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Abstract : The Lac a la Perdrix fenite lies in the Central Metasedimentary Belt of the Grenville Province.
This 30 m wide fenite, adjacent to a narrow calciocarbonatite sill, replaces diopside-oligoclase gneiss and
is composed of magnesio-arfvedsonite, aegirine, microcline, albite, and fluorapatite. Near the contact with
carbonatite, it contains appreciable monazite and barite whereas aegirine virtually disappears.

Fenitization probably took place early in the igneous stage of carbonatite development. A Pb/U monazite
age of 1026 ± 2 Ma is thought to date fenite formation. Together with published data, this age shows that
carbonatite intruded metamorphic rocks near the close of the Grenville Orogeny.

Resume : La fenite de Lac a la Perdrix s'observe dans la ceinture metasedimentaire de la Province de
Grenville. Cette fenite, mesurant 30 m de largeur et en position adjacente par rapport a un etroit filon-couche
de calciocarbonatite, remplace un gneiss a diopside-oligoclase et se compose de magnesio-arfvedsonite,
d'aegirine, de microcline, d'albite et de fluorapatite. Pres du contact avec la carbonatite, la fenite contient
de la monazite et de la barytine en quantite appreciable, tandis que l'aegirine disparait pratiquement.

La fenitisation a probablement eu lieu au debut de l'episode igne durant lequel s'est form6 la carbonatite.
On pense qu'un age Pb-U sur monazite de 1 026 ± 2 Ma correspond au moment de formation de la fenite.
Conjugue aux donnees publiees, cet age indique que la carbonatite a fait intrusion dans des roches
metamorphiques vers la fin de l'orogenese grenvillienne.
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INTRODUCTION

In the Grenville Province, the age and origin of layered and
foliated rocks of carbonatite appearance and spatially related
fenites have been debated since the beginning of this century.
Carbonatite is used here in the broad sense defined by
Heinrich (1966) as "a carbonate-rich rock of apparent mag-
matic derivation or descent". Such rocks and associated
fenites are common north of Ottawa. Four Proterozoic occur-
rences were recognized in the Gatineau district: in a narrow
20 km long zone extending southwest from beyond Lac
McGregor, through the Lac a la Perdrix area, to the Haycock
iron mine (Fig. 1, localities 1, 2, and 3, respectively) as well
as calciocarbonatites, magnesicarbonatites, and fenites near
Meech Lake (Fig. 1, locality 4, Hogarth 1966; Hogarth and
Rushforth, 1986). South of the Ottawa River, are found the
Blackburn fluidized magnesiocarbonatites of Cretaceous age
(Fig. 1. locality 6; Rushforth, 1985; Hogarth et al., 1988).

This paper focuses on the small Lac a la Perdrix fenite and
carbonatite (locality 1381 in Fig. 2), which features a
carbonatite-fenite contact, brecciated host rock, mineralized
fractures in fenite, and alignment of xenoliths in carbonatite.
At this outcrop, the grain size is sufficiently coarse to enable
clear field observation and distinction of the most important
phases, without a hand lens. The occurrence of fresh monazite
provides a means of dating this fenite, and together with new
petrological data may shed more light on the origin of these
problematic rocks.

GEOLOGICAL SETTING

Lac a la Perdrix lies in the Mont Laurier terrane (Davidson,
1995) of the western Central Metasedimentary Belt in
Quebec. No detailed geological map of the Lac a la Perdrix
area is presently available but general features were described
by D.D. Hogarth and J.M. Moore in Baird (1972) and geology
of the area immediately to the south of Figure 2 was mapped
and described by Hogarth (1981).

The area outlined in Figure 2 is underlain by calcite marble
in the east, and mafic gneiss with subordinate biotite gneiss
and feldspathic quartzite in the west. Although most mafic
gneiss is amphibolite or diopside-oligoclase gneiss, assem-
blages scattered throughout the area, such as orthopyroxene-
clinopyroxene-plagioclase with or without hornblende and
biotite, are indicative of at least-hornblende granulite meta-
morphic facies. Massive pegmatitic to slightly foliated gran-
ite, interlayered with basic gneiss, is common in the
northwest. Gneiss, quartzite, and pegmatite are cut by car-
bonatite sills and replaced by fenite. Layers of this association
(marble, gneiss, quartzite, pegmatite, fenite, and carbonatite)
trend north-northeasterly and dip moderately to steeply, gen-
erally to the west and are plicated into tight- to isoclinal folds.

