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ABSTRAqT

Compositional data are presented for latrappite and other niobinm-rich perovskite-group minerals fiom the Oka" Kaiserstuhl
and Magnet Cove carbonatite complexes. Latrappite is shown to be a member of a continuous solid-solution involving CaTiOr,
NaNbO3, CarMFer*Ou and Ca2NbrOr. 57Fe Mdssbauer spectrometry demonstrates that only ferric iron is present il latrappite.
The crystal structue of latrappite, determined by Rieweld analysis, is similal to that of CaTiO3 perovskite. It differs in that
replacement of Ti by M and Fe+ results in greater distortion and tilting of the TiO6 framework polyhedra relative to CaTiO,.
Revised unit-cell parameters of latrappite are:. a 5.M79(3), b 5.5259(3), c 7.1575(5) A, V 233.54 Ar, space group Pbnm.

Keyvords: perovskite, latrappite, Rietveld analysis, crystal structure, Miissbauer spectrometry, electron microscopy.

Solln4ans

Nous prdsentons des donn6es nouvelles sur la composition de la latrappite et autres membres riches en niobium du groupe
de la p6rovskite provenant des complexes carbonatitiques de Oka, Kaiserstuhl et Magnet Cove. La latrappite est membre d'une
solution solide continue impliquant les p6les CaTiO3, NaNbO3, CarMFe+Ou et Ca2NQO7. La spectrom6trie sTe de Mdssbauer
d6montre que le fer est rniquement sous forrne ferrique. La structure cristalline de la latrappite, affin6e par analyse de Rieweld,
ressemble d celle de la p6rovskite CaTiOr. Elle en difFdre par replacement du Ti par Nb et Feh, qui mbne tr un distorsion de Ia
maille et une inclinaison des octaddres TiO6 de la trame, par rapport.4 la structure du p6le CaTiO3. Les paramBtres r6ticulaires
r6vis6s de la latrappite sont:. a 5.M79(3), b 5.5259(3), c 7.7575(5) A, V 233.54 A3, groupe spatial Pbnm.

(Traduit par la R6daction)

Mots-cl6s: p6rovskite, latrappite, analyse Rieweld, structure cristalline, spectrom6trie de Mdssbauer, microscopie 6lectronique
par transmission.

INTRoDUcrroN

Nickel & McAdam (1963) described a new M-rich
variety of perovskite from the Oka carbonatite complex
(Quebec). It was initially called, niobian perov skite, as
Nickel & McAdam (1963) considered that the names
dysanalyte and knopite were unnecessary for Ca-,
M-rich perovskites (sensu lato). The mineral was

subsequently narned, latappite by Nickel (1964) on the
grounds that, unlike perovskite (CaTiO3), the Nb
content was greater than the Ti content. The name
latrappite was accepted by the International Minera-
logical Association (MA) nomenclahre committee on
this basis as an approved name for the mineral species.

Subsequently, lahappite was reported in carbonatite
associated with the Kaiserstuhl alkaline complex (Van
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Wambeke 1980), from which Nb-rich perovskite,
commonly known by the varietal narnes dysanalyte or
knopite, had been previously described (Knop 1877,
Hauser 1908, Meigen & Hugel 1913). These two
localities remain the only known occurrences of
a Ca-Nb-rich perovskite-group mineral, although
M-bearing perovskjte is known from the Magnet Cove
carbonatite (Arkansas).

It is important to note that the material arualyzed
by Nickel & McAdam (1963) is a complex solid-
solution, and Nickel (1964) did not define a distinct
comFositional end-member representing the latrappite
component. This is unfortunate, as an end-member
component is required for thermodynamic modeling of
perovskite solid-solutions. Hence, we consider that
although latrappite as defined by Nickel (1964) does
indeed represent a valid mineral species in terms of
current IMA criteria for mineral nomenclature, the
name is inappropriate from a crystallochemical-
thermodynamic standpoint as it does not represent a
distinct end-member composition. It is not the purpose
of this work to redehne latrappite; the main objective
is to re-investigate material from the type localities
of latrappite and "dysanalyte", and to provide data
which may subsequently be of use in any redefinition,
as Mitchell (1996) has noted that the structure and
composition of these perovskite-group minerals is
inadequately characterizec.

