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ABSTRACT

The average result of 49 electron-microprobe spot analyses of huttonite (monoclinic ThSiO4) from its type locality, Gillespie’s
Beach, southern Westland, New Zealand, yields the following chemical composition (in wt.%, ± 1s standard deviation in italics
in parentheses): P2O5 0.43 (0.13), SiO2 18.78 (0.17), ThO2 79.21 (0.53), UO2 0.66 (0.07), Y2O3 0.35 (0.15), La2O3 0.02 (0.02),
Ce2O3 0.06 (0.07), Pr2O3 0.02 (0.02), Nd2O3 0.12 (0.08), Sm2O3 0.06 (0.05), Gd2O3 0.10 (0.05), Dy2O3 0.06 (0.04), CaO 0.01
(0.01), FeO 0.01 (0.01), PbO 0.03 (0.01), total 99.94 (0.32). Huttonite is very close to the theoretical ideal stoichiometry, with the
general formula (Th0.96U0.01Y0.01REE0.01)S0.99 (Si0.99P0.02)S1.01 O4. It displays little compositional heterogeneity and is near end-
member composition (93.2 to 98.4 mol.% ThSiO4). The chondrite-normalized REE patterns are umbrella-like, with Gd being the
most prominent rare-earth element. The P, U, Fe, and total REE contents of the grains studied differ strongly from those of the
type material published by Pabst & Hutton (1951). Thorite (tetragonal ThSiO4) from Gillespie’s Beach displays the following
average composition (n = 30): P2O5 0.12 (0.09), SiO2 18.84 (0.18), ThO2 73.46 (1.85), UO2 5.90 (1.46), Y2O3 0.21 (0.11), La2O3
0.00 (0.01), Ce2O3 0.08 (0.05), Pr2O3 0.02 (0.04), Nd2O3 0.07 (0.05), Sm2O3 0.04 (0.04), Gd2O3 0.04 (0.04), Dy2O3 0.04 (0.04),
CaO 0.13 (0.08), PbO 0.43 (0.20), total 99.42 (0.44). Like huttonite, it is virtually non-metamict, nearly stoichiometric
[(Th0.90U0.07Y+REE0.01Ca0.01Pb0.01)S1.00Si1.01O4] and approaches end-member composition (86.3 to 96.7 mol.% ThSiO4). Th – U
– total Pb dating reveals a late Tertiary (Miocene) age for the huttonite. The thorite records older ages, from late Triassic–early
Jurassic to early Tertiary. All ages coincide with major metamorphic or magmatic events on South Island. Rocks that formed in
the experimentally derived P–T stability field of huttonite are unknown in the area. There thus  are suggestions of discrepancies
between the experimental data on huttonite–thorite phase relations and those observed in natural systems.

Keywords: huttonite, thorite, electron-microprobe analysis, Th – U – total Pb age, regional geology, Gillespie’s Beach, South
Island, New Zealand.