In the northern part of Figure 2, this association is intruded
by post-tectonic diabase dykes that are vertical and east-
trending, similar to the Grenville dyke swarm for which Kamo
et al. (1995) obtained an age of 590+2/-1 Ma. Seemingly

; X Alkalic/carbonatite occurrence
1. McGregor Lake
2. Lac a la Perdrix

s'i sx~ 3. Haycock Mine
•' —'• ] 4. Meech Lake

k Rideau 5. Quinnville
6, Blackburn

Figure 1. Principal carbonatites in the National Capital area. Occurrences:
I) Lac McGregor, 2) Lac a la Perdrix, 3) Haycock mine, 4] Meech Lake,
5) Quinnville, 6) Blackburn quarries.
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post-tectonic, biotite-lamprophyre (minette) was noted at
localities 1376 and 1377, but field relationships with the
surrounding rocks are obscured by overburden. Although by
no means conclusive, field evidence suggests that at
Quinnville (Fig. 1) fenites are cut by a post-tectonic minette

dyke giving a K/Ar-biotite age of 886 ± 25 Ma (Hogarth,
1981), which is probably a regional cooling age (see below).
Overburden-filled west to west-northwest linear valleys
appear to be underlain by faults of minor displacement that
transect all rocks of the area (e.g. Fig. 2).

Diabase
Fenite, carbonatite
Granite
Marble
Gneiss

Foliation
Fault
Sample site

t I

Lac -
Wallingford „J

if

Figure 2. Geology of the Lac a la Perdri.x area Sample sites are those given text and tables.
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CARBONATITES AND FENITES

Near Lac a la Perdrix (area of Fig. 2) carbonatites (calciocar-
bonatites of Woolley and Kempe, 1989). are concordant,
elongate, and small. Occurrence 1486. the largest, is 270 m
long and 15 m (maximum) wide, but all associated fenites
contain appreciable calcite. The average width of fenite sur-
passes that of carbonatite by at least 10 to 1.

This paper focuses on locality 1381 (Fig. 2), where a small
carbonatite. barely 2 m wide, is exposed, wall-to-wall, in a
shallow surface scraping. Layering, most apparent on sur-
faces of nearby blocks, is accentuated by trails of small,
rounded, fenite xenoliths. The surrounding mafic gneiss is
intensely fenitized with patches of dull green aegirine-augite
and long, glistening, blue-black prisms of magnesio-
arfvedsonite. The fenite is 25 to 35 m wide. Near its contact
with carbonatite, barite and monazite become abundant but
aegirine virtually disappears, where it contains microcline,

Table 1. Distribution of radioactivity across
a fenite and its host rock.

Rock type, fenite
and host

fenite (contact)
fenite (interior)
granite pegmatite
mafic gneiss
quartzlte

Radioactivity/
background

(10)

9.2 ± 3.9
3.6 ± 0.8
3.6 ± 0.3
2.9 ± 0.9
1.4 ±0.6

No. of
readings

20
23
2

23
2

albite, magnesio-arfvedsonite, calcite, barite, and monazite.
The contact is strongly radioactive, owing to the mass effect
of monazite, where a scintillation counter consistently regis-
tered total radioactivity at least five times above background
(maximum 24; Table 1).

The mineralogy and chemical composition of calciocar-
bonatite is dominated by calcite, amphibole, barite, and apa-
tite. Calcite is coarse grained and contains appreciable
strontium (0.3-0.4% SrO) and manganese (0.4-0.9% MnO).
Pyroxene, approaching end-member aegirine (NaFeSi2O6). is
present as green euhedral prisms (possibly phenocrysts).
Other minerals, some possibly xenocrystic, are richterite
(commonly with Na-rich rims), magnesio-arfvedsonite,
fluorapatite, phlogopite, barite (some grains coexisting with
celestite), allanite (some crystals rimmed with clinozoisite),
andradite, euhedral end-member albite, and Ba-free micro-
cline. Locally, magnetite and/or rutilated specularite fill brec-
cias. Although reserves of iron ore proved to be insignificant,
intense prospecting anticipated Canada's railroad boom of the
1880s; at location 1473 (formerly the Thomas Watson prop-
erty) and location 1309, the "Rainville Creek iron occur-
rence" (formerly the James Grant property), carbonatites and
fenites were later studied by Erdmer (1977).