Expannmxrar

Sample provenance

The sample of latrappite studied was collected from
the type locality at Oka (Quebec) by employees of the
St. Lawrence Columbium and Metals Corporation and
deposited in the mineralogical collection of the Royal
Ontario Museum (Toronto) as specimen number
M26142. Samples of "dysanalyte" were provided by
Dr. J. Keller from the mineralogical collection at the
University of Freiburg. These were originaly collected
from the fype locality at the Badloch Quarry,
Kaiserstuhl complex (Germany). Other samples of
latrappite and M-bearing perovskite from Oka and
Magnet Cove were collected by Drs. A.N. Mariano and
R.H. Mircheu.

Ele c tron-mic rop ro b e analy s i s

Perovskite-group minsral5 were analyzed by standard
wavelength-dispersion (Cameca SX-50 electron micro-
probe) or energy-dispersion (Hitachi 570 SEM)
methods at the University of Manitoba and Lakehead
University, respectively.

Wavelength-dispersion analysis used the following
operating conditions and standards: accelerating voltage
15 kV, beam current of 20 nA; Sr and Ti (SrTiOr), Fe
(almandine), Na (albite), Ca (diopside), Ba (witherite),

Th (thorite), Nb (M2os), Ta (microlite); accelerating
voltage 20 kY beam current 40 nA; La (La) [LaVOo],
Ce(La) [monazite], Pr (20), Nd (Za), Sm (fB)
[rare-earth-bearing glass standards of Drake & Weill
(re12)1.

Compositions determined by X-ray energy-disper-
sion spectrometry (EDS) $7919 6fotained using a Hitachi
570 scanning electron microscope equipped with a
LINK ISIS analytical system incorporating a Super
AT'W Light Element Detector (133 eV FwHm MnlC).
EDS spectra were acquired for 300 seconds (ive time)
with an accelerating voltage of 20 kV and beam current
of 0.86 nA. X-ray spectra were colected and processed
with the LINK ISIS-SEMQUANT software package.
The following standards were used; Na, La, Ce, Pr,
Nd, Nb, Ti (Khibina loparite), Ca, Fe (Magnet Cove
perovskite), Sr (SrTio:), Ba @aSiO) and metallic Th
and Ta. A well-characterized multi-element standard for
the rare-earth elements (REE") was used, as experience
has shown that this gives more accurate data than
single-REE standards when using EDS spectrum-
stripping lgghniques. However, peak profiles used for
the analytical X-ray lines were obtained using single
REE fluoride standards. The accuracy of the EDS
method was cross-checked by wavelenglh-dispersion
electron-microprobe analysis of some samples.

Mdssbauer spectrometry

Approximately l7 mg of latrappite was finely
ground under acetone in an agate mortar and mounted
over a 19.63 mm2 area on cellophane foil using
water-soluble glue. The effective thickness of the
sample was 1.8 mg Fe/cmz, this being the ideal thickness
for this composition (Long et al. 1983). A Mijssbauer
spectrum was recorded at room temperature (293 K)
in transmission mode on a constant-acceleration
Mdssbauer spectrometer @ayerisches Geoinstitut) with
a nominal 50 mCi 57Co source in a 6 pm a-Fe-Rh
matrix. The velocity scale was calibrated relative to
a 25 ytm a-foil using the positions certified for the
National Bureau of Standards standard reference material
No. 1541. We obtained line widths for the outer lines of
cr-Fe of 0.28 mm/s at room temperature. The spectra
were fitted to Lorentzian lineshapes using the commer-
cially available fitting progrim NORMOS, written by
R.A. Brand and distributed by Wissenschaftliche
Blefuhqnik GmbH, Germany.

X-ray dffiaction

The sample was ground in alcohol to less than 5 pm
using an automated grinder. The resulting powder was
spread on a 4-pm thick prolene film over an area of
approximately 80 mm2o the boundary of which was
defined by a thin-wire ring glued onto the prolene film
with hairspray. The thin film of powder was finely
serrated with a razor blade and then covered with
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prolene to fix the powder during data collection.
Step-scan diffraction-intensity data were collected at
the University of Manitoba on a Siemens D5000 X-ray
diflractometer in the 20 range 8-140o in steps of 0.02'
20, with a step-counting time of 20 s and CuKcr,,
radiation. The sample was rotated at 120 rpm during
the Ol2O scan in order to minimize further any preferred
orientation and crystal-size effects.

