use of the Haas-Fisher equation for high-temperature
C" extrapolations recently has been criticized, in partic-
ular with respect to equation form. It should be noted that

the properties ofequations used to fit experimental results,
the function of the Haas-Fisher equation, are different
from the properties ofequations developed to extrapolate
or estimate values beyond the known universe of exper-
imental results. Such diferences and the consequences of
ignoring such differences are discussed in mathematics
courses and are beyond the scope of this paper. Well-
behaved equations, that is, equations that do not quickly
change slope beyond the end points ofa data set (e.g., the
Meyer-Kelley equation) do not guarantee reliable extrap-
olations of experimental data. It is sufficient to note that
the problems discussed by several authors lie in the mis-

Table 15. Heat capacity equations for selected beryllium minerals

t 3
" 4" 2" 1 " 5

B e r y l

E u c l a s e

t 5 2 5 . 8 4 2  - O . 4 2 5 2 0 6

P h e n a k l t e  4 2 8 . 4 9 2  - 0 . 0 9 9 5 8 2

1 . 2 0 3 1 8 x 1 0 ' 4  - 2 0 1 8 0 . 9 4  6 . 8 2 5 4 4 x r o 6

1 . 9 8 8 6  x 1 o - 5  - s 6 7 o . 4 7  2 . 0 8 2 6  x 1 o 6

4 . 1 2 2 3  x 1 0 - 5  - 6 7 2 6 , 3 0  2 . r 9 7 6  x 1 0 6

- 1 0 5 7 0 . 3 I  1 . 6 6 2 1 7 x ) . O 6

2 . 2 4 8 2  x l o - 5  - 4 0 3 3 . 6 9  - 6 , 7 9 1 6  x t o 4

5 3 2  , 9 2 0  - O  .  r 5 0 7  2 9

B e r t r a n d i E e  8 2 5 . 3 3 6  - 0 . 0 9 9 6 5 1

C h r y s o b e r y l  3 6 2 . 7 O 1  - 0 . 0 8 3 5 2 7

T h e  f o r o  o f  t h e  e q u a t l o d  1 s

c i  =  . r  +  c 2 " r  +  
" r t 2  

+  
" o T - o ' 5  

+  
" r t - 2
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Table 16. Molar thermodynamic properties of beryl, BerAlrSiuO'*, to 1800 K

565

T e m p  . H e a t  E n t r o P Y
c a p a c i t y

E n t h a l p y  G i b b s  e n e r g y
f u n c t l o i l  f u n c t l o f ,

F o r m a t l o n  f r o n  t h e  e l e o e n t s

E n t h a l p y

G t o o s

f r e e  e n e r q y  l o s  K -

k J  /  o o l
"  

. ;  s ; - s 6  ( H ; - H ; e 8 ) / r  - ( G ; - H ; e 8 ) / r

k e l v l n  J / ( o o l ' K )

