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A STUDY OF CHEVKINITE AND PERRIERITE!

Jun Ito, Department of Geological Sciences, Harvard U niversity,
Cambridge, Massachusetts.?

ABSTRACT

Numerous analogues of chevkinite and perrierite, for which the idealized formula

INTRODUCTION

The close geometrical relations of the rare-earth titanosilicates per-
rierite and chevkinite to each other and to allanite have been fully dis-
cussed by Bonatti (1959). The structural analysis of perrierite by Got-
tardi (1960) established this species as a sorosilicate containing (SiyOr)
groups together with additional oxygen ions not bonded directly to Si.
The idealized structural formula showing the coordination number and
valence of the several structural sites may be written

A 4X3+BVI2+C2VI3+Ti2VI4+Og(Si21V 4+O7) 2

The type perrierite from Nettuno, Italy, used in the structural study
shows a considerable range of substitution into the several sites, and the
actual composition, as shown by the analysis reported by Bonatti and
Gottardi (1954), iS ClOSe to (C62.31L30_50Y0.16Th0,19C3,0.53Nao,31) (F620,63
Cao.34) (Ti1.4sFe30.19Mgo.24F€20.05) (Ti04)2 (Si1.92A10.0807)2-

The chemical composition of chevkinite, discussed by Bonatti (1959)
and earlier by Jaffe, Evans and Chapman (1956) and others, has been
problematic because of the wide variations shown by the numerous re-
ported analyses. Recently, a structural model for chevkinite has been
described by Bonatti and Gottardi (1966) which indicates that per-
rierite and chevkinite are polymorphs, related structurally by a type of
layer translation. Both minerals hence can be referred to the same ideal-

! Mineralogical Contribution No. 436
? Present address: Inorganic Materials Division, National Bureau of Standards, Wash-
ington, D. C. 20234.
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ized formula, as given first above. The available analyses of these min-
erals, however, although on the whole very similar, do not permit a clear
recognition of the detailed compositional relations between them and of
the bearing that this may have on the geometrical relations.

The present study reports the synthesis of 68 chemically different com-
pounds that give the X-ray patterns of either perrierite or chevkinite.
Accepting that these compounds all have the same general formula al-
ready indicated for perrierite and chevkinite, AsBC;Ti:514Ox, a matter on
which no new evidence is presented here, the results indicate that these
substances have very similar but not identical compositions and, strictly
speaking, are not polymorphs.

METHODS OF SYNTHESIS

Both chevkinite and perricrite were synthesized by heating chemically prepared gels
either hydrothermally or in air at 1 atm. The following reagents were used for the prepara-
tion of the gels: solutions of NasSi03(0.2M), TiCL(0.1M in 6N HCI), cerous sulfate (0.2M
HCI 0.5N), cobalt nitrate (0.2M), nickelous nitrate (0.2M), aluminum nitrate (0.2M),
nickelous nitrate (0.2M), aluminum nitrate (0.2M), strontium chloride (0.2M), calcium
nitrate (0.2M) and thorium nitrate (0.2M); also crystalline ferrous ammonium sulfate and
finely powdered Gas0s, Lax0s, PriOu, Nd:0s, Smy03, Gdz0s, MgO and MnCOs. Appropriate
amounts of the constituents desired in the final gel were placed into solution in approxi-
mately 100 ml of 0.05N HC. The solution was brought to pH 12 by NaOH for compositions
containing Ni, Co and Mg, and to pH 10 by NH,OH for compositions containing Al, Ga
and Ca. The resulting gelatinous precipitate was stirred magnetically. It was then
centrifuged and washed three times passing 400 ml of cold distilled water. The washed gel
was then dried at 120° in an evacuated oven. The dried gels are not hydroscopic and stay
reactive over more than a year when kept in sealed vials.

