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ABSTRACT

Colorless to greyish florencite, with formula Al,
(Ce6.5.Lae.yNd6.11Smn.6aCas.ea) (PO4) r(OH) s, occulll
as millimetre-sized porphyrotopic rhombehedra in
fossiliferous shales of the Iate Precambrian Little
Dal Group in the Mackenzie Mountains, Northwest
Territories. Physical prop€rties determined are:
H-6, good {001} cleavage, specific gravity 3.54
(3.69 calc.), unipxial (*), :: 1.702, e 1.715 (-{-0.002),
a 6.99, c 16.25 A (-f0.01 A). The sedimentary fabric
and the similar rare-earth distribution in the host
shale and in the florencite indicate that the mineral
has formed authigenically. Florencite may be a
more common authigenic constituent of Precam-
brian shales than suspected; its presence may per-
mit the isotopic dating of the rocks by the Sm-
Nd method.

Keywords; florencite, Northwest Territories, Little
Dal Group, rare earths.

SoMMAIRE

Une florencite incolore i grisitre, de formule
Als(Ceo.5alao.aNd6.11Sme.6aCag.o4)eOrdoll)6 se ren-
contre sous forme de rhomboddres porphyrotopi
ques de dimension millim6trique, dans un schiste
argileux fossilifdre du Groupe Little Dal d'ige
Pr6cambrien rdcent, dans les Monts Mackenzie
(Ierritoires du Nord-Oues$. La florencite montre
les propri6t6s suivantes: duret6 -g; clivage {001}
bon; densit6 3.54 (calc. 3.69), uniaxe (*\, ."1.702,
e 1.715 (-f0.002), a 6.99, c 16.25 A (-f 0.01 A). Le
contexte s6dimentaire et la similitude entre la dis-
tribution des terres rares dans le schiste argileux
et dans la florencite indiquent que le min6ral est
de cristallisation authigBne, La florencite pourrait
6tre plus fr6quente qu'on ne l'admet g6n6ralement
comme composant authig0ne des schistes argileux
du Pr€cambrien; sa pr6sence pourrait permettre
la datation isotopique de ces roches par la m6thode
Sm-Nd.

Mots-cl6s: florencite, Territoires du Nord-Ouest,
Croupe Little Dal, terres rares.
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INtnooucrtoN

Florencite, a rare-earth phosphate of the
crandallite group, has been rgported as an ac-
cessory mineral in mica schists, in sands, as a
placer mineral, in pegmatites and carbonatites
as well as in vein deposits associated with
alkaline intrusions. Flot'encite is known from
Europe, Asia, Africa, South America and al$o
from North America. where it has been de-
scribed from Virginia (Mitchell & Geitgey 1968)
and California (Milton & Bastron 1971). More
recently, Lefebvre & Gasparrini (1980) de-
scribed florencite from the Zainan Copper Belt
and reviewed the available data concerning the
mineral. The first Canadian discovery, in the
Mackenzie Mountains. is unusual in that the
florencite occurs as millimetre-sized, porphyro-
topic crystals in shales. It is of particular in-
terest not only because of its rarity and unusual
crystallinity, but also because of its potential
application to isotopic dating of the host sedi-
mentary rocks by the relatively new Sm-Nd
method.

Fr-oneNcrts Locer-rrv

Specimens were found in the Backbone
Ranges of the Mackenzie Mountains, on a small
northeast-facing spur of rusty-weathering black
shale, below an esca{pment of stromatolitic
dolostones, a't 63"5O'2U'N, 127"33t55" W and
at an elevation of approximately 1770 m (Fig.
I ). The locality is in the northwestern corner
of the 1:25O,000 Wrigley Lake sheet (N.T.S.
95M) antl also appears on the geological map
of the same name included in Gabrielse er a/.
(1973, Map 13154). The locality is close to
cross-section A-B on that map, just west of
the point where it intersects the outcrop trace
of the Plateau Thrust.
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Flc. 1. Location map, Triangle shows position of
florencite occurrence.

Gnolocrcel SsrtlNc

The florencite occurs in an allochthonous
sequence of Late Precambrian sedimentary
rocks (Fig. 24) that underlies the Backbone
Ranges and that has been thrust northeastward
over a Paleozoic assemblage along the Plateau
Thrust (Gabrielse et al, 1973, Map 13154).
Florencite is present in the upper half of the
"rusty shale subunit" of the Little Dal Group
(Aitken 1977, Hofmann & Aitken 1979). This
unit is comprised predominantly of rusty weath-
ering black shales that are pyritic and phos-
phatic and that carry megafossils similar to
Chuaria and Tawuia found previously in the
somewhat older "basinal sequence" of the Little
Dal Group (Hofmann & Aitken 1979).

Mtxnnelocv

The millimetre-sized, colorless to greyish
crystals, identified as florencite by X-ray dif-
fraction, were collected by the second author
in thin, slablike specimens of black, rusty
weathering shale. The florencite occurs as por-
phyrotopic crystals, protruding from the bedding
plane surface of the shale specimen, where they
have developed with a density of approximately
5 crystals per square centimetre (Figs. 28, 2C).

The florencite horizon from which crystals were
extracted for study is less than I mm thick.
The mineral was also observed and identified
in several other specimens from the shale se-
quence. However, in these, the crystals occur
much more sporadically than shown in Figures
28 and ZC. It is probable that the mineral
occurs in varying abundance throughout the
shale sequence.

