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ABSTRACT 

East of rilatheson, District of Cochrane, Ontario, a group 
of basic and ultrabasic rocks, classified as Haileyburian (?) in 
age, intrude Early Precambrian volcanic rocks. In most ·,Jlaces they 
are sills but in a few localities are discordant plutons. Bath 
rock types are folded together. 

Strike faults, trending e sterly, a nd cross-faults, 
trendj.ng northerly, are COIDIJOn ::"n the area. 

Two lithologic associations are present in the Hailey­
burian (?) rocks: TyDe 1 · QU~i.I'tz gabbro-diabase, gabbra-diabe.se 
and interbanded oeridotite and pyroxenite. TyDe II Quartz gabbro­
d~&base, gabbro-di&base and dunite al' ~eridotite with minaI' 
amounts of pyroxenite. In a few olaces gabbro-diabase, dunite 
or peridotite are )resent without the other rock types. In both 
types the basic rocks lie stratigraphically above the ultrabasic 
rocks. 

The contacts between the Halleyburian (1) rocks and 
the volcanic rocks are sharp and there is no thermal metamorphism 
of the host rocks. 

Within the Hailsyburian (1) rocks there are no convincing 
intrusive relationships, nor are there any chilI contacts. 
Contacts are comrnonly sharp but some are gradational. The bands 
range frem l foot to 300 feet in thickness. In sorne of the gabbro­
diabase the plagioclase crystals are oriented parallel to the 
intrusive contacts. 

The banding in the ~ltrabasic rocks is attributed to 
floV! of a crystal aggregate and thE: sarne process '!Tas probably 
responsible for the œ.nding in the basic rocks. However, if the 
volcanic rocks were horizontal when the intrus ive rocks were emplaced, 
sorne of the bunding in the basic rocks may be due to gravit y strati­
fication. Although proof is lacking, the volcanic rocks were 
Drobably inclined during the intrusive ~eriod. 

The gabbro-diabase has a bas&ltic source and the ultra­
basic rocks an ultrabasic source, :Qrobably the earth' s Deridotite 
shell. The pyroxenite is }robE"bly deri ved from the :Qeridotite by 
a filtel' pressing action. The residual material is the dunite. 

The sUDerposition of the gabbro-diabase is attributed to 
prior intrusion. Th8 interval bet~een the intrusion of the basic 
and ul trabasic rnaterials is geologL'ally short. The intrusions 
probably occurred early in the grogenic history of the area and 
in each case consisted of a crystal é..ggregate with only sufficient 
li~uid to permit mobility. 

Serpentinization is confined to the ?eridotite and the dunite 
and the olivine of these rocks, with the exce~tion of a fe'v. grains, 
has com~letely altered to ser~entine. The ser?entinization 
probably occurred before the em;Ùacement of the peridotite and 
dunite m1:..sses~ W"&ter required for this reaction may have been 
acquired, at least in :?Urt, from the vlall rocks. 

Chrysotile fibres of which there are two types, cross­
fibre 8.nd slip fibre, are present in some of the Deridotite é..nd 
dunite. 
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INTRODUCTION 

The present stud~T is concerned wi th the descrirytion 

and oetrogenesis of a group of b&sic and ultrabasic intrusive 

rocks in the District of Cochrane, Ontario. It includes 

descri;)tions of locali ties where eX::Josures are good or con­

sidered to be -petrogenetically significant and petrographic 

descri ::>tions of the intrusive rocks. Com Darisons ë- r e made 

with other basic and ultrabasic rock occurrences. 

Map9ing, 1 inch = 800 feet, was carried out under the 

direction of Dr. J. Satterly during the summers of 1949, 1950 

and 1951 in Harker, Munro and McCool tO':mshios, while e;'~IP1oyed 

by the Ontario De:Jartment of iYlines. Some locali ti es were 

manoed in greater detail. MapDing 'lias doae by conventiona1 

traversing and on aerial photographs. Examination of critica1 

loca1ities throughout the area and the collection of rock 

specimens ,,;as made during 1951. 
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LOCATION 

The region dealt with in this re~ort extends eastward 

from the town of Matheson, Ontario alrnost to the Quebec border, 

a distance of 43 miles. Within this region the basic and ultra­

basic intrusive rocks occur in a rectangular area bounded by 

latitudes 4S027'N and 480 36'N and by longitudes 790 40'W and 

800 25 'W. Knovm outero'os are chiefly in Beatty, Munro, Warden, 

McCool, Garrison, Harker and Holloway tO\1nshiûs. 

ACCESS 

The area is easily reaehed by a railway and several 

roads. The tO'lffi of Matheson is on the Ontario Northland Railway 

206 miles north of North Bay and on Provincial Highway No. Il, 

430 miles north of Toronto. A gravel highway, No. 101, extends 

eastward froID Matheson to halfway aeross Holloway tOi'm.ship. The 

eastern extension of the intrusive belt can also be reached by a 

road in the Province of C;'.uebec that extends as far west as the 

Ontario-Quebec boundary line. 

Gravel roads branch from Highway No. 101 at irregular 

intervals. Many narrow winding roads, suitable for auto trans­

portation, oceur where the surface deposits are sandy, but where 

the surface deposits consist of lake clays, roads are fewer and 

impassable for most vehicles. There are also a few tractor roads 

in the clay areas. AlI these roads are shOv1n on maps of the Ont­

ario Department of Mines. The scarcity of lakes and navigable 

streams necessitates overland foot travel where roads are absent. 

2. 
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PLATE l 

BZ' 

82' 78 

l inch = 60 miles 

Location of the area. 



PREVIOUS GEOLOGICAL WORK 

The history of geo10gica1 investigation in the area dates 

back to 1908 when Baker (1909) made a reconnaisance survey of Lake 

Abitibi and described the rocks south of that 1ake. Baker was the 

first to mention the Dresence of u1trabasic rocks in the region. 

Burrows (1912) mapped Guibord township and a part of Munro tovmship. 

In 1911 and 1915 H09kins (1915) mapped Beatty, Munro, parts of Warden 

and Coulson tO\mships on a sca1e of l inch to l mile. He re\jorted 

the presence of serpentine in severa1 places within the map-area. 

It is interesting to note that he described an occurrence of 

chrysoti1e in lot Il, concession II, Munro township and recommended 

(p .176) that: "This area might be Vlorthy of investigating as a 

source of asbestos". Over thirty years passeu berore active explor­

ation for asbestos was undertaken in the area. 

AlI ear1y prospecting in the area was for gold. Severa1 

showings l'lere discovered in 1914 in Munro and Guibord townships. 

One of these prospects was deve10ped into the famous Croesus gold 

mine in lot 10, concession l, Munro t~Nnship. The spectacu1ar 

native gold in this mine was soon mined out. In 1919, a report on 

the many sma11 gold pros Qects in the area was made by Knight and 

others (Knight et al, 1919). Knight's report and map (1 inch = 2 

miles) inc1uded the entire are of the present study. Knight and 

his associates were the first to make any systematic study of the 

rocks of the s.rea . 