SOMMAIRE

La composition moyenne de la huttonite (ThSiO4 monoclinique), déterminée à partir de 49 analyses ponctuelles à la
microsonde électronique d’échantillons de la localité-type, Gillespie’s Beach, Westland du sud, en Nouvelle-Zélande, est comme
suit (en % pondéraux, ± 1s écart-type en italiques entre parenthèses): P2O5 0.43 (0.13), SiO2 18.78 (0.17), ThO2 79.21 (0.53),
UO2 0.66 (0.07), Y2O3 0.35 (0.15), La2O3 0.02 (0.02), Ce2O3 0.06 (0.07), Pr2O3 0.02 (0.02), Nd2O3 0.12 (0.08), Sm2O3 0.06
(0.05), Gd2O3 0.10 (0.05), Dy2O3 0.06 (0.04), CaO 0.01 (0.01), FeO 0.01 (0.01), PbO 0.03 (0.01), total 99.94 (0.32). Cette
composition se rapproche de très près de la stoechiométrie idéale: (Th0.96U0.01Y0.01REE0.01)S0.99 (Si0.99P0.02)S1.01 O4. Les cristaux
sont assez homogènes et se rapprochent du pôle (de 93.2 à 98.4% ThSiO4 en termes molaires). Les spectres de terres rares,
normalisés par rapport à une chondrite, ont l’allure d’un parapluie, le Gd étant la terre rare la plus concentrée. Les teneurs en P,
U, Fe, et terres rares totales des grains étudiés diffèrent de façon marquée des teneurs établies dans la description originelle de
Pabst et Hutton (1951). La thorite (ThSiO4 tétragonal) provenant de Gillespie’s Beach possède la composition moyenne suivante
(n = 30): P2O5 0.12 (0.09), SiO2 18.84 (0.18), ThO2 73.46 (1.85), UO2 5.90 (1.46), Y2O3 0.21 (0.11), La2O3 0.00 (0.01), Ce2O3
0.08 (0.05), Pr2O3 0.02 (0.04), Nd2O3 0.07 (0.05), Sm2O3 0.04 (0.04), Gd2O3 0.04 (0.04), Dy2O3 0.04 (0.04), CaO 0.13 (0.08),
PbO 0.43 (0.20), total 99.42 (0.44). Tout comme la huttonite, la thorite est quasiment non métamicte et presque stoechiométrique
[(Th0.90U0.07Y+REE0.01Ca0.01Pb0.01)S1.00Si1.01O4], et elle aussi s’approche du pôle (de 86.3 à 96.7% ThSiO4). Une datation fondée
sur les teneurs en Th, U et Pb total révèle un âge tertiaire tardif (miocène) de formation de la huttonite. En revanche, la thorite
indique un âge de formation plus ancien, allant de triassique tardif ou jurassique précoce à tertiaire précoce. Tous les âges
coïncident avec des événements métamorphiques ou magmatiques majeurs à South Island. On ne connait pas de roches qui ont été
formées dans des conditions P–T qui correspondent au champ de stabilité de la huttonite, telles qu’établies par expériences. Les
relations de phases entre thorite et huttonite déduites à partir des études expérimentales ne concordent pas bien avec les observa-
tions de terrain.

(Traduit par la Rédaction)

Mots-clés: huttonite, thorite, analyses à la microsonde électronique, âge Th – U – Pb total, géologie régionale, Gillespie’s Beach,
South Island, Nouvelle-Zélande.
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INTRODUCTION

The monazite group of minerals, of monoclinic sym-
metry, is composed of three end-members: monazite,
brabantite, and huttonite (e.g., Förster 1998). Huttonite
(ThSiO4) has a tetragonal dimorph, thorite. The experi-
mentally defined thorite–huttonite phase transition at 1
atm is located between 1210 and 1225°C (Finch et al.
1964, Seydoux & Montel 1997). However, at high pres-
sures, huttonite apparently is stable over a range of tem-
peratures (Dachille & Roy 1964). Its restricted field of
stability at pressures and temperatures normally encoun-
tered in the Earth’s crust is thought to account for the
rarity of huttonite relative to thorite in nature (Speer
1982). The two minerals can be distinguished only by
their X-ray-diffraction patterns (Pabst & Hutton 1951).