The mineral occurs as well-formed elongate
rhombohedra up to 2 mm in length; the typical
crystal in the specimen studied is O.3 x I mm
in size. Small crystals are colorless, whereas
larger ones are greyish with a greasy lustre or
may be darkened owing to the inclusion of
shale material. Physical and optical properties
are as follows: hardness n6, good t0O1)
cleavage, uniaxial positive with ar L.7O2 and e
1.715 (10.'002). The specific gravity of 3.54,
estimated by floating crystals in Clerici solu-
tion diluted with water, is somewhat lower than
the calculated value 3.69, presumably because
of included shale material. Microscopic examina-
tion using immersion oil indicates that the
crystals commonly contain inclusions of shale
material. Some crystals show thinly spaced
( <0.01 mm) striations suggestive of poly-
synthetic twinning.

The shale matrix is made up of quartz and
sericite (2Mr muscovite) with only trace
amounts of chlorite. HeavyJiquid separation of
the shale yielded a small amount (-LVo) of.
submillimetre-size lumps or pellets made up of
goethite, minor maghepil" and occasional
specks of iron sulfide, probably pyrite.

Because of its excellent cristallinity, the Can-
adian florencite yields a more complete powder
pattern (Table I ) than florencite from other
localities (Ipfebvre & Gasparrini 1980). In-
dexing the powder pattern using the data of
I-efebvre & Gasparrini yields a 6.99, c 16,25
A (*o.ot A), virtually identical to the cell
dimensions of the Zaire florencite (a 6,987, c
16.248 A).

Results of microprobe analyses of l0 grains
of florencite are given in Table 2. T\e analyses
were done by C. Gasparrini and M. Gorton
using the energy-dispersion technique and data-
reduction procedures as outlined in Lefebvre &
Gasparrini (1980). Calculation of the rnineral
formula on an anhydrous basis of 22 oxygens
(Table 2) leads to relatively good stoichio-
metric proportions if SiO, is ignored. Inclusion
of SiOr in the calculations yields lower' non-
stoiqhiometric ratios, suggesting that the SiOz
reported in the analyses results from quartz in-
clusions in the mineral.
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Ftc. 2. Florencite occurrence in tle shale from tle Backbone Ranges, Mackenzie Mountains, N.W.T.
(A) View looking west to section of Little Dal Group. Florencite locality (trianele) is in rusty-
weathering black shale unit below cliff-forming carbonates. (B) Hand specimen of rusty-uteathering
black shale, showing abundant millimetre-size crystals of euhedral florencite, Cat. no. 61536, National
Mineral Collection of Canada. (C) Enlarged view ot cluster of florencite crystals, showing wellde-
veloped rhombohedral faces.
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The Mackenzie Mountains florencite is not ap-
preciably zoned, for it deviates only slightly from
its average formula Alg(Ceo.tao.orNdn.rtSmo.*
Cao.on)(POn)u(OH)o Cerium is the dominant
rare earth, as in most specimens of florencite,
followed by lanthanum, neodymium and saJnar-
ium, a sequence that parallels the rare-earth
distribution in shales (Haskin & Schmitt L967).
T\e l-a/& and Sm/Ce ratios of the Canadian
florencite, 0.495 and O.079, respectively, are
almost identical to the ratios of these elements
in shales (0.51, 0.O9: Haskin & Schmitt 1967),
The NdrlCe ratio of the florencite is, however,
significantly lower than the corresponding ratio
in shales (O.21 versus O.48).

The chemical composition of the florencite-
bearing shale and the trace-element contents of

four shale specimens from the mineral locality
are given in Table 3, together with the rare-
earth contents in the composite of North Amer-
ican shales given by Haskin & Schmitt (19....7),
The trace-element analyses were done by J.N.
Ludden and C. Gari6py using neutron-activa-
tion metlods. The rare-earth data listed in
Table 3 are shown on a chondrite-normalized
basis in Figure 3. Normalization was carried
out with respect to the Leedy chondrite values
divided by 1.2 (Masuda et al. 1973). Bxcept
for a weak but persistent negative europium
anomaly, which may reflect the source area of
the shale or may be attributable to its Pro-
terozoic makeup (Taylor & Mclennan 1981),
the florencite-bearing shales yield rare-earth
patterns typical of shales. These patterns are
closely similar to that of the composite of
North American shales (Haskin & Schmitt
1967). In fact, the average total rare-earth con-
tent in tle four specimens analyzed is virtually
identical with that of the composite of North
American shales (167.44 versus 168.28 ppm;
Table 3). The total rare-earths and the rare-
earth patterns of specimens H-0 to H-4 do not
seem obviously dependent on whether florencite
is present or absent in the shale. This, togetber
with the similar La/Ce and Sm/C.e ratios in
the florencite and in its host shales, indicates
that the florencite has formed authigenically
from small amounts of PrOo available in the
shales. The Canadian discovery invites inter-
esting speculation about possible occurrences of
florencite in other Precambrian shale sequences.
Indeed, the normal, relatively low P*Or con-
tents of the analyzed specimens and the typical,
strong enrichment of the light rare-earths in
shales (Haskin & Schmitt 1967) suggest that
florencite may be a more cornmon authigenic
constituent of shales than has been suspected.
This possibility should be kept in mind when
studying Precambrian shales, for authigenic
florencite would make these rocks amenable to
isotopic dating by the relatively new Sm-Nd
method.
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