Go1d showings were discovered in 1924 in Harker and 

Ho110way townships. The increase in activity, stimu1ated by these 
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discoveries, resulted in two further geo1ogica1 investigations, 

one by Knight (1924) and the other by Gledhill(1925). However, 

neither of these men studied the basic and ultrabasic intrusive 

rocks in detail. 

Activity 1agged until 1946 when M.artin (1946) postulated 

an eastward extension of the Procupine fault through Iüchaud and 

Garrison townships and proposed a subdivision of the Early Precambrian 

sedimentary and vo1canic rocks of the district. As a result of 

Ivlartin's work, large areas were staked and much diamond drilling 

was undertaken,oarticu1arly in Garrison township. Because of the 

renewed interest in the gold occurrences of the district and the 

widespread staking, the Ontario Department of Mines began a mapping 

orogram in 1944 in Beatty township. 

Six townships have been mapped at 1 inch to 1000 feet and 

re·ports and maps have been pub1ished for the following townships: 

Beatty (Satterly and Armstrong, 1947), Michaud (Satterly, 1948), 

Garrison (Satter1y, 1949), Harker (Satter1y, 1951a), Munro (Satter1y, 

1951b), and McCool (Satterly, 1952). 

Asbestos fai1ed to attract any interest until 1949 when 

Canadian Jobns-ivIanvil1e Company Limited cleveloped the Munro mine on 

a group of claims in Munro township. The success of this operation 

1ed ta much prospecting for asbestos from Beatty township eastward 

to Ho11oway township. 
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TOPOGP.APHY 

The topograûhic features of the district have been 

extensively modified qy glacial and 90st-glacial events. Most of 

the area is covered Qy varved clay. This elay-eovered area is part 

of the "clay beltn of northern Ontario and Quebee. The clay was 

de~)osited in Lake Barlow-Objibway, the great !Jro-glacial lake which 

eovered a large part of Ontario and Quebec in late Wisconsin time. 

The rock outcrops in this vast clay ) lain probably existed as a 

archipeligo in glacial Lake Barlow-Objibway. This is suggested 

~ old shorelines that surround many of the outerops. These shore­

lines are eornposed either of boulders and cobbles, or of gravel 

characteristic of rock outcro ;.lS with which the shorelines are 

associated. Sorne of the shorelines are very close to the tous 

of the more nrorninent hills proving that sorne of the outcrops 

were once covered ~. lake waters. 

There are several north trendinf!; eskers in the area. 

They occur in Garrison, Michaud, rJ!cCool, Munro and Beatty townships. 

Commonly the eskers disappear under outwash sands but reappear on 

strike a mile or so away. Most of these eskers e~~end rnany miles 

north of the map-area. 

Outv/8.sh sands are extensive in the district. They are 

particularly widespread in the eastern Quarter of' Munro to\vuship, 

the western third of McCool township, and the northern half of 

lUehaud tovmship. Srnaller areas of outwash sands are present in 

Harker, Garrison, and Beatty townships. The larger outwash plains 

are "iJitted" and show typical kame and kettle topography. Nearly 
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PLATE II 

Viaw frorn Hwy . 101 toward tbe Ghost Range fire 

tower showing the general flatness of the area. 
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aIl of the lakes in the district occupy kettle s . In many places 

btoad basins, irregular ridges and low hills are the most char­

acteristic surface forro of the outwash plains. Small lI unpitted ll 

outwash areas are dotted with large erratic boulders. These 

boulders are commonly granitic. 

The outwash deoosits, particularly those in Munro, 

McCool and Ivlichaud townships, have been extensively worked by wind. 

Dunes were forroed and subsequently stabilized by forest growth, 

. princinally ,jack pine. Sorne of the dunes have small lakes or 

muskeg areas on the concave sides. 

In 1916 a fire destroYed most of the vegetation of the 

district leaving the sandy areas void of a protective covering. 

During the summer months renewed wind action roodified sorne of the 

dunes. Recent regrowth of blueberries, sweet fern and relatively 

small jack pine has almost stopped the erosion. 

Glacial striae are rare, those found being confined to 

valley areas. The trend of the striae observed is between 150
0 

and 

1850 and averages 170°. 

Several comparatively high rock hills occur in the area. 

The most prominent is the Ghost Range, elevation 1576 feet at the 

surnmit, on the Harker-Lamolugh to~~ship boundary. This land mark, 

which is over 500 feet above the surrounding territory, is almost 

five miles long and one mile wide. Several other hills, for example 

Centre Hill, Warden Hill and McCool Mill, are 250 to 300 feet above 

the average altitude of the area. The general flatness of the area 

is apparent when seen from the top of any one of these hills. 



GENERAL GEOLOGY 

AlI the bedrock of the district is oÎ Precambrian age. 

The oldest rocks are sediinentary and volcanic rocks whose age 

relationshio to one another has not been definitely established. 

In Beatty and l'.1unro townships where the best eXiJOSUres are 

available, the contact between the sedimentary an0. volcanic rocks 

10. 

is along a major strike fault that partially obscures their age 

relationship. Structural data show the sedL::entary rocks south of the 

fault and volcanic rocks north of the fault both face north. 

This suggests that the volcanic rocks are the younger of the two 

The sedimentary and volcs.nic rocks ars cut by four 

groups of intrusive rocks. The oldest consists of a series of 

basic and ultrabasic rocks that have been assigned to the Hailey­

burian (?) b-.f Satterly and Armstrong (1947) because of their 

cutting relationships and lithologic features. The sedimentary 

rocks, volcanic rocks, and basic ~.nd ul trabasic rocks are cut 

by lamorophyres, porphyries, syenite, granite and other silicic 

intrusives that have been classified as Algoman (?) by Satterly 

(1948). AlI of these h&ve in turn been intruded by quartz diabase 

and diabase dikes of Matachewan (?) age. The latest intrusions 

are olivine diabase, c:.uartz diabase and diabase dikes of Kew­

eenawan (?) age. These dikes have a general northeast trend. 



Cenozoic 

TbBLE OF FORMATIONS 

Pleistocene: Post-glacial: Peet, wind-blown sand. 

Glacial: Sand, gravel, boulders, 
till, varved clay. 

Unconformity 

Il. 

Precambrian 

Keweenawan (?): 

Matachewan (?): 

Algoman (?): 

Q.uartz diabase, diabase, olivine diab&se. 

Quartz diabase, diabase. 

Granite, syeni te, felds~)ar porDhyry, 
quartz-feldS::Jar :oorphyry, l'elsite, 
lam~)ro"Jhyre • 

Haileyburian (?): Gabbro-diabase, quartz gabbro-diabase, 
peridotite, dunite, qyroxenite, 
ser·oentine. 

Volcanic Rocks: Rhyolite, frE..s1nentL.l rhyolite; 
Andesite, bas~lt, fragmentaI basaIt, 
tuff, chert, talc-chlorite schist. 

