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ABSIRA T

Calcioburbankite, ideally Na3(Ca,iREE Sr):(CO:)s, is a new mineral species found at Mont Saint-Hilafue, Quebec. It is the
Ca-analogue of burbankite, (N4Ca)3(Sr,BaCe)l(COJs, and of khanneshite, (Na,Ca)3@a"Sr,Ce,Ca)3(CO3)r. All data were
collected from a single, subhedral, deep orange, prismatic crystal 2 x 1.8 x 2 cm in size. Associated minerals include
ancylite-(Ce), calcite, a chlorite-group mineral, donnaflte-(Y), fluorapatite, natrolite, pyrite, rhodochrosite and rutjle. It is
elongate parallel to [m1], wittt { 100} dominant. It has a conchoidal fracture, a vitreous luster and indistinct { 100} cleavage.
The mineral is soft, Mohs hardness 3 to 4, gives a white streak and is brittle. Optically, the minerat is uniaxial negative,
ol 1.636(1), e 1.631(1) (1" 589 nn). It is transluscent, nonpleocbroic and non{luorescent" Combined X-ray powder-ditfraction
and lnecession studies show that the mineral is hexagonal, possible spa@-groups PQmc, P63mmc or P62c. The unit-cell dat4
refined from the powder data give a lO.447Q) c 6.318(3) A, V 597 .23(2) 43, a:c 0.6M8(4). The strongest eight reflections
determined from the powder data Id i\ A(I)(hMl are 2.601(10)Q20), 2.L3O(6X401), 3.01(5X3N,211), 5.20(4X110),
3.68(3X201), 1.649(3)(421), 454Q)Q.00) and 9.07(2\l@). Electron-microprobe results gave NqO 15.17, CaO 11.81,
BaO 0.46, SrO 7.65, La2q 930, CqO, 14.38, Pt2O3 1,.26, Nd2O3 3.76, Sm2O3 0.48 and CO2 (calculated according
to stoichiometry) 35.13, total 99.40 wt.Vo. T\e empirical formula (based on 15 atoms of oxygen) is
Na3.e7(Cat.r2Cq55Sre.a6tan3$fdo.raPro.mSmo.ozBfo .o)n.n(CO)s, for Z = 2, D"u'" 3.46 and D* 3.45Q) glcm3. The mineral
formed late in the paragenesis, possibly in a vent. The name designates its calcium-dominant position within hexagonal
members of the burbankite group of minerals. The physical data of calcioburbankite are compared to those of ofher members of
the burbankite group.

Keywords: calcioburbankite, Ca-analogue, burbankite group, new mineral species, carbonate, Mont Saint-Hilaire, Quebec.

SoMMans

Nous d€crivons la calcioburbankite, nouvelle espbce mindrale de composition id6ale Na:(CaTR,Sr)3(CO)5 (TR: terres
rares), provenant du mont Saint-Hilaire" Qudb€c. n s'agit de l'analogue calcique de la burbankite, (NaCa)l(Sr,Ba,Ce)3(CO)5,
et de la khannsshite, (NaCa)3@aSaCe,Ca)3(Co3)5. Toutes les donn6es obtenues ont 6t6 pr6lev6es sur un seul cristal
prismatique sub-idiomorphe, orange fonc6, mesurant 2 x 1.8 x 2 cm- Lui sont associ6s ancylite-(Ce), calcite, une chlorite,
donnayite-(Y), fluorapatite, uatolite, pyrite, rhodochrosite et rutile. I,es cristaux sont allong6s paralldles i [100], avec { 100}
dominant. Ils montrent une cassure concholdale, un 6clat vitreux et un clivage { 100} indistinct. Ir min6ral n'a qu'une duret6 de
3 h 4; il possbde une rayure blanche et il est cassant. ta calcioburbankite estuniaxe ndgative, ol 1.636(1), e 1.631(1) ()' 589 nm).
Elle est translucide, non pl6ocbroique et non fluorescente. Des dtudes par ditractionl sur poudre et sur cristal unique par
pr6cession montrent que le min6ral est hexagonal, groupe spa{al P6rmc, P63mmc ou P6?t. ks parambtres rdticulaires, affin6s
ipartirdesdonn6essurpoudre,sont:a10.447(3)c6.318(3) At"V597.23(2)43,a:c0.6048(4).Leshuitraieslesplusintenses
du spectre de diffraction X (m6thode des poudres) Ld en A(D@kDl sonr 2.601(10)(220),2.130(q(q1), 3.01(5X300,211),
5.20(4)(110), 3.68(3X201), l.U9(3)(421), 4.54(2)(200) et 9.07(2X100). Une analyse ) la microsonde 6lectronique a donn6
NqO 15.17, CaO 11.81, BaO 0.46, SrO 7.65, I,:'2q930,Ce2O3L4.38,W2O31.26,Nd2O3 3.76, Sm2O3 0.48 etCOr(calcul6
selon la stoechiomdhie) 35.13, pour un tatal de 99.40Vo (poids). La formule empirique (sur une base de 15 atomes d'oxygbne)
est Na3.07(Ca1j2ceo.r5Sre.a6la66l.[d6.1aPrq.s5Sm0.02Bq .r)o..(COt)t, ave.r Z=2, Da,3.46 et D@3.45(3). La calcioburbankite
a cristallis6 tardivement, et psut-Ctre dans un 6vent lr nom rappelle sa composition b dominance calcique parmi les membres
hexagonatx du groupe de la bwbankite. Nous comparons les donn6es physiques de la calcioburbankite a celles d'autres
membres du groupe de la burbankite.

