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ABSTRACT

f.OOO(IOO)(IOS) and t.896(30)(211). Chemical compositions (wt.Vo) for mccrillisite and cotype gainesite, respectively'
Li2O 0.6, 0.8; AtrO, <0.1,0.5; CaO <0.1, 0.7; MgO 0.1, 0.35; MnO <0.1, 0.7; FeO <0.1, 1.0; SrO 0.2, - -; Na2O 4'2,7'8;

Mccrilisite, ideally NaCs@e,Li)Zt2@O)412fuO, a member of the gainesite group, occurs in the Mount Mica granitic

pegmatite, South Paris, Oxford County, Uaine. The mineral is a product oflate-stage hydrothennal alteration and is associated

with approximately twenty other silicate, oxide, carbonate, arsenide and phosphate minerals. Crystals occur in mm- to

sized cavities, a:rd individuals are up to 1.2 mm in maximum dimension. The crystals are white to colorless, bipyramidal'

tetrag-onal, I\/amd,witha6.573(2),-c17.28(2)A,V%e.eg)43,cta2.6289,2=2.Thestrongestsixreflectionsinq:.tP.y
powler-dif f iact ion pauern Ld(L)(r)(hkl) l  are: 6.159(90)(l0l),4.326(80X004), 4.099(40)(r lD, 3.281(80)(20P)'

{ll1} dominant and {001} minor. Steak is white, and luster, vitreous; the mineral is translucent to transparent, and
rescent. Hardness (Mohs) is 4 ta 41h. No cleavage was observed, and the fracture is conchoidal. D.srmd 3.125(5),
3.30 g/cm3. Mccrilisite is uniaxial positive, wiah o 1.634(2)^and e l.&SQ), colorless and nonpleochr,oic- The mineral is

o.3,z.q: cuo ti.z,z.2:Beo 2.9,2.3:zno 0.5, <0.1; 210231.6,33.0; I{fo, 2.5,0.7; P2o5 38-3-, 45.0; Rbro <0.1,.0-1; F
<01; HzO i.O, q.Z; subtoral 100.10, 101.95; O =F 0.21, - -; total 99.89, 101.95. An empirical formula for mccrillisite' b
on 4 P- atoms, is: Na1.s6(Cse.3el-i6.1sK6.e5)2,1.0r(Be6.s6Lie.12Mgo.or)y1.6e(Zrr.eeHfg.osZno.os)&.oa(la.ooSio.or)>{.or
(or5.8F0.2):r6.0.1 .23H2o. i[e e*ii.i"ui i6rniiti?iii galnesite, tjased on 4 P atoms, is: Na1.6e(Ntu.sexr.rrcse.16]bg,or):]r:oz

d;;8u6.iai,I"&.*A6l*;r,o.n1zr,irF"o.rCq.orMr5.ooffio.oz)>r.sa(Pa.s0Sie.s1)ya.e1o15.6'1.5!2o. G-ainesite was originally cfn-

siaeiil t6'ire rutiiidr.in,6nt is sti6wn to-coniiin eis6'ntial molecular water, as does mccrillisite. The rnineral name honors-lthe
McCrillis family, panicularly the late Dean McCrillis and Philip McCrillis, of Oxford County, Maine, and their more

90 years spent working the granitic pegmatites of Maine.

Keywords: mccrillisite, new mineral species, N4 Cs, Be, Zr phosphate, gainesite, granitic pegmatite, Mount Mica
coutty, Maine.

SovuanB

La mccrillisite, membre nouvellement d6couvert du groupe de la gainesite ayant la formule chimique
NaCs(Be,Li)Zrz@O)41.-2[2O,provient de la pegmatite granitique de Mount Mica i South Paris, comt€ d'Oxford au Maine.

