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ABSTRACT

Jeffreyite, a new species from the Jeffrey mine, euebec,
occurs as small micaceous aggregates associated with gros-
sular in a rodingitized granite dyke. It forms clear, color-
less, pseudotetragonal plates up to 1.2 x 1.2 x 0.02 mm.
The forms include the pinacoid {001}and a prism, Ill0].
The mineral is brittle, with perfect t00l] and {l l0} cleavages.
Hardness 5. Density (g/cm3) is 2.99Q) (meas.) and 2.9g
(calc.). Its crystals are optically biaxial negative, a 1.625e),
P 1.641(2), 1 L.U3Q);2V,(meas.) 40e).,2Vx (calc.) 39.;
the orientation of the indicatrix is Xllc anci Flla. It is
orthorhombic, with 

"space 
group C222r, a 14.90(l), b

14.90(l), c 40.41(8) A and 7,^: 64. The strongesr X-ray
powder-diffraction lines [d in A (t)(hk\] are 10.13(20X004),
s.2r(30)(220), 5.00(40)(00s,026), 3.62(30)(228),
2.993(90)(408), 2.77 4(100)(42U, 2.541 (70X0 0.16,444),
2.360(40)(620), 2.323(30)(448), 2.22e(40)(608),
1.866(40)(800) and 1.755(50)(660). Electron-microprobe
analyses gave SiO2 46.7 , N2O3 2.8, CaO 37.4, and Na2O
2.3. Atomic-absorption analysis gave BeO 8.1 and TGA
-gave H2Q 1.8 (total 99.1). This yields (Ca1.6eNae.1e)s1.r,
(Bee.62A1e. 1a)po.e6si r.ez(O6.4eO Ho. s r )rz'  6-r,  i i i6a-t iy,
(Ca,Na)2(Be,Al)Si2(O,OH)7. The name refers ro rhe type
locality.

Keywords: jeffreyite, new mineral species, calcium-
beryllium silicate, rodingite, Jeffrey mine, euebec.

SoMN4arns

La jeffreyite, nouvelle espbce min6rale provenant de la
mine Jeffrey, au Qu6bec, se pr6sente en petits agr6gats
micac6s associ6s au grossulaire dans un dyke de granite
rodingitise. Elle forme des plaquettes pseudotdtragonales
transparentes, incolores, pouvant atteindre 1.2 x 1.2 x
0.02 mm, qui comprennent deux formes: le pinacoide
{001}et un prisme, Ill0]. Elle est cassante et pr6sente les
clivages parfaits [001] et I I l0]; sa duret6 esr de 5. Sa den-
sit6 est de 2.99(2) (mes.) et 2.98 (calc.). Ses cristaux sonr
optiquement biaxes n6gatifs, a 1.625e), B 1.641(2), 7
l.6a3Q); 2Vlmes.) 4Q)', 2Vx (calc.) 39.; I'orientation
de I'ellipsoide est Xllc et I,lla. La jeffreyite est orthorhom-
bique, grogpe spatial C222r, avec a 14.90(l), b 14.90(l),
c 40.41(8) A et Z = 64. Lgs raies de diffraction des rayons
X les plus inrenses [d en A, Q@kt)l sont: 10.13(20xd04),
s.2r(30)(220), 5.00(40)(008,026), 3.62(30)(228),
2.993(90X408), 2.77 4(100)(428), 2.s4r (7 O)(00.16,444),
2.360(40)(620), 2.323(30)(448), 2.22e(40)(608),
1.866(40X800) et 1.755(50X660). Les analyses i la
microsonde 6lectronique ont donnd 5iO246.7, Al?O1 2.8,
CaO 37.4, et Na2O 2.3. L'analyse pai absorptfon ato-

mique a donn6 BeO 8.1 et ATG a donne H2O 1.8 (total
99. 1). On en tire (Ca1.6eNao.rs)1.ee(Beo.s2Ab.l4)Eo.e6sir.e
(O6.4eOH0.5l)87 ou, idCalement, (Ca,Na)2@e,AI)Si2
(O,OH)7. Le nom correspond a la localit6 type.

