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J. ALEXANDER SPEER AND BriaN J. COOPER

Department of Geological Sciences
Virginia Polytechnic Institute and State University
Blacksburg, Virginia 2406 i

Abstract

A crystal structure refinement of a syntbetic hafnon, HfSiO,, space group I4,/amd with
a=6.51257NA, ¢ = 5.9632(4)A, Z = 4, D = 6.97 gmcm™?, produced positional parameters
for oxygen of y = 0.0655(13) and z = 0.1948(14) at R = 0.054. Hafno: has a zircon structure
and the similar ionic radii of Hf (0.83A) and Zr (0.84A) accounts for the interatomic
distances and angles of hafnon and zircon being identical within the stated errors, although
hafnon has systematically smaller distances and corresponds to a zircon at 29.5 kbar
pressure. Combining the hafnon, zircon and thorite structure refinements allows prediction
of the oxygen positional parameters and bond lengths for the actinide (Pa, U, Np, Pu and
Am) orthosilicates as well as possible extent of the solid selution among these zircon-

structure silicates.

Introduction

The most common compositional substitution for
Zr in zircon is Hf (see Speer, 1980a for discussion
and references). Most natural zircons have a Zr:Hf
ratio of 40:1, which corresponds to their crustal
abundance ratio. Synthetic HfSiO, is iscstructural
with zircon and was calied hafnon by Curtis er al.
(1954), a name eventually approved for the rare,
natural end member by the International Mineral-
ogical Association. Hafnon is found in pegmatites
with Ta and Nb minerals, in particular where there
is enrichment in the pegmatite of the even-odd pair
2Hf-7*Ta over the *°Zr—*'Nb pair.

- Hfand Zr are extremely similar in their chemical

properties; Hf was distinguished from Zr only in
1922. This similarity is a result of the similar’*y in
their electronic structures and ionic radii which
permits complete miscibility in most Zr-Hf com-
pounds. While there is little change in the geometry
and dimensions of these structures with chemistry,
there are greater changes in some physical proper-
ties (e.g., density and thermal neutron capture
cross section). Zirconium has a cross section of 0.18
barn whereas Hf has a larger value of 115 barn. The
presence of Hf in zircon increases its susceptibility
to metamictization, and Hf compositional zoning
causes a nonuniform susceptibility. Hf-rich zones in
natural zircons are usually more metamict, contain
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greater compositional substitutions for Zr and Si
and yield discordant ages (see Speer, 1980a, chemi-
cal zoning). A crvstal structure refinement of haf-
non was performed to determine if any geometrical
or dimensional differences accompany the physical
property differences between hafnon and zircon.
The comparison of the hafnon structure with that of
zircon and thorite permits an understanding of the
crystal chemistry of the solid solutions among haf-
non, zircon and the actinide orthosilicates.

Experimental

Hafnon crystals were grown in a platinum cruci-
ble from a Li,MoO, melt which was about 5 percent
by weight HfO,-SiO,. The starting material was
spectroscopic grade, 99.99% HfO, from Apache
Chemicals, Inc. and Puratronic SiO, frcm Johnson
Matthey Chemicals, Ltd. The crucible was held at
1000°C for four days in an air-atmosphere muffle
furnace. The crystals were separated from the
quenched flux in hot water.

The crystals were tetragonal dipyramids, and
wavelength dispersive electron microprobe scans of
the crystals detected only Hf and Si. The space
group of hafnon, determined by precession method,
is I4,/amd. Unit-cell parameters were obtained by
least-squares refinement of 20 automatically-cen-
tered reflections in the 26 range of 74 to 93° (Table
1). Data were collected on a crystal 0.12 x 0.14 x
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HAFNON REF1INEM

m
4~3wmox3»ﬁme
NUMBEK OF UBSER
NUMBER CF PARAM

AR 5 R Xk oKk

FOR REFLECTIUNS
ACCEPTED BY LOGIC
ALL INTENSITIES (
RATIO

NUMERATOR
DENOMINATOR

GREATER THAN SIGMA (
RATIO

NUMERATOR
DENOMINATOR

NG T:zST ON LOGIC
ALL INTENSITIES (
RATIO

NUMERATOR
DENOMINATOR

GREATER THAN SIuMa
RATIO

NUMERATUOR
CENOMINATOR

REF)

203 REFLECTIONS)

0.0536
0.65099853

5t Q3
0.121445195¢ ww
ON

203 REFLECTI
00,0536

0.650998535
0.121445195

S)

E Q3
E 05

203 REFLECTIONS)

0.0536

0.650998535E Q
0.121445195€E O
ONS)

203 REFLECTI
0.0536

0.650998535 m 0
0.121445195E 0

3
5

3
5

‘Hafn

NUM
AS

R{F*%2)

0.1224

0.116261000E
0.949494000E

0.1224

0.116261000E
0.949494000E

0.1224

.116261G0CE
0.949494000E

0.122¢4

0.116261000E
0.949494000E

MEASURES OF - AGREEMENT BEFORE CYCLE &

06
06

06
o

196
ETERS
e Ao koo 3 o 3k
WR (YO)
00611
0.386413354F
0.103377856E
0.0611
0.386413354F
0.103377856E
C.0611
0.386413354F
0.103377356E
0.0611
0.386413354E
0.103377856E

04
07

Q4
07

= 04

07

FITTED TO DATA SET TAKEN AS

4,442

4.4402

4.6402

44402

7



HAFNON REFINEMENT

Table 2.

Hafnon Refinement (cont.) oz

ELEMENTS OF CORRELATION MATRIX OUF MAGNITUDE GREATER THAN (.30

SCALE 1 =
HF b1l -
(a1 B33 -

CORRELATION MAT
1 1.0000

0.

0.0

0.0

J.0

0.0

Q.0

$ O ON

~ O

vnuInII
=TI T

RIX
0.7309
1.06Go0
0.0
0.0
0.0
0.0
0.0

Bl1l
333

33

oo ocm

00952
0.6291
1.0000
Ge0
0.0
O.G
0.0

0. 7309
Q.6952
0¢3440
0.6291
0.7757
0.59%0
Je3440 e G199y
Ge7757 0. 0134
0.5990 0. (G142
1.0000 =-0.0156
0.6 1.0000
Celi CeO
.0 0.0

=0.0075

=0.0110
0.0413
0.0162

=-0.0383
1.0000
0.9

Ge2471
0.2216
0.2277
0.0806
0.0160
0.0501
1.0000