The chemical composition of carbonatites in the Lac a la
Perdrix area sets them apart from typical Grenville marble
(Table 2; WALL is the mean composition of two samples
collected just south of Lac Wallingford). Compared to local
marble, the carbonatites have a lower content of Mg but
higher contents of Fe, K, P, Zr, REEs, Sr. and Ba. Although
the composition of carbonatites worldwide is extremely

Table 2. Abstracted bulk-rock analyses of carbonatites, fenites, and metasediments.

LOC
ROCK

SiO2 (%)
AI2O3

Fe2O3tot
MgO

CaO
Na2O
K2O
P A
Total

Zr (ppm)
Nb
Cr
U

Th
ILn
Sr
Ba

A.I.
La/Yb

1309
carb

4.88
0.56
10.6
1.5

43.06
0.15
0.3
1.33

62.38

140
10
10
0.4

2.68
3,740
5,140
7,760

1
197

1309
fenite

56.25
2.06
11.93
12.35

6.51
5.71
2.03
0.26
97.1

210
60
18

0.62

3.75
407

3,445
932

5.6
40

1347
carb

5.77
0.69
4.59
1.48

42.91
0.2

0.38
1.12

57.14

107
<10
<10
1.84

7.65
7,300
3,750
15,900

1.1
1,770

1376
fenite

48.11
4.76
9.26
13.43

6.4
5.66
2.91
0.07
90.6

75
<10
<10
0.56

83.55
1,120
330
813

2.6
118

Notes: Major and most trace elements detemined by XRF (Univ.

1381
carb

20.62
4.26
4.98
7.61

28.17
0.87
2.19
2.76

71.46

212
<10
<10
2.44

9.15
1,310
5,020
7,770

0.9
77

1381
fenite

26.75
3.5

9.26
3.6

1.1
4.76
0.56
0.84

50.37

1,230
<10
<10
1.3

125
12,000
35,300
173,000

2.4
25,000

WALL
marble

4.19
0.46
0.34
6.26

41.82
0

0.22
0.01
53.3

10
<10
<10
n.a.

n.a.
16

370
230

0.5
19

HAY
gneiss

50.55
17.31
12.02
4.9

7.34
3.15
1.87

0
97.14

7.34
<10
49

0.17

0.64
142
588
594

0.4
5.7

of Ottawa); REE by DCP-AES (Univ. of Ottawa); Tn
by INAA (Ecole Polytechnique), U by INAA-DNC (Ecole Polytechnique). Abbreviations: A.I., agpaitic index (Na+K)/AI);
carb, carbonatite; HAY, tjasic gneiss
WALL, marble near Lac Wallirtgford.

near Haycock Mine; ILn , :sum of lanthanides; loc, locality; n.a., not analyzed;
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variable (Woolley and Kempe, 1989), the compositions of
local carbonatites fit much better those of calciocarbonatite,
especially for the trace elements Zr, REEs, Sr, and Ba.

Fenites replace gneiss, quartzite, and granite pegmatite
outwardly from carbonatite and, in some cases, without
apparent carbonatite in the core. They are characterized by
Na-rich amphiboles and pyroxenes, with amphiboles more
sodic (magnesio-arfvedsonite; Na+ = 100 Na/(Na + K + Ca)
= 82) than those in the associated carbonatite (richterite; Na+

61). Amphiboles in local fenites and carbonatites (as well as
fenites and carbonatites worldwide) are much more magne-
sian (Mgt = 100 Mg/(Mg + Fe) = 71,74; fenites and carbona-
tites, respectively) than the associated pyroxene (Mgf= 17).
Magnesio-arfvedsonite and aegirine-augite preferentially
replace ferromagnesian minerals of the host rock, the compo-
sition of the metasome being controlled, in part, by that of the
paleosome. Aegirine preferentially replaces quartz. Other
characteristic minerals are neocrystallized phlogopite (Mg+

87-93) and microcline (An 0.0, Ab 2.9, Or97.1; BaO <0.5 %),
albite (An 0.1, Ab 99.2, Or 0.7), allanite, ferrian rutile, specu-
larite, monazite, apatite, calcite (SrO <0.1%), and barite.

