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A STUDY OF CHEVKINITE AND PERRIERITE1

JUN Iro, Department oJ Geological Sciences, Haraard (Jniaersir.y,
C ambrid, ge, M as s achusetts.2

Assrnacr
Numerous analogues of chevkinite and perrierite, for rvhich the idealized formula

INtnoouctroN

The close geometrical relations of the rare-earth titanosil icates 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 sorosil icate containing (Siro)
groups together with additional oxygen ions not bonded directly to si.
The idealized structural formula showing the coordination number and
valcnce of the several structural sites may be written

,4 +xe+o." r* a 2vr 3+Ti 2vr 4+O.( Si rtv o+o r),

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 (Ce2.3lLao.soYo.roTho.rgCao.saNao.sr) (F.ro.u,
Cao.a+) ('I ir.asFe3o.rsMgo.zaFe2o.or) (TiOt, (Sil.e2Al0 080z)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
Iayer translation. Both minerals hence can be referred to the same ideal-

I Mineralogical Contribution No. 436
2 Present address: rnorganic 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 mrn-

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, AaBCzTizSinOzz, a matter on

which no new evidence is presented here, the results indicate that these

substances have very similar but not identical compositions and, striclly

speaking, are not polymorphs.

Mrurons or SvNtnnsrs

Both chevkinite and perrierite 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 ihe gels: solutions of NagSiOg(0.2M), TiCl4(O.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 GazOs, LazOg, PraOrr, NdzOr, SmzOa, GdrOa, MgO and MnCO3' Appropriate

amounts of the constituents desired in the final gel were placed into solution in approxi

mately 100 mI of 0.05N HCI. The solution was brought to pH 12 by NaOH for compositions

containing Ni, co and Mg, and to pH 10 by NHroH 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

-uintuio 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*C):Ti:Si

:1:1:1:1. Chemical analyses oI 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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Tlnln 1. ExlrntunNt.lr, Rrsulrs ol rnn SyNnmsrs ot CunvrtNrrE AND pnnmnmrn

A' Gel conposition 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)

CerFerAlzTi:SieOrr
CerFer(AhFe rTi r)TizSirOr:
CerFer (FerTir)TizSirO*
CeeFer (AhTir)TirSiaALOzr
(CezCaz)AL (ALTir)TizSilou
(Cer oCar o)AL(Al oFe rTir)TirSirOz
(Cer-rCa 6)Fer (ALTi1)TirSirOz
(Cea.roCa ro)Fer(Fe srAI 6Ti1)TizSiaOrr
LarNirFe3+TirSirOrr
LarNirFerr+TizSirOzr
LarNir (NirTir) TirSirOn
LarNir (NirTir)TirSirou
(LaxCar ) Fer (AhTir)TirSirOe
LarFerAbTi:Siorr
LarFer(AhTir)SirAlOe
PrrCorFezrTizSirOn
PrrCorFo3Ti:SirOz
PqCor (CorTir)f irSirOe
PrrCor (CorTir)TirSirOrr
(PrrCar)Fer (AhTir)TizSirOzr
PaEerAlzTirSirOrr
PreFer (FerTir)TirSirOu
NrllFerAbTirSirO*
(Nd:Car) Fer (AhTi1)TirSirOz
SmaFerAbTirSirOa
(SmiCar)Fe1 (A[Tir)TirSirOn

B. Gel conposition with ratio A: (B *C): Ti

700
700
700
700
700
700
700
700
700

1100
700

1 100
700
700
700
700

1 100
700

1100
700
700
700
700
700
700
700

2000
2000
2000
2000
2000
2000
2000
2000
2000

1
2000

1
2000
2000
2000
2000

1
2000

1
2000
2000
2000
2000
2000
2000
2000

40
40
40
40
40
40
40
40
40
20
40
40
40
40
40
40
20
40
40
40
40
40
40
40
40
40

Perrierite
Perrierite
Chevkinite
Perrierite
Neither
Perrierite (weak)
Perr. (7), Chev. (3)
Chev. (95), Perr (5)
Perrierite
Perrierite
Perrierite
Perrierite
Perrierite
Perrierite, plus?
Neither
Chev , plus?
Chev (weak)
Chevkinite
Chevkinite
Perrierite
Perrierite
Perrierite
Perrierite
Perr. (6), Chev. (4)
Chevkinite, poor
Chevkinite, poor

