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PREFACE 

Several unusual deposits of niobi um-beari ng minerals assoc iated with ring­
like structures, and alkali ne and carbonate rocks have been found in O ntario and 
Quebec. Some have been explored by compa nies to test the possibility of economic 
production of niobium and other metals , and all have aroused considerable 
academic interest. 

The study of one such complex, near Nemegos , Ontario, was the subject of 
a doctorate thesis sponsored by the Geological Survey of Canada. The author 
spent the field season of ] 956 on the complex and returned p rivately for shorter 
visits in 1957 a nd 1958. This report includes resu lts of laboratory work carried out 
at the U niversity of California and presents detailed data a nd conclusions that 
e lucidate problems of a ll such deposits. 

J. M. HARRISON, 

Director, Geological Survey of Canada 

OTTAWA, January 8, 1960 
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ALKALINE ROCKS AND NIOBIUM 

DEPOSITS NEAR NEMEGOS, ONTARIO 

A bstracf 

A rin g complex of a lkal ine rocks w ith carbonate rock and rnagnetile­
apat ite bodies lies with in th e gneisses of tbe Timiska min g subprovince of th e 
Canad ia n Shie ld nea r Nem egos, northern Ontario. T he complex co nsists of 
three concentric rings of alka lin e rock: an ou te r ring 3 mil es in d ia meter 
a nd co mposed of coarse nephe line sye nite; a midd le r ing of fo li ated m a li gnitc. 
and ijo lite trave rsed by magnetite ve ins, a nd inc ludin g a n arcuate bod y of 
ca rbon ate rock ; a nd a n inne r rin g of coa rse nephe line syen ite. Contacts between 
ne phe lin e sycnite a nd m a lignite a nd the fo li ation in th e ma li gni te dip nea rl y 
ve rtica ll y . Bodies of ca rbo nate rock and magnet ite-a pa tite d ip steeply towards 
the cent re of the co mpl ex. L amproph yre dykes c ut a ll rocks a nd clip at low 
a ngles away from the centre of th e compl ex. The gneiss surroundin g the oute r 
r in g of neph e line syenile shows ev idence o f co ntac t a lterat ion . Of eco nomic 
interes t is magnetite a nd pyroch lore. 

F rom chemica l and petrogra phic studi es a nd field ev id e nce it is conclu ded 
that m agma o f neph e line syenite composition occupied steepl y clipping ri ng-type 
fractures. Aqueous solutions ri c h in ca lc ium , ca rbo n diox ide, iron, fluorine , 
phosph a te and iridium pe rco lated into th e wa ll roc ks. Th ese solu tions arc 
th o ught to h ave been de ri ved direc tl y from th e parent magma of the ne phe lin c 
syenitc. A lt e rat ion of the gnei ss outside the co mpl ex in vo lved pyroxe niza ti on 
and cles iliea tion to form a rock with minera ls cha rac te ri st ic of th e igneous 
a lkalin e rocks. A septu m of gne iss between the o uter a nd inner rin gs of 
nephe line sye nite was highl y a lte red by perco lating solut io ns to form a layer of 
ma li gnite. Solutions of sim ilar composition a lte red neph eline syen ite to ijo li te 
a lo ng frac tures occupied by magnetit e ve ins a nd deposit ed in co ne-sheet 
frac tures th e min era ls of the magnetite-apat ite rock a nd of the ca rbo nate rock. 

R esume 

Un compl exe a nnul a ire de roc hes a lca lin es renfermant des masses de roch es 
ca rbo nalees et des a m as de magnet ite-a patite se re nco ntre a u se in des gneiss de 
la sous-p rovince geologique Ti miskaming du boucl ier ca nadien , a proxim ite de 
N emegos ( Nord de !'Onta rio ). Ce co mplexe se co mpose de trois an nea ux 
concentriqu es de roches a lca lin es: un a nn ea u ex te ri e ur , d 'un diam etre de tro is 
milles, co nstitue de syenite nepheliniqu e a gra in grass ier; un a nn ea u inter­
mediaire de ma lignite foli ee et d ' ijolite cou pee de filons de m agnetite, et co m­
prenant ega lement une masse arqu ee de roche ca rbo natee; et, finalem e nt, un 
anneau interieur de syenite ne pheliniqu e a grain grossier . L es co ntacts, entre 
Ja syenite ne pheliniq ue et Ja ma li gnite, et la fo lia tion a u se in de la 
malignite , sont a pend age presqu e ve rtica l. Les masses de roche ca rbonatee et 
de magnetite-apat ite sont fortem ent in c lin ees vers le centre du co mplexe. D es 
dykes de lamproph yre co upent toutes Jes roches, et il s ont des pend ages pe u 
prononces ve rs l'exterie ur du co mpl exe. Le gneiss, qui entou re l'a nn eau ex ter ie ur 
de syenite nepheliniqu e, co ntie nt des indices d'une a lterat ion de contact. Du 
point de vue economiqu e, il est interessa nt de signa ler la presence de magnet ite 
et de py roch lore. 
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II ressort. des eludes chimiques et petrographiques. et des resultats obtenus 
sur le terrain , qu ' un magma de compos it ion syeni te nephclinique a rcmpli des 
fractures de type annele a fort pendage. Des solutions aqueuses riches en 
ca lcium , en an hydride carbonique, en fe r, en Fluor, en ph os ph ate et en irid ium 
se sonl infiltrees clans Jes roches eneaissantes. On eroit que ees solutions onl 
der ive d irectement du magma orig inel de syen ite nephelinique. L'alteration du 
gneiss. a l'exterieur du comp lexe, a enlralne la pyroxenisa tion et la cles ilica tion, 
pour abou tir a une roche a min eraux propres aux roches ignees alcalines. Un 
segment de gneiss, s itue entre Jes ann ea ux exter ieur et cent ra l de syenile nepheli­
nique, a ete fortem ent a ltere par Jes solutions d'infi ltra tion, et il s'est transforme 
en une bande de m alignite . Des so lutions de composition se mblable o nt trans­
forme la sye nite nephelinique en ij o lite, le long des fractures occupees par Jes 
fi lons de magnet ite, et e ll cs ont depose, dans des fractures de fo rme conique et 
fa iblement espacees, Jes mineraux qui compose nt Jes roches a magnetite-apatite 
el carbo natee . 

X II 



INTRODUCTION 

Alkaline plutoni c rocks o utcrop in a ring of hills that ri se 1,000 feet above 
the hummocky surface of the Canadian Shield a few miles north of emegos 
in northern Ontario. The o utstand ing features of the area are th e concentri c 
distribution of the a lka li ne rocks ( nepheline syenite, malignite, ijolite), isolated 
bodies of magnetite-apatite and carbonate rock within the alkaline rocks, and 
the Jocal occurrence of pyrochlorc (a radioactive, ni obium-bearing mineral ) in 
ome of the alka line rocks, magnetite-apatite bodies and carbonate rocks. 

The geo logica l problems inve ti ga ted in the area include: 
l . The di stribution and ge nesis of the alkaline rocks. 
2. The nature and significance of the a lteration of country rock about the 

a lka line complex. 
3. The di str ibution and genesis of magnet ite-apatite bodies. 
4. The di stribution and genes is of carbonate rocks. The association of car­

bonate rocks and alkaline rocks is a problem of current geologica l interest (Smith, 
1956; Pecora , 1956) 1 • 

5. The distr ibution and genesis of pyroc hlore in the complex. 
6. The sequence of events in the deve lopment of the alkaline complex at 

emcgos and its bearing o n the ge nesis of alkaline rocks in gene ral. 
The distribution of the rock types is described in the first part of this paper. 

The second p a rt is a d iscussion of possible modes of origin of the complex. 
The writer studied part of the a lkaline complex during the summer of 1956 

and parts of the summers of J 957 and J 958. The a rea was mapped o n scales of 
1 inch to 200 feet and 1 inch to J 00 feet. Exposures are not plentiful and , 
wherever poss ible, surface mapping was supplemented by examination of diamond­
dri ll cores. Specimens were collected for laboratory studies at the U ni versity o( 
Ca li fornia , Berkeley. 

Location 
The a lkaline rocks outcrop in McNa ught and Lackner townships, Sudbury 

mining di st rict , no rthern Ontario. Seven miles of gravel road connect the camp 
of Multi-Minerals Ltd. , in the southweste rn part of the area of alkaline rocks , 
with Nemegos stat ion on the main line of the Canadian P ac ifi c R ailway. The 
town of Chapleau lies I 5 miles northwest of the Multi-Mineral s camp and may be 
reached from Nemegos by 18 miles of gravel road , part of which is highway 129 
connecting Chapleau with highway 17 at Thessalon. 

History and Development 
T he first claims staked in the a rea covered a magnetite vein north wes t of the 

present Multi-Minerals camp, visible in an exploration-cut named the McVittie 
pit after the discoverer. Two claim s covering the pit and o ther magnetite exposures 

1 Names and/ or dates in parentheses are those of references cited in Bibliography at the end 
of this report. 
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Alkaline Rocks and iobium Deposits near emegos 

in the vici nity were staked and patented early in the century. Relatively little work 
was done until 1949 when the deposits were found to be rad ioactive. This 
discovery prompted the formatio n of the Nemegos Uranium Corporation which 
acquired the o ri ginal claims and staked seventy-two more-all on the west side 
of the alkaline complex. It was determined subsequen tly that radioactivity was 
ca used by pyrochlore, a titano-columbate of calcium and rare earths that commonl y 
contains minor amo unts of uranium. In September 1953 , Sudbury Northrim 
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Figure 1. Prop erty limits, Neme gos alkaline complex. 
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J ntroducti on 

Exploration Co . Ltd . 1 took an optio n on the p ro pe rty and in the same yea r it 
was sold to Multi-Minera ls Ltd . (see F ig. l ). T o date, the pro perty has been 
m apped geologica ll y, covered by magneto meter and sc intillo meter surveys, and 
65,8 58 fee t of di amond drilling h as been done from the surface. Bulk sample 
h ave been sent to labo rato ri es for o re dress ing and meta llurgical tes ts and in 1956 
Multi-Minerals applied for patent o f fo rty-nine claim s. 

Ch yka Mines Limited, D o minion Gulf Company, M ax Sil ve rm an of Sudbury 
and severa l o ther companies and individu als h ave conducted geophysica l and 
geo logical surveys and have done so me di amond drilling on the no rth and east 
sides of the a lkaline complex. Multi-Minera ls was the las t company active in the 
a rea; its progra m of expl oratory drilling was discontinued in October 1956. T he 
di strict was idle througho ut 1957 but in the spring o f 1958 Multi -Minerals Jet a 
contract to M annix Construct ion Company that ca lled fo r the mining of 150,000 
tons of magnetite-apa tite from No. 6 o rebody. The materi al was used in concrete 
mix to we igh down the Trans-Canada pipeline th ro ugh the mu skeg of north ern 
Onta ri o. 

A cknowl cdgm en rs 

Thanks fo r ass istance and co urtesies are te ndered to the management of 
Multi-Minera ls Ltd ., especia ll y to H . L. Garvie, consulting engineer, and to Lloyd 
O tto, res ident m anager ; and to G . E. P a rsons fo rmerl y of D ominion Gul f Com­
pany, R . W . Hu tchin son of Ameri ca n M etal C lim ax In corpora ted , and Fra nk 
Petroski of Brochu Diamo nd Drilling L imited . The writer benefi ted from unpu b­
li shed pl ans and reports supplied by Multi-Minera ls Ltd . and by the Dom in ion 
G ul f Co mpa ny. The fac ul ty of th e U ni versity of Ca li fo rnia at Berkeley and in 
pa rti cul a r the thesis co mmittee composed of F. J. T urner, B owel Willi ams and 
H . E . H awkes k indl y supervised the la boratory wo rk and fin al compil at io n of data. 
L. E. Weiss advised the write r in the fi e ld fo r a week in 1958 and the Committee 
o n R esea rch of the university provided fun ds fo r chemica l analyses . 

1 Sudbury orthr irn Exploration Co. Ltd . and Sudbu ry M idzone Mines Ltd. were merged in 
Apr il 1955 to form M idri rn Min ing Co. Ltd . M ulti-Minerals is an affi li ate of Midrim M ining Co. 
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GENERAL GEOLOGY 

Regional Geology 
The subject of this report lies within the T imiskaming subprovince of the 

Canadian Shield. The area had not previously been mapped geologically by federal 
or provincial surveys and the only mention of the general vici nity is in Bell 's 
(l 883) reconnaissance report on the Moose River basin, in which he noted in 
passing the presence of gneisses along Nemegos River and of erratic blocks of 
syenite on the shores of Nemegosenda Lake, 20 miles north of emegos . However, 
the Ridout area in Tooms township, which adjoins the southwest corner of 
Lackner township, was mapped for the Geological Survey of Canada by Emmons 
and Thomson (1929). They reported highl y sheared and chloritized acid to basic 
flows and pyroclastic rocks in Tooms township . The volca nic rocks, believed to be 
of Keewatin age, are cut by gra ni te. To the northwest, in Lackner and McNaught 
towns hips, where the alkaline complex lies, biotite gneiss outcrops in a few places 
and has been intersected by diamond-drill holes beyond the margins of the 
plutonic alkaline rocks. The gneiss is separated from the rock of Ridou t map­
area by the Ivanhoe River fault, a structure about wh ich little or nothing is known. 
Alkaline rocks with pyrochlore, simi lar to those of the Nemegos complex, have 
been di scovered and explored by the Domin ion G ulf Company at emegosenda 
Lake, where Bell first noticed syenite boulders (Parsons, 1957). 

Local Geology 
The most outstandi ng geological feature in the Nemegos area is a ring com­

plex of plutonic alkaline rocks outlined topogra phically by hill s, ponds and creeks 
(see Fig. 2). The outermost ring, 3 miles in diameter and marked by hill s ri si ng 
several hundred feet above the flat land outside the alka line area , is composed of 
very coarse grained nepheline syeni te. This syenite separates the gneissic country 
rock from an inner ring of dark alkaline rocks formed of ijolite and foliated 
malign ite, wh ich li es in a slight depress ion. Bodies of magnetite-apatite, carbonate 
rocks, and a few patches of alkorthosite li e within these dark colo ured rocks. A 
ring of equigra nular nepheline syenite, pinkish brown to grey, forms a ridge 
in side of the depression occupied by the dark rocks. The outcrop width of this 
layer of nepheline syenite is extremely variable . Simil ar syenite outcrops between 
the outer nepheline syenite and the dark rocks, in the northern part of the area. 
The core of the alkaline complex, within the ring of equigranular nepheline syenite, 
is a poorly exposed , coarse-grained, inequigra nular nepheline syenite. In summary, 
the principal rock-units appear in the fo llowing order from the cou ntry gneiss to­
wards the centre of the alkaline complex: 

(a) Country gneiss. 
( b ) Very coarse nepheline syenite of the outer ri ng. 

5 
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Alkaline Rocks and Niobium Deposits near Nemegos 

(c) A layer of foliated malignites associated with ijolites, magnetite-apatite 
bodies, carbonate rocks and alkorthosite. 

(d) Equigranular nepheline syenite. 
( e) Inequigranular nepheline syenite of the core. 
A sharp contact between the outer nepheline syenite and ijolite is exposed 

600 feet south of the McVittie pit. On the west shore of Rock Lake the nepheline 
syenite of the outer ring intrudes the foliated malignites. The contacts between thi s 
nepheline syenite and the inequigranular nepheline syenite of the co re are grada­
tional wherever they are exposed. The magnetite-apatite bodies and ca rbonate 
rocks have sharp contacts with fragments which they include and with the 
malignites. All rock types are cut by lamprophyre dykes . The relative ages of the 
rocks comm encing with the younges t are as fol lows: lamprophyre dykes, carbon­
ate rock, magnetite-apatite bodies, ijolite , maligni te, outer ring of nepheline syenite, 
inner core of equigranular or inequigranular nepheline syen ite, country gneiss. 

These age relationships have been determined from a study of the afo re­
mentioned intrusive relationships and a proposed order of developm ent set forth 
with substantiating evidence in the second part of this paper. 

An a irborne magnetometer survey has out lined the Nemegos complex and 
has indicated a satellitic magnetic ano mal y h alf a mile wide o n the property of 
Chyka Mines, northeast of Portage L ake. Diamond drilling indicates a circul ar 
body of alkaline rock separated from the main Nernegos complex by a thin 
septum of pyroxene~biotite gneiss. 

Structure 

The rock types are a rranged in concentric zones about a centre nor th of 
Lackner Lake. Foliations in the nepheline syenites, malignites, magnetite-apatite 
bodies and carbon ate rocks strike concentrically, p arallel with the contacts, and 
dip from 55 to 90 degrees towards the centre of the complex. Di amond-drill data 
show that the ca rbonate rocks dip towards the centre and suggest that the con­
tacts of the other rock types may also have this attitude. The lamprophyre dykes 
dip at low angles away from the centre of the complex and are concentric with the 
major ring tructure. 

F ive fa ults are believed to be present in the northern part o f the area and 
two others appear to pass co mpletely through the complex. These fa ults are inferred 
to explai n the distribution of rocks and certa in topographic features. The five 
fau lts in the no rth apparently st rike no rthwest to north whereas the regional fa ults 
that pass completely through the complex st rike northeas t. Apparent displacements 
arc small but the actual nat ure of the fau lts is unknown. Other fa ults may be 
present but unsuspected becau se of lack of outcrops and drill -ho le data. Diamond­
drill cores show many small fractures and narrow zones of gouge and breccia , 
especially within the ring of malignites. The fault s are la ter than the intrusions 
and do not bear on the genes is o f the alkaline complex. They a re therefo re not 
shown on the geo logical map . 
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DESCRIPTIO OF ROCKS 

The nephe line syenites are composed essentiall y of alkali fe ldspar and 
nepheline; the malignites of alkali feldspar, nepheline and aegerin augite ; and the 
ijoli tes of nepheline and aegerina ugite . The m agnetite-apatite and ca rbonate rock 
are what their names imply. Most of the rock-units a re subdivided as to texture 
and gra in size; fine grained meaning a gra in diameter of less than 1 mm , medium 
grained of I to 5 mm , coa rse gra ined of 5 mm to 3 cm , and very coarse grai ned 
meaning a gra in diameter greater than 3 cm. Mod al analyses are presented wi th 
the written descriptions and chem ica l analyses, and iggli values a re given where 
they are available. The properties of the var ious minerals are given in the section 
entitled Mineralogy. 