Rieneld refinement

The Rietveld refinement was done in the space
group Pbnm using the program DBWS-9006PC
(Sakthivel & Young 1990). Diffraction peaks were
modeled using the Thompson-Cox-Hastings modifi ed
pseudo-Voigt proflle function corrected for asymmetry
up to 29o 20, and the background was refined using
a fifth-order polynomial. Structural variables were
atomic coordinates, cation-site occupancies and an
overall isotropic-displacement factor; non-structural
variables were the scale factor and parameters for
background correction, peak shape and asymmetry
and the correction for preferred orientation. Individual
isotropic-displacement parameters were fixed at values
taken from single-crystal structure refinements of other
perovskites (Buttner & Maslen 1992), and, the overall
isotropic-displacement par4meter was refined to scale
these values. Refinement was terminated when the
maximum shift-to-error ratio was less than 0.01.

H igh- re solution transmis s ion ele cffon microsc opy
(HRTEM)

TEM samFles were prepared by gently cnrshing the
XRD powder under acetone in an agate mortar and
allowing drops of the suspension to evaporate on a
holey carbon TEM gnd. Observations were made using
a JEOL JEM-2010 instrument (University of New
Mexico) operated at 200 kV. Under these conditions,
the maximum poiat-to-poi:rt resolution of the microscope
is 1.9 A. HRTEM images and selected-area diffraction
patterns were obtained from numerous grains in
various orientations.

CovrposmoN

Latrappite

The composition of latrappite (Table l) given by
Nickel & McAdam (1963) was obtained by gravimeric
methods and represents an average bulk composition.
The presence of Si, Mg and S in their sample indicates
that this material was contaminated with minor
amounts of other minerals. Our studies (this work)
have shown that calcite, pyrochlore, magnetite and
clinohumite may be present as inclusions in samples
oflatrappite from Oka. Regardless of the presence of
small amounts of contaminants" the mineral was shown

TABLE I. REPRESENTATTVE COMPOSMONS OF LATRAPPITE
Wt.o/o | 2 3 4 5 6 7 I 9 l0

Nbro3 47.@ &.44.47.6t 47.91 N.53 39.t2 35.X 49.7 47.9 43.90
Ta,O, 0.24 0.72 Ld. nd. rd. Ld. 0.ll n.d. od. rd.
Tio2 9.73 t.94 10.39 8.89 tt.1t 13.96 t7.51 9.8 9.3 10.05
ThO, rd. trd. 0.04 0.07 nd nd. rd. trd. 0.1 rd"
FqOr 6.16 8.39 6.26 6.89 9.91 9.77 10.09 5.8 5.9 9-71
laros 0.52 0.53 O.49 O.45 O.7O 0.77 1.rr 0.3 Ll
Cqq r.M 1.25 l. l0 0.98 r.66 1.76 2.36 0.7 1.5 2.07
k o, 0.06 0.1I 0.0E 0.05 o.to 0.22 0.24 0.5 0.8
Ndro, 0.27 0.29 0.26 0.26 0.36 0.4E 0.71 0.6 0.4
MqO 0.41 0.32 0.30 0.34 0.27 0.24 0.26 0.3 0.5 0.77
MgO 2.16 1.67 1.80 1.89 1.54 l. l5 0.88 2.1 2.2 2.20
CaO 26.65 27.6 25.24 26.97 29.a2 28.25 2a.29 24.3 24.2 25.95
SIo 0.17 0.l l 0.18 0.22 0.19 0.19 0-24 0-2 0.3 n.d.
NLO 3.94 3.85 4.79 3.96 2.33 3.@ 2.q 49 4.3 4.O3
Totr.l 98.95 9.28 98.54 98.88 9.12 9.00 99.93 I@.1 93 98.il

Stnrctural foro.le bsed oD 3 aloru ofoxygo
}.Ib 0.573 0.560 0.575 0.574 0.4E6 0.468 0.4m 0.597 0.588 0.529
Ta 0.@3 0.0@ - -
Ti 0.195 0.179 0.209 0.lTI 0.234 0.278 0.347 0.194 0.190 0.202
Fe 0 .123 0 .169.0 .126 0 .153 0 .198 0 .195 0 .1 t0  0 .116 0 .114 0 .1%
Mr 0.@9 0.007 0.007 0.@E 0.006 0.005 0.@6 0.@7 0.011 0.017
Ms 0.086 0.066 0.072 0.075 0.061 0.045 0.035 0.083 0.0t9 0.088
tB 0.989 0.9E3 0.989 0.9t7 0.98s 0.991 0.988 0,997 0.992 1.030

la 0.005 0.@5 0.005 0.0e1 0.@7 0.007 0.011 0.@3 0.011 -
Ce 0.010 0.012 0.011 0.@9 0.016 0018 0.023 0.007 0.015 0O20
Pr 0.001 0.@l 0.@l 0.001 o.ml 0.002 0.002 0.@4 0.@8 -