2 9 8 . 1 5  4 r 7 . 8
U n c e r t a l n t y

- 8 5 0 0 . 3 6  1 4 8 9 . 2 3
6  . 3 9

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

3 0 0
4 0 0
5 0 0

6 0 0
7 0 0
8 0 0
9 0 0

1 0 0 0

1 r 0 0
1 2 0 0
1 3 0 0
1 4 0 0
1 5 0 0

1 6 0 0

r 7 0 0
I  8 0 0

4 1 9 , 8
5 0 8 . 6
5 6 8 , 1

6 0 9 . 1
6 3 8 . 1
6 5 9 , 8
5 7 6 . 3

6 8 9 . 6

7 0 0 . 9
7 1 1 , 0
7 2 0 . 7
7 3 0 . 5
7  4 0 . 7

7 5 1 , . 7

7 6 3 . 6
1 7 6 . 7

1 4 5 . 7

3 4 9  . 3
4 8 3 .  t
6 0 3 . 4

7 1 0 . 8
8 0 7 . 0
8 9 3 . 7
9 7 2 . 5

r o 4 4

I 1 I 1
r L 7  2
|  2 2 9
1 2 8 3
1 3 3 4

1 3 8 2

1 4 2 8
r 4 7  2

0  . 0 0 0

2 . 5 8 3
r 1 8 . 7 5
2 0 3 . 0 5

2 6 1  ,  5 1 ,
3 1 8 . 5 1
3 5 9 . 9 0
3 9 4 . 1 8

4 2 3 . 0 8

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

5 3 4 . 7  |

5 4 7  ,  a L
5 6 0 . 1 6

3 4 6 . 7

3 4 6 . 7
3 6 4 . 3
4 0 0 . 4

4 4 3 . 1
4 8 8 . 5
5 3 3 . 9
5 7 8 . 3

6 2 t  . 3

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

8 4 7  . 4

8 8 0 . 2
9 1 r . 8

- 9 0 0 6 . 5 6
7 . 1 0

- 9 0 0 6 . 3 6
- 9 0 1 4 . 8 6
- 9 0 0 8 . 6 6

- a 9 9 7  . 7  3  - 6 3 0 7  . 7  6  2 0 5  ' 9 2 7
"  :  r ; ,  o :  i  6"  

-  -e i ; ;  
- .  
;  o" '  

-  
i ; ; - .  5a;

- 9 2 7 1 . 4 4  - 5 9 5 2 . f 2  1 7 2 . 7 3 2

T r a d s l t i o n g  1 n  t h e  r e f e r e n c e  s t a t e  e l e o e n t s

A l u m l n u n .  .  .  . .  n e l t l n g  p o i . n t  9 3 3 . 2 5  K

B e r y l l l u m . . . .  a l p h a  -  b e t a  1 5 2 7  K
n e l t l n g  p o i n t  1 5 6 0  K

s l 1 i c o n . . , . . .  n e l t i n g  p o i d t  1 5 8 5  K

Table 17. Molar thermodynamic properties of phenakite, BerSiOo, to 1800 K

T e n p  .  H e a t  E n  t r o p y
c a p a c i t y

r  c ;  r ;  - r ;

k e l v i n

E n t h a l p y  G i b b s  e n e r g y
f u n c t i o n  f u n c E l o n

F o r n a  t i o n  f r o d  t h e  e l e m e n t s
G i b b s

f r e e  e t r e r s y  I o s  K -- r

k J  / n o 1

E n t h a l p y

2 9 8 . 1 5  9 5 . 6 0  6 3 , 3 7
U n c e r t a l n t y  O . 2 7

3 0 0  9 6 . 1 6  6 3 . 9 6
4 0 0  1 2 1 . 3  9 5 , 3 1
5 0 0  1 3 8 , 4  L 2 4 . 3

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

1 0 0 0  1 7 r . 6  2 3 3 . 6

1 1 0 0  1 7 3 . 8  2 5 0 , 0
1 2 0 0  1 7 5 . 4  2 6 5 . 2
1 3 0 0  L 7 6 . 6  2 7 9 . 3
1 4 0 0  L 7 7 . 6  2 9 2 . 5
1 5 0 0  r 7 a , 4  3 0 4 . 7

1 6 0 0  r 1 9 . r  3 1 6 . 3

1 7 0 0  r 7 9 , 9  3 2 7  . r
1 8 0 0  1 8 0 , 7  3 3 7 . 5

0 . 0 0 0

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

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

r 0 3 . 9 2

1 1 0 . 1 7
1 1 5 . 5 4
t 2 0 . 2 0
t 2 4 . 2 6
r 2 1  . 8 4

1 3 r . 0 2

r 3 3 . 8 8
1 3 6 . 4 5

6 3  . 3 7

6 3 . 3 1
6 7  . 4 1
7  5 . 9 9

4 6 . 2 8
9 7 . 2 1

1 0 8 . 2
1 1 9 . 1
r 2 9  . 7

1 3 9 . 9  - 2 1 3 2 . 4 4  - r 7 2 2 . 8 2  8 1 . 8 1 0
r 4 9 . 7  - 2 1 3 0 . 4 9  - L 6 8 5 . 6 7  7 3 . 3 7 5
1 5 9 . 1  - 2 t 2 a . 6 6  - 1 6 4 8 . 7 0  6 6 . 2 4 6
1 6 8 . 2  - 2 1 2 7 . 0 2  - 1 6 1 1 . 9 6  6 0 . 1 4 3
176.e -_-_?l?5-:22- - ---127-'-:\L-_--_2!:8-29
1 8 5 . 2  - 2 1 5 3 . 6 t  - 1 5 3 1 . 6 9  5 0 . 2 0 0

re3 .3  
- - : ; ;o ; ' . ; ; " '  - i i ;6 ' .ee" " - ie ' .oZ ;