'Oncer' Nephcline Syeniccs 

The nepheline syenite in the outermost ring of the alkaline complex can be 
divided into four types, on the basis of mineral-content and texture . Exposures 
of type 1 are distinct becau se of their very coarse and unequal-sized grains. Type 
2 has a minera l-content similar to that of: type 1 but tends to carry a higher 
percentage of feldspar and does not exhibit the very coarse grains of type 1. Type 
3 conta ins mo re than 20 per cent dark minerals, which is considerably mo re th an 
the other nepheline syenites. T ype 4 outcrops onl y a t Beaver Po nd where it is 
characterized by the development of needle-like laths of fe ldspar in an equi­
granular matrix. Modal ana lyses of the four types are li sted in T able I. 

Type 1. The outer nepheline syeni te that outcrops on the western and 
northern margins of the Multi-Minerals property is inequigranular, ve ry coarse 
grained , and varies in colour from white to grey fl ecked with black. On the expo ed 
surface nepheline crystals have weathered away, and the coa rse laths of feldspar 
stand out, emphasizing the alignment of the long direct ion of the lath parallel 
with the contact between the nepheline syenite and the rn alignites. 

Thi s nepheline syenite is composed essentiall y o f euhed ral grain of nepheline, 
up to 7 mm in diameter, and simple twinned la ths of a perthitic alkal i feldspar 
that vary in length from 2 mm to 4 cm. The perthite may be coa rse and the albite 
twins recognizable in the soda phase. Feld spar laths and nepheline grains are fresh, 
except for minor cloud y altera tion of the fe ldspar and local development of ca n­
crinite along fractures in the nepheline. Aegerinaugite , biotite, hornblende and 
magnetite are the dark constituents. The aegerinaugite is irregular in shape and 
poikilitically includes feldspar. Biotite occurs as ragged grains of many shapes; 
it rep laces aege rinaugite or hornblende o r occurs as interst iti al grains between felds­
par and nepheline. Small zircons surrou nded by pleochroic hal os occur within the 
biotite. Hornblende is always in and around the aege rinaugite and there a re all 
degrees of replacement of aegerina ugite by hornblende. The rocks along the western 
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A lkal ine Rocks and Niobium Deposits nea r Nemegos 

Table I 

Modes of N eph eline Syenites of the Outer R i111 

2 3 4 

Alka li feld spar . 37.9 28 . 1 33 .9 53 .8 

N ephe li ne . 50 .5 57 .4 38.9 34 .9 

Bio tit e . 7.8 6.2 7. 5 3.9 

Aegerina ugite . 2.6 ]. 3 9 .1 6. 2 

H o rnb lende .. 5 . I 9.8 

Accesso ry minerals J. 2 3 .8 0 .8 J. 2 

100 .0 JO I .9 JOO .O JOO .O 

Po ints .. 2066 208 1 2239 4343 

Po in ts were taken 1 111111 apart except in 455- 1-4 where points were taken ~ 111111 a pa rt. Rows were} 111111 

apart . 
I. Eas t side o f Camp Lake. 
2. Due north of Rock Lak e at the no rthern bound ary of Multi - Minera ls Ltd . propcn y. 
3. North of Rock Lake. 
4. Eas t sid e of Beaver Pond . 
A ccessory mineral s include magnelite, calcite, apatite, zeolites, fluorit e, ca ncrinit c, sph cne, pero vs ki tc. 

sodalitc and pyrochlo re. 

side of Upper Lake show this particul a rly well. There, aegerinaugite is surrounded 
by hornblende which in turn is r immed with biotite. Magnetite occurs in grains of 
irregular shape and extremely variable size and is most commonly grouped around 
the margi ns of the other dark minerals or included with in them. Apatite, socialite, 
sphene, calcite, cancrinite, perovskite and pyrochlore are present in mi nor amoun ts. 
Apatite rods are included in most of the mineral s. Socialite and sphene are generally 
euhedral, but soci a li te may fill in terstices between other mi nerals just as calcite does . 

The distribution of the forego ing minera ls is not uni fo rm . For example, in 
the western exposures 1,000 feet south of the M cVittie pit, there a re concentrations 
of nepheline in a reas 2 feet wide where nepheline fo rm s 90 per cent of the rock, 
the remaining 10 per cent be ing composed of corroded gra ins of feldspar a nd a 
very few dark minerals. 

H ornblende, in apprec iab le amounts, is present in the northern exposures but 
absent in the western. Oval patches of pyroxene and b iotite as much as 8 inches 
long occur within the nepheline syenites near margins. They are considered to be 
xenoliths of other rocks that have been severely altered . Pleochroism of biotite is 
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Description of Rock 

not as intense as it is in other nepheline syenites and some biotite grai ns are 
stra ined. Accessory minerals are apatite, calcite, ca ncrinite, magnet ite, amphibole, 
sphene and perovskite. 

Type 2. The nepheline syenite of the northeastern and southeastern margin of 
the a lka line co mplex is an ineq uigranul a r, coarse-grained rock. It i either brown­
grey with patches of black or a lmost black with patches of white, where dark 
minera ls fo rm clots. Nephelinc grai ns are euhed ra l to subhedra l and generally 
unaltered but some have ca ncrinite along cracks. The simple twinned alkali feldspar 
may be zoned and perthitic and slight ly clouded by a dull alteration product. 
Aegerinaugite has intense p leochro ism at the grain border but the centres are 
p lcochroic in shades of light green and the mineral is rarely rimmed with horn­
blende. Accesso ry minerals are apat ite, ca lcite, cancrin ite, magnetite, amphibole, 
sphene and perovskite. 

T ype 3. This nephe line syen ite o utcrops in the northwestern part of the Multi­
Mi nera l property, for the most part due north of R ock Lake. The rock occupies 
an e lliptica l area between the weste rn and northern exposures of type l nepheline 
syeni te and the maligni tes. The extent of type 3 is defi ned by sma ll outcrops and 
loose material; the con tact with ne ighbouri ng rock types has not been observed. 
The rock is inequigranular, coarse gra ined, and mottled grey and black. The con­
stituent minerals have the same optica l properties as those of the other nepheline 
syenites but the nepheline is most commonl y subhedral and the grains interlock 
with perthitic alkali feldspar. The fe ldspar laths do not exceed l cm in length . 
Rims of aegerinaugite grai ns are darker green than the centres and have smaller 
extinct ion angles (Z C), suggesting a higher content of the aeger ine molecu le at 
the gra in boundaries . R eplacement of aegerina ugite by ho rnblende is almost com­
plete in some spec imens, and many of the ho rnblende gra ins show onl y small 
blebs of aegeri naugite at their cores. Calcite is a very minor accessory. 

Type 4. The type 4 nepheline syen ite outcrops on the southeastern side of 
No. 6 mineral body and o n the shores of Beaver Pond . It is inequigranular, coa rse 
to medium grained , grey to brown, and composed essentially o f alkali feldspar 
and ncpheline . The fe ldspar forms needle-l ike laths up to l cm long with simple 
twins. The nepheline is medium grained , euhedral to subhedral, with patches of 
cancrinitc, and with the medium-gra ined aegcrinaugite and strongly pleochroic 
biot ite it forms an equigranu lar background for the fe ld spar lat hs. Accessory 
minerals are zeolites, fluorite , zircon, ca lcite, very fine grained magnetite, and a 
few grains of pyrochlore wit hin aegerinaugite. The rock is traversed by many 
magnetite vei ns flanked on either side by aegerina ugite and biot ite. The width of the 
pyroxene selvage increases directly with increase in width of the magnetite vein. 
Where several magnetite veins cut the nepheline syenite, the accompanying develop­
ment of aegcri naugite is sufficient to change the character of the rock from the 
nepheline syenite to ijolite . 
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Alka line Rocks and iobium Deposits near Nemegos 

Table II 

Ch e mical Composition, Norm , and Mode of In equigranular 
Inner Nep li eline Syenite 

Specimen 5 
Loca tion : So uth end of the western rav ine . 

10 

Si02 . 
Ti02 . 
Ali03 
Fe20 3 
FeO . 
MnO . 
MgO . 
Cao .. 
Na 20 . 
KzO .. 
HzO+ 
H20 -
P20 s. 
C0 2 

o r. 
ab. 
an 
ne 
di . 
o l 
ml. . 
ii. .. 
cc .. 
H10 

Norm 

Chemical Composition 

51.22 
0.22 

23.55 
0.42 
3.89 
O. J4 
0. 79 
3.36 
7.86 
7. 02 
l.02 
O. J l 
0 . 15 
0 . 18 

99.93 

41 .54 
2.62 

10 .74 
34 . 12 
3.83 
5.08 
0.46 
0 .30 
0.40 
l . 12 

100.21 

a l 
f m .. 
c 
a lk .. 

si ... 

Weight % ; Analyst: W. H . Herdsman 

Mode 

Alkali feldspa r 
Nepheline .. .... . . 
Aegerinaugite . 
Hornblende ... . 
Accessories .. . 

Accessories incl ude biotite, calc ite, magneti te, ca ncri­
nite a nd a patite. 4 I 84 points ii mm apar t on rows 
-} mm apart. 

Niggli Values 

48.2 
12 .0 
9. I 

30. 7 

100 .0 

I 31. 

37. 0 
48.3 
4 .2 
3. 0 
7.5 

100 .0 



Description of Rocks 

'Inner' Ncpheline Syenircs 
The nepheli ne syen ites at the centre oE the alkal ine complex are divided into 

an inequigranular type that forms the core and an equigra nular type that rim the 
core. This difference in texture of the two kinds of inner nepheline syenites is the 
most striking difference in the field . It is not , however, the only distinction between 
these rocks, as the equ igranul ar nepheline syeni te has a higher feldspar and 
aegerinaugite content than has the inequigranular nepheline syenite. The contact 
between the two types is gradat ional over hundreds of feet. The equigranular type 
is believed to be a border facies oE the inequigranular. 

Inequigranular nephe/ine syenite. The best exposures are along the hiUsides 
west of Lackner Lake and at the southern ends of the two ravines that run south 
from Tower Lake. The rock is inequigranular, coarse grained and brown-grey. The 
alka li fe ldspar is perthitic and tabular in habit with imple twins . Some perthites 
are coarse and multiple twi ns are distinguishable in one soda phase. Nepheline 
is euhedral to subhedral and is considerably altered to ca ncrinite. T he dark minerals 
are poikilitic aegerinaugite with deep green margins, minor amounts of strongly 
pleochro ic biotite replacing aegerinaugite, and hornblende replacing the pyroxene. 
Accessory minerals are calcite, magnetite and apatite (see Table JI). Pyrochlorc 
is a rare accessory mineral. 

Equigranu /ar nepheline syenite. This outcrops between the inequigranular 
nepheline syenite of the core and the layer of malignite. It is coarse grained, equi­
granular, and brown to grey flecked with black. The rock contains pod-shaped 
inclusions or segregations of dark minerals as much as 6 inches Jong oriented 
parallel with the poorly defined fo liation produced by preferred orientation of 
feldspar gra ins. The alkali feldspar is perthitic and un altered, and form s sim ple­
twinned stubby laths that contain rings of inclus ions of apat ite and aegerinaugite . 
[n a few loca lities the alka li feldspar includes small ragged gra ins of albite. Euhedral 
to subhedral nepheline grains are general ly the coarsest grains in the rock and they 
are altered locally to cancrinite along cracks and at grain boundaries. A few nephe­
Jine grains conta in rings of inclusions like those in the feldspar. Aegerinaugite 
forms irregu lar ly shaped gra ins with rounded edges , a lthough some grai ns, especia ll y 
with in the fe ldspar, are spherical. Aegerinaugite is replaced by biotite, hornblende 
and perhaps nepheline. Biotite occurs also around aegeri naugite and magnet ite , 
extending out along cracks into the light coloured minerals. The minor con­
stituents hornblende and magnetite rep lace the aegerina ugite and locally magnetite 
replaces biotite alo ng cleavages. Calc ite occurs in various amounts as irregularly 
shaped grains occupying interstitial positions and penetrat ing along cracks into 
other minerals especial ly biotite . Also present are apatite, zircon, sodalite and 
pyrochlore (see Table llJ). The pyrochlore forms subhedral octahedra in biotite 
and has inclusions of fe ld par and nepheline. 

Malign ires 
The malignites a re dark rocks with pronounced foliatio n that occupy most of 

the area between the nepheline syenites of the outer ring and those of the core. 
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Alkaline R ocks and N iob ium Deposits near Nemegos 

Table III 

Che 111icol Coinpositions, Nor m s, and !Vlodes of Equigronulor 
N eph el ine Syenites 

6 7 8 

Chemical Compositions 

Si02 .. 50. 12 50. 32 50 .65 
Ti02 0. 34 0 . 32 0. 32 
A l20 3 . 21 . 79 21 .82 22.49 
Fe20 3 2.5 1 I .96 2. 17 
FcO . 4.76 5.6 1 4.62 
MnO .. 0.28 0.28 0.2 1 
M gO . I . 12 0.83 0.65 
Cao ... 3.86 3.58 3.33 
Na20 8. 19 7.97 7.49 
KzO 6.22 6.36 7.24 
HzO +. 0.43 0. 37 0.24 
J-l , Q - 0.21 0.21 0 . 17 
P2-0 s . 0.23 0 . 17 0. 17 
C02 nil 0 . 19 0. 19 

100 .06 99.99 99.94 

Weight ', (; Ana lys t : W. H. Herdsman 

Norms 

or 36.70 37.8 1 42.8 1 
ab .. 3.67 4.30 I .83 
an .. 4. 17 5.00 6. 12 
nc 35. 10 34.02 33.37 
di . 12 .53 9.75 7.87 
ol 2.36 4. 34 3 .0 1 
ml .. 3.48 2 . 78 3.25 
ii . 0.6 1 0.6 1 0 .61 
cc 0.40 0.40 
H20 0.64 0. 58 0.39 

99.26 99.59 99.66 

Modes 

Alkali fel dspar 37. 9 40.4 46. 9 
Ncp helinc 43.2 44.3 40.2 
Biotite . 5.3 I .0 3.4 
Aegerinaugite 11. 2 11. I 7.6 
Accessories 2.4 3 .0 I. 9 

100 .0 99.8 100 .0 

Points 4252 42 10 4136 
All po inls ~ 111111 apa rt and rO\\S j 111111 apart. 

Niggli Values 

al ........ .... ... 35.3 35.8 37.0 
fm 20.8 20.9 20 .0 
c . 11. 2 10.5 9.8 
a lk ... 32.7 32.8 33.2 

100 .0 100.0 100 .0 

si ... 138. 140. 142 . 

12 

9 

50.73 
0.22 

22.74 
I . 19 
5.06 
0. 18 
1.08 
3. 19 
7.6 1 
7. 11 
0.38 
0.09 
0. 18 
0. 12 

99.88 

41. 70 
2.88 
3.34 

33.09 
11 .44 
3.88 
I .62 
0.30 
0.20 
0.47 

98 .92 

42.8 
4 1. 6 

I .4 
11 .3 
2.9 

100 .0 

4223 

35. I 
19 .3 
9.6 

36.0 

100.0 

146. 



Description of Rocks 

They are out lined by gro un d a nd airbo rne magnetometer surveys as a crescent­
shaped band with grea ter magnetic intensit y than the surrou nding nepheline 
syenites. M agnetomete r ma pping (see Fig. 2) a nd diamond drilling indicate that 
the malignites do no t proj ec t pas t the so uthern end of N ine Mile L a ke but are 
agai n present at the southern margin of the a lka line com plex. R ocks at the outer 
edge of the crescent of ma li gnites a re well fo li ated, medium to fine gra ined , egui­
gra nula r excep t fo r coarse feld spa r a nd nepheline g rains, and grey to black. They 
grade into the adjoining eg ui granul ar nepheline syeni te by a n increase in grain 
size a nd a lightening of the co lour as the content of mafic mineral s dec reases. 
Type J nepheline syeni te of the outer rim intrudes the malignites o n the west shore 
of R ock Lake. Foliat io n results from the alignment of p laty and tabular grai ns 
plus the segrega tion of light and da rk minerals into di st inct !aye rs. 

The ma li gni tes closest to the nepheline syenite contai n coarse feldspar and 
nepheline gra ins that project across the foliation a nd push as ide the dark minerals , 
but in ge ne ra l there are fewe r coa rse fe ldspar a nd nephelin e gra ins towa rds the 
centre of the layer of ma li gni te a nd fo li a tion there is less pronounced in hand 
specimens. The foliation , defined by the preferred o rientation of stubby feldspar 
laths, is st ill ev ident in thin section , but the texture is best described as hornfelsic . 
Rocks with less p ro nou nced foliation may contain considerable mel an ite, wh ich 
gives them a de nse vit reous lustre. 

St ro ngly foliated rocks are not confined to the margi ns, near the nepheline 
syenites. Loca ll y rocks with more tha n 20 per cent preferentia lly orie nted biotite 
occur away from the margins of the malignites. 

The malignites are composed essenti a ll y of a lkali feldspar, ne pheline, aegerin­
a ugite a nd va ri ous amo un ts of magnet ite, mela nite, woll asto nite, biotite a nd fay­
a li te, and the accesso ry mine ra l ca lcite, apatite, socialite, nuo rite, zi rcon , albite , 
pyroch lore a nd a whi te mica. The coarse gra ins of feld spar that transect the 
foliatio n are perthitic an d zo ned a nd conta in a ri ng of inclu s ion s of fine grains 
of aegeri naugite and apatite. The o uter rim of the zone has a larger - 2V and 
hence a higher Na content than the core . The coarse nepheline gra ins are euhedral 
to subhedral and con tai n rin gs of inclusions . Stubby laths of feldspar (which may 
or may not be perthitic) occur in the gro und mass of the coarse grai ns and corre­
spond in composition to the cores of the coarse fe ldspar gra in s. The fine nepheline 
gra ins are subhedral to a nh edra l throughout most of the malignite but become 
more euhedra l towards the eg uig ranular nepheline syenite. Both feldspar and 
nepheline grains are ge nera ll y fresh , except for a brownish a lteration along curved 
c racks in the fe ldspar a nd the development of ca ncri nite a lo ng cracks in the 
nepheline (see Pl. I ). Melanite repl aces aege rina ugite a nd varies in co lour from 

dark brown to bright yellow. 
Analyses of three spec imens of ma li gnites with their nor ms and modes are 

given in Table TV. The mode indicate that the d iffere nces in chemica l compositio n 
between these three rocks are caused by varying proportions of the same mineral 
constituents. For example, specimen l l has the lowest s ilica and a lumina content 
and the highest calcium , sod ium a nd total iron conte nt of the three rocks; it also 
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Alkaline Rocks a nd Niobium Deposits near Nemegos 

has the highest pyroxene content. Specimen 10 has the highest silica and highest 
potash content and the lowest calcium content , and co rrespondingly it h as the 
largest percentage of a lka li feldspar and lowest of pyroxene. 