Sêdimentary Rocks:Gr~wacke, arkose, quartzite, conglomer­
ate, iron formation 



PRECAMBRIAN 

Sedimentary Rocks 

The sediruentary rocks, ~ robaiilj' the oldest in the area, 

consist chiefly of well-banded, interhedded, greY"Jacke, quartzite, 

and arkose. Sorne peLble conGlomerate has been l'ound il1 drill core 

in Garrison townshio. A few narra'.'! bands of iron formaticn outcrop 

also in Garrison tmmship. 

Grey,,'acke sections include bawls of quartzite and slate 

or argilli te, l to 2 inches thick. 'fhere is no shar:) division 

bet;'/een the c;oortzite and. slate, but rather a grain-size gradation 

from sanè. to clay. 

The arkcse beds, ranging in thickness from a fei'{ inches 

ta 50 feet, are intercalated ",vith the lirey:vacke and the quartzite. 

The arkose condsts of fragments of .~uart~, feldsî'ar, sericite, 

chlorite and carbonate. The carbonate content var:;' es· considerably, 

es;;ecially close ta and 'dthin fault zoneE. 

Volcanic Rocks 

Volcanic rocks are ",7ell-exposea. in various parts of 

the area. Tbeir genera1 distribution is shawn on the accompanying 

map. In the western j:>8.rt of the area the broad band., of volcanic 

rocks have an east-southeal:Jt trend th.a.t graùually changes to a 

trend slightly north of ea5t in ear;tern Ba.rker to',mship. 

The vo1canic rocks are chiefly basic to intermediate 

in composition and cClUmonly consi::;t of a [Jerie::; of d:iabasic ba::;a1t 

flows. Most cf the \iolcanic flm,::; range in thickness from a feVl' 
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feet up to 200 feet and the average flow is about 100 feet thiek. 

Pill0i1ed flows oeeur in sorne parts of the area. In 

sorne places very wide selvages, 3 to 4 inches wide, are formed 

around the pillows, whereas in otherc:llaces the selvages are narrow 

and not so a~parent. 

Many good exposures of ~rominently spherulitic basalt 

flows oecur in Beatty and south\7estern r.~unro townships. A few 

scattered exposures are found elsewhere in the district. AlI the 

flows are not spherulitie throughout, sorne showing abrupt changes 

from a non-sDherulitic rock at the bottorn of the flow to s2)herulitie 

at the tOD. The spherulites average about t of an inch in diameter, 

with many smaller and a few as large as 2 inches. They are greyish 

white on weathered surfaces and grey ta greyish green on fresh sur-

faces. A gradation in size of spherulites from large at the bottom 

to small at the top of the flow ~'las seen in i'':unro township. 

Amygdaloidal textures are found in some pillowed flows 

and a t the tops of sorne massive flows. Flow breccias are COr.lIDOnly 

well-preserved and serve to verify top determinations based on 

pillow struct ures. 

A few porphyritie flows have been ebserved in Michaud, 

Garrison and Harker townships. -The phenoc~sts in these flows 

consist of yellowish white plagioclases from t inch te l inch in 

diarneter. Satterly (1949, P. i9) states that: 

Il -l(~--'",* it would appear that the feldspar 
crystals had accurnulated either qy 
"streaming" of intratelluric crystals 
or by sorne process such as fraetionation 
during the crystallization of the flow." 
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The silicic volcanic rocks consist of rhyolite, rhyolite 

fragmentaIs and spheruli tic rhyolites. They are green, white, grey, 

yellow and, in a few localities, black. They are very fine-grained, 

especially the slJherulitic types. The fragrr.ental rhyolites may be 

in 'part agglomerates. In sorne places, notably in Beatty township, 

the silicic and basic volcanic rocks interfinger. 

Thin beds of chert are sporadically intercalated with 

the basic flows. These well-banded cherts are of various colours, 

the most common are white and green. They seldom extend for more 

than a few hundred feet. 

Tuff and cherty tuffs have a restricted occurrence in 

Garrison township. 

Haileyburian (?) 

The basic and ultrahasic rocks of Haileyburian(?) age 

outcrop in several places in the area. The best exposures are in 

Munro, McCool, Garrison, northern Harker and southern Lamplugh 

tO'o'.'Ilships. The rocks in this group include dunite, peridotite 

and their ser',)entinized equivalents, and pyroxenite, gabbro, 

diabase, and quartz-diabase or quartz-gabbro. Diorite had been 

re00rted from a few drill holes. The diabase intrusives of Hailey­

burian (?) age is very similar in appearance to the diabasic flows 

of the early Precarnbrian and it is possible that sorne srnall out­

crops of diabase have been mapped as Haileyburian (?) rather than 

as volcanic rocks. 

The Haileyburian (?) rocks are chiefly concordant, sheet-
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like bodies and, hence, may be classified as sills. In a few 

loc[üities, hO'.'fever, they form discordant plutons and the term 

"sill" is not applicable. The contacts between the basic and 

ultrabasic intrusives and the volcanic rocks are commonly concealed 

by overburden. Where eX..:Josed, they are usually shar"fJ. Metaroor-whism 

of the host rock is rare. 

The basic and ultrabasic rocks occur in two distinct 

petrologic associations. One is quartz-gabbro or diabase with 

interbandedpyroxenite and serpentinized peridotite; the other is 

quartz-gabbro or diabase and serpentinized dunite or peridotite 

with very minor amounts of pyroxenite. 

The best ex'~osures of the first type oceur on Centre Hill, 

Munro township and on the Warden-Munro township boundary in lots 5 

and 6. Good examples of the second type are known in lot 6, con­

cession V, f,iunro township and in both northern Garrison and Harker 

tmmshi?s. 

Detailed description of the occurrence and petrography 

of these rocks i8 gi ven on pages 22 to 67 of this re-;:Jort. 

Algoman (?) 

Algoman (?) intrusives are not cornmon in the western part 

of the area and the largest occurrences of these rocks are in the 

eastern part of the area in i\1ichaud, Garrison and Harker tOlIDships. 

They consist chiefly of stocks of granite and s,yenite. Small dikes 

of feldsparoorphyry, quartz-feldspar porphyry and felsite, probably 

related to the silicic stocks, are present throughout the area. 
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Lamprophyre dikes within the mao-area have also been assigned to 

the Algoman (?) (Satter1y, 1948). 

Matachewan (?) 

16. 

Quartz-diabase and diabase dikes that trend north or north­

east are classified as TJiatachewan (?). These dikes are particular1y 

abundant in Munro to\vnship. Here, their cutting re1ationships 

suggest three or more distinct periods of intrusion. However, 

similarity of 1ithology and structural trend suggests that al1 

the dikes are closely related in absolute age. 

The dike rocks are very similar rnegascopica1ly to the 

Haileyburian (?) diabase and the diabasic lava f10ws. Chilled 

border zones are common. Aerial photographs show that many of 

these dikes occupy distinct valleys in outcrop areas. Others can 

be recognized on the photographs'by their shades of grey in the 

lighter coloured outcrops. They vary in width along the strike 

frorn a few feet up to 400 feet, but most of thern are about 100 

feet wide. A rectangular joint lJattern i5 cornmon in the dikes. 

The joints are l~rallel and normal to the dike walls. In sorne 

dikes large ~lagioclase phenocrysts are present close to the dike 

walls. 

