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PREFACE 

Pegmatites are of considera ble interest a nd eco no mi c impo rta nce as they may 
contai n mineral s rich in elements s uch as ta nta lum , ni o bium , li thium, be ryllium , 
uranjum , and the rare ea rth s. 

The Yell owknife- Bea uli eu regio n, o ne o f the principa l minera l-producing a reas 
of northern Ca nada, co nta ins ma ny pegmatite masses, so me of which a re of eco no mic 
interest. 

This repo rt presents fie ld a nd la bo rato ry data co nce rning pegmat ite masses a nd 
dra ws prelimina ry in fe rences rega rdin g their mode of fo rma ti o n. These res ults fo rm 
a bas is fr o m which mo re deta iled studies ca n be made, thus lea ding to a grea ter 
understa nding o f the pegmatite-fo rming p rocess which in turn will ass ist prospecting 
fo r mine ral s o f ra re but stra tegic va lue. 

Y. 0. FORT IER , 

Director, Geological S urvey of Canada 

O TTAW A, M arch 30, 1965 
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STUDY OF PEGMATlTE BODIES AND ENCLOSING ROCKS, 

YELLOWKNIFE-BEAULIEU REGION, 

DISTRICT OF MACKENZIE 

Abstract 

Pegmatite bodies are found in muscovi te-biotite granite plutons, da ted a t 2550 
m.y. a nd in biotite-, co rdierite-, and ga rnet-bearing sch1sts that for m broa d a ureo les 
a bout the plutons. Most o f the pegmatite bodies consist of qua rtz, a lbite, potash 
fe ld par, and muscovite , and some contain nota ble a mo unts of bery llium , lithium, 
a nd niobium- tanta lum minerals. 

Most of the pegmatite dykes found in the Sparrow Lake granite pluton and in its 
contact a ureole are seve ral centi metres o r a few metres thick and dip steeply in differ­
ent directions. D a ta on the geo metry of some of these dykes ugges t that they a re 
fracture-controlled di lation dykes. To urma line, beryl, and spod umene a re found 
within the dykes a t progress ive ly grea ter d istances from the granite pluton. 

The distribution o f minera ls within individua l dykes is no rma lly irregular and the 
composition o f mi nerals is va riab le. In one la rge dyke, a l bite c ry ta ls near the centre 
conta in less sod ium a nd more potass ium tha n those nea r the margi n, whereas c rys ta ls 
o f muscovite nea r the cent re contai n more sodium and less potass ium than those near 
the ma rgin. 

The gran ite a nd schist adjacent to some pegmatite dykes have been a ltered . Jn 
granite, muscovi te, tourma line, a nd apatite have crysta lli zed a t the expense of potash 
feldspa r a nd biotite, and in schist, tourmaline, quartz, and apa tite have crys talli zed 
a t the expense of bio tite a nd plagioclase. These mineral react ions were accompanied 
by a n addit ion to the co untry rocks o f boron a nd phosphorus, and a removal of 
potass ium. 

The pegmatite and the muscovite- biotite granite were evidently deri ved from a 
common source. The pegmatite-forming matter was re la ti ve ly mobile and capable of 
transp o rt for grea t distances thro ugh the co untry rocks. At numerous structura ll y 
favourable sites, the pegmatite minera ls proceeded to crys ta lli ze, ca us ing enla rgement 
of the pegma tite bod ies. The va rio us chem ica l and phys ica l processes tha t were in­
volved are no t clearly understood. 

R esume 

Des massifs de pegmatite se retrouvent dans Jes plutons de granite a muscovite­
biot ite qui datent de 2,550 millions d'a nnees, et dans des schistes a biotite, a co rd ierite 
et a grena t, form ant de la rges a ureoles autour des plu tons. La p lupart des mass ifs 
de pegmatite so nt fo rm €s de qua rtz, d'a lbite, de feld spa th potass ique et de mu scovite; 
quelques-t;r. s contienner. t des qua ntites assez consictera bles de beryllium, de li th ium , 
et de minera ux de ni ob ium- tanta le. 

La plupart des dykes de pegma tite que l'on trouve da ns le pluton de gran ite de 
Sparrow Lake et dans son au reo le de contact ont une epaisseur de plusieurs centi-



metres a quelques metres et un pendage accentue dans diverses directions. Les 
donnees su r la fo rme de quelques-uns de ces dykes portent a cro ire qu ' il s'agit de 
dykes qui se sont di la tes da ns le sens des fractures. D ans Jes dykes a des dista nces 
de plus en plus gra ndes du pluton de granite, on trouve de la tourmaline, du 
beryl et du spodumene. 

La repartition des minera ux au sein des dykes est norma lement irreguliere et 
leur compositi on peut varier. D ans un eno rme dyke, les c ri staux d 'a lbite pres du 
centre contiennent moins de sod ium et plus de potassium que ceux situes pri:s de la 
bordure, tandis que les cristaux de muscovite pri:s du centre contiennent plus de 
sodium et moins de potassi um que ceux pres de la bordure. 

Le granite et les schistes con tigus a certa ins dykes a pegmat ite se sont alteres. 
Dans le gran ite, la muscovite, la to urma line et !'apat ite se sont crista lli sees a ux depens 
du feldspath potass iq ue et de la biotite ; dans les schistes, la tourma line, !'apatite et 
le qua rtz se sont cristallises aux depens de la biotite et du plagioclase. Une addition 
de bore et de phosphore aux roches enca issantes et l'en levement du potassium ont 
accompagne ces reactions minerales. 

11 est evident que la pegmatite et le granite a muscovite- biotite proviennent 
d'une ource comm une. Le materiau produisant la pegmatite eta it relativement 
mobile et capab le d'emigrer sur des grandes distances a tra vers Jes roches enca issantes. 
Les mineraux pegmat itiques on t crista llise a plusieurs end ro its a structure favorable, 
occas ionnant a insi un grossissement des amas de pegmatite. On ne comprend pas 
tri:s bien les divers procedes ch imiques et physiques qui on t provoque cette reaction. 



Chapter I 

INTRODUCTION 

Background and Scope of the Present Study 

The Yellowknife- Beauli eu region has played an important role in the develop­
ment of northern Canada and requires little introduction. An understanding of the 
geo logy and mineral deposits of this region has evolved during the past 30 years, 
due largely to several field and laboratory investigations by the Geological Survey 
of Canada. 

The pegmatite masses in the Yellowknife- Bea uli eu terrain were first reported 
by Jolliffe ( 1936), who later estimated that those contai ning tantalum , niobium , 
lithium , beryllium, and tin minerals a re common within 1,000 square miles of this 
terrai n (1944). Investigations of these pegmatite masses have concentrated on their 
distribution in relation to regio nal geo logy (Jolliffe, 1942, J 946; Fortier, 1947) , on 
rare element minerals (Jo lliffe, 1944), and on the internal and regional distribution 
of pegmatite minerals (R owe, 1952, 1954; Hutchin son , 1955 ; and Mulligan , 1962). 
Certain geochemical data and discussions have recently appea red (Boyle, 1961). 
Despite these tudies, much remained to be done when the present tudy was initiated 
in 1960. 

T he aim of the present work is to record field a nd laboratory-derived data co n­
cerning pegmatite bodies of the Yellowknife- Beau li eu terrain and to draw prelimi­
nary inferences regardi ng the pegmatite-forming process. Attention was focused on 
certain areas within the terrain that, because of their clear expos ure or simpli city of 
geological setting, we re likely to yie ld the m axi mum information . It is expected 
that these data may form a suitable fo undation for more detailed studies, leading 
eventually to greater understanding of the pegmatite-forming process. 

Methods Employed 

General geologica l inform atio n co ll ected in the field was plotted directly on 
transparent paper superimposed on enlarged aeria l photographs. The sca les used 
were abo ut 6 inches to o ne mile (en la rged 2x) and 12 inches to one mile (enla rged 4x). 
Greater detail was obtai ned by using a plane-table or by taking offsets from an ex­
tended chain. Fine detail of pegmatite contacts a nd other featu re were recorded 

MS. received December 1964. 
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I TRODUCTIO 

photographically, or by tracing them directly onto transparent paper taped to the 
outcrop. 

Most of the minerals encountered could be readily identified in the field; it was, 
however, difficult to distinguish between a lbite and potash feldspar. To overcome 
this difficulty the sodium coba ltinitri te test for potash feldspar was successfully 
applied directly to rock outcrops. 

umerous specimen were collected and these, as well as large- and standard­
sized thin sections cut from them, were examined microscopically. These examina­
tions revealed certain minerals that could not be recognized or identified in the field . 
The sodium cobaltinitrite test was also applied to many of these specimens. Some 
of the textures observed in thin sectio ns were photomicrographed ; others were pro­
jected onto a sheet of paper and traced in pencil. The figures produced by the latter 
method were refined by a detailed survey of the thin sections. In certain thin sect ions 
of schist, quartz could be distinguished from untwinned plagioclase if the sectio ns 
were submerged for a few seconds in hydrofluoric acid. 

A few minerals were identified or their identity was confirmed by use of the 
X-ray powder method. 

Sodium, potassium, lithium , and beryllium analyses were carried out in the 
chemical laboratories of the Geological Survey of Canada. Other sodium and 
potassium analyses were performed by the writer in the geochemistry laboratory of 
Queensland University. 

Acknowledgments 

Officials of the Thompson-Lundmark Gold Mines kindly made their camp at 
Thompson Lake available to the writer. The study was completed at the University 
of Queensland , and the writer is indebted to Professo r A. F. Wilso n for courtesies 
extended. The assistance of my wife during one field season is acknowledged with 
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Geological Setting 

Regional geological investigations in the Yellowknife- Beaulieu region were 
carried out by Stockwell and Kidd (1932), Stockwell (1933), Jolliffe (1936, 1938, 
1940, 1942, 1946), Henderson (1941 , 1943), Henderso n and Jolliffe (1941) , Fortier 
(1947), Campbell (1947), and Henderson and Brown (1952) . A summary of their 
work as well as a report on numerous features of general interest was prepared by 
Lord (1951). The principal rock units are listed in Table T, and their distribution is 
shown in Figure 1. 

The oldest rocks, termed the Yellowknife Group, consist of a thick section of 
volca nic and predominantly detrital sedimenta ry rocks, variously metamorph osed 
(Jolliffe, 1942, 1946 ; Henderson and Jolliffe, 1941 ) . The lower di vi ion of thi s group 
consists mainly of andesite and basa lt , more generally referred to as greenstone. 
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PEGMATITE BODIES, YELLOWK !FE- BEAULIEU REGION 

Dykes and si lls of similar composition are locally present, and small amounts of 
dacite, rhyolite, tuff, chert, breccia , and agglomerate are interlayered with the green­
stones. The upper division of the Yellowknife Group consists of bedded greywacke, 
impure arkose and quartzite, slate, and argi llite, and their metamorphosed equiva­
lents. Conglomerate is locally present at the base of this division. Near granite 
plutons the sed imentary rocks have recrystallized to form various biotite, cordierite, 
staurolite, andalusite, and garnet-bearing hornfels and schist. 

All rocks of the Yellowknife Group have been complexly folded. According to 
Henderson (1943) and Fortier (1946), fo ldin g occurred in at least two stages: the 
first was characterized by the formation of isoclinal folds and the second by the 
wrapping of these folds abo ut near-vertical fo ld axes. 

Several gran itic plutons, partly concordant and partly discorda nt, underlie the 
Yellowknife-Beau lieu region (Henderson and Jolliffe, 1941 ; Jolliffe, 1942, 1946). 

TABLE I Principal Rock Units of the Yellowk11ife-Beaulie11 Region 

Rock Units 

Diabase sill and dykes 

Granitic rocks 

peg ma t i te 

granite 

granodiorite 

Yellowknife Group 
greywacke, arkose, 

impure quartzite, 

R ock 

dyke, N30°E, Yellowknife 
Bay a rea ............. . . . 

dyke, N30°E, Yellowknife 
Bay area ........... .... . 

dyke, E-W, Gordon Lake area 
dyke, N70°E, Prosperous 

Lake a rea . .. ... . . . .... . . 

Moose Claim, Hearne Channel .. 
Peg Tanta lum Claim, Ross Lake. 
Prosperous L. granite ...... ... . 
Prosperous L. granite ........ . . 
Redout La ke granite ...... . ... . 
Granodiorite a t Ma son Lake .. . 

s la te, a rgillite, cord ierite-biot ite gneiss, 

4 

minor conglomerate, Germa ine Lake .. . .. . 
a nd metamorphosed 
equiva lents 

andesite, basalt, 
dac ite, rhyolite, 
minor pyroclastic 
rocks, a nd 
metamorphosed 
equivalents 

Age (m.y.) 

1570 l 
2230 
2250 

23 10 
) 

21 60 ± 140 
2495 ± 125 
2330 
2540 ± 125 
2555 ± 125 
26 15 ± 125 

Reference 

Burwash,etal , 1963 

Shillibeer and Russe ll , 1954 
Lowdon, et al., l 963 
Folinsbee, et al. , 1956 
Lowdon, .1961 
Lowdon , et al. , .1 963 
Lowd on, et al. , I 963 

2365 ± l 25 Lowdon, et al., 1963 



INTROD UCT ION 

Various types of granitic rocks are present, ra ngi ng from hornblende-bearing 
granodiorite to muscovite-bearing granite. Two periods of granite emplacement 
were postulated by Henderson ( 1943), J o lli ffe (1944), and Fortier ( 1946), an inter­
pretation that is not confirmed by isotopic age determination s (Table 1). 

Undefo rmed diabase dykes a nd si ll s for m the yo un gest rocks of the region , a nd 
at least two periods of emplacement are ev ident (T ab le I). 

The present st ud y is restricted to a reas underlain by o nl y four rock units, namely 
the Yellowknife Group sedimenta ry a nd metasedimentary rocks, certain muscovite­
biotite granite pluton s and dykes, pegmatite, a nd post-pegmatite diabase dykes. 
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Chapter II 

THE COUNTRY ROCKS 

Pegmatite bodies of the Yellowknife- Beaulieu region a re embedded in granitic 
rocks and in metasedimentary rocks of the Yellowknife Group, but o nly in rock of 
relati vely high metamorphic grade (Jolliffe , 1944 ; Fortie r, 1947). A study of the 
regional di stribution of pegmatite masses west of Redout Lake led Hutchinso n 
(1955) to conclude that the pegmatite was derived from tbe Red o ut Lake granite 
pluton. Boyle (1961) , however, concluded that at least so me of the pegmatite of the 
region was deri ved from the metasedimentary rocks , presumably by a process of 
selective diffusion. These a nd other conflicting interpretations of the so urce of 
pegmatite-forming matter ha ve urged the writer to examine the country rocks of the 
Yellowknife- Beaulieu terrain in the hope that new information would appear re­
garding the origin of the enclosed pegmatite masses. 

Metasedimentary Rocks 

The metasedimentary rocks display diverse mineral assemblages resulting from 
variations in rock composition and meta morphic grade. Although these rocks have 
been divided into two mappable units , as shown in Figure J, a continuous gradation 
is found from little-a ltered greywacke, argi llite, and minor other rock types to 
cordierite, andalusite and garnet bearing schist and hornfels, the last rocks forming 
a ureoles about granite pluto ns. Rocks that were mapped as greywacke, argillite, 
etc. (Fig. 1) are referred to as rocks of low metamorphic grade, and those mapped 
as nodular quartz-mica schist and hornfels (unit 2, Fig. 1) as rocks of medium 
metamorphic grade. 

Metasedimentary Rocks of Low Metamorphic Grade 

The metasedimentary rocks of low metam o rphic grade consist of interbedded 
greywacke, argillite, rocks intermediate between greywacke and argillite, and rarely 
arkose and quartzite. The beds range in thickness from minute to 10 feet , with an 
average of a bout 2 feet (Henderson , 1943). 

The least altered rocks a re well exposed at Gordon Lake (upper right-hand 
corner of Fig. 1), where Henderson (1941 , 1943) reported the presence of greywacke 
composed of quartz and al bite grains in a matrix of chlorite, white mica , feldspar, 
carbonate, and pyrite , and argillite composed of abundant chlorite a nd white mica. 

6 



THE COUNTRY ROCKS 

The least altered rocks grade into more widespread biotite bearing rocks, compo ed 
of quartz, plagioclase, biotite , muscovite, and chlorite, with local and minor potash 
feldspar, graphite, apatite, ilmenite, pyrite, and pyrrhotite. arrow lenses of an 
amphi bole bearing rock are locally present. 

Biotite-containing rocks of low metamorphic grade were examined by the 
writer east of Sparrow Lake (east-cent ra l part of Fig. I) , where greywacke retains 
much of its initial cha racter while the more micaceous beds may now be referred to 

TABLE H Mineral Assemblages of M elasedimen/ary Rocks of M edium and Low 
Mewmorphic Grade, Sparrow Lake - Thompson Lake Area 

Reference N o. 2 3 4 5 6 7 8 9 JO 11 12 13 

<r) N N "' N N ..... 
I ....!. I I I I I I I I 

0 0 0 0 0 
'-0 '-0 '-0 '-0 '-0 '-0 '-0 '-0 '-0 '-0 '-0 '-0 '-0 

I I I I I I I I I I I I I 
0 r- N 0\ C\ "' r- <r) <r) N ..... ..... 

Specimen N o. N ..... r- ..... ..... "<:!" "<:!" ..... ..... '-0 '-0 '-0 '-0 ..... ..... "<:!" N N "<:!" "<:!" "<:t "<:!" 

Horizonta l 
distance to 
granite in 
m iles 0.025 0.066 0. 14 0.22 0.28 0.66 J.9 3.1 3. 1 4.4 5.0 5.7 5.7 

qua rtz + + + + + + + + + + + + + 
plagioclase + + + + + + + + + + + 
biotite + + + + + + + + + + + 
cordierite + + + + + + + 
ga rnet + 
acti nolite + + 
cummingtoni te + + 
muscovite + + + + + 
chlorite +* +* +* +* +* + + + 
tourmaline + + + + + + + + + 
apatite + + + + + + + + 
ilmenite + + + + + + + + + + 
magnetite + 
pyrrhotite + + + + + 
pyrite 

Metamorphic 
grade Medium Low 

I. Narrow (5 cm) actino lite containing layer in commo n schi st (site 120, Fig. 2). 
2. Fine-grained garnet- biotite schi st (site 13 7, Fig. 2). 
3. Fine-grained biotite chi st, containing about 2 per cent actinolite (site 372, Fig. 2). 
4. Common nodular (cordierite) schi st (site I 39, Fig. 2). 
5. Narrow (I }-2 cm) cummingtonite co ntai ning layer in common schi st (site 139, Fig. 2). 
6. Common nodular (cordicrite) schist (site 142, Fig. 2). 
7. Narrow cummingto nite conta ining layer, broken to form lath-shaped boudins enclosed by common 

schist (site 447, Fig. 2) . 
8. Common fi ne-grained biotite schist (si te 235, Thompson- Lundmark mine, Fig. 2). 
9. Common nodular (cordierite) schi st (site 235 , Thom pson- Lundmark mine, Fig. 2). 

10. Very fine grained rock, containing metacrysts ofco rdie ritc (site 461 , Fig. 2) . 
11 . Very fine grained schi st (2.2 miles east of Thompson- Lundm ark mine). 
12. Fine-grained metagreywacke (2.8 miles east of Thompson- Lundmark mine). 
13. Phyllite, tin y mctacrysts of biotitc macroscopica ll y visible (2. 8 miles east of Thompson- Lundmark 

mine). 
• product of retrograde c rystallization 
+ mineral present 

minera l absent 
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PEG MATITE IJClD IES , YELLOWKNIFE-BEA U LIEU REG IO 

as slate or phyllite. Three mineral asse mbla ges from thi s terrain, which was pre­
vio usly examined by Fortier ( 1947), are li sted in Table 11 , No . 11 to 13. Similar 
rock s are well exposed east of Yellowknife Bay (northeast of the town of Yellow-

Kratz, 16-5-60 

Kretz, 16-2-60 

8 

PLATE I 
Low-grad e metasediments of th e Ye llowknife Gro up. 
Be d at centre of photograph is orgilloceous greywacke, 
containing fragm en ts of gre ywacke (light coloured) and 
lenses of argillite (dark coloured). Note presence of 
quartz veins (white). (East of Yellowknife Ba y, lot. 
62 °29 ' N, long . 114° 18 ' W .) 

PLATE II 
Glaciated surface showi ng grad e d bedding 1n law-grad e 
metased im ents af th e Ye llowkn ife Group. Th e bed 
shown is 50 cm (1.7 ft) thick and grad es from re lati vely 
coarse- grained greywacke at bottom to argillit e at top . 
Nate posi tion af quartz veins. (East of Ye llowknife Ba y, 
lat.62 °29 ' N, lon g. 114° 18 ' W .) 



TH E COU1'TRY ROCKS 

PLATE Ill 
Amphibole-contoining concretion 
in low-grad e metasedim e nts of th e 
Yellowknife Group . Enclosin g rock 
is me tamorphos e d o rgillac eo us 
greywack e. (East of Yellowknife 
Ba y, let. 62 °29 ' N, long. 114 
18 ' W .) 

Kretz, 16-4-60 

knife). The var iat ion in bedding fou nd in these rocks and the character of the con­
tained qua rtz vein s a re il lustrated in Plates 1-11 !. 

Henderso n ( 1943) rega rd ed the rocks o f low meta mo rphi c grade to ha vc been 
affected by regional meta morphi sm o nl y. Thus the least a ltered (bi o titc-free) rocks 
may be assigned to the lower half o f the greenschi st facies , a nd the biotite-containing 
roc ks (w hich loca ll y contain lenses of a n amph ibo le-containing rock ) may be as­
signed to the regio n tha t extends from the middle of the g reenschi st facies to the 
upper boundary of the epidote-amphibolite facies. 

Metasedimentary R ocks of Medium Metamorphic Grade 

The metasedimenta ry rocks of lo w meta mo rphi c grade give way to rocks 
character ized by the presence of nodules. 1- to 3 c m in di a me ter, co mposed of 
cord ie rite , less commonly a nda lusite, a nd rarely slauro li te, or of aggregates of whi te 
mica a nd chl o rite that are retrograde react io n product s o f these minerals. The 
boundary between rocks of low a nd medium meta mo rphi c grade is referred to as 
the co rdi erite isograd. This bo undary ha s been traced in co nsi derable detail by 
Henderson a nd Joll iffe ( 194 1), J o lliffe ( 1942, 1946), a nd Fortier (1947), and is shown 
in Figu re I . The nodular rocks extend to the ma rgin of the gran ite plutons a nd 
fo rm broad a ureoles abo ut them . 

The most common roc ks in this terrain a re porphyroblastic (co rd ierite) sc hi st 
o r hornfels compo ed mainly of quartz , plagioclase, cordierite, a nd biotite, a nd 
even-gra ined schi st o r ho rn fels co mposed principally o f quartz, plagioc lase, and 
bioti te (Henderso n a nd Jolliffe , 194 1; J o lliffe, 1942. 1946; Fortier, 1947). The 
po rph yro blas tic rock is a m eta morphic eq uiva lent of a rgi llite and the even-grained 
rock of g rcywacke, as is clearly shown in so me preserved g raded beds. Lenses and 
layers , a few centimetres thick , composed principa ll y of c ummingto nite , qua rtz, and 
co rd ie rite or plagioclase a re locally present. G a rnet may be present in the co mm o n 
metasedimentary rocks, especia ll y in the northweste rn part of the Y ellowknife­
Beaulieu terrain (Jo lliffe, 1946). Othe r min era ls found locally or in small amo unts 
are muscovite, a ndalusite, sillimanite , sta urolite, to urm a line, epidote, potas h fe ld­
spar, zirco n, apatite, magnetite, ilmenite , pyrite , pyrrhotite , carbona te , and chlorite. 
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PEGMATITE BODIES, YELLOWKNIFE-BEAULIEU REGIO 

R epresentative mineral asse mblages fro m the Sparrow Lake - Thompson Lake a rea 
(Fig. 2, in pocket) a nd the Staple Lake a rea (F ig. 3, in pocket) a re li sted in Tables II 
a nd lll re pectively. Since a ll these roc ks possess so me foliat io n a nd lineati on re­
sult ing from mineral grain o ri enta tio n, the term schi st is genera ll y app licable. 

TABLE llI Mineral Assemblages of Metasedi111e11tary Rocks 
of Medium Metamorphic Grade at Staple Lake 

I N M 

Specimen No. I ....!. I 

\D \D \D iO \D \D 

J, J, I I I I 
M N ;:::: \D 

°' °' \D 0 °' N N N M N N 

Co llecti ng site 296 296 263 302 27 1 296 
(Fig. 3) 

quartz + + + + + + 
plagioclase + + + + + + 
biot ite + + + + + 
cordierite + + + 
ga rnet + + 
c ummingtonite + 
anclalusite + 
muscovite + + 
chlor ite + + + 
tourmali ne + + + 
zircon + + 
apatite + + + + 
ilmen ite + + + + 
pyrrhotite + + + 
pyrite + 

+ mineral present 
mineral a bsent 

The fo ll owin g observations were made o n the minera l co ntent, text ure, fabric, 
a nd struct ure of the rocks of medi um metamorphic grade: 

10 

1. Two types of biotite gra ins a re loca ll y fo und in a rock. R eli cts of irregular 
gra in s that co nta in ma ny inclu sions (occ ur loca ll y in rocks of low m eta­
morphic grade) are in te rsected by newly fo rmed more regu lar grai ns 
( Pl. JV). 

2. Aside from chl orite that is o bvio usly a n a ltera ti on product of cordierite , 
grains of chlo rite, where prese nt , a lmost in variably intersect biotite gra ins 
and lie at la rge a ngles to these grains (Pl. lV). C hl orite is therefore inter­
preted to be a retrog rade reactio n product. 

3. Muscovite rarely fo rm s more tha n a bo ut o ne percent of the rock by vo lume, 
a nd co mm o nl y in te rsects biotite grains (Pl. V). It is fou nd in schist adjacent 
to pegmat ite dykes. Muscovite is therefore co nsidered to have c rystalli zed 
late r tha n bi o tite a nd o ther minera ls a nd to have resulted from the int ro­
ductio n of potassi um an d o ther elements into the rock. 



PLATE IV 
Biotite schist of th e Ye llowknife Group showing 
relatively larg e biotite groins (b i) inte rs e ct e d by 
bioti te gro ins of parall e l orie ntation (b 2), int e r­
secte d b y chlorite groins, products of retrogra d e 
me tamo rphism (c). (Site 235, Thompson Lund ­
ma rk min e Fi g . 2 .) 