Nd 0.003 0.003 0.@3 0.003 0.@3 0.@5 0.007 0.006 0.004 -

Cs 0.7@ 0.'174 0.722 0-766 0.E48 0.801 0.800 0.693 0.7U 0742
Sr 0.@3 0.@2 0.003 0.003 0.m3 0.003 0.004 0003 0005 -

Na 0.203 0.19 0.24E 0.204 0.120 0.159 0.1'18 0.253 0.226 0.208
>A 0.985 0.996 0.993 0.990 0.98 0.995 0.995 0.969 0.9n O.nO

Mol.% od-mmbss
sifio3 0.25 0.16 0.26 0.32 0.27 0.27 0,34 0,29 0.45
LOP 3.07 3.47 3.07 2.73 4.4r 4.U 6.68 2.85 6.32 2.39
LU 20.82 20.U 25.M 20.n ll.3l 15.06 B.n 25.68 22.38 zl.U
I-{TRAP 14.?4 20.14 14.'70 18.21 23.8 22.16 20.98 13.6r t3.',18 23.57
PEROV 21.55 19.07 22.79 lg.v 24.67 29.43 35.6 21.22 16.54 23.X
C%I{&:O, 39.57 36.E2 34.16 38.31 35.86 27.64 2].8 36.37 4.53 28-30
Totsl Fe qlolatql 6 FqO3; LOP - N(REE)TrrO6; LU = NsNbO3; LATRAP =

C€rNbF€Od PEROV = CefiQ. Conpositiom: l- 3, this wor( 4, Mitchell (1996);
5-7, ttir rcrk &9, Chakhowdie (1996); 10, Mckel & McAdm (1964).Totals of
ompositioro E & 9 itrclude 1.0 snd 0.t fl% ZrO, BpEtively Ld. = not d€f41€d

by Nickel & McAdam (1963) to be rich ir Ca, M, Fe
and Ti, and thus distinct in composition from Na-,
REE- and M-rich perovskite-group minerals such as
loparite-(Ce) and lueshite.

Thble I presents compositions of latrappite ftom the
type locality obtained by electron-microprobe analysis
(this work, Mirchell 1996, Chakhmouradian 1996).
Back-scattered electron images show that minor
compositional zoring, primarily with respect to Nb and
Fe, is present. The compositions, recast into the nomen-
clature scheme for perovskite-group minerals
suggested by Mrchell (1996), are also given in Table 1.
ln this scheme of recalculation, Fe is considered to be
entirely in the ferric state (see below). These data show
that latrappite may be regarded primarily as a
quaternary solid-solution between CaTiO. (perovskite
sensu stricto), NaNbO3 flueshite), CarNbFe3*Ou,
and Ca2Nb2O7. Other end-member perovskite-group
compounds such as tausonite or loparite account for
less than lO mol.Vo of the composition. The synthetic
end-member Ca2MFelOu is a B-site double perovskite
(Filipyev & Fesenko 1965, Chakhmouradian &
Mirchell 1998), and CarNb2oT is a layered derivative
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Ca,NbFe*O.
( Latrappite )

NaNbO"
( Lueshite ) Ca.Nb,O,

GaTiO.
( Perovskite )

Frc. l. Compositions (mol.7o) oflatrappite, "dysanalyte" and niobium perovskite plotted in the ternary systems NaNbO3 -

CaTiO. - CarNbFe:*Ou and CaTiO. - Ca2MFe3"Ou - Ca2Nb2O7 . Numbered compositions of niobian perovskite or
"dysanalyte" are for: l. Oka (this work); 2. Magnet Cove (Lupint et aI. 1992);3. Kaiserstuhl (Meigen & Hugel I9I3);4.
Kaiserstuhl (Hauser 1908); 5. Kaiserstuhl latrappite (Van Wambeke 1980); 6. Calgon Pit, Magnet Cove carbonatite
(Chakhmouradian & Mitchell, unpubl. data). Samples from the Oka alkaline complex (Quebec) include latrappite (OKA)
from the type locality (Nickel & McAdam 1963), and niobian perovskite ftom the Bond Zone carbonatite and Husereau Hill
okaite (HII).

of the perovskite strucftre (Scheunemann & Miiller-
Buschbaum 1974).

