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ABSTRACT

The Kingman pegmatite, located in the Cerbat Range in northwestern Arizona, is hosted by orogenic 1.7 Ga Paleoproterozoic
granitic rocks. This post-orogenic pegmatite was intruded into these granites during the middle Proterozoic (ca. 1.5 Ga)
subsequent to the Yavapai and Mazatzal orogenies. Extreme LREE-enrichment, as well as the HREE-depletion, is exemplified
by the presence of abundant large crystals of LREE-enriched allanite and a near-absence of HREE-enriched minerals. Most of the
allanite is Nd-rich allanite-(Ce). However, several of the samples have domains that are Nd-dominant, and thus are allanite-(Nd).
This represents the fourth world location and the first reported U.S. location for allanite-(Nd). The Nd-dominant domains, which
typically occur near the rim of grains and along fractures, may be the result of alteration by highly oxidizing late-stage fluids
that replaced allanite with bastnasite-(Ce). Late-stage carbonate fluids, enriched in F from the dissolution of biotite, could have
preferentially redistributed Ce into bastnasite-(Ce), resulting in Nd-enriched recrystallized allanite near fractures and along the
recrystallized rim. As the Kingman pegmatite is not associated with a parental granite and as it exhibits unusual depletions in F,

Nb, Ta, and HREE and an extreme enrichment in the LREE, we favor an anatectic origin.
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INTRODUCTION

The Kingman granitic pegmatite is one of five large
bodies recently studied in the Mojave pegmatite district
in northwestern Arizona. The Mojave pegmatites were
uplifted and exposed as a result of block faulting during
Basin and Range extension in the Tertiary. The Kingman
pegmatite crops out near the southeastern base of the
Cerbat Range approximately a kilometer and a half
northwest of Kingman, Arizona. The other four bodies
of pegmatite lie approximately 65 km southeast of
Kingman on the western flank of the Aquarius Range.
The Kingman pegmatite is unique in the Mojave District
as it is the only body that is intrusive into older host
granite and not associated with a genetically related
host pluton. The Kingman pegmatite is enriched in
the rare-earth elements (REE), yet minerals composed
of the heavy rare-earth elements (HREE), F, Nb are
conspicuously absent. Instead, the pegmatite exhibits
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an extreme enrichment in light rare-earth elements
(LREE) as allanite is the only REE mineral present;
it occurs as abundant and large crystals. Some allanite
crystals exhibit variable dominance in REE as they
have Ce-dominant cores with domains along the rims
and fractures that are Nd-dominant. The purpose of
this study is to characterize the unusual REE profiles
exhibited by both the pegmatite and the allanite crystals.

GENERAL GEOLOGY

The Mojave district pegmatites lie within the
eastern portion of the Mojave province, a terrane that
underlies much of present-day extreme northwestern
Arizona, southeastern California, southern Nevada and
southwestern Utah. The Mojave province is composed
predominantly of recycled crustal material that, on
the basis of zircon chronology from metasedimen-
tary rocks, is as old as 2.830 Ga (Wooden & Miller
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1990, Wooden et al. 1988, Duebendorfer et al. 2001).
Juxtaposition of the Mojave terrane with the adjacent
juvenile Yavapai terrane occurred between 1.740 and
1.720 Ga (Duebendorfer et al. 2001). The sutured
Mojave and Yavapai terranes docked with Laurentia
during the Yavapai Orogeny (1.710-1.680 Ga) as part
of a progressive amalgamation that added new crust
to southern Laurentia (Whitmeyer & Karlstrom 2007,
Duebendorfer er al. 2001).

Plutons in the Cerbat Mountains are orogenic and
range in age from 1.768 + 5.5 Ga to 1.719 + 1.2 Ga,
thus are generally contemporaneous with the justaposi-
tion of the Mojave and Yavapai terranes (Duebendorfer
et al. 2001). Large exposures of the youngest of these
plutons, the Diana granite, crop out in the western and
eastern Cerbat Range (Duebendorfer ef al. 2001). On
the basis of textural similarities, it is inferred to be the
granitic massif into which the Kingman pegmatite is
intruded. These plutonic rocks are a medium grained,
porphyritic granodiorite to quartz diorite with micro-
cline megacrysts up to 1.2 cm across.

