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Data in Table 3 of the main paper are the results of fitting elastic constants using the software program
rpr. Set out below are the output files for each fit, with the format as described in Migliori and Sarrao
(1997). Zero values in the second column labells ‘fex’ of the main table, ie 0.000000, represent peaks
for which it was not possible to determine resonance frequencies in the primary RUS spectra.
Experimental uncertainties quoted in Table 3 were taken from the final matrix of each output file.

Migliori, A., and Sarrao, J.L., Eds. (1997) Resonant ultrasound spectroscopy: applications to physics,
material measurements and non-destructive evaluation, 201 p., Wiley, New York.



zircon 293 K cool
free moduli are «¢11, ¢33, c23, cl12, c44, c66
using 12 order polynomials mass= 0.3167 gm rho= 4.661 gm/cc

n fex fr serr wt k i df/d(moduli)
1 0.307600 0.305403 -0.71 1.00 4 1 0.00 0.00 0.00 0.00 0.17 @
2 0.443730 0.443834 0.02 1.00 3 2 0.02 0.00-0.01 0.00 0.00 0
3 0.601650 0.604120 ©0.41 1.00 7 2 0.30 0.04-0.07 0.00 0.00 0
4 0.607820 0.605633 -0.36 1.00 1 2 0.30 0.04-0.07 0.00 0.00 0
5 0.684040 0.683891 -0.02 1.00 6 2 0.82 0.01-0.02-0.12 0.31 0@
6 0.699360 0.695890 -0.50 1.00 4 2 0.04 0.00 0.00-0.01 0.95 0@
7 0.706220 0.707426 ©0.17 1.00 6 3 0.70 0.13-0.26 0.08 0.34 0
8 0.763230 0.765339 ©0.28 1.00 8 2 0.37 0.03-0.06-0.02 0.34 0
9 0.773460 0.766801 -0.86 1.00 2 2 0.37 0.03-0.06-0.02 0.35 0
10 0.821500 0.821829 0.04 1.00 2 3 0.07 0.01-0.01 0.00 0.93 @
11 0.822920 0.822479 -0.05 1.00 8 3 0.07 0.01-0.01 0.00 0.93 @
12 0.929050 0.931302 ©0.24 1.00 3 3 0.14 0.01-0.03 0.00 0.00 0
13 0.943590 0.943169 -0.04 1.00 5 1 1.21 0.00 0.00-0.21 0.00 0
14 0.946360 0.948923 0.27 1.00 5 2 1.10 0.26-0.35-0.01 0.00 ©
15 0.947720 0.950565 ©0.30 1.00 8 4 0.35 0.04-0.08 0.00 0.54 0
16 0.950160 0.951463 ©0.14 1.00 2 4 0.35 0.04-0.08 0.00 0.54 0
17 0.961350 0.953306 -0.84 1.00 5 3 1.01 0.45-0.60 0.14 0.00 0
18 ©0.999010 1.001893 0.29 1.00 7 3 0.84 0.27-0.31-0.01 0.01 @
19 1.000500 1.002768 0.23 1.00 4 3 0.06 0.01-0.01 0.01 0.83 @
20 1.004700 1.003227 -0.15 1.00 1 3 0.84 0.27-0.31 0.00 0.01 @
21 1.047600 1.051458 ©.37 1.00 3 4 0.07 0.02-0.02 0.00 0.00 0
22 1.059300 1.057688 -0.15 1.00 6 4 0.43 0.05-0.09 0.00 0.34 0
23 1.149800 1.149135 -0.06 1.00 4 4 0.09 0.01-0.02-0.01 0.39 @
24 0.000000 1.183155 ©0.00 0.00 6 5 0.75 0.09-0.16-0.02 0.33 @
25 1.194300 1.198047 ©.31 1.00 5 4 0.59 0.51-0.39 0.03 0.02 0
26 1.216100 1.215480 -0.05 1.00 4 5 0.04 0.01-0.01 0.00 0.34 0
27 1.217600 1.219190 ©0.13 1.00 3 5 0.17 0.78-0.32 0.03 0.25 @
28 0.000000 1.225699 0.00 0.00 7 4 0.52 0.33-0.18-0.03 0.20 0
29 0.000000 1.225747 ©0.00 0.00 1 4 0.52 0.33-0.18-0.03 0.20 0
30 0.000000 1.283695 0.00 0.00 7 5 0.31 0.71-0.33 0.03 0.19 @
31 1.287200 1.284065 -0.24 1.00 1 5 0.31 0.71-0.33 0.03 0.19 @
32 0.000000 1.293118 ©0.00 0.00 7 6 0.25 0.21-0.05-0.01 0.13 @
33 1.297400 1.294523 -0.22 1.00 1 6 0.25 0.21-0.05-0.02 0.13 @
34 1.301500 1.298133 -0.26 1.00 6 6 0.43 0.04-0.02-0.07 0.62 0
35 1.304000 1.300249 -0.29 1.00 5 5 0.50 0.55-0.12-0.06 0.13 @
36 1.312000 1.316845 ©.37 1.00 6 7 0.42 0.16-0.22 0.06 0.58 @
37 1.335700 1.333826 -0.14 1.00 3 6 0.25 0.33-0.17-0.01 0.54 @
38 1.354200 1.353784 -0.03 1.00 2 5 0.35 0.07-0.06-0.03 0.57 @
39 1.355400 1.355758 ©.03 1.00 8 5 0.35 0.07-0.06-0.03 0.56 @
40 1.368900 1.367787 -0.08 1.00 5 6 0.47 0.46-0.20 0.02 0.09 0
41 1.383800 1.385025 ©0.09 1.00 8 6 0.31 0.07-0.08-0.01 0.61 @
42 1.387800 1.386168 -0.12 1.00 2 6 0.31 0.07-0.08-0.01 0.61 0@
43 1.388900 1.391381 ©0.18 1.00 5 7 0.46 0.53-0.26 0.01 0.04 0
44 1.406800 1.412642 ©0.42 1.00 2 7 0.36 0.05-0.09 0.02 0.45 0
45 0.000000 1.413717 ©0.00 0.00 8 7 0.36 0.05-0.09 0.02 0.46 0
46 1.413800 1.413880 ©0.01 1.00 7 7 0.32 0.10-0.08-0.01 0.04 0
47 1.414500 1.415005 ©0.04 1.00 1 7 0.32 0.10-0.08-0.01 0.04 0
48 1.460100 1.461472 ©0.09 1.00 4 6 0.30 0.03-0.01-0.03 0.68 0
49 1.479800 1.482866 ©0.21 1.00 4 7 0.23 0.09-0.09 0.03 0.68 0
50 1.480500 1.484791 ©.29 1.00 7 8 0.30 0.34-0.19 0.01 0.40 0
51 1.486400 1.484888 -0.10 1.00 1 8 0.31 0.35-0.20 0.01 0.39 @
52 1.495100 1.499983 0.33 1.00 1 9 0.51 0.59-0.29-0.03 0.17 @
Bulk Modulus= 2.311