2 0 1 . 0  - 2 2 0 0 , 1 4  - 1 4 5 7 . 5 L  4 2 . 2 9 5

- 2 t 4 3 . r 2
3 . 7 8

- 2 1 4 3 . 0 8
- 2 1 4 3 . 9 1
- 2 1 , 4 3  , 4 7

- 2 0 2 8 . 3 9  3 5 5 . 3 6 5
3 . 7 4

- 2 0 2 7  , 6 2  3 5 3  . 0 4 0
- r 9 8 9 . 0 3  2 5 9  . 7  4 0
- 1 9 5 0 . 3 3  2 0 3 . 7 4 9

- 2 1 4 2 . 5 9  - 1 9 1 2 . 1 5  1 6 6 . 4 6 7
- 2 1 4 0 , 5 9  - 1 8 7 3 . 5 s  1 3 9 , 8 0 6
- 2 t 3 8 . 6 5  - 1 8 3 5 . 5 5  1 1 9 . 8 4 9
- 2 1 3 6 . 5 8  - r 7 9 7 . 7 6  1 0 4 . 3 3 9
- 2 1 3 4 . 4 A  - t 7  6 0 . 2 0  9 r . 9 4 3

T r a n a l t l o n s  1 n  t h e  r e f e r e n c e  6 t a t e  e l e n e n t s

B e r y l l l u o .  .  .  .

s i l l c o n .  .  . , .  .

a l p h a  -  b e t a  1 5 2 7  K
B e l t l n g  p o i n t  1 5 6 0  K
n e l t l n g  p o l n t  1 6 8 5  K
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Table 18. Molar thermodynamic properties of euclase, BeAlSiOo(OH), to 1800 K

T e m p .  l l e a t  E n t r o p y
c a p a c t t y

T  C :
" T - o o

k e l v l n

E n t h a l p y  G l b b s  e n e r g y
f u n c t i o n  f u n c t l o n

F o r o a t l o n  f r o o  l h e  e l e n e n t s

E n t h a l p y
C l b b s

f r e e  e o e r q v  I o s  K -- r

k J / E o 1

2 9 8 . t 5  t 2 6  . 8
U n c e r t a l n t y

3 0 0
4 0 0
5 0 0

6 0 0
7 0 0
8 0 0
9 0 0

I  0 0 0

I I O O
1 2 0 0
1 3 0 0
1 4 0 0
I  5 0 0

1 6 0 0

r 7 0 0
I  8 0 0

r 2 7 , 5
t 5 5 . 6
r 7 5 . 8

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

2 t 2 . 9

2 1 6 . 0
2 1 8 . 8

2 2 4  . 0
2 2 6 . 9

2 3 0 . 0

2 3 3 . 4
2 3 7  , 3

8 9 . 0 9
0 . 4 0

8 9 . 8 8
1 3 0 , 8
r 6 8 . 0

2 0 1 . 3
2 3 1 . 1
2 5 8 . 0
2 8 2  . 3

3 0 4  . 6

3 2 5 , O
3 4 3 . 9
3 6 1 . 5
3 7 8 . 1
3 9 3 . 6

4 0 8 . 3

4 2 2 . 4
4 3 5 . 8

0  . 0 0 0

0 , 7 8 4

6 2 . 4 6 9

8 2 . 5 L 4
9 8 . 3 8 4

1 1 1 , 2 5
L z l . A 7

1 3 0 . 7  9

1 3 8 , 4 0
1 4 4 . 9 9
1 5 0 . 1  6
1 5 5 . 9 0
L 5 0  .  5 4

L 6 4  . 7  I

1 6 8 . 7 1
t 7 2 . 4 2

8 9 . 0 9

8 9 . 0 9
9 4 . 4 8

I 0 5 . 5

1 1 8 . 8
r 3 2  . 7
L 4 6 . 7
1 5 0 . 5

1 7 3 . 8

r 8 6 . 6
1 9 8 . 9
2 1 0 . 8
2 2 2 . 1

2 4 3  . 6

2 5 3 . 7
2 6 3  . 4

- 2 5 3 2 . 9 L  - 2 3 1 0 . 1 7  4 1 5 . 2 4 3
3 . 0 5  3 . 0 4

- 2 5 3 2 . 8 6  - 2 3 6 9 . r O  4 r 2 , 4 9 7
- 2 5 3 3 , 9 7  - 2 3 t 4 . 3 4  3 0 2 . 2 2 1
- 2 5 3 3 . 4 0  - 2 2 5 9 . 5 0  2 3 6 , 0 4 8