To date, huttonite is known from three localities: 1)
its type-locality, Gillespie’s Beach, southern Westland,
South Island, New Zealand (Pabst & Hutton 1951),
where it is found as minute grains of composition Htn89.1
in the beach sands, 2) granitic pegmatites from
Bogatynia, Poland (Kucha 1980), where the huttonite
component approaches 66 mol.%, and 3) nepheline sy-
enite from Brevik, Norway (Meldrum et al. 1999; no
compositional data reported). Further unconfirmed oc-
currences include (1) granitic pegmatites in the Santa
Maria de Itabira pegmatite district, Minas Gerais, Bra-
zil (Bilal et al. 1998), (2) the Lovozero alkaline com-
plex, Kola Peninsula, Russia (Chakhmouradian &
Sitnikova 1999), (3) the S-type, peraluminous Tribeˇc
granodiorite in Slovakia (Broska et al. 2000), and (4)
the Holliday mine in Mineral County, Nevada, U.S.A.
(G.W. Robinson, pers. commun., 2000). However, to
our knowledge, the huttonite from all these occurrences
has not been confirmed by X-ray analysis because of its
small grain-size. In addition, only about one dozen oc-
currences of members of the monazite–huttonite series
that contain between 25 and 50 mol.% ThSiO4 have been
described [see Förster & Harlov (1999) for a compila-
tion].

The physical and optical properties of huttonite from
Gillespie’s Beach as well as its occurrence and mineral
assemblage have been described in detail by Pabst &
Hutton (1951). Its chemical composition was deter-
mined by wet-chemical techniques using purified min-
eral separates. However, the authors (Table 1) did not
distinguish among the individual rare-earth elements
(REEs) beyond giving analytical data for Ce2O3 and
“others”. Moreover, calculation of molar proportions
from the average composition published by Pabst &
Hutton (1951) reveals a deviation from theoretical stoi-
chiometry (sum of cations = 8.163; cations calculated
on the basis of 16 atoms of oxygen).

In connection with an ongoing study of thorite (H.-J.
Förster, in prep.), we realized that recent knowledge on
the composition of huttonite was insufficient to permit
detailed comparison between the two Th minerals. At-
tempts to obtain access to type-huttonite from the origi-

nal sample described by Pabst & Hutton (1951) for elec-
tron-microprobe re-examination failed. However, the
Smithsonian Institute kindly provided a number of
huttonite grains separated from another sample of beach
sand from Gillespie’s Beach. From these, three grains
were successfully mounted for electron-microprobe
analysis in order to determine, in particular, the entire
spectrum of REEs. In addition, in heavy-mineral frac-
tions of beach-sand samples from the huttonite type-lo-
cality and nearby Bruce Bay, U-bearing thorite was
identified. Since uranothorite had also been mentioned
by Pabst & Hutton (1951) as part of the huttonite as-
semblage, it was decided that it might be profitable to
examine the composition of the dimorph of huttonite
more carefully. Given their apparent non-metamict state,
both ThSiO4 dimorphs were used to calculate U – Th –
total Pb ages, which are compared with the ages of major
metamorphic and magmatic events on South Island.

ANALYTICAL  PROCEDURES

Electron-micropobe examination

Analyses of the Th silicates were done using the
CAMEBAX SX–50 electron microprobe, employing a
PAP correction procedure (Pouchou & Pichoir 1985).
The operating conditions were: accelerating potential 20
kV, beam current 50 nA (measured on the Faraday cup),
and beam diameter 1 mm. The counting times on the
peak were 300 s for Pb, 200 s for U, and 60 s for Th
and, in each case, half that time for background counts
on both sides of the peak. For the REE and other ele-
ments, counting times were 80 s on the peak.

X-ray lines and background offsets were selected to
minimize interferences and their correction (Exley 1980,
Roeder 1985). Wavelength-dispersion spectral scans
done on complex natural REE phosphates (monazite and
xenotime) were used to determine the peak and back-
ground positions of each element and to identify over-
lapping peaks. Ka lines were used for P, Si, Fe, and Ca;
La lines for Y, La, and Ce, and Lb lines for Pr, Nd, Sm,
Gd, and Dy. The interferences of ThMb on UMa and of
YLa on PbMa were eliminated by using the ThMa,
UMb and PbMb lines. Minor interferences of ThMg on
UMb were corrected using the procedure of Åmli &
Griffin (1975).