Like all bodies of pegmatite in the Mojave pegma-
tite district, the Kingman pegmatite has a distinctive
anorogenic chemical signature, which includes LREE
enrichment. Microcline from the Kingman pegmatite
yielded a 8’Sr—87Rb age of ca. 1.550 Ga (Wasserburg &
Lanphere 1965), whereas electron-microprobe-derived
ages on monazite from a satellite quarry yielded an
average age of 1.561 + 37 Ga. Thus, these pegmatites
are related to post-orogenic extensional magmatism
that occurred subsequent to the Yavapai and Mazatzal
orogenies between approximately 1.3 and 1.6 Ga,
generally referred to as ca. 1.4 Ga magmatism. The
nature of this extension remains controversial and
has been attributed to back-arc extension in a broadly
compressional regime (McLelland et al. 1996, 2010,
Kay & Mahlburg-Kay 1993, Condie 1986) as well as
to a broadly extensional regime following a supercon-
tinent breakup (Windley 1993). Regardless of whether
the tectonic regime was broadly compressional with
localized extension or broadly extensional, the Mojave
pegmatites are distinctly anorogenic in character and
record an extensional event in northwestern Arizona
(Simmons et al. 2011).

THE KINGMAN PEGMATITE

The Kingman pegmatite is a sill-like body that
trends N50-65°E, dips 60-75°NW and ranges in thick-
ness from 20 to 60 m, with a general widening to the
northeast (Heinrich 1960). The pegmatite is exposed
over approximately 500 meters. Approximately 1.5
km to the southwest of the main quarry, roughly along
strike with the Kingman pegmatite, a small prospect
pit exposes a small portion of the northern edge of a
larger body of pegmatite that may be a continuation of
the Kingman pegmatite.

THE CANADIAN MINERALOGIST

Contacts between the pegmatite and the older host
granitic rocks into which they were intruded are well
defined and, in some locations, exhibit reaction bound-
aries 0.3 m wide with the host granite. A distinct ~0.5 m
border zone composed of white, aplitic quartz and feld-
spar is present along the contact. Feldspar mining in the
1950s opened three main cuts into the pegmatite, which
herein will be referred to as A, B and C. In cuts B and
C (Fig. 1), much of the pegmatite has been removed,
in some areas down to the country rock. Where wall-
zone material is exposed, abundant allanite is present.
Approximately 150 m to the northeast of Cut B is a
third pit, Cut A, that exposes both wall zone and core
of the pegmatite as well as the host pluton. Along the
northwest wall of the cut, a nearly horizontal diabase
dike (0.1-0.6 m) cuts the pegmatite. There are also
several roof pendants of gneissic metamorphic rocks
exposed within the granite and pegmatite. Allanite is
notably absent from Cut A.

The Kingman pegmatite is zoned, with a thin
discontinuous border zone that ranges from 0.1 to 0.5
m thick and is composed almost entirely of microcline
and fine-grained quartz. The wall zone ranges in thick-
ness from 3 to 6 m, with an average of approximately
4 m. It is comprised predominantly of quartz and white
microcline with lesser biotite and accessory allanite,
magnetite, zircon, titanite, bastnisite, uraninite, apatite,
hematite, ilmenite and rutile. In Cut A only, small
amounts of muscovite and rare millimeter-sized crystals
of garnet also are present. The composite quartz—micro-
cline core ranges in thickness from 10 to 60 m, with
microcline masses averaging 3—4 m across and less
abundant pods of grey quartz that reach approximately
2 X 2 X 5 m (Heinrich 1960). Locally, stringers of
quartz from the quartz pods cut through the large
microcline masses.

