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Minerals of the УагпtI"аsk Pegmatite. 

IX. X-Ray Studies оп Triphylite, Varulite, and their Oxidation 

Products" 

Ву 

CARL OLOF BJORLING апа А. WESTGREN. 

ЩS. received 1"/1 1938.) 
Irl connection with ап iпvеstigаtiоп started Ьу Р. QUENSEL оп miпег

als reccnt]y discovered at Varutrask in north Sweden опе о! thc present 
authors (WESTGREN) Ьав at the request о! Professor QUENSEL taken 
sоше Х-гау powder photographs of triphylite, ferri-sicklerite and hetero
site. ТЬс patterns thus obtained соуегеа the diffraction range 58-
115О• They were гертоаисеа in the report in which QUENSEL describes 
these suЬstапсеs, proving that еасЬ о! them тау Ье considered to Ье а 
special mineral.! 

The Х-гау investigation has now Ьееп carried оп to the point where 
it сап Ье shown that although the sресiшепs тау Ье Iooked ироп аа 
three different minerals, they ате at the вате time very similar in struc
ture. This seemed already likely {тот ап inspection о! the powder 
photographs containing the least deviated interferences which resemыdd 
each other strikingly, апа а closer ехашiпаtiоп of the complete set of 
powder photographs has proved it Ьеуопа doubt. 

Triphylite Ьаа Ьееп investigated Ьу В. GOSSNER апа Н. STRUNZ, who 
found that the number от atoms in its translation group i8 the sаше ав 
that in olivine and monticellite while the dimensions о! its unit сеН 
agree closely with those of the said шiпегаlS.2 They Ьауе therefore 
concluded that the atomic grouping о! triphylite is analogous to that 
о! olivine апа monticellite. Its urrit сеl1 dill1ensions were determined 
to Ье а = 4.67, Ь = 10.34 апа с = 6.00 А. ТЬе interferences of our 
tl'iphyIite powder photographs were {оиnа to Ье in good ассога with 
these lattice diшепsiоns. Ав шау Ье seen in ТаЫе 1, the sin2 l/-values 
agree perfectly with those calculated оп the assumption that the ident
ity periods аге а = 4.711, Ь = 10.374, аnа с =6.038 А. ТЬе mineraI 
i8 thus orthorhombic with ап axial ratio о! 0.454 : 1 : 0.583. 

1 Р. QUENSEL, Geol. Foren. l<'i\rhandl. 69, 77. 1937. 
2 В. GOSSNER aIld Н. STRtтNZ, Zeitschr. f. КristaI1ogr. 83, 415. 1932. 
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In the report mentioned QUENSEL stated that Н. VON ECKERMANN, 

after having investigated twinned crystal of wlшt was thougM to Ье 
triphylite, concluded that its symmetry тау Ье lower than orthorhom
bic. In order to test this, we have taken two Laue photographs о! а 
minute sliver о! the mineral, in еасЬ case with the primary X-ray 
Ьеат parallel to опе о! the main ахев. ТЬе diagrams do not support 
the conclusion о! VON ECKERMANN, but are instead in complete accord 
with the orthorhombic сеН stated above. Moreover, F. ZAMBONINI 

and F. MALOSSl have measured artificially produced, very we11 developed 
crystals о! lithiophilite, LiMnP04' and found them to Ье orthorhombic 
with ап axial ratio of 0.4522 : 1 : 0.5834, i. е. very nearly the вате ав 
that о! triphylite.1 

There is tbus по reason to doubt the ortborhombic symllletry of 
triphylite. Further, the powder photographs of ferri-sicklerite and 
heterosite provc that these minerals crystallize orthorllOmmc too. 
Their unit сеН dimensions Ьауе Ьееп determined for ferri-sicklerite 
to Ье а = 4.787, Ь = 10.086, с = 5.9(59 А, and for heterosite to Ье 
а =4.760, Ь =9.680, с =5.819 А. In TabJes 2 and 3 тау Ье seen 
how well the sin2 6-values о! the X-ray patterns agree with those 
calculated. 