The hydrothermal syntheses were made using cold-seal bombs of 10 ml and 25 ml
capacities fitted with a silver liner. A small amountof ascorbic acid was added to the runs to
maintain reducing conditions. About 50 mg of gel yielded approximately 20 mg of solid

the gels. Foreign material was obviously present in some instances. Foreign material was
also undoubtedly present in some other instances, because of the ratios employed, although
it could not be recognized by optical or X-ray methods because it was poorly crystallized
or was present in relatively small amounts. Apparently homogeneous material was ob-
tained with syntheses having the ratios of Gottardi’s formula, cited above, and relatively
well crystallized material also was obtained with ratios extending to A:(B+4C):Ti:Si
=1:1:1:1. Chemical analyses of the synthetic products could not be made because of un-
certainty as to the presence of foreign or unreacted material and, in any case, because of the
small size of the samples. The formulas cited for the products listed in Table 1 are ar-
bitrarily given in terms of the idealized formula of Gottardi.
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TABLE 1. EXPERIMENTAL RESULTS OF THE SYNTHESIS OF CHEVKINITE AND PERRIERITE

A. Gel composition same as formula given Runs indicated as 1 bar made by solid state reaction in air, others
hydrothermal. Approximate ratio of perrierite and chevkinite in two phase region is indicated.

Formula Temp. (C°) Pressure (bars) Time (hours)

CesFe1AlbT10Si400 700 2000 40 Perrierite
CesFer(AlFe 5T1 5)Ti25i400e 700 2000 40 Perrierite
CesFer(FerTii) Ti2SiaOs2 700 2000 40 Chevkinite
CesFer(AlTi) TisSis Al Oz 700 2000 40 Perrierite

(CexCaz) AL (ALTi1) Ti2S140s 700 2000 40 Neither

(Ce2 5Ca1 5)ALi(Al sFe §Ti1) Ti2Si4O02 700 2000 40 Perrierite (weak)
(Ces.5Ca 5)Fe1 (AL Tiy) Ti251402 700 2000 40 Perr. (7), Chev. (3)
(Ces.7Ca %) Fer(Fe 87Al 13Tih) TisS1402 700 2000 40 Chev. (95), Perr (5)
LasNiiFep3+Ti2Sis00 700 2000 40 Perrierite
LasNiiFes3*T12Si402 1100 1 20 Perrierite
LasNii(N1'Ti1) TiaSisOee 700 2000 40 Perrierite
LasNii(Niy T11) TisSisOz 1100 1 40 Perrierite
(LaaCai)Fer (AL Tiy) TisSieOn 700 2000 40 Perrierite

LasFei Al Ti2Si40s 700 2000 40 Perrierite, plus?
LasFe1(ALTi1)SisAlO2 700 2000 40 Neither
PraCorFezsTisSis0n 700 2000 40 Chev , plus?
PriCoiFessTi2S14002 1100 1 20 Chev (weak)
Pr4Co1(Co1Ti1) Ti28i4O2 700 2000 40 Chevkinite
PryCo1(Co1Tiy) TieSisOse 1100 1 40 Chevkinite
(PrsCai)Fer (Al T11) TieSi4O0 700 2000 40 Perrierite

PrsFe; AloTi2Sia02 700 2000 40 Perrierite
PriFei(FeiTii) Ti2Si4022 700 2000 40 Perrierite
NdsFe1AkTi:Si400 700 2000 40 Perrierite
(NdsCai)Fer(AL Ti1) Ti2Si402 700 2000 40 Perr. (6), Chev. (4)
SmyFe1 Al Ti2S1:02 700 2000 40 Chevkinite, poor
(SmyCan)Fer (AL Tir) TieSisOse 700 2000 40 Chevkinite, poor

B. Gel composition with ratio A: (B+C): Ti Si=1:1:1:1 and individual components as stated.

Formula Temp (C°) Pressure (bars) Time (hours) Phases
CesFe1(FerTir) Ti2S140s2 700 2000 20 Chevkinite
CesCo(CorTi1) TieSis02 680 2000 40 Chev (8), Perr. (2)
CeaNi(Ni1Ti1) Ti2S14000 680 2000 40 Perrierite, plus?
(CezLas)Fe1(FeyTi1) TieSisOs 680 2000 40 Chevkinite
(CeiLas)Fe1(FerTi1) Ti2SisOse 680 2000 48 Chev. (9), Perr. (1)
(CesCai)Fer(ALTi) Ti2Sis022 650 2000 15 Perrierite
(CesSr1)Fer(AlTir) Ti28i402 650 2000 24 Perrierite; lessingite
(CeaSr1)Fe1(GayTiy) TizSisOs 700 2000 20 Perrierite, plus?
(CesCar)Fer (GaiTi1) TieSisOz 600 2000 20 Chevkinite, plus?
(Ces 4Ca s)Fe1(Fe sAl sTi 7)TiaSisO0 700 2000 24 Chev, (4), Perr (6)
(Ces.7Ca 3)(Fer(Fe, 1Al 4Ti s5) Ti2SisOz 700 2000 24 Chev. (6), Perr (4)
(Ces Ca 2)Fer(Fe 3Al 5Ti 9)Ti 281102 700 2000 24 Chevkinite
LasFe(FerTii)Ti2SiaOz 680 2000 48 Chev (9), Perr (1)
LasNii (Nia Tiy) TieSisOze 1200 1 20 Perrierite
LasCo1(CorTi1) TisSisO0e 1150 1 10 Perrierite
(LazNdz2)Ni1 (Ni;Ti1)2Ti2Si4002 1100 1 24 Perr (9), Chev. (1)
(LasPr2) Cor(Nii Ti1) Ti2Si40x 1100 1 72 Perr. (5), Chev. (5)
(LasPr2)Nin (N1 Ti1) Ti2S14002 1180 1 10 Perrierite
LasFei(Co1Tii) Ti:Sis0xe 680 2000 48 Chev. (7), Perr. (3)
LaMgi(MgiTo1)Ti2Si400 1100 1 24 Perrierite