Chaduit par la R6daction)

Mots-cl6s: calcioburbankite, analogue calcique, groupe de la burbankite, nouvelle esSce min6rale, carbonate, mont Saint-
Idlaire, Qu6bec.
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Burbankite-group minerals of general formula
A3B3(CO3)5, where A stands for Na" Ca, and B repre-
sents Ca, Sr, Ba and the rare-earth elements (REE), are
common constituents of peralkaline rocks. At Mont
Saint-Hilaire, Quebec, four memben of this group
were identified as a result of examination of specimens
preserved in the National Mineral Collection of Canada
and specimens more recently collected by staff of the
Canadian Museum of Nature. This work has resulted in
the characterization of two new members of the
burbankite group, petersenite-(Ce) (Grice et al.1994)
and calcioburbankite, the subject of this study. Olher
members that were identified at Mont Saint-Hilairc
include burbankite and remondite-(Ce). KhanneshitB
remains elusive there. However, grven the potential
of numerous chemical substitutions and the variety of
environments at Mont Saint-Hilaire in which these
minerals occur, additional new members of the group
may well be found. The physical and optical properties
of members of the burbankite $oup are similar
Cfable 1), hence new species were perhaps overlooked.

The specimen that was later designated the holotype
was collected by Mr. Jacques Bradley during the late
1960s, and acquired by the Canadian Museum of
Nature in 1972.T-he exact locality of the specimen, i.e.,
whether it originated from the Poudrette quarry or the
Demix quarry, remains unknown. Both quarries are
currently a single entity.

The name of this new species, calcioburbankite,
reflects its Ca-dominant chemistrv within the

TABLB 1. COMPARATTVB P}IYSICAL PR@RTIBS,
MINRALS OF THE BURBANKIIB GROIJP

MONO('-INIC
(psddslg@al)

burbankite group of minerals. The new mineral and
mineral name were approved by the Commission on
New Minerals and Mineral Names, IMA. The holotype
specimen is preserved at the Canadian Museum of
Nature under catalogue number 508M.

Occunnm{cs

Mont Saint-Hilaire, a complex agpaitic intrusion
located at a hiple junction and possibly the sile of a
mantle plume, is one of a number of compositionally
different plutons and stocks that are aligned along the
Ottawa-Bonnechbre graben, a failed rift (Kumarapelli
& Saull 1966) tlat extends from Temiscamingue,
Quebec (Kipawa elkaline complex, -900 to 1300 Ma;
Sinclair et al. L992) to the Newmount seamounts and
the continental shelf. Periodic activation ofthe graben
and triple junction, and the resultant igneous activity,
arc expressed by the Cretaceous (110 to 120 Ma)
emplacement of Mont Saint-Hilaire (Cunie 1989),
nunerous sills and dykes of the Monfreal region, the
Blackburn carbonatite (Hogarth et aI. 1,988), and other
intrusive bodies within the Monteregian Hills petro-
graphic province. A comprehensive overview of Mont
Sainf-Hilairc, including general information on mineral
species, and a complete set of references, is found in
Mandarino & Anderson (1989) and in Horv6th & Gault
(19e0).