Primary standards included pure metals for Th and
U, vanadinite for Pb, synthetic phosphates prepared by
Jarosewich & Boatner (1991) for the REE, and natural
minerals and synthetic oxides for other elements. Accu-
racy of the calibration was checked routinely using syn-
thetic ThO2 and UO2.15, synthetic glass SRM 610, which
contains some hundred ppm of Th, U, and Pb, a syn-
thetic glass containing 0.79 wt.% PbO, and the REE
glasses prepared by Drake & Weill (1972). Reproduc-
ibility of the stated compositions in the SRM 610 glass
was better than 15%, that in the REE glasses, better than
5–10%. A further check on calibration was made by
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determining the stoichiometry and composition of an
in-house monazite standard analyzed in different labo-
ratories.

The analytical errors associated with the REE depend
on the absolute abundances of each element. Relative
errors are estimated to be <1% at the >10 wt.% level, 5–
10% at the 1 wt.% level, 10–20% at the 0.2 to 1 wt.%
level, and 20–40% at the <0.1 wt.% level. For concen-
trations below 0.1 wt.%, the analytical precision for the
actinides and for lead is much higher, approximately
10%. Detection limits were approximately 200–300
ppm for all elements monitored except lead (~100 ppm).

In an early stage of the investigation, the huttonite
grains were also analyzed for Al, Tb, Ho, Er, Yb, and
Lu, but the measured concentrations were found to be
mostly at or below their detection limits.

X-ray diffraction

One huttonite grain and one thorite grain were
selected from one crystal for X-ray examination. The
single-crystal patterns were made with a Gandolfi cam-
era 57.3 mm in diameter under standard analytical con-
ditions. Huttonite was confirmed by the strongest lines
of its X-ray-diffraction pattern [d in Å(hkl)]: 4.67(011),
4.04(101), 3.49(111), 3.24(200), 3.08(120), and
2.86(012). Identification of thorite was made on the
basis of the following lines: 4.71(101), 3.56(200),
2.84(211), 2.67(112), 2.22(301), and 1.82(312).

CHEMICAL COMPOSITION

Huttonite

Electron-microprobe analyses were performed on
three single, anhedral grains (between 50 3 100 mm
and 150 3 250 mm in size), embedded in epoxy, in a
grain mount (Figs. 1a, b). Back-scattered electron im-
aging revealed no visible zonation (Fig. 1c). Between
15 and 18 spot analyses were performed on each crystal
to evaluate compositional variability.

The composition of huttonite is dominated by the
major components Th (78.0 ≤ ThO2 ≤ 80.3 wt.%) and
Si (18.4 ≤ SiO2 ≤ 19.1 wt.%). P and U are always present
at the tenths of a wt.% level (0.11 ≤ P2O5 ≤ 0.68 wt.%;
0.54 ≤ UO2 ≤ 0.82 wt.%). The sum of Y2O3 and REE2O3
ranges from 0.3 to 1.4 wt.%. Y, Nd, Sm, Gd, and Dy are
invariably present in concentrations above their detec-
tion limits; however, La, Ce, and Pr are not. Iron
concentrations are almost negligible (< 0.01–0.03 wt.%
FeO). The same holds true for Ca. The analytical totals
are invariably very close to 100%, and the cation pro-
portions indicate a perfect stoichiometric composition.
With respect to formula units, the following range of
decreasing importance among the individual lanthanides
can be established: Y > Gd,Nd > Ce,Sm,Dy > La,Pr.

The within-grain compositional variability is small.
However, there is some variability among the grains

(Table 1). Huttonite 1 is highest in the light-rare-earth
elements (LREE), with a proportion of LREE2O3 to
(Y2O3 + HREE2O3) between 1 and 2. In grains 2 and 3,
Y and the HREE predominate over the LREE. The chon-
drite-normalized REE patterns are umbrella-like and
characterized by a slight and systematic increase from
La to Gd (probably with exception of Eu), followed by
a decrease to Dy and Y, which can be expected to pro-
ceed continuously to Lu.