(La 6Prs ) NIt (N1 Ti1) Ti2Sis0x 1100 1 24 Perr (5), Chev. (5)
(LasPri)Nir(CorTi1) Ti2Si40s2 1100 1 48 Perrierite

(La1 sPrz 7)Ni1(CorTi1) Ti2Si4022 1100 1 24 Chev. (8), Perr. (2)
(LasPr1)Co1(CorTir) Ti2Si4022 1100 1 72 Perr. (9), Chev. (1)



CHEVKINITE AND PERRIERITE 1097

TABLE 1—(continued)

Formula Temp. (C°) Pressure (bars) Time (hours) Phases

(Lag 4Pr )Co1(Co1Ti1) TizS1:02 1100 1 72 Perr. (9), Chev. (1)
(Laz ¢Pr1 4)Co1(CorTi1) Ti2SiaOee 1100 1 48 Chev. (9), Perr. (1)
(LaiPrs)Nit(N1) Ti1) Ti2SisO2 1100 1 72 Perr. (6), Chev. (4)
(LasPrz) Co1(Co1Ti1) Ti2Si4Ox 1150 1 10 Chevkinite

PrsMgi (Mg Tii) TisSieO2 1100 1 24 Perrierite

PrqNiy (Ni1Tir) Ti12514022 1200 1 12 Chevkinite
PriCo1(Co1Ti1) TieSisO2 1200 1 12 Chevkinite
PriFei(FeiTi1) TisSiaOs 680 2000 20 Chevkinite
NdsCo1(CorTi1) Ti281402 1100 1 48 Chevkinite
NdsFe1(FeiTi1) TiaSisOze 680 2000 15 Chevkinite

Nd4Ni: (Nir Ti1) Ti251402 1150 1 10 Chevkinite
NdsMgi (Mg Tir) Ti2SiOz 1100 1 24 Chevkinite
(SmeNdz) Co1(CoiTii) Ti2SiaO2 1100 1 12 Chevkinite
(SmaNdz)Cor(Ni1 Tir) Ti28i402 1100 1 12 Chevkinite
(SmeNda) Nir{Ni1 T'i1) Ti2S14022 0100 1 12 Chevkinite
SmaNir(NirTi1) Ti2Si4022 1100 1 12 Chevkinite
SmyZo1(CorTin) Ti2S1402 1100 1 12 Chevkinite
SmsFe(FeiTi1) TiaSiaOz 680 2000 20 Chevkinite, plus?

X-rAaY DaTA

grams of synthetic analogues of chevkinite and perrierite, including natural recrystallized
chevkinite from Madagascar and perrierite from the Urals are given in Figure 1. After the
indexing, the unit-cell constants of all analogues were calculated using the following reflec-
tions: chevkinite: (002) (11T) (111) (003) (311) (312) (402) (401) (020) (312) (004) (220)
(022) (023) (024); perrierite: (002) (110) (003) (31T) (400) (311) (020) (004) (022) (600)
(024). The unit cell dimensions a, b, ¢ and g of selected specimens are listed in Table 4.