PLATE V 
Me to sedim e nto ry rock of th e Ye llowknife Group 
containing minor muscovite (m ) as gra ins 'cutting ' 
bioti te groins. Muscovite was p resumably intro­
d uce d into th e rock. (Site 296, Fig . 3. ) 

11 
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THE COUNTRY ROCKS 

4. At a few places nea r granite plu to ns, metasedimentary schi st was fo und to 
conta in ab unda nt muscovite, to urm aline, an d a patite. These rocks a re 
interpreted to be metaso ma tic rocks in as much as re lat ively la rge a mo un ts 
o f boron, potassium , a nd other eleme nts were introduced into the rocks. 

5. ln ge nera l, the size of cordi erite nodu les and biotite gra in s increases as 
gran ite pluton s a re a pproached . Thus the la rgest dimension of biotite 
gra in s increases fr o m 0.2 to 0.5 mm as the Sparrow Lake gra nite p lu to n is 
ap proached, a nd t he di a meter of co rdi eri te n odules (composed of severa l 
cord ierite gra ins) increases fro m 2 to abo ut 20 mm. 

6. A foliatio n, defi ned by para llel a rra ngement o r biotite grains, and a linea­
tio n, defined by parallel arra ngement of aggregates of biot ite grains, pri s­
ma tic am phibo le crysta ls, a nd elongate co rdi e ri te nodules a re co mm on ly 
present. The fo liat io n may o r may no t paralle l bedd in g (Fig. 4). 

7. Bedding may be wel l prese rved (P l. V I), o r it may be obscure . L oca ll y, 
beddi ng that is we ll p rese rved o n the limbs of folds is obliterated in the 
axia l region s. 

8. The st ructure of rocks of med ium as well as of low metam o rphic grade is 
complex, a nd acco rding to Fort ier (1946) is the resu lt of two episodes of 

PLATE VI 
Layered (b e dd ed) sch ist 
adj a cent to a pegmofrt e 
dyk e; prefe rential d eve l­
opm ent of tourmaline i.1 
bio tit e-rich (d a rk e r) la y­
ers . (Site 122, fi g. 4.) 

Kratz, 7-5-63 
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folding. Beds may li e parallel with granite-schist contacts (Fig. 2) or they 
may terminate at these contacts (Fig. 4). The significa nce o f foliation and 
lineation is not ge nerall y clear. The st ructural features of these rocks is 
considered mo re specifica ll y in Chapter III. 

The metasedimentary rocks of medium metam o rphic grade a re ass igned to the 
ho rnblende h o rnfel s facies o f co ntact metam o rphism . Evidently no representati ves 
of the pyroxene h ornfels facies occur in the Yellowknife- Bea ulieu region. 

Mineral-forming Reactio ns in the Metasedimentary R ocks 

The mo t impo rta nt mineral reacti on that has take n place in t he rocks of low 
metamorphic g rade is the o ne that produced biotite. The required magnesium a nd 
iron we re evidently ob ta ined from c hl o rite , a nd potass ium was obtained from white 
mica. Since a relatively sma ll propo rti o n of a luminum is required , the react io n has 
presumabl y left the chl o rite so mewhat e nri ched in a luminum , as follows: 

chlorite white mica 
9(Mg,Fe) 5Al2Si 30 Io(OH) s + 3KAl 3Si 30 1o(OH )2 

biotite chlorite 
-7 3K(Mg,Fe)JA ISi 30 1o(OH)2 

quartz 
+ 4(Mg, Fe) 9A 16Si 50 20(0H )16 

+ 7Si0 2 + 4H 20 

The next major cha nge obse rved in the progressive metamorphi sm of the 
metasedime nta ry rock was the a ppea ra nce of co rdi e rite a nd disappearance of 
chlorite. Since the Al /( Mg,Fe), ratio in co rdi e rite is greate r than that in c hl orite , 
muscovite is considered to pa rticipa te in the reacti o n, givin g bi otite as a n additional 
reaction product. The reacti o n ma y be as fo llows : 

chlorite muscovite 
4(Mg,Fe)9Al 6Si 50 2o(OH) l6 + 6KAl 3Si 30 1o(OH)2 

cordierite bi o tite 
-7 9(Mg, Fe) 2Al 4Si 50 1 + 6K(Mg,Fe)3A ISi 30 1o(OH )2 

+ 

+ 

quartz 
25Si 0 2 

Thee two reacti o ns ma y aco unt for the two 'generations' of bi ot ite obse rved 
in Plate IV. 

The presence of ga rnet in rocks of medium metamorphic grade is considered 
to be the res ult of loca l pecu li a riti es in bulk composition ra ther than peculiarities of 
temperature o r press ure. Thus the equatio n 

ga rnet 
4(M g,Fe) 3AI 2Si 30 12 

cordierite 
3(Mg,Fe)2Al4Si 50 1s 

+ 

+ 

muscovite 
2KAl 3Si 30 1o(OHh 

bi otite 
2 K(M g,Fe) 3AISi 30 10(0 H) 2 

+ 
quartz 
3Si02 

informs u s that the mineral assemblage garnet-q ua rtz-cordierite-biotite may exist 
in bivariant equi librium , provided muscovite is a bsent. As the ri ght-hand side of 
the a bove equation (the hi gh mole volume side) was more stable tha n the left in the 
Yellow knife- Beaulieu terrain, the press ure was low compared with that in the 
garnet-muscovite-quartz schi ts of regi o nal metamorphic terrains . 
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The local crystallization of staurolite, a ndalusite, sillimanite, epidote, and 
cum mingto nite is a lso attributed to local peculiarities of rock composition rather 
than to variations in temperature or metamorphic grade. As noted above, tourma­
line a nd muscovite we re locally produced by metasomatic reactions. 

In brief, four classes of mineral-forming reactions were operative in the Yel low­
knife- Beaulieu terrain : 

1. Regional metamorphic reactions , causing recrysta lli za tion of plagioclase, 
quartz, white mica, and chlorite, and neocrystal li zation of biotite and 
locally amph ibole. 

2. Contact metamorphic reactions, causing recrystalli zati o n of plagioclase and 
quartz, and neocrystallization of cordierite, biotite, and loca ll y garnet, 
andalusite, si llim anite, sta urolite, and cummingtonite. 

3. Metasomatic reactions, causing neocrysta lli zati o n of rnuscovite, tourma­
line, and apatite. 

4. Retrograde reactions, causing crystalli zati o n of chlorite from cordierite and 
other rn i nerals . 

Granitic Rocks 

Several granitic plutons of va ri o us sizes and shapes in the Yellowknife- Beaulieu 
terrain (Fig. 1) were previously desc ribed by Henderso n a nd Jolliffe (1941) , Jolliffe 
(1942, I 946), Fortier ( 1947), and Boyle (1961). Although two gra nitic rock units are 
distingui shable (Fig. I) , only the muscovite-bearing granite, which bears closest 
relati o n to the pegmatite bodies, are considered here . Obse rvations were made by 
the writer on the Staple Lake pluton and the adjacent western margin of the Duncan 
Lake pluton (Fig. 3), on the Prestige Lake pluton (Fig. 5) , and on the northeastern 
part of the Sparrow Lake pluton and the adjacent Hidden Lake pluton (Fig. 2). 
Although each of these granitic masses has individual characteristics, certain features 
appear to be commo n to all. Some of the similarities and differences are o utlined 
in the fo ll owing description of two of the gra nite masses, namely, the Prestige Lake 
pluton and the Sparrow Lake pluto n. 

The Prestige Lake Granite Pluton 

The Prestige Lake pluton , wh ich was first outlined by Henderso n a nd Jo lliffe 
(1941) on a scale of l inch to 4 miles , was re-examined by the writer. This pluton is 
representative of the several relat ively sma ll grani te masses of the Ye llowknife­
Beaulieu terrain . From surface exposure and almost vertical contacts with the 
enclos in g metasedimentary rocks (Fig. 5), the pluton a ppears to possess the sha pe of 
a near-vertical cylinder, approx imately 21- miles in diameter. The granite mass is 
surrounded by quartz-plagioclase-biotite-muscovite schist a nd a similar rock that 
contains, in addition, porphyroblasts of cordierite. Andalusite is loca lly present. 
At a few places near the granite contact, the schi st was found to be enriched in 
muscovite or tourmaline. 
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Beddin g is loca ll y p rese rved in the schi st a nd is ma rked by a lte rn a te laye rs of 
nodul a r (co rdi erite-co nta inin g) schist a nd even-gra ined b io tite sc hi st. The beds are 
now in irreg ul a r o pen a nd closed fo lds, t he axes o f which appea r to p lu nge no rth . The 
beds gene ra ll y te rmin ate aga in st the granite co ntact (see Fig. 5) . 

The e nclosin g schi st possesses a di stinct lineat io n mar ked by (1) a para ll e l 
a rra nge me nt o f linea r aggrega tes o f b iotite gra ins; (2) a para ll el a rra ngeme nt of 
e lo nga te nod ules o r co rd ierite gra in s; a nd (3) fo ld axes and roddi ng structure in 
qu a rtz vein s that li e para ll e l with bedd ing p la nes . Co nside rab le ev ide nce ex ists to 
indica te th a t the linea ti o ns li e pa ra ll e l with majo r fo ld axes. 

The o rienta ti o n o f linea r structures in rela ti o n to the grani te plu to n is of spec ia l 
inte rest. The no rth westerly t rend of the linea tio n, as fo un d no rth and so ut h or t he 
p luto n, a ppea rs to be defl ected by the pluto n a nd to wra p a bo ut it (F ig. 5). O n thi s 
ev ide nce it is postul ated tha t the plu to n was forceab ly e m placed , ca using the schi st 
to be pu shed aside to make space fo r it. T he pro no unced deve lo pme nt of a fo liat io n 
in the schi st a t the co ntact, as o bse rved loca ll y, then agrees with the ex pecta ti o n 
that the co ntact zo ne was a zo ne of ma rked shea r stra in . 

The grani te is co mposed of a n aggregate of q ua rtz, plagioc lase, po tas h fe ldspa r, 
b io tite, a nd muscovite grains in which relat ively la rge (up to 2 c m) c rys ta ls of (Ca rl s­
bad) twinn ed po tas h feld spa r a re evenl y di stributed. The min era l di stributio n a nd 
ap peara nce of the rock a re re ma rka bl y uni fo rm th ro ugho ut t he plu to n. A n o b c ure 
fo li a ti o n is o nl y loca ll y detecta ble ( Fi g. 5) , ma rked by a near-para ll e l a rra ngement 
of the relatively large p ri sma ti c potas h fe ldspa r crys ta ls. 

Seve ra l granite dykes o r apophyses p roject fro m the gra ni te pluto n into the 
sur ro unding schi st ( Fig. 5) a nd the tex ture within these is mo re va ri ab le tha n that 
within t he pluto n. So me of th e d ykes have bee n broken to fo rm bou ndinage 
structure. As t he d ykes become na rrowe r a t their ex tre mi ties, the gra in size dec reases 
bu t the minera l co mpositi o n does no t a ppea r to c ha nge great ly. Hence the dyke- like 
projecti o ns fro m t he g ra ni te plu to n are no t co m posed of pegmatite, a nd no grada ti on 
fro m gra ni te to pegma tite was fo und . 

The Sparrow Lake G rani te Pl uton 

The Spar row Lake g ra ni te p luto n has a n ex posed area o f nea rl y 50 sq ua re mi les 
(Fi g . I) a nd fo rm s o ne of the in te rmedi a te-sized pl uto ns of the Ye ll owkn ife- Bea uli e u 
te rra in . The pluto n was first mapped by H en derson and Jo ll iffe (194 1) o n a sca le 
of l inch to 4 mil es a nd the so utheaste rn part was exa m ined by Fo rti e r ( 1947). The 
pos iti o n o f the no rtheas tern co ntact was mapped mo re p rec ise ly by the wr iter (F ig. 
2) . The pluto n was na med after Sparrow Lake, where the gra ni te and its contact 
wi th the adjacent schi st a re rema rkab ly we ll exposed. 

The pluto n is e ntirely su rro unded by sch ist of the Ye ll owk nife G ro up , and the 
gra nite- sc hi st inte rface is loca ll y nea rl y ver t ica l. T he poss ibil ity exi sts howeve r that 
t he pl uto n at depth joi ns the Hid de n L ake pluton to the ea t a nd t he Duncan Lake 
plu ton to the west. 
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Mineral Content and Fabric 

The northeastern part of the Sparrow Lake pluton is homogeneous to the extent 
that many specimens collected at one-ha lf-mile intervals were indistinguishable from 
one a nother. The rock is composed of quartz, plagioclase, potash feldspar, biotite, 
muscovite, and apatite, with chl o rite (intergrown with and replacing biotite) in 
variable amou nt. 1f no distinction is made between the two ferromagnesian micas , 
the relative proportion o f the minerals does not vary greatly within the pluton , 
though there is locally a slight increase in the proportion of plagiocl ase at the expense 
of potash fe ldspar as the contact is approached (Table l V) , and tourmaline may 
appear in gra nite near the contact. Also , within a few cent imetres of the granite­
sch ist contact, the rock is locally enriched in quartz and mu scovite and depleted in 
potash feldspar (Table IV). Similar effects (described below) are fo und in granite 
near pegmatite dykes. 

In contrast to the Prestige Lake gran ite, a fo liation was detected at on ly one 
place, whe re it was found to parallel the gra nite-sc hi st contact. According to 
Fortier (1947) , a distinct fo li ation exists in the so utheastern extremity of the Sparrow 
Lake pluton. 

T he rock contains plagioclase (approximately An 10) and potash feldspar as 
discrete grains. Both mineral s occur as grains about 2 to 4 mm in diameter ; potash 
feldspar also occurs as larger gra ins (6 to 10 mm) scattered throughout the rock. 
Some potash feldspar grains possess a fine perthitic texture, almost certainly the 
product of an exsolution reaction , and also irregularly shaped inclusions of plagio­
clase of less certain origin. Both feldspar minerals common ly enclose smaller grains 
of quartz, muscovite, biotite , a nd chl o rite. Albite twins in plagioclase grains and 
'cross-hatched ' twins in potash feldspar grains are well developed. Grain boundaries 
involvi ng feldspar grai ns are irregular. Quartz is found as grains 2 to 4 mm in 
diameter, which may o r may not possess a mosaic structure as revealed by undulose 

TABLE JV M ineral Proporrio11s (vo /11111 e per eel//) in Specimens of the Sparrow Lake Granite 
and One lnc/11sio11 

Potash 
No . Qua rtz Plagi oclase feldspar Biotite 1 Muscovite Apatite 

.I 34 31 23 3.5 8.8 <! 
2 34 36 18 4.3 7.5 <! 
3 48 J 5 2.3 34 <! 
4 37 35 7.0 1.0 20 <! 
5 29 9.3 4.0 30 27 ) 

2 

I . Granite, south shore of Spa rrow Lake, 1.6 miles from eas1 contact of pluton . 
2. Granite , 850 feet from east contact , site I 46 , Fig. 4 . 
3. G ranite, at east co ntact, site I 20, Fig. 2. 
4. Granite, from dyke in schi st, si te 421 , Fig. 2. 
5. Mica-rich inclusio n in grani te, site 363, Fig. 2. 
1 includes minor chlorite 
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extinction. Tabular grains of muscovite and biotite , J to 2 mm in greatest dimension , 
are fo und throughout the rock, com mon ly as aggregates of a few grains. Muscovite 
also occurs as fine-gra ined aggregates and as aligned inclusions in plagioclase. 
Apatite appears as small nearly equidimensiona l grains, up to one half millimetre 
in diameter. 

Locally, near the margin of the pluton , the gran ite shows evidence of strain. 
Plagioclase and muscovite grains have been deformed , as revealed by bent albite 
twin planes and cleavage planes of muscovite. The mosaic structure of quartz may 
also be an expression of strain. 

Nature of the Granite- Schist Contact 

The northeastern contact of the Sparrow Lake granite pluton is consistent in 
trend but irregular in detail , a nd in general transects the bedding in the adjacent 
schi st (Figs. 2 and 4). Although the contact is remarkably sharp, a number of 
parallel granite dykes are locally found in the schi st near the contact , giving the 
impression of an interlayering of granite and schist. 

Some aspects of the granite- schist interface are illustrated in Figure 6. The 
co ntact shown is between granite and a large block of schist that may or may not 
be attached to the wa ll of the pluton. Figures 6a and 6b show that the schist was 
deformed immediately at the contact, probably the result of the emplacement of 
the granite. These figures a nd Figure 6c show that the beds of schi st have been 'cut 
off' at the contact. The irregularity of the contact as observed in F igure 6b is 
appa rently the result of variation in degree of plasticity within graded beds. Figure 
6c shows a mica-rich inclusion (described below) that was apparently pressed against 
the schi st surface. Figure 6d represents the contact where it fo rm s planar surfaces. 
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! 11c/11sions 

Jnclu sio ns of chist rangi ng in dimension from one half foot to 500 feet are 
fou nd locall y as indi viduals or groups wi thin 1,000 feet of the granite- schist contact. 
The largest of these have been mapped (Fig. 2). One exceptionally large inclusion , 
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FIGURE 8. Mica·rich inclusions in the Sparrow La ke granite. 

with an exposed surface area of nearly a quarter of a square mile , occurs south of 
Sparrow Lake and west of Hidden Lake (Fig. 2) . None has been found in the central 
part of the plu ton (west of Sparrow Lake) , though small isolated inclusions may be 
present. The inclusions are angular blocks, practically indistinguishable from the 
rest of the sch ist. Some were evidently rotated relative to the wall-rocks, as shown 
in Figure 6a. Details of the gran ite- schist contact at one place near Sparrow Lake 
and a stage in the development of inclusions are given in Figure 7. Di regarding 
the pegmatite dykes (described below), it is evident that dyke-like projections of 
granite have invaded the schist, resu lting in the ' iso lation' of blocks of schist. 

M ica-rich inclusions, distinctly separable from the schist inclusion s, are found 
sparingly throughout the northeastern part of the Sparrow Lake pluton. Although 
variable in composition, the inclusions are characterized by an abundance of musco­
vite and biotite (Table IV). The mineral assemblage is, however, identical with that 
of the enclosing granite. The forms encountered are highly variable, as shown for 
example in the drawings of F igure 8. These inclusions have no obvious source out­
side the granite pluton , and their mineral content and abstruse fo rm suggest that 
they may have developed by a process of mineral segregation. 
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Granite Dykes 

Several granite dykes occur in the schist adjacent the granite pluton, and most 
of these lie within 1,000 feet of the contact (Fig. 2). Some are projections of gra ni te 
into the adjacent schi st (apophyses) as shown in Figures 2, 4, a nd 7, whereas others, 
which lie parallel with the co ntact, are not obviously co nn ected to the granite. 

The dykes conta in more muscovite and less potash feldspar than gra nite within 
the pluton. The mineral distribution or some dykes is not uniform , but the mineral 
proportion li sted in Table IV is perhaps representative. The texture of some dykes 
is also non-homogeneous to a marked degree. Grain size is finer and more variable 
than in the pluton . Muscovite tends to occu r as aggregate of grai ns, forming shreds 
and schlieren that may bend about large (3-5 cm) crystals of feldspar or aggregates 
of quartz and feldspar. Quartz and tourmaline are locally abundant, occurring 
mainly as irregular veins in the dykes . Irregular pegmatite patches are locally 
present, as well as more regular pcgmatite dykes. Some of the pegmatite dykes 
wit hin granite dykes appear to be folded or to have developed an incipient bo udin­
age structu re. Jn genera l, the impression obta ined is that the dykes have experienced 
a co nsiderable strain. 

Certain relativel y homogeneous granite dykes are illu strated in Figure 7. 
Granite withi n these dykes is characterized by its low potash feldspar content, 
estimated to be 2 to 7 per cent by volume. The largest dyke illustrated is obviously 
a dilation dyke, whose wal ls became progressively more irregular and nonparallel 
with increas ing distance from its source. The ability of granite to penetrate the 
schist is especial ly noteworthy ; so me of the narrow granite dykes are only l mm 
thick. 

Tourmaline-containing Pods in Granite 

Pods co nta1111ng tourma line were fo und rarely in the eastern margin of the 
Sparrow Lake pluton east of Sparrow Lake. One of these is circular, nea rl y 10 feet 
in dia meter, a nd consists of three concentric zones. 

The inner zone forms more than half of the pod and consists of tourmaline, 70 
per cent; a patite, l per cent; albite, 25 per cent ; and potash feldspar , 4 per cent. 
The intermediate zone is di scontinuous, and is marked by a decrease in the pro­
portion of tourmaline, to 10 per cent , an increase in the proportion of potash feldspar, 
to 40 per cent, and by the appearance of quartz (30 per cent) and a trace of muscovite. 
The outer zone is marked by a virtua l disappearance of tourmaline, a decrease in 
apatite content (to -} per cent), a further increase in the proportion of potash 
feldspar (to 50 per cent), and a n increase in muscovite , to 1 per cent. Apart from 
tourmal ine, which occurs as relatively large (6 mm) grains, the texture and grain 
size of the pods are sim ilar to those of the enclosing granite. Boundaries between 
zones a re gradational. 

Mechanics of Emplacement of Granite Plutons 

An examination of the Prestige Lake pluton has led to the conclu ion that this 
mass was em placed by a process that was accompa nied by displacement of the pre­
cx isting rock. The emplacement process has evidently broken beds of pre-existing 
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rnetasedimentary rock and pushed them aside, acco mpanied no doubt by a consider­
able deformati on of the su rrounding rock. Thi s has resulted in di scordance with 
reference to bedding, but a rough conco rdance with reference to pre-existin g linea­
ti on. 

Thi s model is ass umed to be true for a ll the granite plutons examined. De­
pending on the st ructure of the coun try rock a t the time of emplacement , beds may 
have been broken to produce di scorda nt co ntacts, or pushed a ide without notable 
breakage to produce concordant contacts. Thus the Staple Lake pluton ( Fi g. 3) 
is mainl y co ncordant , the eastern contact of the Sparrow La ke plu ton (Fi g. 4) is 
mainly discord ant , a nd the Hidden Lake pluton (Fig. 2) is mainl y conco rdant. The 
model adopted is in agreement with conclu ions of Henderson (1943) but in dis­
agreement with those of Boyle ( 1961 ), who has reported evidence to uggest that 
the Prosperous Lake gra nite pluton (Fig. I) fo rmed la rge ly by a process of repl ace­
ment rather than di splace ment of the meta sedimenta ry country rocks. 

Two poss ibi lities may be envisaged rega rdin g the state of the gran itic mate ri a l 
during empl acement and the mecha nics of fl ow : ( I) liquid state (o r liquid- sol id 
mixture) and liquid fl ow, and (2) so lid sta te a nd pl astic fl ow. Although evi dence 
may be cited in favour of eith er of these two hypotheses, it is not possible to be at 
all ce rtain of the na ture of the gra nite-fo rming matter during em pl ace ment of the 
gra nite plutons. 

Regional Di stribution of Alkali Elements in Metasedimentary Rocks 

a nd Granite of the Sparrow Lake - Thompson Lake Terrain 

As equations ca n be written to acco unt fo r the observed variati on in mineral 
assemblage of the mctasedimenta ry rocks east of Sparrow La ke it seems tha t no 
gross var iation in bul k compositi on of these rocks has taken place durin g their pro­
gress ive metamorphism. These equati ons are not, however, a rigorous test of 
isochemical meta morphism, and the extent to whi ch chemical element have been 
added or subtracted from the rocks during recrysta ll iza ti on remains to be deter­
mined. Attent ion is now especi a ll y directed to the question of whether or not a, K, 
a nd Li have been ext racted from the pegmati te-enclosi ng schi sts, as a n answer to 
this question would provide evi dence regard in g the so urce of the pegmatite-forming 
matter. 

A preli mina ry invest iga ti on has been made of va riati on in the element co ntent 
of the Sparrow Lake gran ite pluton and the metased im entary rocks east of the 
pluton. Samples were collected at approx im ately one-half- mile in terva ls a long an 
easte rl y trending line that begin s near the centre-li ne of the Sparrow Lake pluton , 
passes across the meta morphic a ureole, and termin ates 10-!? mi les to the east, in 
low-grade metasedimentary rock (line A-A ' , Fi g. I). Samples of gra nite consisted 
of single rock fragments, but each sa mple of the more heterogeneous metasediment­
a ry rock consisted of fi ve to ten rock fragm ents co ll ected from an a rea 50 to 200 feet 
in diameter. Specia l care was taken to ensure th at the co llected materi a l was re­
pre entat ive. unweathered , and not fo und near pegma tite dykes. At the gra nit e-
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schi st co ntact (site 120, F ig. 2), a sample of granite was co ll ected 5 feet fro m the 
contact, thus avo iding a muscovite-rich zone immedi ately at the contact, and a 
sample of schist was collected from a n a rea 10 to 60 feet from the contact. All 
sa mples co llected were ana lyzed for Na, K , a nd Li. These data a re li sted in Table 
V, a nd presented in diagrammatic form in the profiles of Figure 9. 

TABLE Y Alkali Content of Granite and Schist of the Sparrow Lake -
Thompson Lake Area, as a function of distance from the granite-
schist in te1face 

Col lecting 
Sample No. site R eck Na ,O K 20 Li20 

332-61 332 gra nite 3.1 5.8 O.l 
331-6 1 33 1 " 3.4 5.7 0. 1 
329-61 329 3.6 5.0 O.l 
328-61 328 4.0 5.3 0. 1 
336-61 336 3.8 5.3 0.3 
120-1-6 1 120 3.2 5.3 0.2 
I 20-2-61 120 schist 2.3 2.9 0.2 
343-6 1 343 3.9 1 2.0 1 0. 2 
345-6 1 345 4

.4 f4.0 J.9 f2.0 
0.2 

453-61 453 4.0 J 2.0 J 0.2 
452-61 452 3.9 2.2 0.1 
445-61 445 3. 11 2.2 1 O.l 
444-6 1 444 3.2 f 3.4 2.9 f2.4 0.1 
456-6 1 456 3.9 J 2.0 J 0.1 
457-6 1 457 3.4 2.5 0.1 
458-61 45 8 3.5 1 2.7 1 0.1 
46 1-6 1 46 1 3

·
3 

f 3.0 ;.4 f2.5 
0 .J 

462-61 462 2.6 J _.7 J 0.1 
463-61 463 2.5 2.4 0.1 

W. U. Romeny, ana lyst 

Sodi um and Potass ium 

The Na a nd K profiles of Figure 9 clea rl y show th at the granite increases in Na 
content a nd decreases in K co ntent from centre to margin . These re lationships a re 
in agreement with the previo usly noted obse rva ti o n that sodic plagioclase increases 
a nd potash fe ldspar decreases in co ntent towards the ma rgin of the pluton. 