S i :1 :1 :1 :1  and ind iv idua l  components  as  s ta ted ,

Formula Temp (C") Pressure (bars) Time (hours) Phases

CerFer (FerTir)TizSirOz
CerCo ( CorTir)TirSirOrz
CerNi (NirTir)TizSirOe
(Cerlar)Fer (FerTir)f izSirOe
(CerLar)Fer (FerTir)TizSirOzr
(CeaCar) Fer (ALTir)TirSirOu
(Ce;Srr)Fer (ALTir)TirSirOe
(Ce$ rr)Fer (GarTir)TirSirO*
(CesCar)Fer (GarTir)TirSieOrr
(Cer rCa o)Fer(Fe rAI 6Ti r)TirSieOzz
(Cer. 7Ca r) (Fer(Fe. zoAl rTi.eo)TizSirO2r
(Cee eCa z)Fer(Fe sAl aTi s)Ti rSirOzr
LarFe (FerTir )TizSirO::
LarNir (NirTi0Ti:SirO*
LarCor ( CorTir)TirSirOu
(IarNdtNir (NirTir)rTizSirOrr
(LarPrD Cor (NirTir)TirSi4Op
(Lau Prr)Nir (NirTir)TirSiro:r
LarFer (CorTir)TirSirOr:
LarM gr (MgrTor)TirSirOz
(Lr oPrr r)Nir (NirTir)TifirO::
(LarPril Nir (CorTir)TirSirOn
(Lar sPrr z)Nir(CorTir)TizSirOp
(La3Pr1) Cor (CorTir)TirSirO:r

1100 1
1100 1

Chevkinite
Chev (8), Perr. (2)
Perrierite, plus?
Chevkinite
Chev. (9), Perr. (1)
Perrierite
Perrierite; lessingite
Perrierite, plus?
Chevkinite, plus?
Chev. (,1), Perr (6)
Chev. (6), Perr (4)
Chevkinite
Chev (9), Perr (1)
Perrierite
Perrierite
Perr (9), Chev. (1)
Perr. (5), Chev. (.s)
Perrierite
Chev. (7), Perr. (3)
Perrierite
Perr (5), Chev. (5)
Perrierite
Chev. (8), Perr. (2)
Perr. (9), Chev. (1)

700
680
680
680
680
650
650
700
600
700
700
700
680

1200
1 150
1 100
1 100
1 1 8 0
680

1 100
I r00
1100

2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000

1
1
1
I
1

2000
1
1
1

20
40
40
40
48
l )

24
20
20
24
24
24
48
20
10
24
72
10
48
24

48
24
72
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Ttrl-E 1-(conti.nued)

r097

Formula Temp. (Co) Pressure (bars) Time (hours) Phases

(Lar rPr o)Cor(CorTir)TirSLOn
(Laz e?rr r) Cor (CorTir)TirSieoe
(LarPrr)Nir (NirTir)TirSiroa
(LarPrr) Cor (CorTir)Tirsi4oe
PrrMgr (MnTir)TirSirOa
PreNir (NirTir)TirSirOn

PrrCor (CorTir)TirSi4OD
PrrFer (FerTir)TirSLOn
NdrCor(CorTir)TirSirOn
NdrFer (FerTir)TirSirOz
NdrNir(NirTir)TizSLO*
N&Ms1(MgrTir)Tirsiaoz
(SmrNds) Cor (CorTir)TirSirOn
(SmzNdD Cor (NirTir)TizSirOz
(SmrNdr) Nir (NirTir)TizSirOn

Sr.r\ir (NirTir)TirSiloz

SmeCor (CorTir)TizSirOzz

SruFe(FerTir)TirSirGr

1100 1
1100 I
1100 1
1 1 5 0  1
1100 |
t200 1
1200 1
680 2000

1100 1
680 2000

1 1 5 0  1
1100 1
1100 1
1100 l
0100 1
1100 1
1100 1
680 2000

72 Perr. (9), Chev' (1)

48 Chev. (9), Perr. (1)

72 Perr. (6), Chev. (4)

10 Chevkinite
24 Perrierite
12 Chevkinite
12 Chevkinite
20 Chevkinite
48 Chevkinite
15 Chevkinite
10 Chevkinite
24 Chevkinite
12 Chevkinite
12 Chevkinite
12 Chevkinite
12 Chevkinite
12 Chevkinite
20 Chevkinite, plus?