The rock is either fine or mediUID-grained deDending on 

the thickness of the dike. 

Keweenawan (?) 

Several diabase dikes trending approximately 700 are 

mapped as Keweenawan (?). They cut the northerly trending dikes 



and are the youngest rocks in the area. These dikes range from a 

known maximum thickness of 600 feet to a minimum thickness of 75 

feet. Some of the Keweenawan (?) dikes consist of olivine diabase 

and others are quartz diabase. 

In sorne places narrow dikelets, from 4 to 12 inches wide, 

of fine-grained silicic rock, are found within the diabase. This 

rock probably represents a late silicic differentiate of the diabase. 

Microscopically, it consists of a micrographie intergrowth of quartz 

and feldspar. (Satterly and Armstrong, 1947, p. 14.). 
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II 

STRUCTURAL GEOLOGY 

GENERAL 

Although the widespread cover of glacial drift and the 

absence of key horizons within the exposed bedrock are obstacles 

to a detailed solution of the structural problems of the area, the 

broad structural features of the area are readily revealed by comb-

ination of geoohysical, drill hole, and surface data. Attitudes of 

beds and flows exposed at the surface have been determined with the 

aid of brecciated flow tops, pilloVTs, and grain size gradation. 

FOLDING 

Folds are common in the area. A large faulted syncline 

extends from northern Beatty township southeasterly into central 

Munro tO'Nnshi9. In Beatty tmmship the axis of this fold is 

slightly north of Painkiller Lake. The volcanic rocks in northern 

Munro tm7llship face southward and are probably part of the north 

limb of the same syncline. Severa! smaller s,rnclines and anti-

clines occur within the major o,yncline in both Beatty and Munro 

tOIVllships. Cross-faults have offset the smaller folds in several 

places. 

Centre Hill and McCool Hill are underlain by folded basic 

and ultrabasic rocks. Top determinations on uillow lavdS northeast 

of Centre Hill suggests an anticlinal structure in this region which 

o 
plunges 70 to the northwest. Structural determinations at McCool 

o 
Hill show a closed syncline plunging aoproximately 50 to the north-

west. The relationship of these folds to the regional structure 



is not knmm. 

A northwest trending s,yneline and antieline oeeur within 

a belt-like area of volcanie rocks in eastern MeCool township. The 

limbs of these folds dip vertically. 

FA ULTIN G 

The area has been broken into a great nurnber of blocks 

of various sizes by complex faulting. Many of these faults are 

closely spaced so that only the more prominent ones are shown on 

tho aecompanying map. Greater detail is available from the town­

ship maps of the Ontario DepartIïlent of I\iines. 

Two types of faulting are distinguished: strike faulting 

and cross-fuulting. The strike faults form an east trending group. 

They are cut and offset by north trending cross-faults which have 

also displaced and offset formational contacts. Offsets are usually 

with the east side blocks rnoved northward. 

Strike Faults 

The major strike fault of the areais the Destor-Porcupine 

fault zone which extends from southwestern Beatty township across 

northern Michaud, Garrison and Hurker townships. Its location has 

been princi-;:lally determined by drilling and geophysical data supp­

lemented by a few small outcro:os of carbonatized zones in Garrison 

township. Extensive drilling in Garrison tmvnship shows that the 

fault zone consists of several -;J8.rallel faults with blocks of un­

sheared material between them. Toward the eastern half of Garrison 

tOl'ffiship the Destor-?orcu~)ine fault zone may split into two zones 
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with a block of sedimentary rocks between the two. The northern 

fault zone if nrobably a~}S.rallel strike fault. It is suggested 

that the two zones converge in eastern Harker township. The fault 

zone is up to 400 feet in width. The dip varies between 650 and 

730 to the north. The amount and direction of movement on the 

Destor-Porcupine fault zone is not known. From scanty evidence in 

Garrison township, Satterly (1949, p. 15) suggests that the north 

side moved eastward with respect to the south side. 

The fault zone material is chiefly green carbonate rock 

with associated quartz, but in sorne places it is talc-chlorite schist. 

Another strike fault, roughly ?arallel to the Destor-

?orcupine fault zone, forms the contact between the sedimentary rocks 

and the volcanic rocks in Beatty and Munro townships. The volcanic 

rocks are not deformed, but the sedliDentary rocks are crumpled, cren-

ulated and drag folded. Fractures, drag folds and crenulations suggest 

that the north side moved eastward with respect to the south side. 

The dip is probably vertical. The fault zone material is carbonatized 

sedimentary and volcanic rocks. 

Strong shearing and carbonatization in the volcanic rocks 

of Beatty and Munro to ... mships mark the position of a strike fault 

which trends northwestward across the two townships. This fault has 

been named the Painkiller-Munro fault (Satterly and Armstrong, 1947, 

P. 17; Martin, 1946). Satterly and Armstrong (1947, p. 17) state: 

HThe fault surface is renorted to dip 80~. 
Observations underground'by Hopkins show 
the latest displacement along the fault to 
have been about 800 feet, the mavC'lent being 
essentially horizontal. The north block 
moved southeast relative ta the south black." 



A possible extension of this fault through Perry Lake i5 suggested 

by drilling in Michaud and Garrison townships. It probably joins 

the Destor-Porcu)ine fault zone in Garrison township. 

Cross-faults 

Evidence for cross-faulting in the area is the offset of 

marker beds and formational contacts. The cross-faults are cornmonly 

exoressed topographically by linear valleys, gullies and rows of 

bushes or trees. Most trend northeast'.':ard, but a few trend north­

westward. The strike separations range from a few feet to 700 feet. 

Most of the cross-faults are vertical or nearly so, but a few have 

di~s as low as 450 to either east or west. 
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III 

DESCRIPTIVE GEOLOGY OF THE HAILEYB URliu'J (?) ROCKS 

As stated above (p .15 ), there are tw·o distinct 

associations of basic and ultrabasic rocks. 

Ty)e l Quartz gabbro-diabase, gabbro-diabase and inter­

banded ~yroxenite and peridotite.(l) 

Type II Quartz gabbro-diabase, gabbro-diabase and dunite 

oroeridoti te vli th minor amounts of üyroxeni te. In sorne loeali ties 

gabbro-diabase, dunite or oeridotite are ~resent without the other 

rock types. 

These two distinct lithologie associations are treated 

separately below. 

(1) In this reùort the following definitions are used: 

Duni te: a rock composed of a t least 90 éJercent olivine, the 
remainder consistinr; of :::>JiToxene, amphibole, and plagioclase and 
accessory mineraIs. 

Peridotite: a rock consisting of 75 to 90 j)ercent olivine with 
the remainder oredominantly pyroxene or lim) hibole and accessory 
mineraIs. 

Diabase: a rock composed of calcic::ùagioclase, pyroxene, amphibole 
and accessory mineraIs, characterized by an optlitic to sub-o·,Jhitic 
texture. 

Gabbro: a rock composed of calcic plagioclase, lJyroxene, a!D!Jhibole 
and accessory minerals, characterized by a hypidiomorDhic granular 
texture. 