The sa mple of schist nearest the gran ite- schi st co ntact, when compared with 
the four co ll ected samples at the next a nd three subseq uent points eastward , is low 
in Na a nd hi gh in K content. This is proba bly a refl ecti o n of the previo usly noted 
loca l deve lopm ent of muscovite in schi st near granite, presum a bl y a contact meta­
so matic effect. If muscovite devel oped at the expense ofsodic plagioclase, a n increase 
in K a nd decrease in Na co ntent is to be expected. Thi s sample is therefore di s­
rega rded in the analysis of the remai nin g data. 

It will be noted (Fig. 9) that the trend of the Na a nd K profil es in the metasedi­
ments is towards a dec rease in Na and an increase in K co ntent with increasi ng 
di stance from the gra ni te pluton. Thi s trend is mo re obvious if the sa mples are 

24 



THE COUNTRY ROCKS 

gro uped into subzones A, B, a nd C as shown in Figure 9, a nd if the Na 20 and K 20 
co ntent of each subzo ne is averaged as shown in T a ble V a nd indicated by po in ts 
a, b, a nd c in Fi gure 9. 

It is not possible a t presen t to determine whether o r no t the simila r variat io ns 
ex isted in the premeta morphic sedimenta ry terra in . Prov ided the va ri a t io ns are due 
to the rock meta mo rphi sm, it may be co nc luded tha t the rocks progress ivel y neare r 
the gra nite co ntact a nd at progress ive ly higher te mperatures have expe rienced a 
propo rti o na te additi o n of N a a nd removal of K. If the pegma tite-fo rmin g matter 
(notably Na a nd K rela ti ve to M g a nd Fe) was de ri ved fro m the schi st, t hen the a 
profil e as we ll as the K profile sho uld slope down towa rds the g ran ite, i.e. , in the 
directi o n of increasing pegma tite co ncent ra ti o n. The da ta of F igure 9 a re the refo re 
not entirely in agreement with the postulate tha t a ll pegma tite-fo rm ing ma tte r was 
derived fro m the enc los in g roc k. 

Li thium 

As the co ncent rati o ns of Li in certa in spodumene-co nta in ing pegma tite bodies 
of the Sparrow Lake - Th o mpso n Lake terra in a re several o rde rs o r magn itude 
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FIGURE 9. Sodium, potassium, ond lithium profil es extendin g from th e centr e- line of th e Sparrow Lake g ranite 
pluton to th e low grod e meta se dim e ntary part of th e Ye llowknife Group (line A-A', fig. 1 ). Dato 
from Tabl e V. Points o , b, ond c re prese nt ave rage valu es for subzon es A, B, ond C. 
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grea ter than those in common metasedimentary rock , the regiona l di stributi on of 
thi s element may provide importa nt information regarding the source of the pegma­
tile-forming ra re elements. Accordin gly, the samples of granite and schi st referred 
to a bove have been ana lyzed for Li . The data are li sted in T a ble V a nd presented in 
graphic form in Figure 9 . 

The Li co ntent of schi st in the zo ne of spodumene-bearing pegm a tite is not 
signifi can tly more or less tha n that o f the eq ui va lent argi llite a nd greywacke, beyond 
the m eta morphic aureo le (F ig. 9). Hence the source of the Li now present in the 
spodumene pegmatites ca nnot be attributed to the e nclosing schi st , nor was there a 
la rge- cale migra tion o f thi s elem ent fr o m the pegmatitc bodies to the enclos ing rocks. 

Howeve r, a rel at ively large concentrat ion of Li was found in the inner zone o f 
the meta mo rphic a ureo le a nd in the oute r ma rgin of the Sparrow Lake gran ite 
plulo n (F ig. 9). Thi s a no ma ly may poss ibly be attributed to an addition of Li to 
these rocks, presumabl y from a so urce th a t is c lose ly lin ked to the sou rce of the 
pegma tite bodi es. 

Conclusion 

Pre lim ina ry c hemi ca l data d o no t support the hypothesi th a t the peg mat ite­
forming mat te r of the Spa rrow Lake - Thompso n La ke area was deri ved from t he 
enclos in g metasedimentary roc k. They do, however, prov ide evidence for non­
isochemica l metam orphi sm , at least with reference to the alka li e lements, provided 
the o bserved va riations we re not th ose o f the original rocks. Rock meta morphi sm 
was evidentl y acco mpa ni ed by a sma ll magnitude increase in a a nd decrease in K 
con tent on a regio na l sca le. The Li content was ev ide ntl y increased near the plu to n 
by a facto r of two. 
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Chapter III 

SIZE, SHAPE, DJSTRTBUTlON, AND ORIENTATTO 

OF PEGMATJTE BODIES 

A great va riation exists in the size and shape of pegmatite bodies of t he 
Yellowkni fe- Bea ulie u te rrain , but the ir d istributi o n a nd o ri entation are obviously 
not random . The co ncent ra tion of pegma tite bod ies in rock of med ium meta­
mo rphi c grade a nd their exclusion from rocks of low meta morp hic grade was 
previo usly noted (J ol li ffe , 1944: Fo rt ier, 1947), a nd near-parallel a rrange me nts of 
pegmatite dykes were fo un d a t Ross Lake ( Hu tc hin so n, 1955) and e lsewhere. T he 
fol lowing informat ion co ncern ing the size, shape, distrib ut ion. a nd o ri entation of 
pegma tite bodies was collected fr o m the Pres ti ge Lake a rea (Fig. 5), th e Stap le Lake 
a rea (Fig. 3) , a nd the Sparrow Lake - Thompso n Lake area ( Fig. 2). 

Presti ge Lake Area 

Two ty pes o f pegmatites we re fo und in the rocks t hat underlie t he Prestige 
Lake a rea: 

l. Quartz-feldspar dykes th at are confi ned to the grani te p lu ton ; that may 
co ntai n tou rma line a lo ng t he wa ll s o r wi thin the d ykes; that are uni form ly 
thick (thi ckness ran ges from 1 to 5 cm); that ha ve diffuse co ntacts with 
the e nc los in g g ra nitic rock; and that co mm o nl y occur as swa rm s of near­
vert ica l, para ll e l dykes. 

2. Quartz-feldspar-muscovite dykes th at are fo und in both t he g ranite a nd 
the adjacent schi st; t ha t m ay conta in tourma line; that te nd to vary in 
t hickness (thi ckness ra nges from less than 2 c m to a few metres); a nd that 
co mm o nl y have sha rp contacts with the e ncl osin g rocks. 

All d ykes within the gra nite pluto n tend to have a northeasterly str ike a nd a 
near-verti ca l di p ( Fi g. 5). As this is a l o the orientat ion of an indi sti nc t fo lia ti on 

within the gra ni te, it may be su pposed th at the o ri e ntat ion of these d ykes was 
gove rn ed by t hi s fol ia ti o n. 

lmmediate ly no rth a nd so uth of the plu to n, pegma tite dykes in schi st a re 
simil ar ly o riented (F ig. 5). Thi s o ri e nta ti o n ca nn ot however be correlated with 
bedd in g or a ny o ther pl a nar st ructure of the schi st, a nd t he fac tors gove rnin g the 
o rienta ti o n of these d ykes a re un known . T owards the so uth west co rner of the map­
area , t he d ykes a re no t a rra nged in a ny reg ular pa ttern . 
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The small quartz-feldspar dykes co nfined to the gra nite may be genetica ll y 
related to the gra nite. The la rger, mu scovite-bearing dykes, however, show no 
obvio us relatio nship as regards o ri enta ti o n o r distribution with the Prestige Lake 
granite. The frequency of thee dykes a ppea rs to dec rease unifo rml y in a north­
easte rl y d irectio n across the map-a rea desp ite th e presence of the Presti ge Lake 
gra nite pluton. It may a lso be reca ll ed that the dyke-like projections from the 
pluton into the surro unding sch ist are in va riabl y composed of gra nite rather than 
pegmatite. o evidence has thus been fo und to favour the hypothesis th at the 
Prestige Lake gra nite pluton provided a so urce for the muscovite pegmatite dy kes in 
the su rro unding schi st. 

Staple Lake Area 

The Staple Lake a rea (F ig. 3) displays a great abundance and variety of pegma­
tite bodies , as we ll as the sma ll Staple Lake gra nite pluto n a nd the western ma rgi n 
of the relatively la rge Dunca n Lake pluton. The pegmatite units underl yi ng thi s a rea 
are composed of quartz, fe ldspa r, muscovite, and local ga rnet, biotite , and tourma­
line. No ra re element minera ls were found. In forma ti o n co ncernin g the size , shape, 
a nd orientatio n of pegmatite bodies of the Staple Lake ter ra in can be best obta in ed 
by a close exa min atio n of Figure 3. 

A strong tendency for pegmatite bodies to ass ume tabular form is immediately 
appa rent. M a ny of these ' Jens-out' a lo ng strike a nd a re therefore visual ized as 
iso la ted disks or la th-shaped bodies embedded in schi st. L oca ll y, a nd perhaps 
genera ll y, beds wrap abo ut these pegmatite bodies a nd a re not rep laced by them. 
Other ta bular fo rm s a re j oined to pods of pegma tite of a pparent irregular shape. 
This feature is well illustrated at coordinates L-7 a nd 0-1 (Fig. 3). Some of the 
bodies that a re hi ghl y irregula r in plan , such as th ose at L-7 a nd L-8, may be irregu­
lar, nea r-eq uidim ensio nal iso lated pods in schist. This possibility is suppo rted at 
L-7 where the so uth co ntact of a pegma tite pod dips 20°N a nd the no rth contact is 
nearly vertica l. H owever, a t least o ne of these pods has nea r-vertica l co ntacts on 
all sides (B-5, Fi g. 3) a nd may be roughly cylindrical. The remarkable exposu re of 
so me of the pegm atite pods so uth of Staple Lake is shown in Pla te VIL 

Some defo rm atio n has ev identl y affected the schist subsequent to the emplace­
ment of the pegmatite units. Thi s is shown by the prese nce of folded and di sjoi nted 
dykes yielding boudinage structures (Figs. lOa an d b). The local di stributi o n of 
the e structures makes it highl y unlikel y that a ll o r even m ost of the irregul a r fo rms 
shown in Figure 3 were mo ulded during a post-depositi ona l defo rmatio n. 

The size of the pegmat ite bodies has a wide ra nge. The upper limit is shown in 
Figure 3 but even la rge r bodies exist beyond the borders of the area covered. Many 
are too sma ll to be shown in Figure 3 (see Fig. 10). 

umero us pegmatite bod ies are also present througho ut the Sta pl e Lake pluton 
a nd in the western ma rgin of the Duncan Lake pluton , including the adj acent 
gra nite dykes. These bodies, wh ich have not been o utlined in Fi gure 3, are si mil a r 
in size a nd shape to those in the surrounding schist. At p laces ma rked 'A' (Fig. 3), 
pegmatite is relativel y a bundant. 
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PLATE VII 
Aerial view of p egmotite pods in schist south of 
Staple Lake. Distance re presented across photo­
graph is about 4 ,600 fee t. (R.C.A.F. photo.) 

SIZE, SH APE, DISTRIBUT ION, AND ORIENTATION 

The orientati on of pegmat ite bodies in relati on to the bedding of the enc los ing 
schi st a nd the positi o n of the gra nite-schi st co ntacts is of specia l interest. Th ere is 
a ma rked tendency fo r tabular bodies, less tha n 1 foot to a few feet thick , to lie 
pa ra ll el with the bedding, rega rdless o fa no ticea ble va ri at io n in st rike of the beddi ng. 
Immedi a tel y no rth of the Sta ple Lake pluto n, these bodies are absent, pres um ably 
because bedding is also abse nt o r o bscure. The bedding o r th e fol iation (w hich lies 
para ll el with the bedding planes) has obvious ly acted as a control in the formation 
of these pegmatite masses. 

As for those pegma tite sheets that cross the bedding, the st rike directi o ns a re 
not everywhere uni form. Locall y, however, certain trend s may be detected. This 
i m ost pronounced in the region west a nd northwest of the Staple Lake pluton 
where, in addit ion to the no rtherl y striking pegmatite sheets that para ll el the bedding, 
a di stinct no rth westerly trending set is present. As no no rth westerl y striking planar 
st ructures were observed in the schi st, it is possib le that these dykes were co ntrolled 
by pre-existi ng j o ints. 

The structures that co ntro l t he emplacement of pegmatite pods present a 
perplexing problem. The emplacement of these bodies did not di sturb the trend of 
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FIGURE 1 0 . De form ed p e gmatite dyk es in schist, Staple Lak e area. a, Section ne arl y p erp endicular to fold 
axes, which parall el compositional lineation in sch ist. Fold overturned to w es t, away from Stapl e 
Lok e pluton (site 297, Fi 3. 3 ). b, Disjointe d peg motil e d yk es forming boudinag e structur e. Dykes 
parall e l to b eddbg and foliation (sit e 298, Fi g. 3). 

bedding or linea ti o n in th e cou ntry rock . as is c learly evident in the schi st surround­
ing th e peg ma tite pod at B-7 ( Fig. 3). Jn this res pect the pegma tite pods differ from 
the Staple La ke granite pluton , which is mainly concordant wit h the bedding a nd 
lineat ion of the enc losing schist. It is reaso nable to suggest that the ' openin gs' 
necessa ry for the e mplacement o f the pegmatite pods were fo rmed by the o penin g 
of fr actures (ac ross the bedding) by a process o f di ffe re ntial shea r di sp lacement 
along bedd ing p la nes. 

No clear rel a tion ship between gra nite and pegmat ite was dete rmined in the 
Stap le Lake terrai n. Pegma tite bodies are even ly di st ributed thro ughout the terrain, 
with no ap pa rent relationship betv,1een the size of pegma tite bodies and their dis­
ta nce from the Staple L ake o r Dunca n La ke plutons. The whole terra in , includin g 
the gra nite plutons, a ppea rs to have been favourab le ground for th e formation of 
pegmati te d ykes and pod s. Gra nite dykes on the other ha nd , a re co nfi ned to a band 
within a few hundred feet of the gran ite contact. 

Sparrow Lake - Thompson Lake Area 

The di stribution of pegmatite bodies with in the Sparrow L a ke gra nite plu to n 
near part o f its eastern margin and in the Yellowknife G ro up schi st east of Sparrow 
La ke is sho wn in Fig ure 2 . The pegmat ite bodies in thi s te rrain co nsist mai nl y of 
quartz, feld spa r, and mu scovite. Beryl , th o ugh not restricted to any pa rt of the 
terrain , is most abun dant in relative ly la rge d ykes nea r a nd to the west o f the 
granite-schi st co ntact at Sparrow Lake, a nd again in rela ti vely la rge d ykes nea r 
Tho mpson Lake, abo ut 4 miles from the co ntact. Spodumene a nd co lumbite­
ta ntalite a re restricted to the regio n east of line S-S '. No pegmatite bod ies we re 
found east of the Ii ne C-C' , which ma rks the eastern Ii mi t o f the co rdierite-conta i ni ng 

schi st. 
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Pegmatite bodies, mainly tabubr, are found in the northeastern part of the 
Sparrow Lake pluton and in the Hidden Lake pluto n. The l!:t rgest pegmatite bodies 
within gra nite were found immediately east of Sparrow Lake, where all dykes more 
than about a metre thick have been mapped (Fig. 2). The sma llest dykes have a 
plan length of one metre and a thick ness of 3 mm . 

A li ght increase was observed in the abunda nce of pegma tite dykes in the 
Sparrow La ke pluton from the central region to the eastern edge. Whereas dykes 
in the cent ral regio n a re appare ntl y rand oml y oriented, some of the dykes in the 
easte rn margin a re in easterly trending, near ve rti ca l swarms. These dyke swarms 
are fo und at intervals a long the margin (Fig. 2) a nd a re composed of as many as 
twenty-seven individual dykes. Each dyke is mainly less than l 5 cm thick and they 
may be arra nged en echelon. These features are hown in Plate VI 11 and Figure l l. 
T he easte rn end of the dyke swarms is invariably within granite a few metres from 
the granite- schi st co ntact. D yke swarms of similar character and orie ntation were 
a lso obse rved in the north ern margin of the pluton north of Sparrow Lake. 

The orientation of seve nty-e ight dykes in the eastern margin of the Sparrow 
Lake pl uto n, including a few members of the easterly trend in g swa rm s, is shown in 
Figure 12. It is evident that alt hough the st rike of these dykes is highly variable, 
there is a distinct tendency for tabular sheets of pegmatite to dip west, i.e., away 
from the granite-schi st in terface. In the northern margin of the pluton, dykes of 
this kind appear to favour a so utherly dip. Preliminary measurements of the 
or ientation of joint sets in the Sparrow Lake gra nite did not reveal a coincidence of 
orientatio n between joints and dykes. The factors that determined the orientation 
of most of the dykes th us rema in obscure. Tt is probable, nevertheless , in view of 
the regularity of the easterly trending swa rm s, that the posit ion of these dykes was 
determined by pre-existing joint sets. 

PLATE VIII 

Typ ical easterly trending p eg­
matita dyke swarm in the east­
ern margin af the Sparra·w 
Lake granite plutan, also a few 
northerly tr ending dykes of 
younger age. 

Kretz , 5 · 2·63 
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FIG URE 11. Swarm of near-vertical pegma tite dykes (thickn ess indicated) in east ern margin of the Sparrow 
Lake granite pluton (site 385, Fig . 4). 
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FIGURE 12 
Stereographic projection of poles to 78 
small p egmati te dykes in the eastern mar­
gin of the Sparrow Lake granite pluton. 

Within the schist, east of the Sparrow La ke a nd Hidden Lake plutons, pegmatite 
bodies are predominantly tabular or lens-shaped . Nea rl y a ll with a th ickness greate r 
than abo ut t metre have been mapped (Fig. 2). The largest of these is abo ut I ,OOO 
metres long and abo ut 40 metres thick (east of the Hidden Lake pluton, Fig. 2). 
The sma llest pegmatite bodies in schi st are narrow vei ns a nd dykes (Pl. JX), small 
en echelon veins near the termina ti on of a dyke (Fi g. 13; Pl. X) , na rrow fi laments 
that join two dykes (Pl. IX), sma ll a pophyses (Pl. XI ; Figs. 14 a nd 15) a nd apparent ly 
iso lated pods (Pl. X TT, Fig. 14) that a re rarely adjacent to dyke . These data revea l 
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FIGURE 13 
En echelon units and apparentl y isolated 
veins of pegmatite in th e te rminal reg ion 
of a p eg matite d yke in bedd ed (tourma­
lin e-containing ) schist. Ve in at X is 8 cm 
long and 3 mm thick (site 119, Fig. 4). 

tha t the pegmatite-fo rming matte r was capa ble of producing very sma ll pegmatite 
bodies a nd of penet ra ting the schist. 

M a ny of the pegmati te veins a nd dykes fo rm bra nchin g st ructures, as shown in 
F igure 4. Dips a re genera ll y steep to m oderate ( Figs. 2 a nd 4), a nd may va ry co n­
sidera bly o n a single dyke ( Figs. 4 a nd 14). The size of indi vidual dykes a nd the 
freq uency with which they occur in the schi st terra in decrease in a n easterl y d irect ion 
( Fig. 2), a ltho ugh there may be a zo ne immedia tely adj ace nt to the gra nite plu tons 
tha t is devoid ofpegma tite dykes (Figs. 2 a nd 4). Exa mina ti o n of Figure 2 will reveal 
a tendency for pegmatite dykes in schi st to occu r in cluste rs. T hi s may in dicate tha t 
the branching seen in pla n (e .g., botto m right- ha nd corner of F ig. 4 a nd no rth of 
Hidden La ke pluto n, Fi g. 2) may a lso ex ist in ve rtica l secti o n, a nd tha t ma ny o f 
the individua ls of a clu ster a re in te rconnected at depth . H oweve r, ma ny of the 
dykes remote fro m a ny other , as o bserved in pla n, a re probab ly iso la ted unit s 
em bedded in schist. 

A n examina ti o n of the o ri enta ti o n of pegmati te dykes a nd ve ins in the schist 
of the Spa rrow Lake - Th o mpso n La ke a rea did not revea l a relat io nshi p with the 
orienta ti o n of bedding. It is evident, howeve r, that the dykes ex ten din g so uth­
easterl y fro m Th o mpso n Lake a re pa rallel with a fa ult (Fi g. 2). T he dykes a nd the 
fa ult , which post-da tes the dykes (Fo rti er, 1947), may both have been co ntro ll ed by 
pre-existing fractures. The locatio n a nd o ri entati o n of certa in sma ll pegmati te ve in s 
a nd apoph yses were evidentl y governed by pre-ex istin g qua rtz vein s (Fi g. 15), o r by 
a n in te rface between a n ea rli er pegmatite a nd schi st. The latter feat ure is desc ribed 
in Cha pte r lV. Altho ugh the orienta tio n of pegmati te veins a nd d ykes is , in genera l, 
hi ghl y vari a ble, locally ce rta in t rend s a re evident. Th is is illu stra ted in F igure 16, 
which presents a sta ti sti cal trea tment of the st ri ke d irecti o ns of pegmatite dykes a nd 
ve ins in fo ur restricted a reas . Furtherm ore, the tren d within each gro up has been 
ro ughly indicated . 
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Kretz, 6-2-61 

PLATE IX. Small pegmatite dyk es in schist. Obse rve pegmatite filaments. (Sit e 406, Fig. 4 .) 

Kretz, 7-8-61 

PLATE X 
Termination of small p e gma­
tile dyke, about 15 feet long. 
Observe filaments of pegma ­
tite in schist. (Site 427, Fig . 4. ) 



PLATE XI 
Projection of pegmatite into 
schist. Variation in feldspar 
conten t of th e pegmatite is 
shown in Figure 36. 

Kretz , 6 . 8.61 

PLATE XII. Cross-section of a small pegmatite pod in schist. Greatest diameter is 2 ~ cm. (Site 230, Fig. 2.) 
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FIGURE 15. Projections of p egmotite into schist (si te 406, Fig . 4). 

An examination of Figure 16 will show that the trend line o rientation s have 
a definite relationship to the o ri entation of the nearest gran ite- schist interface. Thu s 
the curvatures, in the pegmatite trend lines in a reas 1, 2, and 3 a re para llel, provided 
the areas are rotated to bring the adjacent granite- schist contacts into paral lelism 
(Fig. 16, inset). Furthermore, the pegmatites roughl y fo ll ow two set of near-vertica l 
intersecting planes that lie at moderate angles to the near-vertical granite-schist 
interface. In a rea 4, these a ngles are relatively small . 

Jt is therefore postula ted that the position of the pegmatite dykes and veins was 
contro ll ed by shear fractures tha t resulted from emplacement of the gra nite pluton s. 
It is supposed that the maximum compress ive stress during granite emplacement was 
a pproximately no rma l to the gra nite- schist interface and that shear fractures 
devel oped at moderate angles to this interface. 

Structural Control of Pegmatite Bodies 

This problem has occupied numero us investigators of pegmatite dyke a nd 
vein , and severa l types of rock structure have been held respo nsible for the di st ribu­
tion a nd o ri entation of pa rticular pegmatite masses. 

A survey of the literature shows however that nearly all pegmatite masses 
de cribed m ay be assigned to one of two categories: 
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l. Pegmatite masses that lie para llel with fractures in the country rock or are 
inferred to have developed a long pre-existing fractures, either through a 
process of dilati o n or by replacement outward from the fracture. The 
fractures include shear a nd tension joints (including breaks re ulting in 



SIZE, SHAPE, DISTRIB UTION, AND ORIENTATION 

boudinage structures), shear zones, and faults. Pegmatite masses of this 
category have been described by Andersen (1931) , McLaughlin (1940), 
Chapman (1941), Landes (1942), Cameron, et al. (1949), Boos (1954) , 
Joklik (1955a, b) , Ramberg (1956), Reitan (1959a), Roering (1961), and 
others. 

2. Pegmatite masses that lie parallel with or are inferred to have developed 
along planar elements exclusive of fractures. These elements include 
bedding planes, foliation and schistosity, interfaces between contrasting 
rock units of major dimension (e.g., granite-schist contacts), or minor 
dimensions (e.g., borders of pre-existing dykes). Pegmatite masses of this 
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FIGURE 16. Part of the Sparrow Lake - Thompson Lake area showing: parts al the Sparrow Lake and 
Hidden Lake granite plutans ; trend af bedding in the adjacent schist; position of four areas 
(numbered 1 to 4) that contain abundant pegmotite dykes ; the dominant trend of pegmatite 
dykes, shown in heavy lines, with in each of the four areas; statistical plot of th e strike of pegmatite 
dykes in each of the four areas; position of pegmatite trend lines relative to the position of the 
nearest granite- schist interface for each area (inse t). 
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category have been described by Gevers and Frommurze (l 929), McLaugh­
lin (1940), Cameron, et al. (1949), Boos (1954) , Joklik (1955b) , Ramberg 
(1956) , Staatz a nd Trites (1955), and others. 

With reference to the seco nd group, in general it is difficult to prove that no 
fracture ex isted , not even an incipient fracture that might have imposed a control 
on the pegmatite ve in during its initial stage of development. Locally, however , it 
is possible to demonstrate that a pegmatite vein followed a path that could not have 
been determined by a fracture. This is discussed in Chapter IV. 

Pegmatite masses of the Yellowknife- Beaulieu terrain fa ll into both categories 
as shown by the following summary of data: 

Pegmatite masses controlled by fractures: 
Southeast of Thompson Lake- dykes parallel with fa ult (Fig. 2) , both dykes 

and fa ul t possibly co ntrolled by earlier fracture set. 
East margin of Sparrow Lake pluton- easterly trending dyke swarms (Fig. 2) , 

possibly controlled by joint sets. 
Dykes in schist , Sparrow Lake - Thompson Lake area- o ri entat ion related to 

nearest granite- schist contact, a nd possibly controlled by shear 
fractures related to granite emplacement (Fig. 16) . 

Pegmatite masses co ntrol led by planar elements (exclud ing fractures): 
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Dykes in Prestige Lake pluton- li e parallel with indistinct fo li ation (Fig. 5). 
ear Staple Lake- dykes lie parallel with bedding a nd foliation (Fig. 3). 

East of Sparrow Lake- dyke fo ll ows co ntact of earlier quartz vein (Fig. 15) o r 
ea rlier pegmatite dyke (described in Chapter lV). 



Chapter I V 

ROLE OF DILATION AND REPLACEMENT IN 

PEGMATlTE EMPLACEMENT 

lt is now generall y rea li zed o n ev idence produced by numero us pegma tite 
studies tha t the empl ace ment of ce rta in pegma tite bodi es was acco mpa ni ed by a 
di splace ment o r dil a ti o n of the co untry rock whereas the emplace ment of o thers was 
acco mpa ni ed by a rep lace ment of the co unt ry rock. The two processes m ust be 
so mewha t di ffe rent, a nd it is therefo re im po rta nt to determin e which process was 
o pera ti ve in the develop ment of a ny pegmatite rock mass . H is a lso ge ne ra ll y 
rea li zed tha t some pegmat ite minera l gra ins may fo rm a t the expense of pre-ex ist ing 
minera l gra ins of the same pegmatite mass, regardless of the ini ti al process of 
pegmati te emplacement. Evi dence for t hi s ki nd of rep lace ment is not co nside red 
a t p rese nt. 