The Kingman Feldspar pegmatite exhibits an
unusual REE mineral assemblage; HREE-bearing
minerals are conspicuously absent. Only one small (~1
cm) mass of aeschynite-(Y) was recovered from mate-
rial slumped off the east wall in the satellite quarry
(Hanson et al. 2007). Conversely, the only LREE phase,
allanite, is abundant in the Kingman mine; it occurs as
unusually large and abundant crystals. Heinrich (1960)
reported that during one excavation in 1944, approxi-
mately 20 tonnes of allanite were sent to an unknown
buyer. Within the small satellite prospect pit, two large
pods (up to 30 cm) of monazite-(Ce) are exposed on the
western wall of the cut (Hanson et al. 2007). Fluorite
is notably absent. Thus the pegmatites are strongly
enriched in LREE and extremely depleted in Nb, HREE,
and F. These chemical characteristics are atypical for
classic niobium—yttrium—fluorine (NYF) pegmatites as
described by Cerny & Ercit (2005).
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Sketch map of cuts B and C at the Kingman Feldspar mine. The boundary of the quarry generally corresponds to the

pegmatite — granite contact except at the northeastern and southwestern edges of the quarry, where it is not exposed.

ALLANITE

Until recently, there were only three recognized
species making up the allanite subgroup, ideally
[CaREE,Y,Fe?* Aly(Si,07)(Si04)O(OH)]. These include
allanite-(Ce), allanite-(La) and allanite-(Y). A new
species, allanite-(Nd), discovered in an NYF pegma-
tite near Askagen, Varmland, Sweden, was recently
approved by the IMA (Skoda et al. 2010). In addition,
two previous reports of Nd-dominant allanite predate
IMA approval. These include specimens from granitic
pegmatites near Madrid (Gonzalez del Tanago 1997)
and Japan (Minakawa et al. 2001).

In the Kingman pegmatite, allanite occurs as
large, extensively fractured pods or crude crystals
up to nearly a half meter in size on the south wall of
cuts B and C. The individual crystals are nearly to
completely metamict, dark brown to black in color,
euhedral to subhedral, and reach ~25 cm in length. All
of the exposed surfaces of allanite are coated with a
reddish iron oxide crust and locally with Nd-enriched
bastnasite-(Ce). Microscopic inclusions of thorogum-
mite occur within the allanite.

ANALYTICAL METHODS

X-ray-diffraction analyses were carried out at the
University of New Orleans using a Scintag XDS-2000
X-ray diffractometer at a scan rate of 2° 26 per minute.
Standards for calibration include corundum and quartz.

Cell parameters were calculated using reflections
between 8 and 57° 20 with CELL, a modified IBM—
PC version of the least-squares refinement program of
Appleman & Evans (1973).

The chemical composition of the allanite was
measured at the University of New Orleans on an ARL—
SEMQ electron microprobe with an acceleration voltage
of 15 kV and a beam current of 15-20 nA. Peak counts
were collected for 45 seconds, and background positions
were determined by the mean atomic number (MAN)
method. Standards are as follows with detection limits
in parentheses: synthetic REE orthophosphates (Lo for
La, Ce, Eu, Gd, Tb, Ho, Tm, Yb, Lu and L for Pr, Nd,
Sm, Dy and Er) (0.010), synthetic YPO4 (Y) (0.010),
synthetic PbO (Pb) (0.012), synthetic UO, (U) (0.010),
synthetic ThO, (Th) (0.010), albite (Na) (0.014), ortho-
clase (K) (0.011), diopside (Mg) (0.012), Ca (0.008) and
Si), fayalite (Fe) (0.008), rutile (Ti) (0.008), spessartine
(Mn) (0.009), and topaz (F) (0.015). Matrix effects were
corrected using a d(pZ) correction procedure (Pouchou
& Pichoir 1991).

X-RAY DIFFRACTOMETRY

Owing to the metamict nature of the allanite,
heating was required prior to X-ray-diffraction analysis.
Metamict samples were heated to 700°C for 12 hours
in a slightly reducing atmosphere, achieved using a
mixture of 95% Ar and 5% H, as described by Sugitani
et al. (1984, 1985) (Fig. 2). An indexed pattern of
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heated allanite (JCPDS #9-474) is compared to peaks
for allanite-(Nd) in Table 1. Cell parameters are given
in Table 2. The similarity of this pattern to the JCPDS
heated allanite as well as the similarity of the cell edges
confirm the allanite structure of this mineral.

