
STRUCTURAL STUDIES ON TRANQUILLITYITE AND RELATED SYNTHETIC PHASES. 
B.M. Gatehouse,Chemistry Dept., Monash University, Clayton. Vic.3168,'Aust., 
Ian E. Grey, C.S.I.R.O. Division of Mineral Chemistry, P.O. Box 124, Port 
Melbourne. Vic.Aust., J.F. Lovering and D.A.Wark, Department of Geology, 
University of Itelbourne, Parkville, Victoria, 3052, Aust. 

+ 
Tranquillityite, ~ e i  (Y+Zr)2Ti3Si3024 occurs in association with inter- 

stitial.phases in most lunar basaltic rocks. Along with minor amounts of 
other elements (e.g. Ca, Al, Mn, Cr, Nb, REE, Hf) it also generally contains 
from 50 to a few hundred ppm U. Presumably because of radiation damage from 
the contained uranium the mineral is always metamict. Long-exposure 
oscillation photographs failed to produce any observable diffraction effects; 
however,single-crystal diffraction patterns could be obtained for tranquilli- 
tyite grains which had been treated in air to 800°C for 30 minutes. The 
diffraction spots were always broad dfld diffuse and longer heating times 
at 800% did not improve their quality. When heated at temperatures above 
900°c the tranquillityite structure began to break down, as evidenced by the 
change in the diffraction Dattern, These diffraction results suggest that 
radiation damage to the original structure is so severe that heating has 
achieved reordering only within very small domains, and that structural 
variations occur between domains. From measurements of diffraction spot 
broadening, the average domain diameter is calculated to be 408. The 
diffraction patterns obtained are thus representative of an average 
structure for the reconstituted mineral and could be indexed on a face- 
centred cubic cell with a = 4.85(5) a .  The intensity d?-stribution of 
diffraction spots was consistent with a fluorite relcted structur?. The 
composition of tranquillityite is very closely approximated by M' . M ~ ~ o ~  and 
it is quite conceivable that +he original structure was related to the C-rare 
earth type. However, the lack of an- measurable distortic? of the fluorite- 
cell as any superlatti-ce reflections llieans that i.: ?re is no ordering of the 
oxygen vacancies in "e reconstituted mineral. 

As no further useful information concerning the structure of the 
original mineral could be obtained from studies on the reconstituted samples, 
an attempt was made to synthesize tranqui1lityi.t-e in the 1aborat.ry. 
Mixtures of powdered oxides were weighed out according to the composition for 
the mineral and were pelleted agr reacted for various times in both sealed 
tubes and controlled gaseous buffers using CO2/;i2 mixtures. However re- 
actions in the temperature range 800°C to 15nnoC (at which temperature the 
sample melted), failed to produce a fluorite-type phase. In a subsequent 
series of experiments the synthetic mixtures were heated in air at various 
temperatures. At 1350°C, zircon, ZrTi04 and pseudobrookite were the only 
products but when the temperature was increased to 150C1°c, the X-ray 
diffractograms on the reacted samples showed additional lines due to a cubic 
fluorite-related phase with a = 4.742. It was observed that when as little 
as 2 atom per cent of the iron was replaced by manganese, the product 
obtained from 150CI0ch'eat in air c~nt2ined considerably more of the fluorite 
phase. With the replacement of 10 etom per cent Fe by Pln, the fluorite 
phase was the maior one in the reaction mkrture and At 50 atom per cent 
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replacement, only lines due to fluorite-related phases were observed. 
SEM and reflected light examination of polished sections of this 50 atom 

per cent preparation revealed the presence of a polyphase intergrowth 
containing zirconolite-like and tranquillityite-like phases, together with 
(Y,Zr) oxide, MnFe titanate and Mn silicates. Both zirconolite and 
tranquillityite are fluorite-related phases with similar patterns. 
Fortuitously the Mn silicate, although of entirely different structure, had 
its main diffraction line coinciderlt with the main lines for the fluorite- 
related structures, giving rise to the apparently "pure" fluorite diffract- 
ogram. 

A further synthetic preparation, with 100 atom per cent Mn, was examined 
with substantially the same results i.e. zirconolite-like Mn (Y,Zr) titanate 
and tranquillityite-like MnTiZr silicate as major phases, with minor amounts 
of (Y,Zr) oxide, Mn titanate and M n  silicate forming the matrix. However in 
this second preparation, there was better separation of the "tranquillityite"/ 
11 zirconolite" intergrowth, with some clean 50 pm euhedral rhombs of Mn- 
tranquillityite able to be removed for X-ray crystallographic study. Euhedral 

or subhedral cores of Mn-tranquillityite tended to be surrounded by an 
irregular rosetre. of Mn-zirconolite. The minor Mn titanate occurred in a 
characteristic acicular habit reminiscent of sketetal ilmenite in lunar basalt 
mesostases. In fact, the entire assemblage of synthetic phases closely 
parallels the assemblage of zirconolite-tranquillityite-baddeleyite-ilmenite- 
fayalite typical of lunar basalt mesostases. 

0 Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 