Mots-cl6: :effreyite, nouvelle espece min6rale, silicate de
calcium et de b6ryllium, rodingite, mine Jeffrey,
Qu6bec.

INtnooucrtoN

The Jeffrey mine, located at Asbestos, Shipton
Township, Richmond County, Quebec, is the second
largest asbestos deposit in the world (after Asbest,
U.S.S.R.). Over sixty species have been identified
from this locality, many of which are described by
Grice & Williams (1979). This is the second new spe-
cies to be described. Both jeffreyite and spertiniite
(Grice & Gasparrini l98l) were submitted as
unknowns by Mr. F. Spertini, Chief Geologist at the
Jeffrey mine, Johns-Manville Canada Incorporat-
ed, to one of the authors (J.D.G.).

Jeffreyite is named for the Jeffrey mine, the type
locality. Both the name and data have been approved
by the International Mineralogical Association Com-
mission on New Minerals and Mineral Names. The
type material consists of a few milligrams of material
preserved at the National Museum of Natural
Sciences, Ottawa (NMNS #48740).

OccutnsNcs

Jeffreyite is a very rare mineral, found in a cavity
in a rodingitized granite dyke exposed in the Jeffrey
open pit. These dykes have undergone extensive cal-
cium metasomatism, resulting in a large number of
calcium silicates such as diopside, grossular, vesu-
vianite, pectolite, prehnite, wollastonite, zoisite and
now the recently discovered jeffreyite. Wares & Mar-
tin (1980) gave details of the petrology of these dykes.

The few jeffreyite crystals found are associated
with clear, colorless grossular. Although only a small
amount of this mineral has been found to date, it
could easily be overlooked or mibtaken for a mica.
Hence it may be more conunon than presently rep-
resented.
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colored grossular crystal. The width of field of view is
5 mm.

PHYSICAL AND OPTICAL PROPERTIES

Jeffreyite occurs as thin pseudotetragonal plates
up to 1.2x 1.2x0.O2 mm, almost micaceous in ap-
pearance (Fig. 1). It is brittle, with perfect {0011 and

[110] cleavages and hardness approximately 5.
Jeffreyite is clear and colorless but the crystals, as
originally found, have a brownish cast due to a fun-
gal coating that can be removed by washing for 20
minutes in a PLASMOD radio-frequency-induced
oxygen-plasma generator. Jeffreyite does not
fluoresce in ultraviolet radiation, and it is not read-
ily soluble in 2090 HCl.

To determine the density, three different grains
were suspended in a methylene iodide - methyl al-
cohol solution aI2l"C; the density of the matching
solution was measured in a 2-cm3 pycnometer. The
resulting measured density, 2,99Q) g/cm3, com-
pares wiil with the calculated density, 2.98 E/cm3.

TABLE 1. -l}IE NqiIENCLAIURE OF MELILITE-GROUP I'IINERALS
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Optical measurements on jeffreyite were made on
a spindle stage with sodium light O 589 nm). It is



biaxial negative, d 1.625Q), P l.64lQ),1 l.g3Q).
The 2V, (measured) is 40(2)', which compares well
vtith2v,(calculated) of 39o. The optical orientation
is Yparallel to a and Xparallel to s. llyinning was
observed on (100). The Gladstone-Dale calculations
yield K.0.21I and K" 0.214 using the constants of
Mandarino (1981). This indicates superior agreement
between analytical and physical data (Mandarino
1979).

Cnysrer,r,ocnApHy

Jeffreyite crystals have a simple morphology. The
observed forms on the plates include the pinacoid
{001} and a prism, [110].