In the Gatineau district, major mineral growth proceeded
in four stages: 1) Oxidation of iron and brecciation of the host
rock. 2) Replacement outward from breccia fractures, form-
ing sodic amphiboles and sodic pyroxenes, of which
magnesio-arfvedsonite and aegirine are the most common

species. The sequence of formation of pyroxene and amphi-
bole varies from location to location, even within an individ-
ual occurrence. 3) Growth of neocrystallized-microcline,
appearance of end-member albite, introduction of calcite.
4) Continued replacement and crystal growth of pyriboles
with consequent obliteration of foliation in the host rock.
These stages appear to be universal in the development of
sodic fenites (Heinrich, 1966; McKie, 1966).

The most important chemical feature of fenite results from
replacement of aluminum-rich minerals (such as biotite, horn-
blende, and plagioclase) by aluminum-poor minerals (such as
aegirine and magnesio-arfvedsonite). The rock then becomes
depleted in Al as fenitization progresses and peralkalinity,
here registered as agpaitic coefficient (A.I. = (Na + K)/AI),
increases in response. Thus A.I. of basic gneiss HAY is only
0.4, but in fenites 1309, 1376, and 1381, probably derived
from a similar rock, it varies from 2.4 to 5.6 (Table 2). Sample
HAY was channelled across one metRE in an orthopyroxene-
clinopyroxene-scapolite-plagioclase-ilmenite gneiss, near
the Haycock mine.

Trace elements are also diagnostic. Characteristically,
fenites contain considerable Sr, Ba, and REES and their
unusually high values in the Lac a la Perdrix fenite (Table 1;
far above the values in sample HAY) leaves little doubt that
they were added during metasomatism.

it-

Figure 3. Poikiloblastic monazite crystal (M), cut across the prism axis b, with
magnesio-arfvedsonite (A), alizarin-stained calcite (C), and intermixed
microcline and albite (K), infenite 1381. Photomicrograph, plane-polarized light.
Bar scale = I mm.
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MONAZITE, ALLANITE, AND APATITE

Prismatic apatite is present in all carbonatites and fenites
examined in the region and it is Ce-rich fluorapatite contain-
ing barely detectable Cl. The very high Sr and low Mn
contents suggest that this apatite is connected with carbonatite
but not granite or regional skarn (Hogarth, 1989). Apatite
from localities 1377 and 1381 has a patchy, back-scattered
electron image, low-Ce content, and ragged outline; it may be
hydrothermally altered. Monazite (Fig. 3) occurs with apatite
in amphibole-fenite, at Lac a la Perdrix (occurrence 1381) and
the Haycock mine (Hogarth and Lapointe, 1984; Hogarth et
al., 1985); it has also been found with apatite in aegirine-fenite
near the Haycock mine and in aegirine-calciocarbonatite
north of Lac McGregor (Hogarth et al., 1985).

Rare-earth element minerals near Lac a la Perdrix are
monazite-(Ce), fluorapatite, and allanite-(Ce) at locality 1376
(Table 3). Large (millimetric) crystals of monazite (Fig. 3) are
elongated along the b axis, with well developed parting par-
allel to c (001). Small crystals are commonly pseudo-
bipyramidal. The mineral is orange in hand specimen, pale
green to colourless in transmitted light, and gives high-order
interference colours under crossed polars. The last attribute
suggests little or no radiation damage to the crystal structure.
It is low in Ca (<0.05% CaO), Th (<1 % ThO2), and U (<0.1 %

UO2) but, compared to monazite from other environments,
relatively high in Sr (0.25-0.30% SrO); La/Nd is 2-3. This
composition characterizes monazite from igneous carbonatite
and fenite, but differs from monazite from hydrothermal
carbonatite and regional skarn (Hogarth et al., 1991).
Chondrite-normalized REE curves of these minerals in fenite
1381 (Fig. 4) show a steep slope downwards towards HREEs,
in response to a strong bias of LREEs in carbonatites (Cullers
and Graf, 1984). The illustration suggests that the LREE
distribution is largely controlled by monazite.