Table 1 and Figure I demonstrate clearly that the
composition of latrappite from Oka is dominated by
significant amounts of the CarMFe3*O6 and Ca2MrOT
components. Nickel (1964) did not consider either of
these compounds as the potential end-member
perovskite to which the name latrappite might be
applied. Interestingly, CarMFe:*Ou had previously
been recognized by Tikhonenkov & Kazakova (1957)
as a major component of "dysanalyte'o from the
Kaiserstuhl complex, but the component was not given
a specific name. Mitchell (1996) has suggested that
the name latrappite be retained for the CarNbFer*Ou
component. However, it could be argued, because of
the dominance of the Ca2MrO, component in material
from the type locality, that the name latrappite be given
to this component and that dysanalyte be retained for
Ca2MFer*O6 on the grounds of historical precedence.
It should be noled that in terms of current nomenclature,
"dysanalyte" is merely a varietal name for M-bearino
oerovskite.

"Dysanalyte"

Representative compositions of "dysanalyte" from
the Kaisersfuhl carbonatite complex are given in
Table2 and illustrated in Figure l. These data show
that "dysanalyte" exhibits considerable within- and
between-grain compositional variation, but is not as
enriched in Nb as latrappite. Table 2 and Figure 1
demonstrate that "dysanalyte" is primarily a solid
solution involving CaTiO3 , NaNbO3, and Ca2M2O7,
and that the latrappite (CarMFe3*O6) component is
typically less than 12 mol.Vo. Many compositions are
best regarded as sodian niobian perovskite.

The "dysanalyte" studied typically exhibits all
stages of replacement by a variety of niobian titanates.
Replacement can range from minor effects along the
edge of crystals to total replacement. The initial stage
of replacement in some instances involves formation
of a calcium-bearing pyrochlore-like mineral, which
is replaced in turn by a complex intergrowth of
niobian rutile and (Nb,Ti,Fe,Ta)rO5 (Table 3). In other
instances, the latter minerals appear to form as a direct

PEROVSKITE

0 3  
|' \ . . . .1a  l l l

ilery



LATRAPPITE: A RE-INVESTIGAIION 1 1 1

TABLE 2. REPRESENTATTVE COMPOSMONS OF'DYSANALYTE-
W t . o / o 1 2 3 4 5 6 7 8 9 t 0

^t%Ot V3 O.29 l.U 2.02 2.20 0.86 l.t5 l. l2 t. l2 0.55
fio, 43.47 39.t3 34.84 33.18 33.t4 29.48 28.71 21.U 25.06 15.16
ZrO2 0.68 0.42 0.06 0.18 0.09 0.21 0.20 0 t4 0.30 0.85
FqO, 3.42 4.lO 5.63 5.03 4.86 5.19 4.52 4.97 5.23 5.41
IA2q 1.23 0.93 0.60 0.56 0.45 0.53 0.43 0.19 0.36 0.20
Cqq 2.81 2.s2 l.n l.61 1.55 r.29 1.34 L 15 0.97 0.33
Prp3 0.26 0.16 0.19 0.17 0.02 0.10 0.24 0.06 0.05 0.04
N4O, 0.59 0.65 0.47 0.46 037 0.34 0.29 0.23 0.13 0.05
IvltrO [d 0.04 0.08 trd. trd. 0.06 0.12 od. 0.20 0.07
MgO rd.0.05 0.06 0.12 0.09 0.17 0.23 0.22 0.25 Ld.
CaO 33.85 32.71 32.U 31.A7 30.89 28.71 27.76 27.69 28.06 20.00
Sto 0.31 0.30 n.d. 0.08 0.08 0.21 0.23 0.18 0.1? 0.29
NUO l.4l 1.93 l.9O 2.20 2.6 3.67 4.28 4.40 3.82 6.67
Total 99.25 9.26 9.23 99.50 9.6 9.17 1@.25100.20 99.35 99.97

Stsuch[al fomlse based o 3 oxygm
t{b 0.r2r 0.179 0.214 0.249 0.262 0.322 0.348 0.363 0.387 0.591
Ta 0.002 O.Og2 0.012 0.014 0.015 0.006 0.@8 0.008 0.008 0.004
Ti 0.797 0.7?5 0.653 0.623 0.62t 0.559 0.54t 0.521 0.480 0.296
k 0.001 0.@5 0.@1 0.@2 0.00t 0.003 0.002 0.@2 0.004 0.011
Fe 0.063 0.076 0.106 0.@5 0.091 0.09E 0.085 0.094 0.100 0.106
M! - 0.@l 0.@2 0.001 0.@3 - 0.m4 0.OgZ
Mg - 0.@2 0.002 0.004 0.@3 0.006 0.@9 0.@8 0.009 -
>IB 0.991 0.990 0.90 0.917 0.993 0.995 0.96 0.996 0.W2 t.04

