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_ L'it-par-l'it gneiss is a common wall-rock of the uraniferous pegmatitic dykes at the
BicroftlVline and, the neighbouring croft Property. It is developed mainly from pelitic
gneiss,_but_ also from amphibolite. The transformation of peliiic gneiss into l,it-par-tit
gneiss has been studied in detail. The pelitic gneiss contains sillimanite, garnet, biotite,
cordierite and quartz as its principal minerals. It shows evidence of considirable shearing
during and after the crystallization of the garnet. The l,it-par-lit gneiss consists of altei-
nating layers of granitic and pelitic composition. The pelitic portion is devoid ol quartz
and much richer in biotite. corundum, some pseudomorphous after sillimanite, ii now
present. Petrographic and chemical investigations suggest that the granitic material was
not injected along the foliation planes of the pelitic gneiss but has been formed by
metamorphic differentiation during a period of feldspathization resulting from thL
accession of alkalis and some calcium. It seems probable that the differenliation was
initiated by shearing.

INrnorucrroN

This paper discusses the nature and origin of. lit-par-l'i,t gneiss at the
Bicroft Mine, Ontario. Bicroft Uranium Mines, Limited, originally the
two separate undertakings of Centre Lake Uranium Mines, Limited and
Croft Uranium Mines, Limited, and now Macassa Gold Mines, Limited,
Bicroft Division, holds a number of claims in the north-east of Cardiff
Township, Haliburton County, Ontario. The mine location is shown in
Fig. 1.

The uranium deposits occur in a swarm of uraniferous pegmatitic
dykes which are emplaced in Grenville-type metasediments. The domi-
nant metasediments are amphibolite and quartz-oligoclase-biotite-gneiss.
Bands of pelitic gneiss occur throughout the mine area. The main ore
bodies in the pegmatitic dykes are associated with these bands, but not
wholly confined to them. The dykes form irregular bodies of granite- and
syenite-pegmatite, the former being the dominant rock-type. Para-
gneisses in contact with the pegmatites are usually altered to I'i.t-par-l'i,t
gneisses. Amphibolite and, in particular, pelitic gneiss are the rocks
most commonly altered to lit-par-I'it gneiss. For this reason and because
most of the orebodies occur in the pelitic bands, the alteration of this
rock to li,t-par-l,,it gneiss has been studied by the writer in some detail.
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Pnnvrous Wonx

Bateman (1955) described briefly tfre uranium-bearing pegmatites of

Lhe Bancrolt area. He wrote that they are unlike ordinary granite-

pegmatites in that they lack graphic fabrics or large segregations oI quartz

and feldspar. The Bicroft deposits he considered to be "a late magmatic

or deuteric stage in the evolution of the pegmatites". Satterly & Hewitt

(1955), Satterly (1956) and Hewitt (1957) described the Bicroft Mine

and Croft Property in detail. They favoured an intrusive (presumably

magmatic) origin for the igneous-looking gneisses and the pegmatites of

the area, though portions of the Bicroft dykes are said to be, "in part of

replacement origin". They considered that the I'it-par-1/il gneisses at the

Bicroft N4ine were the result of lit-par-li,t injection of pegmatitic magma

into the paragneisses.
Kelly (1956, 1958) summarized the chief features of the pegmatites and

concluded that metasomatic replacement played a large part in their

BICROFT
MINE

Frc. 1. Location of the Bicroft Mine, Ontario.
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formation. Robinson (1958) favoured an ultimate magmatic origin for
the Bicroft-type pegmatites, but stated ,,the granite, pegmatitic and
metasomatic deposits are largely characterised by field evidence pointing
to dominance of replacement processes with fracture filling praying a
minor role". In 1960 he reiterated this view and supported it with geo-
chemical studies. Evans (lgo2) concluded that the pegmatites of the
Bicroft Mine and the croft Property were entirely of metasomatic origin
and had replaced pre-existing metasediments, I,it-par-llr gneiss and
igneous-looking gneisses of metasomatic origin.

