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ABSTRACT

The Kipawa Syenite Complex, a concordant, folded sheet of mildly peralkaline kataphorite—aegirine syenite less than
200 m thick, can be traced for more than 50 km in the Grenville Province of western Quebec. Several lenses of biotite-aegirine
nepheline syenite up to 200 long by 30 m thick occur within the complex. Along its lower margin, a region 1300 m long by
5 m thick consists of diopside and magnesiorichterite-rich schist with large amounts of cudialyte, agrellite and other rare
minerals. This skarn-like lens is fringed on its upper side by alkali granite. The Kipawa Syenite Complex lies entirely within
granitic gneiss derived from an Archean protolith and emplaced at 1247 + 47 Ma (Guo & Dickin 1994). The complex, emplaced
about 1240 Ma ago, consists mainly of deformed alkaline igneous rocks (plutonic, volcanic, or both) as shown by its
geochemical signature, Marble-bearing sedimentary rocks were thrust-imbricated with the complex during northwest-directed
tectonic transport at amphibolite-facies (690°C, 9.5 kilobars) metamorphic conditions. Mechanical mixing during this process,
followed by alkali metasomatism and local anatectic melting, produced skarn-like rocks (contents of CaO and MgO of 12 and
10 wt.%) containing the rare minerals. U-Pb dating of zircon from the rare mineral occurrence shows that rare mineral formation
occurred at 994 + 2 Ma. Alkalis, Zr, REE, Be and other elements were redistributed on scales ranging from meters to kilometers
by a combination of fluid flow and anatectic melting in the presence of E-rich brines.

Keywords: alkali syenite, metasomatism, metamorphism, amphibolite facies, magma mixing, Kipawa complex, Quebec.

SOMMAIRE

Le complexe syénitique 2 kataphorite + aegyrine de Kipawa, situé dans la partie occidentale du Québec, dans la province
du Grenville, se présente en feuillet concordant plissé, d'une épaisseur de moins de 200 m, tragable pour plus de 50 km. Le
massif comporte plusieurs lentilles de syénite néphélinique 2 biotite + aegyrine atteignant 200 m de Jongueur et 30 m
d'épaisseur. Sur 1300 m de longueur et 5 m d'épaisseur le long du contact inférieur, la roche est un schiste & diopside +
magnésiorichterite avec une forte proportion de minéraux rares, par exemple eudialyte et agrellite. Le contact supérieur de cette
lentille, qui ressemble & un skarn, longe un granite alcalin. Le complexe se trouve entidrement encaissé par un gneiss granitique
dérivé d'un protolithe archéen et mis en place il y a 1247 « 47 million d'années (Guo et Dickin 1994). Il comporte des roches
ignées hyperalcalines d'origine plutonique ou volcanique, ou les deux, selon les caractéres géochimiques. Toutes ces roches ont
été fortement déformées lors du charriage tectonique de ce socle vers le nord-ouest A des conditions typiques du facies
amphibolite (690°C, 9.5 kilobars). Un mélange mécanique pendant ce processus, suivi d'une métasomatose alcaline et d'anatexie
locale, sont responsables de la formation de ces roches, qui rappellent des skarns (teneurs en CaO et MgO de 12 et 10% poids)
contenant les minéraux exotiques. Une datation U—Pb sur zircon montre que la formation des minéraux exotiques a eu lieu &
994 + 2 Ma. Les alcalins, le Zr, les terres rares, le Be et autres &léments ont été redistribués sur une échelle métrique ou
kilométrique suite & un flux de fluide et 2 une fusion anatectique en présence de saumures riches en fluor.

(Traduit par la Rédaction)

Mots-clés: syénite alcaline, métasomatose, métamorphisme, faciés amphibolite, mélange magmatique, complexe de Kipawa,
Québec.

INTRODUCTION Quebec (Hicks 1959, Berry et al. 1972, Aarden &

Gittins 1974, Gittins et al. 1976, Plant & Roberts 1979,

Large amounts of eudialyte, agrellite and numerous ~ Ansell ez al. 1980, Roberts & Bonardi 1983).
other rare minerals have been collected for more than  Reconnaissance mapping (Lyall 1959, Rive 1973,
thirty years from a site on the Kipawa River in western ~ Tremblay-Clark & Kish 1978) showed that this site lies
on the fringe of a folded, sheet-like body of syenite
(the Kipawa Syenite Complex). Since eudialyte com-
* Geological Survey of Canada contribution number 57638.  monly occurs in peralkaline syenite (Sgrensen 1974),
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FiG. 1. Location of the Kipawa Syenite Complex relative to
the Grenville Front and to other Proterozoic peralkaline
complexes. K: Kipawa Syenite Complex, R: Red Wine
Complex (Curtis and Currie 1983), S: Strange Lake
Complex (Currie 1985), I: Iifmaussaq (Ferguson 1970),
N: Norra Karr (Adamson 1944). The Kipawa, Red Wine
and Norra Karr complexes are all metamorphosed at the
amphibolite grade.

discussions of the Kipawa Syenite Complex have
generally assumed an igneous origin for both the
complex and the rare minerals (Tremblay-Clark &
Kish 1978, Sinclair et al. 1992, Allan 1992), a
plausible view since several igneous peralkaline under-
saturated complexes of Precambrian age occur along
the Grenville Front (Fig. 1). However, the present
mineralogy of the Kipawa Syenite Complex resulted
from high-grade: metamorphism (Gittins e al. 1976,
Currie & Gittins 1993) without obvious igneous relics,
and the geochemistry of some eudialyte-rich rocks
strongly suggests a metasomatic origin (Currie & van
Breemen 1994). This contribution summarizes present
knowledge bearing on the origin of the Kipawa Syenite
Complex and of the rare minerals it contains.

GEOLOGICAL SETTING

The Kipawa Syenite Complex lies on the northern
fringe of the Grenville Province of the Canadian
Shield, in a region consisting of northwesterly trans-
ported allochthons derived from the Grenville Province
and parauntochthonous fault-slices derived from
structurally underlying Archean rocks of the Superior
Province (Easton 1992, Guo & Dickin 1994).
Boundaries between allochthons and parautochthonous
rocks are not known in detail (compare Kellett et al.
1994), but extrapolation from the compilation of
Easton (1992) and reconnaissance work by A.
Davidson (pers. comm., 1993) suggest that the Kipawa
Syenite Complex lies in the structurally lowest part of
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the Tomiko Terrane of Easton (1992), which is charac-
terized by middle Proterozoic (~1600-1700 Ma)
metasedimentary rocks and plutonism at about
1250 Ma. Most rocks in the vicinity of the Kipawa
Syenite Complex exhibit evidence of high strain
followed by prolonged annealing at high temperature,
to produce a coarse granoblastic fabric. Dips of
gneissosity and foliation are commonly gentle, and
kilometer-scale open folds of the gneissosity can be
readily mapped. However, small-scale observations in
areas of good outcrop demonstrate at least three stages
of isoclinal folding and ductile faulting formed during
low-angle, northwest-directed tectonic transport
(Currie & Gittins 1993).