Allanite prisms at locality 1376 are elongated parallel to
the b axis and tend to radiate. They are pleochroic from
orange-brown to grey and, under crossed polars, show high
second-order colours. They have low concentrations of U and
Th, features pertaining to allanite from igneous carbonatite
and fenite (Hogarth et al., 1991). Allanite is also found in
aegirine-magnetite-calciocarbonatite (occurrences 1309 and
1347). Coexisting allanite and monazite, apparently in equi-
librium with apatite in amphibole-fenite at locality 1376, are
normally considered an 'antagonistic' pair (Broska and Uhler,
1991, 1993). Monazite with allanite is, however, documented
in fenite in the Vishnevye Mountains, Russia (Zhabin and
Svyazhin, 1962) and in volcanic calciocarbonatite at
Uyaynah, United Arab Emirates (Woolley et al., 1991).

Table 3. Allanite, monazite, and apatite compositions from carbonatite and fenite.

Loc.
Rock

n

SO3

P2O5

SiO,
TiO,
ThOj

UO2

AIA
Fe,O3

FeO
Y A
ZLnA
CaO
MnO
SrO
PbO

Na2O
F
Cl
H8O
Total

La/Yb
La/Nd
Sr/Mn
Th/U

Allanite

1347
carb

2

n.a
n.a
32

0.03
<0.02

n.a
n.a
—
n.a

0.02

19.73
n.a
n.a
n.a
n.a

n.a
n.a
n.a

51.78

2.3

—

Notes. All analyses

1376
fenite

2

n.a
n.a

32.11
0.02
0.02

<0.02
13

14.78
6.72
<0.02

15.46
14.54
0.27
n.a
n.a

n.a
n.a
n.a
1.6

98.52

2.3
—
—

Monazite

1376
fenite

3

n.a
29.87
0.12
0.03
0.24

0.03
n.a
—

<0.02
<0.02

68.96
0.07
<0.01
0.28
n.a

n.a
n.a
n.a
n.a
99.6

>1000
2.5
>20

8

1381
fenite

6

0.08
30

0.14
0.03
0.85

0.08
n.a
—

<0.02
<0.02

67.34
0.04
<0.01
0.24
0.12

n.a
n.a
n.a
n.a

96.92

700
2.8
>26
10.6

Apatite

1309
carb

6

0.11
41.54
0.02
n.a

<0.02

<0.02
n.a
—

<0.02
<0.02

2.04
48.92
0.03
5.26
n.a

0.43
3.51
0.01
0.1

100.49

—
0.6
200
—

1377
fenite

3

0.11
42.31
0.02
n.a
n.a

n.a
n.a
—

<0.02
<0.02

0.78
53.8
0.06
1.08
n.a

0.43
3.32
0.02
0.22
100.7

—
1.4
20
—

1381
carb

3

0.08
42.53
0.03
n.a
n.a

n.a
n.a
—

<0.02
<0.02

0.38
50.84
0.06
4.62
n.a

0.38
3.63
0.03
0.08

101.12

—
0.5
80
—

ay WDS - EMP; Fe2O3^
 FeO> H 2 ^ derived by calculation, assuming stoichiometry

1381
fenite

3

0.19
40.85
0.13
n.a
n.a

n.a
n.a

— •

<0.02
0.06

4.21
49.27
0.03
2.65
n.a

0.52
2.61
<0.01
0.5

99.92

—
0.9
100
—

O = F, Cl
subtracted in totals. Abbreviations: carb carbonatite, ILn sum of lanthanides, loc location, n number of analyses
processed, n.a. not analyzed.
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Figure 4.

Chondrite-normalized plot of bulk rock and miner-
alsfrom fertile 1381, and allanite from nearby fenite
1376.

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

MODE AND TIME OF FENITE FORMATION

The carbonatites of the Gatineau district can be best explained
in terms of deep-seated carbonatites, intruded as magma.
Following the general model of Gittins (1989, p. 594-592),
we infer that fenite was likely generated prior to carbonatite
emplacement, when expelled alkali-rich, hydrothermal solu-
tions reacted with wall rock; conversely, soda-pyroxenes and
soda-amphiboles were generated in the carbonatite magma as
a result of contamination by fenite xenoliths that were scraped
from the walls and then digested or partially digested (general
model of Le Bas, 1989, p. 438-440). Fenites, with an associa-
tion of soda amphibole, soda pyroxene, and Ca-free albite,
are generally regarded to have formed at low to moderate
temperatures. Thus the range of 450-500°C proposed by
Currie and Ferguson (1971) for emplacement of an almost
identical mineral assemblage at Callander Bay, Ontario, was
probably not exceeded at Lac a la Perdrix.