Gabbro-diabase: a rock intermediate in texture between a diabase 
and a gabbro and of the same comj)osition. As most of the basic 
rocks are in this category, this term is frequently used. 
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TYPE ·I 

(Quartz gabbro-diabase, gabbro-diabase and interbandedfwroxenite 
and ~)eridotite). 

The gabbro-diabase consists of a variable rock within 

the gabbro clan i;vhich may be fine- or coarse-grained. The finer 

grained varieties occur near the contact :ilith the overlying volcanic 

rocks. ~ithin the gabbro-diabase zone there are bands of hornblende-

rich rock alternating with narrow bands of feldsuar-rich rock. A 

zone of banded, amphibolitized diab&se is present next to the under-

lyinR pyroxenite. 

13eneath the gabbro-diabase, a series of interbanded .~JYrox-

enite and peridotite rocks are }resent. The '~oxenite in each band 

is similar excent that feldsrar is present in the band bordering the 

gabbro-diabase. 

The oeridotite of each band is also very similar, although 

grain size varies slightly in some bands. The basal band of perid-

otite is slightly darker weathering than the others. 

Distribution 

Ty~e l occurs only in two areas. The greater part of 

each area is located in Idunro township. The best exoosure is on 

Centre Hill and has been called the Centre Hill Complex (Satterly, 

1951, ~). 19). This ex)osure forms a hill 300 feet above the general 

altitude of the area. 

The only other eXiJosure is along the yré..:.:'à.en-tunro township 

boundary. The similarity of rock types in these ex:,osures is 

unrüstakeable. The Warden-rAunro boundary outcrop area is nat a 



)rominent t o;og-.ca .. Jhic f ea t ure. This may, in part, be due to the 

sequence of the rock types. On Centre Hill the gabbro-diabase is 

on the north edge of the outcrop area and the relatively soft 

ultrabasic rocks on the south side. On the 'I.rarden-;.lunro boundary 

the rock sequence is reversed, ths ultrabasic rocks are on the 

north side of the outcrop and the gabbro-d"labase is on the south 

side. Possibly, the advancing ice sheets of the Pleistocene eroded 

the Warden-~.lunro ultrabasic rocks lilore readily than the Centre Hill 

ultrabasic rocks which were protected by the gabbro-diabase. 

Centre Hill Complex 

24. 

The Centre Hill Complex is eX,Josed for 1,700 feet at the 

widest part and is 1,650 feet thick if the dip is 780 as it is along 

the pyroxenite-gabbro-diabase contact. The complex is folded and 

bounded on the north by rhyolite and on the south by basaIt. Pillow 

structures in the basalts 400 feet northeast of the main outcrop~Jrove 

that the fold is a west plunging anticline. 

Most of the rocks ex!)osed strike 1100
• Dips of the various 

contacts show a gU.i.dual decrease from nc&rly vertice.l in the southern-

most 500 feet to a winimur:J of 78° between the Jyroxenite and gabbro-

diabase, 677 feet from the south boundary of the complexe A similar 

variation is shown in the di~:J of the banding which occurs at various 

horizons. The lowest dip of the banding is 75°, 650 feet from the 

rhyolite-gabbro-diabase contact. The dip of the rhyolite-gabbro­

diabse contact is not obtainable. 

A section of thE complex was chained along a 9icket line 
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PLATE III 

Centre H'tI1 Comp\ex 
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400 feet east of the 6-7 lot line. The following sequence of rocks 

and their a:)"~a!'ent thicknesses follows: 
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Distance 

From To 

0 1 

1 73 

73 :un 

181 223 

223 235 

235 299 

299 351 

351 382 

382 503 

503 507 

507 677 

677 681 

681 765 

765 820 

8~O 1,139 

1,139 1,2L.0 

1,24.0 1,339 

1,372 

CENTRE HILL COMPLEX FROM SOUTH TO NORTH 

b.l)lJarent 
Thickness 

l' 

72' 

108' 

42' 

12' 

64' 

52' 

31' 

121' 

4' 

170' 

4' 

84' 

55' 

319' 

101' 

99' 

Jl.oprox. 
Actua1 
Thichness 

l' 

72' 

108' 

42' 

1~' 

62' 

50' 

30' 

116' 

4' 

l64' 

4' 

81' 

53' 

311' 

98' 

96' 

Bock Type Contact 

Basalt Sharp 

Pyroxenite - fine-grained Gradationa1 

Peridotite - med. to coarse-grained Grad6.Lional 

Pyroxenite - fine-:;:;ed.gr., fo1iated Shart 

Peridotite - coarse-grained Sharp 

Pyroxenite - medium-grained Sharp 

Peri60tite - coarse-grained Shl.'!.rp 

?yroxenite - Il1edium-grained Sharp 

Per:i.doti te- med-coarse b'I'., banded Sharp 

?yroxenite - medium-grained Shar~J 

Peridotite - med-coarse grained Sharp 

?yroxeni te - li!ed . -gr., fe1dsj:lathic Sharp 

Gabbro-diabase - med.-grained Gradational 

Gabbro-diaba8e - fo1iated, sorne Gradctional 
hblTrich bands 

Pyroxenite - amphibo1itized,chloritized Gradational 

Gabbro-diabase - coarse-grained Grad8. ti on al 

Gabbro-dj.libase - Ded-coarse gr. Gradationa1 

Gabbro-diabase medTgrained Gradational 

Rhyolite Sharp 

l\) 
...J 



The contacts between the intrusive comDlex and the intruded 

rock do not show any thermal effects of intrusion. The country rock 

is not "baked" and thin sections show no a oparent change in the basic 

volcanic rocks. The rhyolites l'lere not exarnined microscopically. 

fiiegascoaically, they do not differ from other rhyolites of the area. 

Two types of rock contacts characterize the Centre Hill 

Comùlex: gradational contacts ancl sharp contacts. The gradational 

contacts occur in the u·.:Jper and Iower ·,ial'ts of the complex, i~rhereas 

the shar ~j contacts are cornmon in the central part. 

The contact between serpentinized geridotite and pyroxenite 

1.'3 feet frOID the bottoru of the complex shows, on the weathered sur­

face, a cha.nge in colour froID %.le r edè.ish-brown to -a very clark red­

dish-brown as the o;YToxGnita is aporoached. From the contact with 

the volcanic rocks to that with the i)yroxenite, there i8 a continuous 

increase in grain-size. rlaxirnuill p 'ain size is t inch. A decrease in 

the content cf reddish-brown weathered olivine is afparent in the 

colour of t he 9Yroxeni te which is norrnally a dark grüyish colour. 

The average gre. ia size of the nyroxenite is 1 mm. The contact is 

gradational over 6 feet. From south to north a graduaI increase in 

the olivine content of the Jyroxenite is a[)parent. This causes an 

increase in reddish-brown colour on the weathered surface. 