A num ber of c riteri a des igned to di stingui sh betwee n dil a ti o n a nd rep lace ment 
processes have been set o ut in Figure 17. These a re now conside red sepa ra tely a nd 
applied to pegmatite masses o r the Yell owkn ife- Bea uli eu regio n, with specia l 
refe rence to the Spa rrow Lake - Th o mpso n La ke area. 

Application of Dilation and Replacement Criteri a 

Criterion 1. Offset of pre-existent planar structures 

1f two blocks of rock for ming the wa ll s of a fracture a re sepa rated a nd the space 
thu s fo rm ed is filled with pegmatite minerals, then a ny pla na r st ructure th at ini t ia ll y 
c rossed the fracture will be o ffset (Fi g. l 7a). If, on the o the r ha nd , a pegmati te mass 
developed by a replacement , the ea rli er pl a na r structure will no t be offset (Fig. I 7b) 
(G oodspeed , 1940 ; King, 1948). ]t is possible but imp roba ble th at the offset shown 
in F igure l 7a was ca used by shea r move ment rather tha n by dil a ti o n, a nd th at the 
dyke is actua ll y a rep lacement dyke. Tt is a lso possib le but improba ble that the dyke 
shown in F igure l 7b is a dil a ti o n dyke, in which the directi o n of separatio n of the 
wa ll s was such tha t no noti cea ble offset was o btai ned. For these reaso ns the 
crite ri a offered by Fi gure l 7a a nd ba re not by themselves suffic ient proof. H owever, 
th ose do ubts may be elimina ted if the pegma tite d yke under stud y in te rsects two 
no n pa ra ll el plana r structures, as shown in F igure I 7c a nd d . The c riteri on of offset 
may then be ri go rously applied . 
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DILATION REPL ACE MENT 

ab = a'b' 

e ~ t' ss' ~ tt' 

A 

- y 

2 

3 

FIGURE 17. Cr iteria that ma y b e app lied to d etermin e if dilation or replacement processes w er e op erative in 
th e d evelopm ent of p egmotite mosses. 
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FIGURE 18 
Intersecting pegmatite dykes in Sparrow 
Lake granite (sit e 401, Fig . 4). Evidence 
far dilation wi th refer ence to larg e dyke 
is provid ed by offset of two earlier non­
parallel narrow dykes. 

FIGURE 19 
Intersecting pegmatite dykes in Sparrow 
Lake granite (site 1 67, fig. 2) . 

PLATE XIII 
Intersecting pegmatite dykes in Spar­
row Lak e granite. Note evidence of 
dilation with referenc e to larger dyke, 
which is 28 cm (0.9 ft) thick. (Sit e 125 
Fig. 2.) 

Kretz, 9-1-60 
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PLATE XIV 
Pe gmatit e dyk e in schist, enclosed b y to urmalin e -rich a ure­
o le (black). Observe offse t of quartz ve in (at p e ncil point). 
providing e vid e nce for di !ation in association with p e gm a tit e 
e mplac e me nt. (North of Bighill Lake, lat. 63 3 1 ' N, lon g . 
l 14 °03 ' W .) 

GSC 

FIGURE 20 
Anomalous age relationship b etw een p eg­
matite dyke and tourmalin e vein in 
Sparrow Lak e granite (site 110, Fi g. 2). 



DILATION AND REPLACEMENT IN PEGMATITE EMPLACEMENT 

Numerous examples of offsets o f the type shown in Figure l 7a a nd c were found 
in the Yellowknife- Beaulieu terrain , and so me of these are illustrated in Plates Xlll 
and XLV and Figures 18 and J 9. Dil a tion is a lso evident in the dyke shown in 
Figure 20. ote, however, that the tourmaline ve in is offset by the pegmatite and 
a lso 'cuts' it. This may be due to the following seq uence of events: (1) formation 
of two intersectingjoints; (2) dil a ti o n with reference to o ne of the joints, accompanied 
by pegmat ite emplacement, causing an offset of the second joint; (3) development of 
tourmaline along the second joint, also penetrating the pegmatite. 

In contrast to the evidence for dilation th at these criter ia presented , no such 
evidence was fou nd indicating rep lacement dykes. 

There is no a priori indicati on that the walls of dilation dykes invariably 
separate in a direction normal to the wa ll s, and the actual direction of movement, 
o r rather the resulta nt thereof, forms a measurable property of certain dykes. The 
so luti on to this problem is possible provided the dyke intersects two nonparallel 
planes , a nd the orientation of these planes and the dyke is known. Thu s in Figure 
19, let the intersection point of planes A , B, a nd C be denoted c (above the plane of 
the figure) a nd the intersection point of p lanes A ', B', and C', c', and let c-c ' which 
joins two initi a ll y coincident points on opposite walls of a dyke be referred to as the 
dilation line . 

Provided one block has not rotated relative to the other, the orientation of the 
dilation lin e may be determined by a s imple stereograph ic procedure. Given the 
orie ntation of planes A and C , the o rientat ion or line a-c, the inter ection of these 
planes is obtainable. This line together with line a-a ' (w hich is easily measured) 
determi ne the orientation of plane a-c-c'-a'. Similarly the orientat ion of plane 
b-c-c'-b' is obtainable. The intersection of these two planes gives the dilation line 
c-c'. Note that a-a' a nd b-b ' are dilation lines o nl y if c-c' is parallel to the plane of 
observation. Thus, in the dyke shown in Figure 18 the dilation line was found by 
the above procedur to be horizon ta l, and hence a-a ' is t he bearing of this line. 
This is confirmed by the obse rvat io n th a t a-a' a nd b-b ' (F ig. 18) are nearly parallel. 

lf a d yke intersects o nl y one plane the orientat ion of t he dilation lin e is indeter­
minate , though it is poss ible to determine the o rientati o n o f a plane in which the line 
must lie. Prelimin a ry measurements of the o ri entat ions of such planes as well as 
so me dilation lines in the eastern margin of the Sparrow Lake pluton have not 
revea led a consistency in the direc tion of dilation in thi s part of the gra nite pluton. 

Criterion 2. Variation in thickness of limbs of' multi-limbed dykes 

Consider a joint that c hanges directi o n ab ruptly, a nd suppose the blocks o n 
either side of the joint separate, thereby providing space for pegmatite mineral s. The 
resulting dyke will possess a form of the type show n in Figure I 7e. The thickness of 
the limbs of th is dyke will not be equal except when the dilati o n line exactly bisects 
the angle s-a-t. On the other ha nd , if rep lacement proceeds outward from the joint 
at an even rate, the resulting d yke will probably be uniforml y thick , as shown in 
Figure I 7f. Hence a variation in the thickness of the limbs of d ykes possess ing the 
genera l form expressed 111 Figure 17e and f may be accepted as a fairly reliable 
criterion of dilation . 
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FIGURE 21. Branching p egmotite dyke in Sparrow Lak e granite (site 351, Fig . 2). Thickness varies from one 
limb to another, providing evidence for dilation; a-a '-a", and b-b ' are horizontal traces of planes 
that contain dilation lines. 

Quartz vein 
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FIGURE 22. Pe gmotit e dyk e in schist, showing presence 
of two schist bridg es. (Location' north of 
Bighill Lake , lot. 62 °31 ' N, long . 114 ° 
03 ' W.) 
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FIGURE 23. P2gmatit ' d y ke in schist, showing narrow 
schist bridg e, seve re d at on e e nd (sit e 
1 49, Fig. 4 ). Obs ~rve th a t th e bridg e 
has b een b e nt. 



DILATIO AND REPLACEMENT JN PEGMATJTE EMPLACEMENT 

Similar conclusions apply to dykes of more complex geometry. Consider for 
example two joints, w-x-y and x-z as shown in F igure l 7h. If the direction of di s­
placement of block B relative to A is parallel to the direction of displacement of 
block C relative to A (all dilation lines parallel) , the resulting dyke will possess a 
geometry as shown in Figure l 7g. ote especia ll y that the limbs a re not uniformly 
thick. On the other hand , if replacement proceeds outward from the specified 
joints, the resulting dyke will possess a geometry similar to that shown by Figure 
17h. All limbs wi ll have approximately equal thickness. Thus an examination of 
branchin g dykes may reveal whether these are dilation or replacement dykes. 

Several examples of multi-limbed dykes have been exami ned in the Yellowknife­
Beaulieu terrain , and some of these are shown in Figure 21 and Plate XV. In each 
example, different limbs have different thicknesses, thus providing exclusive evidence 
for dilation. 

It may be noted that in a dyke of the type shown in Figure 17e and g, the 
orientation of a plane that contains the dilation line may be determined , but not 
the orientation of the dilation line itself. 

Criterion 3. Presence of bridges or partial bridges across dykes as evidence of dilation 

Con sider two para ll el joints in en echelon relationship, as shown by lines w-x 
and y-z in Figure l 7k. A separation of the wa ll s acco mpanied by the emplacement 
of pegmatite minerals will then produce a dyke that possesses a bridge of country 
rock, as shown in F igure l 7i (Farmin, 1941 ; Ramberg, 1956), or if the bridge is 
broken, projections of schi st into the peg matite as shown in Figure l 7j (Farmin, 
1941). On the o ther ha nd , if a replacement of country rock by pegmatite proceeds 
o utward from en echelon joints, the resulting dyke will possess a hape like that 
shown in Figure 17k, and no bridges o r projections wi ll result. Hence the presence 
of bridges in dykes is co nsidered evidence of dilation as opposed to replacement 
(Fannin, 1941). 

Several interestin g examples of bridges extending completely or partly across 
pegmatite dykes were discovered in the Yellowknife-Beaulieu terrain, especially in 
relatively small dykes . Some of these are shown in Figures 22 and 23, and Pla te 
XVI. These are considered to provide reliable evidence of dilation , and in addition 
provide in fo rmatio n o n the state of pegmatite-forming matter, as discussed later in 
this chapter. 

Criterion 4. Distortion of layered structure or foliation in the country rock about 
pegmatite masses 

Consider a volume of layered or foliated rock containing an embedded mass of 
pegmatite. lf emplacement of the pegmatite mass was accompa ni ed by dilation , the 
layered structure sho uld be distorted. If for example a lens of pegmatite lies parallel 
with the layering, the layers must bend abo ut the lens, or if it li es across the layers, 
they may be distorted adj acent the pegmatite lens as a result of a 'pushing aside' of 
the country rock by the pegmatite (Fig. 171). On the o ther hand , if a pegmatite mass 
forms in a layered rock by repl acement, some of the laye red sequence will be missing, 
little distortion of the layers is expected , and a geometry like that shown in Figure 
l 7m will result. 
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PEGMATITE BODIES, YELLOWKNlfE- BEA LIEU REGION 

K1etz , I 5 -2-6 0 

PLATE XV 
Pegmatite dyke em place d along a set 
of tourmal ine veins in schist. Note evi ­
dence of dila tion. Dyke is 6 cm thick. 
(North of Big hill Lake, lot. 63 °31 ' N, 
long . 114°03'W.) 

PLATE XVI 
Illustration of a schist bridge 
across a pegmatit e dyke. 
Bridge is composed of numer­
ous thin leaves of schist. (Si te 
1 34, Fig. 2.) 

K1etz, 9 -3-60 

The above c riteri on has been a pplied at ce rta in places in the Yell owknife­
Bea uli eu terrain. Fi gure 24 for exa mple shows a pegmatite mass in laye red schist. 
If the pegmatite mass has replaced the schi st, part of the layer of sillim a nite-co nta in­
ing schi st shou ld be miss ing fro m the sect io n to the left of the fa ult , i.e., at the place 
where the layer is penetrated by the pegmatite. Careful meas urements show however, 
that di sta nce a+ b =c, and nothing is mi ss ing from the sec ti on. H ence the pegmatite 
mass is interp reted to be a dil a ti on pegmatite. 
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DILATION AN D REPLACEMENT IN PEG MATITE EMPLACEMENT 

Additional evidence for dilati o n was found in a projecti o n o f pegmatite into 
schist, as shown in Fi gure 25 . As a ll the schi st layers a re present, the pegma tite 
projecti o n is inferred to have form ed by dil a ti o n ra ther tha n re placeme nt. N o te 
that the projecti o n has developed preferentiall y a lo ng a qua rtz vein- schi st inte rface, 
and tha t the adjacent layers bend abo ut t he pegma tite as shown in Fig ure 171. 
Similar structures , developed o n a larger scale were o bserved a t Sta ple Lake, where 
so me lens-sha ped pegma tite masses li e pa rallel with the beddin g a nd defl ect th e 
adjacent bed s. J a hn s ( 1955) has illustra ted structures of thi s kind . Obse rve fin a ll y 
(Fig. 25) that the laye rs adj acent to the pegma tite have been thi ckened , res ultin g 
pres umabl y from a plas ti c deform a ti o n (s ho rtening) during their sideways di splace­
ment. 

Di sto rti o n o f la yered struct ure in co untry rock adj ace nt to pegma ti te masses 
has been o bse rved by ma ny peo ple (see review by Chad wick, 1958). T wo exa m ples 
fro m the Yell owknife te rra in a re shown in Fi g ure 26a a nd b. These, whe n co nsi dered 
in rela ti o n to the a bove- menti o ned crite ri o n, provide add iti o na l ev idence o f dil a t io n. 

A spec ia l example o f deforma ti o n adj acent to a pegma tite mass is illust ra ted in 
Figure 27. In a dditi o n to di sto rt io n of the schi st adjacent to the dy ke. the pegma ti te­
schi st inte rfaces we re ev identl y grea tl y distorted a nd ' stretched ' . Thu s t he corner at 
s' (matching the co rn er a t s) bas bee n rou nded , a nd the d is ta nce t ' -u' is greater t han 
t-u , suggestin g tha t the interface between t' a nd u' has bee n 'st retched '. As ide fro m 
the indicati o ns th ese structures give as to the na ture o f the pegma tite-fo rming matte r, 
it is co ncluded tha t the d yke unde r di sc ussio n is a dil a ti o n d yke. 

INCHES / 
.. B 

.o 

. 0 60. 
CEN TIMETRES 

LEGE N D rn Quartz vein 

CJ Muscovite pegma[l(e 

D Bio{l(e schist 

I~ -I Si/11mam1e schist 

~ Honzon marker 

GSC 

FIGURE 24 
Vertical section of a p egmatite moss in­
fe rred to be a dilation pegmotit e (a + 
b = c. (Location: 1.7 mil es due west of 
southwest corner of Stapl e Lake , i. e ., lot. 
62 °43.3 ' N, long. 114°06 ' W.) 
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FIGURE 26. Deforme d schist layers (bedding) adjacent peg matite' (a) tracing af phatagraph ; (b) nate back 
sketch. Lacatiarn a, share af Hidd en Lake, lat. 62 °32 ' N, lang. 113°31 ' W; b, site 257, Fig . 3 . 
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FIGURE 27. Pegma tite d yke in schist, showing distar­
tian of foliation in the schist ad jacen t th e 
dyke, and apparent deformation of the 
pegmatite- schist interfaces (site 471, 
southwest of Thompson Lake, Fig . 2). 
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FIGURE 28. Small pegmatite dyke in schist. Observe 
irregular contact between s and t. Plan e 
of observation dips about 20 d egrees 
southeasterly. (Location: shore of Hidden 
Lake, lat. 62 °32 ' N, long. 113°31 ' W .) 
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A small but clear example of replacement was fo und in the Sparrow Lake 
pluton. Pods of pegmatite have formed in a layer of mylo niti c granite (a shear zo ne) 
a nd the layer is not deflected a bo ut the po ds. lt mu st be concluded there fo re that 
pegmatite has replaced parts of the shea r zo ne. 

An apparent case of repl ace ment is fo und in the i rregular pods of pegmatite at 
Staple Lake (fo r example at coordinated B6, Fig. 3). It is h owever possible, as 
noted in Chapter III , that 'openings' we re formed by sli p pa rallel with the bed ding 
planes, so mewhat a nal ogo us to 'ope nings' formed between boudins, a nd tha t 
these pegmatite bodies fo rmed by dil ati on rather tha n rep lacement. 

Criterion 5. Irregular contacts 

Although so me irregularity in pegmatite co ntacts may be acco unted for by 
p lastic deformation of the adj ace nt co untry rock (Fig. 27), the highl y irregula r 
co ntacts may in certain pl aces be interpreted as a replacement of co unt ry rock by 
pegmatite, at least a lo ng the ma rgin of the pegmatite m ass. Thus the irregular 
contacts illu strated in F igure 28 may be taken as ev idence of at least loca l replace­
ment of schist by pegmatite minerals. Irregula riti es a ppea r tha t a re no t reflected 
in the oppos ite wall (compare contact betwee n s a nd t with co ntact betweens ' a nd 
t ' ). It is difficult to determin e to what ex tent these irregul a rities represent replace­
ment a nd to what ex tent they are products of a mecha nical distortion of the pegma­
tite-schist interface. 

Numerous obse rvations in the Yell owknife- Beauli eu terrain have revealed that 
where irregula riti es exist in the pegmatite- schi st contacts, curvatures are more 
com mon ly co ncave towards the pegmatite mass rather than concave towards the 
schi st (Pl. XVI!). The signifi ca nce of this o bse rvatio n is unce rtain as the curvatures 
may be the result of either rep lace ment, or dil atio n accompa nied by deformation of 
the adjacent schi st. 

... 
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PLATE XVI! 
Pegmatite- schis t contact, showing 
tendency for interfac e to be con­
cave towards th e peg matite. (Site 
224, Fig. 2 .) 
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Summa ry 

It is evident that a pplica ti o n of the crite ri a o f Fi gure 17 to the pegmati te bodi es 
of the Spa rrow Lake - Th ompson Lake a rea a nd to o ther a reas o f the Ye llowk ni fe­
Bea uli eu terra in leads to the conclusion tha t a large number of pegmatite dykes, 
m ostly rather sma ll , both in granite a nd schi st we re em placed by a process in vo lving 
dila ti o n of the encl os ing rock. M ost dykes in gra nite a nd so me dykes in schist have 
st raight pa ra ll el co ntacts, a nd dil at io n p roba bl y res ulted fro m a p rocess tha t in vo lved 
littl e plasti c defo rma tio n of the co untry roc k. On the o the r ha nd , certa in dykes in 
schi st a re bo rdered by deform ed schi st a nd the pegmatite- schi st i nterface is a lso 
deformed , indicating that so me dykes we re emplnced by a p rocess tha t i nvo lved 
co nsiderable plas ti c defo rmation of the adjacent rock. 

Little evidence was found fo r the re place ment of co untry roc k by pegma tite, 
a nd it is infe rred tha t thi s process o pera ted o n a small sca le o nl y, mai nl y a long the 
ma rgins of ce rta in dykes in schi st. 

The o nl y other inves ti ga ti o ns repo rted to da te of dil a ti o n a nd re pl acement in 
the Y ellowknife- Bea uli eu terra in a re those of H utchinso n ( 1955) fr o m the R oss 
La ke - R edo ut Lake a rea to the east o f the area cove red by F igure I . T he pegma ti te 
bodi es he stud ied are in inte rl aye red gra nodi o rite a nd a mphibolite a nd it is interes ting 
to no te tha t he (Hutchinso n, 1955, pp . 10- 13) fo und evidence to indicate that both 
replace ment a nd dil a ti o n we re o perative o n a la rge scale, repl acement nea r the 
R edo ut Lake gra ni te a nd dil a ti o n fa rther fr o m the granite . 

Inferences Concerning the Dilation Process Based on the Evidence 
of Intersecting Dykes and Schist Inclusions in Dykes 

ow tha t the importa nce of dil a ti o n in the em placement of the pegmati te 
m asses of the Spa rrow Lake - T ho mpso n La ke a rea is establi shed , it is des ira ble to 
inq uire in g reater deta il into the mechanism of dil a ti o n. Did dil at io n accompa ny o r 
precede pegmatite emplace ment ? Did dil a ti on occur co ntinu o usly o r di sco ntin ­
uo usly? Was d ilatio n slow o r fas t ? A close exa mina ti on of certai n in tersec ting 
pegma tite dykes and inclu sio ns in dykes has provided a t least a pa rti al a nswer. 

Intersecting Pegmatite D ykes i n G rani te 

Some gro ups o f intersectin g pegmati te dykes in the eastern ma rgi n of the 
Spar row Lake pluton were exam in ed in deta il. Res ults of two of these fo ll ow: 

Example J (Fig. 29) . An examina tion o f the dyke group shown in F igu re 29 will 
how tha t dykes A a nd B are o ffset by dyke D indicating that D i5 yo un ger tha n A 

a nd B.l Thi s is co nfirmed a t poi nt X , where the ma rgin s of D ca n be traced fo r 
so me di sta nce i nto dyke A . D yke D doe no t h owever co ntinue th ro ugh A, a nd is 
no ticea bly offset by thi s dyke. Wha t then is the age of dyke D rela ti ve to A? 

1 T he offset is more obvious if the page is held so that the line of sight mee ts Figure 29 a t a low angle. 
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FIGURE 29. Intersecting p e gmatite dykes in granit e 
(site 125 , Fig . 2 ). Observe mutual offset 
of dykes A ond D. 
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FIGURE 30. Intersecting p e gmatite dykes in Sparrow 
Lake granit e (site 403, Fig . 4). Observe 
that dyk e A is offset by d yke B and ap­
p ea rs to be older thon B. Larg e potash 
feldspar crystals in th e central part af 
d yke A ar e net how ever appropriately 
displac e d. 

These data are interpreted as fo llows. The first pegmatite rock to form is dyke 
B and the outer margins of A , i. e .. dyke A was initia ll y much thinner, possibly a 
quarter of its present thickness. D yke D was then emplaced as a dilation dyke, 
po ibly contem poraneously with C, ca using offset of dykes A a nd B. D yke A must 
have been a so lid rock at thi s time, as dyke D has made sha rp contacts with it at X . 
After or during the emplacement of D , dilation was res umed at dyke A, the eat 
wall moving in a ro ughly easterly directi o n rela tive to the west wall , with co nsequent 
offset of dyke D. Hence the central, relatively coarse grained part of dyke A is 
considered to be significantl y yo unger tha n its margin s. 

lt is co mmo nl y difficult o r impossible to detect co ntacts between pegm atite 
mas e of different age. This is illustrated by the absence of con tacts where dyke B 
(Fig. 29) intersects dyke D. It i also noteworthy that no co ntact can be detected 
between the easterly marginal pegmat ite of dyke A and the later relatively coarse 
gra ined central part. Close inspection between the east wall a nd centre of thi s dyke 
reveals onl y a gradat ional change from a rela tively fine gra ined to a relati vely coarse 
grai ned as emblage of quartz, fe ldspar, and muscovite . lt is suggested therefore 
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that pegmatite materi a l may have been deposited aga inst so li d pegmatite of a n 
ea rli er genera ti o n with o ut leaving a trace of t he su rface of the ea rli er pegma tite. 

Example 2 (F ig. 30) . A second example of inte rsectin g dykes in granite is shown in 
Figure 30. Obse rve that dyke A is offset by dyke B, and a ltho ugh the boundarie5 of 
dyke B cannot be traced through pegrnatite A (these shown as projections) , dyke B 
is ap parent ly yo unge r than A. Note, however, that the projected contacts of Bare 
obstructed by large potash feldspar c rysta1s in the cent ra l part of dyke A. Hence 
the cent ra l part of dyke A mu st be yo un ger than dyke B. 

This ap pa rentl y confli ct ing ev ide nce can be resolved sa ti sfac toril y if the margi n 
of dyke A a re co nsidered to be o lder tha n the central , relatively coarse gra ined part. 
Dilation accompanyin g the crysta lli zat io n of the ce ntra l part or dyke A must the n 
have occu rred in a direction that did not noticea bly offset dyke B. 

Inclu sio ns in Pegmati te Dykes 

Inclusio ns of schi st in pegmatite masses e ncl osed by schi st are not uncommon 
in the Sparrow Lake - Thompson L ake terra in , and a lth ough some of the i ncl usion 
are to urm al inized , they can be recognized as pi eces o f the immed iate ly enclosi ng 
rock. R esults of exa min atio n of two samples in rela ti on to dil ation a nd multipl e 
stages o f pegmatite de vel o pment fo ll ow: 

Example I (Fig. 31). The ma rgin of a pegmatite dyke a nd t he inclusions co ntained 
therein are shown in Figure 31 . lf no di stinction is made between d iffere nt types of 
pegmat ite , a ll that is visib le are a number of a ppa re ntl y isolated inclusions extend ing 
o bliquel y into the dyke from its contact wi th the e nclosing schi st. On close r in­
specti on , howeve r, three types of pegma tite a re di stin g ui shable: 

C. Quartz-feldspar-muscovi te pegmatite; gra in size highl y va ri ab le, increasing 
towa rds centre of dyke where potash fe ldspar crystals are ± 60 cm in 
diameter. 

B. Quartz-feldspa r-mu scovite pegmatite; nea rly even g ra ined ; gra in size ±3 
mm . 

A. Quartz-feldspa r-mu scovite pegmatite with min or tourmaline ; gra in size 
-1-1 mm. 

Pegma ti te A form s a clearl y recogniza ble s mall dyke with easily detectable 
contacts aga inst pegmatites B a nd C. 

Pegm atite Bis, for the most part, clearly di st ing ui shable from pegma tite C but 
as the contact between the two is traced to the so ut h, a po int is reached (X , Fi g. 3 l) 
beyo nd which it disappear and no dist inctio n can be made between the two pegma­
tite units. Pegmatite B, where it can be recognized as such, 'cuts' pegmatite A ( I } 
fee t so uth of t he northern bo unda ry of Figure 31 ), a nd is therefore younger than A. 

Pegmatite C forms the maj o r part of the d yke, a nd is found both east an d we t 
of the swarm of inclusion s. A contact can be detected within th is unit near Y 
(Fig. 3 l ), a lthough so uth of there the co ntact disappears, a nd pegmatite C may have 
developed in two stages. 
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FIGURE 31. East contact of a pegmatite dyke in schist 
(site 426, Fig . 4). The presence of schist 
inclusions is accounted for by a sequential 
em placement of three pegmatite units, A, 
B, and C. Observed disapp earance of 
pegmatite contacts at X and Y. 