I s'agit d'un froOuii'd'une-alt6ration hydrothermale tardive, associd ] une vinglaine d'autres silicates, oxydes, carbonates,

ars6niures et plosphates. lrs cristaux se-trouvent dans des cavit6s millimdtriques i centimdtriques, et ont une l,ongueur maxi-

male de 1.2 tffn. Lcs cristaux sont blancs ou incolores, bipyramidaux, avec { 111 } dominant et {001 } de moindre importance.

La rayure est blanche, et l'€cla! vitreux; les fiistaux sont fanslucides I trausparents, et non fluotescents. La duret6 de Mohs

esterrtre 4 et4th. La densitd mesurde est 3.125, et la densitd calcul6e, 3.30. La mccrillisite est uniaxe positive, avec o) L.634(2)

etel.@5Q),incolore et non pl6ochroique. C'est un min6ral tltagonal,I\llamd, avec a 6573Q), c 17.28(2) A'V 746.6(9) 45,
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cla 2.6289, Z = 2. Les six raies les plus intenses du spectre de diffraction (mdthode des poudres) [d(A)(I)(ftD] sont:
6.1s9(90X101), 4.326(80)(0M),4.099(40)(112),3.281(80)(200), 3.060(100X105) et2.sg6(30)(irr;. r,a compoiition 

"hi-iqu"!9 ! tn9gnl]isite et de la gainesite cotype (en za, poids) est: Li2o 0.6, 0.8; Al2o3 <0.1, 0.5; cao <0.1, 0.i; Mgo 0.1, 0.35;
MnO <0.1, 0.7; FeO <0.1, 1.0; 19-0.2:: 

-: Na2O 4.2,7.8; KrO 0.3,2.4; CsrO t3.:, 2.2;BeO 2.9,2.3;ZnO 0.3, <O.l;ZtO,
31.6, 33.0: Hfo22.5"0.7; Pro5 38.3, 45.0; Rb2o <0.1, 0.1; F 

-0.s, 
<0.1; Hro 3.0, 4.3; sous-total 100.r0, 10r.95; o = F 0.21,- -;  total 99.89, 101.95. La formule empir ique de la mccri l l is i te-, sur une base de 4 atomes de p, est: Na1.es

(Cto.!o!io.ttXb,or)y1.e3(Be6-s6Li6.12Mge.62)f 1.se(Z,.roHfo.oeZq.e5)>2.04(P4.00si0.01):a.or(ors.sFo.z)! 16.o'1.23H2o.1-a formiii6
empirique de la gainesite, aussi pour 4 atories--'de F, 

-iiiti '-i,ta;;;G.6;;K0 
3rcsi.,oRbo.o,;r,.0,(Be0.5slhi4M.g0.ouao.oJ>ro.+@'.6nFeo *cq *Mno.oeHfo.m):r.sa(Pa.ooSb.or):a.orors.6.1.5H2{i. bn croi,ai ii gaiir,irlt""iiitiyli6,

mals elle conuent de I'eau moleculaire, tout comme la mccrillisite. Le nom honore la famille McCrillis, et particulibrement feu
Dean McCrillis et Philip McCrillis, du comtd d'Oxford, pour quatre-vingt-dix anndes d'6xploitation des pegrnatites granitiques
du Maine.

(Traduit par la R6dacrion)

Mots-cl6s: mccrillisite, nouvelle espbce min6rale, phosphate de Na, Cs, Be, eLZr, gainesite, pegmatite granitique, Mount Mica
comt6 d'Oxford. Maine.