Specimen 11 has no rmative Jeucite, woll astonite and calcium orthosilicate 
beca use of the very low sili ca content and high percentage of lim e with respect 
to to ta l iro n and magnesium in the rock. 

k 
I 

-- 8 mm.--

fag . - fine aggregation of feldspar and nepheline in a very fine-grained groundmass of 
nepheline, aegirine-a ugite, and feldspar. The rounded grains in the sketch are aegirine-a ugite. 

Figure 3. Sketch o f nepheline-feldspar blebs in th e iiolite selva ges along 

magnetite veins traversing nepheline syenite. 
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Plate /. Photomicrogroph of ma/ignite from specimen 10, weste rn ravine. No te irregular outlines of 

th e pyroxene grains (grey) . Black grains are magnetite and th e wh ite area is composed 

of feldspar and nepheline with alteration along curved cracks. X 16 
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Alka line Rocks and Niobium Deposit s near Nemegos 

Table IV 

Chemical Compositions, Norms, and Modes of il1alignites 

Si02 
Ti02 
Al 20 3 . 
Fc20 3 
FcO . 
MnO . 
MgO 
Cao .. 

a20 .. 
K20 .. 
H 10 + . 
H 20 - .. 
P20s 
C02 

Weight,.; ; Analyst: W . H . Herdsman 

or 
ab 
an 
le 
ne 
di . 
o l 
WO . 
cs . 
mt 
ii 
ap 
cc 
H ~O 

Alkali fe ld spar 
Nepheline. 
Aegerin augile 
Accessories 

Points 

Chemical Compositions 

Norms 

Modes 

Al l points / cr 111111 apart and rows } 111111 apart. 

al . 
rm 
c 
alk 

si 

16 

Nigg/i Values 

10 11 
52.42 42.02 
0.22 0. 96 

J7 .9 1 16.59 
5.46 7. 72 
5. 78 5. 06 
0.36 0.46 
I. 81 J.98 
3 .28 10. 72 
J.68 7.07 
7.55 4 . 15 
I .2 1 O.OJ 
0. 19 0. 19 
0.09 I .08 

nil 0. 19 

99.96 100 .22 

44.80 
16.40 
10 .0l 2.78 

19. 18 
7.87 JI .47 
5. 10 25.35 
5.82 

-5. 45 
I. 54 

7.89 l I . I J 
0. JO I .82 

I . 12 
0.40 

I .40 0.21 

99.59 100 .45 

55.2 49. I 
26. I 15.9 
14 . 2 31. 5 
4.5 3.5 

100.0 100.0 

6724 7852 

J0.7 20.6 
34.6 35.0 
8.9 24.3 

24.5 20 . I 

98 .7 100 .0 

153. 89.4 

-

12 
51 .32 
0.28 

J9.J6 
4 . 74 
5 . 78 
0.32 
I. 23 
4.23 
6.34 
6.08 
0.22 
0.05 
0 . 21 
0.04 

100 .20 

35.58 
IJ.26 
6.67 

21 . 78 
12.06 
2.80 

6.73 
0.46 

0.27 

99.61 

48 .4 
27.8 
17.7 
8.2 

102. I 

8485 

J I . 5 
28.5 
12 .4 
27 .5 

99.9 

14 1. 



Description of Rocks 

Alkorrhosite 

The alkorthosites are white to grey rocks composed mostly of alkali feldspar 
with nepheline and a very minor amount of biotite, aegerinaugite, apatite, mag­
netite, calc ite, cancrinite, me lanite and a lbite . These rocks outcrop within the 
laye r of malignites north of Tower Lake, near the contact between equigra nul a r 
nepheline syenite and malignite, and have been observed in drill-cores from just 
north of the Multi-Minerals camp. They grade into foliated malignites with the 
increase in the content of dark mineral s and nepheline; their texture is hornfelsic. 
Nepheline is subhedra l to anhedral and fresh except for minor cancrinite. Perthitic 
a lkali feldspar is in stubby laths that h ave microcline twi nning, show an alignment 
with respect to one another, and a re rimmed with multiple-twinned a lbite which 
appears to have exsolved from perthite. Albite may occur as individual grains . 
The pyroxene is very irregular in grain out line and in grain size, and fine-grained 
magnetite is du sted through the rock. Calcite is interstitia l. 

Ijolites 

Jjolites are best exposed in the McVittie pit where the initi al exploration in 
the area opened a cut in the ijolites aro und a large magnetite vei n. The ijolites are 
dense black rocks, fine gra ined and equigranu lar except where pocked by round 
clusters of a lkali feldspar and nepheline th at average 3 mm in diameter. Dominant 
mine rals are nepheli ne and aegerinaugite. Nepheline occurs as fresh euheclral 
gra in s as much as 1 mm wide and as scattered grain s as much as 3 mm wide with 
or without rings of inclu sions of small aegerinaugite gra ins. Late nepheline veinlets 
cut the rock and are a lmost com plete ly altered to cancrin ite or zcolite . The 
aegerinaugitc grains a rc irregular in o utline and extremely var iable in size; the 
la rger gra in s are formed of coalesc ing smaller grai ns (see Pl. H ) and are poikilitic 
with inclusion of nepheline, biotite and magnetite. They have pale green centres 
and dark green margins . Fi ne- to medium -gra ined, no n-perthitic a lkali feldspar 
is present in accesso ry amounts as fresh gra ins with simple twins. Biotite and 
magnetite occur as fine-grained octaheclra or large poikilitic gra ins enclos ing 
nepheline. P yrochlore is dispersed through the rock in fine stringers along cracks, 
or a individual octahedra either aro und the margins of pyroxenes or in the sur­
rou nding light co loured minerals. Apatite occurs in medium-gra ined ijolites. 
Melanite , sphene and calcite do not occur in the type of ijolites from the McVittie 

pit but are fo und in the ijolites clue east of the Multi-Minerals camp. U nli ke the 
ijolites from the McVittie pit, these ijolites carry co nsiderable alka li feldspar. 

Round blebs or clots of nepheline and alka li fe ldspar, which occur in some 

of the ijolite associa ted with the magnetite ve in of the McVittie pit, suggest a 

possible connection between these rocks and the pyroxene- rich borders of the 

magnetite vei ns traversing the type 4 nepheline yenite of the outer ring. Jn the 
type 4 exposures fl anking Beaver Pond , veins of magnetite cut the nepheline syenite 

and the wall rock alongs ide the e ve ins is enriched in aeger inaugite (see Pis. HI 
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Plate // . Photomicrograph of iioli te from McVittie pit. N ote the coalescing p yroxene grains. X 16 
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Plate JI/. Photomicrograph of magnetite vein and p yroxene selvage. Magnet ite is black material at 
foo t of photograph . Grey groins and spo ngy material is aeg e rinaugite, and white is 
nephefine . Magn e tite veins traverse outer ne pheline syenite nf tvpe 4. X 16 
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Plate IV. Photograph of hand specimen showing pyroxene selvage 

along a magnetite vein passing into rock with blebs of 

nepheline and feldspar. Th e rock with nephelin e-feldspar 

blebs passes into ' outer' neph e!ine syenite of type 4 . 

East shore of Bea ver Pond. X I 



D escrip tion ol R ock 

a nd JV) . These bas ic selvages conta in bl ebs of nepheline and a lkali fe ldspar and 
correspo nd very c losely in co mpos ition and textu re to ijolites of the McVittie p it. 
A sequence away from the centre of a magneti te ve in is as fo llows: l , magnetite 
of the vei n ; 2 , ij oli te composed of nepheli ne, aeger in augite, magnetite and biotite; 
3, an ijo li te with blebs of fe lds par and nephe line. With increas ing amo unt of the 
li ght co lo ured blebs, the ijoli te grades in to homogeneous nepheline syenite. T he 
width o f the pyroxene ma rgin is di rectly proportio na l to the width of the magnet ite 
ve in and is two to th ree times wider th an the ve in . Jn a thin secti o n of a magnet ite 
vei n ha lf an inch wide (see Pl. III ) nephe line is seen to be the dominant light 
coloured min era l next to the magnetite ve in , a ltho ugh fe ldspa r occurs in m inor 
amounts. The nephe line is fres h and euhed ra l to subhedral. Sm all gra ins of aegerin­
augite coa lesce in to larger grai ns and appear to replace the nepheline, but there 
a re euhedra l nepheline gra ins in contact with aegerinaugite . Biot ite may be present 
between the magnet ite and aeger in aug ite gra ins and the magnetite ve in may have 
a thin co re of a lka li fe ld spar. T hin section exam ination of the rocks with feldspar­
nepheline blebs fa rther away from the m agnet ite vein shows that the blebs are 
ro und patches of close-packed fe ldspa r and nepheline gra ins with minor aegerin­
augite, biot ite, magneti te and ca lcite. The blebs are set in a fin e-grained ho rn ­
fe lsic gro und mass composed of nephe line, so me a lka li fe lds pa r in fi ne equant gra in s 
and med iu m-sized la ths, and an abundance of fin e aegerinaugite. T he edges of 
the blebs mark the limit of the pyro xe ne and of the la rger gra in s of nepheline and 
feldspar (see Pl. I LI ). Pyrochl ore gra in s are present in a num ber of these blebs . 
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Alkaline Rocks and Niobium Deposits near Nemegos 

Carbona(e Rock 

Only two outcrops of carbonate rock are known in the area. One of these 
lies within malignites 200 yard east of Rock Lake, and the other is on the 
property of Dominion Gulf at the east side of the alkaline complex. However, a 
body of carbonate rock 650 feet long and 50 feet wide and proven to a depth of 
500 feet has been outlined by diamond drilling on the Multi-Minerals property 
north of Camp Lake (see Figs. 4 and 5). 

The outcrop at Rock Lake is of a dense grey rock, composed of approx­
imately 20 per cent coarse- to fine-grained calcite, 15 per cent poikilitic alkali 
feldspar, 20 per cent fine-grained nepheline, 15 per cent magnetite, and accessory 
amou nts of melanite, aege rin augite, pyrochlore and biotite. The rock is surrounded 
by nepheline syenite. The carbonate body outlined by diamond drilling is len­
ticular in plan and cross-section. lt is enclosed principally within malignites but in 
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Figure 5 . Diagrammatic section C-D (see Figure 2) . 
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Figure 6. Nepheline syenites of the Ne megos alkaline complex plolte:i on the equil ibrium diagram of the 

system NaA/SiO ,-KAISi0 1-SiO , (Schairer a nd Bowen; 7935, p. 326; Schairer, 1950, p. 514.) for 

com ment on more recent work in th is system a t hig her pressures see page 40. 

drill-holes it has been observed to intersect ijol ite and nepheline syen ite. The 
contacts of the main mass with the wall rocks are sharp. The wall rock has patches 
of calcite and the biotite and pyroxene content of the malignite is highest within 
2 feet of the malignite-carbonate rock contact. The foliatio n in the malignite is not 
distinct about the carbonate body. a rrow vei nlets of calcite penetrate the en­
closing rock beyond the margin of the main mass . The calcite includes angular 
fragments of rock that are noticeable along the large diameter core as pink to 
grey patches from a few centimet res to severa l inches long. The appea rance of the 
fragments co rresponds most closely to that of equigranu lar nepheline syenite. 
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Alkaline Rocks and N iobi um Deposits near Nemegos 

Plate V. Ph o tograph of drill -core showing rims on inclusions with in 

carbonate rock. Ma in ca rb onate moss, Multi-Minerals 

prope rty . X l.5 

They a re now fin e-gra ined masses of recrystallized feldspar in rosettes and anhedral 

gra in of nepheline. Jrregular grains of aege rin augite replace the feldspar, and 

magnetite in turn replaces the aegerina ugite . Calcite is dispersed th rough the in­

clusions. The rims of the inclusion s are marked by borders of coarse aegerinaugite 

and biotite, and sometimes by a murky brown alterat ion (see Pls. V and VI ). 

The pyroxene appears to have replaced the biotite and the murky brown 
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Plate VI . Ph o tomicrograph of dork co loured rims about inclusions of nephe/ine syenife in carbonate 
rock. Main mo ss of carbonate rock, Mult i- Min erals property. A, patches of murky brown 
altera tion mate rial; B, bio tite ; C, calcite ; D, grains of aegerinaugite . X 16 
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lkaline Rocks and Niobi um Deposits near emegos 

Plate VI/ . Photo g raph of layers of dork coloured minerals within carbonate rock. Main moss of 

carbonate rock, Multi-Minerals property. X l.4 

a lteration. The ca lci te content of th e lenticul ar body varies; in pl aces ba nds of aeger­
inaugite, apa tite, magnetite, biotitc, sulphides , pyrochl ore, a lbite and alkali feldspar 
(Pl. Vll ) that confo rm with the wal ls of the body accoun t for 40 per cent of the 
rock; elsewhere specimens co nsist of almost pure white or pink calcite. The calcite 
gra in s are very coa rse and show no signs of deformatio n. 

Lamprophyre D ykes 

Lamprophyre dykes do not outcrop but dykes from a few inches to 20 feet 
thick are cut by diamo nd-dri ll holes. The dyke st rike conformab ly with the 
c ircul ar nature of the alka line complex and dip at angles of 15 to 20 degrees 
away from the centre of the complex. They cut all alkaline rocks and intrude 
the enclos ing gneisses. The rock is fi ne gra ined, inequigranul ar to equigranul ar, 
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Description of Rocks 

and dark grey spotted with white patches as much as 3 mm wide. The white 
patches a re clots of calcite or ca lcite with plagioclase and alkal i feldspar, in a 
matrix cons isti ng of eu hedral colourless pyroxene grains, an altered alkali feld­
spar, albite, dark brown biot ite, magnetite, calcite, ch lorite and zeoli te. The pyro­
xene is altered to chlorite . T he albite is unaltered, but the alkali feldspar grai ns 
are general ly a ltered to a flaky mineral with high birefringence. H owever, they may 
be fresh , and yo unger alkali feldspar may have crystallized along grain boundaries 
and cracks. F ine magnetite is dusted through the rock and forms wormy inter­
growths in the altered pyroxene. Si ngle grains of calcite are crowded between 
other grains or are collected together in the clots that neck the rock. 

Regional Gneiss 

Gneiss outcrops sporadically on the north and northeast sides of the alka line 
complex and is intersected by diamond-drill holes on the Multiwin and Multi­
Minerals claim s west of Nemegosenda River and on the claims of Ontario Rare 
Metals to the south of the Multi-Mi nerals camp. Outcrops to the west and south 
are totally obscured by sand that covers the area to depths of 50 feet. There is 
no detailed description of the gneisses in the li terature and sparse outcrops preclude 
a continuous examination of cha nges in the gneis towards the outer ring of nephe­
li ne syenite. No diamond-drill holes penetrate the gneiss closer than 2 ,000 feet 
from the outer ring of nepheline syenite and yet no specimens of gneiss were 
found that did not carry either a soda amphibo le or aegerin augite. 

In hand specimens the rock is seen to be essentiall y a biotile-pyroxene gnei ss 
with a strong foliation and a segregation of light and dark minerals into laye rs. 
Jt is medium to coa rse grained with augen of feldspar and q uartz up to J inch 
lo ng. M any of these augen are shattered and veined with dark minerals and 
sulphides. The colour of the gneisses varies from black streaked with white to 
buff-grey streaked with black. Diamond-drill holes have intersected sections that 
are mottled white and black and are composed of dark minerals and interstitial 
calcite. T he gneisses are cut by lamprophyre dykes at all localities and by zoned 
pegmatites with quartz cores on the Multiwin claims. Microscopically their texture 
is a llotriomorphic gra nul ar and the essential minerals a re alkali feld spar, plagioclase 
and quartz. Other minerals include aegerinaugite, riebeckite, biotite , ca lcite, 
apatite, pyrite, magnetite and zircon. Alkali feldspar is present as coarse grai ns, 
commonly perthitic and mostly fractured and veined with dark mineral s. Although 
some grains are fresh , most are altered to a flaky m ineral with low birefringence. 
Alkali feldspar also occurs with albi te as :fi ne, ragged gra ins that have crysta llized 
aro und the margins of the aegerinaugite or as aggregates of fine gra ins associated 
with irregularly shaped biotite, pyroxene, ca lcite and amphibole. A rim of fine alkali 
feldspar and albite may be arranged arou nd the aeger in augite or between the 
aeger inaugite and biotite. These :fine gra in s are not perthitic. In o ne specimen the 
alkali fe ldspar is replaced by a pale green pyroxene that form s a worm y intergrowth. 
T he coarse plagioclase is more often fresh than is the coarse alkali feldspa r. Qu a rtz 
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Plate VII/ . Photomicrograph to show occurrence of aeg e rinaugite in regional country gneiss. Specimen 

from drill ·hofe, west side of Ne megosenda River. Q, quartz; B, biotife; C, calcite; P, 

original plagioclase of th e g ne iss. X 16 



Descr iption of Rocks 

Table V 

Che 111ica/ Co111position, Norm, and Mode of 
P 31roxenized R egional Gn eiss 

Speci men 13 from drill-hole R- 83. 