FIGURE 32. One of seve ral schist inclusions in a peg­
matite dyke enclosed by schist (site 424, 
Fig. 4). Observe iso late d border zone, 
and disappearance of contact at X. 
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The linea r di spos iti o n of the inclusio ns a nd the absence of noticeable ro tatio n 
or shear di splacement of o ne rel ative to the o ther, ca n be sa t isfacto rily explai ned in 
terms of multiple stages of pegmatite emplacement. As pegmatite B 'c uts' A , A was 
so lid when B was em placed, a nd as the emplacement of pegmatite C caused a slab 
of rock composed of pegmatites A and B plus inclusions to be pried from the wall , 
pegmatite B must have been solid when pegmatite C was emplaced. Thus at least 
three separate stages of pegmatite emplacement are envisaged . 

The ' disappearance' of contacts between pegmatite unit s of different age, as 
obse rved at po int X (Fig. 31) presents an intriguing problem. South of X , pegmatite 
B appears to have been inco rporated in pegmatite C. possibly by so me process of 
replacement o r recrystallization . 

Example 2 (Fig. 32). At site 424 (Fig. 4) a no rtheasterl y trending dyke a bout 32 feet 
thick co ntains severa l sma ll inclusions of schist. The lo ngest dimension of these 
inclusions, as viewed in pla n, is subparallel with the st rike of the dyke, a nd the 
strike of bedding within inclusio ns does not differ from that of the enclos ing schi st 
by m o re than about 15 degrees. One of the inclu sio ns which is centrally situated in 
the dyke is show n in Figure 32. 

Many of th e pegmatite masses in the sch ist near Sparrow Lake contai n na rrow 
(l - 5 cm) border zo nes that a re relatively rich in qua rtz a nd rnuscovite. One of these 
zones ca n be seen a lo ng one si de of the inclusion illustrated in Figure 32, and ca n be 
traced for so me distance into the pegmatite mass. Northwa rd from the inclusio n, a 
bounda ry can be traced for a di stance of about a foot (to point X) , revealing two 
pegmatite units. Both these units (A a nd B, Fig. 32) are composed of qua rtz, 
feldspar, a nd muscovi te of va ri able grai n size, a nd a re di st ingui sha ble from each 
other only by the boundary between them. North of point X the boundary di s­
appea rs, a nd only o ne pegmatite unit can be recogni zed. 

These data suggest that the development of pegmatite in the dyke at site 424 has 
occurred at m ore tha n o ne stage. Later uni ts of pegmat ite have ev idently developed 
beside ea rlier units, a nd occas io na ll y parts of the wa ll- rock have become detached 
a nd caught between the pegmatite units. lf later ep isodes of pegmatite emplacement 
occurred o nl y after the earli er units we re solid rock, inclusions co ul d be transported 
to the central regi ons of dykes without rotation. [n this way relicts of border zones 
may a lso be displaced to the ce ntra l region of pegmatite dykes. 

Summary 

An evaluation of the data presented above leads to the co nclusion that certain 
dykes have formed by a process that enta il s repeated dil a ti on, acco mpanied by 
renewed stages of pegmatite emplacement a nd crysta lli zatio n. 

With reference to pegmatite dykes in the Sparrow Lake gra nite, subseq uent 
stages of pegmatite development a re ma rked by a dilation a nd depositi o n of pegma­
tite mineral s in the central regions of earlier dykes . It is especia ll y noteworthy that 
no contacts ca n be detected between different pegmatite units, i. e., pegmat1te 
minerals of a la ter stage we re depos ited aga inst the surface o f so lid pegmatite of a n 
earlier stage without leaving a t race of this surface. The fo rm ati o n of these dykes 
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FIGURE 33. Cross-section of th e small pegmotite vein 
a t B, Figure 24. 
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is therefore envisaged as a slow growth ( Ram berg, J 952, p. 252) , the seco nd tage 
taking up the process of crysta lli zatio n where the first stage left off. 

As for the pegmatite dykes in schi st, contacts between succes ively formed 
pegmatite units can more co mm o nl y be detected. Although il is not known why 
sharp contacts sho uld be loca ll y created , the absence of contacts as observed fo r 
example at X (Fig. 32), may be acco unted for by Lhe method suggested above. 

]t is possible that multiple stages in the formation of pegmatite dyke have 
occurred more common ly than is realized. lt is only when successive stages a rc 
crossed by a dyke or co ntacts between successi ve pegmatite units are visib le tha t th is 
phenomenon becomes detectable. 

Inferences from D eformed Schist Bridges Regardi ng the State of 

Pegmatite-forming Matter During Dilation 

One of the pegmatite dykes that contains schi st bridges is of specia l interest 
(Fig. 23). As a lready stated , the dyke is a dilation dyke, and hence line a-b-c-d -e­
must have initially co incided approximately with line a'-b'-c'-d'-e'-. It is evident 
therefore that the bridge of schist has been bent during pegmatite emplacement. 

A similar feature was described by Ramberg ( 1956) who, rea li zing that the 
bending of solid rock must be a slow process involving an app lication of non­
hydrostatic stress throughout, inferred thal the space now occupied by the pegmat1te 
cou ld not have been fi ll ed with a fluid. He concluded, o n the basis of this and other 
evidence, that the pegmatite mass was emplaced by a low acc umulation of matter, 
the pegmatite body being in a so li d state during its growth. This interpret ::i ti on may 
a lso be applied to the dyke shown in Figure 23. 

J nferences Regarding the Path of Pen etratio n of Pegmat ite-forming 

Matter Based on an Examination of a Small Vein in Schist 

The pegmatite mass shown in Figure 24 was classified earlier in thi s report as a 
dilation dyke. The sma ll pegmatite vein at Bis now examined in det::iil. This vein, 
which in vert ica l secti o n is apparent ly iso lated from the la rge r pegmat ite mass, 
fo rm s an en echelon co ntinuation of one of the apophyscs. The vein is 30 cm ( I foot) 
long as viewed in vertica l secti on. At the upper end the thickness is about 5 mm and 
toward s the bottom it tapers to one-ha lf millimetre. A spec imen was collected I 0 cm 
from its lower end and a cross-sect ion of the vei n at thi s place is shown in Fi gu re 33. 

It is immed iate ly appa rent tha t no clea rl y defined boundaries exist between 
pegmat ite and schist. An attempt was made to locate these bound a ri es by drawing 
lines that excluded a ll biotite from the vein, and included a ll quartz and feldspar 
grains apparentl y too large to be indigenous to the schist. The boundaries so defined 
a re not parallel. Jf this pegmatite ve in developed a long a fracture (Chapter 111 ) that 
passed either through gra in s or a long grain boundaries, the vein boundaries shou ld 
be nearly parallel. As they a re not , a nd furthermore, as they are appa ren tly too 
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irregular to represent a fracture path , it is inferred that the vein was not emplaced 
along a pre-existing fracture . 

It is postulated therefore that the vein wa emplaced by a 'filling of space' 
created by dilation along a plane that followed grain boundaries in the schist but 
was highly irregular in detail. The observation that the walls of the vein do not 
match may be accounted for by the deposition of pegmatite-forming quartz and 
plagioclase on pre-exi sting quartz a nd plagioclase respectivel y, new material being 
deposited in crystallographic continuity. Thus the vein borders as shown in Figure 
33 are considered to be a pproxim ate only, as parts of certain grains included with 
the pegmatite belong to the schist and certain embayments into the schist were 
'fi lled ' with pegmatite minerals. 
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FIGURE 34. Regiona l distribution of certoin pegmatite minerals in relation to th e position of the nearby granite 
contoct. The Sparrow lake - Thompson Lake area (a) is compared ta th e Ross Loke - Redout Lake 
area (b) (Hutchinson, 1955), both within the Yel lowknife- Beaulieu region. 
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Chapter V 

THE PEGMATITE MINERALS 

The purpose of thi s chap te r is six-fo ld : (1 ) to pl ace o n reco rd a li st of a ll of the 
pegma tite minera ls of the Yell owknife- Bea uli eu region fo und to da te; (2) to exa mine 
the regiona l di stributio n of pegmatite minera ls in the Sparrow Lake - Th o mpso n 
Lake terra in ; (3) to exa mine bri efl y the di st ributi o n of pegmatite minerals within 
indi vidua l pegmatite bodies; (4) to describe some of the textures fo und in pegmatite ; 
(5) to repo rt certa in mineralogical re la ti o nshi ps between pegmatite bodi es a nd the 
enclosing rocks; a nd (6) to examine the dist ributi o n of sodium a nd potass ium a mo ng 
albite, potash, fe ldspa r, a nd muscovite. From these data in fe rences a re d raw n 
regarding c rysta llizati o n te mperat ures a nd equilibrium relat io n in the pegmatite 
111 ine ral assern blages . 

List of Pegmatite Minerals 

T he m ost a bunda nt minera ls in the pegmatites of the Yellowk ni fe- Bea uli eu 
regio n a re p lagioclase, po tas h fe ldspar, qua rtz, a nd muscovite. Beryl, spodumene, 
and ta ntalite- co lum bite a re p rese nt in so me dy kes in nota ble co ncentrat io ns, a nd 
n umero us addi tio na l minerals have been fo und infrequentl y o r in ve ry sma ll amo un ts. 

All the pegmati te m inera ls identified to da te a re li sted in T a ble VJ. Th e li st 
includes minera ls ini tia ll y repo rted by J olli ffe ( 1944), a nd addi ti o nal fin ds by R owe 
(1952) , Hutchinson (195 5), Boyle (196 1) , a nd the wri ter. T he minera ls repo rted 
here by the write r fo r the first ti me we re ide ntified or their identi ty was co nfir med in 
t he X- ray la bo ra to ry of the Geologica l Survey of Ca nada. The co ll ect ing sites of 
these minera ls a re a lso given in Table Yl. 

R are element minerals a re fo und o nl y within so me pegmat ite dykes co nfi ned to 
specific pa rts of the Yell owknife- Beauli eu terrain . Thus be ryl, spodumene, a nd 
tanta li te- colum bite a re fo und in pegmatite masses unde rl ying the R oss Lake -
R ed o ut Lake area (Hutchinso n, 1955), the Spa rrow La ke - Tho mpso n Lake a rea 
(F ig. 2) , a nd several other a reas within the regio n. On the o ther ha nd , they a re 
a bsent fro m pegm ati te masses un de rl yin g the Sta ple Lake a rea ( Fig. 3) a nd o thers. 
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TABL E VI Peg111G1ile Minerals of the Yellowknife -
Beaulieu R egion 

alluadite ( I) 
amblygonite 
andalusite (2) 
apa tite 
arsenopyri te 
bery l 
biotite (3) 
bismuth 
ea rbona te ( 4) 
cass iterite 
ch lorite (5) 
cord ierite 
epidote? (6) 
nuorite 
gahn ite 
ga rnet 
graphite 
heterosite (7) 
horn blende 
hydromica 1 

ilmenite 
lazulite 
lepidolite 
lithiophyllite 
magnetite 
molybdenite 
muscovite 
peta lite 
plagioclase 
potash feldspar 
pyrite 
quartz 
scheelite 
si lliman ite (8) 
spodumene 
tan ta I itc- co lumbite 
tapio lite 
tourmaline 
uranin ite? (9) 
unknown mineraJ2 ( JO) 
?i rcon 

Col lecting sites of pegmati te minera ls reported here for t he llr>t ti me : 
(I ), site 146, Figure 4 and site 325, Figu re 2 ; (2), s ites 63 a nd 82, Figu re 5 ; (3) , sites 4 and 20, 
Figure 3; (4) , site 407, Figu re 4: (5), see Figure 24; (6). si te 407, Figure 4; (7). si tes 227 and 325, 
Figure 21 ; (8), site 291, Figure 3; (9), si te 344, Figure 2; (10 ), site 407, Figure 4. 

1 Reported by W. R. A. Baragar. pers. com. 
2 Minute a mounts of a black mineral giving the fo llo"ing d spacings: 

I d(Al - --
100 3.1 486 
25 2.993 1 
35 2.8386 
80 2. 7443 
15 2.6307 
20 2.2860 

< 5 2.1 825 
< 5 2.06 13 
50 1.9372 

5 1.9008 
JO 1.7596 
5 I. 7035 

50 1.6491 

Regiona l Distribut ion of Pegmat ite Mineral s in 

the Sparrow Lake - Thompson Lake Terrain 

A ll pegmatite dykes wit hin the no rtheaste rn pa rt or the Sparrow Lake grani te 
pi uton conta in qua rtz, plagioclase, and potas h fe ldspa r. Muscovite is prese nt in 
a ll but so me of the sma ll est dykes. T o urma line is co mm on ly p resent, especia ll y as 
cattered gra ins alo ng the borders. A ll pegmatite masses in schi st beyond the 

granite pluto n contain plagioclase. Quartz a nd muscovite a re ge nera ll y present , 
a nd with the except ion or so me small dykes, potash fe ldspa r. T 0 urma li ne i rare . 
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Beryl was found in ma ny dykes a long the east ma rgin of the Sparrow Lake 
p lu ton, including members of the easterly trending swa rms, but evidently none of 
the dykes in the centra l region of the pluton co ntains thi s mine ra l. In dykes im­
medi ately east of the granite- schi st co ntact, be ryl is ext remel y rare. Towa rds the 
east, with inc reasing di stance fro m the gra nite, be ryl crystal s again appear more 
common ly, and reach a seco nd culmin ati on in certa in dykes nea r Th o mpso n Lake 
where crysta ls reach a maximum lengt h of 30 cm (e.g., at site 433 , Fig. 2). 

Spodumene and tantalite- columbite were fo und onl y in pegmat ite masses 
situated at a co nsiderable di stance from the grani te pluton, and are not fo und in any 
of the pegmatite masses west of the lines S-S' (F ig. 2). 

Hence there is a definite zo nal di st ributi on of certa in pegmat ite min era ls, 
notab ly tourma li ne, beryl, spodumene, an d ta nta li tc- colum bite. Distributions of 
th is kind are not uncommon, and exist elsewhe re in the Yellowknife- Beau lieu 
region , as noted by Rowe (1954) and descri bed in detail by Hutchinson (1955). 
M oreover, regional zo ning of this kind has been reported from other pegmatitc­
co ntaining terrains, as summarized by Heinrich ( 1953), a ltho ugh detai ls of the zona l 
distributi on evi dent ly vary fro m one a rea to anot l er (Fig. 34) . 

The common in te rpretatio n of th is phenomenon, as offe red by Hein ri ch ( 1953) 
and Hutchinso n ( 1955), is that different elements fo r certa in reaso n were ab le to 
migrate difTerent distances from their so urce, whi ch is genera ll y ass umed to be a 
nea rby gra nite mass . 

Di stribution and Orientat ion of Minerals in Pegma tite Dykes 

Th e ea rl y work of Bragger (1890) a nd ot hers, fol lowed by the deta il ed investi­
ga ti ons of Cameron , et al. (1949), and severa l recent investigations, fo r exam ple by 
Sheridan , et al. (1957) , Brotzen (1959), orton, et al. (1962), Sundeliu s ( 1963) , and 
Wright (1963) have provided an ab undance of information on the distribution of 
minera ls in pegmat ite masses. In vestigat ions by Rowe (1952) and Hutchin so n ( 1955) 
showed that the zo nal di st ributi on of minera ls described by Ca mero n, et al. ( 1949) 
is a lso present in the Yell ow knife- Bea ulieu terra in. lt sho uld be noted however 
that, in ad diti on to the zoned dykes reported by Rowe and Hu tchin son, this terrain 
co nta ins a la rge number of dykes with a n irregu la r miner<!. ! distribut ion (Pl. XV I 11 ). 

Feldspar 

All pegmatite ma sses in the eastern margin of the Sparrow Lake pluto n co ntai n 
both pl agioclase and potash fe ldspa r, either as discrete gra in s or as intergrowths. 
The ratio between the two ranges from approx imate ly I :5 to 5: I. Pegmat ite masses 
in the schist east of Sparrow Lake common ly conta in both fe ldspa rs, but in many 
sma ll vein s (Fig. 14), apop hyses (Fi g. 35) and pods (Pl. XII) , potash feldspar is 
absent. Jn genera l, the ratio of the fe ld spa rs in dykes within schi st a lso va ries, but 
no a ttempt was made to estima te the max imum proport ion of potash fe ld spar. 

The di stributi on of the feldspars wi thin each pegmatite mass is characteristically 
irregula r (Fig. 14), but there is a tendency fo r potash fe ldspa r to be concentrated 
nea r the centre of dykes a nd pl ag ioclase nea r the margin ( Fi g. 36). On the other 
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Schist 
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FIGURE 35. Distribution of minerals in the marginal 
region af a pegmatite dyke in schist (site 
425, Fig. 4). 

[2J Plagioclase potash !1.'ld::>par 1uaru-muscov1/1? pnqrn.:wte 

LZJ Plagioclase-q:1arrz-m11s1.;ovit1J pegmat!le 

~ Potash !eldspar-';uaru-muscovlfe pegmawe 

GS C 

FIGURE 36. Part of pegmatite dyke in schist, showing 
distribution of feldspar minerals (site 406, 
Fig. 4). Details of pegmatite projection 
into schist are shown in Plate XI. 

hand , in certain dyke potash feld spar is concentrated near the margin and is a bsent 
from the central part (Fig. 37). 

The size of feldspar grains , as for other pegmatite minerals, is bjghly va ri ab le. 
The largest crystals found were about a metre long, and there is a di stinct tendency 
for the size of grains to increase towa rd s the centre of pegmatite dykes. Indeed, 
single crystals of potash feldspar were o bse rved to extend from the marginal to the 
central zo ne, becoming progressively la rger inward s. Generall y the feldspar grains 
appear to be randomly oriented. 

Quartz 

Although quartz generally occupies a bout a tenth of the pegmatite rock by 
volume, loca lly the proportion increa ses unti l in parts of certain dykes pure quartz 
extends from wall to wall. ln the common pegmatite dykes, both in granite and 
schist, quartz either is irregularl y di stributed o r is concentrated in the central , 
relatively coarse grained zo ne (core) , where it is associated with plagioclase o r 
potash feldspar. Narrow ma rginal zones composed of quartz (Fig. 14) or quartz 
and muscovite are moderately common . Grain size is highly va riable , and a pre­
limina ry examination showed litt le tendency for preferred o rientation . 
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Vertical crass-se ction of a p egmatite dyk e , 
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by mine ral ass e mblage and texture (Tabl e 
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PLATE XVlll 
Pegmatite d yke in schist, showing erratic mineral distribution. 
White = quartz, grey = feldspar, dark gre y pods (e. g., at 
hammer handle ) = aggre gates of ne arl y p ure muscovit e; 
relatively fine grained margins a re compos ed of quartz, 
fe ldspar, and muscovite. (North of Bighill Lake, lat. 63 °31 ' N, 
long. 114°03 ' W.) 
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Muscovite occu rs as dist inct ta bular gra in s or aggregates o[ gra ins. It may be 
even ly di stributed , ir reg ul a rl y di stributed , o r co ncentrated in the marg ina l zo nes of 
pegmatite masses. Qua rtz- muscovite margins , less than 3 cm t hick a re common in 
dyke e nclosed by schi st. Jn general , gra in size ra nges fro m minute to about 5 c m. 

]n many dykes enclosed by schi st , muscovite gra in s tend to be o ri ented per­
pendicu la r to the wa ll s, a co mmon fea ture o f pegmatite dy kes in ge neral (Mega th lin , 
1929; Jacobso n and Webb, 1946; Cameron, et al. , 1949 ; Car l, 1962). The mu scovite 
grai ns thu s defi ne a lineat io n but apparent ly not a fo liation. 

Beryl 

Be ryl c rysta ls have been fo un d in a ll pa rts ofa pegmat ite mass, fr o m imm edia tely 
adjacent the wa ll to the centra l reg io n, a lth o ugh the latte r pos itio n ap pears to be 
favo ured. It is fou nd as iso lated crys ta ls, as gro ups of a few crysta ls, or as bundles 
of crysta ls. The largest c rysta l fou nd at Sparrow La ke was 9 c m lo ng, a nd at 
Thompson Lake, 30 c m ( I foot) lo ng. Beryl is common ly associa ted wit h q ua rtz. 

Exa minat io n of the o ri entatio n of fifty-six be ryl crysta ls in the central zone of 
a pegmat ite dyke revea led that the favoured o ri e ntati on is with the c axes nearly 
perpendicu la r to the wa ll s. 

Spodumene 

Locally spodumene may co mpri se up to 30 per ce nt by vo lume of a pegma tite 
dyke, but the ge neral average co ntent is esti mated to be abo ut 2 or 3 per cent. Thi s 
mine ra l te nds to be co ncentrated in ta bul ar zo nes th at li e parallel with the dyke 
wa ll s but which m ay be sit ua ted a nyw here except immediately adjace nt the wa ll s. 
Grain size is hi ghl y variable, rangi ng to a max imum length of abo ut 30 c m ( l foo t). 

Spodumene grains are co mm o nl y elo ngate, the lo ng axes may be ra nd o ml y 
oriented or nea rl y perpe ndicu lar to the wa ll s. The latter or ie ntation has been 
observed by Derry ( 1931) , Tremblay (1950), Rowe ( 1954), and o thers, a nd is ev ide ntly 
a co mm o n featu re of spodumen e pegmatite dykes in ge ne ra l. 

Tourmaline 

ln some dykes in gra nite, tourma lin e g ra ins a re evenl y di stri buted , in o thers 
they a re concentrated in the margin a l zo nes, a nd in yet o thers in the centra l zones. 
One of the hig hest co ncentrati o ns fo und was in a d yke I met re (3.7 feet) thi ck where 
twenty crysta ls rangin g in size from ve ry s mall to 6 c m a re ex posed in a n area of 9 
sq ua re feet. ln so me dykes the c axes of tou rm a line c rys ta ls a re ra nd o mly oriented 
whereas in ot hers the re is a di stinct tendency fo r these to be o ri ented perpendic ular 
to the wa ll s. 

Carnet 

At site 146 (Fig. 4), a pegma tite d yke 3 c m thick in granite contai ns approxi­
mate ly 3 per cent garn et. The minera l occ urs as irregu la rl y sha ped masses ra nging 
fr o m I to 6 mm in di a meter, ev ide ntl y co ncent ra ted to so me extent in the two 
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ma rginal zo nes that fo rm abo ut o ne ha lf o f the tota l d yke . At site 206 (Fi g. 2) a 
la rge pegmatite d yke in schi st co nta in s a minute a mo unt o f ga rn et , co nfined to p laces 
less tha n l m etre fr o m the wa ll s. The ga rn et occ urs as nea rl y e uhed ra l gra in s, -~ mm 
in di a meter, irreg ul a rl y di stri b uted in the ma rgina l zo nes. o garnet was fou nd in 
the a djacent schi st . 

Apatite 

Apa tite is a comm o n min o r co nsti t ue nt of pegma tite d ykes . The min eral occurs 
as subhedra l g ra in s, irreg ul a rl y di stributed a nd no t confined to pa rti c ul a r zo nes. 

Fur the r informati o n o n m inera l di stribut io n, grain size, a nd o ri enta ti on a ppea rs 
in T a bles V l l a nd V 111 a nd th e interpreta ti o n o f l hese fea tures is di scussed in Cha pte r 
Vll . 

TABLE Vll Descni;tio11 of Rock Units in a Pegmalile Dyke 
(see Fig. 14) 

Uni t 

A 

B 

c 

D 

Minerals 

plag ioclase 
quartz 
rnuscovite 

plagioclase 
quartz ( ± 3o/c ) 
rnuscov ite 

plagioclase 
quartz ( 10- J So/c) 
rn uscov ite 

plagioclase 
potash feldspar 
qua rt z 
rn uscovite 

Description 

G ra in size var iab le (rn in l!te to 3 crn). Quar tz fc rrns pods in central 
zcne, and narrow (3 n-111 ) ve ins along wal ls. M uscovite grains are 
oriented pe rpendicu lar to ''a lls in the rna rgina l zones, and are 
randc rnl y oriented in tl~ c cen tral zcr.e. A s l~a rp contact sepa rates 
unit A fro rn un it B . 

Grain size va 1 iable (rnin ute to 3 cm) . Muscovi te is r;ea rl y evenly 
distributed, and qua rt z is co r. ce ntra ted in a narrow ce ntra l zone. 
Pl agioc lase occurs as pri srnat ic gra ins, sli ghtly elongate or tabu lar, 
oriented perpend icular to the wa lls; rnuscov ite grains appear 
ra ndornl y o r iented. A few gra ins o f a phosphate rn inera l present. 
An increase in quar tz con tent rnarks the boundary t:: etween 
un its B and C. 

Grain size var iab le, reaching a rnax irnurn of J ~ crn fo r rnuscovi te 
and 3 crn fo r plagioclase. ML:scov ite ( increasing in concentra tion 
towards the north) occurs as clusters, about 15 crn in diameter . 
Quart z loca lly is son;ewhat co ncentrated in a zo ne nea r the centre­
line o f the dyke; otherwise rni nerals are evenly d istributed. A ll 
rninera l grains ( including rn uscovite grains in clusters) appear 
rando mly oriented. Appea rance of potash feldspar marks the 
grada tional boundary between units C and D . 

Grain size va riab le, reaching a maxi rnurn of 6 crn fo r m uscov ite; 
potash feldspar gra ins rna inl y between 3 and 12 cm. Plag ioclase 
and potash feldspar are distr ibuted th ro ughout the uni t, but 
loca lly potash fe ldspa r is co nfined to the central zone and plagio­
clase to the marg inal zones. Potash feldspa r may occu r as rela­
t ively small grains at the pegmatite-schist con tact. The tota l 
content o f potash fe ldspa r increases towa rds the nort h end of the 
dyke. Quartz is unevenly distributed, loca lly fo rms pods, and tends 
to be co ncentrated in the central zo ne. Muscov ite grains tend to 
form clusters as in unit C, but in the marginal zones tend to be 
or iented nearly perpendicu lar to the wa lls. A few grai ns o f phos­
phate mineral and arsenopyrite are present. 
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Variation in grain size across a p egmatite 
dyke (site 284, Fig. 3 ). 
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Pegmatite Textures 

No other group of rocks displays the variety and complexity of texture as is 
found in pegmatites. Jn this aspect pegmatite rocks differ from common metamor­
phic rocks and from rocks known to have crysta llized from si licate melt (basalt, 
diabase dykes, etc.), and are more like certain metasomatic rocks of great hetero­
geneity (e.g., skarns). It seems desirable therefore, despite difficulties of interpreta­
tion, to collect detailed information on pegmatite textures. Recently, this has to 
some extent been done by the valuable study of Norton a nd others ( 1962). 

Certain textural features of the Yellowknife- Beaulieu pegmatite rocks are 
briefly co nsidered in the fo ll owing. This part of the study is far from comprehensive, 
and is intended only to focus attention on the problem of pegmatite textures, and 
to emphasize the remarkable peculiarities of these textures compared with those 
found in rocks of known igneous origin. 