CRYSTAL CHEMISTRY AND PHASE RELATIONS

In interpreting the results of the syntheses, lacking direct analytical
information, it was assumed that the perrierite-like and chevkinite-like
phases identified in the runs conformed to the type of formula already
stated. The several cations present in the initial gel were then assigned to
the appropriate structural sites. On this basis, the results of the syn-
theses were plotted in Figure 2 in terms of the average ionic radii of the
ions in the A and the (B + C) sites. The rare-earth radii used are those
given by Templeton (1954) and those of the transition elements by Paul-
ing (1948). The use of other sets of radii, such as those of Goldschmidt
or Ahrens, do not significantly alter the data in a relative sense. The data
clearly indicate that the transition from perrierite to chevkinite is in-
fluenced by the variation in ionic size in these sites, and that there isa
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Chevkinite, Madagascar

Hydrothermolty  Recrystallized
730°C 2000 Bors, 48 Hours

Chevkinite, Ca,Fe(FeTi),Ti,5i0,

22" 4722

700°C 2000 Bars 20 Hours

Perrierite, llmen Mt., Ural

Hydrothermally Recrystallized
600°C, 2000 Bars, 15 Hours.

LN RV R (R

Pernerite,  (CeCaj Fe(ALTiTiSIO,,

2000 Bors 15 Hours

F16. 1. X-ray diffractometer chart patterns of natural and synthetic analogues of perrierite
and chevkinite. Cu radiation, Ni filter.

two-phase region between these phases. The phase boundary was deter-
mined and expressed mathematically as

K=(0.5240.744) — X

where 4 is the average radius in the (B 4 C) sites and X is the average
radius of the ions in the 4 site. When K >0, the phases formed are struc-
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TABLE 4. UNIT-CELL CONSTANTS OF CHEVKINITE AND PERRIERITE

Natural crystals

Chevkinite, Stark, N. H., U. S. (Jaffe et al) 13 44 572 11.10  100.20
Chevkinite, Madagascar. (H.M. 85151, recryst.) 13.26 5.75 11 06 100.7
Pierrierite, Nettuno, Italy (Bonatti) 13 59 561 11.61 113 28
Perrierite, Ilmen, Urals (H.M. 96869, recryst.)  13.52 5 65 11.71  113.3

Synthetic crystals

Chevkinite Ce,Fe(FeTi)TieSi,092 13.30 5173 11.07 100 9
Chevkinite  PryNi(NiTi)TisS140s2 13.24 5.68 10 98 100 8
Chevkinite La,Fe(FeT1)TisSLOn 13.50 5.75 11.10  001.0
Chevkinite  PryCo(CoTi)TisS1,00 13.28 572 11 05 100 8
Chevkinite Nd,Fe(FeT1)TisS10s 13.18 571 11.03 100.8
Chevkinite  PryFe(FeTi)TieSii0n 13.24 5.73 11.05 100 6
Chevkinite (CeyLag)Fe(FeT1)TisS1400: 13.39 5.75 11.08 100 9
Chevkinite NdNi(NiTi)TisS14000 13.14 5.68 10 96 100 8
Chevkinite NdCo(CoTi)Ti.Si402 13 15 5.70 10.97  100.7
Chevkinite  SmyCo(CoTi)TieSi:0q 13.12 5.68 10 95 101.0
Chevkinite  SmyNi(NiT1i)Ti:Si0e2 13.12 5.66 10.90 100.9
Chevkinite NdMg(MgTi)TisS1,00 13.22 5.71 11 00 101.0
Perrierite LayCo(CoTi)TixSi400 13.77 5.68 11.80 113.8
Perrierite (LagNdy) Ni(NiTi) Ti2S1s0ss 13.59 564 11.73 113 5
Perrierite  LaMg(MgTi)Ti:81,02 13.78 5.67 11.78  113.7
Perrierite PryMg(MgT1)TisSi;00 13.77 5.66 11.78 113 6
Perrierite (LasPra) Ni(NiT1) TisS1O= 13.66 5.60 11.68 113.7
Perrierite (LasPr1)Ni(CoTi) TieS14Ox 13.74 5.07 11.72 1137
Perrierite La,Ni(NiT1)TipS1402 13.74 5.64 11.77 113.8
Perrierite (CesCar)Fe(AlTi) TigS1104 13.55 5 63 11.70  113.6
Perrierite (CesSr1) Fe (Al T1) T128100 13.58 5.64 11.73  113.6
Perrierite (LasSr)Fe(GaTi) TipSis0s 13.82 5.68 11.84 113.9
Perrierite Pr,FeAl;Ti5S1,0s 13.48 5.61 11.57  113.5
Perrierite (LasCai)Fe(AlT1) TizS1409 13.72 5.65 11.74  113.8
Perrierite PrFe(AlTi) Ti:SizAl02 13 36 5.62 11.62 113.4
Perrierite (PrsCay) Fe(AITI) TisSi,0x 13.54 5.61 11 58 113.7
Perrierite Ce FeAl;TieS1400 13 48 5.60 11.57 113.5
Perrierite Nd;FeAlyTi:S1,00 13.45 5.59 11.48 113.5
Perrierite CesFe(Fe sALTi 5) TieS1,09 13.63 5.65 11.82 113 8
Perrierite CesFe(AITL) TixSi3A100 13.72 5.65 11.68 113.9

turally like chevkinite; when K <0, the phases are structurally like per-
rierite.