Although the lattice dimensions о! the three minerals do not differ 
very тисЬ, а decrease тау Ье noted from tripbylite through ferri
sicklerite to heterosite. ТЬе unit сеН volume is for triphylite 295, for 
ferri-sicklerite 287, and {ог heterosite 268 Аз. This successive shrinking 
of the lattice is evidently connected with the leaching о! lithium, which 
.according to QUENSEL accompanies the successive oxidation о! the iron 
and the manganese. ТЬе formulae о! the minerals тау Ье written for 

2+ 2+ 2+ 3+ 
triphylite [Li (Мп, Fe)] РО4' for ferri-sicklerite [(Li.Mn) Fe] РО4 alld {ог 

3+ 3+ 
heterosite [Мп, Fe] РО4' Ав there are evidelltly four formula ullits 
presellt in the unit ceIl in еасЬ о! the minerals, the trallslatioll group 
о! triphylite consists о! 28 atoms, that о! heterosite of 24 atoms, alld 
tbat о! ferri-sicklerite о! ап intermediate number. 

As тау Ье аееп in ТаЫев 1-3, the relative illtensity о! the Х-гау 
interferences is practically the аате for а11 three minerals. As already 
mentioned, they must consequently Ье similarly built ир. Reflectiolls 
h О 1 with h + 1 odd and О k 1 with k odd аге missing in аН the powder 
pbotographs, indicating that the minerals аге аН isomorphous to D�\, 
the арасе group о! oliville. Starting {гот the approximate parameter 
values о! oIivine given Ьу W. L. BRAGG and G. В. BROWN,2 it has Ьееп 

1 F. ZAMBONINI and F. MALossr, Zeitschr. {. Kristallogr. 80, 442. 1931. 
2 W. L. ВЕАоа and а. В. BROWN, Zeitschr. f. Kristallogr. 63, 538. 1926. 
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possible Ьу systematic variation of them and comparison between 
calculated and observed intensities to find out а structure that must 
Ье approximately correct, 'uiz. 

4 Mn and Fe in 4 (с); 2nи1 =_ 1 0°; 2nУ1 = 1 00°; 
4 Р ln 4 (с); 2nи2 = 150°' , 2nу2= 35 °' , 
4 О! Ш 4 (с); 2nuз = 90°; 2nvз = 20°; 

4 ОП ln 4 (с); 2nи4 = 90°' , 2nУ4 = 160°' , 
8 ОШ ln 8 (а); 2nх - 70°; 2nу - 60°; 2nz = 1 0°. 

Ав тау Ье seen in ТаЫе 3, the agreement between the calculated and 
observed intensities is not quite perfect but the discrepancies are во 
illsignificant that the structure тау Ье taken ав maillly correct. That 
it canllot Ье very тисЬ in error is аlво illdicated Ьу the fact that the 
parameter уаlиев are almost the вате ав those of mOllticellite, MgCaSi04, 
which Ьауе been determilled Ьу G. В. BROWN аllа J. WEST.l 

ТЬе Р04 lattice of heterosite is the вате ав the Si04 arrangement of 
. mOllticellite, апа the МIl апа Fe atoms Ьауе the вате position in the 

former mineral ав the Са atoms in the latter. Ав the atomic groupillg 
ill triphylite is evidently Уегу similar to that of heterosite, their Р, О, 
аllа heavier metal atoms nlUst Ье arranged in the sаше way. ТЬе ав
sumption of GOSSNER апа STRUNZ, that the Mn and Fe atoms of tri
phylite are situated in а set of symmetry centres has thus not been veri
fied. From the сlове allalogy betweell triphylite and monticellite it 
шау Ье concluded tllat tlle Li atoms ill the former milleral are situated 
ill 4 (а), i. е. оп the points 000, OO�, НО, B�. In ferri-sicklerite 
this position is only partially occupied Ьу Li atoms, and in heterosite 
аН its points are unoccupied. 