Grain Size 

Some information on variation in grain size of specific minerals in pegmatite 
dykes was given above, a nd the tendency for minerals to be coarser in the central 
zones and finer in the marginal zones was noted. However, rarely if ever is there a 
systematic relationship between grain size and distance from a wall , as is found in 
diabase dykes (Fig. 38). In general , variations are so great that if a curve like that 
of Figure 38 were drawn for each mineral , the curves would all be quite different. 
Jn the extreme case, where large and small grains of a mineral are found helter­
skelter throughout the dyke, no curve of this kind could be constructed. 

Locally, in the large dykes east of Sparrow Lake, a faint laminar structure was 
observed (Pl. XIX). These structures are confined to certain parts of the pegmatite 
dykes , and are oriented so that the convexity faces the nearest wall. They appear to 
reflect variation in the size of quartz and feldspar grains . 

On the microscopic scale, variation in grain size is especially apparent. Small 
grains of muscovite or quartz are commonly aggregated along grain boundaries, 
and aggregates of fine muscovite grains are found with in al bite grains, locally con­
centrated along certain crystallographic planes. 

Mineral Intergrowths 

Mineral intergrowth s form one of the most controversial aspects of pegmatite 
texture. In add iti on to the puzzling quartz-feldspar intergrowths that have been 
discussed by Bastin (1910) , Schaller (1925) , Wahlstrom (I 939) , G urieva (1957), 
Nikitin (1958) , Simpson (1962) , and others , there are the common feldspar-feldspar 
intergrowths as described by Andersen (I 928) , Adamson ( 1942), Higazy (1953) , and 
many others, and the less common quartz-muscovite , quartz-tourmaline, a nd quartz­
garnet intergrowths as noted by Bastin (1910) and others. 

Mineral intergrowths are not so common in those parts of the Yellowknife­
Beaulieu terrain examined by the writer as in other pegmatite terrain s. Nevertheless, 
all the above-mentioned intergrowths have been found locally, especially in pegma-
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Kretz , 8-7 -6 3 

PLATE XX 
Quartz- spodumene intergrowth in p eg ma· 
tite. White = spodumene, grey = quartz. 
(~it~ 467, Fig. 2.) 

t ite masses underl yin g the Stap le Lake a rea. In ad diti o n to these, p lagioc lase­
muscovite in tergrowths a re rat her co mm o n a nd quartz-spodumene intergrowths 
were found near Th o mpson Lake (Pl. XX). 

Since di ffe rent kinds of mineral intergrowths a re fo und in a single pegmatite 
body, it is obvio us that a ll the inte rgrowths ca nn ot be products of e utecti c crysta lli ­
zation (Bastin , 191 0). 

D eformed Minera l Grains 

Tt is well known that pegmat ite minera l gra in s commo nl y show signs of defor­
mati on o r stra in, so metim es mo re pro no unced tha n th ose fo und in meta mo rphic 
tectonites. Thus broken to urm aline c rystal s with the fractures hea led by qua rtz, 
fe ld spar, o r ad diti o na l to urm aline have been desc ribed by Mak ine n ( I 9 I 3), Anderson 
(1933) , Brotze n ( 1959) , a nd o thers. Simi larly, beryl crysta ls may be broken, as 
described by Megathlin ( I 929) , Anderson (1933) , and others. l n the Ye ll owk ni fe­
Beaulieu terrain , these textures have been fo un d at seve ra l places. 

lt is noteworthy th at so me of the to urma line and beryl crysta ls of the Yellow­
kn ife- Bea uli e u terra in a re not onl y fractured, but the fractures have 'opened ', i.e. , 
the broken p ieces have been displaced one rel at ive to a nother. These c rystals are 
fo und in pegmatite dykes that do not display evidence of gross defo rmatio n (fo ldin g, 
pinch-and-swell , o r bo udinage structu res), and hence the breaking cann ot be a ttri-
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buted to large-scale deformation. It appears more likely that the fractures occurred 
during pegmatite emplacement. 

If the above interpretation is correct, the process of pegmatite emplacement 
must have been unique inasmuch as directional stresses were app lied to break the 
cry tals, a nd the broken fragments were only sli ght ly displaced. The crysta ls mu st 
therefore have been surro unded by so lid rat her tha n fluid ma tter. 

Additional evidence of st ra in is fo und in bent a l bite twin planes in plagioclase 
grai ns, as shown in Plate XXI a nd repo rted fro m other terrains by Megathlin (1929) , 
Carl (1962) , a nd others. Mosaic structure in quartz grains is present a nd may also 
be evidence of strain. This structure has been observed in other pegmatite bodies 
by Quensel (1942) and R a mberg (1956). Mosaic st ructures are also appa rent ly 
present in p lagioclase (Pl. XXI). 

Bent twin planes a nd mosaic st ructures do not represent a great deal of strain , 
a nd genera ll y it is not possible to determine if the im plied strai n occurred during 
pegmatite em placement o r during a late r tecto nic disturbance. Thus the feldspa r 
shown in Plate XXI was taken from a dyke that contains so me flexures , which may 
have formed during a post-pegmatite regio nal deformati on (coordinates B-1 9, Fig. 
14), a lbeit from a part of the dyke that is apparent ly undeformed . 

PLATE XXI 
Bent twin lamellae and mosaic structure in a 
plagiaclase grain within pegmatite. (Site 
372, Fig. 4. ) 
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D eta iled Texture of a Sm a ll Pegmat ite Vein 

The tex ture of a sma ll ve in-like proj ecti o n from a la rge r pegma tite m ass has 
been examined in deta il. The pegma tite body is shown in Fi gure 24, a nd a cross­
section of the vein a t A is shown in Fi gure 39 . Th e vein a t this pl ace co nta ins qua rtz, 
al bite, muscovite, to urma line, a nd intergrowth s o f bio tite a nd chlo rite ; the adjacent 
schi st co nta in s qua rtz, p lagioclase, bi oti te, a nd min o r muscovite. T he fo llowing 
poin ts of i nterest have appea red : 

l. The co ntact of the vein wi th the e ncl os ing schi st may be either shar p a nd 
clea rl y defi na ble, o r grada tiona l a nd di ffic ult to defi ne exactly. 

2. G ra in s of b iot ite presum a bl y de ri ved fro m the wa ll-rock a re prese nt loca ll y 
in the ma rgin of the ve in. R ela ti ve ly la rge gra in s of a b iotite- chlo ri te 
mi xt ure, of less ce rta in de ri vatio n, a re fo un d in the centra l regio n of t he 
ve in. If these g rai ns we re de ri ved fro m the wa ll-rock, rec rysta lli zati o n has 
ca used gra in e nl a rgem ent . 

3. Var iat io n in the size of rnuscovite, q ua rtz, a nd a lbite g ra in s is obvio usly 
ve ry grea t. Tn ce rta in places the ave rage grain size of these minera ls is 
relatively sma ll (e .g. , a t coo rdinates G -20) , a nd t heir average in t he ve in 
m argin s is Jess tha n the ave rage for t he whole ve in , bu t g reater than the 
average fo r t he fine-gra in ed patches. 

4. Within t he space exa mined, to urm aline gra in s are co nfi ned to o ne of these 
fi ne-gra ined patches. 

5. A ltho ugh the di stribu t io n of muscovite gra in s ge nera ll y ap pea rs to be 
nea rl y ra nd om , here a nd t he re (e .g., a t G -1 5 a nd B- 12) it is clearly in 
cluste rs. 

6. A sli ght te nde ncy ex ists fo r muscov1te grams to be a rra nged with (001 ) 
p lanes perpend ic ul a r to the vein wa ll s. Thi s is especia ll y a ppa re nt in the 
vicinity of D- 5. Jn the cent ra l region of the ve in the te ndency d isappea rs, 
indeed, a c luste r of gra in s was fo und there in which a ll gra ins a re a rra nged 
pa rall el with o ne a no ther b ut no t perpendic ular to the wa ll s ( B-11). Some 
of the grain s in th is cluste r a re ve ry sma ll a nd a re appa ren tl y iso lated in­
cl usions in a lbite gra ins. 

7. There is a sli ght te nde ncy fo r q ua rtz gra in s to be o rien ted with crysta ll o­
grap hi c c axes perpendi c ul a r to the ve in wa ll s. Thi s is evident i n the 
vici nity o f C- 18 a nd elsewhere. 

These o bse rva ti o ns show clea rl y t hat the tex ture of pegma ti te vei ns d iffe rs 
grea tl y fr om tha t o f dykes kn own to have c rysta lli zed fr om a melt, a nd suggest t hat 
the processes of c rysta lli zat ion we re different a nd mo re com plex tha n those that 
take place in s ilicate melts. 
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Mineralogic Relationships Between Pegmatite and Enclosing Rocks 

Rel at ion ships Observed 

It is now we ll known that, at least in some crystalline terrains, rehtion ship s 
exist between minerals of pegmatite masses and minerals of the enclos ing rocks. 
These relationsh ips mu st be a product of the pegmatite-forming process and as such 
de erve carefu l consideration. The following relation ships were observed in the 
Yellowknife- Beaulieu terrain. 

I. Within the boundaries of the Sparrow Lake - Thompson Lake area and 
elsewhere, at least as regards the numerous pegmat ite masses examined in 
sufficient detail to identify t he contained feldspars, pegmatite masses that 
co ntain albite as the only feldspar were com mon in schi st but absen t in 
granite. 

2. Dykes that cross a gran ite- schi st contact were particul arl y interesting. 
They a re not uncom mon ; two relatively la rge dykes (Fig. 2) and seve ra l 
smal ler ones (Fig. 7) observed to intersec t the same granite- schi st contact 
we re stud ied in deta il. 

The minera l assemblages in the parts of the la rger dykes in granite were not 
noticeably different from those in the parts in schist . In the ma ll dykes (Fi g. 7) , 
however, those parts of the dykes in the grani te containing potash feld spa r a lso 
co ntain potash feldspar, whereas those parts of the sa me dykes in gra nite or schi st 
without potash fe ldspar do not contain potash fe ldspa r. 

3. A few pegmatite dykes were found to co ntain andalusite, si ll imanite, or 
cord ierite (Table VI, Chapter V) , minerals characterist ic of metasedimcn­
tary rocks. These dykes were found only in metasedimcnta ry rock, never 
in gra nite. 

4. In the eastern ma rgin of the Sparrow Lake granite pluton, mica-rich 
inclusion s (described in Chapter ll) were found loca ll y to be in te rsected by 
sma ll pegmatitc dykes. Where the pegmatite dyke is agai nst the llluscovi te­
rich inclusion, the muscovite content of the dykes is not iceably grea ter 
than where it is aga inst gran ite. 

5. Although different layers of the schist east of Sparrow Lake are composed 
of different minera l assembl ages and proportions (Chapter I l), no co n­
spicuous analogous differences were observed in any of the enclosed peg­
matite dykes. The schi st al so contains numerous quartz veins, commonly 
lying parallel with the layered structure , a nd sma ll pegm at ite dykes were 
observed to intersect thee veins without noticea ble change in mineral 
content. An im portant exception to this is illustrated in Figure 40. A 
smal l quartz-feldspar pegmat ite vein or dyke cuts across a quartz-tourlll a­
line layer in schist, and where it crosses this layer it changes to a pure quartz 
vein. Figure 40 however a lso shows another pegmatite vein that intersects 
the same quartz-tourmaline laye r without noticea ble cha nge in minera l 
content. 
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FIGURE 40. Pegmotite veins in schist (site 1 22, Fig. 4). Where the small vein intersects a quartz- tourmaline 
layer, th e vein is composed of pure quartz. 
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THE PEG MATITE MIN ERALS 

Inte rpretat io n 

R elati o nships between the mineral content of pegmati te masses a nd that of the 
enclosing rocks have been recorded a nd di scussed fo r ma ny years, for example, Roy 
and others (1939), Bo ul ado n a nd others (1950), Joklik ( 1955a), Ram berg (1956) , 
a nd Hitchon (1960). As noted by A . M. Smith in 1899 (reported by Roy, et al., 1939), 
o bse rvatio ns of this kind we re probably respons ible fo r the hypo thes is that at tribu tes 
the o urce of the pegmatite-form ing ma tter to the encl os ing rocks. This hypothes is, 
though rarely adopted , has ga ined great strength as a result of extensive det a il ed 
observa ti o ns by R amberg (1949 , 1952, 1956) , a nd also by Hi gazy (1953), Reitan 
(1956, 1959a) , H eier and Taylor ( 1959), R yabchikov a nd Solov'yeva ( 196 1), and 
othe rs. 

The data obtai ned from the Yell owkni fe- Beauli eu terrain a re too meagre to 
co ntribute much to this di cussio n. Jndeed, the exceptions fo und to the 2nd , 4th , 
a nd 5th o bse rvation s enumera ted above prohib it the fo rmul at ion of any ge nera l 
sta tement. The o nl y co nclusion that ca n be reached fr o m these data is that , in 
ce rta in cases , so me of the pegmatite-forming matte r was derived from the enc losing 
rocks. 

PLATE XXll 
Zones 1 to 5 of the 
p e gmatite d yke of 
Figure 37. 

Kretz, 7 ·5·63 
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T BLE V lll I Descriptio11 of Zo11es i11 a Peg11 wtile Dyke 
(refer to Figure 37) 

Zone 

2 

3 

4 

5 

6 

7 

8 
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Minera ls 

a l bite 
potash feld spa r 
qua rtz 
muscovi te 
a patite 
ga rnet 

al b ite 
potash feld spa r 
quartz 
muscov ite 
apat ite 
ilmen ite? 

a l bi te 
quartz 
111uscovite 
apati te 
garnet 
lllagnet ite 

a l bite 
qua rtz 
111uscovi te 
cord ie rite 

a lbite 
po tas h feld s pa r ? 
quartz 
111uscovite 

a l b ite 
qua rtz 
lllUSCOvite 
apat ite 
unknown 

a lb itc 
potash feld spa r 
quartz 
m uscov ite 
ep ido te? 
unknown 

a l bite 
po tash felds par 
quartz 
muscovite 
111agnetite or 

ilmenite 
ca rbo nate 
apa tite? 

Desc ript ion 
-------

Gra in s ize hi gh ly va riat le, re<:c hin g a maximum o f about I cm for 
a lbitc, qua rtz, a nd m uscovi te, a nd abou t 30 cm fo r po tash feldspar. 
The re lative ly la rge c rys ta ls of po tas h fe ldspa r, contai n ing in­
c lusions of quartz, are sca tte red in the matrix o f predomina ntl y 
a lbite , po tash fe ldspar, qua rtz, a nd muscovite. 

early even g rained , grain s ize a bou t I mill. Zone contai ns some 
quartz-fe ldspar ve ins in w hic h fe ldspar c rys ta ls reach a diameter of 
3 Clll. These veins dip s teeply wes t. Po tas h feldspar to a lbite ratio 
in thi s zone is approximate ly I : I . 

G ra in s ize va riab le, reachi ng a maxilllum of about 2 Clll fo r each of 
a lbitc, qua rtz, a nd m uscov ite . Minerals a re even ly di s tributed and 
ra ndom ly 0 1·icnted. 

La rgest gra ins o f a lb ite, qua rtz, and !llusco,·ite a rc 50 Clll , 20 cm, and 
4 Clll res pec ti ve ly. One g rai n o f cordier ite (about t cm in diameter) 
was obse rved. A lbite grai ns show mcsaic structure a nd con tain 
tin y inclus io ns of rnuscovite. 

Sillli la r to zone 2 

I rrcgul a r 111i x t u re of masses o f peg111atite of g rai n s ize a bout 
a nd masses of pcgma tite of g ra in izc up to I 0 c m . 

Clll 

Grain s ize ranges fro111 abo ut ~ Clll in 111arg in of zo ne to about 30 Clll 
for feld spa r, a nd J 5 cm fo r qua rtz in the centre o f thi s zone. 
M uscovite occurs in agg regates, togethe r '' ith qua rtz, of g rain 
s ize i Clll. 

Grain s ize hi gh ly va riab le, ra nging fro111 I lll lll to J 5 c111. Average 
g ra in s ize dec reases s lightly towa rds pegmatite- sc hi s t contact. In 
spec i111 en co llec ted, 111ax i111 um gra in d ia mete rs of a lbi te, po tash 
feldspar. quartz, a nd muscovi te a re 3 mm , 20 mm, 3 mm , and 
I 0 mm respecti ve ly . Po tas h fe lds pa r: plagioclase ra ti o is approxi­
ma te ly I :3. Small amount of a l bi te lamellac in po tash feldspa r . 



T H E PEGMATITE MINERALS 

Distribution of Sodium and Potassium Among Albite, 
Potash Feldspar, and Muscovite 

Data o n Equ ili brium Relati o ns a nd Their Interpretation' 

A stud y was made of the sod ium and potassium content of a l bite , potash feld­
spa r, a nd mu scovite from a rel at ive ly la rge pegmat ite dyke enc losed by schist. A 
ve rtica l cross-section of this dyke was examined in deta il , lead ing to a subdi visio n 
into eight zo nes, based o n mine ral assemblage a nd text ure ( Fi g. 37, T a bl e VILI , and 
Pl. XX!T). 

Specimen s were collected fr o m the zo nes, at places indica ted in Fi gure 37. 
Th ose meas urin g a pproximatel y 8x4x3 cm were selected for minera l separat io n a nd 
a na lysis , a nd with the exception of so me large potash feld spar crysta ls, the minerals 
of each specim en a re considered to comprise a coex istin g asse mbl age. The sodium 
a nd po tass ium co ntent of the mine ra ls, the index of refract io n of alb ite, a nd the 
atomic ra tios ca lc ul ated are li sted in Table lX . 

1S ubsequent expe rimen ta l data (Eugstcr, pers. co m.) , have demo nstra ted the ex istence of an a lbite­
muscov ite fie ld a nd have shown that the museovite- paragoni te so lvus li es at a slightly lower cemperatu rc 
chan firs t reported. Consequen tl y a slight mod ificat ion of the above di scuss ion is necessa ry. The tempera­
tures listed in the second-last column of Tab le X must be dec reased by about 25 degrees . Point bin Figure 43 
must be shifted to the right to 0. 12. Tempera tures of c rysta ll iza tion of specimens 3, 4, and 6, based on the 
composit ion of muscovite and Figure 43, are es timated to be eq ua l to or sli ghtly less th an 450 deg rees 
(Table X , last co lu mn). 

TABLE l X Sodium and Potassi11111 Content of A/bite, M uscovite,' and Potash Feldspar .fro/// a 
p('g111atite dyke (refer 10 Figure 37 for relafil'e posi1io11 ofsa111ples) 

Zone Na In dex of refraction Anorthitc2 
No. Minera l Na ,o K,O Na+ K x z (mol. fraction) 

3 
4 
6 
7 
8 
I 
2 
3 
4 
6 
7 
8 
J 
7 
8 

a l bi te J0 .2 0.54 0.97 1.528 1. 539 < 0.03 
aJbite 10.4 0 . 75 0.96 J .528 1.539 < 0.03 
al bi te 7.5 4.8 0.70 1.529 J.540 < 0.03 
alb ite 9.9 0.58 0.96 1. 528 1. 539 < 0.03 
a lbite 9.5 0.78 0. 95 1. 529 1.540 < 0 .03 
muscovi te 0 .64 10.5 0 .085 
muscovite 0.64 10.3 0 .086 
muscovite 0 .72 9.7 0. 10 1 
muscovite 0. 76 JO. I 0.102 
muscovite 0.74 10 .1 0. 100 
muscovite 0.65 10.3 0.088 
muscovite 0.68 10.2 0.092 
K fe ldspar' 2.3 J2 .8 0.2 14 
K feld spar 2.8 12.4 0.255 
K feldsp~r I. 7 13.3 0. 163 

R. K. ana lys t 

' X- ray powder photogra ph s reveal that all muscovites arc common 2M po lymo rphs (Yoder and 
Eugs ter, 1955 ). 
2 Based on index of refract ion measurements co mpared wi th the data of Smith ( 1960). 
' Large crysta ls, ma y not be 'coex isting' wi th associated muscovite and al bi te. 
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PEGMATITE BODIES, YELLOWKNIFE- BEAULIEU REGION 

The index of refractio ns indicates that the a l bite specimens conta in a very small 
calcium content. These minerals are therefore regarded as essentia ll y binary solid 
solutions of aA ISi 30 s(Ab) and KAISi 30 s(Or). As potash feldspar generall y con­
tains only very small amou nts of calcium, this mineral is also regarded as a binary 
solid solutio n of Ab and Or. Similarly, muscovite is rega rded as a so lid so luti on of 
KA'3Si 301 0(0H )2 (M u) a nd NaAl 3Si 301 o(O H) 2 (P g). 

Jn o nl y one of the specimens from wh ich potash fe ld spar was ana lyzed (No. 8) 
are the fe ldspar phase so closely associated that they may be reasonably inferred 
to represent an equ ilibrium associat io n. According to the so lvus of Barth (1959), 
this mineral pair was equilibrated at a pprox im ate ly 450°C (Fig. 41) . According to 
thi s solvus and the so lvu s in the system Mu-Pg (Eugster and Yoder, 1955), other 
mineral s of the pegmatite mass provide the lower limits of temperature listed in 
Table X. 

TABLE X 

"' ~ 500 
>-­
<( 

::::; 
~ 400 

>--

300 

0 . 

1 
2 
3 
4 
6 
7 
8 

Deductions R egarding Te111pera/11re of Pegmalite 
Crystallizario11 (i11 °C) 

Based on a content of muscovite 
Based on Na 

content of potash 
feldspar 

(Barth , 1959) 

> 500 

> 550 
'.:::'.450 

Based on 
K content 
of a lbite 

(Barth , 1959) 

'.> 700 

'.:::'.450 

(Eugster and 
Ycder, 1955) 

> 410 
> 410 
> 450 
> 450 
> 450 
> 425 
> 425 

FIGURE 41 

Proposed 
equilibrium 

diagram, 
Figure 43 

< 450 
< 450 
> 450 
> 450 

< 450 
450 

200 U--"----'---'--~--,-~--=-_____,~-,:':,-----;:-:---::_ 
0 10 20 30 40 50 60 70 80 90 100 

Th e alkali feldspar solvus, according to 
Barth (1959). Th e composition of certain 
feldspars of Table IX in relation ta the 
solvus is indicated. 

O r 

76 

PER CENT Ab 
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THE PEGMATITE MINERALS 

The compositional data for specimen 8 together with the so lvus of Barth (1959) 
and Eugster a nd Y oder ( 1955) may be used to construct an equilibrium diagram for 
the sys tem KA1Si 30 8 - NaA ISi 30 8 - Al 20 3.H 20 a t a bo ut 450°C (Fig. 42). This 
di agram differs slightly from that co nst ructed by E ugster a nd Y oder, as the so lvus 
of Ba rth was used in place of the so lvus of Tuttle a nd Bowen (1958). The ma in 
difference howeve r is th at fr o m the present stud y, a two-phase fi eld (muscovite + 
albite) is inferred to exist in thi s sys tem. 

]n relation to pegmatite, the asse mbl age potas h fe ldspa r+a lbite+ muscovite is 
of greatest interest. According to the phase rul e, the a: K rat io of each of these 
phases becomes invariant , prov ided temperature a nd press ure a re fixed. H ence the 
sodium co ntent of muscovite is temperature dependent , provided it coexists with 
potash feldspar and a l bite. This is exp ressed by a movement o f point a to the right , 

100% 
K Al Si 30 8 

Or 

KAl3Si3010( 0H)2 

Mu 

a b 

Mu scovite/ 
+ Albit e 

M uscovite + 
Parag onite Albite 

Mu scovite + Potash Feldspa r + 
Albite (Specimen 8) 

Na Al3 Si3 010(0H)2 

\ Pg 

\ 

Paragon ite + 
Al bite 

\ 

c d 

100% 
NaAISi30a 

Ab 

GSC 

FIGURE 42. Sugg ested equilibri um re lations in a part of th e sys te m KAISi 30 s-NaAl~i30g-Al,0 3 . HzO at about 450 C 
base d an th e muscovite -paraganite solvus of Eu gster and Yoder (1955), th e alka li feldspar sol vus of Barth 
(1 959), an d p egmat ite sp e cim e n 8 (Tabl e IX). 
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a lo ng the line Mu-Pg, as temperature ri ses. The point cann ot of co urse move beyond 
point b, which rep resents the ma ximum sodium co ntent poss ible in muscovite at the 
specifi ed temperature. 

The pos iti o n of the bo und a ri es in the right-ha nd side o f the di agra m is less 
ce rta in . The pos iti o n of poin t d , as marked , is hypothetica l, but it may be noted 
that thi s point must lie to t he right of point c, o r it may co incide with c. 

Mu scovite 1 a nd 2 coex ist with two feld spa r phases, a nd hence it s sodium 
content should provide a n ind icat ion o f the te mperature of crystalli za ti o n. As these 
co nta in sma ll er concentrations of sodium th a n found in muscovite 8 (Fig. 43) , they 
ha ve p resumably c rysta ll ized a t a te mpera ture lower tha n a bo ut 450°C. Muscovite 
3 and 4 coexist with a lbi te but not with potash feld spar, and consequently, a t a bo ut 
450°C their sodium content sho ul d li e betwee n po in ts a a nd b (F ig. 43 ). As the 
points lie to the right of b, specimens 3 a nd 4 a re inferred to have crystallized at 
temperat ures greate r tha n abo ut 450°C. Specimen 7, which a lso is not associated 

KAl 3Si 3 0 10 (0H l2 
00 

GSC 

0 05 

0 90 

KAI Si 3 0 8 +---

0.95 LOO 

Na Al Si 3 0 8 

FIGURE 43. Di storte d pha se diagram, showi ng position of th e ti e lin es joining muscovi te ond olbit e for different 
sp e cimens from a p eg motite dyk e. Numb e rs corr es pond to those of Fig ure 37 ond Tabl e X. Th e 
invariant muscovite composition ind ica ted by ass emblag e 8 is ma rked (a), a nd th e maximum 
p ermissibl e sodium content of muscovit e at 450 °( is marked (b). 
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with potash feldspar , lies to the left o f point a, a nd is therefo re inferred to ha ve 
crystalli zed at a temperature lower tha n about 450°C. Fin a ll y, mu scovite 6 co incides 
with po in t b , a nd the refo re represe nts a te mpera ture greater than abo ut 450°C. 
Note that the associa ted a lbite co ntain s a n unusua ll y hi gh potassium content , 
refl ecting a temperature greate r tha n abo ut 700°C (Fig. 4 1). Since this a lbite is 
a no ma lo us in the pegmatite mass under st ud y, it is questionable if it represents 
eq uilibrium co nditi o ns. The muscovite- a lbite ti e-lin e is therefore o mitted from 
F igu re 43 . 