Pplrrrc GNBrss

since we are here concerned with the formation of tit-par-r,'i,t gneiss
from pelitic gneiss, the latter gneiss will be described first. This gneiss
being the only rock-type in the area with abundant garnet is easily
recognized even on the weathered outcrop surface. Polished surfaces of
drill cores from this rock have a streaky appearance which is at once
seen to be due to the aggregation of biotite into thin, discontinuous

Frc. 2. Sillimanite-garnet-biotite-gneiss, outcrop,
roblasts of garnet; white streaks of sillimanite and
cordierite, (Photograph by Dr. D. F. Hewitt).

Croft Property. Dark porphy-
larger, white areas of quartz and
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layers parallel to the foliation; these form swirls around the garnet
porphyroblasts and stand out against the white background of tJre quartz,
feldspar and cordierite. The bands of pelitic gneiss have been strongly
sheared and many garnets have been drawn out into ovoid shapes. Such
penetrative movements would undoubtedly facilitate metasomatism and
various metamorphic reactions. A slightly to fairly pronounced mineral
banding was seen in a few sections of the rock. It is due to the develop-
ment of layers rich in quartz and feldspar contrasting with mafic layers.

Modal analyses of two pelitic gneisses are given in Table 1. The most
abundant minerals are quartz and biotite. The flakes of biotite range up
to 2.5 mm long but most are 0.25-l mm in length. When the rock shows
some mineral banding the biotites in the quartz-{eldspar-rich layers are
much smaller than the biotites in the ordinary rock. Garnet usually forms
15-20 per cent of the rock. The refractive indices of garnets from the two
analysed specimens were found to be 1.791 and 1.794. As these rocks
contain only traces of manganese, these indices are sufficient to give a
close approximation to the composition. According to the tables of
Sriramadas (1957) this is about almandineos plrope32. Sillimanite is
well developed in the pelitic gneisses. Its crystals range from fibrolite
mats to euhedral prisms 2-3 mm long. Most of the sillimanite occurs as
interwoven masses of acicular crystals which have grown in biotite.

The metamorphism which affected these rocks was of regional type.
The absence of muscovite in the pelitic gneisses and the reaction of
biotite-+sillimanite, together with the appearance of clinopyroxene in
the associated amphibolites, indicate that the PT conditions were those
of the upper part of the amphibolite facies or sillimanite-almandine
subfacies of Francis (1956). The presence of microcline, the absence of
hyperstJrene and rutile and the ubiquity of sphene in the pelitic and
associated gneisses, indicate that granulite facies conditions were not
reached. This conclusion is supported by the garnet compositions which,
plotted on Miyashiro's (1953) diagram, fall just on the lower grade side
of the granulite/amphibolite facies boundary line.

Location of soecimens:
1. Sillimanite-garnet-biotite-gneiss from the centre of the main pelitic band in the

main crosscut. Adit Level. Bicroft Mine.
2. Sillimanite-garnet-biotite-gneiss. Drill core sample from the main pelitic band at

the Croft Prooertv.
3. Lit-barJit sndiss, hanging wall, No. I Dyke, Adit Level, Bicroft Mine.
+. L'it-bar-tit gneiss, enclave in No. 3 Dyk-e, just north-east of stn. 318 Adit Level,

Bicroft Mine.
5. Lit-par-lit gneiss, 39 inches north of stn. 317, Adit Level, Bicroft Mine.
6. Lit-par-li.t [neis-s, 1tt863 crosscut, Adit Level, Bicroft Mine.
7 . L'i.t-par-1,'i,t gneiss, K stripping, I Zone, Croft Property.
8. Granite layer from l,it-par-l,it gneiss, specimen 3 above.
9. Averaqe of analyses 1 and 8.
Chemicalanalyses-by J. G. MacDoqald, S. E. Brett a4d A. M. Evarls,
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Ls-Pea-Lrr GNsrss

Occurrence
The usual development of the l,'it-par-lit gneiss is as sheaths of variable

thickness-a few inches to 20 feet being the common limits-around the
dyke rocks. Typical occurrences ol l,it-pw-l,it gneiss in the Bicroft Mine
are illustrated in Figs. 3 and 4.

Frc. 3. Map of part of the Adit Level, Bicroft Mine showing typical occurrences of
l"it- par -|,'i,t gneiss.