- 2 5 3 r . 8 9  - 2 2 0 4 . 8 4  1 9 1 . 9 4 8
- 2 5 2 9 . 8 7  - 2 1 5 0 , 4 9  1 6 0 , 4 7 r
- 2 s 2 7  . 5 9  - 2 0 9 6 . 4 5  r 3 6 . 8 8 4
- 2 5 2 5 . 2 6  - 2 0 4 2 . 6 4  1 1 8 . 5 5 2' -  : t ; ; ;  .6;" 

'  - i ; ;A'. i ;" ' -  
i6; ' . ;ee

- 2 5 3 1 . 0 8  - 1 9 3 4 . 0 1  9 r . 8 3 8
- 2 5 2 9 . 2 2  - 1 8 8 0 . 5 5  8 1 . 8 5 8
- 2 5 2 5 , 8 5  - 1 8 2 5 , 8 6  7 3 . 3 6 4
- 2 5 2 3 . r 7  - L 7 7 2 . 2 6  6 6 . 1 2 4

- -:25-?o- :!2 - - - -!7-L8-'-6-! - - - - -22 :8-!9
- 2 5 3 2 . 2 7  - 7 6 6 4 . 7 7  5 4 . 3 4 9-  - : ; ; ; ; - . i Z - ' -  : i e i o  . ; ; ' -  "  -  

i ; ' . ; A o
- 2 5 7 5 . 5 5  - L 5 5 3 . 3 2  4 5 . 0 7 6

T r a n s l t l o n 6  l n  t h e  r e f e r e n c e  g t a t e  e l e E e n t s

A l u o l n u m . . . . .
B e r y l l . i u m . . . .

S l l l c o n .  .  . . .  .

E e l t L n g  p o l n t  9 3 3 . 2 5  K
a l p h a  -  b e t a  1 5 2 7  K
o e l t i n g  p o l n t  1 5 6 0  K
n e l t l n g  p o l n t  1 6 8 5  K

application of the Haas-Fisher equation and not in the
form of the equation, and that responsibility for devel-
oping and justifying alogrithms to extrapolate values be-
yond the experimentally determined data set always re-
sides with those who need to make the estimate. An
expanded discussion ofthe petrology and a discussion of
solution and phase-equilibrium data for the beryllium

minerals may be found in a companion paper by Barton
(1986).
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Table 19. Molar thermodynamic properties of bertrandite, BeoSiOt(OH)r, to 1800 K

T e n p .  I l e a t  E n t r o p y
c a p a c i t y

E n t h a l p y  G l b b s  e n e ! g y
f u n c t l o n  f u n c t i o n G 1 b b 6

f r e e  e n e r s y  l o g  K -- t

k J / d o l

E n t h a l p y
o T - t o

k e l v l n

2 9 8 .  1 5  2 2 4  . 7
U n c e r t a l n t y

3 0 0
4 0 0
5 0 0

6 0 0
7 0 0
8 0 0
9 0 0

1 0 0 0

1 1 0 0
1  2 0 0

2 2 5 . 9
2 7 9 . 8
3 r 7  . 4

3 4 4  . 2
3 6 3 .  s
3 7 7 . 6
3 8 7  . 8
3 9 5 . 1

4 0 0 . 0
4 0 3 . 2

t 7 2 . 1
0 . 8

2 4 6  . 3
J I J . I

4 2 8 . O
4 7 7 . 6
5 2 2  . 7
5 6 3 . 9

6 0 1 . 8
6 3 6 . 8

0 . 0 0 0

1 . 3 8 9
6 4 . 6 7 L

1 1 1 . 6 8

1 4 8 , 3 3
L 7 7 . 7 6
2 0 1 . 9 1
2 2 2 . 0 3
2 3 9 . O O

2 5 3 . 4 3
2 6 5 . 7  9

1 7 2 . 1

L 7 2 . L
1 8 1 . 7
2 0 t  . 4

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

3 4 8 . 4
3 7 r . 0

- 4 5 8 0 . 5 0  - 4 3 0 0 . 6 2  7 5 3 , 4 5 r
5 , 4 7  5 . 4 6

- 4 5 8 0 . 3 8  - 4 3 0 0 . 5 0  7 4 8 . 7 8 3
- 4 5 8 0 . 8 0  - 4 2 0 4 . 8 5  5 4 9 . 0 9 7
- 4 5 7 a . 1 9  - 4 1 1 1 . 1 6  4 2 9 . 4 9 0