cl1 c22 c33 c23 c13 cl12 c44 c55 c66
4.3088 4.3088 4.9677 1.5497 1.5497 0.7489 1.1321 1.1321 0.4903

d1l d2 d3
0.46370 0.46280 0.31660

loop# 3 rms error= 0.3085 %, changed by -.0000011 %

length of gradient vector= 0.000000 blamb= 0.000657

eigenvalues eigenvectors
0.00237 0.39 0.45-0.55 0.57-0.11 0.05
0.02973 0.58-0.75 0.12 0.30-0.04 0.02
0.13698 0.59 0.11-0.29-0.74 0.09-0.05
0.45743 0.41 0.47 0.78 0.09 0.01 0.00
3.23092 -0.01-0.01 0.04-0.16-0.97 0.15
14.35877 ©0.00 0.00 0.01-0.04 0.16 0.99

chisquare increased 2% by the following % changes in independent
parameters

0.77 ©.98 3.19 4.56 -0.06 -0.04
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zircon 428 K cool

free moduli are

c11, ¢33, c23, c12, c44, c66

4.654 gm/cc

rho=

0.3167 gm

mass

using 12 order polynomials
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Bulk Modulus

c22 c33 c23 c13 cl2 c44 c55 c66
4.2447 4.2447 4.8988 1.5448 1.5448 0.7277 1.1257 1.1257 0.4878

cl1

d2 d3

d1l
0.46390 0.46300 0.31680

0.3291 %, changed by -.0000009 %

rms error:

loop# 6

0.000600

0.000000 blamb=

length of gradient vector:

00153
02636
13898
50790
21485
46762

eigenvalues
0
0
0
0
3
14

chisquare increased 2% by the following % changes in independent

parameters

0.27 -0.37 0.26 2.07 -0.02 -0.01

-0.94 -1.46 -4.02 -5.51 0.09 0.05
-0.17 0.04 -0.19 1.16 0.05 0.02



zircon 512 K cool
free moduli are c¢11, ¢33, c23, c12, c44, c66

using 12 order polynomials

rho= 4.646 gm/cc

0.3167 gm

mass
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Bulk Modulus

c44 c55 c66

cl2

c22 c33 c23

cl1 c13
4.2193 4.2193 4.9066 1.5702 1.5702 0.7463 1.1189 1.1189 0.4856

d2 d3

dl
0.46400 0.46310 0.31720

0.3336 %, changed by -.0000037 %

rms error:

loop# 5

0.000736

0.000001 blamb=

length of gradient vector

eigenvalues

00146
02383
14012
51964
79109
38882

0
0
0
0
2
14

chisquare increased 2% by the following % changes in independent

parameters

-0.95 -1.43 -3.90 -5.42 0.09 0.05
-0.27 0.38 -0.24 -2.04 0.02 0.01
-0.16 0.04 -0.19 1.08 0.05 0.02



zircon 607 K cool

free moduli are

c11, ¢33, 23, c12, c44, c66

rho= 4.642 gm/cc

0.3167 gm

mass

using 12 order polynomials
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Bulk Modulus

c44 c55 c66

cl2

c33 c23 c13
4.1524 4.1524 4.8296 1.5350 1.5350 0.7477 1.1093 1.1093 0.4865

c22

cl1

d2 d3

dl
0.46420 0.46330 0.31720

0.3371 %, changed by -.0000001 %

rms error:

loop# 7

0.000633

0.000000 blamb=

length of gradient vector:

00221
03180
15872
55734
11511
57865

eigenvalues
0
0
0
0
3
14

chisquare increased 2% by the following % changes in independent

parameters

-0.86 -1.21 -3.52 -5.09 0.08 0.04
0.27 -0.37 0.18 1.72 -0.02 -0.02
-0.16 0.03 -0.20 1.13 0.06 0.02



zircon 711 K cool

free moduli are

c11, ¢33, c23, cl12, c44, c66

rho= 4.638 gm/cc

0.3167 gm

mass

using 12 order polynomials
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=0 TOOOXIINULOETEANNNMNMMNNOOTTITNIUNIDIOIIINIINNNNOOSMMNTOOOIIDDDMW LWL O
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2.266

Bulk Modulus

c44 c55 c66

cl2

c22 c33 c23

cl1 cl3
4.1399 4.1399 4.8497 1.5715 1.5715 0.7646 1.0979 1.0979 0.4830

d2 d3

dl
0.46430 0.46340 0.31740

0.3270 %, changed by 0.0000417 %

rms error:

loop#20

0.011764

0.000138 blamb=

length of gradient vector:

00541
03401
16172
60137
34776
47702

eigenvalues
0
0
0
0
3
15

chisquare increased 2% by the following % changes in independent

parameters

-0.54 -0.78 -2.19 -3.21 0.05 0.03
0.27 -0.36 0.19 1.64 -0.03 -0.01
-0.16 0.03 -0.19 1.09 0.04 0.03



zircon 823 K cool

free moduli are

c11, ¢33, c23, c12, c44, c66

4.631 gm/cc

rho=

0.3167 gm

mass

using 12 order polynomials
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2.239

Bulk Modulus

c44 c55 c66

cl2

c33 c23 c13
4.0902 4.0902 4.7900 1.5523 1.5523 0.7583 1.0889 1.0889 0.4803

c22

cl1

d2 d3

d1
0.46450 0.46360 0.31760

0.3464 %, changed by 0.0000003 %

rms error:

loop# 6

0.000793

0.000001 blamb=

length of gradient vector

00181
02817
15804
57154
29729
09851

eigenvalues
0
0
0
0
3
15

chisquare increased 2% by the following % changes in independent
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zircon 939 K cool

free moduli are

c11, ¢33, 23, c12, c44, c66

rho= 4.622 gm/cc

0.3167 gm

mass

using 12 order polynomials
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Bulk Modulus

c44 c55 c66

cl2

c22 c33 c23

cl1 c13
4.0464 4.0464 4.7784 1.5687 1.5687 0.7544 1.0772 1.0772 0.4784

d2 d3

dl
0.46470 0.46380 ©.31790

0.3512 %, changed by 0.0002102 %

rms error:

loop#20

0.020683

0.000428 blamb=

length of gradient vector:

gf3sgss
NS OMW o

00587
03018
16331
59559
59708
90799

eigenvalues
0
0
0
0
3
14

chisquare increased 2% by the following % changes in independent

parameters

0.48 0.87 2.04 2.62 -0.04 -0.03
0.30 -0.35 ©0.33 2.03 -0.02 -0.01
-0.17 ©0.03 -0.19 1.09 0.05 0.02