In terms of mole fractions, ThSiO4 is the overwhelm-
ing component (93.2–98.4 mol.%). Between 0.7 and 1.0
mol.% USiO4 is present. The monazite (LREEPO4)
component amounts to 0.1–1.4 mol.%. (Y,HREE)PO4
accounts for 0.3–2.5 mol.% of the huttonite composi-
tion. The brabantite, CaTh(PO4)2, component is very
subordinate (< 0.3 mol.%). Incorporation of the REE and
Y into the huttonite structure takes place mainly by the
coupled substitution REE3+ + P5+ ⇔ Th4+ + Si4+.
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FIG. 1. Scanning electron microscope (SEM) and back-scattered electron (BSE) microphotographs of huttonite and thorite
grains from Gillespie’s Beach. (a) and (b): SEM images of typical grains of huttonite as provided by the Smithsonian Institu-
tion. (c) BSE image of one of the mounted grains of huttonite analyzed by electron microprobe. (d) BSE image of an anhedral,
homogeneous grain of thorite. (e) BSE image of a thorite grain showing striking patchy zoning. (f) BSE image of a euhedral,
unzoned and cracked grain of thorite.
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Thorite

The grains range in size from 30 3 50 mm to 150 3
250 mm. Most of them are anhedral to subhedral, seem
homogeneous or are only weakly zoned (Fig. 1d). Some
grains exhibit strong zonation (Fig. 1e). Euhedral crys-
tals are rare (Fig. 1f). Usually, the grains are corroded,
cracked and contain a scattering of holes or tiny inclu-
sions.

Thorium (69.8 ≤ ThO2 ≤ 79.1 wt.%) and Si (18.4 ≤
SiO2 ≤ 19.1 wt.%) dominate as constituents (Table 2).
However, the thorite also contains high but variable
contents of U (1.8 ≤ UO2 ≤ 9.5 wt.%). P is present at a
level of a few tenths of a wt.% (0.01 ≤ P2O5 ≤ 0.41
wt.%). The sum of Y2O3 and REE2O3 is low and ranges
from 0.01 to 0.89 wt.%. The proportions of LREE2O3 to

(Y2O3 + HREE2O3) are variable, in the range <0.2 to
2.1. Thorite contains between 0.01 and 0.49 wt.% CaO
and 0.14 and 0.89 wt.% PbO. Fe and Al concentrations
are negligibly low (<0.01 wt.%). The totals are close to
100%, and the cation proportions match the ideal stoi-
chiometry of thorite very closely.

In terms of mole fractions, ThSiO4 is the overwhelm-
ing component (86.3–96.7 mol.%). Between 2.1 and
11.3 mol.% USiO4 is present, whereas (Y,HREE)PO4
accounts for 0.1–3.2 mol.% of the composition.

MINERAL AGES

Actinide-bearing accessory minerals bear the poten-
tial for Th – U – total Pb age dating by electron micro-
probe (e.g., Suzuki & Adachi 1991, Rhede et al. 1996,
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Montel et al. 1996). The most recent attempts to obtain
“chemical ages“ have focussed on monazite-(Ce) (e.g.,
Suzuki et al. 1994, Braun et al. 1998, Cocherie et al.
1998, Finger & Helmy 1998, Crowley & Ghent 1999).
Other minerals used for this purpose include zircon
(Tadesse et al. 1997, Kato et al. 1997, Geisler &
Schleicher 2000), xenotime (Ito et al. 1997, Förster et
al. 1999) and uraninite (Förster 1999).