GEOLOGY OF THE KIPAWA SYENITE COMPLEX
AND ENCLOSING ROCKS

The Kipawa Syenite Complex (Fig. 2) lies within a
well-defined sequence comprising basal granitoid
gneiss (Kikwissi gneiss), structurally overlain by a thin
unit of metasedimentary rocks (including feldspathic
quartzite, amphibolite, thin marble, and peraluminous
migmatitic gneiss), a thick unit of biotite—magnetite
granitic gneiss (Red Pine Chute gneiss, Villedieu
pluton of Guo & Dickin 1994), and an upper unit of
quartzite [possibly equivalent to the Mattawa Quartzite
of Easton (1992)]. The syenite is entirely contained
within the Red Pine Chute gneiss, forming a layer near
the base of this unit that can be traced around a major
syncline-anticline pair.

The Kikwissi gneiss comprises distinctive grey,
massive to weakly foliated, biotite-dominant granitoid
gneiss characterized by poikilitic oval clots of biotite
up to 5 cm across, riddled with tiny inclusions of
plagioclase and epidote. The rock exhibits minor
migmatization, with feldspar-rich leucosomes 3-7 cm
wide rimmed by a narrow, biotite-rich margin, At
distances of more than two kilometers from the Kipawa
Syenite Complex, the gneiss is trondhjemitic, grey
green and almost massive. Closer to the syenite,
the gneiss becomes strongly layered, with abundant
K-feldspar, pink coloration, and occasional hornblende
porphyroblasts. On its southwestern side, the gneiss is
separated from the overlying metasedimentary
sequence by a 10-m-wide zone of mylonite, but
subconcordant dikes of Kikwissi gneiss cut the
metasedimentary rocks north of Lac Sairs. Guo &
Dickin (1994) reported a Sm-Nd model age of
2.70-2.77 Ga for the Kikwissi gneiss, and interpreted it
to be derived from an Archean Superior Province
protolith that was remobilized in late Proterozoic time.

The metasedimentary sequence structurally over-
lying the gneiss comprises a heterogeneous assemblage
dominated by biotite schist and gneiss. Several layers
of coarse-grained marble, up to 5 m thick, contain large
crystals of tremolite (up to 30 by 4 by 4 cm) lying in
foliation planes and accompanied by granular pale
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Frc. 2. Simplified geological map of the Kipawa Syenite Complex and surrounding units.
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green diopside and minor phlogopite. Feldspathic
quartzite, commonly rich in muscovite, is abundant,
but the bulk of the unit consists of heterogenecous
biotite gneiss and muscovite-bearing migmatite. The
biotite gneiss ranges from garnetiferous biotite
amphibolite, possibly developed from mafic flows or
intrusions, to rather leucocratic, compositionally
layered quartz — feldspar — biotite gneiss. All varieties
are cut by abundant pink, boudined dykes of granitic
pegmatite. The migmatite is a relatively leucocratic
rock that grades to muscovite quartzite, and
consistently contains 30-50% of ptygmatically folded
boudins of quartz and feldspar up to 100 by 20 cm.
Both kyanite and sillimanite have been reported from
this unit (Rive 1973). The contact between this
migmatitic material and the Red Pine Chute gneiss
seems to be entirely gradational, but is very poorly
exposed.

The Red Pine Chute gneiss forms a homogeneous
mass of fine- to medium-grained (1-2 mm), grano-
blastic biotite—magnetite granite gneiss with a strike
length of more than 30 km and a width across strike
of up to 2 km. The foliation is marked by thin
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discontinuous foliae of fine-grained, disseminated
biotite, which become thicker and more continuous
toward the base and top of the unit. A characteristic
feature of the gneiss is the presence of a hematitic halo
around the biotite, and less commonly around
magnetite, which stain the surrounding quartz grains,
producing a red-spotted surface. Magnetite tends to
have a platy habit, and may have been produced by an
earlier oxidation of biotite. The gneiss consistently
contains a small amount of muscovite (<2%), and some
specimens contain pinhead-sized grains of garnet. The
Red Pine Chute gpeiss locally contains 15-20% by
volume of pink pegmatitic layers, 1 to 5 cm thick,
bounded by a biotite-rich rim a few mm thick. Guo &
Dickin (1994) reported a Pb—Pb emplacement age of
1247 + 47 Ma for the Red Pine Chute gneiss (their
Villedieu pluton), and a Sm-Nd model age of 2.5 Ga;
they interpreted it to be Archean material remobilized
at ~1.25 Ga.

The Red Pine Chute gneiss contains within it the
Kipawa Syenite Complex and a thin layer of altered
mafic rocks. The Kipawa Syenite Complex forms a
layer within the Red Pine Chute gneiss no more than

TABLE 1. COMPOSITION OF MINERALS IN THE KIPAWA SYENITE COMPLEX AND RELATED UNITS

1 2 3 4 § 6 7 8 9 10 1u 2 13 M4 15 16

Si0, wt.%  42.06 49.86 3473 5032 5149 54.18 52.79 34.63 5320 3572 4257 37.09 3748 3826 3605 34.68
O, 195 075 274 031 315 018 039 027 032 028 128 344 003 161 257 344
ALO, 609 315 1122 018 142 L75 127 1659 109 17.10 14.16 1632 2165 1446 1515 13.76
FeO 2998 2383 3439 3493 2496 861 1191 840 693 866 1492 1619 2847 18.16 1803 29.58
MnO 105 073 103 106 130 081 019 034 022 035 011 008 148 030 010 074
MgO 202 107 273 092 038 1649 1049 2098 1329 2164 1113 1444 552 904 1438 291
Ca0 483 1081 006 043 258 472 2257 019 2465 020 1047 002 504 1101 001 0.02
Na,0 570 777 007 560 1241 689 022 018 022 019 210 023 - 311 046 006
K0 333 022 1000 158 003 208 002 974 002 1005 071 951 - 109 1002 9.82
a 002 - 006 027 - 004 - 002 - 053 040 045 -~ 040 027 043
¥ 068 ~ 084 148 - 422 - 652 - 017 001 015 -~ 033 087 168
Cl+F=0 ~030 -038 -0.71 -1.87 -2.88 -0.19 -0.09 -0.17 022 -044 084