Petrogrophy
The rock consists of altering dark- and light-coloured layers usually

between a few millimetres and one centimetre thick. The rock is illus-
trated in Figs. 5 and 6. The light layers are granitic. The dark layers are
rich in biotite and comprise about half the rock, Modal analyses of Lit-
par-I,it gneiss are given in Table L
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Fro. 5. L'itpar-1,'i't gneiss from the
Adit Level. Bicroft Mine. Lower scale is
in inches.

Fro. 6. Folded fi't-par-l,it gneiss, Adit,
Croft Property.

Since the dykes cut across the metasediments, the zones of. l,it-par-Iit
gneiss are discordant and tlerefore it is possible to follow pelitic gneiss

along the foliation and observe the progressive changes as this gneiss

passes into I'i't-par-lil gneiss. The first changes are the appearance of small

lenses of granite and an increase in biotite in the darker intervening rock,

which still carries garnet and sillimanite. Traced towards the dyke con-

tact, the various layers become more distinct and their contacts sharpen
-Fig. 5. The dark layers become still richer, and the light layers poorer

in biotite. The garnet and some of the sillimanite disappear from the

dark layers, the place of the latter being taken by corundum' The last

two minerals have been found in the same thin section but an example

showing the actual mineral change has not been found. Pseudomorphs

of corundum after sillimanite are, however, quite common-Fig. 7. The

corundum is restricted to the dark layers. In these the principal minerals

are biotite and plagioclase; microline and quartz are absent. The granitic

bands are usually very rich in quartz which tends to form elongate
patches in the centres of these layers. The patchy extinction, partial

breakdown into smaller grains and fracturing indicate the effects of

cataclasis. Plagioclase is the dominant feldspar.
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Frc. 7. Pseudomorphs of corundum after sillimanite. Li;t-por-l,i,t gneiss, Adit
Level, Bicroft Mine.

Genes'is
L,i,t-par-l,i,t gneisses from the Grenville subprovince were described by

Osborne (1936) from Shawinigan Falls, Quebec. Osborne considered
them to be the result of injection of granite along the foliation planes of
pelitic gneiss. The l,it-par-llf gneisses at the Bicroft M ine were considered
by Satterly & Hewitt (1955) and Hervitt (19b2) to be the result of l,it-
par-L'it injection of pegmatite into the paragneisses. These workers have
followed the majority in preferring the hypothesis of injection origin put
forward by Michel-L6vy (1887). But, as is pointed out by Read (1948)
in his summary of. tJle theories of origin of. Ii,t-par-l,it gneiss, many geolo-
gists, starting with Greenly (1903), have preferred an origin by solid
diffusion. Like Greenly, Fenner (1914) and Barrell (1921) pointed
attention (to quote Read) "to the undisturbed and unsupported nature
of exceedingly thin septa in l,'it-par-kt complexes and favoured a
gradual transfusion rather than the violent intrusion usually pictured".
Perrin & Roubault (1937, 1939) considered Lit-par-lil structure to be the
result of solid diffusion and that this structure (again from Read) ,,is

only a forerunner oI granitization and not an end-product of solidification
-it is a metamorphic process".

Some Scottish I'it-par-l.it gneisses described by Read (lg3L) were
developed irom pelitic and semi-pelitic gneisses. In discussing their
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origin, Read compared analyses of the altered and unaltered gneisses and

called attention to the constancy of silica and alumina and the increase

in soda during the alteration process. Read concluded that oligoclasic

solutions had been fixed by the pelitic gneisses during their transformation.

Reynolds (1946) plotted analyses of pelitic gneiss and permeation

gneiss from Read (1931) on a von Wolff diagram and demonstrated that

the development of the permeation gneiss from t]re pelitic gneiss was

accomplished by a process of feldspathization and desilicification, as

distinct from one of granitization. Reynolds' plots are reproduced in Fig. 8.

Fra. 8. Von Wolfi diagram showing changes involved in transformation of

Sutherland pelitic gneiss fnto permeatio.t gn"i"t (dotted -areas). after Reynolds
(1946) and plots of-analyses IV and V (peliiic and l,.it-par-l,i.t gneiss respectively)
from Osborne (1936).