Given their high concentrations of Th (± U), the ac-
tinide orthosilicates huttonite and thorite bear a great
potential for calculation of “chemical ages“, if not
metamict or altered. Metamictization and resultant hy-
dration are accompanied by a strong disturbance in the
U–Th–Pb system. Minerals of the monazite group, in-
cluding huttonite, are less susceptible to radiation dam-
age leading to amorphization than other accessory
phases, and, therefore, metamict phases of that group
are rarely observed in nature (Boatner & Sales 1988,
Meldrum et al. 1998). Indeed, the well-developed X-
ray-diffraction pattern of huttonite from Gillespie’s
Beach indicates a high degree of crystallinity. On the
other hand, thorite, which crystallizes with the structure
of zircon, usually occurs in the metamict state (e.g.,
Farges & Calas 1991). Therefore, thorite has been used
for Th – U – total Pb dating only twice, though with
limited success (Parslow et al. 1985, Enami et al. 1993).
In the case of thorite from Gillespie’s Beach, the X-ray
pattern of the grain investigated does not show a mea-
surable degree of amorphization. Moreover, totals close
to 100 wt.%, a nearly ideal stoichiometry, and low to
very low levels of Al, Fe, and Ca are incompatible with
metamictization. Consequently, both huttonite and thor-
ite studied in this paper seem suited as mineralogical
geochronometers.

Single-point ages for huttonite, calculated using the
equation for the radioactive decay of U and Th and the
decay constants proposed by Steiger & Jäger (1977),
range from 5.7 to 18.3 Ma. Average ages for each of the
three huttonite grains are given in Table 1. The rela-
tively high standard deviations are an expression of
some inhomogeneity in age on the scale of the grain,
but no systematic core–rim relations were detected. Sta-
tistical handling of single-point ages yields three dis-
tinct age-populations: 15.4 ± 1.6 Ma, 10.7 ± 1.3 Ma,
and 5.8 ± 1.3 Ma.

Single-point ages for thorite extend over a consider-
ably more lengthy time-interval, from 35 to 210 Ma.
Grains of different compositional and geochronological
relations occur: compositionally and geochronologically
homogeneous grains (GB3–3a; Table 2, anal. 11),
chemically heterogeneous but geochronologically ho-
mogeneous grains (GB3–1b; Table 2; anals. 4 and 5),
chemically homogeneous but geochronologically het-
erogeneous grains (GB1–5a; Table 2, anals. 7 and 8)
and compositionally and geochronologically zoned
grains (BB–2b; Table 2, anals. 3 and 9). Four statisti-
cally distinct age-populations can be distinguished (±1s
standard deviation): 205–210 Ma (n = 2; Triassic–

Jurassic boundary), 152 ± 9 Ma (n = 5; late Jurassic),
76 ± 6 Ma (n = 18; late Cretaceous), and 41 ± 5 Ma (n
= 3; early Tertiary, Eocene). The majority of the grains
studied, either geochronologically homogeneous or not,
record a late Cretaceous age (Table 2, anals. 1–7).

DISCUSSION

Overall composition of huttonite from the type locality

The electron-microprobe data for the huttonite pre-
sented here show poor correspondence with the wet-
chemical analytical results of the type material reported
by Pabst & Hutton (1951) (Table 1). A broad similarity
is observed only for the major components, Th and Si.
U and P were not detected by Pabst & Hutton (1951)
but are present in our huttonite grains. In contrast, Y
plus the REE are incorporated in the latter grains at a
much lower concentration than measured in the type
material. Moreover, considerable amounts of Fe2O3 (1.2
wt.%) determined in the type-huttonite separate were not
detected in the grains studied by electron microprobe.
The differences in the analytical data may be the result
of one or more of the following reasons: (1) they cor-
rectly reflect the natural variability in the huttonite com-
position, (2) the type material was not completely
purified (for example, Fe oxides may have been present
in fission-track voids, fissures, holes, etc.), and (3) the
original analysis was affected by analytical problems.