X-ray studies and subsequent chemical analyses
show jeffreyite to be closely related to gugiaite,
meliphanite and leucophanite, all members of the
melilite group. The nomenclature of this group is
summarized in Table 1. The X-ray precession pho-
tographs show that this mineral is pseudo^tetragonal,
qrith subcell dimensions a : b : 7.5 A, c : 5.0
A. ttre true cell, although dimensionally tetragonal
(a = b), is actually orthorhombic in space group
C222t. Tbe conditions for nonextinction that indi-
cate this space group are: hkl with h+ k = 2n, Okl
with k = 2n anld 00/ with I : 2n. The cell dimen-
sions were refined using X-ray powder-diffraction
data obtained from a 114.6-mm-diameter Debye-
Scherrer camera and CuKo radiation. The refined
unit-cell parameters^and volume are q14.90(l), b
14.90(l), c 40.41(8) A and V 8971(30) A3 wirh Z :
64. The X-ray powder-diffraction data for jeffreyite,
as well as the closely related powder patterns of
gugiaite, meliphanite and leucophanite, are given in
Table 2. The X-ray powder pattern of jeffreyite has
several diffraction lines in addition to those report-
ed for gugiaite and a few weak lines that distinguish
it from all three minerals, gugiaile, meliphanite and
leucophanite. The dvalues for these diffraction lines
are 10.13, 4.70, 3.50, 3.09, 2.905, 2.576, 2.143,
2.020,1.716,1.666,  1.631,  1.535,  1.511,  1.290 and
1.244 A: in addition, there are several weaker
reflections.

CHEMICAL CotrtposrrroN

Wavelenglh-dispersion analyses for Na,Al,Si and
Ca were obtained uging an ARL-SEMQ electron
microprobe at an operating voltage of 15 kV and a
beam current of 0.1 x 10-6 amperes. Quartz, al-
bite and anorthite of known composition were used
as standhrds for Si, Na, and Ca and Al, respectively.
No other elements with atomic numbers greater than
nine s1s present. The data were corrected by the
Tracor-Northern ZAF (version ll, 1981) computer
program, and the results are presented in Table 3.
BeO was determined by atomic-absorption spec-
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TABLE 3. TIiE COMPOSITION OF JTFFREYITE

L L j . L 9 , 9 - Z . g . l M E A N
5 i0z  47 .3  46 .?  47 .1  45 .8  46 .4  46 .9  46 .4  46 .4  47 .5  46 .7(5)
e t . 0 r : . 0  3 . 2  2 , 7  3 . 0  2 . 8  2 . 5  2 . 7  2 . 7  2 . 7  2 . 8 ( 2 \
cao 

'  
37 .2  37 .1  37 .2  37 .6  37 .2  37 .6  37 .8  36 .9  38 .1  37 .4(4)

B e o *  8 ,  1  8 . 1  8 . 1  8 . 1  8 . 1  8 . 1  8 .  1  8 . 1  8 .  1  8 .  1
N a 2 0  2 . 0  1 . 2  3 . 5  L 9  1 . 5  3 . 1  1 . 8  2 . 7  2 . 8  2 . 3 ( 7 )
H z 0 * *  _ _ 1 _ g  _ ] . g .  1 . 8  1 . 8  1 . 8  1 . 8  1 . 8  1 . 8  1 . 8  l  8

T o t a l  9 9 . 4  9 7 . 6  1 0 0 . 4  9 8 . 2  9 7 . 8  1 0 0 . 0  9 8 . 6  9 8 . 6  1 0 1 . 0  9 9 . 1

*  M,  Ana lys t ,  J . -1 .  Bouv ie r ,  Geo log lca l  Survey  o f  Canada.
r* TeA. Analyst, J. Argo, Canadian Conservation Institute.
The renalnder of the data were obtalned by electron microprobe.

trophotometry and H2O by thermal gravimetric
analysis. The 1.8 wt.9o H2O was driven off in one
step between 770 and 1000'C. The low totals may
be due in part to volatilization of light elements dur-
ing analysis.

Using the mean composition given in Table 3,
the chemical formula calculated on the basis of
7(O,OH) is (Cat.6eNq.1e)21.s@e6.32A\.r)ro.xSir.rt
[O6.4e(OH)0.jr]rz or, ideally, (Ca,Na)2@e,Al)Si2
(o,oHD.