X-uv De:u

grams of synthetic analogues of chevkinite ancl perlierite, 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) (3r2) (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, c and, p of selected specimens are listed in Table 4'

Cnvsrar, Cupursrnv AND PHASE Rnrarroxs

In interpreting the results of the syntheses, Iacking 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

.tot.d. The several cations present in the init ial gel were then assighed 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 f 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 is a
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Frc' 1' X-rav diffractometeroc|;:iil1,"Jt:t;ifi,lti"$irrLtTtic analogues orperrierite

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

K :  ( 0 . s2  +  0 .74  A )  -  X

where ,4 is the average radius in the (B * C) sites and X is the average
radius oi the ions in the,4 site. When K)0, the phases formed are struc-
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Tasr,B 4. UNtr-cnll.coNSTANTS otr' CnrvrrNtrn aNo Pnnnrnnrrr

Natural crystais

Chevkinite, Stark, N. H., U. S. (Jafie et al,) 13 44

Chevkin i te,  Madagascar.  (H.M. 85151, recryst . )  13.26

Pierrierite, Nettuno, Italy (Bonatti) 13 59

Perrierite, Ilmen, Urals (H.M. 96869, recryst.) 13.52

S1'nthetic crystals

Chevkinite Ce+Fe(Fe'l'i)Ti:Siaozz 13 .30

Chevkinite PraNi(NiTi)TLSirOz: 13.24

Chevkinite La+Fe(Fe'l'i)TizSLOn 13 .50

Chevkinite PrrCo(CoTi)Ti:SLou 13.28

Chevkinite NdnFe(Fe'fi)TirSLOu 13.18

Chevkinite PrnFe(FeTi)TizSiOn 13.24

Chevkinite (CezLaz)Fe(Fe'IDTi:Siro:, 13 .39

Chevkinite Nd4Ni(NiTilTirSi{O:: 13.14

chevkinite Ndrco(coTi)Ti,slon 13 15

Chevkinite SmrCo(CoTi)Ti:SirOz 13.12

Chevkinite SmaNi(NiTi)Ti:SiOz: 13.12

Chevkinite NdrMg(MgTi)TizSLO:z 13 '22

Perrierite LarCo(CoTi)TizSiqOz:
Perrierite (LazNdr)Ni(NiTi)TizSiaoz

Perrierite LarMs(MgTi)TLSLOn

Perrierite Pr4Mc(McTi)TirSi4OD

Perrierite (La:Prz)Ni(NiTDTi:SirO',

Perrierite (LaaPrr)Ni(CoTi)TizSirOn

Perrierite La+Ni(NiTi)TizSirOz
Perrierite (CejCat)l'e(AlTi)Ti2Siaozr

Perrierite (CesSh)Fe(AIrTi)TirSLOzz

Perrierite (La3Sh)Fe(GaTi)TirSiOn

Perrierite PrrFeAh'I'izSiaOa

Perrierite (LaaCar)l'e(AITi)TizSiaOn

Perrierite PraFe(AITi)TizSLAlOzr
Perrierite (Pr:Car)Fe(AITDTizSirOz

Perrierite CerFeAlzTi:SLOzz
Perlierite NdrI'eAIzTizSiOz
Perrierite Ce+Fe(F-erALTis)Ti:SirOzz
Perrierite CerFe(AlTi)TiTSLAIOD

5  7 2  1 1 . 1 0  1 0 0 . 2 0
5 . 7 5  1 1  0 6  1 0 0 . 7
5 61 l l .61 113 28
5 6 5  1 r . 7 1  1 1 3 . 3