Calcioburbankite occun in the quarry at Mont Saint-
Hilaire, Rouville County, Quebec, found in two
distinct modes of occurrence, each hosting different
mineral assemblages. On the holotype specimen, the
associated species include ancylite-(Ce), calcite, a
chlorite-group mineral, donnayite-(Y), fluorapatite,
natroliteo pyrite, rhodochrosite and rutile, suggesting
that the mineral may have formed in a vent (Van
Velthuizen 1990). Many species (including various
REE-beatng carbonates) are found in this mode of
occlurence. However, because an overlap between
assemblages in this environment and in altered
pegmatites, the exact mode of ocqurence for the
holotype specimen remains unclear.

Subsequent to the characterization of this mineralo
subhedral crystals of La-enriched calcioburbankite
CTable 2) were encountered in a vug in a fragmenl of
marble xenolith. These xenoliths are unique to the
aureole surrounding the homfels unit (Van Velthuizen
1990). Unlike other observed marble xenoliths at Mont
Saint-Hilaire, which are characterized by the consislent
presence of pectolite and sodic amphiboles, shortite is
the dominant late-forming mineral present in this
association. Calcioburbankite formed late in the
paragenetic sequence, but before shortite. In
this environment, tle mineral forms neady equant
crystals less than 0.5 mm asross that display {100},
have fibrous terminations and possess a silky white
exterior and a light pint translucent interior. Another
crystal 0.5 mm across displays {100} add {001}.
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IABLE 2. COMPARATIVE CT{BMICAL DATA ON MEL{BERS OF'Il{E BI'RBANKIIB ROUP FROM MONT SAINT-SILA]RE
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Associated species in this marble xenolith include
aegirine, calcite, fluorite, galena, leucophanite,
mangan-neptunite, microcline, molybdenite-2Ff
and -3R, nannrsukite, pectolite, pyrite, schairerite,
shortite, sodalite, sphalerite, thermonaftite and titanite.

nrysrcAr- AND OprrcAL kopnnrms

The holofype specimen of calcioburbankite is a
subhedral prismatic crystal, elongate parallel to {001},
measuring 2 x L.8 x 2 cm. The exterior of the crystal
is partially altered to ancylite-(Ce) and possibly carbo-
cernaite. A second crystal, relatively unaltered,
adjacent to the principal crystal, displays similal
physical characteristics. The interior of the main
crystal is deep orange in color, with a viteous luster; it
is translucent and gives a white steak. The Mohs
hardness is 3 to 4. Calcioburbankite has an indistinct
cleavage {100} and a conchoidal fracture; it is brittle.
Fluorescence was not detected in either long or
short-wave ultraviolet light. The measured density,
3.45(3) g/cm3, determiried by the suspension method
using Clerici solution, compares well with the
calculated density of 3.46 g/cm3 derived from
the empirical formula. It dissolves rapidly in l}VoHCl.
Calcioburbalkite is uniaxial negative, ro 1.636(1),
e 1.631(1) (1, = 589 nm), and is nonpleochroic. A

compatibility index of 0.0M was calculaled using the
Gladstone-Dale constants Qvlandarino 1979, l98l);
this indicates superior agreement between the physical
and chemical data

Gmncal Corvposmox

Chemical analyses were performed using a JEOL
733 Superprobe utilizing Tracor Northern 5600
automation. The wavelength-dispersion mode was
used. A conventiona! ZAF conection routine for data
reduction was employed using the Tracor Northern
Task series of programs. The operating voltage was
15 kV, and the beam current, 0.020 UA. To prevent
sample decomposition, the electron beam was
defocused to 50 pA. Chemical homogeneity
was checked using the electron-backscatter detector
prior to analysis. For each analysis Na was sought first
with the data for Na collected for L0 seconds. Data
collection for all other elements present was collected
for 25 seconds or 0.507o precision, whichever was
attained first.