DtscussloN

Jeffreyite is a member of the melilite group. Wi-
thin this Broup, ieffreyite is chemically similar to
gugiaite, meliphanite and leucophanite, all of which
contain essential calcium, beryllium and silicon (Ta-
bles l, 4). Since analyses of meliphanite show a con-
siderable range of Ca and Na, but always with
Ca>Na, Fleischer (1963) suggested that the species
gugraite was unnecessary as it is simply a Na-poor,
F-poor end member of meliphanite. Now that the
meliphanite and gugiaite structura have been solved,
it has become evident that these minerals are distinct
species. Gugiaite is isostructural with ikermanite
Ca2MgSi2OT (Kimata & Ohashi 1982), with Be oc-

TABLE 4. REPORTED COMPOSITIONS OF JEFFREYITE, GUGIAITE,
METIPHANITE AND LEUCOPHANITE

JEFFREYITET GUGIAITE2 MELIPHANITE3 LEUCOPHAI'IITE4
46.7 44.90 43.60 48.50
2 . 8  2 . 1 7  4 . 6 1  0 ; 4 5
n . d . *  0 . 1 ' l
n . d .  0 . 0 7
n . d .  0 . 3 8  0 . 1 6  0 . 2 7

37 .4 40 .  09 29 .56 22 .94
B .  l  9 . 49  9 .80  10 .03
2.3 0.72 7.98 12.42
n .d .  0 .20  0 .23
1 . 8  1 . 2 6  -  1 . 0 8
n .d .  0 .25  5 .43  5 .04

JEFFREY'ITE, A NEW MINERAL SPECIES RELATED TO MELILITE
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C l  0 . 1 8 ,  P 2 0 5  0 . 0 8 ,  v o l a t i l e  m a t t e r  0 . 0 4 ,  o i c l  0 . 1 7  ( P e n g
C h u i - j u i  a i  a L . 1 9 6 2 ) .  3 .  l 4 e l i p h a n i t e ,  L a n q e s u n d s f i o r d ,
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Nomay (Br 'dgger  1890a) .  *  n .d .  no t  de tec ted .
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cupying the Mg site of ikermanite. The crystal struc-
ture of meliphanite is closely related to that of
ikermanite. Althoueh the tetrahedral framework es-
sentially remains the same, there are some interest-
ing substitutional changes. Be in the meliphanite
structure does not occupy the corresponding Mg site
of lkermanite as it did in gugiaite. Instead, the Be
occupies one of the Skermanite Si sites and one Si
site in meliphanite is the Mg site in ikermanite. In
the supercell of meliphanite, the Ca and Na are no
longer found in a single site, as is the Ca in
ikermanite; there are now two distinct sites, one oc-
cupied by Ca and the other occupied primarily by
Na. Also, F in meliphanite has a distinct atomic po-
sition from that of any of the oxygen atoms @al
Negro e/a/. 1967). Leucophanite is dimorphous with
meliphanite; its structure (Cannillo et al. 1967) is
closely related to that of meliphanite. The relation-
ship of the jeffreyite structure to that of meliphanite
and leucophanite is presently unknown. The close
relationship in symmetry and cell size of the jeffreyite
subcell to that ofgugiaite has already been discussed
(Table 1); because ofthis relationship, it is evident
that the subcell structure of jeffreyite must be very
similar to the structure of gugiaite. The large super-
cell of jeffreyite is most likely due to the ordering
of some or all of the minor constituents sodium, alu-
minum and the hydroxyl ion into distinct atomic po-
sitions. In the empirical formula, there is
approximately one-eighth of a Na atom, one-eighth
of an Al atom and one-half of an OH ion. With 64
formula units in the unit cell these lesser constituents
give rise to the possibility of additional unique atomic
sites within space gxoup C222r, Since the minor
constituents Na, Al and OH may be of structural im-
portance, they have been left in the ideal chemical
formula given in Table 1.
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