la 0.011 0.@E 0.006 0.(n5 0.@4 0.@5 0.004 0.m4 0.003 0.@2
Ce 0.026 O.V23 0.016 0.015 0.014 0.012 0.012 0.011 0.@9 0.@3
PI 0.002 0.001 0.002 0.002 - 0.001 0.002 0.@l
Nd 0.005 0.006 0.004 0.@4 0.003 0.003 0.003 0.002 0.001
Ca 0.E85 0.8e1 0.877 0.853 0.825 0.777 0.745 0.744 0.765 0.556
Sr 0.@l 0.@4 - 0.001 0.001 0.m3 0.003 0.003 0.003 0.004
Na 0.067 0.092 0.09 0.107 0.129 0.179 0.208 0.214 0.188 0.341
EA 1.000 0.998 0.987 0.97 0.976 0.980 0.9n 0.919 0.969 0.906

MoL % od-nmbqs
sifio3 0.38 0.38 - 0.10 0.10 0.24 0.30 o.u 0.23 0.43
LOP 6.61 5.55 3.n 3.77 3.13 3.14 3.r0 2.4 2.r5 r.07
LU 4.40 7.36 7.99 9.59 12.18 17.40 20.34 21.23 18.89 37.97
Lq.TRAP 6,92 8.45 11.90 10.72 10.43 11.27 9.76 10.76 ll.@ 13.23
Ce2l.lbro' 6.09 8.93 12.16 14.9 14.34 14.58 15.14 ls.6l 20.68 28.55
PEROV 75.60 69.33 64.06 60.85 59.82 53.34 51.37 49.68 46.45 18.75
Total Fe @lqdstql s FqOr; Conpositiom I-9 thi! wrk l0 Vu w@be&e (1980)
trd. = rct dct*ted. LOP = Na(REB)TI Od LU - NaNbOt; LATRAP =
CaJ.{bF€O6; PEROV = CrTiO!.

TABI-E 3. F*Ti-Nb-BEARING O)flDES REPLACING'DYSANALYTE"

Niobian perovskite

Niobian perovskite is common in the Bond Zone
and at Husereau Hill in the Oka complex. Table 4
gives representative compositions for these and other
M-bearing perovskites from Oka. Figure I shows that
perovskite from the Bond Zone is similar in composition
to the most M-rich "dysanalyte" from Kaiserstuhl.
Table 4 also gives compositional data for Na- and
REE-poor niobian perovskite from Magnet Cove.
These minerals represent solid solutions involving
CaTiO3 (dominalq, and minor Ca2MFelt6u, Ca2M2Ot
arldREEjti2OT , and are clearly unlike niobian cerian
perovskite described from agpaitic undersaturated
alkaline complexes (Mitchell & Chakhmouradian
1996). Figure I is interpreted to indicate that there is
possibly a continuous solid-solution among CaTiO3,
Ca2MFe3*O6, CarMrOT, and NaNbO3.

M0sssauEn SpEcTRoMETRY

The Mtissbauer spectrum of latrappite (Fig. 2) is
similar to previously published spectra of perovskite
(Muir er al. 1984) and shows a simple Lorentzian
doublet with a center shift of 0.388 + 0.005 mm/s

4REPRESENTATTVE

1.59 33.94 44.2t 10.19 2.69 8.66 9.3t

Nbro,
Tqot
Tio,
Fqq

r 2 3 4 s 6 7 8 9 1 0
50.02 50.63 49.t3 47.24 42.80 52.9 47.34 32.22 26.89 33.@

l.6l t.4t 2.45 2.59 322 3.12 1.85 2.24 2.24 2.57
33.U) 32.t8 35.69 3E.6E 4r.91 32.9 3E.@ 59.72 65.81 57.6s
14.24 14.34 11.58 12.13 t1.73 tt.79 12.58 5.83 3.42 5.62

I&q 0.93 0.50 r.02 0.76 2.sr 0.s5 1.05 1.60
CqOr 1.96 l.8l l.5E 1.21 5.55 2.15 2.26 2.38
Prrq nd. nd. n.d. 4d. 0.12 0.16 nd. Ld.
N4O, 0.77 0.04 0.67 0.09 l.4l 0.67 0.54 0.3E
CaO 2A.51 26.83 25.44 23.52 30.16 37.68 37.46 37.49
sto 0.61 0.54 0.5E 0.57 0.57 0.50 0.16 0.33
NLo 3.39 4.31 4.90 6.03 1.38 0.14 0.28 0.15
Total 99.4 98.68 100.47 IOL.L9 9A9 99.09 98.12 l@.30