REE pattern of huttonite

The recognized proportions between the LREE and
HREE and the shape of the chondrite-normalized REE
patterns (Fig. 2) do not match the general composition
of other minerals of the monazite group, including
monazite-(Ce), cheralite-(Ce), and brabantite, which
typically have a strong preference for the LREE (see
Förster 1998, and references therein). The predominance
of Gd in the patterns, however, can be easily explained
in terms of charge and ionic radius of the substituting
elements. The ionic radius of trivalent VIGd (0.938 Å:
Shannon 1976) is closest to tetravalent VITh (0.94 Å)
relative to all other REE and Y. From Gd, the ionic radii
of the VILREE increase continuously toward La (1.01
Å). Those of the HREE decrease in the same manner
toward Lu (0.861 Å). Consequently, the mineral/melt
(or fluid) partition coefficient should be greater for Gd
than for the other REE. Clearly, the shape of the REE
pattern of huttonite indicates that the partitioning of the
lanthanides and Y between huttonite and the melt (or
fluid) from which it crystallized was predominantly a
function of charge and the ionic radius of the elements
involved. The REE distribution patterns in huttonite
from Gillespie’s Beach should be representative of
huttonite in general, as long as the behavior of the ele-
ments is a smooth function of ionic radius. However,
huttonite precipitated from aqueous solutions or pegma-
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tite-forming granitic melts enriched in volatiles may
show distinct REE patterns. In these media, chemical
complexation, depending on electron configuration and
the type of complexing ligand, may cause significant
fractionation of the elements (e.g., Bau 1996).

ThSiO4 ages and the regional geology of South Island

Gillespie’s Beach is located in southern Westland
Province of South Island. This province contains part
of the Tasman Metamorphic Belt (TMB), flanked to the
northwest by the South Westland Basin (e.g., Sircombe
& Kamp 1998) and to the southeast by the Southern
Alps mountain belt. This belt belongs to the Wakatipu
Metamorphic Belt (WMB) in the Eastern Province of
South Island. Both metamorphic belts are divided by the
Alpine Fault, positioned about 20 km southeast of
Gillespie’s Beach. South Island is regarded as compris-
ing a zone of oblique continent–continent collision in-
volving the Pacific (WMB) and Australia plates (TMB)
(Kamp & Tippett 1993, Tippett & Kamp 1993, Beau-
mont et al. 1996). The Alpine Fault is the suture zone
between the two plates, and the Southern Alps, the to-
pographic expression of uplift and erosion of the lead-
ing edge of the Pacific Plate (e.g., Sircombe & Kamp
1998).

Pabst & Hutton (1951) concluded, from the nature
of the associated heavy minerals, that the medium-grade
(Otago) schists of the Southern Alps were the source of
both the huttonite and thorite present in the sands of
Gillespie’s Beach. From the viewpoint of the U – Th –
total Pb ages of the huttonite grains, it can be established
that in the Otago schists, Rb–Sr and K–Ar mineral ages
between 4 and 7 Ma were obtained (Harper & Landis
1967, and references therein). Of particular interest is
that these young ages are measured only in schists that
occur spatially close to Gillespie’s Beach. The second
youngest population of ages of huttonite is contempo-

raneous with the starting point of plate convergence
along the Alpine fault (~ 10 Ma, Beaumont et al. 1996).

Within a distance of about 75 km from Gillespie’s
Beach, no ages are reported that would match the age
data obtained from the grains of thorite. Here, metamor-
phic ages ranging from 60 to 76 Ma were measured in
the Otago schists. These roughly correspond to the age
of population 3 recorded in the thorite. At about the
same distance from Gillespie’s Beach, late Cretaceous
metamorphic ages of 133–141 Ma are measured in these
schists. These are only slightly younger than the ages
represented by population 2. About 200 km away from
Gillespie’s Beach, metamorphic rocks have been found
with ages between 52 and 55 Ma. These are slightly
older than the ages reflected by population 4.