It is rather astonishing that the oxidation of the heavier metals аllа 
the loss of the lithium is not accompanied Ьу а more radical change in 
structure than а mere elimination 01 the lithium atoms from tlle lattice 
of triphylite. It must Ье гешеmЬегеd that the difference in atomic 
size between tri- and bivalent manganese (or iron) is quite considerable. 
ТЬе structure found for heterosite is аlво strange in view of the fact 
reported Ьу У. CAGLIOТI that FeP04, has the same structure ав а

quartz.2 That ill this саве the atomic arrangemellt of triphyIite is Iargely 
maintained тау Ье аие to the occurring of the chemical processes 
at such а low temperature that any change in structure is prevented. 
Heterosite might thus Ье ап ullstable product. То determille if this 
might Ье the саве we Ьауе Ileated the milleraI for а few minutes at about 

1 G. В. ВIЮWN and J. WEST, Zeitschr. f. Kristallogr. 66, 154. 1928. 
Z V. CAGLJOTI, Rend. Accad. Lincei (6) 22, 146. 1935. 
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ТаЫе 1. 

Powder Photographs of Triphylite. Cr-K Radiation. 
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5О0е С. When the powder thus treated was investigated Ьу means о! 
X-rays, it was found that it had changed. The lines о! its Х-тау pat
terns were blurred and indistinct. When the mineral had Ьееп heat
treated in the вате way for about а day, its powder photographs were 
completely changed. The lines of heterosite had disappeared and were 
replaced Ьу а great multitude of new reflections showing that the min
eral had Ьееп transformed into а product with а very complicated 
structure. The reflections were far too питетоив to Ье explained Ьу ап 
atomic grouping of the a-quartz type. 

We have also taken some Х-тау pO"'der photographs of the minerals 
varulite and Mn-alluaudite, which according to QUENSEL correspond 
to triphylite and ferri-sicklerite but contain Na instead of Li. Their 
Х-тау patterns have somewhat diffuse lines, but they show distinctly 
that the minerals of the Na-series are not isomorphous t,o those contain-

, 
, 
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ТаЫе 2. 
Powder Photographs of Ferri-Sicklerite. СТ-К Radiation. 
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ing Li. Varulite and Mn-alluaudite seem, however, to Ье related to 
еасЬ other in the вате way as triphylite and ferri-sicklerite. Their 
X-ray patterns resemble еасЬ other closely, but the lines оЕ Mn-alluau
dite are somew hat displaced in thc direction of larger diffraction angles 
showing that its lattice dimensiollS are smaller than those о! varulite. 
ТЬе oxidation оЕ the iron оЕ varulite is accompanied Ьу а corresponding 
leaching оЕ sodium, and this evidelltly brings about а shrillkage оЕ the 
lattice dimensions ав in the саве оЕ the transformation оЕ tripllylite 
illto ferri -sicklerite. 

Havillg theoretically deduced а mineral, which Ье called Na-purpu
ritc,1 QUENSEL ЬаБ llOW obtailled specimens from Varutrask that evi
dently cOllsist оЕ this substallce alld thus represellt the end product 
formed Ъу the complete oxidatioll of varulite ог Mll-al1uaudite. Their 

1 Р. QUENSEL, !ос. cit. р. 96. 
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ТаЫе 3. 

Powder Photographs of Heterosite. Ст-К Radiation. 
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X-ray powder photographs resemble neither those о! varulite or Mn
al1uaudite, nor those о! heterosite. They contain а very large питЬет 
of lines, proving that the structure о! Na-purpurite is exceedingly 
complicated. When the manganese о! Mn-alluaudite is oxidized its 
atomic grouping, because of the largeness о! the removed Na-atoms, 
evidently сап last по longer but changes into а new one. 

The investigatjon of the varulite series о! minerals has so {ат only 
Ьееп о! an orientating character. It will Ье carried оп with а view о! 
determining the structure о! varulite, which тау Ье possible through 
the analysis о! artificially produced NaFeP04 о! NaCuP04 crystals. 
А more complete determination о! the triphylite-heterosite structures 
will also Ье attempted. 




