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Calciohilairitez CaZrSi3Oe.3HrO, the calcium analogue of hilairite from the
Golden Horn batholith, northern Cascades, Washington
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Department of Geology, Eastem Washington University, Cheney, Washington 99004, U.S.A.

Anstn-q.cr

Calciohilairite, CaZrSirOn. 3HrO, occurs associated with microcline, quartz, albite, fluo-
rite, chlorite, bastnaesite, zircon, and malachite in miarolitic cavities in peralkaline granite
of the Eocene Golden Horn batholith, northern Cascades, Washington. The crystals are
white to pale blue, trigonal, up to 2 mm long, and show the forms a' Illl}]t'a {2Ti0},
r I l} l2j, and -r {0112}. The probable space group is R32;with 4 : 20.870(4) and c:
16.002(4) A. ttre Mohs' hardness is 4, and there is a conchoidal fracture and no cleavage.
The density is 2.68(2) g/cm3 (meas.),2.74 g/cm3 (calc.). The optical properties are uniaxial
(-), , : 1.619(l), a : 1.622(l). The X-ray powder-diffraction pattern, which is very similar
to that of hilairite (NalrSirOn.3HrO), shows the following strongest eighthnesld (A),I,hkll:
5 .99,12,202;  5.23,100,220 3.14,14,422;  3.02,34,205,600;  2.606,8,440,612,244;
1.817,31,381,725,734; 1.67 1,17,930,482; 1.668,15,482,384. An average of six electron-
microprobe analyses yields the empirical formula

(Cao rnZr o,, Nao o, Cuo o, ) (Zro nnFeo o, )(Si2 82A10 .e)Oe' 3. 30HrO.

The name is for the Ca content and the relationship to hilairite.

INrnooucrroN ington (lat 48o31'4'N, long 120'39'7"W). Both occur-

The Eocene Golden Horn batholith drops out over 310 rences have been collected by Robert M' Boggs, who pro-

km, in the northern cascade Mountains in wurrri"sioo- vided the material for this study' The first occurrence'

Four granite types occur in the batholittt, u p".ui-tiii* discovered.in September 1982, consisted of white altered

arfvedsonite granite, an alaskitic border grunit., u rtvp.r- trigonal. prismatic crystals up to 2 mm associated with

solvus biotirt granite, and a subsolvus biotite gran;.isirll, microcline' qtJartz' albite' fluorite' and chlorite in a zone

1969; Boggs, 1984a, l9E4b). Several suites of unco;;; of small miarolitic cavities' The second' discovered in

mineralsoccurinmiaroliticcavitiesandsmanp.g"tit.r october. 1984' consisted of smaller (up to I mm) white

in the different granite types and have been a"t.IU.JUV to.pale blue unaltered crystals in a larger isolated mia-

Dunn et al. (1977) and Boggs (1980, 1984a, f SA+bl. rolitic cavity associated with microcline, quartz, albite,

Calciohilairite is the third new species to Ue described bastnaesite, zircon, chlorite, and malachite' kss than 500

from the Golden Horn batholith. The pr."io"riv-a"- mg of material has been collected from the two occur-

scribed species are zektzeite, NaliZrSiuo,, (ounn !t ut-., :encfs' 
other minerals found in miarolitic cavities in the

lg77) and, okanoganite, (Na,ca).(y,Na,c"l,rsirirorF,. bo.t9"l granite in the same area but not associated with

(Boggs, 1980). AII three species occur in mia.otitic #'rri- calciohilairite include allanite, kainosite, gadolinite' and

ties in the batholith, zekizerite and okanoganiieln tne beta-fergusonite(Boggs,1984a' 1984b)'

arfvedsonite granite and calciohilairite in the border prrysrcar, pRopERTrEs
granite (Boggs, 1984a, 1984b). The mineral has been ac-
cepted and the name approved by the IMA Co-;;;;; The material from the first find consisted of white al-

on New Minerals and Mineral Names. Th" r;;l;f;; tered crystals with a hardness of about 1. Owing to the

the Ca content and the relationship b i;il;i.ii; altered nature of these crystals, it was not possible to

(NarZrSirOn'3HrO). Co-type material has been dil;i,"d measure other physical properties' The crystals from the

in the National Museum ofNatural History, S-i;ht*i;; second occulrence are unaltered and thus permit their