CHEMICAL COMPOSITION

The bulk composition and chemical formulae for
selected allanite samples from Kingman are given in
Table 3. Oxide totals were initially recalculated on
the basis of eight cations. Subsequently, Fe?* and Fe**
were partitioned to yield a total of 25 positive charges.
The amount of H,O was calculated by stoichiometry to
yield a total of (OH + F + CI = 1 apfu). Site occupan-
cies were allotted according to the method suggested
by Armbruster et al. (2006). The species affiliation for
each sample was determined using both A2 and M3 site
occupancies in a method proposed by Ercit (2002). Ercit
(2002) showed that a series A2 and M3 substitutions
may produce epidote—clinozoisite versus allanite-(La),

TABLE 1. X-RAY POWDER-DIFFRACTION PATTERN
OF ALLANITE-(Nd)

JCPDS #9-474
allanite, heated

Allanite-(Nd)
heated to 700°C

I d hki I d(obs) d(calc) hki
30 930 100 20 9222 9.157 100
30 507 101,201 25  5.059 5063 7101
10 484 110
10 467 011,111
50 462 200 15 4646 4643  T11,200

3 443 102
3 410 002
20 400 202 20 4010 4001 202
10 381 211,111 6 3.784 3782 111
1360 210
80 350 7112 60  3.509 3504  T12
30 334 012
20 327 212 10 3.280 3270 212
10 320 102,302 20 3.203 3206 302

100 296 103,211 100 2925 2919 311

30 283 020,112 40 2850 2835 020
3 279 15 2792 2791 312
30 274 30 2705 2704 310
80 267 50 2673 2673 303
40 260 40 2606 2612 213
30 254 30 2531 2533 202
3 248
30 243 20 2420 2421 313
3 240 15 2400 2406 122
10 233
10 224
10 220
30 216 30 2164 2164 304
30 213 20 2129 2125 122
10 206 20  1.926 1.927 512
20 1.90 30 1.890 1.887 421
30 165 20 1635 1635 521
60 163

CuKa radiation, A = 1.54060 A. Intensities were normalized to the highest
peak. Values of d are quoted in A.

THE CANADIAN MINERALOGIST

and allanite-(La) and allanite-(Y) versus a hypothetical
end-member devoid of Fe. He further suggested that
the relative proportions of these end members are best
differentiated using combined expressions that are
based on cation occupancies of the A2 and M3 sites. A
plot of these expressions (Fig. 3) shows that all samples
have sufficient REE (Ln) and divalent M3 cations to
place them in the allanite group rather than the epidote
group of minerals.

Allanite from the Kingman mine is predominantly
Nd-rich allanite-(Ce). However, several of the samples
from cut B exhibit Nd-dominant domains, and thus are
allanite-(Nd) (Fig. 4). In general, the more Nd-enriched
areas are located along fractures and near the rim of the
crystals. This variability in the dominant cation arises
from subtle differences in the relative abundance of Ce
and Nd, with Nd/Ce values ranging from 0.57 to 1.51.
Thus, the allanite ranges from Ce- to Nd-dominant
within distinct domains. Because the chemical differ-
ences are small, the individual domains are not readily
distinguishable using back-scattered electron micros-
copy. The Nd-rich domains, however, are generally
associated with bastnasite-(Ce) which occurs as an
alteration product along the rim of the allanite grains
(Fig. 5). Like allanite-(Nd), the bastnasite-(Ce) has
nearly equal Ce and Nd apfu (Fig. 4).