Stru6@.1 fomule b6€d m 3 atoru of orygst
l{b 0.333 0.365 0.393 0.514 0.116 0.029 0.096 0.1t2
Ta 0.006 0.004 0.017 0.003 0.003 - 0.@l 0.002
'Il 0.495 0.515 0.4'74 0.3?5 0.?68 0.y20 0.781 0.772
Fe 0-156 0.110 0.102 0.146 0.097 0.0214 0.105 0 104

la 0.00E 0.005 0.009 0.007 0.023 0.002
C€ 0.018 0.017 0.0t5 0.012 0.051 0.019
P I - - 0 . @ l  0 . 0 0 1
Nd 0.007 - 0.006 - 0.013 0.006 0.@5
Th 0.(D3 0.@2
Ca 0.7t3 0.735 0.648 0.U9 0.A32 0.958 0.983 0.972
Sr 0.@9 0.@8 0.009 0 009 0 008 0.@7 0 004 0.@5
Na 0.169 0.214 0.2a3 0.301 006t 0.016. - 0.007
EA 0.994 0.979 0.930 0.97t 0.999 I.0l I l.O2l 1.022

0.79 0.59 2.42 0.39 0.E9 tr.d. 0.16 0.33
25.6 26.76 24.6t 16.80 N.47 51.55 42.43 42.M

rd. n.d. ! d" rd. 0.49 0.31 rd. o.l2
8.10 5.72 5.3t 7.55 5.15 2.49 5.12 5.70

0.79 0.74 0.59 0.35 0.05
3.4E 13.46 4.01 0.13 2.@

30.53 2.33 0.19
17.13 10.95 4.79 11.65 l l., l8

CjTtlOT 170 1 44
Ca2NbrO? 15.47 15.2S 17.24 21.52 703 1.20 6.38 7 19
pfuoi ulo q6.% qt.sz zass ps.qg sg??- -tg.t.E- .T to

fotat f" elo,nea u neros; LOP - Na(REE)TirO6 LU = Nal'lbOr; LATRAP "
CarMFeO6; PEROV = Ca'llQ. Comporitiw: l-4 Botrd zong Ok4 5 ltuse@
fnt" Ok4 O UCuttio, Oka; 7{ Cslgpn Pit, Mag!4 C@ rd - not ddded

0.009
0.020

0.014
o.o2l

0.003
product of the replacement of perovskite. A description
of the replacement process will be given in a subsequent
paper.

Although Van Wambeke (1980) has described
latrappite (with Nb > Ti) from this locality (Table 2,
anal. l0), we did not encounter in our work any M-rich
compositions similar to those of the Oka material that
could be described as latrappite. Note that the latrappite
analyzed. by Van Wambeke (1980) is compositionally
unlike latrappite from the type locality in being
relatively rich in Na, and hence contains greater
amouDts of the NaNbO3 component.

Mol.% ad-mmbqs
SrTiO, 0.82 0.72 0.78
t,oP 5.3t 3.28 4.9
LU 15.68 2l.Oa 23.42
LAIRAP 1E.00 12.72 1l;75

&10 aiobim nnile. Total Fe uprwed c FqO,
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FIc. 2. Miissbauer spectrum of latrappite.
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relative to cr-Fe, a quadrupole splifting of 0.398 + 0.005
mm/s, and a line width of 0.44 t 0.01 mm/s. The
hyperfine parameters indicate that: (1) all iron occurs
as Fe3*, and (2) Fer* occupies only one type of site.
Systematics between site geomrctry and the center sffi
indicate that Fes* occupies the octahedral site in the
perovskite structure (McCammon 1996). Significantly,
no peaks arising from Fe2* can be observed. These data
are the basis for the calculation of the total Fe content
of latrappite as Fe2O3 Gable l), and the assignment of
all Fe3* to the Ca2MFe3*O6 component.

X-ftAv )Fp,{crIoN AND RIETvELD ANALySIS

X-ray dffiaction

The observed and calculaled X-ray powder-diftaction
patterns of latrappite are given in Table 5 and Figure 3.
In the usual orthorhombic orientation of the perovskite
structure, the space group is Pbnm, and the cell
parameters ue: a 5.4479(3), b 5.5259(3), c 7.7575(5) A

[cf, Nickel & McAdam (1964), who give Pcmn: a
5.M8, b 7.777, c 5.553 Al.
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Flc. 3. Rieweld refinement data for latrappite.