Si02 
Ti02 
AJi03 
Fe203 
FeO 
MnO . 
M gO . 
Cao . 
Na20 
K 10 . 
H20+ 
H20- . 
P20s 
C02 

or 
ab . 
an . 
ne . 
di . 
o l. . 
Ill( 

ii 
ap . 
cc .. 
H 20 

Norm 

53.59 
0.68 

16. 51 
0. 87 
7.08 
0.28 
4.34 
6.69 
5.52 
2.5 1 
I. 36 

nil 
0.47 
0. 16 

100 .06 

15 .0 1 
31 .86 
12. 76 
8.0 1 

18.54 
9.69 
1. 16 
I. 22 
0.49 
0. 30 
1. 36 

100.40 

al. . 
fill .. 
c .... 
a lk .. 

s i 

Chemical Composition 

Weight i(; Analyst: W . H . Herdsman 

A lkali feld spar 
Quar tz 
Bio tite .. 
Aegerinaugite .. 
Pl ag ioclase 
Socia amp hibole 

Mode 

36.5 
18.8 
22. l 
9.6 
9.9 

102.8 

199 .7 

92 10 points were counted at intervals of 2
1
75 111111 on rows 

-; 111111 apart. Four thin sections o f the ana lyzed material were 
u eel in the co unting, because the extent of alteration of the 
feldspars and quartz and the clevelopmenl of the pyroxene 
are variable. 

Niggli Values 

33.7 
30.2 
18.3 
17.8 

100.0 

137. 

gra ins may be stra ined o r unstra ined and many are rimmed with small grains of 
aegeri naug ite ( Pl. Vlll). Undulatory extinction of the strai ned grains decreases with 
increasing replacement by pyroxene. The aegerinaugite is paler in the outer margins 
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Alkaline R ock s a nd Niobium Deposits near Nemegos 

of these rim s around the quartz and is itself rimmed with ri ebeckite. Aegerin ­
augite also occurs in masses of small grains in a fine-grained groundmass of 
feldspar. M any of these small grains of aegerinaugite coalesce to give one big 
poikilitic grain. The riebeckite appears around aegerinaugite or in clots with 
aegerinaugite, biotite, feldspar and calci te. In some specimens it is the dominant 
dark mineral and is readily recognized under crossed nicols because of the extreme 
dispersion of its bisectrices. A b rown amphibole is seen to be associated with 
the pyroxene in one thin section. Biotite fo rms stubby grains, pleochro ic fo r the 
most part in light browns and yellows and commonl y in clus ters separa ted fro m 
the aegerinaugite by a rim of fine-gra ined feldspar. Calcite forms interstiti al grains 
especially in clots of fin e-grained pyroxene, feldspar, biotite and r iebeckite, and 
calc ite stringers th ro ugh the rock are bordered by riebeckite. Apatite, zircon and 
sphene are accessory minerals. 

Chemical Composirion of rhe Rocks 

Comparison of the chemical analyses of the nepheline syenites and maligni tes 
fro m Nemegos with the analyses of the average silic igneo us rock (794 analyses) 
and the average interm ediate igneo us rock (8 10 analyses) by Nockolds (1954, 
p . l 032 ) permits the following conclusions: 

·1. Silica is Jow to moderate in the nepheline syenites. 
2. Alu mina is high in the alkaline rocks and low to nil in the other rocks as 

com pared to the average sili c igneous rock and slightly high as compared to t he 
average intermediate igneous rock. 

3. Ferrous iron is more abundant than ferri c iron in the alkaline rocks and 
total iron is high with respect to the average silic igneous rock and both lower and 
higher than that of the in termediate igneous rock. The lowest values occur in the 
nepheline syenites . 

4. M agnesium is average with respect to ave rage silic igneo us rocks and 
low with respect to average intermediate igneous rock. 

5. Calcium is high with respect to the average silic igneous rock and low 
with respect to the average intermedi ate igneous rock. 

6. Sodium is equ al to or in excess of potash in most instances and total 
alkali is very high with respect to all o ther average igneous rocks. 

7. Minor co nstituents of the silica te rocks such as ti tanium , ca rbon dioxi de 
and phosphorus a re low with respect to all other average igneous rocks. 
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MINERALOGY 

Six principal minerals are widely di stributed in the rocks of the alkaline com­
plex, namely, aegerin augite, nepheline, alkali feldsp ar, b ioti te, magneti te and apa ti te. 
In all the silicate rocks these m inerals account for at leas t 90 per cent of the 
mineral content and only in the carbonate rock are they not the do minant con­
stituents. Aside from these six minerals, the alkaline rocks are characte rized by 
an absence of quartz, of plag ioclase, other than albite as a component of perthi te, 
and of primary amphi bole and by t he p resence of the following accessory m in­
erals: primary calcite, flu or-apat ite and magnetite. Jn the following descriptions 
of the minerals, the optical p ro perties h ave been determined with the un ive rsal 
stage except where otherwise indicated. 

A egerinaugire 

Aege rinaugite is the most abundant mineral in the alkaline rocks. It is never 
euhedral but rather occurs as fi ne subspherical gra ins, as grai ns with most irregular 
outlines, and as rounded lobes projecting into adjacent m inerals and along gra in 
bo unda ries. It is ra rely twinned and poikili tically encloses apatite, magnetite, 
biotite, neph eline, alkali fe ldspa r and calci te. Aege rinaugite is rep laced by brown 
ho rn blende in the nepheline syeni tes and by melanite in the malignites. Pyrochl ore 
occurs with in the aegerina ugite or at its gra in bounda ri es. Groups of fi ne gra ins of 
aegerin augite coalesce in to a clot which in turn rec rys ta ll ize in to one large 
anhedral crysta l with optical cont in uity. T he m ineral is fresh in all roc ks and 
strongly pleochro ic in greens (see Table VI). The colours may be strong at the 
edges of gra ins and pa le to colourless at the centres, indicative of an enr ichment 
of the aegerine molecule towards the margins. 

In the zoned crys tals, the extinction a ngle, X C, of the core of the crysta l 
is less than that of the rim . Aegerin augites of the maligni tes and the equigranular 
nepheline syeni te have the la rgest 2V's in the alkaline su ite and the smallest 2V's 
were recorded from the ijolites. 

Nephcline 

Nepheline is a constituent of all the sili cate rocks except the regional gneiss, 
and it occurs a lso as ve inlets and breccia fillings . 1t is readil y recognized on the 
exposed surfaces of the coa rse-grained rocks beca use it wea thers faste r than the 
other constituents to leave subhexagonal pi ts. It is fresh or slightly altered to can­
crinite along cracks. An approxim ate chemica l formul a of the nephelines deter­
mined from X -ray data and partial chemical analyses is Ne80 K p1 0 for the mineral 
as an essential constituent of the sili ca te rocks, and Ne7 :j Kp2 ~ fo r the nepheline of 
the veinlets and breccia fillin gs. No particula r trend in the Ne/ Kp ratio was 
observed in pass ing outwa rd fro m the inner nepheline syeni te thro ugh the equi -
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Table VI 

Che mical Composition and Optical Properties of A egerinaugite 

from Nep heline Syenit e of th e Outer Rim 

Si02 
Ti02 . 
Ab03 
Fc203 
FeO . 
MnO . 
MgO 
Cao . 
Na 20 
K10 
H10 + 
H10 -
P20 s 
C02 . 

43.29 
0.84 
5.27 
8. 09 

16 .69 
I. 36 
3.26 

11 .65 
3. 92 
I. 77 
3 . 25 

nil 
0.42 

nil 

99.9 1 

= 1.72 1 
= l .73 l (.002) 
= 1.741 

C he 111ical Co111position 

Calcu lated chemical formula 
( aJ6K12Ca63) (Fe30Fe69 Mg30Ti 33 Mn6) 

(Si226Ai3o) (0 7510H1 os P2) 
(Na,K ,Ca) t (Fe, Mg,Ti, Mn)J .3 (Si,A1)2 (O,OH,P)1 

Weight % ; Analys t : W. H. Herdsman 

Optical Properties 

2Vz=85 
X C=35 
r v strong 

Absorption X Y Z 
X = dark green, Y =l ight green-yellow 
Z =pa le green 

gra nul ar nepheline syenite and the malignites, although the small variations in 
the e/ Kp do correspond to variat ions in the a/ K of the associated alkali 
feldspar . 

Alkali Feldspar 

Alkali feldspar grains of the alkaline suite are euhedral, elongate the 'a' 
ax is, simply twinned, perthitic, and fresh except for minor alteration along cracks. 
The optical properties do not vary greatly from one rock to another with 2V x meas­
ured on the potash component varying from 75 to 80 degrees in the nepheline 
syenites and gneiss and in the 80's in the malignites. The dispersion is r v. Partial 
chemical ana lysis, X-ray and optical data indicate a feld spar th at is a microcline­
microperthite OR00 - 00 Ab40- 10 , 2Vx75 ° to 80° on the potash component and a 
spacing fo r (20 1) of 4 .19 to 4.20. 
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Biotite 

The biotite is typically in stubby laths with ragged ends, and is crowded 
with fine-grained inclusions surrounded by pleochroic halos . Pleochroism of the 
biot ite is intense with X Y Z : X yellow-brown, Y dark brown, and Z very dark 
brown to opaque. A biotite with pleochroism in paler browns occurs in the 
malignites that have a high content of melanite. The biotite is mo t frequently 
asrnciated with aegerina ugite and in clots with other dark minerals. 

Magnetite 

Magnetite is a pervasive accesso ry and in some rocks a major constituent. 
It occurs in good octahedral inclusions in poikilitic calcite and pyroxene, but 
more often it forms roughl y rounded a nd irregul ar masses from fine to coarse 
gra ined, poikil itically enclosing the other minerals . Magnetite, like the nepheline, is 
not restricted to the position of a component mineral in a rock but ca n also form 
crosscutting veins . P artial ana lyses from the veins and from the magnetite-apatite 
bodies are given in Table JX . The present laboratory studies have not revealed 
ilmenite lamellae in the magnetite but N ickel (1955 ), using magnifications up to 
x J,500 in his metallurgical stud ies , described and photographed such structures 
in magnetite from the malignites. 

Apatite 

Apatite is the most persistent accessory mineral. It is enclosed within other 
minerals and exhibits the typical rod-shaped form with a hexagonal cross-section. 
lt is emera ld green in the magnetite-a patite rock and dark green to ye llow-green in 
the silicate and carbonate rocks. Partial analyses taken from comp any reports on 
the co mmerci al potentiality of this apa tite as a source of phosphate indicate that 
this is a floor-apatite. 

Melanite 

Melanite, a black andradite garnet, is a major constituent in the malignite, 
where it occurs with pale biotite and replaces pyroxene, with wollastonite, o r with 
the more sta ndard association in the mal ignites of aegerinaugite, neph eline, a lkali 
fe ldspar and strongly pleochroic biotite. It also occurs sporadicall y in the carbonate 
rock. Jn hand specimens melanite is visible as bl ack, poorly developed dodeca­
hedra and in thin sections under plane polarized light it is brown to bright yellow. 
The grain boundaries are irregular and the melanite includes aegerinaugite, mag­
netite, biotite and calcite. 

W ollasronite 

In the malignites, wollastonite forms laths up to 3 mm Jong with simple 
twins. It has a 2Yx of 40 degrees and can be readily di st inguished from apatite, 

33 



A lkaline R ocks and Niobiu m D epos its nea r Nemegos 

the only other mineral at all simil a r in appearance, by the twins and the two 
good cleavages. Wollastonite is associated with the six m ajo r minera ls and with 
brown melanite. 

Riebeckire 

Riebeckite occurs as a major component in some of the regional gneisses cut 
by diamond-drill holes on the west margin of the alkaline complex. T he mi neral 
is in fi ne lat hs alone or in sprays and it commonl y surrounds or is enclosed by 
aeger in augite. I t is pleochro ic with X deep blue, Y violet, and Z ligh t ye ll ow-green. 
The dispersion of the b isectri ces is extreme, the ex tinction angle X A C is approxi­
mately 5 degrees and the 2V is la rge. 

Hornbl ende 

The inner nepheline syenites a nd the no rthwestern exposures of the other 
nepheline syenite, type 1, conta in brown hornblende repl ac ing aege rinaugite. T he 
horn blende is trongly pleochroic with X oli ve-brow n, Y dark olive-g reen, and Z 
da rk brown-green. The 2Yx is 40 degrees and the extinct ion angle Z A C is 15 
degrees . 

Fa ya lire 

Fayalite occurs sparingly in the equigranul ar nepheline syenite and in the 
malignites . lts distribution is errati c and a lthough it is not a common mineral it 
may account fo r 12 per cent of some spec imens. The minera l is anhedra l, poikilitic, 
colourless to fa int yellow, and irregul arl y cracked. M agnetite has advanced a long 
these cracks as has a brown to red altera tion product. The 2V x is 60 degrees and 
there is strong di spersion r > v. F ayalite is associated with aegerin augite and m ag­
netite and appea rs to be replaced by the fo rmer. 

Plagioclase 

Plagioclase occurs in the nepheline syenites onl y as a constituent of perthite. 
Its co mposi tion there, determined in coa rse pecimens by ex tinction angles, is albite. 
Albite is also p resent in the alkorthos ites as multipl y twinned rims on alkali feld­
spar. In the regional gneisses both albite ( An 0 - ;:;) and andes ine (An30 ) are pres­
ent. Albite is generally in fin e, clean grains outside the aege rinaugite gra ins that 
sur ro und quartz. Andes ine forms large prim ary grains; some fres h a nd some 
repl aced by pyroxene. There a re also ta ttered plag ioclase grains in the carbonate 
rock. 

P yrochlore 

E uhedral to subhedral octahedra of pyrochlore, yellow-brown to red- brown­
ho ney-yellow under re fl ected light-are most often concentra ted at grai n boundaries 
of the minerals, genera ll y at the m argins of the aege rin augite grains. H owever, it 
is not unu sual to see pyrochlore enclosed in nepheline, feldspar, b io tite, apatite, mag-
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netitc or melanite . The grains of pyrochlore are commonl y centres for radiating 
cracks in the enclo ing mineral. Where melanite enclose pyrochlore it takes on 
a brown alteration. Where pyroxene is immediatel y adjacent to the pyrochlore 
grai n the pyroxene is a lighter colour. Pyrochlore also occurs as segregations of 
grains, clu sters of euhedral sugary grai ns, pale yellow and set in nepheline stringers 
that traverse the rock or act as breccia fillings (Pl. IX). 

Two chem ical analyses of pyrochlore from the Multi-Minerals property are 
given in Table VIT. From these analyses it is evident that the composition of the 
pyrochlore varies considerably. The relationship between chemical compostion 
and colour is not clear. In Interim R eport 7 lOML of the Mines Branch, ickel 
( 1955) described alph a track exposures where the darker pyrochl ore produced 
more tracks than the lighter pyrochlore, but in Interim Report 7 16ML he stated 
that the different coloured grains did not produce disti nguishable alpha tracks. 
N ickel also noted that the pyrochlore is metamict and produces an X-ray diffrac­
tion pattern o nl y after igniti on. 

Table VII 

Analyses of Pyroc lilore from Multi-Minerals P ro perty 

Weight c~ 

Sa mple A Sample B 

Nb20 s . 46. 1 58.l 
Ta 20 s . 1.4 2.8 
U30 s .. 12.6 l. 2 
Th02 .. . . . . . . . . . . . . . . . ...... .... . . 4.7 
Cao 27.0 16.9 
MnO . 0.2 0.3 
Fe203 .. 3. 0 ll.O 
Zr02 0.5 
Ti02 . 2.5 9.1 
MgO . 0.4 0.28 
Ce20s I. 3 
La 20 s . 0.3 0.32 
Dy203 . 0.1 

Source rock s A, ijo litc : B, fo liated ma lignit e. 
Met hods : Reca lcu lated , semiquantitative spcct rographic a nalyses of pyroc hl o re concentrates. 
Samp le A: N ickel, E. H. : In te rim M .O. Test Rept. No. 7 10 M L ; Mines Branch , Dept. Mines and Tech . 

Surv. , 1955. 
Sample B: N icke l, E. H. : In terim M.D. Test Rcpt. No. 7 16 ML : Mines Branch, Dept. Mines and Tech. 

Surv., 1955. 
Ca lculated fo rmula: 

Sample A , (Ca ,,o;Mg,.Mn ;oCe:i,La io DyTh " Zr 10i;U 10,) ( b ,o;Ta i;Ti ,, F~:o ) 06324 
A i.~ 8 1 01 1.s 

Sample B, (Ca ao1 Mg;Mn ,,La ,U a) (Nb "0Ta ,,Ti 11:1 Fg1~) O"" 
A 1 B, Ou 
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Plate IX. Photomicro g raph of pyrochlore grains in a nepheline string er traversing iiolite . Note th e 
cracks radiating fro m the p yrochlore gra ins. Between Beaver Pond and Ca mp Lak e. X 16 



Mineralogy 

Ccr ianite 

Cer ianite was described by Graham ( 1955) oE D ominion GulE Company as 
radioactive octahedra, translucent, greenish amber, and occurring in samples oE 
carbona te rock from the east side oE the complex. The minera l is fo und at the 
borders of silica te in clusio ns in the carbon ate rock. R esults of a qu antitative spec­
trochemical ana lys is by the Onta rio Provinc ial A ssay Labora to ri es are shown in 
Table VJlf. 

Ce02 . 
Th02 
Nb20 s . 
La20 3 .. 
Y20 3 . 

Oxide 

Table VIII 

We ight ~ I 

80 ± 20 
5. 1 ± 0.5 
1. 8 ± 0.2 
1. 5 ± 0.2 
1.2 ± 0 .2 

Yb20 3 
Ta20 s 
Zr02 . 
U30 s . 

Oxide Weight % 

I . I ± 0 . 1 
0.6 ± 0 .05 
0. 6 ± 0.05 
N .D. 

Specific gravity is 3. 18. It has a cubic (Fm3m) lattice with cell edge 
5.42 ± 0.0J A 0

• From the X-ray and chemical data , Graham concluded that this 
was a cerium dioxide in mine ral form, isostructural with thorianite and uraninite . 
For it he proposed the name ceri anite. 

Other accessory minera ls are sphene, z irco n, perovskite, ca lcite, cancri nite , 
and the sulphides pyrrhot ite, pyrite, chalcopyrite and sphalerite. The last two min­
era ls were identified by icke l ( 1955) in hi s meta llurgica l studies. 
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PETROGE JESIS OF THE ALKALINE COMPLEX 

During the past 25 years conside rable atte ntion has been focused on petro­
gra phy and structure of ring compl exes in ew England (Billings, 1943 , 1945), 
the H ebredea n region of Great Britain ( Richey, 1935 ; Ande rson, 1936), Fen­
nosca ndia (von Eckerma n, 1948), and , more recentl y, in Africa (Dixey, et al., 
l 955, and Jacobson, et al. , J 958). A number of: petrogenic problems arise in con­
nection with these structures and in particula r with the ring structures containing 
a lkaline rocks ( vo n Eckerman , J 948; Dixey, 1955 ). These sa me problems apply 
to the petrogenesis of the alkalin e rocks in the Nemegos ring complex. They a re 
briefl y enumerated below, and a re then considered in mo re detail. 