Specimens 3, 4, a nd 7 do not co nta in potash feldspar , a nd if these spec ime ns 
crys ta lli zed a t a uni fo rm temperature they wo uld provide in fo rm at ion rega rdin g the 
pos iti o n of the tie-lines in the two-phase regio n muscovite+a lbite . Since the position 
of the field shifts as a fun ction of temperature a nd p ress ure, the t ie- lines exper ience 
both a shift a nd ro tation with cha nge in te mperature and pressure. However, t ie­
lines 3, 4, a nd 7 a re not even app rox im ate ly pa ra ll e l, which indicates that the three 
minera l pairs did not c rysta lli ze at a uni fo rm temperature and pressure, assu min g 
eq uilibrium prevailed. 

Although the da ta of Tab le X a re somewhat contradictory, they suggest that 
the ce ntra l zo nes of the dyke crysta lli zed at a higher temperature than the marginal 
zo nes . 

Variations in Composition of Al bite and Muscovite 

Numerous in vesti gat ions have been repo rted recent ly o n va ri at io ns in the 
chemica l composition (both major and trace elements) of minera ls within sin gle 
pegmatite bodies. These stud ies have dealt with a la rge number of minerals and 
elem ents. The work of Staatz, et al. ( 1955) , Ofteda l ( 1959), Solodov ( 1960), and 
H itc ho n (1960) is especiall y notewo rth y. Numerous trends have been estab li shed of 
a progressive inc rease o r decrease in the co ncentrati o n of ce rta in ele ments from the 
m a rgin to the central regio n of pegmat ite masses. 

The data of Table lX show that in a dyke nea r Sparrow Lake the Na co nte nt of 
rnuscovite inc reases from margin to centre. Such is not so however fo r dykes in 
other terrains. Grootemat a nd Ho ll a nd (1955), Solodov ( 1960) , a nd Norton and 
others ( 1962) a ll report a decrease in the sodium co ntent of muscovite from margin 
to co re. The cause of thi s d isag ree ment is not kn own. 

The data o f T a ble IX a lso show that the potassium co nte nt of a l bite in one of 
the intermediate zo nes is much higher tha n in the margina l zones . Otherwise, the 
Na :K ratio in a l bite is remarkably uniform a ll ac ross the d yke . These findings a re 
in ge nera l agreeme nt with those o f Solodov ( 1960) who repo rted a n enrichment of 
potassium in a lbite within the cent ra l region relat ive to a lbite in the margina l zones. 

A lthough a systematic va ri a ti on in mineral co mpos iti o n from margin to cent re 
m ay be expected fr o m th e crysta lli zat io n of a silica te me lt under ce rtai n co ndi t ions , 
si mil ar va ri at ions may co nce ivab ly a lso resu lt from other processes, and the data 
discussed here do not immed iately lead to a co nclu sion conce rnin g pegmatite 
crysta lli zat io n. 
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FIGURE 44 . Profil es across a p egmati t e dyke in granite (Pl. XXV) with refer ence to sodium and potassium 
content and volum e p er cent of apatite, tourmalin e, muscovite, biotite, and potash feldspar. 
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Chapter VI 

WALL-ROCK ALTERATION 

Some of the pegmatite dykes in the eastern margin of the Sparrow Lake pluton 
are surro unded by a ureo les of rock enriched in muscovite a nd depleted in potash 
fe ldspar. The a ureo les a re commo nly I to 3 cm thick and are slight ly darker than 
the no rma l Sparrow Lake gra nite (Pl. XXIll) . Similarly some of the pegmat ite 
bodies in schi st of the Yellowknife- Beaulieu regio n a re surrounded by aureo les of 
variable thickness, characte ri zed by abundant tourmaline (Pl. XXIV). An under-
tanding of these wall-rock a lterations may be of considerable intrinsic value, and 

may, in addition , throw some light on the close ly associated pegmatite-forming 
process. 

Muscovite-rich Aureoles about Pegmatite Dykes in Granite 

Mu covite-rich aureo les are associated with various pegmatite dykes in the 
eastern margin of the Sparrow Lake granite pluton , but most common ly with dykes 
of the easter ly trending swarms, a found fo r exa mple at site 146 (Fig. 4). No 
apparent relationship exists between the thickness of dykes and the thickness of the 
associated au reo les. The aureole about the pegmatite dyke shown in Plate XXV 
was examined in detail. This is an easterly trending vertical dyke with a maximum 
thickness of 6 cm a nd a plan length of more than 24 metres. The nearest dyke to 
the north is 25 cm, and to the south, 90 cm . 

Units studied ( l to 10) were at in te rvals across the dyke, extending well into the 
country rock beyond the aureo le but not into the aureo les of the adjacent dykes 
(Fig. 44) . Mineral assem bi ages , mineral proportions, estimates of plagioclase 
composition , and the sodi um and potassium content of each unit were determined 
and are listed in Table XI. Some of these data are presented graph ically in Figure 
44, which expresses the observed va ri at ion in vo lume per cent of potash feldspar , 
biot ite, muscovite, tourmaline , a nd apat ite , and the sodium and potassium content 
of the wall-rock as a function of distance from the pegmatite dyke. 

In Chapter II a remarkable homogeneity in the northeastern part of the Sparrow 
Lake pluton is noted, and in Table LY mineral proportions of a typical specimen 
(No. 1) are presented. A co mpa ri so n of this specimen with the gra nite on eithe r side 
of the aureo le under st ud y reveals that the proportions of all the samples of granite 
are nearly identical. It is assumed therefore that the muscovite-rich aureole about 
the pegmatite dyke initially possessed a mineral assemblage a nd mineral proportion 
sim il ar to that of the granite beyond the aureo le. 
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Jt is immediately apparent (Fig. 44) that the transfo rmation of granite adjacent 
the pegmatite dyke in vo lved an increase in the content of muscovite, tourmaline , 
and apatite, and a decrease in the content of potash feldspar and possibly biotite. 
The proportions of quartz a nd plagioclase have not noticea bly changed, but the 
chemical co mposition of the plagioclase is estimated to have changed slightly 
(Table XI ). The est im ated sli ght increase in the sodium content of plagioclase is 
not however reflected in the sodium profile (Fig. 44). 

Variation i11 111i11eral assemblage, 111i11era/ proportion (1 •0 /11111e per ce111), estimated 
TABLE X ! p/agioc/ase co111positio11, a11d sodi11111 a11d potassi11111 co11le11t i11 a ::one exte11di11g 

across a peg111c11ite dyke , its aureole . a11d the adjacent 11or111a/ granite 
(refer ro Fig. 44 /or reln1i1•e posirions of 1111i1s I 10 10) 

nits 2 3 4 51 6 7 8 9 JO 

quanz 36 29 38 42 27 34 34 29 40 32 
pl agioclasc 35 38 33 3 1 II 34 39 43 25 37 
potash feldspa r 18 15 JO '/z 62 I II 15 20 !7 
biotite2 4 .2 6.0 4. 8 3.2 0 3.2 3.8 2.7 5. 1 4.4 
muscovite 6.6 12 14 2 1 < Yz 27 12 II 10 8.7 
tourmaline 0 0 0 l/z Yz Y2 < l/ 2 < Y2 0 0 
apat ite <Y2 <Yz < '/2 1. 3 l/2 1.4 < l/2 < l/2 <Y2 < Y2 
bery l 0 0 0 0 <Y2 0 0 0 0 0 
3Na,o 3.6 3.8 3.6 3.3 2.5 3.6 3.9 3.6 3.6 3.4 
3K,O 3.6 3.7 3.0 2.9 '.::: 8.0 2.9 3.7 3.5 3.7 4.2 
plagioclase 
Ma~ . exti nction 

angle JI 12 13 15 17 14 13\12 13 12 II 
An estimated 

compos ition 10 9 7 6 0 6 7 7 9 JO 

1 pegmat itc 2 includes minor chlor;te ' R. K . analyst 

The inverse relation ship between the muscovite and potash feldspar content 
within the aureole is expressed graphicall y in Figure 45. This rel at ion ship , as seen 
especia ll y in the left wa ll (i.e., the left side of Fi gu re 44) suggests the poss ibility that 
muscovite crystal li zed at the expense of potash feldspar. 

It is poss ible to write everal potential reactions to produce muscovite from 
potash feld spar. The most simple of these does not require an additi on or remova l 
of potassium and silicon: 

KAISi :iOs+ Al 20 3+ H20 --7 KA\ 3Si 30 rn(OH) 2 (a) 
potash feld spar 

109 cc 
m uscovi te 

140 cc 

Accord ing to thi s reaction each cc of potash fe ld par will form approximately 
1.3 cc of muscovite . Another pos ible reacti on is one in which there is no effective 
addition or remova l of oxygen ion s: 

KAISi 30 8 + Al + 4 3 H --7 2 3 KAl :;Si 30 1o(OH) 2 
potash feldspar 

109 cc 
mu scovite 

93 cc 
+ I 3 K + Si (b) 

According to th is reaction each cc of potash fe ldspar yields approximately 0.85 cc 
of muscovite. 
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Krefz, 13 -7- 60 

PLATE XXIV Peg motite d y kes in nodular (cor ­
di erit e-contc ining) schis t of th e 
Yellowknife Group. Observe dork, 
tourmaline- rich aureole. (North of 
Bighill Lake, lot. 63 31 ' N , long. 
l 14c03 'W.) 

Kretz , 8-8-60 

PLATE XXlll 
Branching p eg mo tit e dykes in the 
east.arn margin of th e Sparrow Lak e 
granite pluton. Observe dark musco­
vite-rich aureoles. (~ite l 23, Fi g. 2.) 

Krefz , 9 -5-60 

PLATE XXV Pegma tite d yk es in Sp arrow lake 
granite. Observ e dark, muscovit 2-
ri<h aureole. This dyk e, which is 
4 cm thick, was select ed for d • ta il ­
ed stud y. (me 145, Fi g. 4.) 
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FIGURE 45 
Reciprocal relationship between volume 
per cent of potash feldspor and muscovite 
in o contact aureole adjacent a pegmatite 
dyke in granite. Op en circles refer lo the 
left wall and closed circles to the right 
wall, as shown in Figure 44. 

The calculations of Table XII show that in the aureole examined the disap­
pearance of each cc of potash fe ld spar is accompanied by the appearance of ap­
proximately 0.83 cc of muscovite. This figure is nearly identical to that predicted 
by equation (b). Note also that equation (b) demands a removal of potassium 
which agrees with the observation that the m uscovite-rich aureole has been depleted 
in potass ium (Fig. 44). A reaction sim ilar to (b) is therefore considered plausible. 

Although the decrease in potash feldspar and the increase in muscovite are 
quantitatively the most important alterations imposed on the granite adjacent the 

TABLE XII 

Minera l 

potash 
fe ldspar 

muscovite 
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Calculation of mineral volume changes in a11 aureole about a pegmalite dyk e i11 granite 
(data from Table X l; refer to Fig. 44 for relative positions of rock 1111its 1 to JO) 

Change in volume of 
mineral (in cc) 

in prism of 
Change in volume rock I cm x 

R ock Vo lume (cc of minera l Width of I cm x width 
Unit (per cent) per cc of rock) zone (cm) of zone to tal 

I, 9, 10 O. I 8(av.) 
2 0.15 - 0.03 J.9 - 0.057} 
3 0.10 - 0.08 l. 7 - 0.136 -<l.525} 
4 0.005 - 0. 175 J.9 - 0.332 - 1 00 
6 0.01 - 0.17 l.7 - 0.289} . 
7 0.1 I - 0.07 l. 8 - 0.126 - 0.469 
8 0.J 5 - 0.03 1.8 - 0.054 

J, 9, JO 0.084(av.) 
2 0.12 + 0.036 l. 9 + 0.068 } 
3 0.14 + 0.056 1.7 +0.095 +0.403} 
4 0.21 + 0.126 J.9 + 0.240 + o 83 
6 0.27 + 0.186 l.7 + 0.3 16} . 
7 0.12 + 0.036 J. 8 + 0.065 + 0.428 
8 O.l l + 0.026 J.8 + 0.047 



WALL-ROCK ALTERATION 

pegmat ite dyke, the appearance of tourmaline a nd the increase in a pat ite in the 
a ureo le a re definitely estab li shed (F ig. 44). A poss ible decrease in the a mount of 
biotite within the aureo le is suggested by the data of Figure 44, a nd it is possible 
that the iron a nd magnesium necessa ry to produce tourmaline there were derived 
from biotite . No information is avail a ble concernin g the reaction that has produced 
a notab le concentrati o n of apatite in the au reo le nea r the dyke. Perhaps the requi red 
calcium was derived from plagioclase. Tt is certain however, that so me phosphorus 
was introduced, a nd , as most apatite crystals co ntai n app reciab le fluorine (Vas il eva, 
1957), some of this element was a lso probably introduced. 

Another interpretatio n of the data of Figu re 44 may be offered. Note that the 
profi les for potash feld spar a nd rnuscovite are the type to be expected if potash 
fe ldspar moved from the a ureo le to the dyke, while muscovite moved from the site 
now occupied by the pegmatite to the a ureo le. A calcu latio n wi ll show, however , 
that whereas a vo lum e of 1.0 cc of potash fe ldspar is avail ab le (Table XII) , a vo lume of 
1.76 cc is req uired by the pegmatite dyke, and whereas a vo lume of 0.34 cc of mus­
covite wou ld be made avail ab le from the vol ume of gran ite now represented by the 
dyke, a vo lume of 0.83 cc is req uired by the a ureo le (Table Xlf). The agreement 
between these pairs of figures is poo r, and no posi tive evidence was found in the 
ava ilab le data to suppo rt a n hypothes is of minera l segregation for pegmatite forma­
tion. It may be noted in t hi s connect io n that some dykes approximately a metre 
thick are surro unded by au reoles no la rger than the one abo ut the small dyke under 
study. 

lt is poss ible , however, t hat so me of the pegmatite materia l was derived from 
the enclosing rock. As the wall-rock reactions have released potass ium and as the 
pegmatite rep resents a concentration of potassium, so me or a ll of the liberated 
potass ium may have been used to produce pegmatite-fo rming minera ls. 

Variation in the Sodium and Potassium Content of Granite as a 
Function of Distance from a Beryl-containing Pegmatite Dyke 

A particular beryl-co ntai nin g dyke in the eastern margin of the Sparrow Lake 
granite pluton was exam ined from the viewpoint of va ri at ion in the sod ium and 
potassium co ntent of the surro unding granite as a function of d istance from the 
dyke. The exam inatio n was extended well beyond a na rrow but conspicuo us 
muscovite-rich a ureo le abou t the dyke. 

T he dyke under stud y is at site 337 (Fig. 4). It strikes north , dips 75°W, a nd 
has a horizo ntal thickness of 1.8 feet (54 cm). lt is composed of quartz, plagioclase, 
potash feldspar, muscovite, and be ryl. An estimate of the beryl co ntent, based on 
a n intersection of five crysta ls in the a rea of 15 sq ua re feet , is 0.14 per cent. The 
rnuscovite-rich a ureole is about 3 cm thi ck. Samples of granite we re co llected a lo ng 
lines nearly at right a ngles to the pegmatite-granite contact, a nd exten d a distance 
of 12.6 feet west and 6.5 feet east of the dyke. The sodium a nd potassium analyses 
of the sa mples a nd of a channel sa mple of the dyke are li sted in Table XIII a nd 
presented in graphic form in Figure 46 . 
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TABLE XIII 

No. 

l 
2 
3 
4 
5 
6 
7 
8 
9 

JO 

Sodium and potassium co11te111 of pegmalite and 
surrounding granite 

(refer 10 Figure 46 for re/a ri ve posirions of 
samples I ro JO) 

Na 20 

3.0 
2.6 
2.8 
3.6 
4.2 
3.2 
4.9 
3.2 
3.2 
3.2 

K 20 

5.1 
4.9 
5.3 
4.3 
2.0 
5.7 
2.0 
5.5 
5.3 
5.3 

W. U . Romeny, ana lyst 
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FIGURE 46. Sodium and potassium profil es across a pegmatite d yke in granite (site 337, Fig. 4). Num bers 
correspond with those of Tobie XII I. 
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W A LL-ROCK ALTERATION 

The data obtained show that the muscovite-rich au reole is conspicuously 
depleted in potassium relative to the granite beyond the au reo le, as expected from 
the preceding investigation. H owever, the observed enrichment of sodium in the 
a ureole was not found previously. 

Observe that specimen 4, co llected about 0.4 foot west of the pegmatite contact , 
a nd beyond the aureole as defined by macroscopic in spectio n, is a lso e nri ched in 
sod ium and depleted in potassium . Hence the muscovite-rich aureo le is somewhat 
thicker than estimated , but since spec imen 8 co ntain s 'normal' amounts of alkali 
elements , the a ureole does not extend as far as 1.3 feet from the pegmatite. o 
sign ificant varia ti ons in sodium and potassium content were found in the granite 
beyond the narrow muscovite-rich aureole. 

Tourmaline-rich Aureoles about Pegmatite Dykes in Schist 

A distinct a ureo le of tourmaline-rich rock of variable properties a nd thickness 
was observed abo ut many of the pegmatite bodies in Yellowknife Group sch ist. 
Different aspects of these aureoles are shown in Plates XIV, XXVl- XXX a nd 
Figure 14. Jn the terrain east of Sparrow Lake (Fig. 2) , tourmaline-rich a ureoles 
a re more commonly found about pegmatite dykes near the Sparrow Lake granite 
pluton than about similar dykes farther from the granite, i.e. , near Thompson Lake. 

No relationship ex ists between thickness of dyke a nd thickne~ s of the associated 
aureole. Thus the thickness of aureoles was fo und to range from a small fraction of 
a centi metre (P l. XXX) to seve ra l cent imetres (Pl. XXV!I) , regardless of the thickness 
of the associated pegmatite dyke. Also, the thickness of an aureo le commo nl y 
varies abo ut a ny particular pegmatite mass , as is clear ly shown in Figure 14. This 
variability cannot be related to the mineralogy of the pegmatite. 

The fo ll owing obse rvat io ns reveal certain factors that appear to be instrumental 
in governing the extent of development of tourmaline-rich aureo les. 

1. An increase in the thickness of an aureo le is commonly found where a 
discontinuity is encountered in the associated pegmatite dyke. These 
discontinuities may take severa l forms, for example a narrowing of the 
dyke (Pl. XXYJ) , termination of a dyke with en echelon con tinuation (Pl. 
XXVJI), a nd a branching or direction cha nge ( Pl. XXlX). 

2. The thickness of an a ureole is locally gove rned by the composition of the 
schi st in which it develops. Bi oti te-rich schist appears to be the most 
favourab le rock for tourmaline growth, as shown for example by Plate YI. 

3. Where a pegmatite dyke intersects schi st at one place and an earlier 
pegmatite dyke at another, a tourmaline-rich zone may form in the schist 
but not in the ea rli er pegmatite. 

4. Tourmaline-rich au reo les were common ly observed to terminate abruptly 
aga inst a pre-pegmatite quartz ve in . This is illustra ted in Plates XXVI, 
XXVJI, and XXY lLI , a nd in Figure 14. Quartz veins appea r to have 
formed barriers to a supposed advancing front of wall-rock alteration. 

87 



PLATE XXVI 
Part of th e p eg matite d y ke shown in Plate XXIV. Observe 
offset of qua rtz vein, and varia tion in thickness of d y ke and 
aureole; a lso, a brupt term ination of a ureole aga inst quartz 
vein nea r tap of photogra ph. 

Kretz, 14-2 -60 

PLATE XXVll 
Part of th e p egmatite d yke shown in Plate XXIV. Most of 
the fi la ments betw een th e en echelon units are composed of 
p egm atit e b ut some a re quartz. Observ e abrupt termina ­
tion of tourm a line- rich aureol e against quartz vein. 

Kretz, 15·3-6 0 
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Kretz , 13 -8-60 

PLATE XXVlll 
Pegmatite d y ke emplaced along an 
earli er tourmalin e vein set. Observe 
o ffse t of vein se t (a t hammer handle), 
sugg esting dil a tional emplacement. 
Observe prop erti es of the (dark) 
tourmaline-rich aur eol e, especiall y th e 
pref er entia l d evelopment of tourma ­
line in cordi erite nodul es, and th e 
abrupt termination of th e aureole 
against a quartz vein. (North of Bighill 
Lake, fat. 63 °31 ' N, long. 114°03 ' W .) 



Pegmatite dyke in schist, showing con­
centration of tourmaline-rich aureole 
(d ark) at a discontinuity in th e p eg­
matite d yke. Thickness of dyke, 5 cm. 
(Shore of Hidd en lake, lot. 62 °32 ' N, 
long. l l 3 °32 ' W.) 

;PLATE XXX I 
Schist of th e Ye llowknife Group en­
closing a pegmatite dyke (P) which is 
cut by a qu artz vein (Q). A tourm aline­
rich aureole is associa ted with the 
quartz vein but not with th e p e gmatit e 
dyk e. Not e e nlarg e me nt of tourma­
line-rich zon e as p egmatite is ap­
proached (at a), and absence of thi s 
zone wh ere th e quartz vein trav erses 
th e p e gmatite d yke (at b). (North of 
Bighill lake, lot. 63°31 ' N, long . 
l l4°03 ' W.) 

Kretz , 13-1 -60 

.- PLATE XXX 
Marginal area of a pegmatite d yke, 3 l metres thick, 
showing very narrow tourmalin e-rich aureol e, and abundant 
develo pm ent of tourmalin e within inclusion. Note offset of 
quartz vein in inclusion (a t p encil point) relative to quartz 
vein in schist wall-rock. (Shor e of Hidden lake, lot. 62 °32 ' N, 
long. 113°32 ' W.) 

Kretz, 15-5-60 
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PLATE XXXll. Specimen of p egmctite dyke (1 .6 cm thick), its tourmoline-rich aureole, end adjacent unaltered 
schist, selected for detailed study. Zones 1 to 3 ore referred lo in text. (Site 21 0, Fig . 2 .) 

5. Incl usions of schi st in pegmatite may be more extensively altered than the 
wa ll of the dyke (Pl. XXX). This is not, however, co mm on. 

6. Tourmaline-rich au reoles are a lso associated with some quartz vein s. This 
is shown for example in Plate XXX[ which a lso illustrates the fact that 
so me pegmatite dykes are entirely free of such a ureol es. 

Microscopic Examination of a Tourmaline-rich Zone 

Adjace nt a Small Pegmatite Dyke 

Numerous speci mens of tourma line-rich au reo les were co ll ected and examined 
microsco pica ll y. These exa min ations revealed that the a ureoles are characte ri zed by 
the presence of apatite, decrease in the a mo unt of biotite, and the presence of 
abundant tourmaline. 

One of the specimens (Pl. XXXll) was selected for detailed stud y. The pegma­
tite is composed predominantly of a lbite a nd quartz. Minor apatite, traces of 
ilmen ite(?), and gra ins of tourmaline a re a lso present. The dyke li es parallel with 
a pronounced fo liati on in the enclosing schi st. 

A preliminary exa minatio n of the aureole showed that it can be divided into 
three zones of contrasting tourmaline content, as shown in Plate XXXII . These 
have been further divided into subzones. The mineral assemblages a nd mineral 
proportions of each of the subzo nes a re li sted in Table XlY. 
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TA BLE X IV 

Zone : 

Ja 

q uartz 33 
plagioclase :::: l 
biotite 0 
muscovite 0 
tourma line 56 
apa tite 9 
ilmenite• J 

Variation i11 111i11eral asse111b/age a11d 111i11era/ 
proportion across a lo11r111a/i11e-rich aureole, 
extending fro111 peg111a1i1e co11tacl to 1111a/tered 
schist (refer lo Pl. XXXll for relative posi1ion of 
~ones 1 to 3) 

2 3 

lb 2a 2b Ja Jb 

39 27 27 23 27 
:::: I 37 37 44 43 

I 23 30 32 30 
0 0 tr tr tr 

54 J2 5 <Y2 <Y2 
4 0.7 < I/2 < Y2 < Y2 

l/2 0 tr2 tr2 tr 

1 opaque mineral , not definitely identified as ilmenite tr trace 
2 inclusions in tourmaline < less than 

If it is ass um ed that the schi st was init ia ll y ho mogeneo us within lhe rock uni t under 
stud y, i.e. , the minera l asse mblage and proportio n of zo nes l and 2 were initia ll y 
nearl y identical to those of zone 3, then the res ults of Table XL V show that common 
quartz- plagioclase- bi ot ite schist of the Yellowknife Group has been a ltered th ro ugh 
an increa e in tourmaline, a pati te, a nd quartz a nd a dec rease in bi ot ite a nd plagioclase. 

Va ri ations in minera l propo rti o ns as a function of di sta nce from the pegma ti te 
contact a re best examined in g raphical for m, as shown in Figure 47. Obse rve that 
there is a reciprocal relation ship between the biotite a nd the tourmaline co ntent of 
the wall-rock (Fig. 48). This o bservatio n, together with the obse rved increase in 
apatite a nd quartz and decrease in plagioclase, suggests that the fo ll owi ng skeletal 
reacti on has taken p lace: 

biotite+plagioclase + . .. 
--7 tourmaline+apatite + quartz+ 

More detailed inform ati o n rega rdin g this reactio n may be obta in ed by trans­
forming the vo lume percentages o f zo nes 1 a nd 3 (Table XIV) to number of mole 
per 1,000 cc of rock (Table XV). Thi s ca lculation required a n estimate of the Fe:Mg 
ratio of bi o tite a nd tourma line, as show n in T a ble XVI. It a lso requires ce rta in 
simplifica ti o ns in mine ra l formulae a indicated in the equati o n to fo llow, and the 
ass umpti on th at changes in rock vo lume resulting from wall-rock al tera ti on we re 
negligibly small . The informati o n of Table XV can then be ex pressed as a chemical 
react io n, as follows: 

11 Si0 2+ 1.8 [( aA lSi 30 s)o.ss(CaAl 2Si 20 sh1s] 
quartz plagioclase 

+ 2K(Mg,Fe)AISi 30 1o(OH) 2+0.5 a+7.9 Al + 5.9 Si 
biotite 
+ 4.4(0H,F)+ l.3 P +6 B +34.7 0 

--7 16 Si02+2Na (Mg,Fe) 3Al sB3Si s0 2i(OH) 4 
quartz to urma li ne 

+ 0.43 Ca 5(P04}i(OH,F)+0.05 Ca +2K (c) 
apatite 
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FIGURE 48 
Reciprocal relation between th e volume 
p er cent of biotit e and tourma line in a zone 
of wall- rock al teration adjacent a p egma­
tit e dyke in sch ist. Numbers correspond to 
those of Plate XXXll and Figure 47. 