Previous geochronology on the carbonatites were
obtained by the K-Ar method on micas. Phlogopite from
fenite in the Haycock mine gave 862 ± 31 Ma (Wanless et al.,
1974), whilst on the other side of the Gatineau River,
reversely pleochroic phlogopite from two carbonate selvages,
near Meech Lake gave an average age of 904 ± 25 Ma
(Hogarth, 1966). These ages postdate tectonic events in the
Grenville Province, which were terminated by 1000 Ma
(Davidson, 1995), and can be attributed to slow regional
cooling through ca. 280 ± 40°C (Harrison et al., 1985). It is

likely that the granulite facies metamorphism documented in
the mineralogy of the local gneisses corresponds to peak
metamorphism 80 km to the northeast, within the Mont
Laurier terrane (Corriveau et al., 1994), dated at about
1185 Ma (Boggs et al., 1994). Elsewhere, in the Central
Metasedimentary Belt of Ontario, middle amphibolite assem-
blages formed as late as 1030 Ma (Corfu and Easton, 1995).

The Lac a la Perdrix locality was chosen because of
accessibility and abundance of good quality, crystalline
monazite. Three single grains of monazite were analyzed
following methods described in Parrish et al. (1987). Uranium
concentrations are low for monazite (250 ppm). Data points
for three single grains cluster on concordia, or slightly above,
with overlapping uncertainties (2 sigma). The close grouping
of monazite ages appears to rule out an inherited radiogenic
Pb component. (Table 4) Concordant analyses A and C yield
an average Pb/U age of 1026 ± 2 Ma (Fig. 5). As fenitization
occurred after peak metamorphism and as the closure tem-
perature of U-Pb in monazite is estimated at about 700°C
(Heaman and Parrish, 1991), this age is assigned to carbona-
tite emplacement and concomittant fenitization.

Previously dated carbonatites and fenites near the western
margin of the Central Metasedimentary Belt of Ontario are in
the range 1070 Ma to 1038 Ma (Lumbers et al., 1991; U-Pb
zircon, no details of isotopic data nor localities are presented).
The latter age range corresponds to a 1080 Ma to 1050 Ma
period of northwest thrusting along the western boundary of
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Table 4. U-Pb zircon isotopic data

F1 Wt. U
(ug) (ppm)

Fenite, Lac a la Perdrix
A 10 258
B 20 252
C 10 236
1

2

3

Pb2

335
416
315

(meas.)

1,207
1,288
1,068

(P9)

30
38
26

Single crystal
radiogenic Pb
measured ratio, corrected for spike and fractionation;

M.pb2

(mole %)

87.6
90.3
88

2 M P b / 2 M U 5

(± 1o, %)

0.17256 ±.09
0.17236 ±.09
0.17260 ±.10

M 7 Pb / 2 3 "U 5

(±1o , %)

1.747 ±.15
1.740 ± 1 5
1.747 ± 1 8

207Pb/20<1Pb5

(± 1o\ %)

0.07341 ±.11
0.07322 ± 1 0
0.07340 ±.14

^ P b / U A g e
(± 2o, Ma)

1026.2 ±1.7
1025.1 ±1.7
1026.4 ±1.8

X7PbM Age
(± 20, Ma)

1025.9 ±2.0
1023.5 ±1.9
1025.9 ±2.4

4 total common Pb in analysis corrected for fractionation and spike
5 corrected for blank Pb and U, common Pb

Pb/PbAge6

(± 20, Ma)

1025.2 ±4.5
1020.2 ±3.9
1024.9 ±5.6

0.1 74

0.168

Fenite
Lac a la Perdrix

A

A&C: 1026 ±2 Ma

Figure 5.

U-Pb Concordia plot of monazite data.

1.72
207,

1.76
Pb/235Pb

the Central Metasedimentary Belt (McEachern and van
Breemen, 1993). The carbonatite and fenite at Lac a la Perdrix
thus appear to have formed late in the tectonic development
of the region and the Grenville orogen.
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