A '.'lell-defined banding in the olivine-bearing pYroxenite 

i8 ·,:œesent at 157 feet from the base of the com~Üex. The olivine 

cŒltent increases fron; approximately 10 percent to 75 ; ercent at 181 

feet. The banding in the ·IJyroxenite continues for 6 feet into the 

peridotite. Veinlets of serpentine, u ·:) to 1/ 8 inch wide and 2. feet 

long are Jresent in the ::eridoti te. 
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The grain size of the seroentl.nized )eridoti te is variable 

but most commonly it is a coarse-greined rock. The serpentinized 

peridotite is characterized by a groundmass of ser!-,entinized olivine 

grê,ins wi thin which thcre are scattered large grains Of)JToxene. 

The pyroxene grains which are up to l inch in longest dimension, 

contain grain8 of olivine similar to those in the grounruuass. 

The contact at 223 feet i5 very different from the two 

beneath it. Here, the contact is shartJ oetween the ser;)entinized 

)eridotite and grey-green )yroxenite. There is no chilI ~one assoc­

iated with either rock nor are there any intrusive characteristics. 

Similar contact relationshi:Js exist between other :iyroxenite and 

seruentinized 0eridotite bands. 

Sorne of the .JYroxenite and serpentinized peridotite is 

banded. The banding is always ;arallel to the contact. 

The .Jyroxenite et 507 f€et is f eldsjJathic and the felds :ar 

content increases as the gabbro-diabase is approached. The change 

from feldspathic qyroxenite ta gabbro-diabase is abrupt. No chilling 

is apparent and no intrusive characteristics noted. The rock is 

essentially a medium-grained diabase. In sorne places it is gabbroic 

in character. 

The gabbro-diabase fror:: 681 to 765 feet is foliated and 

a fluxion texture il: cornmon '.dthin it. The rock is chiefly light 

coloured and, therefore, dark bands com)osed essentially or horn­

blende stand out markedly. These bands are nevel' more than l foot 

thick and are always parallel to contacts with the pyroxenite. A 

srnall ~mount of pyrite and quartz occurs as irregular veins within 

the foliated gabbro-diabase. 
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The pYroxenite from 765 to 820 feet is considerably 

altered and now consists almost wholly of chlorite. The original 

rock was ~)robably a feldspathic -.:.yroxenite which Vias amphibolitized 

and later chloritized. A few fragments of plagioclase (ca. An 48) 

are present. There is ab0ut 30 percent hornblende. Chlorite, most 

of it as radiating dark green bunches, forms 60 percent of the rock. 

Both the ul-'per and lower contacts are gradational. Whether the 

contacts were gradational before chlori tization is not knO'.m. 

The remainder of the Centre Hill Complex consists of 

gabbro-diabase which ve.ries from coarse- to fine-grained. The 

fine-grained varieties ar-e close to the rhyolite cont.act. In ::;laces 

the texture is diabasic and elsewhere it is hypidiomor)hic granular 

with all variations between the two. Changes in grain-size and 

texture are gradational. 

Warden-Munro Complex 

'l'he ('{arden-Munro Comolex lies across the boundary between 

Ward en and Munro townships and is centred about lot 6. The complex 

is 1,500 feet thick and is similar to the Centre Hill Complexe 

The south bo undary of the Warden-Mun:co Com ~:;lex is chiefly 

with rhyolite or rhyolite breccia, but in sorne ~ocalities, with 

basaIt. Along this boundary typical gabbro-diabase is in contact 

with the volcanic rocks. Northward from the contact the rock changes 

quickly from fine-grained to coarse-grained. The coarse-grained rock 

has _Ja.tches of feldspar- and hornblende-ri ch rocks within it. Two 

hundred and ninety feet from the contact the rock i5 foliated. The 

first evidence of banding within the gabbro-diabase occurs at this 

30. 



locali ty. The banding is the result of crystal se§,Tegation "\üthin 

the coarser grained gabbro-diabase. The bands show shar'j boundaries 

with the surrounding rock. More banding, together ~ith fan-like 

concentrations of hornblende in the gabbro-diabase, occur for an 

additional 100 feet northward. Individual grains within the horn­

blende fans are up to 18 inches long. 

The southernmost band of ~yroxenite is feldspathic and 

very similar ta that on Centre Hill. Its contact 'dth the gabbro­

diabase is sharp and slightly more sinuous than the Centre Hill 

contact. There are no chilI zones. This band of feldspathic uyrox­

enite is about 480 feet thick and within it tLre four narroVl diabase 

bands or sills U') ta :3 feet wide. The diabase bands each consist of 

coarse-grained diabase with individual grains of feldsoar and horn­

blende un to ! inch long. There are no chilI zones within these 

narrow diabase bands. They 8.re characterized by having cmu'se­

grained zones ne8.1' the walls and fine-grained near the core. In 

the northernmost band small inclusions of pyroxenite are ryresent 

within the dia base. Toward the base ef the pyroxenite band there 

is a feldspar-free zone for a short distance and th en reversion te 

the more common feldspathic uyroxenite. 

Beneath the feldspathic rorroxenite there are 7 bands of 

ser;Jentinized peridoti te and pyroxeni te. A s ummary of their thick­

nesses is shown in the following table: 
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Pyroxeni tes and Peridotites of Warden-i',,1unro Complex, 
South to North 

Thickness in feet Rock Type Contact Relations 

Peridoti te - medium-gr. Sharp 
Pyroxeni te -- medi um-gr. Sharp 

32. 

30 
2 

110 ~eridotite - med.- ta coarse-grained Shear 7 feet wide 

80 
200 

5 
200 

~roxenite - medium-gr. 
Peridotite - medium-gr. 
?yroxenite - medium-gr. 
Peridotite - medium-gr. 
BasaIt 

in peridotite. 
Sharp 
Sharp 
Sharu 
Sharp 
Not seen 

Modified after J. Satterly (1951b) 

The pyroxeni te and serpentinized i)eridoti te in each 

place is similar te that exposed on Centre Hill. The basal contact 

was not seen. The total thickness of the Warden-:'iunro Com )lex is 

approximately 1,500 feet. The bands within the complex are variable 

in apparent thickness,artly because of cross-faulting. The true 

tnickness varies also along the strike of any band. 

Chrysotile veins are more corumon in the serpentinized 

peridoti te of the Warden-Munro Cornlex thar .. at Centre Hill. In 

the northwest corner of lot 5, concession VI, Munro township, these 

veins are both ~arallel and normal ta the contacts with the pyrox-

enite and have vertical dips. The longest vein is 2 feet. The 

longest chrysotile fibres are in veins oa.rallel to the contact. 

Fibres are commonly bent a.nd sDlit; they may be bordered by serp-

entine or may themselves border serpentine veins. The fibre is 

cŒ~monly quite harsh and brittle. Most of the chrysotile is between 

1/16 and 1/8 inch in length. Very little magnetite is liresent in 

this 10c8.11 ty • 



TY?E II 

The basic and ultrabasic rocks here described as Type II 

consist of quartz gabbro-diabase, gabbro-diabase and dunite or perid­

otite with minor amounts of ?yroxenite. 

The rock sequence in T,ype II is characterized by a sill of 

diabase of varying thickness, with a minimum thickness of 50 feet, 

overlying dmli te or peridoti te. Varying amounts of -oyroxeni te are 

co:r.monly present between the dunite or peridotite and the gabbro­

diabase. 