J . epheline syenite is the major rock-u nit at Nemegos. l s it of magmat ic 
or metasomatic o ri gin? H it is of m agmatic o ri gin , what is the nature of the 
magma? If it is a product of metasomati sm, then wha t were the agents of meta­
somatism ? 

2 . What is the signifi cance of the develo pment of aege rin augite at the ex­
pense of qu a rtz and feldspa r in the enclos ing gne iss? Why has thi s gne iss the 
chemical composition of an a lkaline rock? 

3. What is the origin of the malignitcs? Are they an inte rmedi ate fraction of 
a basic alka line magma o r a re they products of metaso matic alteration of the 
country rock? 

4. What is the significance of the ijolite and the magnetite veins th at traverse 
ijolite at Nemegos? Are ijolites members o f a magmatic seri es with malignite 
and nepheline syenite or a re they of: metaso matic origin ? 

5. What is the orig in of magnetite-apatite bodies and how are they re la ted 
to alkaline rocks? 

6. What is the signifi cance of carbonate rock within the complex? 
7. What is the significance of pyrochl o re in a lka line complexes and wh y is 

its grea test concentration in the carbona te rock and more basic members of the 
alkaline suite? 

8. What is the signifi ca nce of the lampro phyre dykes that intrude a ll other 
rocks in the a rea? 

9. What beari ng do problems of alka line ring complexes, and in par ticular 
the Nemegos structure , h ave on the genesis of a lkaline rocks? 

Origin of Ncphcline Sycnirc 

Nepheline syenite is the most ab und ant member of the a lkali ne suite ex­
posed at Nemegos. It is also a major rock-unit at Alno Jsland , Sweden (von 
Eckerman , 1948), Spitzkop, Easte rn Transvaa l (S trauss and Truter, 1950 ), a nd 
at Mauze Hill and T undulu in the C hil wa se ri es of N yasa land (Dixey, et al., 1955). 
In the Fen district of Norway (Bragger, J 92 1) nephe line syenite is a mino r rock­
unit and at Napa k, Uga nda (K ing, J 949) it has not been obse rved . 
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Alkaline Rocks and Niobium Deposits nea r Nemegos 

Two origins have been proposed for the ring complexes of nepheline syenite 
and they are best expressed with reference to areas for which they have been vigo r­
ously proposed. 

l. At Alno Island, von Eckerman noted th at nepheline syenites outcrop abo ut 
a ca rbonate core and that they grade, mineralogica ll y and structurall y, into a 
pyroxenized gneiss. On the basis of the gradational contacts and because this view 
is in acco rd with his proposed origin for associated carbonate rocks, von Ecker­
man concluded th at the nepheline syenites are produced by metasomatic action 
of carbonate magm a on regional gneiss. 

2. At Spitzkop, Eastern Transvaal, nepheline syenites occupy ring-dyke and 
cone-sheet type structures. They are clearly intrusive into one another and into 
other rocks of the complex. They a re accompanied by contact metamorphism of 
surrou nding granite in the form of a pyroxenization , and inclusions of quartzite 
wi thin the nepheline syenite have been impregnated with alb ite and soda pyroxene. 
A preferred or ienta tion of feldspar laths in the porphyri tic nepheline syenite is 
interpreted as flow banding. Strauss and Truter ( 1950) concluded that nepheline 
syenites at Spitzkop have crystallized from a magma. 

Nepheline syenite at Nemegos outcrops a t th e core of the structure and as 
an o uter ring between country gneiss and the malignites, which are adjacent to 
the core. The nepheline syenites of the o uter ri m occupy a ring-type structure and 
this configuration is adva nced as evidence of the magmatic origin for these rocks. 
Granites and volcanic rocks occupy such structures in New E ngland (Billings, 
1943, 1945), the British Tertiary province (Richey, 1935), and the Younger 
Granite Province of Nigeria (Jacobson, et al. , 1958). The intrusive igneous nature 
of ring-dykes is an established concept. 

Nepheline syenite of the outer rim extends an apophys is into mali gnite at the 
west shore of Rock Lake a nd stringers of nepheline syenite up to a foot wide, 
with sharp contacts that cut across the foliation of malignite, we re observed in 
drill-cores. Very coarse feldspar laths in the western exposures of the outer nephe­
line syenite are a ligned para llel with the boundaries of the ring st ructure and are 
believed to be a flow bandi ng. 

The ring-dyke configura tion, the intrusive appearance of offshoots and the 
a lignment of feldspar laths constitute the field evidence for the magmatic origin 
of nepheline syenite at Nemegos. 

The nepheline syenites at Nemegos, like all members of their clan, are high 
in alkalis, relatively high in volatile constituents , and have a high FeO/ MgO ratio. 
They are low in combined CaO, MgO and FeO. Jn this respect they are similar 
to granites. Moreover, the nepheline syenites have the petrographic characteristics 
of the hypersolvus igneous granites assigned by Tuttle and Bowen (195 8, pp. 
129, 137) and of the hypersolvus nepheline syenites of Tilley (1957, pp . 326 
and 327) as fo llows: 
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l. They have virtually no plagioclase except as a compo nent of perthite. 
2. They have an amphibo le of: the Na-Fe species. 



Petrogenesis of the Alkaline Co mpl ex 

3. They have a pyroxene that is an Na-bearing variety. 

4. They occur as small intrusions. 

5. They do not show widespread metam orphi sm. 

6. They h ave a high temperature feldspar. 

Laboratory experiments of silicate m elts by Tuttle and Bowen (op. cit. , p. 138) 
suggest tha t these are the properties of a rock th at c rystallized at high tempera­
ture from a magm a. 

In Figure 6, four modes of the Nemegos neph eline syenites a re plotted. The 
modes all fall nea r the end o f the low temperature trough, the Na-K nepheline 
region , of the equilibrium di agra m published by Schairer in 1950 for the dry 
sys tem SiO:!-NaAJSiO .. -KAISiO~. Subsequent work at water pressu res of 1,000 
atmospheres in the system SiO~-Na AISi :,O:;-KAISi :~ 0 1-1 by Tuttle and Bowen 
(1952, 1958), shows that under high-wate r pressures thi s low temperature trough 
changes its configuration drastica ll y, the leucite field di sa ppears a nd potash fe ld­
spar melts congruently. However, the feldspar thermal barrier, a ridge lying alo ng 
the feldspar join , still exists, and probably there is a low temperature region be­
low the feldspar join near the plotted modes of the nepheline syenites. These 
diagrams suggest that the nepheline syenites represent residual liquids of a crys­
tallizing and fractio nating magma. It is a lso significant that these nepheline 
yenites have chemical compositions similar to phon olites, flo w rocks of indisput­

able magmatic o ri gin . 
With the recognition of the magmatic origin for the nepheline syeni tes at 

Nemegos , attention can be turned to the composition of the magma, and to the 
temperature and prevailing pressures at time of crystalli za tion. The m agma that 
crysta llized as nepheline syenites was essent ia ll y defici ent in silica and high in 
alkal is and lime. The temperature of crystal li zation of the alkali feldspar must be 
considered. Ln the nepheline syenites all the soda feld spar occurs as a co mponent 
of: perthite , which formed by unmixing during cooling. This indicates crystalliza­
tion in the binary system N aAlSi:10 xKAISi 3 0 s (Bowen and Tuttle, 1950) above 
the solvus, th at is above 660°C for 2,000 atmospheres water pressure, and in the 
ternary system NaA1Si 3 0 s -KAISi:i0 8 -H :! O (Y oder, et al. , 1957) above 695 C 
for 5,000 atmosphere water pressure. 

Very little can be sa id about preva iling pressures at the time of crysta lliza­
tion. There is no stratigraphic inform ation about the intruded rocks that wou ld 
allow an es timate of the depth of cover at time of intru sion . There is also no way 
of est imating pressures exerted by the vo la tile content o f the mag ma during crys­
tallization. 

Patches high in nepheline in the western ex po ures of type 1 nepheline syeni te 
of: the outer rim are attributed to a deuteri c a ttack by late eman ations high in 
a lkali and lime and low in sili ca. The feldsp ar was leached of silica to fo rm nephe­
linc with the alkali of the ema nations. The biotite and hornblende associated with 
pyroxe ne in type 2 of: the outer ncpheline syenite and in the inner nepheline syenite 
suggest that wate r wa retained during crystal lization. The absence of ho rnblende 
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nepheline syenite of the outer ring and proceeding into the mafignites. 

in type I of the outer nepheline syenite suggests that water was released rapid ly 
during crystal lizat ion. The a ngul a r patc hes high in biotite and pyroxene in type 
L of the outer nepheline syenite are inclusions of the gneiss that have been sub-
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jected to a pyroxenization , a feature that is di scussed in the next section. Signifi­
cance of the ring of equigranular nepheline yenite about the core of inequigranular 
nepheline syen ite is a lso considered in a later section. 1t is a border facies of the 
inequigranular nepheline syenite, and its peculiar texture is discussed , along with 
the development of the malignites which it adjoins. 

Significance of rhe Alrcrarion in rhe Gneiss 

All specimens of the reg ional gneiss avai lable from drill-holes , which are 2,000 
to 3,000 feet from the outer rim of nepheline syenite , have certain common char­
acteristics . These characteristics in turn are similar to those of the altered rocks 
surrounding the alkaline complexes at Fen (Bragger, 1921) , Alno (von Eckerma n, 
1948) , Spitzkop (Strauss and Truter, 1950) , Turja, Kola Peninsula (Kranck, 
1929), and Messum, South West Africa (Mathias, 1956); this despite the fact 
that the original rocks at Fen and Alno are gneisses and migmatites , whereas they 
are granites at Spitzkop, quartzite at Turja , and tuff and agglo merate at Messum. 
These characteristics arc li sted below: 

1. The gneiss contains aege rinaugite and generally a soda amphibole, calcite, 
fluorite, apatite, magnetite, zircon and sulphides-all minerals of the adjacent alka­
line rocks . 

2. Aegerinaugite developed in the gneiss at the expen se of quartz, enclosing 
grains and penetrat ing along cracks. Fine grains of aegerinaugite coalesce into 
coarse grains. 

3. Coarse gra ins of alkali fe ldspar and plagioclase (An ~n) in the gneiss a re 
embayed and there is a new generation of fresh, no nperthitic, fine-gra ined alkali 
feldspar and albite. 

4 . Biotite gra ins in the gneiss are embayed and ro unded . 
5. The chemical composition of the specimen of Table V, p . 29, is that 

of an alkal ine rock, and 8.01 per cent normative nepheline. 
Regrettably there is no description of the regional gneisses round Nemegos, 

other than Bell's notes on hi s reconnaissance of J 881 and a brief description by 
Parsons in 1957 . Both authors described gran ite-gneiss with various proportions 
of quartz, feldspar, biotite , hornblende and augite. However, it is reasonable to 
conclude that the alka line nature of the chem ical composition and mineral con­
stituents of the gneiss adjacent to the alkaline complex is related to the intrusions of 
alkal ine igneous rocks. 

The significa nce of the contact a lteration adjacent to intrusions of alkaline 
rocks is, of course, the fenite problem described most thoroughly by Bragger 
(1921) from the Fen area, Norway, and by von Eckerman (1948) from Alno 
Jsland , Sweden. Bragger attributed the pyroxenization of the regional gnei ss and 
other alte rations at Fen to metasomatism related to an a lkaline magma and he 
called the process "fenitization" (1921 , p. 17 l) . Since the publication of 
Bragger's desc riptions and conclu ion simil ar contact phenomena have been 
noted wherever ring complexes of alkaline rocks and the surrounding rocks have 
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been studied, and emego is no exception. The conclusion is unanimou s that 
the contact a lteration is caused by aqueous resid ual fluid s of a magma escapi ng 
into the ad jacent rocks. 

Even though spec imens of un altered gnei ss are not available for co mparison 
at Nemegos, it is probable that the development of aegerinaugite, albite, non­
perthitic alkali feldspa r, apatite and magnetite, together with the destruction of 
intermediate plagioclase, quartz, biotite and alkali feldspar, and the deficiency in 
si li ca and the high lime content can be attributed to a n addition of lime, iron , 
fluorine and phosphorus in an aqueo us so lution high in carbon dioxide. This solu­
tion escaped outward from the body of nepheline syenite, a long a pressure gradient, 
into the adjoining rock. 

The reactions between this so lution and the country rock were governed by 
the chemical potential of the various components in so lution relative to the chem i­
ca l potenti als of the same com ponents in the crys talline ph a e. For development 
of aegc rina ugite in the gneiss the sum of the chemical potentials of components 
of aegc rin augite in solution mu st be grea ter than those in the mine ra l phase, for 
a fixed temperature and press ure. Moreover, for a fixed temperature and pressure 
the chem ica l potential of components in the crystalline phase remains constant, 
where the composition of the crysta lline phase is constant. U nder similar con­
ditions in the fluid phase the chemica l potenti al is dependent o n the concentra tion 
of each co mponen t. H the concentrat io n of the constituent components in solution 
is such that, for this partic ul ar temperature and press ure, the chemical potential 
is grea ter than that of the sa me co mponents in the crystalline phase, the reaction 
will proceed in such a way as to prod uce the crys talline phase with the lower 
chemical potential. The concentration of CaO in so lution, which is so important 
in this metasomatism , increases with increased C02 content of the solution . Garrels 
and Richter ( 1955 ) show that the a mount of C02 in so lution does not decrease 
rapidly with falling temperature and pressure if there is ab undant co:! in the 
sy te rn . H ence, if sufficient CO:! is available the solubility of CaO wi ll rema in 
high during the metasoma ti sm. 

Material must be re moved fro m the gneiss during this metasomatism so that 
the same volume of rock ca n be retained and so that the final product will be 
a rock of the observed chemical composi tion. M ateria l to be removed, in this in­
stance silica, must h ave a concentrati on limit low enough so th at the chemical 
potential of this component, fo r a particular temperature and pressure, is lowest 
in so lution . Equilibrium is atta ined when the chemical potentia l of components 
rn so lution is the same as it is in the mineral phase. 

The reaction between introduced mate ri a l in so lution and original minerals 
in the gneiss, plus the extractio n of silica, produced a rock so low in silica that 
nephelinc appears in the norm. No nepheline was actua ll y observed in the gneiss 
outside the a lka line co mplex, but it has been reported by P arsons (l 957, p. 84), 
vo n Eckerman (1948 , p. 40), and Mathias ( 1956, p. 46) replacing feldspar in 
the zone of contact metasomatism. 
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Origin 0£ Ma lignite 

Most alkali ne complexes described in the literature do not have rocks ca lled 
malignites, but they do h ave dark alkaline rocks of malignitic composition that 
are refer red to by na mes such as melanocratic fe ni te. Malignites have been re­
ported to be intermediate differentiates of an ijolitc magma or alternately to be 
products of intensified fenitization. 

At the type locality, Poohbah Lake, Ontario (Lawson, 1896) , malignite out­
crops in an elliptical body unattended by other member of the alkaline suite. Law­
son recognized three facies of this rock, ga rnet-pyroxene, amphibole and pyroxene­
nepheline malignite. L ocally these rocks are foliated. A ll the malignites are in­
trusive into Coutchiching chi sts and Lawson believed that they a re of magmat ic 
o rigi n. Kranck (1929) described the petrogra phy of malignites from Turja, Kola 
Penin sula, but not their field relationship . From a stud y of thin sections and 
chemical analyses of malignites and other members of the alka lin e suite he con­
cluded that malignites are magmatic in origin and an intermediate difierentiate, 
between ijoli te and aeger ine syenite, from an ijolite magma. No rocks are called 
malignite in the description of the Spitzkop complex (S trauss and Truter, 1950) , 
but rocks arc present that ra nge in composition from fayalite diorites to theralites 
and are very similar in mineralogy and chemical composition to the malignites 
at Nemegos. These rocks at Spitzkop grade into the o uter zone of fe nites and lie 
agai nst the ijolites of the core. They are foliated and contain mo re calcium and 
iron than the fenite that lie outside them , and they are intruded by many other 
rocks of the complex. The autho rs conclude that these rocks are the most mafic 
of the metaso matic rocks at Spitzkop. 

From A lno Island, von Eckerman ( 1948, p. 47) desc ribed minor occur­
rences of malignite intrusive into other alkaline rocks, but the main body of 
malignites lies at the gradational contact between homogeneous alkaline rocks and 
the outer fenites. H e preferred to call these rocks malignitic fenite and believed 
tha t they fo rmed at the inner fenite boundary through metasomatism of country 
rock. Tn thi s metasomatism , nepheline replaced feldspar. The few in trusive con­
tacts are attr ibuted to a mobi li za tion of material during metasomatism. 

From the Mess um complex, South West Africa , Korn a nd Martin (1954, 
p. 108) and Mathias (1956, pp. 44 and 46 ) ) described rocks with the composi ti on 
of maJignites under the heading of melanocratic fe nite . These rocks are included 
wi thin the nepheline syenite at the core of the complex. Because of their attitude, 
shape, texture and composition they a re believed to be xenoliths and sheets of 
basic lavas, tuft's and gabbros that have been altered by metasomat ism. Grada­
tio ns of this alterat io n are recorded from Messum and there also nepheline re­
places fe ldspar (Mathias, 1956, p. 46). 

P arso ns (1957) reported a malignitc or pyroxenitic fe nite lying between the 
central alkaline intrusion and the altered gneisses at Nemegosend a. The data 
gathered from drill-core indica te that malignite occurs in dykes and stringers. 
P arsons concluded that these rocks a re metasomatically altered country rock, a 
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basic front about the central intrusion and that some of the metasomatized rock 
has become mobilized and intruded into fractures. In those rocks, Parsons (1956, 
p. 84) reported that nepheline replaced feldspar. 