Total 9741 98.19 9749 9637 9772 98.10 99.85 9498 99.94 9470 97.77 9775 99.67 9755 9747 9628
Si 6.862 1932 2859 7.954 1962 7924 1971 2607 1982 2.607 6.191 2726 2.948 5822 2712 2.827
Ti 0239 0022 0.169 0.037 0090 0.020 0011 6015 0009 0.015 0.140 0190 0002 0.184 0146 0211
Al 1171 0.144 1089 0034 0064 0302 0.056 1472 0.048 1471 2428 1414 2007 2593 1343 1322
Fe* 0441 0542 0000 1805 0750 0000 0.000 0292 0.000 0288 0524 0.000 0.094 0.674 0.000 0.000
Fe?* 3.650 0230 2368 2812 0.046 1.053 0372 0.237 0216 0240 0.881 0995 L1778 1637 1135 2.017
Mu 0.145 0.024 0072 0.142 0042 0.100 0006 0.022 0007 0.022 0.014 0005 0.099 0039 0.007 0.051
Mg 0492 0062 0334 0217 0022 3595 0584 2355 0738 2355 2413 1582 0.648 2.051 1613 0334
Ca 0845 0449 0006 0.073 0.105 0.740 0503 0.015 0984 0016 1.631 0.002 0425 1796 0.001 C.002
Na 1803 0584 0012 1716 0917 1954 0016 0026 0016 0.016 0592 0033 - 0918 0,067 0.010
K 0693 0011 1050 0319 0.002 0388 0001 0935 0.001 0936 0.132 0891 - 0212 0961 1.022
a 0.006 ~ 0.009 0072 -~ oot0 -~ 0003 ~ 0.066 0098 0.056 - 0.104 0035 0.060
F 0353 -~ 0217 0.740 - 1952 -~ 1552 ~ 0.039 0005 0034 - 0.160 0207 0.432

91092 Nepheline syenite; column 1: kataphorite, cohumn 2: aegirine, column 3: biotite. This rock also contain albite (Ab,, ), potassium

feldspar (Orge, ;) and nepheline (Ks,, o).

91125 Peratkaling granito; colnnm4 nebechte columm 5: asgirine, This rock also containg

potessium feldspar (Orge, o) 90d albite (Abgs. o). SALIE P

colummn 7: dmpstde(averageofﬂ,wlnmn&phlogopne(avmgeofé) 'l‘msmckalsoconmm
Note the high content of F in columns 6 and 8. 91113Maxble.oolumn9'

(0"97 2 albite (Abgg ), ) and hi
, column 10: phlognpne.Note&xesimﬂanﬁesm

column 6:

i (avctageof9).
feldspar

minor p

and phi ite of 91106, 91110 Garnet amphibolite;

]

culumnll pargasite (average of 8), colnmm 12: biotite (average of 7), column 13: gamet (average of 9). This rock also contains plagioclase
(Any; ). These compositions were used to calcalate the P-T conditions shown in Fig. 3 (see text for discussion), 91089 Scepolite
amphibolite, column 14; pargasite (average of 5), colmm 15: biotite (average of 7). This rock also contains major scapolite (Me,,_,) and
plagloclase(An” ,} 91091RedPineChmameiss Column 16: biotite, This rock also contains albite (Abg,_g), potassium feldspar (Orgg ;)
l on 46 charges, then reduced to (Si + Ti + Al + Fe + Mn + Mg) < 13 by oxidation of
iran, Pyroxmmmpodﬂunsca!mlmdanudrmges,ﬂmremdw(sn‘l'iq-Al+Fe+Mn+Mg+Ca+Na+K)s4byoxidaﬁm
of tron, Biotite compositions calculated on 22 charges, then seduced to (Si + Ti + Al + Fe + Mn + Mg) < 8 by oxidation of iron. Gamet
compositions calcnlated on 24 charges, then reduced to {Si + Ti + Al + Fe + Mn + Mg + Ca + Na + K) s 8 by oxidation of iron,
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200 meters thick; it can be traced almost continuously
for more than 50 kilometers along strike from Lac Sairs
to Ile la Tortue. The presence of a thin layer (5 to
20 meters thick) of distinctive Red Pine Chute gneiss
below the syenite can be observed along the west side
of Lac Sheffield and at the rare mineral site, where its
presence has been verified by drill-holes (Allan 1992).
The large thickness of syenite (up to 1300 m)
suggested by Lyall (1959) and Tremblay-Clark & Kish
(1978) resulted from one or more of the following
factors (a) structural complexity, such as accordion
folding between Lac Sairs and Lac Sheffield and
numerous small-scale recumbent folds at the rare
mineral locality, (b) low dips, making determination of
thickness difficult and unreliable, and (¢) inclusion
of unrelated hornblende-bearing granitoid rocks around
Lac Sairs.
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The margins of the syenite are marked by appear-
ance of large crystals, clots and spindles of amphibole
(kataphorite, Table 1), disappearance of quartz, and
coarsening of grain size. The contact approximately
coincides with the appearance of amphibole clots in the
rock, but single crystals or polycrystalline spindles of
kataphorite occur in the Red Pine Chute gneiss up to
100 meters above the syenite, although most are within
10 meters. Red amphibole-aegirine quartz syenite
forms a narrow (<2 meters thick) fringe around the
quartz-free rocks, except at the rare mineral locality,
where quartz syenite and peralkaline granite may be up
to 20 meters thick (see below). The syenite forms a
coarse-grained xenomorphic, granular rock, commonly
red to orange in color, with a variably developed L>S
fabric. The major minerals are twinned albite (Abgg g),
fine string microcline perthite (Orgs; and Abyggg),

16000
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FiG. 3. Peak metamorphic conditions in the Lac Sairs region, compared to experimental
data for beginning of melting of quartz + albite + potassium feldspar mixtures in the
presence of excess water (labeled “minimum melt”) and the equilibrium of kyanite and
sillimanite. The curve labeled “garnet-biotite” gives P and T calculated from these
minerals, whereas curve 1 gives data from the equilibrium 4 grossular + 2 pyrope +
12 quartz + 3 tschermakite = 3 tremolite + 12 anorthite, and curve 2, data from the
equilibrium 2 grossular + pyrope + 18 quartz + 3 pargasite = 3 tremolite + 6 anorthite
+ 3 albite. The best estimate of equilibrium P-T, as given by the method of Mider &
Berman (1992), is 690°C and 9300 bars. Note that the beginning of melting may be at
lower temperatures in the presence of F-rich fluids.
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riebeckite, aegirine and minor biotite (see Table 1 for
compositions). Fluorite and titanite are common
accessories. Although the feldspar fabric is coarse,
xenomorphic and granoblastic, the compositions of
the coexisting feldspars suggest that this rock has
re-equilibrated down to relatively low temperatures.

The syenite complex contains within it boudin-like
masses of biotite—aegirine syenite up to 200 meters
long that contain nepheline (Ks,3 ) or products of its
alteration in amounts ranging from traces to more than
25%. Molybdenite and pyrite occur ubiquitously in
trace amounts. The combination of coarse granoblastic
texture and disintegration around sulfides creates
exposures that are essentially grus.