The gabbro-diabase is similar ta that in Type land is 

commonly banded with feldspar-rich and hornblende-rich bands. The 

dunite is cuite variable but a white weathered varie~ is the most 

ty ;,lÎcal. Dunite, brown on weathered surfaces, is also common and 

the two dunites grade into each other. The :geridotite is not as 

distinctive as that in the Type l sequence. The p'yroxenes in this 

Type II peridotite are neither as large nor as abundant as those 

in the Type l peridotite. The pyroxenite is only loc~lly fresent, 

and where present lies betvreen the dunite or peridotite and the 

gabbro-diabase. The interbanded9JToxenite and ~)eridotite of Type 

l is not known to existe 

In sorne ~laces gabbro-diabase bodies occur without assoc­

iated ultrabasic rocks. Similarly, sills of dunite or peridotite 

may have no associated gabbro-diabase. 

Distribution 

Several outcrop areas of the Type II ultrabasic rocks 

are kno\vn. Perhans the best-known area is in the vicinity of the 

Munro mine. The other well-knoITll areas are in northern Garrison 
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townshi ~') (the Bird Group), and in northern Harker township (the 

Ghost Range). The i:lcCool Hill exposure and a group of ultrabasic 

ex] osures in lot 2, concession IV, McCool township, also belong to 

Type II. 'Vith the exception of the Munro mine area, the writer 

examined aIl the above areas in varying degrees of detail. 

Usually gebbro-diabase forms the most prominent part of 
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the outcrop area. McCool Hill and the Ghost Range are essentially 

gabbro-diabase with more basic rock-ty :::es at the base of the hills. 

Much of the derpentinized d unite and 11eridoti te is drift- or outVlash­

covered. Exposures of serpent.inized dunite and peridotite are 

commonly limited to very small outcrops adjacent to the gabbro­

diabase. Diamond drilling and geonhysical surveys have provided 

much of the information on the serpentinized dunite and peridotite 

areas. 

McCool Hill 

In McCool township the contacts between pyroxenite, gabbro­

diabase and ser:)entinized duni te are well-exposed along the base of 

McCool Hill, especially on the southern side. The complete series 

of rocks was not studied in detail but the contacts were examined 

for etructures that could be used to establish relative ages of these 

intrusive rocks. 

On the eastern end of the hill, the contact between gabbro­

diabase and oyroxenite is eXDosed over a distance of 325 feet. This 

contact is characterized by tongue-like projections of pyroxenite 

into gabbro-diabase and gabbro-diabase into pyroxenite. This sug­

gests the "Ç';arent magmas of these two rock-ty~es existed sirnultaneously, 



PLATE IV 

Fig. l Intertonguing pyroxenite, background, and serpentinized 
dunite. Note the tongue of pyroxenite to the right of the hammer. 
South s i de of McCool Hill, McCool tovnlship . • 

Fig. 2 Irregular contact between p,yroxenite, backgTound, and 
sêrpentinized dunite. South side of McCool Hill, McCool township . 
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PLATE V 

Fig . l Serpentinized duni te with \ rhite weathered surf;...ce . Black 
spots a r e clots of magnetite . South side of McCool Hill, 
McCool township . 

Fig . 2 Ser pentiniZed duni te VIi th \vhite wea t hered s urfa ce . 
t he veins a r e magnetite . South side of McCool Hill , 
:A cCool tovmship . 
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at least in the contact zone. 

Examination of thin sections of rock specimens taken 

across the contact shows the following grain-size relationships; 

(1) The pyroxene anhedra in the gabbro-diabase increased in size 

toward the contact, whereas the size of the plagioclase subhedra 

remains constant. (2) The pyroxene grains in the pyroxenite near 

the contact do not differ in size from those elsewhere in the 

pyroxenite. 

The plagioclase (An 30) is identical in both. The spec­

imens of pyroxenite taken within 10 feet of the contact contain 

approximately 10 percent olagioclase, whereas those specimens more 

remote from the contact less than percent plagioclase. 

Slightly less than a mile farther west, the contact between 

the l~roxenite and a white weathered serpentihized dunite is exposed 

intermittently for a few hundred feet. This contact is very similar 

to the~roxenite-gabbro-diabase contact with tongue-like projections 

of one rock into the other~ There is no chilled border nhase in 

either rock. A thin section across the contact shows the contact 

to be very sharp. It does not suggest that there was a transfer 

of material from one rock to the other. There are a very few serp­

entinized olivine grains in the pyroxenite. However, the pyroxenite 

nor~ally contains small amounts of olivine. 

Lot 2, Concession IV, iJicCool Township 

In lot 2, concession IV, ;,lcCool township, the contact 

between pyroxenite and ser,)entinized dunite is '."lell-exposed for 

900 feet. A shear zone, l foot to 3 feet wide in the serpentinized 
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dunite locally marks the contact. This shear zone does not extend 

into the pyroxenite. 

The shear zone material is a schistose rock consisting 

of serpentinized dunite fragments in ser:Jentine matix. Sorne of the 

dunite fragments are rounded. The serpentine is slickensided and 
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the attitudes of the slickensides box the compass so that the direction 

of movement could not be determined. 

Veinlets of serpentine are common. Most of them are normal 

to the shear zone or contact. One veinlet of serpentine extends 

from the serpentinized dunite into the p'yroxenite for 4 feet. 

Adjacent to the shear zone the serl)entinized duni te is 

greyish white on weathered surfaces. It contains ser~entiniz;ed 

olivine grains averaging 1/8 inch in length. On fresh surfaces, the 

rock i8 very dark green 'F.ith a few grains of pale green serpentinized 

olivine scattered throughout. This rock occurs in a zone 3 to 5 feet 

wide adjacent to the contact or shear zone. A few veins of chrysotile, 

up to 4 feet long, are ;Jresent l8.rallel to the contact. Serpentine 

veins are much more common. The:r are commonlY Jarallel to the contact, 

but 'sorne forro 300 to 600 angles to i t. The next zone in the d uni te 

is frOID 15 to 20 feet wide and very similar to the rock at the contact 

except for a higher magnetite content. The magnetite is present as 

streaks on th~ white surface of the rock and causes a "ribboned ll 

a9pearance. The grouping together of serpentinized olivine grains 

into clots or bunches gives the rock a mottiedappearance on weathered 

surfaces. Veins of chrysotile and seroentine are Iess cornmon in this 

zone. 

Farther frOID the contact, the rock is almost :oure white on 



PLATE VI 

Fig . 1 Sca110ped contact between ~roxenite, on the 1eft , and 
serpenL.nized duni te . Lot 2, concession IV , McCoo1 township. 