hqrnotucnon

A rock specimen containing a doubly terminated
crystal suspected to be gainesite, approximately
1.2 mm long, and two smaller crystals, was sent in
l99l by Vandall T. King of Rochester, New york to
one of us (EED for identification. The specimen was
collected in the Mount Mica granitic pegmatite, South
Paris, Odord County, Maine in 1989 by Mr. Gene T.
Bearss of Sanford, Maine. The mineral, which furned
out to be a new species, mccrillisite, occurred in a
boulder, approximately 1x 1.2 x 1.6 m, which was
originally mined in 1977-L978, subsequently
bulldoze{ and then re-exposed in 1988. Associated
minerals (identified by X-ray diffraction, optical
propefiies, and scanning electron microscropy - energy
dispersion spectroscopy methods) are: albite, quartz,
manganoan almandine, muscovite, siderite" fluor-
apatite, elbaite, lepidolite, beryl, montebrasite,
rhodocbrositeo cassiterite, manganocolumbite, urani-
nite, liillingite, zrtcon, eosphorite, moraesite, iron-rich
roscherite and kosnarite (Brownfietd et at. 1,993,
Tealdi 1993). The mineral occurs in open cavities up
to several centimeters across and is very late in the
paragenesis. It formed as a result of late-staqe
hydrothermal alteration of earlier-form ed Zr-beanig
minerals in the pegmatite, as evidenced by the pres-
ence of corroded zircon. Both kosnarite and this new
mineral species occur in cavities within blue tour-
maline o'eyes", as described by King (1992). X-ray
powder-diffraction studies show a gainesite-type
pattern, but with the diffraction lines slightly displaced
from those published for gainesite. SEM-EDS
analysis showed substantial Cs, and the existence of a
Cs-analog was immediately suspected.

The mineral is named m.ccrillisite in honor of the
McCrillis family, particularly the late Dean McCrillis
and his son, Philip McCrillis, of Oxford County,
Maine, for their more than 90 years spent working the
granitic pegmatites of Maine. The mineral and the
name have been approved in advance of publication,

by the Commission on New Minerals and Mineral
Names, IMA. Holotype material (catalogue number
NMNH 170853) has been deposited at the U.S.
National Museum (Smithsonian Institution).

INsrmnreNTATroN

Electron-microprobe analyses were made with an
ARL SEMQ instrument at an operating voltage of
15 kV, and 10 nA sample current, and a beam dia-
meter of 5 pm. Counting times were 20 or 40 seconds
on peak positions and 10 seconds on background
positions. Standards utilized were: natural pollucite
(Rb, Cs), synthetic RbCl (Rb), natural albite (Na),
natural orthoclase (K), natural apatite (P), synthetic
zircon and ZrO2 (Zr), synthetic Hf metal (Hf), syn-
thetic CaF2 (D, natural pyrope (Al, Si, Fe, and Mg),
and natural manganoan willemite (Mn). Data reduc-
tion was carried out using a modified version of
MAGIC fV. Ion-microprobe analyses were made on
an A.B.I. IM20 instrument (University of Chicago).
Laser-ablation (LA) inductively coupled plasma -
mass spectrometry (ICP-MS) analyses were made
using a Fisons VG PlasmaQuad 2+ instrument
equipped with a Nd/YAG laser operated at 1064 nm.
X-ray powder-diffraction studies were carried out
using I 14.6-mm-diameter Gandolfi cameras. X-ray
single-crystal studies were done using Huber preces-
sion cameras utilizing Zr-filtered Mo radiation.
Density was determined on multiple, optically pure,
mineral fragments using sink-float techniques in a
methylene iodide - acetone mixture.

Pnystcar- PnopsRTEs

Crystals of mccrillisite are white to colorless,
translucent to transparent, and occur as bipyramidal
crystals as much as 1.2 mm in maximum dimension.
The dominant form is {1ll}, and the minor form is
{001 }. A color photograph of the mineral is shown in
Tealdi (1993). Only about seven matrix specimens are
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known; the total weight of dll of the crystals is about
8 mg. The streak is white, and the luster, vitreous; it is
nonfluorescent and nonluminescent; no cleavage was
observed. The fracture is conchoidal" the hardness
(Mohs), 4 to 4/2, the specific gravity, 3.125(5), and
D(calc.) for the empirical formula is 3.30 g/cm3. Many
crystals have a characteristic "crackled" appearance,
which may be due to partial dehydration.