Rare lenses of biotite syenite gneiss up to 3 m thick
occur in the Red Pine Chute gneiss above the Kipawa
Syenite Complex. These layers exhibit sharp but
conformable boundaries, and resemble the surrounding
gneiss, except for low quartz content, rare small
crystals of amphibole and, in some cases, a distinctive
orange color. Since they closely resemble their host,
some layers may have been overlooked during
mapping. About 25 to 30 m above the Kipawa Syenite
Complex, a persistent layer of scapolitized biotite
amphibolite extends for more than 20 km, although it is
never more than 20 m thick. Like the Kipawa Syenite
Complex, its boundaries are sharp, but completely
conformable with the surrounding granitoid gneiss.
The rock consists of strongly aligned amphibole
(pargasite, Table 1) and scapolite crystals up to a cm
long with varying amounts of interstitial, partially
scapolitized plagioclase (Ans;), biotite and titanite.
There is a moderate foliation, but the rock exhibits a
strong L > § fabric.

The upper quartzite unit is not exposed in the
immediate vicinity of the Kipawa Syenite Complex,
but southwest of Lac Sheffield, it rests on the Red Pine
Chute gneiss with a sharp, structurally conformable
contact. The quartzite contains a variable but low tenor
of microcline and muscovite (<5%), and commonly
exhibits relics of cross-bedding defined by thin lenses
of opaque minerals.

A coarse, almost massive, hornblende granite cuts
both the Red Pine Chute gneiss and the meta-
sedimentary sequence in and east of Lac Sairs. The
contact is largely under water, but dikes of hornblende
granite up to 5 meters wide cut both older units on the
west shore of the lake.

Six boudins of gabbro and ultramafic rocks occur
within the Red Pine Chute gneiss and the hornblende
granite. The boudins range from 10 to 200 m in length
and 5 to 50 m in width, with the enclosing gneiss
wrapping around them. The rock type in the boudins
varies from massive leucogabbro through ophitic-
textured gabbro to coronitic melagabbro. These are the
only rocks in the Kipawa region known to preserve
relics of a primary igneous texture. Their form,
petrography and chemistry strongly suggest derivation
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from dikes of the Sudbury swarm, emplaced about
1235 Ma (Dudas et al 1994, K. Bethune, pers. comm.).
A quantitative estimate of P-T conditions subsequent
to emplacement was obtained from a layer of coronitic
melagabbro in Lac Sairs in which the minerals biotite,
amphibole and garnet coexist in apparent equilibrium.
Using the method of Méder & Berman (1992), this
assemblage of minerals, whose compositions are
given in Table 1, gives a P-T estimate of 690°C and
9300 bars (Fig. 3), in reasonable accord with the
observation of coexisting kyanite and sillimanite, and
the occurrence of partial melt (migmatite). It agrees
with the conclusions of Anovitz & Essene (1990)
that the Tomiko terrane underwent metamorphism
at temperatures of <700°C and pressures below
9000 bars.

GEOLOGY OF THE RARE MINERAL OCCURRENCE

The geology in the vicinity of the rare mineral
occurrence (Fig. 4) has been previously described by
Allan (1992) and Currie & Gittins (1993), on the basis
of extensive trenching and drilling by Unocal Canada
to assess the rare-earth potential of this prospect. Prior
to trenching, rock exposure was insufficient for a
detailed description. In general, the rocks strike north-
west and dip gently (10-30°) to the southwest, but
mesoscale, recumbent folds are ubiquitous (Fig. 5).
From the structural base upward, the apparent
succession of units is (1) Kikwissi gneiss, (2) 2-10 m
of Red Pine Chute gneiss, (3) 0-2 m of pink Kipawa
Syenite Complex with lineated amphibole, (4) 0-5 m
of marble and calc-silicate rocks, (5) 2-10 m of
melanocratic amphibole schists with eudialyte and
agrellite, (6) 10-50 m of peralkaline granite and quartz
syenite, and (7) Red Pine Chute gneiss. Comparing this
succession with that normally found around the
Kipawa Syenite Complex, two differences are
apparent. Firstly, the metasedimentary sequence is
missing between the Kikwissi gneiss and Red Pine
Chute gneiss. Secondly, “extra” layers of calc-silicate
rocks, peralkaline amphibole schist and peralkaline
granite occur above the syenite.

The Red Pine Chute gneiss and Kikwissi gneiss are
mylonitic with well-developed quartz ribbons and S—C
fabrics (Piasecki 1988), and their contact is interpreted
to be a relatively late, northwest-directed thrust. The
overlying syenite is little deformed. The contact
between the syenite and an overlying marble and
calc-silicate unit, which contacts syenite over 1100 m
of the 1300 m strike length exposed by the Unocal
Canada trenches, is sharp and conformable, but the
marble is complexly small-folded and locally contains
meter-scale blocks of diopside- and phlogopite-rich
material that are rotated relative to the matrix. This
contact is interpreted to be a ductile thrust. The marble
is coarse-grained magnesian calcite with various
amounts of tremolite, diopside, phlogopite (Table 1)
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F1G. 4. Geological map of the rare mineral occurrence within the Kipawa Syenite Complex.

FiG. 5. Small-scale recumbent fold in alkali granite. The hammer handle is 70 cm long.
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Fic. 6. Eudialyte—agrellite
boudins. The right-hand
boudin is folded around a
small F, fold. The ham-
mer handle is 70 cm long.

and graphite. There is no sharp contact between
calc-silicate marble and overlying schists rich in
amphibole and pyroxene. An upper fringe of the
marble, 15-30 cm wide, rich in orange chondrodite +
norbergite, locally contains britholite crystals up to
3 cm across, and the contact with amphibole-rich rocks
is commonly marked by a glimmerite selvedge up
to 5 cm wide. However rotated meter-scale lenses and
boudins of granular phlogopite—diopside amphibolite
with abundant fluorite occur on both sides of the
boundary. Some boudins contain eudialyte and other
rare minerals around their margins. The rocks
containing most of the rare minerals consist of thinly
fissile, intricately folded amphibole-rich schists with a
color index of 60-90. These rocks consist largely of
steel-blue magnesiorichterite and Na-poor diopside
(Table 1), with lesser amounts of phlogopite, micro-
cline (Orgg g), albite (Abgg ¢) and local traces of altered
nepheline. Rare minerals may be disseminated, but
tend to be concentrated in nebulous pegmatitic,
massive patches rich in fluorite. Agrellite—eudialyte
pegmatites form boudin fillings (Fig. 6) or concordant
veins (Fig. 7).

The contact between the amphibolite and (struc-
turally) overlying pink peralkaline quartz syenite and
granite is gradational as a result of increasing content
of feldspar, and finally of quartz. The peralkaline
granite and quartz syenite consist of albite, microcline
perthite and a complex assemblage of mafic minerals,
with biotite in various stages of breakdown to
magnetite, both veined and replaced by granular
aegirine and, finally, by riebeckite (Table 1). Zircon
and pyrochlore crystals up to 2 centimetres across form
distinctive accessory minerals. The near-massive

THE CANADIAN MINERALOGIST

Fi6. 7. Concordant eudialite—agrellite vein in peralkaline
amphibolite schist. The steep cleavage parallel to the vein
is axial-planar to an F, fold.



THE KIPAWA SYENITE COMPLEX, WESTERN QUEBEC

peralkaline rocks exhibit cross-cutting relations with
amphibole schist (Allan 1992), but grade to Red Pine
Chute gneiss, with which their original mineral
assemblage was identical.