Harry (1954) described anotler Scottish occurrence oI I'i,t-par-l,',it

gneisses, this time from Ardgour. Harry was concerned with the origin

of ttt" oligoclase-biotite-quartz-gneisses of the area and put {orward

chemical and field evidence which, he concluded, demonstrates their

formation from pelitic gneiss by desilification and basification. This led

him on to deduce that the quartz-oligoclase folia in the Li,t-par-lli,t gneisses

ML
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were not magmatic injections but the result of metamorphic differentia-
tion. He ends his discussion by pointing out that the word injection should

be dropped from the description of these rocks as l,'it-par-li't injection
gneisses.

The comparison of modal analyses of l,i,t-par-lit gneiss from the Bicroft
Mine rvith those of the pelitic gneiss (Table 1), shows a surprising cor-
respondence in the amounts of certain minerals in both rocks; the only
constant major difference between the two is the strong development of
feldspar in the l,i,t-par-l,i,t gneiss and the disappearance of cordierite and
garnet. It seems that the origin of the gneiss was not by injection layer
by layer of granitic magma, a tJreory of origin which here too is open to
all the objections of Greenly, Fenner and Barrell, but by metamorphic
differentiation. Indeed, as tfre beginnings of a metamorphic differentiation
of mineral phases in the sillimanite-garnet-biotite-gneiss of the Bicroft
\4ine can be seen in many places, it appears that this is the most probable

origin of these banded gneisses. The most significant chemical change
suggested by a comparison of the modes is an increase in alkalis. In other
words much of tJle material for the granitic layers must be regarded as
having been derived from the pelitic gneiss. The subtraction of silica
from the dark layers led to the complete disappearance of quartz and is
presumably responsible for the partial replacement of sillimanite by
corundum. It is most unlikely that the latter mineral would have been
formed by the layer by layer intrusion of a silica-rich magma! The above
hypotlesis may be tested and confirmed by a consideration of the
chemistry of these rocks.

Chemical analyses of.li't-par-lit and pelitic gneisses are given in Table 1.
A comparison of these analyses confirms the conclusions drawn from the
modal analyses. Silica is not significantly higher in the kt-por-l''it gneisses.

Iron and aluminum are a little lower. The feldspar-forming oxides,
potash, soda and lime show an increase, especially the potash. Had the
gneiss been formed by injection of the material of the granite layers
into pelitic gneiss then tJre resultant rock should have a composition
intermediate between that of the pelitic gneiss and the granite layers.
To demonstrate that this is not the case, an analysis of some granitic

layers (No. 8 in Table 1) was combined with an analysis (1) of pelitic
gneiss. The resultant analysis (9) represents the hypothetical l,i't-par-l'it
gneiss which would be formed by the injection of the granitic material
of the actual li,t-par-Ii,t gneiss into pelitic gneiss in a one-to-one propor-

tion. It is clear from Table 1 that this hypothetical rock has considerably
more silica than the li't-Par-li't gneiss. This comparison of the silica per-

centages argues against the injection hypothesis. Such an hypothesis also
yields rather low alumina, iron oxide, lime and soda contents. The point
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Frc. 9. Von Wolff diagram with plots of analyses 1-13 from tables 1 and 2 o
this paper. The areas enclosed with pecked lines represent pelitic gneiss (1, 2)
and Lit-par-l,i,t gneiss (3, 4, 5, 7) from the Bicroft Mine.

may be brought out in a pictorial manner by plotting the above analyses
on a von Wolff diagram-Fig. 9. Analysis 9-the hypothetical rock which
would be formed by the injection of magma 8 into rock 1 plots at I on
the line jointing 8 and 1, and whatever the proportions of 8 and 1, the
resultant would still fall on this line; but the actual li,t-par-l,i,t gneisses
(3, 4, 5, 7) fall in a very different part of tJre diagram. This exercise
indicates that the I'it-par-l;it gneiss cannot have been formed by injection
of granitic magma of composition similar to that of analysis 8 along the
foliation of the pelitic gneiss.

Before finally ruling out the injection hypothesis, we must consider the
possibility that the granitic layers represent mobilized injected dyke
rock. Chemical analyses of four specimens of dyke, collected from points
in the dykes close to the analysed l,'it-par-kt gneisses, are given in Table 2.
Two of these (12 and 13) represent very siliceous phases whose injection
into tJle pelitic gneiss would have produced an injection gneiss "rith a
much higher silica content than the actual specimens of this rock possess.