The transition of chevkinite to perrierite also was observed by the
coupled partial replacement of (1) Ce by Ca or Sr and of Fe* by Al; (2)
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Fic. 2. Distribution of synthetic perrierite and chevkinite as a function of the average
ionic radii of the A and the B4-C positions. Half-circles indicate syntheses in which mix-
tures of chevkinite and perrierite were obtained.

Fe** by Al and of Ti** by Al; and (3) Fe*+ by Al and Si*+ by Al The re-
sults of these experiments are included in Figure 2.

The situation in the natural minerals is more complex because of the
wider range of substitution into the several sites and because of possible
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uncertainty as to the structural role of certain ions. There is also uncer-
tainty as to the accuracy of the analyses, since the wet chemical analysis
of complex minerals such as perrierite and chevkinite is difficult, espe-
cially with regard to small amounts of Al, and there is the further possibil-
ity that the chemical composition has changed somewhat during the
metamictization of these species. Nevertheless, most of the reported
analyses of natural perrierite and chevkinite when recalculated into the
formula stated fall into the appropriate regions in Figure 2.

It may be noted that the beta angles obtained from the X-ray data on
these monoclinic species would vary systematically if they were drawn on
Figure 2.

THERMAL BEHAVIOR

Under hydrothermal conditions, the synthetic analogues of chevkinite
and perrierite begin to crystallize at an appreciable rate at 400°C, more
rapidly at 600°~700°C, and remain stable up to at least 750°C at 2000
bars. When the gels are heated in air at 1 atm., the synthetic analogues of
chevkinite are stable from at least 900° to 1300°C and of perrierite from
800° to 1300°C. The melting points are in the neighborhood of 1350°C.
Lessingite, ilmenite and simple oxides have been identified as products of
crystallization when the gels are heated at lower temperatures.

Lima de Faria (1962) has studied the behavior on heating, in air and in
nitrogen, of metamict chevkinite and perrierite from many of the known
localities. He observed that certain metamict chevkinite recrystallized
as perrierite when heated in air, and suggested that perrierite was the
oxidized equivalent of chevkinite, with Ce®* converted to Ce*+. A thermal
study of chevkinite and perrierite from Virginia has been reported by
Mitchell (1966) with results generally in agreement with those of Lima
de Faria (1962). A study here of the thermal behavior of synthetic and
natural chevkinites and perrierites has led to a different interpretation.
When synthetic LaFe, CeFe, NdFe, PrFe and SmFe chevkinites are
heated in air at approximately 1100°C for 1 hour it was found that the
LaFe, NdFe and SmFe members remained unchanged, while the more
readily oxidized Ce and Pr members decomposed and afforded CeO; and
Pry0s;.. It was also found that metamict perrierite from the Urals when
heated hydrothermally in an inert or reducing atmosphere under 2000
bars completely recrystallized to perrierite when heated at 680°C for 3
hours, and was partly recrystallized at 500°C; no chevkinite was formed.
Metamict Madagascar chevkinite recrystallized as chevkinite under the
same treatment. These observations suggest that if metamict chevkinite
is heated in air, some or all of the Ce and Pr ions present will be oxidized
to a higher valency state and will be expelled from the structure. The re-
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maining rare-earths and other ions may then recrystallize as perrierite or
chevkinite depending on the new ratio of average ionic sizes in the several
structural sites. The chevkinite from the Urals and Madagascar are close
to the phase boundary, and may go from one to the other phase accom-
panying a small change in the ratio of ionic sizes. The chevkinite from
New Hampshire (Jaffe e al, 1956) and from Arizona (Kauffman and
Jaffe, 1946) does not convert to perrierite on heating in air. The composi-
tion of this material is located well away from the phase boundary and
hence is not as susceptible to a small change in radius ratio.
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