Among the more abundant unusual minerals,
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Fic. 8. Pegmatitic patch of
large lilac-colored crys-
tals of zircon in peralka-
line amphibolite. Despite
the spectacular zoning,
these crystals are chemi-
cally homogeneous. They
were chiseled directly
from this outcrop for
analysis, and variously
abraded to produce the
fractions shown in Fig. 9.
Chisel is 10 cm long.

britholite and chondrodite are concentrated in marble
or calc-silicate masses, eudialyte, agrellite and miserite
occur mainly within amphibole schist, and zircon,
vlasovite and hiortdahlite occur mainly in peralkaline
granite. Fluorite and mosandrite are ubiquitous, but

= o167 |

206
Pb/

9941 2 Ma

0.168 L L L
1.64 1.66 168 [Fi6. 9. Concordia dia-
gram of the age of
207 235 zircon shown in

Po/ U Fig. 8.
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TABLE 2, U-Pb ZIRCON ISOTOPIC DATA, KIPAWA SYENITE COMPLEX, QUEBEC

1 2 3 4 5 6 7

A 70 405 ” 23.549 13 212
B 70 481 98 24447 14 247
C 80 412 82 10.775 2 232

8 9 10 11
0.16638 + 0.09
0,16662 £ 0,10

0.16649 + 0.09

16575+ 0.0 007225003 993014
16612£0.11 007231 £003 9946+ 12
165954010 007229+£003 9942+ 13

Column 1; Fraction; 2: weight in milligrams; fractions are nonmagnetic at a side slope of 1° and 1.7 A, 3: Concentration of U (ppm). 4:
Concentration of radiogenic Pb (ppm). 5: Measured 2°%Ph/2%4Pb ratto, corrected for spike and fractionation, 6: Concentration of common
tead, comected for spike and fractionation. 7: *°%Pb; 8: %P/ comected for blank Pb and U, common P; 9: *'Pb/28U comrected
for blank Pb and U, common Pb; 10:  *“'Pb/2%Pb carrected for blank Pb and U, common Pb;  11: 29Pb/2%Ppb model ago.

sparser in quartz-bearing rocks. Large, euhedral
crystals of zircon exhibit obvious zoning in specimen
(Fig. 8), but proved to be remarkably homogeneous
when examined by electron microprobe. Zircon from a
massive pegmatitic patch in the amphibole schist gave
a concordant U-Pb date of 994 + 2 Ma (Fig. 9,
Table 2). Two titanite fission-track ages from the same
area gave 1008 + 32 Ma and 1020 + 41 Ma (G.N. Eby,
pers. comm., 1991), dating closure at about 300°C.

STRUCTURE OF THE
Kipawa SYENITE COMPLEX

The Kipawa Syenite Complex outcrops on both
limbs of an open, gently doubly-plunging syncline—
anticline pair that can be readily seen on large-scale
geological maps (Fig. 2). Small-scale studies at the rare
mineral occurrence show that these folds represent at
least a third period of folding superimposed on earlier
deformation. The oldest recognizable folds (F;) form
recumbent, sheath-like structures with amplitudes up to
5 meters, whose axes trend 125-145° and plunge
gently to the southeast, with local reversals to
northwest plunges. The apparent vergence of these
folds reverses across the axial plane of F; folds.
Agrellite—cudialyte pegmatites (Fig. 6) occur in
(folded) cleavage axial planar to F; folds. Axes of F,
folds trend about 210°. The folds are recumbent, north-
verging and asymmetrical, with long upright limbs and
short overturned limbs. Many F; and F, folds with
amplitudes from 1 to 10 meters can be mapped in
trenches on the rare mineral occurrence, suggesting
that the simple cross-sections shown by Allan (1992)
do not give a realistic representation of the structure of
the occurrence.

F; structures form the kilometer-scale open folds
noted above. Smaller folds related to these structures
appear in the vicinity of the rare mineral occurrence as
mesoscale chevron-style folds with wavelengths of
a few cm to a few hundred meters, which produce a
zig-zag pattern of the syenite across the major anti-
formal nose east of Lac Sheffield. A pervasive mineral
and stretching lineation associated with F, folding
plunges 5-20° toward 125 to 140°, This plunge locally
reverses to northwest, notably around the klippe in the
core of the major syncline. Brittle or semibrittle shatter
zones up to a meter thick cut F structures.

The structural history and style of the Kipawa region
are compatible with prolonged southeast-over-north-
west thrusting under ductile conditions. On this model,
F, folds have been completely rotated into the transport
direction, whereas the asymmetry of F, folds indicates
the transport direction. F; folds are assumed to result
from lateral constriction of an advancing mass due to
passage over irregularities or prominences in the
substrate. Late brittle deformation indicates the
persistence of high stresses after cooling.

GEOCHEMISTRY

Approximately 1-kg samples were collected from
surface outcrops; we took care to avoid obvious veins
and alteration. Samples were slabbed, obvious
weathered material cobbed off, and after cleaning with
distilled water and acetone, samples were reduced
to powder in a jaw crusher followed by a rotary
pulverizer with ceramic plates, and grinding in a
ceramic mortar.

Concentrations of major elements were determined
mainly by X-ray-fluorescence analysis of fused disks
in the Geological Survey laboratories. The concen-
tration of Fe?* was determined by titration, and that of
F and Cl, by ion chromatography. Replicate analyses
of USGS standard samples indicate a precision of +2%
for major elements, except H,0, CO,, F and Cl, for
which a precision of 5% is estimated. Concentrations
of Be, Co, Cr, Ni, Rb, Sc, V, Cu, Zn and Ga were
determined by X-ray fluorescence on pressed powder
pellets, with an estimated precision of 5%.
Concentrations of Ba, Nb, Zr, the rare-earth elements
(REE), Y, Hf, Ta and Th were determined by
inductively coupled plasma — mass spectrometry
(ICP-MS) in the laboratories of Memorial University
of Newfoundland after Na,O, sintering, with an
estimated precision of #2%. Representative results are
displayed in Table 3. Complete results are available on
request from the senior author and from the Depository
of Unpublished Data, CISTI, National Research
Council of Canada, Ottawa, Ontario K18 0S2.