MI-
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T211

SiOz
Al:os
FezOa
FeO
Mgo
CaO
NazO
KrO
H:O+
HzO-
TiOz
MnO

70 .10
t4.20
1 . 9 1
1 .36
1 .48
3 .49
3 .45
1 . 5 9
0 .79
0.77
0 .  31
o .26

74.75
12.80
L . 3 7
2 .36
0 .77
r .  / o
d .  D o

2 . 0 6
0 .  18
0.48
0 .  18

<0 .03

85.  30
7  .70
o .25
0 .36
tr

r . 0 7
2 .32
2 .50
0 .  30
0 .  10
0.  05

<0 .03

86 .78
5.  50
0 . 5 9
0 . 8 2
tr

0 . 7 1
1 . 0 8
2 . 5 4
0 .  1 1
0 . 8 8
tr

<0.03

100. 01 100.26 99.04 99 .98

Location of soecimens:
10. Pegmatitic pyroxene-granite from back, 80 inches north of

stn. 317, Adit Level, Bicroft Mine.
1 1. Coarse-grained hornblende-biotite-granite from back, just

north-east of stn. 318 Adit Level, Bicroft Mine.
12. Coarse-grained leucocratic granite (from back) 12 inches

from soecimen 11.
13. Granite-pegmatite, J. Stripping, J, Zone, Croft Property.

Analyses bv J. G. MacDonald, S. E. Brett and A. M. Evans.

The hypothetical injection gneiss would plot on t-he von Wolff diagram

(Fig. 9) in the area between points 1 and 2, and 12 and 13 well away from

the field where tire actual lit-par-l,i,t gneisses plot. The analyses of the less
siliceous dyke rocks (10 and 11) plot fairly near to the point (8) rep-
resenting the granitic material in the l,'it-par-kt gneisses. Thus the injec-
tion gneiss resulting from intrusion of this material would plot close to
the hypothetical l,it-par-lal gneiss (point 9) already discussed above and
well away from the field where the actual l'i,t-par-li.t gneisses fall. It seems
therefore that injection of magmas of dyke composition cannot have
been the mechanism by which t}'e lit-par-|;il gneisses were formed. This
is in keeping \vith the fact that it has been shown elsewhere that these
dykes are probably of metasomatic and not magmatic origin. Thus
neither the field nor the chemical evidence is in keeping with the injection
hypothesis. The dykes vary petrographically along their length from
granitic to syenitic pegmatites, yet no similar variation has been seen in
t}'e l,i,t-par-l;i.l gneisses of the neighbouring wall-rocks. The light-coloured
layers of the gneiss maintain t-heir granitic character whether they are
developed alongside granitic or syenitic pegmatite and show no significant
variation in their qvartz content. In addition it may be noted that they
do not contain any of the prominent accessory minerals which charac-
terize the dykes, such as aegirine-augite, hornblende and uranium
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minerals. Other important field evidence is the presence of scattered
patches of incipient development oI lit-par-lzl gneiss within the pelitic
gneiss (sometimes only on the scale of a hand specimen) well away from
the dykes or any other igneous-looking rock which could be a source of
the material forming the leucocratic layers.

A comparison of Figs. 8 and 9 shows that in the formation of.l'it-par-l'i't
gneiss from pelitic gneiss at the Bicroft Mine, the chemical changes and
trends were the same as those involved in the development of tJre per-

meation gneisses investigated by Read and Reynolds. The movement
towards the L corner indicates tJre importance of feldspathization during
tlre development of tJrese gneisses. The movement away from the area
intermediate between the pelitic gneiss [nd the field occupied by granitic

rocks demonstrates that the mechanism of formation of the granitic

layers in the I'it-par-l'it gneiss must have been that of metamorphic
differentiation and not magmatic injection.

The cause of these developments of. lit-par-l,it gneiss at the Bicroft
Mine is not clear. Though usually developed in close spatial relationship
to pegmatite dykes, the occurrence of enclaves of lti,t-par-l"it gneiss in the
dykes testifies to its development before the dyke emplacement. This
spatial relationship is not then a direct genetic one, but may well imply
that both rock-fypes have been developed in areas of extreme metaso-
matic activity during the general regional metamorphism.

Interesting light is shed upon the problem by the fact that li't-par-l,i't
gneiss is only developed in rocks having a pronounced schistosity and
the better the development of the schistosity the more pronounced is the
development of l,it-par-l'if gneiss. This is in accord with the observations
made by Turner (1941) from a study of laminated schists in New Zealand.