The malignites at Nemegos lie in a band separating the outer ring of nepheline 
syenites from the core of nepheline syenites . They are composed of alkali feld­
spar, nepheline, aegerinaugite, magnetite, and locally mel anite, wollastonite and 
olivine, plu accesso ry amounts of apatite, sodalite, sphene, calcite and zircon. 
Except for melanite, wollastonite and olivine, all these minerals occur in the sec­
ond generation of minerals in the metasomatized gneiss. Large aegerinaugite grains 
form by coalescence of smaller gra ins and melanite replaces aegerinaugite . Coarse 
grai ns of alkali feldspar and nepheline near the contact of malignites with the 
nepheline syenites transect the foliation. 
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Variation diagrams (Figs. 7 and 8) have been constructed from analyses of 
a suite of sa mples collected along the western ravine in the northern part of the 
area. These specimens give a section from the inner inequigranular nepheline 
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syenite, through the equigraoular nepheJioe syenite and malignites, and into the 
edge of the outer equigranular nepheline syenite . The silica content increases grad u­
ally from the centre of the band of rnalignite sou th along the ravine to its contact 
with the equigranular nepheline syenite . At the rnalignite side of this contact, speci­
men 10 silica content ri ses rapidly to the highest value in the section . South of 
the contact , the ilica content of equigranular nepheline syenjte is lower than 
that of specimen 10 but it resumes its gradual rise towards the centre of the com­
plex (see Fig. 9). The increase in silica is accompanied by an increase in alka li 
and alumina and a decrease in lime, iron and magnesia , except again in the in­
stance of the contact between malignite and nepheline syenite where the peak in 
silica content is accompanied by slightly higher lime content and high iron. The 
Fe+++ / Fe++ ratio increases into the malignites. These variations in chemical com­
position arc consistent with the decrease in dark minerals and increase in feldspar 
from the centre of the mal ignites to the equigranular nepheline syenite. 