All compositions of the Kipawa Syenite Complex
are mildly to moderately peralkaline [(Na + ALY/K of
1.01 to 1.59], with the degree of peralkalinity
increasing in the order nepheline syenite, syenite,
quartz syenite and peralkaline granite. The present
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TABLE 3. SELECTED MAJOR~ AND TRACE-ELEMENT DATA
FOR THE KIPAWA SYENITE COMPLEX

1 2 3 4 5 6 7 8 9 10

$i0, 5747 6412 7051 7137 261 1653 4430
TiO, 031 037 042 027 036 05 027 003 004 316
1938 1557 1092 1543 030 110 1774
Fe, 0y 209 310 S18 38 L71 335 044 019 021 389
FeO 379 182 076 221 103 246 107 062 078 1018
MnO 016 011 009 026 003 013 002 004 006 018
MgO 045 034 024 X 2037 561
Ca0 177 132 043 1453 127 127 231 27 827
Na,0 910 750 618 455 407 435 603 003 020 390
K0 436 485 364 188 314 523 112 009 08 L4
HO 070 035 046 085 066 047 0353 041 000 149
€O, 010 008 003 016 010 02 010 3472 010
P,0, 011 011 012 034 004 007 007 002 001 047

F 028 034 011 23t 007 007 006 003 346 008
c 004 002 001 004 002 003 002 003 003 009
BC=0 -0.13 -016 -005 -099 -003 -004 -003 -0.02 -146 -0.05
Total 9998 99.84 9905 9863 10016 9953 9943 10023 9959 10055

72 104 185 670 45 24 36 43 35 12
35 37 34 26 19 23 19 0 4 21
949 592 6140 1336 239 273 167 67 1 146
19.17 1554 161 4629 575 639 409 016 039 3.06
41 26 12 108 16 17 12 164 11 17
159 089 059 71 050 066 058 003 027 077
300 6 % 24T 293 K} 616 106 202 814
140 20 274 300 109 85 26 10 178 21
689 1598 841 4720 1006 509 556 010 04 137
1859 491 207 253 604 720 313 106 547 573
109 106 37 561 27 33 23 14 129 18
99.66 1035 4570 5677 39.79 1143 1889
2150 2271 898.1 1027 9047 2040 4319
2577 2151 931 1009 1248 1065 655 238 2049 576
9875 1022 3919 4500 4226 2442 708 6797 2522
2052 2007 518 7961 781 802 475 128 1193 504
438 239 054 945 117 159 092 025 147 189
1867 1749 447 7570 603 673 392 100 1147 458
315 259 078 1293 084 099 063 018 202 061
233 1841 544 9042 S10 627 414 12 1635 366
458 385 129 1891 097 127 08 024 350 070
1395 1199 487 5712 285 376 261 080 1400 204
206 18 098 858 042 057 040 014 229 027
1393 1337 943 5711 283 397 253 076 1468 166
200 187 189 854 041 056 034 007 18 024
42 34 22 63 33 44 23 035 05 120

PESTTEYSRELETOE“FIEUIEENRY

Compositions expressed in wt.% (major elements, expressed as oxides, with F and Cl) and ppm
(trace elements). 1. Nepheline syenite (average of 2). 2. Syenite (average of 4). 3. Peralkaline
granite (average of 5). 4. Peralkaline skem (average of 4). 5. Red Pine Chute gneiss (average
of 3), 6, Kikwissi gneiss (average of 4). 7. Trondijemite (avernge of 3). 8. Marble. 9.
Chondrodite marble, 10, Mafic boudin (homblende~garmet amplibolite). Columns 1, 2 and 3:
Kipawa Syenite Complex; 4: skam; 5, 6 and 7: host gnefsses; 8 and 9: marble; 10: dyke.

mineralogy and geometry of the complex are the
result of deformation and metamorphism, and the
chemistry of igneous precursors, if any, is not
necessarily preserved. However, the chemistry of the
Kipawa Syenite Complex resembles that of felsic
igneous peralkaline rocks (¢f. Civetta et al. 1984,
Harris ez al. 1986, Macdonald et al. 1987), and the
compositional variations in terms of the major
elements can be explained by crystal fractionation and
minor assimilation from a slightly peralkaline under-
saturated syenitic parent magma. Least-squares fitting
(Stormer & Nicholls 1978), using the bulk composition
(Table 3) and compositions of analyzed minerals
(Table 1) in the nepheline syenite, shows that the
major-element composition of the nepheline-free
syenite can be produced by removing alkali feldspar,
nepheline, amphibole and aegirine from the nepheline
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TABLE 4. LEAST-SQUARES FRACTIONATION CALCULATIONS
FOR THE KIPAWA SYENITE COMPLEX AND RELATED ROCKS

1 2 3 4 5 6 7 8
Si0, wt.% 58.08 6468 6468 7198 7197 5336 479 5333
Ti0, 031 037 044 043 051 028 0.06 025

ALO, 19.59 15.71 1572 1L 1114 6.13 0.55 6.26

FeO(t) 573 4.65 465 553 551 5.719 145 572

MO 0.16 0.11 0.07 0.09 0.10 027 0.07 022

MgO 045 0.34 033 024 023 1040 3739 104

Ca0 179 133 132 044 044 14.85 55.41 18.07

Na,0 920 757 756 631 6.30 4.65 0.06 453

K0 441 4.89 488 3an kXD 192 0.17 2.08
028 0.34 0.33 0.1% 0.08 236 0.06 237

Sum of squares

of residuals 0.0071 0.0078 0.1814

1. Average nepheline syenite (recalculated to 100%)

2. Average syenite (recaloulated w 100%)

3, Comp obtained by from 1 crystals with a total weight of 62.52

weight % of the starting material and consisting of albite 52.16, potassium feldspar 20.06,

nepheline 8.91, kataphorite 11.61, asgirine 6.20, biotits 0.59, fluorite 0.47 weight %, all with

the wmposiﬁmsgivmmTahlelﬁnnep!mlhesymhe.(ﬂmﬁtexsassmedmhaveﬂm

composition Ca0 51.33, ¥ 48.67 weight %).

4, Average peralkaling granite (recalculated to 100%)

SComposiﬁmobmmedbymmovhg&nmwmpcdﬂm4cryﬂalswhhsMWismaf36.W

weight % of the starting material and consisting of elbite 56.48, potassiom feldspar 28,36,

aegirine 12,32, biotite 1.78, and fluorite 1.06, all with the compositions given in Table 1 for
nepheline syenite, An amount of quartz (assumed to have composition Si0, 100 %) equal to

961weig!n%ofﬂ:emmﬁngmatmialisadded.mgeﬂmwhhmamoum0fkmpmﬂm059

weight % of the starting material. (Notc that according to these calcalations, the Kipawa Syexite

Complex should consist (in weight %) of 60.21 nepheline syenite, 1327 syenito, and 26.53

peralkaline granite.)

6. Average peralkaline skam (recalculated to 100 %)

7. Average marble (recalculated to 100 %)

8. MﬁufSASOweiglu%avmsepmﬂmlhwymﬂm(cohmn%.Z&ﬁmsemmbl&Sﬁﬂ

quartz, 7.59 gegirine (S0, 53.85, FeO 30.28, MnO 1.98N2,0 13.89) and 231 F.

syenite (Table 4). The calculated proportions of the
removed material are similar to those of observed
nepheline syenite lenses. Peralkaline granite composi-
tions can be produced from the syenite by removing
alkali feldspar, aegirine, biotite and fluorite and adding
small amounts of quartz and amphibole (Table 4).
Addition of amphibole could be explained by minor
cumulation, but addition of quartz suggests assimila-
tion of wallrocks or, possibly, metasomatismm.