Cnvsranocnepnv aNo
X-Rev-DrrnecnoN DArA

hecession camera studies show that mccrillisite is
tetragonal, I4ylam.d, with unit-cell parameters ."{o"d
from pow-der data: a 6.573(2), c 17.28(2) 4,, V
746.6(9) 43, c/a 2.6289, Z = 2. No twinning was
observed on precession filrns. Indexed X-ray powder-
diffraction data are grven in Table 1. Comparison of
unit cell, optical, and density data for all three
members of the gainesite goup are given in Table 2.

TABLE 2 @MPARISON OF DATA OI{ I'NIT CBII.
@IICAI. PROPERTIES. DBNSITY. AND AI.KAII-SITE (rcUPANCY

F(R, MBMBERS OF TIIB GAINBIIE @OT'P

Selwynile fvfccrillisite

Un[-.ell
paran€&rg

ad)
c(A)
v(A)
Opdcdl data

a

6.567

17.U9

738.35

miaid(+)

1.618

e 1.630

bir.eeiryffi 0.12

D€dy
neasured 2,94

calculared (g/m3) 2.89

Alkall sfte NaNa
cs[Pancy

6.570 6.573

L1.LA 17.28

n9s 746.6

uidiaf (+) udaial (+)

1.624 r.634

1.636 1.645

0.12 0.11

2.94 3.125

3.07 3.30

Dalr {r grh$b ft@ Itoca d 4r. (f$A). h h 6€tptdb Am W.D. Btrn Cm
@. 1993). Dara lq ryf,islt &@ dds sbdy.

TABLB I. X-RAY POS'DER-DIFFRACTION DATA
FOR !{aCRILLSIITB

VL

90
80
4
EO
1m
30
20
20
15
l0
5
25
30
20
J

15

5

10
I

l {

10
10
3
6

I {

6

A@tttoal Ffl€.ti@ o O.ZlfS A re gesec. Ths de rc rn{tsd
6iry I 1f4.6-m dtm€6 @ot8 @ crUh mtual o6udm s e
rnten'r scmdhd. ftrc (Ni-6lued) radldo (l - 154fS A). The
hsdf{ vw €sdmat€d vimlly.

Ctm\flsrRY

A combination of electron microprobe,
LA-ICP-MS, and ion-microprobe analytical methods
were used to determine the chemical composition of
mccrillisite and cotype gainesite (provided by the
USNM). Proportions of ZnO, BeO, and Li2O were
determined by LA-ICP-MS and ion microprobe.
Hydrogen (expressed as water) was determined by ion
microprobe. The chemical composition of the two
minerals is given in Table 3.

Empirical formulas (on the basis of 4 P atoms)
for mccrillisite and gainesite, respectively, are:
Na1.ee(cse.3elio. raKo.os):r.o:(Bes.s6Lie. 12M8o.o)>r.oo
(zr l.ssHf s.sezno.os)>z.oa(P+.ooS io.or )>,+.0 r (o rs.aFo.z)
>16.0. l.23HzO and Nat.6i(Nai.rnlqi2Cse.1sRbo.or)>r.oz
@es.5sLi6.3.Mgo.*Als.06)yt.0a (Zr r.6sF e o.seCao.08Mn0.06
ffio.o)>r.sa@a.ooSh.or):+.oror5.6'1'5H2o'

OpTrcer Dara

Mccrillisite is uniaxial positive, with or equal to
1.634(2) afi e 1..645(2), as measured in blue-filtered
white light. Some grains are anomalously biaxial, with
2V to 56. Using the observed density of 3.125 glcm3,
the Gladstone-Dale compatibilify index, l-(Ky'i(j' is
-{.094 and is thus categorized as poor. Possible rea-
sons for this are a low measured density or imperfectly
known molar reftactivities, or both. If the calculated
density of 3.30 g/cm3 is used, the compatibility index is
-{.036 (excellent). Similar calculations for gainesite,
using the chemical data presented in Table 3,
result in compatibil i ty indices of -0.057 (with