5 73 lr .o7 100 9
5.68 10 98 100 8
5 . 7 5  1 1  . 1 0  0 0 1 . 0
5 72 11 0.5 100 8
5  7 1  1 1 . 0 3  1 0 0 . 8
5 . 7 3  1 1 . 0 5  1 0 0  6
5 . 7 5  1 1 . 0 8  1 0 0  9
5.68 10 96 100 8
5 .70  10 .97  100.7
5 . 6 8  1 0  9 5  1 0 1 . 0
5 . 6 6  1 0 . 9 0  1 0 0 . 9
5 . 7 1  1 1  0 0  1 0 1  . 0

5 . 6 8  1 1 . 8 0  1 1 3 . 8
5  64  11  .73  113 5
5 .67  1 l .78  r r3 .7
5 .66  11 .78  113 6
5 . 6 6  1 1 . 6 8  r r 3 . 7
5 .67  r r .72  113 7
5  . 6 4  1 l  . 7 7  1 1 3  . 8
5  63  1r .70  113.6
5 . 6 4  1 1 . 7 3  1 1 3 . 6
5 . 6 8  1 1 . 8 4  1 1 3 . 9
5 . 6 1  1 r . 5 7  1 1 3 . 5
5 . 6 5  r 1 . 7 4  1 1 3 . 8
5 . 6 2  1 1 . 6 2  r 1 3 . 4
5 . 6 1  1 1  5 8  1 1 3 . 7
5 . 6 0  1 1 . 5 7  1 1 3 . 5
5 . 5 9  1 1 . 4 8  1 1 3 . 5
5 . 6 5  1 1  . 8 2  1 1 3  8
5 . 6 5  1 1 . 6 8  1 1 3 . 9

13.77
1 3 . 5 9
1 3 . 7 8
1 3 . 7 7
13 .66
13.74
t3 .74
1 3 . 5 5
13 .58
13.82
13 .48
t3 .72
13 56
1 3 . 5 4
13 48
1 3 . 4 5
t3.63
t .1  .  I  L

turall l ' l ike chevkinite; when K(0, the phases are structurally l ike 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 Fe2+ by Al; (2)



104

o ' - "
;.;
o-

l .0 l
o

1102 TUN ITO

a

a

o
e

o

o

o

oo

C  h e v k  i n  i t e

ooo

o

74 .72 .7o 68 66 64 62 60 .58 (8)

A v e r o g e  l o n i c  R o d i u s  o f  B + C  P o s i t i o n s

Frc. 2. Distribution of synthetic perrierite and chevkinite as a function of the average
ionic radii of the A and the Bf c positions. Half-circles indicate syntheses in which mix-
tures of chevkinite and perrierite were obtained.

Fe2+ by Al and of Ti4+ by AI; and (3) Fe2+ by Al and Si4+ 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 varl '  systematically if they were drawn on

Figure 2.

TuBnlrar, BBnevron

Under hydrothermal conditions, the synthetic analogues of chevkinite

and perrierite begin to crystall ize at an appreciable rate at 400"C, more

rapidly at 600o-700oC, 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 900o to 1300oC and of perrierite from

800o to 1300'C. The melting points are in the neighborhood of 1350"C.

Lessingite, ilmenite and simple oxides have been identified as products of

crystall ization 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

Iocalit ies. He observed that certain metamict chevkinite recrystall ized

as perrierite when heated in air, and suggested that perrierite was the

oxidized equivalent of chevkinite, with Ce3+ converted to Cea+. 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 Ied to a different interpretation.

When synthetic LaFe, CeFe, NdFe, PrFe and SmFe chevkinites are

heated in air at approximately 1100"C for t 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 CeOz and

Pr2O3-.,. It was also found that metamict perrierite from the Urals when

heated hydrothermally in an inert or reducing atmosphere under 2000

bars completell '  recrystall ized to perrierite when heated at 680oC for 3

hours, and was partly recrystall ized at 500'C; no chevkinite was formed.

Metamict Madagascar chevkinite recrystall ized 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 wil l 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 recrystall ize as perrieri le 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 et 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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