The high FeO(total) content (3.27-7.03%) content
of the Kipawa Syenite Complex is suggestive of
strongly peralkaline (pantelleritic) compositions and
inconsistent with the slightly to moderately peralkaline
values observed (¢f. Civetta et al. 1984, Macdonald
et al. 1987, Harris et al. 1986). The complex may have
lost alkalis owing to alkali metasomatism of the Red
Pine Chute and Kikwissi gneiss, as evidenced by the
local occurrence of peralkaline compositions within
these generally peraluminous units. Such meta-
somatism could have taken place during original
emplacement (fenitization), or subsequent deforma-
tion. The contents of Sr and especially Ba are markedly
high for peralkaline rocks, which commonly contain
<50 ppm of both elements, but contents decrease
systematically and markedly from nepheline syenite to
syenite to peralkaline granite, suggesting that high
contents of Sr and Ba were an original feature. There is
also a correlation between the concentration of Zr and
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Fic. 10. Correlation of (a) Na+K)/Al with Zr, (b) F with Ce, (¢) Ta with Th, and (d) Zr with Nb in the Kipawa Syenite complex.
The lines marked “Naivasha” in (¢) and (d) show the trends found by Macdonald et al. (1987) for peralkaline rhyolite at

Naivasha.

(Na + K)/Al and between that of the rare-earth
elements and F (Fig. 10), which may be relict from
magmatic processes. Although the range of composi-
tion within the Kipawa Syenite Complex can be
generally explained by fractionation, a number of
chemical features suggest that other processes have
occurred. Geochemical ratios that are commonly
preserved in igneous peralkaline suites, such as Nb/Zr,
Ta/Th (Fig. 10) and La/Lu, (0.055-9.78) show great
variability. Normalized REE abundances not only vary
in absolute amount but also in shape of the pattern
(Fig. 11). Most of the strongly peralkaline granites are
depleted in light REE (LREE) by a factor of 10100,
a feature not observed in igneous suites, where the
most differentiated rocks are relatively LREE-enriched.
These same rocks are enriched in Zr and Hf by a factor
of 10 (Fig. 12), too much to be accounted for by
fractionation required to produce the bulk composi-
tions.

The marble and peralkaline amphibolite schist that
contain most of the rare minerals differ greatly from
the Kipawa Syenite Complex. The marble seems to be

essentially identical to metasedimentary marble in the
region, with addition of F and minor Fe (Table 3).
Some agpaitic syenite complexes contain a late mafic-
mineral-rich phase very rich in Zr and other incom-
patible elements (lujavrite, kakortokite: Ferguson
1970, Sgrensen 1974), but such rocks are low in Ca and
Mg, almost devoid of Sr and Ba, and contain sodic,
very iron-rich, mafic minerals. The eudialyte-rich
mafic rocks at Kipawa exhibit high concentrations of
Ca and Mg as well as Ca/Mg values similar to those
typical of metasedimentary marble, Ba and Sr contents
similar to or higher than in the marble, Fe/(Fe+Mg) less
than 0.2, and Mg-rich mafic minerals some of which
are almost devoid of Na (e.g., diopside, Table 1).
Although the (Na+K)/Al values are high (1.18-1.92),
these values are due more to low Al contents than high
alkali contents. The rare-carth-element patterns and
extended normalized element plots resemble the
syenite in relative abundance and strong relative Nb, St
and Ti depletion (Figs. 11, 12). These relations suggest
that the skarn-like rocks might be due to physical
mixing or assimilation involving peralkaline granite
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Fic. 11. Normalized rare-earth-element patterns for the Kipawa Syenite Complex and related units. Abundances are chondrite-
normalized, with normalization factors from Sun & McDonough (1989). Sample numbers and descriptions are listed in

Appendix 1.

and marble. Attempts to model this process by least-
squares calculation (Table 4) showed that a reasonable
fit could be obtained for major elements (sum of
squares of residuals 0.69), by assuming mixing
0f 26.76 wt.% average marble with 54.80 wt.% average
peralkaline granite (compositions from Table 3), and
adding 8.53% SiO, (quartz), 7.59% NaFeSi,Of
(aegirine) and 2.31% F. (The CO, originally in the
marble is assumed to be lost during this process.)
The addition of silica and aegirine shows the necessity
for fenitization-like metasomatism, as well as physical
mixing. Metasomatism also is required to explain
trace-element abundances, particularly of Be, Nb, F
and the REE, which cannot be explained by mixing.

The normalized REE patterns and extended trace-
element patterns for the Red Pine Chute and Kikwissi
gneiss show a strong resemblance to the syenite
patterns (Figs. 11, 12), with only the trondhjemite
departing markedly. Since trondhjemite predominates
at distances greater than 2 km from the Kipawa Syenite
Complex, the data suggest that alkali and trace element
contents of granitic gneiss near the complex either have
been affected by emplacement of the complex, or were
derived from similar sources.

THE ORIGIN OF RARE MINERALS
IN THE KiPAWA SYENITE COMPLEX

The geochemical signature of the Kipawa Syenite
Complex suggests that it was originally an igneous
body, although the trace-element content, and probably
the alkali content, have been substantially modified
by post-igneous processes. The age of emplacement has
not been dated directly, but it postdates the 1247 Ma
age of emplacement of the host Red Pine Chute gneiss,
and predates the 1235 Ma age of the Sudbury dyke that
cuts hornblende granite, which in turn cuts the Kipawa
Syenite Complex. The age of emplacement is, there-
fore, constrained between about 1235 and 1245 Ma, in
the same range as other peralkaline syenites along the
Grenville Front [Red Wine, 1337 Ma: Gandhi ef al.
(1988), Flowers River, 1271 Ma: Hill (1981), Strange
Lake, 1244 Ma: Lumbers et al. (1991), Gardar
Province, 1160-1300 Ma: Blaxland et al (1978)].
Mildly peralkaline syenitic (trachytic) compositions
can result from fractional crystallization of more mafic
compositions (for example, Mahood 1981), but the
volume of such differentiates is small compared to
more mafic compositions, and such differentiates
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FiG. 12. Element-abundance patterns for the Kipawa Syenite Complex and related units, normalized to primitive mantle
abundances. Normalization factors are from Sun & McDonough (1989).