- 4 5 7 3 . 6 7  - 4 0 r 8 . 1 3  3 4 9 . 8 0 9
- 4 5 6 7  , 8 9  - 3 9 2 5 . 9 6  2 9 2 . 9 5 8
- 4 5 6 r . 3 0  - 3 8 3 4 . 7 4  2 5 0 . 3 8 3
- 4 5 5 4 . 2 6  - 3 7 4 4 . 3 L  2 L 7  , 3 t 4
- 4 5 4 7  . 0 2  - 3 6 5 4 . 6 5  1 9 0 . 8 9 9

- 4 5 3 9 . 8 2  - 3 5 6 5 . 7 7  t 6 9 . 3 2 4
- 4 5 3 2 . 8 2  - 3 4 7  7  . 5 8  1 5 1  . 3  7  s
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Table 20. Molar thermodynamic properties of chrysoberyl, BeAlrOo, to 1800 K

567

T e n p .

r  . ;  t ; - t ;  ( H ; - H ; e B ) / r  - ( c i - H ; e 8 ) / r

k e l v l n  J / ( D o 1 ' K )  k J / o o l

I l e a t  E n t r o p y
c a p a c l t y

E n t h a l p y
f u n c t l o n

G l b b e  e n e r g y  P o r o a t l o n  f r o m  E h e  e l e n e n t s

f u n c t l o n  G t b b e
E n t h & I p Y  f r e e  e n e r g Y  l o g K .

I

2 9 8 . 1 5  1 0 5 . 4
U n c e r t a l n t y

3 0 0  1 0 6 . 0
4 0 0  1 3 0 . 8
5 0 0  1 4 5 . 9

1 5 5 . 8
t 6 2  . 1
1 6 7 . 5

L 7 4 . O

r 7 6 , 1
1 7 8 . 4
1 8 0 . 2
1 8 2 . 0
1 8 3 . 8

1 8 5 . 7
1 8 7  . 8
1 9 0 . 1

6 6 . 2 5
0 . 3 0

5 6 . 9 0
1 0 1 . 1
1 3 2 . 0

1 5 9 . 6
1 8 4 . 1
2 0 6 . 2
2 2 6  . 2

2 6 r  . 0
2 7 6 , 5
2 9 0 . 8
3 0 4 . 2
3 1 6 . 9

3 2 8 . 8
3 4 0 , I
3 5 0 . 9

0 , 0 0 0

o  . 6 5 2
3 0 . 3 6 6

6 8 . 5 9 0
8 r . 5 6 8
9 2  .  0 2 5

1 0 0 . 6 3

1 0 7 . 8 3

r  r 3 . 9 6
r 1 9 . 2 4
L 2 3  , 8 6
L 2 7  . 9 5
l 3 r . 6 r

r 3 4 . 9 3
1 3 7 . 9 8
1 4 0 . 8 2

6 6 . 2 5

6 6 . 2 5' 1 0 . 7 5

7 9 . 9 7

9 0 . 9 9
1 0 2 . 6
t t 4 . 2
r 2 5 . 5

1 3 6 . 5

L 4 7 . L
L 5 7  . 2
L 6 7 . O
L 7 6 . 3
t d f . J

2 0 2 . r
2 r o . r

- 2 2 9 8  . 4 9
J . I O

- 2 2 9 8  . 4 5
- 2 2 9 9 . 3 5
- 2 2 9 8 . 9 2

-2320 .  L9
- 2 3 1 8 . 2 r
- 2 3 L 6 . O 4

- 2 t 7  6 . 1 6  3 8 L . 2 5 4
1  1 a

- 2 r 7 5 . 3 5  3 7 8 . 7 6 2
- 2 L 1 3 , 2 8  2 7 8 . 5 7 8
- 2 0 9 2 . 9 1  2 L 8 , 6 4 5

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

6 0 0
7 0 0
8 0 0
9 0 0

t  0 0 0

I 1 0 0
r  2 0 0
1 3 0 0
1 4 0 0
1 5 0 0

1 6 0 0
1 7  0 0
1 8 0 0

T r a n e l t l o n s  1 o  t h e  r e f e r e n c e  s t a t e  e l e n e n t s

A l u o i n u n . .  . . .  o e l t l . n g  p o l n t  9 3 3 . 2 5  K

B e r y l l l u n . . . .  a l p h a  -  b e t a  f 5 2 7  K
o e l t t n g  p o l n t  1 5 6 0  K
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