zircon 1056 K cool
free moduli are «c11, ¢33, ¢23, c12, c44, c66
using 12 order polynomials mass= 0.3167 gm rho= 4.616 gm/cc

n fex fr serr wt k i df/d(moduli)
1 0.303810 0.300953 -0.94 1.00 4 1 0.00 0.00 0.00 0.00 0.17 @
2 0.437530 0.437695 0.04 1.00 3 2 0.02 0.00-0.01 0.00 0.00 0
3 0.588470 0.591094 0.45 1.00 7 2 0.33 0.05-0.09 0.00 0.00 0
4 0.595090 0.592254 -0.48 1.00 1 2 0.33 0.05-0.09 0.00 0.00 0
5 0.657520 0.658166 ©0.10 1.00 6 2 0.85 0.01-0.02-0.13 0.30 0
6 0.677420 0.674871 -0.38 1.00 4 2 0.05 0.00 0.00-0.01 0.95 @
7 0.680740 0.681098 0.05 1.00 6 3 0.72 0.15-0.30 0.09 0.33 0
8 0.741520 0.744331 0.38 1.00 8 2 0.40 0.04-0.07-0.02 0.34 0
9 0.752060 0.745403 -0.89 1.00 2 2 0.40 0.04-0.07-0.02 0.34 0.
10 0.795870 0.797580 ©0.21 1.00 2 3 0.07 0.01-0.01 0.00 0.93 @
11 0.797340 0.798068 ©0.09 1.00 8 3 0.07 0.01-0.01 0.00 0.93 0
12 0.902190 0.901879 -0.03 1.00 5 1 1.23 0.00-0.01-0.23 0.00 0
13 0.000000 0.905382 ©0.00 0.00 5 2 1.11 0.29-0.39-0.01 0.00 @
14 0.906890 0.908047 ©0.13 1.00 5 3 1.03 0.49-0.67 0.15 0.00 0
15 0.915890 0.915322 -0.06 1.00 3 3 0.15 0.02-0.03 0.00 0.00 0
16 0.917800 0.920628 ©0.31 1.00 8 4 0.35 0.05-0.09 0.00 0.54 @
17 0.931190 0.921326 -1.06 1.00 2 4 0.35 0.05-0.09 0.00 0.54 @
18 0.961350 0.962319 ©0.10 1.00 7 3 0.83 0.29-0.34 0.00 0.01 @
19 0.964310 0.963278 -0.11 1.00 1 3 0.83 0.29-0.34 0.00 0.01 @
20 0.973960 0.974948 ©0.10 1.00 4 3 0.07 0.01-0.02 0.01 0.82 0
21 1.028300 1.027071 -0.12 1.00 6 4 0.43 0.06-0.11 0.01 0.33 @
22 1.030800 1.035085 ©0.42 1.00 3 4 0.08 0.03-0.03 0.00 0.00 0
23 1.122700 1.123838 ©0.10 1.00 4 4 0.09 0.02-0.02-0.01 0.38 0
24 1.144300 1.136448 -0.69 1.00 6 5 0.76 0.11-0.18-0.02 0.34 @
25 1.151900 1.152476 ©0.05 1.00 5 4 0.59 0.54-0.43 0.04 0.02 0
26 1.175100 1.175353 ©0.02 1.00 3 5 0.19 0.81-0.37 0.03 0.23 0
27 0.000000 1.181594 ©0.00 0.00 1 4 0.54 0.37-0.22-0.03 0.19 @
28 0.000000 1.181628 ©0.00 0.00 7 4 0.54 0.37-0.22-0.03 0.19 0
29 1.191200 1.191687 ©0.04 1.00 4 5 0.04 0.01-0.01 0.00 0.34 0
30 0.000000 1.236014 ©0.00 0.00 7 5 0.33 0.74-0.37 0.04 0.18 @
31 1.241300 1.236278 -0.40 1.00 1 5 0.33 0.74-0.37 0.04 0.18 0
32 0.000000 1.251570 ©0.00 0.00 5 5 0.52 0.55-0.14-0.07 0.13 0.
33 1.251100 1.253729 0.21 1.00 6 6 0.42 0.04-0.03-0.07 0.63 @
34 1.254700 1.260234 0.44 1.00 7 6 0.29 0.21-0.06-0.02 0.14 0
35 1.265900 1.261148 -0.38 1.00 1 6 0.30 0.21-0.06-0.02 0.14 @
36 1.270000 1.269897 -0.01 1.00 6 7 0.41 0.17-0.24 0.06 0.59 @
37 0.000000 1.287359 ©0.00 0.00 3 6 0.28 0.35-0.19-0.01 0.53 @
38 1.310000 1.311392 0.11 1.00 2 5 0.36 0.07-0.07-0.04 0.56 @
39 1.311100 1.312906 ©0.14 1.00 8 5 0.36 0.07-0.07-0.04 0.56 @
40 0.000000 1.320681 0.00 0.00 5 6 0.47 0.50-0.25 0.02 0.09 0
41 1.338200 1.341197 0.22 1.00 8 6 0.31 0.08-0.09-0.01 0.62 @
42 1.340500 1.342074 0.12 1.00 2 6 0.31 0.08-0.09-0.01 0.62 @
43 1.343500 1.343234 -0.02 1.00 5 7 0.49 0.50-0.26 0.01 0.04 @
44 1.364100 1.370902 0.50 1.00 2 7 0.37 0.05-0.10 0.02 0.44 @
45 1.371300 1.371791 0.04 1.00 8 7 0.37 0.05-0.10 0.02 0.44 @
46 1.373100 1.380635 0.55 1.00 7 7 0.30 0.15-0.12 0.00 0.04 0
47 1.379900 1.381550 0.12 1.00 1 7 0.30 0.15-0.12 0.00 0.04 @
48 1.412500 1.416360 0.27 1.00 4 6 0.32 0.03-0.01-0.04 0.67 @
49 0.000000 1.432064 0.00 0.00 1 8 0.51 0.51-0.29-0.01 0.17 @
50 1.428700 1.432466 ©0.26 1.00 7 8 0.50 0.50-0.29-0.01 0.18 @
51 1.438200 1.437730 -0.03 1.00 4 7 0.25 0.10-0.11 0.03 0.66 0
1 1 /] 1 3780 (%] 0 %]