A chondrite-normalized plot of compositions of
Kingman allanite shows the significant enrichment in
LREE as well as the subtle variations in the Ce and
Nd contents (Fig. 6). It is evident from this figure that
the allanite-(Nd) is not really Nd-enriched but instead
has a relatively slightly lower level of Ce. In addition,
both allanite-(Ce) and allanite-(Nd) exhibit unusual
spikes in Yb. Ytterbium enrichments in REE minerals
are rare, and Yb-dominant REE minerals are generally
the result of Y depletion in F-enriched pegmatites, as Y,
which is preferentially complexed with F over the other
HREE, may remain in the fluid phase (Gramaccioli
et al. 1999, Gramaccioli & Pezzotta 2000, Simmons
et al. 2006). The lack of F in the Kingman Pegmatite
precludes this mechanism for Yb enrichment. It should
be noted, however, that the Yb enrichment may be more
apparent than real, as the HREE elements are very low
in abundance; the anomaly may simply be the result of
analytical error.

TABLE 2. UNIT-CELL PARAMETERS OF ALLANITE-(Nd)
HEATED TO 700°C

JCPDS #9-474 Allanite-(Nd)
Allanite heated
a(A) 10.22 10.241(7)
b (A) 5.75 5.698(7)
c(A) 8.95 8.910(8)
B(°) 115 115.75(8)
V(A% 476.7 468.2(6)
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FIG. 2. A comparison of X-ray-diffraction patterns for
unheated allanite-(Nd) and allanite-(Nd) heated to 700°C
in a weakly reducing atmosphere for 12 hours.

FiG. 3. Chemical variations in allanite from the Kingman
pegmatite based on discrimination variables for REE-
bearing members of the epidote group. After Ercit (2002).



820

THE CANADIAN MINERALOGIST

FiG. 4. Distribution of the three dominant REE at the A2 site of allanite-(Nd), allanite-(Ce)
and bastnisite-(Ce) from the Kingman pegmatite.

Fig. 5. BSE image showing replacement of allanite with
bastnasite-(Ce). The millimetric medium gray grains in
the center of the image consist of allanite-(Nd), and the
brighter areas are thorite or throrogummite.

Bastnasite-(Ce), much like the allanite-(Nd),
exhibits depletions in Ce relative to Nd and La (Fig. 6).

DiscussION AND CONCLUSIONS

The Kingman pegmatite is intrusive into Paleopro-
terozoic orogenic granitic rocks that were emplaced as
an outboard collision sutured the Yavapai and Mojave
terranes prior to docking with the Laurentian conti-
nent (1.71-1.68 Ga) (Duebendorfer et al. 2001). The
Kingman pegmatite is post-orogenic and was emplaced
subsequent to the 1.65 — 1.60 Ga Mazatzal orogeny as
a sill-like structure into the newly formed Laurentian
crust ca. 1.5 Ga. Its emplacement is considered to
be contemporaneous with that of the voluminous ca.
1.3-1.6 Ga granitic rocks that were emplaced along a
belt 600 to 1000 km wide that extends in length from
Labrador to the southwestern United States. The parent
pluton for this pegmatite is not exposed in the Cerbat
Range; it thus either lies at depth and is not exposed,
or perhaps it was geographically separated by block
faulting during Basin and Range extension. Or perhaps
there was no parent pluton (see below).

Although LREE enrichments are common in anoro-
genic felsic melts, the Kingman pegmatite exhibits an
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FiG. 6. Chondrite-normalized plot of average compositions of allanite-(Ce), allanite-
(Nd) and bastnisite-(Ce) from the Kingman pegmatite. Normalization factors are from

McDonough & Sun (1995).

unusual and extreme level of LREE enrichment, as well
as HREE depletion. A LREE enrichment in granitic
rocks have been attributed to partial melting of within-
plate granite and subsequent partitioning of HREE into
a late-stage fluid via fluorine complexing (Simmons
et al. 1987, Gramaccioli et al. 1999, Gramaccioli &
Pezzotta 2000). The absence of fluorine to act as a
HREE complexing agent, as well as the near-absence
of HREE-enriched minerals in either the quarry or the
dump material, suggest a strong depletion of HREE in
the melt that produced the pegmatite. These features
are so different from the characteristics of NYF-type
pegmatites that occur as segregations in their parent
plutons that we conclude that this pegmatite is not
likely the result of fractionation derived from a granitic
pluton. Recently, several authors have shown that
unusual “parentless” pegmatites may be anatectic in
origin rather than the result of extreme fractionation of
a granitic melt (Martin & De Vito 2005, Ercit 2006). An
anatectic origin for the Kingman pegmatite is favored
because: 1) it is not associated with a parent granite;
2) it is anomalously depleted in F, Nb, Ta, and HREE,
and 3) it is extremely enriched in the LREE, which is
consistent with a partial melt derived from continental
crust.