The average result ofthree analyses on tbree grains
is given in Table 3. A lO0-second energy-dispersion
scan indicated no other elements with Z greater than 8,
except those reported here. The elements Y, Eu, Gd,
fr, Ot, Ho, Er, Tm, Yb, Lu, and Th were sought using
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wavelength-dispersion scans, but were not detected.
The concentrations of the REE were correcled for peak
overlaps. The following standaxds were used: albite
(NaKa, calcite (CaKo), sanbornite (BaLo), celestine
(SrZa), LaPO4 (LaZo), CePOa (Celc), PrPO4 (Prlcr),
NdPO4 (NdLa) and SmPOa (Smzcr). Carbon was
detected utilizing a Perkin Elmer 71Oc elemental
analyzer. The proportion of CO2 was calculated by
stoichiometry on the basis of the stucture analysis of
burbankite by Voronkov et al. (1967), which was later
refined by Effenbeiger et al, (L985).

Infrared analysis, using a Bomen Michelson MB
100 FIIR spectrometer equipped with a cryogenic
MCT detector, failed to detect the presence of OH or
HrO. Dawsonite, NaAl(CO)(Olt)r, was used as a
comparative standard.

The empirical formula of calcioburbankite, based on
15 atoms of oxygen, is Na3.q7(Ca132Srq.a6Cee.55lq.r,
Nd6.1aPrq.s5Smq.02Bq.et52.e2(CO3)5 or, ideally,
NadCaIE4Sr)3(COr)r for Z = 2.

TTIE CANADIAN MINERALOGIST

rABLE3. coMpARArrvEcuBr{rcALDArA X-Rey CnySfaU-OCnepUy
FOR MBMBBRS OF THE BI.'RBANKIIB GROUP
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X-ray precession photographs shovr calcio-
burba::kite to be hexagonal with possible space-gtoups
PQmc, P63mmc or F-62c. The unit-cell parameters of
calcioburbankite were refined by comparison with the
reported cells for^burbankite [space group P63mr,
a 10.51.4, c 6.520 A (Chen & Chao 1974)1. The mean
offive sets of data corrected for fibn shrinkage, were
refined using the progmm CELREF (Appleman &
Evans 1973). The indexed powder pattem is presented
in Table 4. The cell parameters and cell volume for
calcioburbankite are compared to other hexagonal
members of the group in Table 1. The comparison
demonstrates strong similarities of the X-ray-
diffraction data. Minor differences are noted vrith

TABLE 4. CALCIOBUR3ANKITB X.RAY PO'IgDBR-DTFFRACTION DATA
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respect to variations in intensity and shifted reflections
among calcioburbankite, burbankite, khanneshite and
remondite-(Ce). Petersenite-(Ce) is distinguished by
the presence of several extra reflections (Gice et al.
1994). Identification of members of the burbankite
group by X-ray means is tenuous, and additionat
optical and chemical data are necessary.

DrscussroN

Pecora & Ken (1953) described burbankite from
silicate - carbonate - sulfide veins in shonkinite and
mafic monzonite from the Bearpaw Mountains,
Montana and proposed the general formula pu(CO3)s,
where Q stands for Na, Ca, Sr, Ba, and REE.
Effenberger et al. (L985) proposed the formula
A3B3(CO3)5, with A l8]-coordinated, A-O = 2.488 4.,
and B [10]-coordinated, 84 = 2.683 A. fne A site is
occupied by Na and Ca atoms, and the B site, by
varying amounts of Sr, Ba" and REE, based on their
structure refinement of burbankite from the fype
locality.

Based on chemical data provided in Table 3 for
hexagonal members of the burbankite group, Sr, Ba,
and Ca are the dominant cations in the B site in
burbankite, khanneshite, and calcioburbankite, respec-
tively. Lesser amounts of Sr, Ba, and REE are present
in calcioburbatkite, but theA site is firlly occupied by
Na. Although the proportion of La is greater than that
of Ce in the B sile in La-endched calcioburbankite, the
total Ca content exceeds total REE in this site.
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