" Location of specimen 
( 455·M·42) used for ~ 
accompanying photograph 

~~'Drill -hole R-108 

~~~ 
LEGEND 

~ Malignite 

~ Equ1granular nepheline 
l_±__J syen ite 

200 

Scale of Feet 
0 200 

' 

Wollastonite-white rods, high relief 
Nepheline, Feld spar.-white, low relief 
Pyroxene, Melanite-black 

G.S C 

Figure 10. Sketch map to show the position of wolla stonite-bea ring ma/ignite with respect to the contact 

between ma/ignite and equigranular nep heline syenite, located one-half mile north of Mu/ti­

Minerals camp. 

The hypothesis favoured here is that the malignites at Nemegos represent a 
crescent-shaped septum of the regional gneiss that has been trapped between two 
rings of nepheline syenite. This septum has been subjected to extensive rnetasoma­
tism identical with the rnetasomatism of the gneiss outside the outer ring of nephe­
Jine syenite. Samples of gneiss display the effects of metaso matism at a distance of 
thousands of feet from the intrusion, but malignites represent the most intense 
products of this alterat ion . It is the writer's opinion that an inner ring of nepheline 
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syenite was intruded, and emanations escaped from it into the country rock. Shortly 
thereafter or almost simultaneously the outer ring of nepheline syenite was em­
placed, and it too contributed solutions to the rocks that surrounded it. These were 
aqueous solutions, high in lime, iro n, phosphorus, carbon dioxide and fluorine. 
Because of the proximity of the source of the solutions, the temperature , pressure 
and concentrat ion of components in solution remained high for a considerable 
time. The next res ult was an approximation to equilibrium between solution and 
rock. Aegerinaugite developed to the exclusion of quartz, silica was withdrawn, 
and nephel ine replaced the albite. The composition of the nepheline was con­
trolled by the chemical potential of potash and soda in solution and in the crys­
talline phases of the rock. 

The removal of silica by solution proceeded until the formation of melanite 
was favoured over the for mation of aege rin augite. Silica must have been removed 
by diffusion in solution or by a movement towards the intru sion of silica-rich solu­
tions, in order to maintain equal volume relationships during metasomatism. The 
result of these phenomena was the presence at the contact of intrusion with the 
intruded gneiss of a solution with highest concentration of silica, moving from the 
gneiss to the intrusion , and one with a high concentration of calcium, moving from 
the intrusion to the gneiss. The highest poss ible temperatures and pressures in 
the gneiss were reached at this contact. Tt is also at this contact that wollastonite 
is stable and though wol lastonite was not fou nd in the section from which the 
variation diagrams were constructed, it is present in specimens from the same rela­
tive posit ion in the complex, that is within the malignites but close to the contact 
with equigranular nepheline syenite (see Fig. 10) . Wollastonite and calcite are 
sta ble together at 1 ,000°C and 2,000 atmospheres (Bowen, 1940). The large 
porphyroblasts of fe ldspar and nepheli ne near the contact are also products of 
the prevailing chemical potentials, controlled by a high concentrat ion of alumina 
near the contact. 

The foliation of the malignites may be explained by the observation that crys­
tals grow with the axis of best thermal conductivity perpendicular to the isotherms 
and with the largest compress ibili ty along the pressure gradient (Barth , 1952, 
p . 231) . In this manner biotite acquires a preferred orientation with [001] parallel 
with the pressure and temperature gradients. 

Compositional Variations w ithin Malignites 

The malignites are relatively homogeneous except for local occurrences of 
a rock with 30 to 40 per cent biotite and for an alkorthosite composed of feldspar 
and nepheline. These two di stinctive rocks within the band of malignites are attr ib­
uted to ei ther differences in the composition of the original gneiss or irregularity 
in the distribution of mater ial during metasomatism. The latter hypothesis is pre­
ferred beca use lime, one of the majo r components added during metasomatism, is 
apparently low, as there is virtually no aegerinaugite in these rocks . 
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A I ternative E x planation for Ma/ignites 

T he writer 's preferred hypothesis, advanced above, is that the malignites are 
screens of metasomatized region al gneiss left between nepheline syenite ring-dykes. 
H owever, as the u naltered gneiss is not exposed and a continuo us tra nsitio n from 
gneiss to malignite could not be observed, an alternative expl anation must be con­
sidered, a lthough it is less sa ti sfactory to the writer. 

M etaso matism of the regional gneiss outside the alkaline co mplex is estab­
lished , and there is no other obvious explanation for the mi neralogy and chemi­
cal co mpos ition of the gneiss . However , the malignites within the complex could 
be differentiates of an alkaline magma of which nepheline syenites represent the 
leucocratic fractio n. The evidence in favour of a magmatic o ri gin for the malignites 
is as fo ll ows: 

l. T heir component minera ls are also those of the nepheline syenites, except 
for woHastonite, rnela ni te, o li vi ne and pyrochlore, which might be peculi ar to thi s 
phase of differentiation. 

2. Variat ion diagram s show that the malignites, with the exception of those 
immediately adjacent to the equigra nular nepheline syenites, a re low in silica, 
alumina and alkali , and high in iron and ca lcium as co mpared to the neph eline 
syenites. Both the nephel ine syenites and malignites could have crystallized from 
a co mmon magma, the malignites crystallizing first so as to become enriched in 
the mafic const ituents. R ocks wi thin the body of malignites that are rich in biotite 
or feldspar could be a ttributed to segrega tion of the necessary components within 
the magma; the alkorthosites could be patches fro m which the mafic minerals 
settled out. The fo li ation could be a flow ba nding and the rocks co uld occupy a 
r ing- or cone-type fracture in the co mplex and any evidence of metamorphism in 
the malignites could be att ributed to the effects of enclosure by the later intrusio n 
of the outer nepheline syenite . There is however no field evidence th at the ma lig­
nites were ever intrusive. 

R elationship of the E quigranular Ne ph eline Syenites to the M a/ignites 
The equigra nul a r nepheline syenite, in contrast to the adjacent maligni tes, 

has euhedral nepheline, nepheline a nd alkali feldspar grains that contain rings of 
inclusions that mimic the grai n ou tline, and zoned alkali fe ldspar. The nepheline 
is euhedral in thi s rock beca use, as in the inequigranula r nepheline syenite of the 
core, it c rystallized fro m a magma before the feldspar and pyroxene. Co mposi­
tions of the nepheline syeni tes plotted o n the equ ilibrium diagram for the system 
Si02 -NaA1Si0-1 -KAlSi0 -1 (Sch airer, 1950) fall in the Na-K nephel ine field , in­
dicating that upon cooling nepheline wo uld crystallize before feldspar. 

Ass imil ation of fragments of country rock in the course of intru sion and 
exchange of materi al with the malignites during the contact metasomatism mu st 
have increased the SiO:! and Al 2 0 3 content of the residu al magma. These and 
alkali s concentrated in the residual magma presum ably contributed to the late 
growth of the fe ldspar. In regions where the sili ca content was low, late growth 
of nepheline took pl ace and fine gra ins of other minerals were included in the 
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nepheline. The fin al product was an equigranular rock with almos t equ al amo unts 
of feldsp ar and nepheline th at show evidence of secondary growth by zoning and 
r ings of inclusions. The equigranular nepheline syeni te h as more m agnetite th an 
the nepheline syenite of the core, because C0 2 presumably moved fro m the in­
terio r of the intrusion out through the crystallizing margin , oxidizing the ava il able 
iron (L asky, 193 1). The equigra nul ar nepheline syenite is rega rded as a border 
facies of the inequigranular nepheline syeni te of the core. 

Significance of Ijolire and A ssociarcd Magn c rirc V cins 
Jjol ite is not an ab un da nt rock withi n the emegos complex yet its minera l 

composition and texture are distinc ti ve and it is everywhere associa ted with mag­
netite vein s. O n the other h and , ijolite is commo nl y the most ab undant alkaline 
rock mentioned in descrip tions of com plexes in other parts of the world, and 
there is no mention in the literature of the assoc iation of ijolite with magnetite 
vei ns. T hree d ifferen t modes of o rigin have been suggested fo r the ijolites: 

1. It is suggested th at ijoli te crystallized fro m a magma. In some areas it is 
considered to be the parent magma for the suite of alkaline rocks. At Iron H ill, 
Colorado (La rsen, 1942) , ijol ite composed of nepheline, pyroxene, and garnet 
in euhed ral grains shows an igneous texture . M oreover, the rock for ms shar p­
edged dykes and a large in trusive body. T he chemical and mineralogical com­
pos ition of these ijo li tes co rresponds closely to the mi xtures of Bowen's (1922) 
equilibrium di agra ms for the bin a ry system diopside-nepheline . L a rsen concluded 
that the ijolites c rystalli zed fro m a magma. 

A si milar o ri gin has been suggested fo r the central ijolites at Napak (King, 
1949). There the contacts with other rocks are obscu red b ut there is a continuous 
va ri a ti o n in chemical composit ion between ijolites and other intru sive and ex­
tru sive rocks of the complex. Kra nck ( 1928) offe red a similar reaso n for suggest­
ing that ijolite represents the pa rent magma at Turja. 

2. The ijoli tes may be a reaction product between an intru sion of nepheline 
syenite and limes tone. T his hypothes is was tendered by Shanel ( 192 1) fo r the 
ijoli tes of Spi tzko p. The ijolites the re grade in to alkali syenites and partly enclose 
ca rbonate rock at the co re. It is well to note that a mo re de ta il ed stud y by Strauss 
and T ruter (1950 ) revealed three di stinct ijolites on the bas is of texture, min­
e ralogy and contact rela tionships with enclos ing roc ks. They believed that two 
of these are metasomatizecl country rock at the fe nite boundary and a nephelinizecl 
pyroxenite. The third ijolite, the coa rse one at the centre of the body, in trudes 
other rocks and they consider it to be of magmatic ori gin . 

3. The ijolites may be of metasomatic origin. Thi s o rigin has already been 
referred to above, where ijolite grades into fenite and pyroxenite at Spitzkop 
(Strauss and T rute r, 1950 ). Von Eckerm an (1 948) reported ijolites in a similar 
po ition at Alno Island ; that is, they occur at the bound ary between fen ite and 
ho mogeneous alkaline roc k. There is no mention of intrusive rela tionships there 
and von Eckerm an (op . c it. , p . 48) stated th at these rocks have res ulted fro m 
the metasom atism of the surrounding malignites. 
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Pulfrey (1950), describing the rocks of Homa Bay, Ken ya, recorded a 
mass of ijolite 1-} miles wide and intrusive into fenites on the west side of the 
co mplex. All other contacts are obscured. Constituent minerals, especially pyroxene 
and nepheline, are rarely euhedral and the nepheline has been partly replaced by 
aegerinaugite. Pulfrey pictured the intrusion of an alkaline magma th at started to 
crystallize and separate nepheline crystals. Nepheline crystals rose to the top of 
the magma chamber where they were subjected to attack by rising fluids rich in 
calcium, titanium, phosphorus, fluorine , carbon dioxide and water. Potash , alumina, 
and possibly iron and soda were removed. The product of reaction between the 
mass of nepheline crystals and the solutions is nepheline-aegerinaugite rock­
an ijolite. 

At Nemegos the bes t exposures of ijolite fl ank a magnetite vein in the Mc­
Vittie pit. Contacts between ijolite and surrounding rocks were not observed at the 
surface because of the overburden , but where seen in drill-cores they are grada­
tional. Magnetite stringers that traverse the outer nepheline syenite, type 4, have 
borders composed of aegerinaugite, nepheline and biotite, two to three times as 
wide as the magnetite ve in . These borders have the mineral composition and 
the allotriomorphic gra nular texture of ijolite. Rocks described earlier in thi s re­
port include an aege rinaugite of this border replacing the constituents of the nephe­
line syenite. The conclusion reached is that ijolites of the Nemegos complex are 
products of pyroxenization along fractures that now contain magnetite. 

The development of the ijolites is similar to the pyroxenization of the regional 
gne iss outside the ring of nepheline syenites, in that aqueous solutions rich in iron , 
calc ium , fluorine and phosphate apparently entered fractures in the nepheline 
syenites and reacted with the constituent minerals to form dark minerals. Silica 
was withdrawn from alkali feldspar and used , together with components from 
solution , in the formation of aegerinaugite . Quartz and plagioclase were not com­
ponents of the nepheline syenite as they were of the gneiss, so that silica and soda 
mu st have been furni shed by the alkali feldspar. Nepheli ne and aegerinaugite may 
fo rm by the following reaction: 

K zO Na20 Al20 3 Si02 + CaO (F~: F~:+ Mg)O 
(alka li feldspar) (added material) 

CaO Na 20 (Fe Fe Mg)O Al20 3 Si02 + Na 20 K20 A120 :i Si02 
(aegerinaugite) (nepheline) 

The actual composition of nepheline will depend on the Na / K ratio in the solu­
tion and rock minerals at the given particular pressure and temperature. 

In order to maintain the same volume of rock alongside the fracture there 
must have been a movement of material out of nepheline syenite during the 
process of replacement to compensate for the added material. Thus Si0 2 , Al 2 0 0 , 

and K 2 0 , moving into the fractures provided the necessary concentrations of com­
ponents at suitable temperatures and pressures for the formation of biotite at the 
edge of the magnetite veins forming in the fractures. Some even reached the centre 
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of the c rystallizing magnetite where they fo rmed the alka li fe ldspa r cores of the 
magnetite veins. Veinlets of nepheline and magnetite can be attri buted to local 
concentrations of sod a, potas h and sili ca unde r conditions fa vouring the crys­
ta llization of nepheline in fr actures. 

The ijolites east of the Multi -Mineral s ca mp differ from those of the McVittie 
pit in th at they conta in melanite and a lka li feld spa r, and that magnetite veins a re 
no t exposed at the surface . A low concentration of SiO:! must have fa vo ured the 
development o f melanite over aegerinaugite in the la te stages of metaso matism . 

Ca mpbell-Smith , in his review o f Africa n ca rbonatites ( 1956, p . 208), wrote: 
"The connection of the nepheline syenites with the ca rbonatites does no t seem 
as constant as is the ca rbona tite-ijolite-pyroxe nite assoc ia ti on and nepheline syenite 
is sometimes no t present a t a ll . On examining the published acco un ts on E u ro­
pean and American ca rbonat ites it appears that, contra ry to preva lent opinion, 
nepheline syenite is no t the roc k type most commonl y associa ted with carbona tites, 
but ra ther the association pyro xenite-ijo lite-ca rbonatite is mo re frequent. This 
observation if substanti a ted may be of importance in the theory of carbonate 
formati on. " The conclusion th a t may be d raw n from the Nemegos a rea is that 
thi s association of ca rbon atites with ijolites is a function of the alte ra tio n of the 
nepheline syeni te to mo re bas ic alka line roc k, th ro ugh int roduction of aqueous ca r­
bonate so lutions. These solu tions, ri ch in iro n, lime and o ther consti tuents, have 
been concent ra ted in the resid ua l stages of magmati c diffe renti ati on. The ijolites 
a re re la ted to the carbonatites but no t as a source of ca rbonate material. On the 
contra ry, the ijo lites were produced by attack of ca rbon ate fluid s on leucocratic 
alkaline rocks. 

Origin of Magn erire-Aparire Bodies 

Vo n Ec kerman ( 1948, p. 57) described concent ra tio ns of magneti te and 
apatite rimmed with homogeneous bas ic a lka line rocks, lying within the meta­
somatica ll y alte red migmatites of Alno l sland . The magnetite is titani fero us and 
the apa tite is a flu o rapat ite . A pa tite may acco unt for 20 per cent of the rock. Von 
E ckerm an be lieved th at magnetite-a patite bodies a re metamo rphosed deposits of 
iron tha t were conta ined wi thin the Preca mbrian migmatites prior to empl ace­
ment o f the a lkaline roc ks. On the othe r hand , concentra tions of magne tite and 
apatite within the carbonate rock is a ttribu ted to a gravita tiona l concentration of 
c rys tal di ffe renti ates in ca rbonate magma . 

Bodies of magnetite and apatite, with biotite, pyroxene and nepheline in 
va rying proportions, a re prese nt with ca rbonate and alka line roc ks at J acupiranga, 
B razil (Derby, 189 1). T he iron o rebodies have sha rp, dyke-like ma rgins and in­
clude fragments of a schi stose alka line rock of th e a rea . D erb y concluded that 
the magnetite- rich rocks are of magmati c o rigin . 

The magnetite-apat ite bodies at Nemegos a re pod-shaped and li e within 
malignite. The wa ll s of the bodies a re ve rtica l or dip steepl y and the strike o f 
contacts and fo li ation confo rms roughl y to th at of the fo li ati on in the ma lignite. 
Blocks o f ma li gnite are included within th e o rebod ies and bea r no evidence of 
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alteration. U naltered nephelin e syenite is a lso present wi thin magnetite-apatite but 
whether it is intrusive into the magnetite-apat ite or included withi n it, is not clear. 
The minerals of these o rebod ies, magnetite , apat ite, sulphides, pyrochlore, aeger­
inaugite, are a lso common to ijolite, malignite and ca rbona te rock and to the meta­
somatized gnei ss outs ide the nepheline syenite. 

The hypothesis is proposed that the magnetite-apatite bodies were intruded 
into steeply dipping cone-sheet fractures and zones of brecciation within the malig­
nite. Foliatio n is att ributed to fl ow banding and their mine ra l compos itio n to 
crystallization from fluid s very si milar to those responsible for the alteration of 
the regional gneiss and the formation of ijolites and m a ligni tes. lt is concluded 
that magnetite-apatite bodies formed fro m aq ueous solutions rich in iron, lime, 
and components of the accessory minerals and some CO:z. These solutions may 
have collected in the magma chamber just below more calcic and carbonate-rich 
solution at the top of the magma cha mber. Steeply dipping cone-fractures might 
there have tapped this magma chamber at the level of the iron-rich solu tion. The 
solution wou ld thus invade the fractures and, with an escape of ca rbo n dioxide 
in this low pressure region, the iron of th e so lution would crystallize as magnetite 
and the calcium wo uld contribute to apa tite and pyrochlore. Intergrowths of mag­
netite and ilmenite indicate that crystal li zat ion of the magnetite took place at 
temperatures above 700°C ( Ingerson, 1955, pp. 36 1, 365). Contact effects are 
at a minimum because the solu tions contributing to the magnetite-apatite bod ies 
were simil a r to those that caused the development of the enclosi ng malignites, 
except that they carried more iron and less CO~ . The contact effects are confined 
to an introduction of iron into the wall rocks to form magnetite a long the contact. 

Significance of Carbonate Rock 

The world-wide association of carbonate rocks with alka line rocks has 
prompted seve ral hypot heses for their mutua l origin. A sa ti sfactory proposal must 
explain this association, the structural pos ition of the carbonate rock, and its 
mineral composition. 

King ( 1949), reviewing the Napak structure in Uganda, supported the hypo­
thesis of a magmatic or igin for the carbonate rock . The complex there has a core 
a quarter of a mile wide composed of calc ite with disseminated siderite and 
magnetite. The contacts are obscured, but ve ins of calcite intersect the ijolite. 
King believed the rock to be a product of direct fractio nal crystallization from 
an ijoliti c magma ri ch in lim e and carbon dioxide. T he m agmatic origin hypothesis 
for carbonate rocks associated with a lkal ine rocks is supported by von Eckerma n 
( 1948) in hi s stud y of Alno Island. There, a lka line rocks are arranged about a 
core of ca lcite and are traversed by cone sheets and radial dykes of calcite and 
dolomite. Some of the dykes a re enc losed by country rock and , though they have 
sharp contacts, are assoc iated with fenitization and sem i-digested inclusions of 
country rock (op. cit., pp. 66 and 127). The wider the dyke the greater the 
wall-rock alterat ion. Accessory minerals in the carbonate rock are apatite, mag-
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netite, biotite and pyroxene. Beca use of their cone-sheet structure and contact 
effects, and because it fitted his general hypothesis of a metaso matic development 
of the alkaline rocks, vo n Eckerman beli eved that the carbonate rock at Alno 
represents fracture filling by a carbonate magma at 400 to 600°C . The carbonate 
magma must h ave been rich in potash, magnes ium , calcium , carbon dioxide and 
fluorine. This magma would have produced the accompanying a lkal ine rocks by 
metasoma tism and finally crysta lli zed as carbonate rock. 

Shand believed that carbonate rocks in alkaline complexes are xenoliths of 
limestone caught in a ri sing magma. The reaction of granitic magma with lime­
stone would result in a desilication and the formation of alkali ne rocks. This hy­
pothesis was sta ted in his account of the Spitzkop complex ( 1921 ) in which he 
described a circu lar area of m arble three quarters of a mile wide and composed 
of calcite with accessory magnetite , apatite and pyroxene. The contacts of the 
calcite body with the surround ing rocks are obscured. However, a more recent 
and more detailed stud y of Spitzkop by Strauss and Truter ( 1950) revealed that 
the marble contains xenoliths of nephelin e syenite ; that there is no evidence of 
metamorphism of the m arble; that the a lka line rocks do not intrude it; that there 
are no other members of a sed imentary seri es accompanying this limestone; and 
that the carbonate dykes, one of which is a ring-dyke , clearly cut the alkaline 
rocks of the complex. They concluded th at the carbonate rock is intrusive, of 
magmatic origin, and has as its parent a peridotite magma. 

Bowen ( J 924) suggested that the carbonate rocks of the Fen area, Norway, 
were the result of the replacement of the a lkaline rocks. His exami nation was 
primarily petrographic and he cited as evidence of replacement the mixed sili ca te­
carbonate rocks that form a transition between pure carbonate and pure silicate 
rocks, and the success ive replacement of silicates by carbonates observed in thin 
section. This hypothesis is supported by Pulfrey ( 1951) in his study of Kavirondo , 
Kenya, where carbonates, present as plugs and ring-dykes, show a successive re­
placement of calc ite by dolomite and · by siderite. Because of the ab und ance of 
replacement phenomena in the accompanying ijolites and syenites he concluded 
that the carbonates are a product of the replacement of si licate rock by a car­
bonate magma of unknown origin. 

Larsen ( 1942) suggested that carbo nate rocks associated with a lkal ine rocks 
are fracture filli ngs by hydrothermal so lu tion rich in lime. At Iron Hill , Colorado, 
the main mass of carbonate covers an area of 2 squa re miles and is composed 
mostly of dolomite with minor calcite and anker ite. Apatite, magnetite , pyroxene 
and sulphides are the accessory mineral s. Dykes of dolomite with the same acces­
sory minerals traverse the intru sive rocks of the complex and the Precambrian sed i­
ments outs ide the complex. The dykes have sharp contacts and a re not assoc ia ted 
with contact metamorphism . Larsen, viewing the shape, contacts , and vein-like 
nature of these dykes, believed the carbonate dyke rocks to be in trusive, and be­
cause the composition of the centra l mass is very similar to that of the dykes, 
suggests one mode of origin fo r both. He ru led out the poss ibility of a carbonate 
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magma on the basis of laboratory exper iments on the melting of calcite, claim­
ing that the temperature required for such a magma wou ld be too high to be 
reasonable. H e dismissed replacement, first , because there are no mi xed silicate­
carbona te rocks and hence no evidence of a grada tion from silicate ro:k to car­
bonate rock, and secondl y, beca use the ca rbonate rocks have the same com posi­
tion regardless of the rock type they traverse. H e observed that the minera ls of 
the carbonate rock are similar to those widely distributed among the alteration 
products aro und the alkaline stock and that the carbonate rocks appear to be 
intrusive fr acture fillings. He concluded that the dykes within the alkaline rocks 
and o ut in the country rock are hydrothermal veins and that the cen tral mass is 
a hydrothermal filling in the throat of an old volcano. 

The m ain body of carbonate rock at Nemegos 1s composed of ca lcite, 1s 
dyke-like in fo rm, and appears to occupy an arcuate cone-sheet structure within 
maligni tes. T he contacts a re sha rp and we ll defined and are marked by an altera­
tion zone consis ting of a border of aegerinaugite, and biotite and ca lcite in the 
surro unding rock. Sharp-edged stringers of calc ite project into the wall rocks. In­
clusions of nepheline syenite within the carbonate rock a re rimmed with aeger­
inaugite, biotite, magnetite and sulphides. The principal minerals of the body are 
simil ar in habit and composition to those produced in the metasomatism of the 
regional gneiss and in the formation of malignites and ijolites. The magnetite, 
apatite and pyroxene of the carbonate rock are arranged in streaks and layers 
parallel to the contact with the wall rocks. The calcite shows no sign of deforma­
tion. It is concluded that the carbonate rock at Nemegos was introduced into an 
open fracture and has a ltered the wa ll rocks and inclusions. The mineral composi­
tion of the ca rbonate rock indicates that it is related to the alka line rocks of the 
co mpl ex and to the assoc iated metasomatism. 

The carbonate rock is not believed to be an inclu sion of limestone ca rri ed 
in by the magma because it bears no evidence of metamorphism, and because the 
nearest known outcrop of limestone is in the Grenville province of the Canadian 
Shield, LOO miles south of Nem egos. Neither is it considered to be a block of 
limestone from overl yi ng sediments that fo undered in the a lkaline intrusion. It 
is difficult to visualize such a block of limestone ass uming the position of a cone­
sheet structure. lf a limestone block did assum e such a position through plastic 
flow then there must have been complete recrystallization after emplacement to 
erase a ll signs of deformation in the calcite. 

An or igin by replacement of sil ica tes by carbonates must be considered but 
it does not seem probable in the light of a deficiency of mixed si lica te-ca rbonate 