exhibit strong depletion of Eu (due to feldspar
fractionation) and strong LREE enrichment (due to
extreme fractionation). None of these phenomena are
observed in the Kipawa Syenite Complex, which
apparently lacks a mafic pbase, has low (La/Lu),
(0.055-9.78), and moderate Eu/Eu* (0.055-0.127).
Peralkaline felsic compositions can be obtained
directly by partial melting of metasomatized mantle
protoliths (Eby 1990) particularly those rich in F and
Cl (Manning 1981, Davies & Macdonald 1987). Both
nepheline-bearing and quartz-bearing rocks commonly
occur in such suites [for example Blatchford Lake
(Sinclair et al. 1992), Red Wine (Curtis & Currie
1981), Gardar (Ferguson 1970)], a well-known petro-
logical conundrum (Currie 1989), and an association
with mildly alkaline basaltic dykes may also occur
(Gardar: Ferguson 1970). Rock types associated with
tensional tectonics (regional dyke-swarm, peralkaline
rocks) but showing geochemical characteristics
suggestive of orogenic origin (Nb, Sr and Ti depletion)
suggest late to post-orogenic emplacement. Because of
the deformation and remobilization of the Kipawa
Syenite Complex, more detailed statements on its
origin are not presently possible. It cannot be stated
with certainty whether the complex represents

deformed plutonic rocks, volcanic rocks, or both
together. Virtually no relics of igneous minerals have
been found. Despite a similar degree of metamorphism,
such evidence is abundant in the peralkaline Red Wine
igneous complex (Curtis & Currie 1981). If concentra-
tions of rare minerals formed in the Kipawa Syenite
Complex during original crystallization, they have not
survived subsequent deformation and metamorphism.
A fenitization aureole may have been present, as
suggested by local peralkaline compositions in the
enclosing gneiss, but this phenomenon may also be due
to later deformation and metasomatism.

The rare minerals presently observed associated
with the Kipawa Syenite Complex developed in alkali
metasomatized skarn, as shown by the chemical
composition of the host rocks and the persistence of
Na-poor diopside, Mg-rich amphibole and phlogopite.
Consideration of the regional lithostratigraphic succes-
sion and structure suggests that the host marble and
calc-silicate unit originally lay structurally below the
syenite complex and separated from it by a septum of
the Red Pine Chute gneiss, but has been juxtaposed
with the syenite by northwest-directed thrusting asso-
ciated with amphibolite-grade metamorphism. The
presence of numerous rotated and deformed calc-
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silicate blocks, and complex flow structure within the
marble, suggest that it marks a ductile thrust surface
along which significant mechanical mixing has
occurred. Precise dating shows that the latest phase of
this process occurred 994 Ma ago. Deformation and
metamorphism induced mobilization of alkalis,
halogens, the REE, Zr, Nb, Be and other elements,
followed by their fixation in the calc-silicates. The
process resembled fenitization (Currie & Ferguson
1971), and since alkali and halogen-rich brines
scavenge Zr and REE from the surroundings (Watson
1979), much of the transport could have been due to
subsolidus circulation of fluids on fault planes.
Although such processes are incompletely understood,
depletion of LREF in the peralkaline granites could be
ascribed to greater stability of alkali~-HREE fluorides
(Christiansen et al. 1983). However, evidence of
anatectic melting is ubiquitous in the Kipawa region,
and many of the rare minerals occur in undeformed
pegmatitic patches that surely formed directly from a
magmatic fluid. Peralkaline granites have been
observed to intrude their surroundings on a small scale,
a relation requiring late to post-tectonic melting.
Development of the rare mineral locality, therefore,
was a complex process involving a combination
of metasomatism and anatectic melting, which
redistributed alkalis and trace elements on scales
ranging from a few meters to several kilometers.

The present knowledge regarding origin of the rare
minerals associated with the Kipawa Syenite Complex
may be summarized as follows. A peralkaline
complex was originally emplaced about 1240 Ma,
either as a pluton, as volcanic rocks, or as a
combination of both. Emplacement probably accom-
panied development of the Sudbury dyke swarm, and
postdated more extensive orogenic magmatism. Any
concentrations of rare minerals associated with
emplacement have not survived later deformation and
metamorphism. At about 995 Ma, ductile northwest-
directed thrusting under amphibolite-facies meta-
morphic conditions juxtaposed a marble and
calc-silicate unit with the syenite along a surface of
movement marked by mechanical mixing on a meter
scale. This juxtaposition was followed by metasomatic
reactions and anatectic melting in the presence of
F-rich brines. These processes produced not only the
spectacular rare minerals, but redistributed alkalis and
trace elements on scales varying from a few meters to
several kilometers.
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APPENDIX 1. DESCRIPTION AND LOCATION OF
CHEMICALLY ANALYZED SPECIMENS”

91087 (31L/16, 691800,5183260) Biotite-amphibole syenite, Lac Sheffield

91089 (31L/15, 689850,5184000) biotite amphibolite, Lac Sheffield

91091 (31L/15, 681950,5192450) Red Pine Chute gueiss, Lac Sheffield

91092 (315,15, 683400,5191550) Biotite—nepheline syenite, Lac McKillop

91093 (31L/15, 683440,5191120) Amphibole syenite, Lac McKillop

91094 (311/15, 684050,5190600) Red Pine Chinte goeiss, Lac McKillop

91096 (311116, 692850,5192050) Kikwissi gneiss, (granite phase), Lac Sairs

91097 (31L/16, 692850,5192030) Kikwisst goiss, (granite phase), Lac Sairs

91008 (311716, 691650,5191850) Mnscovite granite greiss, Lac Sairs X

91099 (31L/16, 690000,5191300) Kikwissi gneiss (trondijemite phass), Lac Sairs

91101 (31L/15, 688500,5190300) Kikwissi gneiss (trondhjermite phase), Lac Sairs

91102 (311416, 691300,5186250) Kikwissi gueiss, (granite phase). Lac Sairs

91103 (311716, 691300,5186250) Chondrodite marble, Lec

91107 (31L/16, 695200,5187300) Red Pino Chmts gneiss, Lac Sairs

91109 (311,/16, 695300,5186800) Biotite gneiss, quartzite schlieren, Lac Sairs

91110 (31L/16, 695500,5186500) Coronitic gamet amphibolite, Lac Sairs

91113 (31L/16, 695700,5186200) Coarse di marble, Lac Sairs

91117 (31L/16, 690100,5186850) Coarse amphibols quartz syenite, Lac Sheffield

91118 (31L/16, 690100,5186850) Budialyte-beating pyroxene skam, Lac Sheffield

91122 (31L/16, 690160,5186750) Budialyte-bearing amphibolite schist, Lac mﬁ

91124 (311/15, 630050,5186950) fluorite patch in schist, Lac
Sheffield

91125 (31L/15, 689950,5187050) Aegirine—richeckite quartz syenite, Lac Sheffield
91130 (31L/16, 690290,5186590) Aegirine granite, Lac Sheffield

91134 (31L/16, 690380,5186490) Aegirine-riebeckite quartz syenite, Lac Sheffield
91135 (31L/16, 690390,5186490) Aegirine grenite, Lac Sheffield

91136 (31LJ16, 690390,5186490) Aegirine-riebeckite syenite, Lac Sheffield

91137 (31L/16, 690490,5186590) Eudialyte-bearing amphibole schist, Lac Sheffield
91138 (31L/16, 690490,5186550) Amphibols syenite, Lac Sheffield

91140 (311/15, 689190,5186400) Kikwissi gneiss, (mndldemite phase), Lac Sheffield
91142 (31L/15, 689190,5186400) Altered gabbro, Lac Sheffield

* Specimen locations given by NTS block and grid reference.