Co1111ersio11of11ol11111e per cent of 111i11erals (Table X l V) lo 11w11ber of moles per 1,000 
cc of rock 

Mineral' Vo lume (cc) Density Weight (gm ) M o l. Wt. No. Mo les 

quartz 250 2.65 662 60.09 l 1.0 
plagiocl ase 430 2.63 I 130 640.0 1.8 
bio tite 310 2.98 923 464.6 2.0 

qua rtz 360 2.65 953 60.09 15 .9 
tourmaline 550 3. 17 1740 892 2.0 
apat ite 70 3.07 215 502 0.43 

1 For formul ae used see equation (c) 

The above calculat ions ha ve shown that the react io n does no t require a n ad di­
tion or rem ova l of(magnesi um + iron). A ll of the (Mg,Fe) released by the di sso lution 
of biotite ha s evide ntl y ente red to urmaline . A lso, it may be noted that a ll the ca lci um 
needed for the crysta lli zat ion o f apa tit e may ha ve co me from plagi oclase. P o tass ium 
released from bi o tite has certa inl y escaped from the rock, a nd since the a mount of 
sodium made a vai lab le from plagiocl ase is apparentl y in suffic ient to sa tisfy the 
requirements of to urmaline, a n introductio n of sodium is postul ated . In add iti o n, 
phosphorus a nd boron were certa inly introduced , a nd the ca lc ul at ion s suggest that 
a luminum , silicon , hydroxyl , and flu orine were a lso introd uced. 

TABLE XV I 

b io tite 
tourma line 

Esti111ated Fe/ Fe+ M g ratio in biotire (unaltered schist) and 1011r111ali11e (tour111ali11e­
rich aureole) in speci111e11 illusrrared in Pia re X X X 11 

Meas urements 

d(060) = J .542A 
a= l5.97A 
b =7 .1 8A 

Estimated 
co mpos it ion 

Fe/ Fe+ Mg :::::: 0.3 
scho rl-dra vite 
Fe/ Fe+ Mg:::::: 0.5 

Reference 

Eugster a nd Wo nes ( 1958) 

Epprecht ( 1953) 
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Development of Muscovite Adjacent to Pegmatite Dykes in Schist 

Seve ra l microscopic examinations have revealed that muscovite is present about 
orne pegmatite masses in schist, regardless of the pre ence or absence of tourmaline. 

Thi s mineral is fo und as tabular gra in s 'cutt ing' biotite g rains, a nd forms on ly about 
1 to 3 per cent of the rock by volu me. The absence of muscovite from apparent ly 
unaltered schi st farther from the pegmatite dykes indicates that the mineral is a 
product of wall-rock a lterati on. 

An example of thi s type of a lte ra ti o n is found adjacent to the pegmatite body 
shown in Figure 24. At A, where mu scovi te is found in the pegmatite, it is a lso 
present in the wal l-rock, as shown in Fi gure 39, but at B, where pegma tite is devoid 
of muscovite , no muscovite was found in the wall-rock (Fig. 33). 

It is not known to what extent muscovite has formed from biotite, quartz, and 
feldspar initiall y present in the wall-rock, a nd to what extent its component elements 
have been introduced . In certain pl aces the potass ium liberated by the biotite ~ 
to urmaline reaction may have entered m uscovite. H owever, where tourmaline is 
not present, a nd the wa ll-rock is enriched in potassium (as desc ribed in the fo llowing 
secti on), it a ppears li ke ly that so me or a ll of the muscovite-forming elements were 
introduced. 

Variation in Sodium, Potassium, and Lithium Content of Schist as 
a Function of Distance from Pegmatite Dyke 

A pegmatite dyke a nd the adjacent wa ll-rock were examined to detect variations 
in the sodium , potassium , and lithium content of the surrounding schist as a function 
of dista nce from the pegmatite. o macroscopically visible tourmaline was fo und 
in the wa ll s of this dyke, and the present in vestigation is concerned with a possible 
wa ll-rock alteration other than the common tourmalinization. 

The pegmatite mass under study is a t site 433 (Fig. 2, north of Thompson Lake) ; 
it strikes north west, dips nea rly ve rti ca l, and is 31 feet thick . Tt cons ists of quartz, 
plagioclase, potash feldspar , muscovite, hydromica , podumene, beryl , a nd tantalite­
columbite. The last three minerals form roughly 3, I , and O. l per cent respectively. 

The surro unding rock is a n interlayered sequence of nod ul a r schist (q ua rtz­
feldspar- biotite- co rdierite) a nd non-nodu la r schi st (q ua rtz-feldspar- biotite) of the 
Yellowknife Group. The strike of these layers is nearly parallel with that of the 
pegmatite dyke, and the dip is 40 to 50° E. Samples were collected along lines 
bearing 75° E, i.e ., along lines that li e abo ut 55 degrees from the strike of the 
pegmatite dyke . So me of the sa mples of schist near the dyke consi t of one rock 
fragment o nly, others farther from the contact consist of eight or nine fragments 
collected along a ho rizontal di sta nce of about 20 feet. The sa mple of pegmatite 
consists of thirty fragments collected at interva ls across the entire width of the dyke. 

The ana lyses of these samples are li sted in Table XV I l a nd presented graphically 
in Figure 49. 
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FIGURE 49. Sodium, potassium, ond lithium profiles across a peg matite dyke in schist (site 433, Fig. 2). Numbers 
correspond with those of Table XVll. 

TABLE XVlf 

Sample 0. 

7 
6 
5 
4 
3 
2 
I 
8 
9 

JO 
II 
J2 
13 
J4 

Sodi11111 , po1assi11111 , and /ithi11111 co111e11/ of p eg111alite a11d t!te 
st11To1111di11g sc!tist 
(ref er to Figure 49 for relative position of samples I to 14) 

Horizo ntal dista nce (ft) from 
pegmati te contact measured in 

direction 55° with strike of dy ke a ,o K,O Li20 

137.5 - J 60.3 3.6 2.2 0.1 
92.5 - J08.8 3.7 2.3 < 0.1 
55.9 - 66.5 2.6 2.8 0.2 
22.5 - 3 1.0 5.4 2.6 < 0.1 

8.3 - 8.9 3. 1 3.5 0.2 
3.7 - 5.0 1.9 3.0 0.2 
1.1 - 1. 3 3.2 3.4 0.2 

pegmati te dyke 4.7 1.9 0.3 
0.7 - 1.0 2.4 3. I 0.2 
4.2 - 4.4 2.6 3.5 0.2 

12. 1 - 12.5 3.7 2.0 0.2 
36.0 - 45.8 3.4 2.7 0.2 
82 .5 - 88.7 3.8 2.1 0.1 

127.0 - 155.0 3.7 2.0 0. 1 

W. U. Romeny, ana lyst 
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The data have establ ished that the schist adjacent to the pegmatite for distances 
of 50 feet or so has been enriched in potassium and lithium , and possibly depleted 
in sodium. On the basis of previous discussion , it is suspected but not confirmed 
that the increase in potassium may be attributed to the format ion of muscovite. 

Discussion of Wall-Rock Alteration 

The presence of tourma li ne in wa ll-rocks of gra niti c pegmatite masses has been 
known for many years and has been reported frequently. Thu s Patton (1899) 
reported the development of tourmaline, quartz, and minor apatite at the expense 
of bi otite and plagioclase adjacent to certa in pegmatite masses in Colorad o, a ltera­
t io n zones apparentl y identical to those of the Yell owkn ife- Beaulieu region . Similar 
repo rts have appeared from time to t ime; those by Carl (1962) a nd Sundelius (1963) 
provide examples of relatively recent studies. 

The p resence of muscovite in contact aureo les was reported by Chapman (194 1) 
with reference to certai n pegmatite masses in New Hampshire. Mu scovite grains 
were fo und to in tersect a fo li ation defined by biotite grains, a lso as found in the 
Ye ll owknife- Beaulieu terra in . 

Although the development of alterat ion zones about pegmatite bodies is a 
com mon phenomenon, so me inconsistency exists regarding the a ppearance a nd 
disappeara nce of mineral s in these zones. Thus muscovite may appea r (Anderson, 
1933 ; Chapman, 1941; Hu tchinson, 1955) o r disappear (Schwartz and Leonard, 
1927), and potash feldspar may appear (H utch in son, 1955 ; Schwartz and Leonard , 
1927 ; Reitan , 1959b) o r disappear (Kretz, 1967). 

Recent studies ha ve shown that trace elements are a lso involved in wall-rock 
alteration processes. Thus Kalita (1959) , Stavrov and Bykova ( 196 1), and R yabchi­
kov and Solov'yeva (1961 ) a ll report an increase in lithium and rubidium in contact 
aureoles relative to unaltered co untry rock. Kalita ( 1959) a lso reported an increase 
in bery llium content. 

The va rious mineralogical a nd chemical a lterat ions of wall-rock adjacent 
pegmatite masses a re norm a ll y co nsidered to be the result of the migration of matter 
from the pegmatite to the wa ll- rock. D ata obtained from the Yellowknife- Beaulieu 
terra in are in ag reement with thi s interpretation. 

The data collected regarding the deve lopment of muscovite in gran ite and 
tourmaline in sch ist a re considered to be sufficiently complete to base u po n them a 
preliminary interpretation of the ki netics of the reactions in vo lved. The reactions , 
though complex in detail , may be considered to cons ist of three separate processes 
o r gro ups of processes: 

l. migration of e lements to reaction site, 

2. nuclea tion , chemical reaction , a nd crystalli zatio n, and 

3. migration of elements away fro m reaction site. 

A ny particular reaction is considered to take place along a front that slowly 
advances into the co untry rock from the pegmatite- co un t ry rock interface. Hence 
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it is necessa ry to postulate a mi gra ti o n of elements from a o urce, considered to be 
the pegmatite mass, to the front. T wo types of m ovement proce ses may be envisaged : 

l . mechanical flow o f a fluid that carries the required elements to the fr o nt in 
so luti on, a nd 

2. chem ica l fl ow, i. e. , diffusio n resultin g fr o m a chemical potential gradient. 

Within small vo lumes of rock (as shown for exa mpl e in Pl s. XXV a nd XXXll ) 
the front a ppea rs to have adva nced uni fo rml y. T hi s impli es mi gra t io n thro ugh 
so lid rock rather tha n a lo ng channels o r fractures. The move me nt is therefore 
cons idered to ha ve take n pl ace a long grain bo unda ri es. Although littl e is kn own 
regardin g the composition and st ru cture of gra in bo undary regio ns in crysta lline 
roc k , mic roscopic examinations have shown that no sig nificant open spaces ex ist. 
Hence a mec hanical fl ow of ma tte r a lo ng these bo undaries is unlikely, and a chemical 
mi gra ti o n is considered a mo re feas ible meth od of transport. Certain substa nces 
that norm a ll y behave as a fluid (e.g., H 20 ) will necessa ril y be present , a nd presumably 
will a lso move by a diffu sio n mechani sm. 

Different c hemica l species a re expected to m ove at different rates , a nd the 
reaction rate, a nd hence the rate o f movement of the react ion front , was probably 
dete rmined by the reactant t hat moved most slowly to th e reacti on site, this being 
either a n introduced spec ies o r a component of a mine ral that is undergoing di sso lu­
ti o n. 

Th e general variability in the sha pe and th ick ness of reaction zones , especially 
of the to urma line-ric h type, may be the res ult of va ri a ti o ns from place to place in 
th e dura ti o n o f time in which the chemica l po tential s of the va ri ous reacta nts we re 
uffi ciently high to a ll ow the reacti o n to proceed. Fo r exam pl e, adva ncing fr o nts 

were ev identl y stopped loca ll y by quartz ve in s, presuma bl y because the ve ins prov id­
ed diffusio n ba rri e rs to ce rta in reacta nts, thus ca using a dec rease in their c hemical 
potentials o n the o ppos ite side or the ve in s. 

The fate of po tass ium a nd other products tha t escaped from the reaction front 
is not known. They may have moved in a directi o n away from the pegmatite, or 
towards the pegmatite, o r more li ke ly, in both directio ns. If some of this ma tter 
m oved towards the pegmat ite, differen t elem ents must have moved in opposite 
directi ons at the sa me time, a co mm o n fea ture of diffu ion processes in ge ne ral. 
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Chapter VII 

INFERENCES REGARDING THE PEGMATITE­
FORMING PROCESS, BASED ON DATA COLLECTED 

FROM THE YELLOWKNIFE-BEAULIEU TERRAIN 

Many opini ons have been expressed regarding the origin a nd emplacement of 
pegmatite rocks si nce these were fi rst studi ed more than a century ago. The reviews 
of Fersman (193 1), Johannsen ( 1932), Ja hn s (1955), a nd Chadwick (1958) reveal 
that no generall y acceptable hypothesis has yet been fo rmul ated. 

For the pegmatite bodies of the Yellowknife- Bea uli eu region , hypotheses of 
pegmatite emplacement were prev io usly proposed by Hutchinson ( 1955) and Boyle 
(196 1 ). 

The pegmatite bodies examined by Hu tchinson are near the R edo ut Lake 
granite pluton , in a country rock of granodiorite a nd am phibolite. Hutchin son's 
hypothesis for the format ion of these bodies may be summ a ri zed as fo ll ows: 

1. pegmatite was derived largely or wholly from the R edo ut Lake granite 
pluton, 

2. relatively near the gra nite pluton , the pegmatite-forming matter moved 
through the cou nt ry rock by a process referred to as "io nic transfe r"; 
farther from the gra nite it moved , at least in part , through open fractures, 

3. near the gran ite pluton , pegmatite crysta lli zed from a "pegmatite fluid" , 
by replacement of the co untry rock, whereas fart her from the gran ite the 
pegmatite minera ls c rysta lli zed from a " magma" . 

This hypothesis can not be accepted as it sta nds, ma inl y because of inconsistency 
in defining the pegmatite-fo rming age nt, which is variously refe rred to as " pegmatiti c 
fluid ", "aq ueo us so luti o n", " pegmatitic emanation", migra ting io ns ("io nic tra ns­
fer"), a nd "pegmat ite magma" or " liquid ". 

Boyle's investigations were co nfined to pegmatite bodies near the Prosperous 
Lake gra nite pluton . Boyle's hypothes is may be summ a ri zed as fo ll ows: 
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J. pegmatite was derived from metasedimentary rocks of medium meta­
morphic grade in the aureo les about gra nite plutons, or from solid gran ite; 

2. the pegmatite-forming matter migrated by diffusio n from solid gra nite to 
pegmatite vein s in gra nite, a nd from metasedimentary rocks to pegmatite 
vein s in these rocks, the latte r mi gra tion taking place during rock meta­
morphi sm . 
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The data of Chapters TI and V do not indicate that pegmatite bodies were 
largely or wholl y deri ved from the surro unding co untry rock, and Boyle's hypothesis 
is therefore not app licable to the pegmatite bodies investigated by the writer. 

As the hypotheses of Hutchinson and Boyle ca nn ot, without modification , be 
applied to the pegmatite bodies of the present stud y, a brief reflecti o n a nd di scuss io n 
of pegmatite de velo pment , based on the data of this repo rt , is presented below. It 
will be noticed that ma ny of the inferences drawn are in partia l agreement with the 
hypotheses of Hutchin son a nd Boyle. 

The problem of pegmatite petrogenesis may be convenientl y divided into three 
parts : (1) so urce of pegmatite, (2) t ranspo rt of pegmatite-fo rmi ng matter, a nd 
(3) crysta ll iza ti o n of pegmatite minerals. 

Source 

The comm on associa ti on of pegm atite masses with gra nite plutons, as empha­
sized by Bastin (1910), has led to the interpretation that pegmatite a nd gran ite have 
a comm o n a ncestry. Us ua ll y it is ass umed or inferred that the gra nite ex isted in a 
liquid state an d the pegmatite matter was separated from the liquid (Fersman , I 93 1; 
H einrich, 1953 ; Hutchinson, 1955 ; Joklik, 1955a; ikitin , 1958; Ta tekawa, 1959 ; 
and m a ny others). On the o ther ha nd , the impoverished zones abo ut pegmatite 
bodies (G ree nl y, 1923; R eitan, 1959a) as well as recent chem ical evi dence (H eier 
and Taylor, 1959 ; R yabchi kov a nd Solov ' yeva , 196 1) support the hypothesis that 
pegmatite matter was derived from the enclosing so lid rock . 

With reference to the Yellowknife- Beaulieu terrain, a t least two pote nt ia l 
sources for the pegmat ite-fo rming matter may be postula ted ; a hypothetica l pre­
existing gra niti c liquid , and the ex isting solid gra nite a nd schi st. The fo ll owing 
evidence is pertinent : 

1. R ecent (post-1960) radioactive age determinations (Table I) have give n 
ages fo r pegmatite a nd granite that a re, within the limits of experimental 
erro r, identica l. This observa ti on links the event of pegmatite emplacement 
with the event of gra nite emplacement a nd contact metamo rphi sm. Field 
evidence in the fo rm of pegmatite dykes 'c utting' granite dykes and 
gra nite- schi st co ntacts indicates however that pegmatite bodies a re 
yo unger than gra nite masses , though the difference in age may be sma ll in 
relatio n to the geological time sca le. lt is a lso noteworthy, as di scussed in 
Chapter IV , tha t pegmatite bodies of the Sparrow Lake - Thompson Lake 
area a re not o nl y diffe rent in age relative to each o ther, but pegm atite 
minerals in the central part of ce rtai n dykes are signifi ca ntl y yo unger than 
pegmatite minera ls along the margins of the sa me d ykes. It is evident 
therefore that pegmatite-fo rming mate rial was made avai lab le during a 
significant span of time. 

These considerat io ns a re co mpatible with an hypothes is that relates gra nite and 
pegmatite to a common so urce as lo ng as provision is m ade fo r the specified age 
rel a tionshi ps. A plausible seq uence of events is as fo ll ows: 

(i) ex istence of la rge volume of gra nite materi a l 
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(ii) separation and crystallization of pegmatite-forming matter 
(iii) emplacement of granite plutons a nd dykes 
(iv) remobilization of pegmatite-forming matter, transport, and emplace­

ment of pegmatite bodies. 

The hypothesis as worded does not specify the state of the granite and pegmatite 
during emplacement. 

2. A zona l ar rangement of pegmatite minerals was observed in the Sparrow 
Lake - Thompson Lake terrain . A distribution of this kind may result if 
pegmatite-forming elements of different degree of mobility ha ve a common 
source in the vicinity of the Sparrow Lake pluton, and have moved outward 
from that so urce. 

3. It may be possible to determine whether or not the pegmatite-forming 
matter was derived from the Yellowknife Group schists by observing 
whether or not the schi sts nea r the pegmatite bodies are depleted in 
pegmatite-forming elements. The regional distribution of alka li elements 
does not support the lateral secreti on hypothesi s. Furthermore, in the 
Staple Lake terrain a relatively high proportion of which is composed of 
pegmatite , the enclosing schi sts a re not obviously abno rm al in composition , 
as might be expected if the pegmatite-forming matter was derived from 
these rocks. 

4. Stud y of the wa ll- rock alteration revealed no depleted zones about pegma­
tite bodies . It is however estab li shed that potassium has been liberated 
from the common muscovite-rich aureo les in granite and the to urmaline­
ric h aureoles in sch ist, a nd it is conceivable that this element was consumed 
by the potassium-containing pegmatite mineral s. lf so, at least some of 
the pegmatite-forming matter was de ri ved from so lid sch ist and granite. 

5. Certain mineralogical relatio nships between pegmatite bodies and the 
enclosin g rocks were reported ea rli er. The most important of these is that 
pegmatite dykes that do not co nta in potash fe ldspar are confined to 
schist. Also, cordierite, si lliman ite, a nd a ndalusite we re fo und within 
some pegmatite masses , not necessarily in their margin s. F urthermore, 
biotite- ch lorite intergrowths, possibly derived from the wall-rock , were 
reported . These data suggest that, at least loca ll y, so me of the pegmatite­
form ing matter (minerals or elements) was derived from the enclos ing rock . 

From the above in fo rm at ion it is concluded that most of the pegmatite-forming 
matter has a so urce that is close ly linked with the source of the gra nite plutons. For 
the Sparrow Lake - Thompson Lake terrain , the so urce may lie at some depth below 
the central area of the Sparrow Lake pluton as now exposed. H owever, a small 
proportion of the total pegmatite-forming matter was evidently derived from the 
solid schist and granite country rocks. 

Transportation 

Field obse rvati ons of pegmatite bodies have led to the general conclusion that 
pegmatite-forming matter can be transported over cons iderable distances through 
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the earth's crust, sometimes for several miles. Moreover, pegmatite bodies, unlike 
basaltic dykes , characteristically possess the shape of discontinuous pods, veins , or 
lenses, with few visible interconnecting 'channels' to facilitate movement of the 
pegmatite-forming matter. This observation was emphasized by Andersen (193 l) 
and has led Ramberg ( 1952), Hutchin son (I 955) , Micheelsen (1960) and others to 
postu late the migration of pegmatite-forming matter through olid rock, and to 
envisage a dispersed phase capable of migration along grain boundaries in common 
crysta lli ne rocks. 

For the Yellowknife- Beaulieu terrain , the following data bear on the problem 
of pegmatite transport: 

1. Provided the above-mentioned interpretation regarding the source of the 
pegmatite bodies is correct, pegmatite-forming matter has in so me terrains 
migrated a di sta nce of several miles. In contrast, granite dykes have not 
penetrated the country rock schists for more than a few hundred feet. 
This suggests a greater mobility for pegmatite-fo rming matter relative to 
granite-forming matter. 

2. The outline of pegmatite bodies as viewed in plan suggests that in three 
dimensions the bodies are pods, veins, and lenses. Even those pegmatite 
bodies that appear to be tabular, ' pinch-out' when followed a long strike 
and therefore appear to be isolated narrow lenses. The sharp contrast 
between discontinuous pegmatite dykes and co ntinuous diabase dykes is 
clearly shown in Figure 3. 

Small , apparently isolated lens-shaped , masses o f pegmatite are common near 
dyke terminations, and certain small pods of pegmatite are definitely isolated in 
schist. It appears therefore that at least some and possibly many of the pegmatite 
bodies investigated are entirely enclosed in schi st o r granite . Consequently, if the 
pegmatite-forming matter i to arrive at the site of crystallization, it must have 
migrated through solid crystalline rock. 

3. A study of wall-rock alteration has shown that boron and other elements 
have permeated solid schist for distances of several centimetres or more, 
while potassium and other elements have migrated out of contact aureoles 
in both granite and schist. Hence at least some pegmatite-forming elements 
a re capable of permeating solid crystalline rock. 

It is concluded then that at least so me pegmatite-forming matter has migrated 
through schi st and granite. As macroscopic and microscopic examinations of these 
rocks have shown them to be genera ll y devoid of 'openings' it is thought that the 
migration is most likely by diffusion. The migration is considered to have taken 
place along grain boundarie and minute fractures. 

Crystallization 

umerous inferences have been drawn in the past regarding the process of 
deposition or crystallization of pegmatite minerals . Because of the general lack of 
agreement, at least three premises regarding the state of the pegmatite-forming 
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matter have been suggested , i.e., liquid state (silicate melt) , water-rich solution, and 
dispersed state (Jahns, 1955). 

It is commonly realized that the texture and structure of pegmatite dykes are 
highly variable and are therefore not comparable to those of basalt, porphyry, or 
other dykes known or reasonably inferred to have crystallized from silicate melt 
(Andersen, 1931). Thus Brogger (1890) considered the crystallization of pegmatite 
to be a multi-stage process, and Hess (1925) , Landes (1925), and Schaller (1925) a 
process involving replacement of pre-existing pegmatite minerals. 

In the Yellowknife- Beaulieu region , the properties of pegmatite bodies that are 
unique when compared with common basalt and porphyry dykes are briefty li sted 
below. 

1. Grain size i highly variable within individual pegmatite bodies, and 
relatively coarse- and fine-grained masses are found side by side. 

2. Crystals of feldspar, spodumene, muscovite, and beryl are locally oriented 
nearly perpendicular to dyke walls. 

3. Minerals are rarely di stributed evenly within pegmatite bodies ; commonly 
the distribution is irregular or zonal. The quartz content for instance may 
va ry from I 0 per cent to l 00 per cent along the length of certain dykes. 

4. In many dykes albite and potash feldspar are found as discrete grains. 
Moreover, albite may be confined to the marginal regions and potash 
feldspar to the central regions of certain dykes, thus eliminating the possi­
bility of a separation of these phases by an exsolution reaction . Nearly 
all the compositional data obtained for feldspars and muscovite indicate a 
crystallization temperature of 400- 500°C. 

5. Various types of mineral intergrowths are found locally. 

6. Bent and broken mineral grains are common. 

7. Schist adjacent to certain dykes has been plastically deformed , presumably 
during the crystallization process. Certain projections of schist into 
pegmatite were also deformed, necessa rily through an application by the 
pegmatite of non-hydrostatic stress. 

8. An examination of intersecting dykes and of schist inclusions in pegmatite 
dykes has led to the conclusion that certain dykes developed by repeated 
dilation and introduction of pegmatite-forming matter. In contrast to 
typical multiple dykes , contacts between different ages of pegmatite are 
rarely detectable. 

9. Some pegmatite-schist contacts are highly irregular, suggesting a finite 
replacement of schi t by pegmatite minerals. Pegmatite crystallization has 
locally proceeded through a replacement of pre-existing granite. 

In view of these data , the hypothesis that pegmatite crystallized from a stagnant 
or slowly moving silicate melt is unacceptable. Pegmatites are more like certain 
metasomatic rocks (skarns) and quartz veins that crystallized at low temperature. 
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The crystallization hypothesis of R a mberg (1952) which m a intai ns tha t pegmatite 
b odies developed by a relatively slow growth accompa nied by dilatio n or replace­
ment of the enclosing rock is in closer harm o ny wi th the o bserved da ta . Acco rdin g 
to thi s hypothesis, the pegm a tite minera ls represent the fi xation of a m o bile di spersed 
p hase consisti ng of ions a nd atom s, including H20 . 

Resume 

The pegmatite bodies and the granite plutons are inferred to have a co mm o n 
source. Pegmatite-forming matter was presumably separated from gra nite befo re 
emplaceme nt of the granite p luto ns, a nd was subsequentl y remobili zed . A sma ll 
proportion of the pegmatite m a terial was derived fr o m the co untry rock. 

P egmatite-forming matte r is inferred to have migrated through granite an d 
schist country rock , pa rtl y along gra in boundaries and partly a lo ng minute fractures. 
The migration is therefore co nsi dered to have taken place by diffusion ra ther tha n 
by the m echa nica l fl ow of a fluid. 

The sites of pegmatite crystallization were presumably determined by structures 
in the country rocks, pa rti c ul a rl y fractures. As the pegmatite-forming m a tter 
a rrived a t the crystallization sites, crystallization of pegmatite minera ls a nd dilation 
of th e country rock proceeded simulta neo usly and loca lly, repeatedly. Meanwhile 
some m a tter diffused into t he wall-rock, fo rming aureoles of wa ll- rock a lte rat io n. 
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