.440000 1.439525 -0.03 1.00 .52 0.70-0.53 0.08 0.15

Bulk Modulus= 2.187

cl1 c22 c33 c23 c13 cl12 c44 c55 c66
3.9780 3.9780 4.6961 1.5295 1.5295 0.7394 1.0656 1.0656 0.4750

dl d2 d3
0.46470 0.46400 0.31820

loop# 7 rms error= 0.3697 %, changed by -.0000005 %

length of gradient vector= 0.000000 blamb= 0.000586

eigenvalues eigenvectors
0.00179 -0.36 0.46-0.63 0.50-0.12 0.06
0.02686 -0.65-0.69 0.10 0.29-0.03 0.02
0.16526 -0.56 0.16-0.21-0.78 0.09-0.05
0.53582 -0.37 0.53 0.74 0.18 0.01 0.00
3.48856 0.01-0.02 0.06-0.15-0.97 0.16
15.51152 0.00 0.00 0.01-0.05 0.17 0.98

chisquare increased 2% by the following % changes in independent
parameters
-1.03 -1.57 -4.15 -5.67 0.09 0.06
0.34 -0.43 0.30 2.09 -0.05 -0.01
-0.19 0.03 -0.16 1.19 0.07 0.03

.82
.98
.71
.71
.00
.01
.00
.32

.01
.01
.00
.00
.00
.86
.15
.15
.21
.21
.11
.28
.92
.53
.00
.24
.10
.15
.16
.63
.09
.09

.00
.44
.44
.00
.06
.10
.11
.17
.09
.09
.22
.21
.21
.63
.64
.03
.12
.12
.07
.09



zircon 1172 K
free moduli are «c¢11, ¢33, c23, cl12, c44, c66

using 12 order polynomials

4.607 gm/cc

rho=

0.3167 gm

mass
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Bulk Modulus

c44 c55 c66

cl2

c33 c23 cl13
3.9282 3.9282 4.6389 1.5208 1.5208 0.7409 1.0542 1.0542 0.4720

c22

cl1

d2 d3

dl
0.46510 0.46420 0.31840

0.3579 %, changed by -.0000012 %

rms error:

Tloop# 7

0.000890

0.000001 blamb=

length of gradient vector:

00198
03259
17897
65857
69325
78038

eigenvalues
0
0
0
0
3
15

chisquare increased 2% by the following % changes in independent

parameters

-1.01 -1.53 -4.00 -5.43 0.09 0.06
0.32 -0.40 0.26 1.94 -0.03 -0.01

-0.17 0.03 -0.20 1.16 0.06 0.03