The nature of the process which gives rise to mineral banding in
homogeneous rocks possessing a good schistosity is still incompletely
understood. An excellent discussion of the problem appears in Turner &
Verhoogen (1960) who conclude that the process is a complex one "involv-
ing solution, crystallization and mechanical deformation, acting together
or in alternating combinations as the selective agents of metamorphic
differentiation". But earlier in their discussion (pp. 582-583) they go on
record as considering that local gradients in chemical potential are the
main driving force behind the differentiation. On the other hand Schmidt
(1932) suggested that the process was entirely a mechanical one. The
recognition during recent years of the importance and common occurrence
of ionic diffusion on various scales in metamorphic processes makes it
seem unlikely that chemical factors would play no part in the differentia-
tion. However Sclar (1965) has drawn attention to examples where the
dominant process certainly appears to have been mechanical. Many
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mylonitic rocks, besides tfrose described by Sclar, show incipient to well
developed mineral banding. In fact this is an obvious feature of many
shear zones in metamorphic and other crystalline rocks, and it may well
be that it is the mechanical factor which triggers off this whole process of
the development of laminated metamorphic rocks from previously
homogeneous rocks. In all the accounts which the author has read of
the formation of. I'it-par-lif gneisses and other similar forms of laminated
metamorphic rocks there is usually some mention of cataclastic activity
having affected the rocks concerned. It may be that further investigation
in the few cases where this has not been reported would reveal evidence
of shearing or the existence of a later metamorphic phase which may
have healed the effects of earlier cataclasis.

In the example under discussion tlere is ample evidence of considerable
shearing movement along the schistosity surfaces after the crystallization
of much or all the garnet. This has been noted above in the description
of the pelitic gneiss. The continuation of this shearing during or towards
the end of the I'it-par-li,t gneiss formation is indicated by the cataclastic
features seen in the leucocratic layers. This shearing is believed to have
initiated tfre metamorphic differentiation.

As noted previously, the formation of. I,'it-par-1,'it gneiss in the Shawini-
gan Falls District of Quebec was ascribed by Osborne (1936) to the injec-
tion of granitic material along the foliation planes of pelitic gneiss. The
writer has not had the opportunity of examining these rocks, but it is of
interest to plot tJre analyses of pelitic (IV) and l;it-par-I'it gneiss (V) given

by Osborne on a von Wolff diagram-Fig. 8. The trend revealed by this
plot is similar to that recorded from the Bicroft area (Fig. 9), but the two
points occur further up the diagram because the pelitic gneiss in this case
is more siliceous than the Bicroft pelites. The similar geochemical trend
towards the L corner and the decrease in silica content during the change
from pelitic to lit-par-1,'it gneiss suggest that these gneisses too are the
result of metamorphic differentiation. It is of further interest that
Osborne reports a similar elongation by fracturing of the garnets and
other effects of mechanical deformation in these rocks.

Coucr-ustous

It is concluded that the formation of much li't-par-li't gneiss at the
Bicroft Mine was the result of metamorphic differentiation of pelitic
gneiss accompanied by an accession of sodium and potassium. The
chemical evidence when investigated by the use of von Wolff diagrams
reveals a different trend during the transformation from pelitic to I'it-
par-li,t gneiss tJran would be expected from the magmatic injection
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hypothesis. The similarity of silica content in the pelitic and l'it-par-l'it
gneisses also militates against the injection hypothesis. The geochemical
changes were dominated by feldspathization and a severe desilicification
of that part of the original pelitic gneiss now represented by the dark
layers. The location of zones of. I'it-par-1,'it gneiss in areas o{ more pro-
nounced schistosity within the pelitic gneiss is believed to indicate that
mechanical deformation played an important role in the differentiation
process.

Similar geochemical changes accompanied by mechanical deformation
suggest that the li,t-par-Lit gneisses of Shawinigan Falls, Quebec may also
have been formed by metamorphic differentiation.

Finally, it is considered worthwhile reiterating Harry's plea that the
genetic term injection be dropped from descriptions ol li,t-par-lit gneiss
unless it has been shown that the gneisses were indeed formed by this
mechanism.
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