d(meas.)A

6.159

4.326

4.099

3.2E1

3.(X0

2.8%

2.616

2,3t6

2.239

2.172

2.050

2.0t7

r.849

1.El1

1.745

1.687

L.&4

t.6t7

1.589

t,526

1,470

L.46

1.390

t.w
1.331
1.3r3

d(calc.)A

6.1U.
43m
4,W3
3.287
3.059
2.898
2.6t6
2,311
2.239
2.t74
2,W
2.m\
r.850
1.813
1,744
1.685
r.&3
1.614
1.587
1.525
t.470
1.448
1.391
t.964
r.329
1.311

hkl

101

004

ttz
2m
r05
2tl
2U
tw
215
301
3m
3t2
305
321
306
316
400
492
4tl
3?2
4m
4t5
424
336
3ltQ
431
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l{c{rtllisit€

TABLB 3. rpaMrrAr- @t posrItol{ oa MEMERS @
IISBGAINBSTTB @OrlP

colorless to white and contains no Mn. It is also clear
that two alkali sites, one large and the other small,
exist in the structure, as previously proposed by
Moore et al. (1983). Na is dominant in the smaller site
of all three minerals, whereas Na, K, Cs, or pre-
sumably Rb, predominate in the large site. An Rb-
dominant member thus could be found in the future.
Because of the small grain-size, occurrences of
members of the gainesite group are probably more
numerous than presently known.
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Setwyntle

Uzo

Al?o!

BeO

Naro

Mco
P?O,

&o
CaO

\'{!O

F@

SlO

7aO

sio,
Rbo
ha2

cqo
Eot
Ero
F

Subtotel

O-F

Total

0.6
<0.1.

2.9

0.1
38.3
0.3

<0.1
<0.1
<0.1

o.2
0.5
0.1

<0.1
3r.6
15.3
2,5
3.0
0.5

1@.10
o.2L

99.89

0.8
0.5
2.3
7.8
0.35

45.0
2.4
0.7
0.7
1.0
0.0

<0.1
0.1
0.1

33,0
2.2
0.7
4.3

<0.t
101.95

0.0
101.95

1.7

t.2l

2.t

6.81

0.30

45.0

1.45

0.86

0.E3

0.54

0.15

4.u
0.59
0.11

? ? n

1.93

101.39
0.0

101.3

l.*
t.43
4,n
0.t5

40.90
6.26
0.98
0.99
0.49
0.15

0.49
0.20

33.76
0.70

3.40
o.37

9.45
0.16

9,29

A1l valu€s e giv€o h reigbt Berc€ol
Salwytrfus al$ contatN 0.16 vt % BaO and O.tB wt % CerO3.
Anaf. yses of n ctiilisito dd gatBilo 0rB av@ges of nve amlyses acn (this
sdv).
r-fronldomg|d, 19&t.
Amlysis d slsynite ir fron W.D. Btch (pss. 6m., 1993).

calculated density of 2.89 g/cm3) and -0.M0 (with
measured density of 2.94 9cm3); these compatibility
values are good, according to the ranking of
Mandarino (1979, l98l),

DtscusstoN .lxo CoNclustons

The gainesite group of minerals is now known to
contain three membersl gainesite, mccrillisite and
selwynite @kch et al. 1995). Only four other naturally
occurring Zr phosphates are known: kosnarite,
KZrz(POi3,mahlmoodi0e,FeZr(pOi2.4HrO(Milton
et al. 1993), voggire, Nazz(po+)(co3)(oH).H2o, and
wycheproofite, NaAIZ(PO,2(OH)2.H2O @ttch et al.
1995). It is now clear that all three members of the
gainesite group are hydrated, containing between
L and 2 molecules of water. In contradiction to what
was previously reported (Moore et al. 1983), gainesite
contains no Zn. One of the crystals used by Moore for
his single-crystal studies was chemically analyzed by
us and found to contain no Zn. The lavender to deep
purple colors of gainesite and selwynite, respectively,
are due to Mn (presumably small amounts of Mn3+ or
Mna+, or both) substituting for Zr. Mccrillisite is