Ages around 200 Ma, as given by population 1, are
not measured in any metamorphic rock from South Is-
land. However, in the Tasman Metamorphic Belt, a
number of plutonic rocks of appropriate ages are ex-
posed. These rocks occur in the Nelson and Fjordlands
blocks to the northeast and southwest, respectively, of
Gillespie’s Beach. Late Triassic to early Jurassic ages
are displayed by granitic cobbles in conglomerates (226
± 6 Ma, Graham & Korsch 1990), the Sams Creek
peralkaline granite (226 ± 1.1 Ma, Tulloch 1992), and
some metarhyolites (~200 Ma, King et al. 1985). A
younger, major subduction-related event consisting of
I-type magmatism occurred between 156 and 130 Ma
(Kimbrough et al. 1993, 1994a). This event correlates
with the age of mid-Mesozoic peak metamorphism, as
manifested by the Fraser Complex of amphibolite-fa-
cies gneisses (157 ± 21 Ma, Kimbrough et al. 1994b).
The thorite ages are not compatible with the time of the
mid-Cretaceous (117–107 Ma) emplacement of volumi-
nous collision-related granites (Kimbrough et al. 1993,
Muir et al. 1994, Waight et al. 1998) nor with a period
of granulite-facies metamorphism in the Western Prov-
ince (110–125 Ma: Ireland & Gibson 1998). Intrusion

FIG. 2. Chondrite-normalized REE patterns of three huttonite grains from Gillespie’s
Beach. Chondrite data are from Anders & Grevesse (1989).
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of the youngest Cretaceous granite, the French Creek
A-type granite, took place at about 83 Ma, which is
roughly similar to thorite age-population 3. Inclusion of
I- and A-type granites in a discussion of possible source-
rocks for thorite grains from Gillespie’s Beach reflects
the fact that these granites and their metamorphic
equivalents are the most important hosts of thorite in
nature (e.g., Feely et al. 1989, Egeberg et al. 1993,
Casillas et al. 1995, Bingen et al. 1996, Finger et al.
1998, Förster et al. 1999).

Correspondences between ages determined from the
huttonite and thorite grains and times of important meta-
morphic and magmatic events in South Island suggest
that their Th – U – total Pb ages may be real. If so, they
record either multiple stages of mineral growth or the
resetting of the Th – U – Pb isotopic system that oc-
curred between the late Triassic and late Tertiary on
South Island. In such a scenario, the thorite ages imply
that metamorphic or magmatic rocks older than the Cre-
taceous should occur at a closer distance to Gillespie’s
Beach than is implied from recent geological maps.
However, we do not wish to overinterpret the chemical
ages. We cannot totally exclude the possibility that both
actinide orthosilicates (in particular thorite) may have
undergone fluid-induced loss of Pb. This may explain
the scatter in the ages as well as the young age-popula-
tions.

Huttonite–thorite stability relations

The suggested source of huttonite from Gillespie’s
Beach, the Otago schists, are of medium-grade origin.
Maximum pressures and temperatures approach 7 kbar
and 500°C (Yardley 1982). Pressures up to 12 kbar are
estimated for the granulite-facies orthogneisses from the
Western Province, but these are older, of Cretaceous
age. The Otago schists and all other known rocks of
Miocene age experienced P–T metamorphic conditions
well outside the experimentally calibrated range of sta-
bility of huttonite (e.g., Dachille & Roy 1964, Seydoux
& Montel 1997). This inference suggests that undiscov-
ered high-P rocks may occur within the source area from
which the beach-sand material was derived. However,
no high-pressure metamorphic minerals, such as jadeite
or glaucophane, are described by Pabst & Hutton
(1951), nor were they detected in the thorite-containing
sands studied by us. It may also be possible that the
available experimental data do not correctly describe the
huttonite–thorite stability relations, since the experi-
ments were not reversed. Speer (1982) has suggested
that admixtures of other elements such as the REE may
increase the stability field of huttonite. However, in the
case of huttonite from Gillespie’s Beach, element abun-
dances other than Th and Si are virtually too low to dra-
matically increase its stability. To resolve the apparent
problem of incompability between experimental results

and observations in natural systems, a redetermination
of the stability field of huttonite relative to thorite, both
with and without minor REE, is long overdue.
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