The abundance of allanite in the Kingman pegma-
tite is attributed to an extreme LREE enrichment
coupled with a near-absence of P and F, which would
have allowed for the formation of either monazite or
bastnisite, respectively. Most of the allanite from the
Kingman pegmatite is Nd-rich allanite-(Ce). However
some of the samples from the B cut have domains with
Nd dominant at the A2 site, and thus are allanite-(Nd).

These samples represent the fourth world location and
the first reported location in the United States for the
recently approved allanite-(Nd).

The slight enrichment in Nd and depletion in Ce
in allanite-(Nd) relative to the allanite-(Ce) cannot be
attributed to alteration by late-stage oxidizing fluids,
as oxidation to the less mobile Ce to +4 would pref-
erentially remain, thus leaving the crystals enriched in
Ce relative to the other REE (Albio & Nokazi 1999).
Thus we suggest that the slight Nd enrichment exhib-
ited in allanite along the rim and along fractures may
be related to late-stage alteration of allanite-(Ce) to
bastnésite-(Ce). Carbonate-bearing late-stage fluids may
have become more enriched in F, the result of biotite
decomposition, producing bastnasite-(Ce) with slightly
lower Nd/Ce values. The redistribution of Ce preferen-
tially to bastnésite-(Ce) would then lead to greater Nd/
Ce values in recrystallized allanite near fractures and
along the recrystallized rim.
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TABLE 3. AVERAGE COMPOSITIONS OF ALLANITE-(Nd) AND ALLANITE-(Ce)
FROM THE KINGMAN FELDSPAR MINE, ARIZONA