As CarMFe:*O6 is an ordinary, although complex
perovskite, we cannot expect its presence to be reflected
in the XRD pattern, unless there is a superstructure
resulting from the ordering of M and Fe; peaks
attributable to such ordering were not evident.
However, Ca2M2O, is expected to produce additional
diffraction peaks in the XRD pattern if present in
sufficient amounts. The situation is analogous to solid
solutions in the Sr,_,LaJiO3*s.5, series of compounds
(Bowden et al. 1995). In this series, peaks attributable
to the lanthanate perovskite appear in the powder-
diffraction pattern only where x exceeds 0.5. As there
are no anomalous peaks in the X-ray-dif[raction panem
of latrappite that might originate from Ca2Nb2Or, it
seems reasonable to conjecfure that this component
must also exceed at least 50 mol.Vo before its presence
might be reflected in the powder pattern.

Crystal structure

Structural par4meters determined by Rietveld
analysis are given in Table 6, and selected bond-lengths
and angles, in Table 7. These data show that the
structure of latrappite is very similar to that of CaTiO,
(Buttner & Maslen 1992).The principal differences are
the longer metal-oxygen bonds in, and greater
distortion of, the XOe polyhedron in latrappite arising
from the introduction of Nb and Fe3* into the structure,
In common with CaTiO, perovskite, the XOu polyhedron

TABLE 6. CRYSTAL STRUCTIJRE DATA FOR LATRAPPITE
A t o m X Y Z B
ca(Na) -0.0076(3) 0.0359(5) 0.25 0.61
N ( F e , f i ) 0 0 . 5 0 0 . 4 0
ol o.o1a3) o.48oo(2) 0.25 0.53
02 0.7087(r) 0.2871(l) 0.0364(l) 0.50

Cell parametm: a = 5.4479(3);b = 5.5259(3); c=7.7575 (5) A
Spaco group=.Pbum; Y =233.54 E; Z= 4
Brase R-ftctor= 4.E4%; R-WP = 11.370: S = 1.86; D.WD = 0.94

is compressed along the Ol-(X)-Ol axis, but in contrast,
there is greater distortion in the equatorial 02 plane,
and the (n42 bonds of latrappite differ significantly
in length. Significantly different (X)-O1-(X) bond
angles for latrappite and perovskite are expressed in
the greater tjlt of the Iatrappite XOu polyhedra about the
[1ll] axis than found in perovskite (Table 7).

ElBcrnoN Mrcnoscopv

HRTEM studies of solid solution in the systems
CarMrOr - CaTiO, (Nanot et a/. 1975), and Ca2MrOt
- NaNbO3 (Portier et al. 1974) have demonstrated the
occurrence of slabs of Ca2MrOr interleaved with
layers of normal perovskite. By analogy, we expect that
similar intergrowths should be visible in natural
perovskites that are sufficiently rich in the Ca2NbrOt
component. Electron-diffraction patterns and high-
resolution images were obtained for about 20 crystals

R-WP/R-expected = 1 1.3716.1 6
Bragg R-factor = 4.84
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-o(r)B 2.369
-O(2)Ay2 2.69E
4(2)cxo 2.6s7
4(2)DYo 2.4t6

Nb-O(t),O 1.987
4(2)ArA 1.996
4(2\Cv2 r.972

Bond Angld

Nb-O(t)-M = 155.0
Nb{(2)A-M = ls5.8P
q2)A-Nb-o(2)c = 8e.?F
o(r)-Nm(2)c = 88.5"
o(l)-Nb-c{2)A = 8e.E"

Tdt Atrglg

[00t] = 6.',|"

- o(l)B 2.363
- O(2)A r2. 2.672
-oerc p 2.671
-o(z)D fl. 2.3E0

Ti - O(l) x2 1.953
-O(2)Ax2 1.9s9
-O(2)C]2 1.958

Ti-o(l)-Ti = 156.f
TiO(2)A-Ti = 155.80
O(2)A-Tio(2)c = 8e.4'
ofl)tsri-o(2)c - 89.30
o0)-Nb-o(2)A = 8e.6"

[00u = s.4.
[010] = 8.4'[010] = 9.6"

TABLE 7. LATRAPPITE AND PEROVSKITE:
INTERATOMICDISTANCES (A) AND ANGLES (')

L€ffapDirc Pqoskite
Ca - O(l) 2.496 C€ - O(l) 2.48E
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