Institution, Washington, D.C. (NMNH no. f Of Sgi un6 Ohysical .and 
optical properties to be measured' These

l62lg2)and in my own collecrion (no. T990 to Tt;t.- unaltered crystals have a Mohs' hardness of 4. The crys-
tals do not show any cleavage. The density is 2.68(2)

Occunnnxc' 
gcm3 (measured by flotation in heavy liquids) or 2.74
g/cm3 (calc.). The crystals are uniaxial ( - ), with e : I . 6 I 9( I )

Calciohilairite has been found in two occurrences in and ar : 1.622(l). The crystals have a vitreous luster and
boulders ofborder granite on a talus slope on the north show no fluorescence under either long-wave or short-
side of Liberty Bell Mountain, Okanogan County, Wash- wave ultraviolet light.
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Tnele 1. X-ray powder-diffraction data for calciohilairite and hilairite
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. Chao et al (1974).

Applying the Gladstone-Dale relationship with the
constants ofMandarino (198 l) and the observed average
composition gives a K. of 0.2274. The measured indices
of refraction and density give a K" of 0.2317 . This gives
a value of the compatibility expression I - (K"/K.) of
-0.0189, which indicates superior compatibility among
density, indices of refraction, and chemical composition.

X-ru.v AND MoRpHoLocIcAL cRysrALLocRApHy

The crystals are very similar in habit to those of hi-
lairite and show only four forms. These are two trigonal
prisms a' Ill2}j and' a 1211,0| and a right and left rhom-
bohedron r {1012} and - r {0 I 12}. No twinning, as seen
in hilairite, was observed. Figure I is a drawing of a typ-



B C
Fig. 1. Crystal drawings of calciohilairite. Forms shown are

a' {011,2},'a {21i0t, r tl072l, and -r {01i2}. (A) kft-handed
crystal. (B and C) Projections down the c axis of a left- and right-
handed crystal, respectively.

ical crystal along with two projections down c showing
the development of right- and left-handed crystals. This
interpretation of the morphological crystallography dif-
fers from that described for hilairite by Chao et al. (197 4),
who described the morphology in terms of a hexagonal
prism { I I 20 } and a rhombohedron {01 12}. All hilairite
crystals seen by me show a habit very much like that
shown in Figure l. This suggests that out of the possible
space groups reported by Chao et al. (1974), the space
group of both calciohilairite and hilairite is most likely
R32. This space group was confirmed for hilairite by the
crystal-structure determination of Ilyushin et al. (1981).

The X-ray powder-diffraction pattern of calciohilairite,
obtained on a Phillips difractometer using CuKa radia-
tion (tr : 1.54178 A) and quartz as an internal standard,
is very similar to that of hilairite. Table I shows the data
for calciohilairite (both the altered and unaltered mate-
rial) compared with the data from Chao et al. (1974) for
hilairite. The powder pattern obtained on the altered
crystals shows an unidentifred line at 7.17 A. This line is
not present in the pattern of an unaltered crystal obtained
using a Gandolfi camera and is attributed to an uniden-
tified phase in the altered material. Initially, a least-squares
refinement of the powder data for the altered material
(based on the relationship to hilairite and Weissenberg

Trele 2. Composition of calciohilairite (wt%)
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photographs) gave cell dimensions of a : 10.415(4) A
and c : 16.01(3) A. tater single-crystal diffractometer
work, using the unaltered material (Subrata Ghose, pers.
comm., July 1987), indicated that the above cell was a
subcell and that the actual cell has dimensions of a :

20.887(4\ A and c : 15.914(T A. A refinement of the
powder data for the altered material based on this new
cell gave cell dimensions of a : 20.870(4) A and c :

16.002(4) A. A refinement of powder data from the un-
altered material (obtained both with a Gandolfi camera
and a Picker difractometer) gave cell dimensions of a :

20.90(l) A and c : 16.05(2) A. rne poorer quality of this
refinement is due to the lack of enough unaltered material
to obtain a better pattern.