rocks that would represent an inte rmedia te stage in the replacement. Moreover, 
there are rep lacement textures aro und the inclusions within the calcite, but no 
evidence that calcite was produced by the replacement. lt would need to have 
been a most complete replacement to produce a carbonate rock such as the one 
at Multi-Minerals. 

The o nl y hypothesis that fits the field relationship and the petrography of 
carbonate rocks at Nemegos is that fractures were filled by carbonate solution 
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rich in lime, and carrying iron , sulphur, phospha te, niobium and copper, and 
that these so lut ions were geneticall y related to the a lka line intrusion . This solu­
tion might have been a calcite magma, a res idu al melt fro m an alka line mag ma. 
The chief objection to the hypothesis of a magma has been that the melting 
tempera ture of calcite is 1,340 °C at 1,000 atmospheres pressure (Smyth and 
Adams, 1923 ) in the presence o f carbon dioxide. H owever, P ate rson ( 1958, 
p . 603) showed that ca lc ite will melt at tempera tures above abo ut 900°C in an 
atmosphere of water and carbon diox ide at a tota l pressure of 50 atmospheres, 
and Wyllie and Tuale ( 1959) repo rted a minimum Jiquidu s tem perature in the 
system Ca0-C02 -H 2 0 at 665 °C and 27 atmospheres pressure of water vapo ur. 
Hence, a calcite magma could ex ist a t reasonable tempera tures, espec iall y if the 
othe r volatile constituents furth er depress the melting point of calcite. 

The altern ative to the calcite magma is a hydrothe rm al solution of appropriate 
composition , and this is the hypothes is preferred by the writer. Depos ition in an 
open fracture by a mobile hydrothermal solution sa ti sfies the fi eld conditions and 
mineral composition. It also provides an origin for carbona te rocks that requires 
solutions similar to those contributing to the formation of ijolite and malignite, and 
to the alteration of the regional gnei ss. 

Origin of P yrochlore 

Niobium mineral s, principally pyrochlore, occu r most abundantly in the basic 
a lkalin e rocks and ca rbonate rocks of ring complexes (von Eckerman, 1948; 
Fawley and James, 1955 ). The other pro minent occurrence of niobium minerals 
is in acid pegmatites (R owe, 1958). Two problems ari se in connection with these 
occurrences of niobium minera ls: 

1. The genetic signifi ca nce of the a ffi nity of niobium for rocks as chem ica ll y 
distinct as alkal ine rocks and acid pegmatites. 

2. The concentra ti on of niobium in both the basic members of the a lkaline 
suite and in the associated carbon a te rocks. 

T he chemical com pos ition of the pyrochlore is an essenti al facto r in any con­
sideration of its o rigin , and , though two analyses of the min ::ral from the Multi­
Mineral s property are given in the sec ti on on mineralogy, it is advisable to examine 
its general chemistry. Pyrochlore is the niobiu m-ri ch end-member o f the pyrochlo re­
microlite series that has the genera l for mul a A:!B:!O G ( 0 , Oh, F) where 

A is Na, Ca , K , M g, Fe: Mn , Sb, Pb, Ce, La , Dy, E r, Y, Th , Zr, U , a nd 
B j Nb, Ta, Ti , Sn , Fe: 'w. 

Essenti all y pyrochlore is (Na, Cah Nb:!O\iF where the Nb:iO~ percentage ranges 
from 26.22 to 63.64 . Niobium has a cha rge o f + 5 and an atom ic radius of 0.69A 0

, 

and the average niobium content of igneous rocks is 0.0024 per cent by weight, 
a concentration that does not allow ea rly fo rmation of niobium minerals in m ost 
igneous rocks. Niobium that is present is incorporated into minerals of titanium 
and zirconium . 
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At Nemegos the niobium content is greatest in malignites, less in carbonate 
rock, ijolite, and m agnetite-a patite roc k, and least in the nepheline syeni tes. This 
distribution is consistent with the stud y oE Borodin ( J 9 55) in which he recorded 
the fo llowing rel ative percentages of Nb 2 0:;: 

M ass ive nepheline syen ite .. 
Poik ilitic nepheline syen ites .... 
Foyai tes (nepheline syenite with equal part s nepheline and feldspar) 
ljolites-urti tc , composed essentia ll y o f ncpheline and pyroxene . 

Weight % 

0.007- 0.008 
0.008- 0.009 
0.0 18- 0.021 
0.025- 0.031 

Assays from the regional gneiss abo ut the Nemegos a lka line complex show only 
trace amo unts of niobium . P yrochlo re was not observed in the thin sections of 
gneiss . Parsons ( 1957, p. 86) ho weve r noted that at the Nemegosenda Lake com­
plex there is no detectable niobi um in the unaltered gneiss, b ut that on approach­
ing the homogeneo us a lkaline rocks of the complex through the a ltered gneiss 
0.2 to 0.5 per cent of Nb 2 0 0 was found where a ltera ti on is s li ght and up to 
I .0 per cent where the p yroxenizat ion is grea test nea r the intrusion. He believed 
that the pyrochlore was introduced in the ea rl y stages of contact metasomatism. 

R owe ( 1958, p. 84) recognized fo ur di ffere nt niobium-bearing minera ls in 
the carbonate rocks and silicate rocks a t Oka, Quebec. T heir distribution and 
association he att ributes to h ydro thermal or pneumatolytic introd uction of material. 
A simila r o rigin is proposed by R owe (op . cit., p. 62) for the pyrochlore in the 
mixed silicate-carbon ate rocks of the ewman deposit, Lake Nipissing, Ontario. 
The source of these agents of meta omat ism is an alka line magma. 

The conclusion d rawn from the Nemegos o:currence is that niobium , becau se 
of its high charge and low concentration in the parent magma, and because it for ms 
a vo la tile flu or ide (Saether, 1950, p. 128) was not inco rporated in the ea rl y form­
ing minera ls but became concentrated with lime, carbon dioxide, iro n, flu orine, 
phosphate, sulphur, copper and water in a residua l magma fraction. iobium was 
then ca rried out from the body of nepheline syenite by the aqueo us carbonate solu­
tions during contact metasomati m, and p yrochlore fo rm ed. 

In answer to the two questions proposed at the start of this section it can be 
suggested that niobium minerals are associated with both alkaline rocks and ac id 
pegmatites because niobium is concentrated in residual fractions of any fractionating 
magma. Furthermore, the grea test concentrations of niob ium are fou nd in the basic 
members of the alkaline se ri es and in the carbonate rock at Nemegos because the 
basic alkalin e rocks are produ cts of a metaso matism by so lutions ri ch in niobi um 
and because of the carbonate rock crysta llized from simil ar so lu tions. 

Significance of Lamprophyre D ykes 

Lamprophyre dykes are common in the alka line complexes of North 
America (Oka and ewman, R owe, 1958, pp. 52, 75), in Fennoscandia (Alno 
Island, von Eckerman, 1948, p . 48), and in Africa (D ixey, et al., 1955 , p. 27). 
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They are for the most part rad ia l dyke that cut both the alkal ine rocks of the 
complex and the enclosi ng cou ntry rock. Their width varies from several inches 
to severa l feet and their compos ition from melilite- ri ch to carbonate-rich Jampro­
phyre ( von Eckerm an, J 948, p. 98) . The dykes are rarely accompanied by wall­
rock alterat ion. Without except ion, the Jamprophyres are considered to be prod­
ucts of crysta lli zation from a magma re lated to the alkaline intrusion, but no 
author specifies the actua l genes is. 

At Nemegos, lamprophyre dykes occupy ring-dyke fractures that dip at low 
angles away from the centre of the com plex. They are the youngest rocks in the 
area. The principal mineral s a re a colou rl ess pyroxene, albite, alkali feldspar, 
biotite, magnetite and calcite. The larger gra ins are cracked. Tt is concluded that 
the dykes formed by the crysta lli zation of a residual magma in flat-lying ring-type 
fractures that formed when the roof of the magma chamber coll apsed after the 
last major intrusion. 

Genesis of the A lkaline Rocks at Nern.egos 

l n conclusions drawn from the consideration of the foregoi ng eight problems 
in petrogenesis of the Nemegos alka line complex, it has been suggested that the 
nephelin e syenites have crystallized from a magma. T his magma has also pro­
vided the fluids responsible for metasoma tic development of other alkaline rocks 
and for both the magnetite-a patite rock and carbonate rock of the complex. If 
the presence of a magma is ad mitted , several questions ar ise that bear not onl y 
on the development of the Nemegos area but on fundamental problems of alkal ine 
rock paragenesis. For exa mple: how can a magma undersat urated in silica, high 
in lime, alkalis, alumin a and ca rbon dioxide be der ived by fract ionat ion of primary 
magmas of basalt and granite? These magmas commonl y give rise to residual 
differentiates that are quartzose. Jf such a magma were ava il ab le how could it 
have rema ined undersaturated in the course of intrusion? lt would have every 
opportuni ty to incorporate silica from the surrounding rocks . And, granted that 
even if such a magma existed and remained undersaturated, how could it have 
further differentiated to give the various rock types that are undeniably assoc iated 
chemically and spa tially in the ernegos com plex? Jn answer to these questions, 
worke rs have proposed three mai n groups of hypotheses: 

I . Alkaline magma co uld be derived by fractionation of a basaltic or peri­
dotitic magma and the diverse rocks of the assoc iat ion genera ll y attained by fur­
ther fraction ation (Barth, 1936; Smyth, 1943; Fenner, 1937; Holmes, l 950; Strauss 
and Truter, 1950; Tomkeieff, l938; Saether, 1950; and Backlund , 1933). Barth 
is the only one who appealed to si mple fractionation ; the others preferred the help 
of gases or thermodiffusion in segregation of the alkali ne phase. 

2. Alkaline magma might be the product of desi licat ion of a magma satu­
rated with silica by assim il ation of limestone and the subseq uent format ion of lime­
silicates (Daly, 19 J 0, 193 3; Shand , 1930, 1945). 
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3. Carbo nate magma o f unknown origin might have picked up silica as it 
rose th ro ugh the cru st a t the sa me time des ilicating the surrounding rocks and 
tra nsformin g them into a lka line rocks. The left-over ca rbonate could have con­
tributed to the ca rbonatites ( von Eckerm an, J 948). 

Although the alka line rocks rece ive continuous a ttention in the literature 
they account for onl y 1 per cent o f the igneous rocks exposed today, and it is 
reaso nable to ass um e th at they a re a spec ial variety o f more commo n rock types . 
The compa ri son of the minera logica l composition o f th e nepheline syenites a t 
Nemegos with an experimenta l sys tem indicates th at they are the members of an 
alkali-a lumina-silica te sys tem that crys ta llized late in the hi sto ry of the melt (see 

Fig. 6). 
In sup port of thi s is a concentra tion of a lka li s, vo latil es, niobium , u ra nium , 

zirconium , phosphorus, etc ., all associated with late stages of diffe renti ati on fro m 
silica te magma in the same manner as in the genes is o f pegmatites and hyd rothe rmal 
so lutions. The compos ition and habit of the rocks o f the N emegos alkaline co m­
plex also support the contention that this process of differenti ation and concen­
tra tio n eventuall y contributed the CaO and CO :! of the ca rbona te rocks afte r 
separation of SiO:! and Al :! O :i and va ri ous o ther consti tuents in to a fr ac tion that 
fo rmed the sili ca te roc ks of the a lkaline complex. H is concluded the refo re tha t 
alka line rocks are a fr acti on of o ne of the establi shed prim ary magmas-ba alt 
or granite. 

The pro blem narrows down to whether o r not a prim ary magma, sa turated 
with sili ca, will differenti ate to give a fr action low enough in silica to c rys tallize 
a fe ldspathoid and be a ttended by a so luti on rich in ca lcium , wate r and ca rbon 
diox ide . As the alka line rocks intrude Precamb rian gneisses, the alkaline magma 
must have been gene rated befo re it intruded the Precambrian basement and thi s 
m akes it most unlikely th at des ili ca tion was by reac ti on o f the magma with a 
fo undered block of Pa la:ozoic limestone. There is no evidence of Precambri an 
limestone in the a rea. 

The study of the Nemegos area o ffe red no in d ica tion of how fractiona tion 
proceeded and the hypothes is tende red he re is specul ati ve . G ra nted that a pa rent 
magma with th e appro pri ate components, including juvenile ca rbon diox ide, ex isted 
in a mag ma ch amber in a sta ble a r;;a like the Ca nadi an Shield , then fr actiona tion 
may have proceeded in the following stages: 

I. Water, ca rbon diox ide and othe r vol atil e ma te ri als wo uld have ga thered 
a t the top of the magma ch amber where the temperatures and confining pressures 
were least. 

2. Ca rbon diox ide wo uld di sso lve in wate r in acco rd wi th preva iling tem­
pe rat ures and pressures ( G arrels and Richte r, 1955) to fo rm ca rbonic acid . 

3. The magma wo uld begin to cool slowly and c rysta ls wo uld fo rm and set tle 
downward . At the sa me time elements with low concentrations, o r cha rges and radii 
unsuitable for their inco rporatio n in ea rl y fo rming minera ls, would co llect a t the 
top of the magma chamber with the vola til es. Phosph oru s, ti ta nium, zirco nium 

60 



Petrogenesis of the Alkaline Complex 

and niobium fo rm volatile flu orides (Saether, 1950, p. 128). The acid environment 
at the top of the m agma chamber wo uld a ttract the bases K +, Na', and Ca++ . The 
calcium ion in pa rticula r would concentra te a t the to p because, as the ca rbon diox ide 
content of the solution increased, so wo uld the so lubility of Ca++ ( G arrels and 
Richter, 1955 ). Carbon dioxide would be the co ncentrating agent and wo uld be 
responsible fo r the form ation of a carbonic acid and the solubili ty of Ca++ . H ence, 
the fraction a t the top o f the magma chamber conta ining the grea tes t C0 2 content 
wo uld have a grea te r tendency to differenti ate because the re the concentrator wo uld 
be most abundant. 

4 . Bas ic ions ri sing through the magma towards the ca rboni c acid envi ro n­
ment would eventu ally neutralize the acid in the region be low the zone of highest 
CO~ content, and actu all y establish a slightl y alkaline environment. Ferro us iron 
tha t had not been incorpora ted into ea rl y fo rming mine rals wo uld fo rm a h ydrosol 
in thi s wate r-rich , s lightly alkaline zone (Shand, 1945). 

5. Below the zone where the iron h ydrosol was concentra ted the composition 
of the magma wo uld re flect the upward movement of Na+, K +, ca••, C0 2 , Fe++ and 
minor elements, and would have the composition of nephe line syeni te. It wo uld 
grade downwa rd into a magma with the compos itio n of ijo lite. 

H ence thro ugh fr actionation , contro ll ed by accumula ti on of wa ter and ca rbon 
dioxide, the magma o ver a long period of time would take on a layered appea rance. 
Co ne-sheet fr actures wo uld result from an upward thrust o f the acc umul ating vola­
t il es and the ring-dyke fr actures wo uld fo rm by subsidence of the roof of the 
magma chamber. T hese fr actures wo uld ta p the magma at different levels to d raw 
off (a) aqueous solutions ri ch in calcium and carbon diox ide; ( b ) the i ron hyd ro­
so l, which oxidizes quickl y to magnetite upon loss of water ; (c ) o r a lka line rocks. 
Silication of the m agma wo uld be minimized by the rap idi ty of intrusion. 

Proposed Sequence of Events in the D ev elopment 
of rhe Nen1egos Complex 

l. Fracti onation of the pa rent magma to provide an aqu eous so lu tio n ri ch in 
ca rbon diox ide, wa te r and ca lcium at the top of the magma ch amber, an iron-rich 
layer below, and an a lka line magma below tha t. 

2. Fracturing and re leasing of aqueous fluids responsible fo r the metasomati sm 
o f the regional gneiss. Developm ent o f ring-type fractu re by col lapse, fo llowed by 
intru sio n o f the nepheline syenite magma tha t fo rm ed the co re o f the com plex. 

3. A nother coll apse and the for ma ti on of a ri ng-type st ru ctu re o utside the 
prev ious frac ture. T his fractu re developed afte r the fi rst fr acture was fo rmed and 
was occupied by the nephe line syenite of the o uter ring. T he sheet of regiona l 
gne iss caught between the two in trusions of nepheline syen ite was altered to the 
maligni tes. T he intrusio n was accompa nied by a lte rat ion of the regio na l gneiss 
beyond the o uter ring of nepheline syeni te . 

4 . B uild up of pressures in the magma chamber thro ugh fu rt her concentrat io n 
of ca rbon d iox ide and water with subsequ ent cracking of the outer nepheline syeni te 
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and the development of cone-sheet fractures . Aqueous soi utio ns high in iron and 
ca lci um entered the cracks in the o ute r ne phelin e syeni te, a ltering the rock to 
ij olite and crysta lli zi ng a long the fractures as magnetite ve ins. Steeply d ipping cone­
sheet fractures tapped the iron-rich layer in the magma and the material of the 
magnetite-apatite bodies oscupied the fractures. Con>shect fractures with shallow 
dip tapped at the top o f the magma chamber and almost pure aqueous solutions of 
calcium carbonate entered a nd crysta ll ized in the fracture to form a carbonate rock. 

5. Fi na lly a slight subsidence produced the flat-lying fractures that were filled 
by the Jamprophy re dykes. 

Con cl us ions 

l. Nepheline syenites of the Nemcgos alka line complex have crystallized from 
a magma. The equ igra nul ar nepheline syenite is a border facies of the incquigranul ar 
nephelinc sycnites. 

2. Development o l' acge rin a ug itc in the region a l gne iss at the expense of 
quartz a nd fe ldspar, a nd the alkaline c hem ica l compos itio n of th v gneiss is the 
result of a metasomatic a lteration o f the gne iss by fluids derived from the parent 
magma of the nepheline syenites. 

3. Malignitc is produced by mctasomatism of a sheet of regional gneiss 
ca ugh t between two rin gs of nepheline syenite . T he agents of rn etaso ma ti sm a re 
aqueous solutio ns rich in calc ium , ca rbo n dioxide, iro n phosphoru s a nd niobium. 
T he fluids we re de rived from the parent magma o f the nepheline syenites. 

4. Jj oli te a t Nemegos results fr om the pyroxe ni za tion of the nephe line syen ite 
that flanks the magneti te veins . The age nts of metasomatism were sim il a r to those 
responsib le for the deve lo pment of the malignites. Magnetite ve in s also fo rmed 
from these so lutions. 

5. Magnetite-apatite bodies a re intrus ive roc ks th at occupy steeply d ipping 
cone-sheet fractures. They crystallized from aqueous so luti ons rich in iron and 
ca lc ium a nd lower in carbon dioxide than the so lutions responsibl e fo r a ltering the 
gnei ss and forming the ma li gn ites a nd ijolites. 

6. The ca rbon a te rock is a n intrus ion formed by the crystallization of ca l­
cium carbonate from a hydrothe rm a l so lut ion. This hydrothe rm a l sol ution was 
derived by fractionation from the pa rent magma of the nepheline syenites. The 
carbonate rock is a product not a cause in the deve lopment of the alkaline rocks. 

7. Niob ium is concentrated in a res idu a l fr act ion of a differentia ting m agma, 
beca use of its low concentration in the primary mag ma and beca use of its high 
c harge. It is present in pyrochJore in the basic alkaline rocks a nd in the carbonate 
rock a t Nemegos, beca use it was introduced with the so lutions involved in the 
metaso mat ic development of the ma lignites and ijolites and the so lutions from 
which the magnetite-apatite a nd carbonate rocks crystallized. 

8. L a mproph yre dykes a re the you ngest rocks in the area a nd they occupy 
gently d ipping ring-d yke fractures formed by the las t subsidence of the roof of 
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the magma chamber. Their assoc iat ion with the alkaline complex and the ir com­
position indicate a genetic relat io nshi p with the alkali ne magma but the position 
in the differentiation series is not clear. 

9. 1t may be speculated that all the rocks at Nemegos are genetically re­
lated to an alkaline magma formed by differentiation of either a granite or a 
basal tic parent magma; that the nepheline syenites are parts of the alkaline magma 
and that the other rocks crystallized from hydrothermal solutions derived from 
this magma or formed through metasomatism of rocks in place by the hydrothermal 
so lutions; that fractionation of the parent magma was primarily controlled by 
the concentration of carbon diox ide at the top of the magma chamber over a 
long period of time and in a stable area. 
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MINERAL DEPOSITS 

M agnetite, apatite and pyrochlore are the minerals wi th potential econom ic 
va lue in the rocks of the Nemegos area. T hese mineral s co mmonl y occur together 
and all but one of the known mineral deposits are within the p ro perty li mits of 
Multi-Minerals in the southwestern part of the alkaline complex. 

Magn etite-A p atite D eposits 

T he magnetite-apati te depos its th at have been most full y explored in the 
M ulti-Minerals cla ims a re elliptica l in plan, up to 200 feet wide and 500 feet 
long, and they have been probed to a depth of at least 500 feet by diamond dri ll­
ing. These deposits are co mposed principall y of coarse-gra ined magnetite and 
apati te with minor amoun ts of pyroxene and pyrochlore. Foli ation is caused by 
ori enta tion of apatite crystals and segregation of apa ti te and magnetite into layers 
up to 3 inches wide. The apatite is emerald green and contrasts with the shiny 
black magnetite in hand specimen. Ilmeni te lamell ae occur within the magnetite 
gra ins . Large fragments of ijolite and small fragments of nepheline syenite are 
included within the magnetite-apati te rock, b ut it is difficult to decide if these 
patches of silicate rock are true inclusions or independent intrusions. The contact 
between the apatite-magnetite rock and the ijo li te is sharp where encountered in 
drill-core, bu t is not well exposed at the surface. The contact between the nephe­
line syenite patches and the magnetite-apati te rock is exposed in several places in 
the open pit at the No. 6 orebody. There, it is sharp with no reduction in grain 
size of either rock type at the contact. Considerable magnetite in the syenite occurs 
at the contact, and feldspar is present in the magnetite-apat ite rock. Diamond-drill 
hole R-65 penetrated a short section of brecciated rock cemented solely by apatite. 

M agn etite V eins 

In addit ion to the bodies of magneti te-apatite, veins of solid magnetite are 
exposed in the M cYittie pi t and in most of the outcro ps eastwa rd to Beaver Pond. 
I n the McVitt ie pit the magnetite veins trave rse ijolite and show sharp boundar ies. 
T here is one major vein 3 feet wide that strikes north , is almost vertica l, and is 
attended by many smaller stringe rs, averaging 2 inches ac ross, scatte red through 
the wall rock. In the outcrops around Beaver Pond there is also one major ve in 
that averages 3 feet in wid th and that strikes north west with a dip of 50°NE. At 
Beaver Pond the magnetite veins cut the nepheline syenite of the outer ring, type 
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4 , and pyroxene is developed in the wa ll rock. Analyses of the magnetite from 
the two types of occurrence are as follows: 

Table IX 

A Ferage of fourteen analyses of the magnetite fraction from th e No. 6 
magnetite-apatite orebody at B eaver Pond 

Total iron 
Phosphorus . 
Titanium oxide 
Silica .. 
Manganese 
Sulphur 

Weight c; 
48.95 

2.65 
6.40 
I. 69 
0.79 
0.43 

Average of tH•elve analyses of magnetite from the largest vein al Beaver Pond 

Total iron 
Phosphorus 
Titanium oxide 
Silica 
Manganese 
Sulphur 
Lime 
Alumina 
Magnes ia 

Weight 1· ; 

62.20 
0.04 
9. 18 
0.76 
I .34 
0.03 
0.03 
I. 31 
0.19 

-= 

Analyses are taken from the annual report of Multi-Minerals Limited. Titanium 
m the analyses confirms the petrographic ev idence that the intergrowths in the 
magnetite are ilmenite. The phosphorus, si lica , manganese and sulphide indicate 
that the magnetic fraction used for analysis was not sole ly magnetite. From mag­
netic separations of the magnetite-apatite rock and sieving at minus 48 mesh, minus 
65 mesh, and minus J 00 mesh the average was 64 per cent total iron, 6 per cent 
titanium, 0.27 per cent phosphorus and less than I per cent si lica. The apatite 
concentrates average 16.6 per cent phosphorus or 83 per cent bone phosphate­
lime, with approximately 1.0 per cent iron and 0.05 per cent tita nium. A com­
mercial analysis of the apatite is given below in weight per cent. BPL means bone 
phosphate of lime, Ca:i P :!O;., . 

P20 s BPL Acid. so l. Tota l Fe CaO F Si02 Al 20 3 
iron 

35. I 76 I. 6 I .9 49 . I 2.7 4 .3 1. 1 

P yrochlore 

Pyrochlore occurs in three diffe rent ways: 
I . A s separate fin e gra ins or c lusters in the a lkal ine s ilica te rocks, principa ll y 

in the ijolites a nd m a lignites, but a lso in very minor a mo unts in the eq uigranul a r 
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nepheline syeni tes and nephe li ne syeni te of the outer ring, type 4. P yroch lore grains 
are mostly associated with grain boundari es of aege rinaugite but they may also 
be enclosed with in any of the rock-forming mi nera ls. 

2 . In fine, disseminated gra ins in the magnetite-apatite bodies such as No. 
6 orebody and also in carbonate rock. 

3. As euhedral grains in nepheline stringers that traverse malignites and 
ijolites and the pink nepheline fillings in the brecciated ijolite at the southeast end 
of Beaver Pond. As pyrochlore is most abundant in the more basic members of 
the alkaline suite and the carbonate rocks that generally lie within these basic rocks 
possible orebodies can be outlined by magnetic surveys. 

The principal deposits known on the Multi-Minerals property have been tested 
by diamond drilling and estimates of tonn ages and grade to a depth of 500 feet 
made by officers of the company are as follows: 

Number 6 body. This consists of magnetite, apatite and di ssem inated pyrochlore. 
Diamond drilling indicated 5,024,250 tons averaging 69.60 per cent magnetite, 
21.88 per cent 3patite and 0.173 per cent Nb~O:;. 

Number 8 body. This consists of di ssem in a ted pyrochlore in ijolite and malignite . 
Diamond drilling indicated more than 50,000,000 tons of rock averaging 0.26 
per cent Nb~O.;. 

Number 3 and Number 4 bodies. These consist of magnetite, apatite and pyrochlore 
in ijolite. Diamond drilling indicated a combined total of 10,000,000 tons of rock 
averaging 15.5 per cent magnetite, 19.5 per cent apatite and 0.226 per cent 
Nb 2 0:;. 

Main mass of carbonate rock. Di amond drilling of this mass north of Camp Lake 
indicated 1,610,000 tons composed of 80 per cent calcite and averaging 0.16 per 
cent Nb2 0;;. 

One deposit in claims held by Dominion Gulf Company, covering the south­
eastern part of the complex has been partly explored by diamond drilling. This 
company drilled three holes, one of which intersected a pyrochlore-bcaring mag­
netite-apatite body in ma lign ite. The width of this body was estimated by com­
pany officia ls to be 75 to 100 feet , with an average tenor of 39.04 per cent Fe 
(soluble), 5.04 pe r cent P , and 0. 15 per cent Nb~O:;. T he rocks at each side 
of thi s body conta in pyrochlore fo r wid ths estim ated at 25 to 50 feet, the average 
conten t being estim ated at 0 .1 5 per cent N b2 0 ;; . 
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