Allanite-(Nd) Allanite-(Ce)
Sample KFMB-A KFM-D KFM-11 KFMB-A KFMB-X KFMC-X KFMC-F KFMC-S KFMC-M
n 6 5 5 4 8 4 3 5 8
SiO, wt.% 29.68 29.67 29.80 29.79 2952 29.67 29.86 29.83 29.90
ThO, 0.82 0.85 0.55 0.50 0.39 0.71 0.98 0.93 1.19
uo, 0.10 0.11 0.05 0.03 0.03 0.04 0.10 0.10 0.12
TiO, 0.56 0.52 0.56 0.78 0.68 0.37 0.94 0.91 0.93
AlLO, 1292 1256 1288 1259 1186 1294 1285 13.82 14.40
La,0, 4.12 3.74 4.83 3.75 4.55 3.66 3.84 3.91 4.29
Ce,0, 6.60 7.04 6.34 8.88 8.69 9.12 9.97 10.05 9.34
Pr,0, 1.85 1.84 1.68 1.53 1.60 1.89 0.98 1.20 1.31
Nd,O, 8.36 8.61 7.30 6.89 6.34 6.31 6.06 6.97 7.25
Sm,0, 1.13 1.16 1.14 0.99 1.14 1.14 0.80 0.59 0.55
Eu,0, 0.00 0.00 0.03 0.00 0.00 0.02 0.02 0.02 0.02
Gd,0, 0.00 0.00 0.02 0.02 0.02 0.02 0.01 0.00 0.02
Dy,0, 0.03 0.03 0.02 0.03 0.00 0.02 0.00 0.03 0.04
Yb,0, 0.15 0.16 0.11 0.06 0.11 0.08 0.15 0.11 0.07
Y,0, 0.18 0.18 0.13 0.09 0.09 0.09 0.23 0.15 0.11
Fe,O, 7.55 7.10 7.34 7.75 8.79 7.53 8.16 7.33 6.30
FeO 10.22 1042 1021 10.41 9.79 9.87 9.77 10.05 10.45
CaO 9.75 9.58 9.91 9.81 10.08 9.98 9.93 10.07 10.08
MnO 1.13 1.17 1.16 1.26 0.94 1.16 1.32 1.06 1.12
MgO 0.27 0.28 0.19 0.16 0.30 0.18 0.52 0.32 0.13
H,O 1.46 1.44 1.45 1.48 1.45 1.46 1.49 1.50 1.50
F 0.03 0.05 0.03 0.02 0.05 0.03 0.03 0.04 0.05
Cl 0.05 0.06 0.08 0.03 0.03 0.03 0.05 0.04 0.04
-O=F,Cl -0.03 -004 -003 -002 -003 -0.02 -0.02 -0.02 -0.03
Total 96.93 96.56 9581 96.81 96.42 96.30 98.05 99.00 99.18
Si apfu 2979 3.002 3.005 2988 2984 2991 2955 2928 2929
Al 0.021 0.012 0.016 0.009 0.045 0.072 0.071
3T site 3.000 3.002 3.005 3.000 3.000 3.000 3.000 3.000 3.000
Ti 0.043 0.040 0.042 0.059 0.052 0.028 0.070 0.067 0.068
Al 1508 1.498 1531 1477 1398 1530 1454 1527 1.593
Fe® 0.858 0.881 0.861 0.874 0.828 0.832 0.809 0.825 0.857
Fe® 0.570 0540 0.556 0.584 0.668 0.571 0.607 0.541 0.464
Mg 0.040 0.042 0.028 0.024 0.045 0.027 0.077 0.046 0.018
Mn?* 0.009 0.012
M site 3.018 3.002 3.020 3.017 3.000 3.000 3.017 3.007 3.000
Mn?* 0.096 0.100 0.099 0.107 0.071 0.087 0.110 0.088 0.093
Ca 1.048 1.039 1.070 1.054 1.092 1.078 1.053 1.059 1.058
La 0.025 0.023 0.030 0.023 0.028 0.022 0.024 0.024 0.026
Ce 0.040 0.043 0.039 0.054 0.053 0.056 0.061 0.061 0.057
Pr 0.011 0.011 0.010 0.009 0.010 0.011 0.006 0.007 0.008
Nd 0.050 0.051 0.043 0.041 0.038 0.037 0.036 0.041 0.043
Sm 0.006 0.007 0.007 0.006 0.007 0.007 0.005 0.003 0.003
Eu 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Gd 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Dy 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Yb 0.001 0.001 0.001 0.000 0.001 0.000 0.001 0.001 0.000
Y 0.002 0.002 0.001 0.001 0.001 0.001 0.002 0.001 0.001
Th 0.019 0.020 0.013 0.011 0.009 0.016 0.022 0.021 0.026
u 0.002 0.002 0.001 0.001 0.001 0.001 0.002 0.002 0.003
XA site 1.982 1997 1975 1983 2000 2000 1.983 1.993 2000
H 0981 0973 0975 0989 0978 0985 0.982 0982 0.978
F 0.010  0.017 0.011 0.007 0.017 0.010 0.010 0.011 0.015
Cl 0.009 0.010 0.014 0.004 0.005 0.006 0.008 0.007 0.007

> Hydroxyl site  1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

These compositions were determined using am ARL-SWMQ electron microprobe; n.d.: not detected,
nnumber of analyses made. Sought but not detected were: Tb,0,, Ho,O,, Er,0,, Tm,0;, Lu,0,, Na,0,
PbO. Total iron was partitioned into Fe** and Fe®" to yield a total of 25 charges. The amount of H,0 was
calculated to yield a total of 1 OH + F + Cl.
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he organized, filled with stimulating conversations,
inspired her as a graduate student to continue pegma-
tite research. For this reason, she is honored to be a
contributor to this thematic issue of The Canadian
Mineralogist designed as a tribute to Petr Cerny.
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