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Synthesis of aenigmatite 
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s o M M A R Y. Aenigmatite with the formula Na 4 [Fe~0 + Ti2]Six~O ~0 has been synthesized hydrothermally, 
at 7oo ~ and iooo bars Pn~o, from an oxide starting material. The oxygen fugacity was controlled 
by means of an iron-wiistite buffer. An indexed X-ray powder pattern of synthetic aenigmatite is 
given, together with comparative data on two natural samples. One of the aenigmatites, from Kola, 
U.S.S.R., is known to be triclinic (Kelsey and McKie, 1964). The powder patterns of this and the 
synthetic aenigmatite are so similar that it is concluded that the latter is also triclinic, at least at room 

temperature. 

AENIGMAT1TE (cossyrite) is a fairly common constituent of  sodium-rich peralkaline 
igneous rocks. The unit cell of aenigmatite was recently determined by Kelsey 
and McKie (1964), who also surveyed the available chemical analyses. They found 
that modern analyses did not vary greatly, and suggested an idealized formula of  
Na4[Fe~Ti2] Si18040. Ernst (I 962) synthesized a titanium-free ' aenigmatite '  during 
the course of a study of alkali amphibole stability relations, using the bulk composi- 
tion Na20.5FeO~. 8SiO2+excess H20. An X-ray powder diffractometer trace of this 
mineral gave similar d-spacings for principal peaks to those of  a naturally occurring 
aenigmatite (U.S.N.M. 95499) from Julianchaat, Greenland. The ti tanium-free'  aenig- 
mat i te '  had a rather limited stability field in terms of pressure ( <  900 bars P~o) ,  
temperature (maximum range of 65o-8oo ~ at low PH~o), and oxygen fugacity (lower 
than produced by a fayali te-(magnetite+quartz) buffer). 

This note reports the synthesis of titaniferous aenigmatite with a formula corre- 
sponding to that suggested by Kelsey and McKie. The starting material was a combined 
'ge l '  and oxide mix. The Na20,  FeO, and SiO~ were first combined as a 'gel ' ,  using 
methods recently described by Hamilton and Henderson (1968). Then the appropriate 
amount  of  Specpure TiO2 was mixed into the fired 'ge l '  by prolonged grinding in an 
agate mortar. 

Charges of 'ge l '+oxide  were sealed, together with excess water, in tubes of  silver/ 
palladium (Ag70/Pda0) alloy. These were placed, surrounded by a buffer of iron powder, 
in sealed gold tubes. Hydrothermal runs were made in conventional cold-seal appara- 
tus. Aenigmatite was synthesized in runs of two to seven days duration at 700 ~ 
( + 5  ~ and IOOO bars Pi~o. The oxygen fugacity was controlled by the iron-wiistite 
buffer. Yields of  the mineral were above 99 ~o, indicating that its composition, except- 
ing oxygen, was effectively that of  the starting material. Rare high-relief prisms scat- 
tered in the aenigmatite powder were tentatively identified as a pyroxene, in negligible 
quantities. 

The aenigmatite formed subhedrM prisms, up to 3/z in length, with an elongation 
of 3:2 to 3 : I .  Its pleochroism (pale yellow-brown to very deep red-brown), high 
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birefringence, and large extinction angle relative to the prism faces were all very similar 
to those of the naturally occurring mineral. Table I gives X-ray powder data for the 
synthetic mineral and natural specimens from Kola, U.S.S.R., and Kangerdlugssuaq, 
East Greenland. Exact localities and chemical analyses for both natural samples, and 
X-ray powder data for the Kola specimen, are given by Kelsey and McKie (1964). 

The powder patterns were obtained using a Philips I 1.46-cm diameter camera and 
Co-K~ radiation (A = 1.79o2I A), with an Fe filter and Si internal standard. The data 
for the Kola specimen are in reasonable agreement with those of Kelsey and McKie 
(I964), except that some additional weak reflections have been observed, of which all 
with d > 2.o A can be indexed successfully. The over-all agreement between the syn- 
thetic and natural specimen powder patterns is immediately apparent. However, in 
detail several minor differences occur; notably at d = 1-867 A, 1.729 A, 1-63o A, and 
1.495 A. Nothing can be done to detect the causes of these differences, in the absence 
of synthetic crystals large enough for single crystal X-ray studies. Kelsey and McKie 
(I 964) have suggested that natural high-temperature (and presumably synthetic) aenig- 
matite may be monoclinic, because they found specimens from volcanic parageneses 
to be polysynthetically twinned, whereas the Kola pegmatite specimen studied in detail 
by them is triclinic and untwinned. The synthetic sample powder pattern is so closely 
similar to the two natural ones that it seems unlikely that these three specimens belong 
to differing crystal systems. Thus, synthetic aenigmatite appears to be triclinic, at least 
at room temperature. The indices of reflections with d > 2.0 A for all three specimens 
have been determined on the basis of Kelsey and McKie's (I964) triclinic cell. They 
correspond to those given by Berry on ASTM card 16-377. A point of interest is that 
the weak peak on the synthetic specimen pattern at d = 3.352 A indexes as I I I, an 
index not recorded by Berry. 

The pressure (I kb Pmo) at which this aenigmatite was synthesized is outside the 
P - T  stability field of Ernst's 0962) titanium-free aenigmatite. This indicates, as would 
be expected, the larger stability field of the titaniferous phase. A full study of the 
stability relationships of this aenigmatite is in progress. 
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