CouposrrroN

Crystals of calciohilairite were embedded in epoxy,
ground to expose their centers, and coated with 200 A of
C. Analyses were done by a combination of wavelength-
dispersive (for Na) and energy-dispersive techniques on
an ARL rrvrx electron microprobe equipped with a Tracor
Northern TN-2000 energy-dispersive analyzer. Energy-
dispersive spectra were coffected for peak overlap using
the program supERML, and the combined energy- and
wavelength-dispersive data were corrected for generation,
absorption, and fluorescence effects using a modified ver-
sion of the program 2,qr. (both programs supplied by Tra-
cor Northern). The results of six analyses are showr in
TabIe 2. Water was not analyzed for owing to the altered
nature of most of the crystals and the small amount of
material available. An average of these analyses gives the
empirical formula (Ca" rrNa" orCuoor)(Z,,oFeoo,)(Sir rrAL.r)-
Oe.3.30HrO, or ideally CaZrSirOn.3HrO with minor sub-
stitution of Na* and Cu2* for Ca2*. Water was determined
by diference. The Si:Zr ratio is consistently slightly lower
than the ideal 3.00 (in the range of 2.8G2.90). This lower
ratio could be accounted for in two ways. The first would
be a systematic error in the determination of the Si:Zr
ratio, and the second that some of the Zr is substituting
for Ca. The first of these seems to be ruled out by the fact
that other Zr-beaing silicates analyzed along with cal-
ciohilairite (zekfzerite, sogdianite, calcium catapleiite, and
elpidite) do not show such systematic erroi.s @oggs, 1984a).
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CaZrSi3oe.SHrO 6t
Na2O
CaO
CuO
FeO'
sio,
Z(O,
Tio,
Alro3

Sum
HrO

Sum

13.56

43.58
29.79

86.93
13.07

100.00

0.20
1 1 . 2 5
0.19
0.03

38.81
31.64
0.09
2.61

84.82
15.18"

100.00

o.22
10.74
0.77
0.70

39.03
32.37
0.09
2.59

86.51
13.49"

100.00

0.24
10.70
1 . 1 2
0.03

39.74
33.39
0.04
1.06

86.32
13.68*

100.00

0.13
11.62
0.42
0.12

4 1 . 1 6
33.58
0.04
0.05

87.12
12.88"

100.00

0.20
11 .41
o.74
0.09

41.37
32.02
0.02
0.28

86.13
13.87-

100.00

0.19
14.10
n.o.
0.00

37.35
s1.97
0.00
0.00

85.61
14.39*

100.00
. Total Fe as FeO.

-'HrO by difference.
t Altered material.
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The second possibility is supported by the fact that the -(1984a)MineralogyandgeochemistryoftheGoldenHornbatho-

sum of Ca, Na, and iu is less than one atom calculated ltl::oth"T 
cascades' washinglon' Ph'D' dissertation' Universitv of

with respect to nine oxygens, and the additional 2iu.i.et 
t"ttt:::1.:"'o Barbara'

rhis torar crose ro one and improves rhe site *.'p;T'gi;: -r*:|1i:ll}r'1trH3ff,fl::fiffiTS::f#iifff"*'"1fl:T
in the Ca andZr sites. This assumption gives the empirical ica Abstracts with programs, 16, 448.
formula (Ca"rrZro,rNaoorCuoor)(ZrornFeoot)(SirrtAl"or)Or' Chao.G.y.,watkinson,D.H.,andChen,T.T.(1974)Hilairite,NalrSi,o,.
3.30HrO. The substitution of Zta' for Ca2t may seem 3H,o, a new mineral from Mont St. Hilaire, Quebec. Canadian Min-

somewhat unlikely, but their ionic radii do not differ great- eralogist, 12, 237-240'

ly (0.79 and 0.99 A, respectively), and similar substitu- Dunn, P.J., Rouse, R.C., Cannon, B., and Nelen, J.A. (1977) Zr,klzerite:

tions are known to take place in, for example, the pyr- A new..lithium sodium zirconium silicate related to tuhualite and the

ochlore group, where Na*, ca2*, pb2*, LJ4*, 
"t"., 

rout,iiii" -. 
*:Tttt:t:ttp' American Mineralogist' 62' 416420'

ror one anorher. rhis substirurion wourd r""d L;-49;- "'i:T13";;";'i,Xiji];l"i;;Jl;'H;l:);'*Hla].hl313ii1ll
enlized formula of (Ca,Na,Zr,Cu),-rZrSirOn'3HrO for pnysics ooruaoy, 26,916-917 (tnnslated from Doklady Akademii Nauk
calciohilairite. sssR,260, lll8-1120).
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