Fig . 2 Irregu1ar contact between pyroxenite, in the for eground, 
and ser entinized dunite . Note the pyroxenite a1most comp1ete1y 
encirc1ed ~T the serpentinized dunite. Lot 2, concession IV, 
McCoo1 township . 
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weathered surfaces. Chrysotile veins are absent, although a few 

serpentine veins are present. Individual serpentinized olivine 

grains can be seen on weathered surfaces of the rock. On fresh 

surfaces, the rock is indistinguishable from that adjacent to the 

contact. Veins of ser~entine are very scarce and chrysotile is 

absent. The serpentine veins are, in sorne places, bordered qy 

magnetite and, in other places, magnetite forms the core of the veine 

The pyroxenite at the contact is white on weathered sur­

faces and is quite rich in ser:Jentinized olivine. About 20 feet from 

the contact the rock has a faint brown hue on ·"!8athered surfaces 

because the olivine here weathers reddish brmm instead of white. 

Eighty feet from the contact a band of pyroxerlite, 20 feet thick, 

consists almost wholly of pyroxene and only a small amount of serp­

entinized olivine. 

The contact between the s~rpentinized dunite and pyroxenite, 

where it is not sheared, does not show any consistent intrusive 

relationshh, of one rock into the other. At one locality, a circular­

shaped body of pyroxenite has been partially stoped off by the 

sGr;Jentinized dunite. Elsewhere along the contact, the pyroxenite 

apparently intrudes the ser0entinized dunite. Chilled border zones 

are not in evidence and, therefore, the intrusive relationship, if 

any, could not be established. 

Garrison Township ( Bird Groap) 

The basic and ultrabasic intrusive rocks of the Bird Group; 

of clains were mapped at l inch = 200 feet by J. Satterlyand the 

writer in 1951. This detailed mapping brought out the following 



features: 

(1) The thicki1ess of the gabbro-diabase varies from 80 

to 120 feet. The a;parent thickness varies from 80 to 300 feet. 

The thin part is in a faulted zone and the thickness is probably 

controlled in part by faulting. 
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(2) The contact with the overlying volcanic rocks i6 

sinuous and irregular,Jartly due to cross-faulting. The chilI zone 

between the volcanic rocks and the gabbro-diabase is very narrow or 

non-existent. The volcanic rocks show no contact mets.morphism. 

The gabbro-diabase is a mediurn-grcined rock which has a 

sllotted rusty appearance on weathered surfaces. Eighty feet of 

gabbro-diabase bordering the volcanic rocks is characterized by 

quartz, sorne of it vuggy. The rock is coarse-grained in olaces 

with ,~roxene subhedra up to 2 inches in length. Bands of finer­

grained rock are present within the coarse-grained areas. There 

are no chilI zones between aqy of the fine-grained and coarse­

grained bands. 

Sorne of the bands of varying grain-size also show changes 

in mineralogy. Sorne bands are very rich in hornblende or pyroxene 

and others are rieh in plagioclase. 

The gabbro-diabase is more uniforrn in appeara.nce close 

to the ser . .:entinized dunite or peridotite contact. This contact 

is commonly sheared, but where there is no shearing the contact 

is sharp and shows no intrusive characteristics. 

j'Aast of the ultrabasic rock is serpentinized dunite. No 

u:naltered dunite was seen. Serpentinized "8eridotite is very scarce 



and confined to the area near the gabbro-diabase contact. ~ereas 

most of the contact rock is serpeIitinized dunite, a small amount is 

seroentinized peridotite. The two rocks apparently grade into one 

another. 

The ultrabasic rocks are outwash-covered and their dis­

tribution is known only by a few scattered outcrops and the results 

of diamond drilling. Drilling on the Bird Group reve~led a body of 

ser1Jentinized dunite which extends 2,200 feet south of the ga.bbro­

diabase contact. 

The serpentinized dunite is the white weathered variety. 

It is granular in texture and varies from dark green, to pale apple 

~reen. Chrysotile veins are moderately abundant. 

The southern contact is entirely covered by outwash and 

the limits of the serpentinized dunite body are only known frOID 

drilling. The contact here is very ·,]oorly oarked, as extensive 

carbonatization has taken )lace. The serpentinized dunite has been 

replaced by a grey, in places slightly green, carbonate which is 

very massive and fine- to medium-grained. The carbonate retains the 

texture and the grain size of the serpentinized dunite. Chrysotile 

is apparently more resistant ta re;;l8.cement than the serpentinized 

dunite because the veins of chrysotile occur in the carbonate. 

Ghost Range Intrusives 

The GhoRt Range consists primarily of gabbro-diabase with 

associèl.ted ma.fie and felsic phases. The northern limit of the 

intrusive mass is not known, but it extends for at least 4,000 feet 

north of the Harker-Lamplugh township boundary. The southern limit 
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is the contact of the sel';:Jentinized;Jeridotite and dunite vdth 

rhyolite. 

The ultrabasic rocks are not abundant in Harker township 

but farther east, in Holloway township, drilling disclosed the 

presence of a large nass of serpentinized peridotite. The ultra­

basic rocks include both serpentinized peridotite and dunite which, 

from observation of iJoor, scattered exposures, apparently grade into 

each other. The serpentinized ?eridotite is more abundant than the 

serpentinized dunite. 

The ser~entinized peridotite is a green rock which is 

reddish-brown on weathered surfaces. Well-develo~ed crystals of 

oyroxene, up to t. inch long, are quite cornmon. 

The serpentinized dunite is a dark green to greenish­

black rock which is dark brown on weathered surfaces. It is very 

similar to other dunites in the district. Chrysotile may be present 

in either the ser;;entinizedgeridotite or dunite. 

A small amount cf pyroxenite occurs intermittently along 

the contact of the ser i)entinized lleridoti te or duni te and the gabbro­

dïabase. The ::JYroxeni te is very aimilar to that in McCool tovmship, 

consisting almost entirely of .9yroxene with small quantities of 

chlorite. The pyroxenite does not form a continuous horizon. Its 

boundaries with the serpentinized peridotite or dunite and the gabbro­

dia base are sharp wherever observed. 

The contact between the gabbro-diaba~é and the ultrabasic 

rocks is poorly exposed. In sOTIe places it is the locus of a weak 

shear zone and elsewhere it is sharp showing neither intrusive or 

gradational )henonema. 
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The gabbro-diabase is very sj.milar to that known else1'1here 

in the district with both fine- and coarse-grained varieties of 

normal mafic and felsic ohases. Bands of coarse-grained gabbro­

diabase cut the finer-grained varieties of this rock in sorne of 

the outcroos of the Ghost Range. The coarse-grained rock is char­

acterized qy fans of pyroxenes up to 3, and exceJtionally, 5 inches 

across. A more complete descri!Jtion of the gabbro-diabase is gi ven 

in the section on Petrography. 
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PETROGRAPHY OF THE HAILEYBURIAN (?) ROCKS 

DUNITE AND SERPENTINIZF~ DUNITE 

The dunites are fine- to medium-grained rocks of varying 

shades of green to black which weather to dark brown, grey or white. 

In some ùlaces the colour of the weathered surfaces grades from white 

to very dark brown although the white and brown weathered surfaces 

are not common in a single outcrop. The rock i8 soft on eXQosed 

surfaces and this is especially true of the brown weathered varieties. 

Fresh surfaces of the dunites vary in colour from 9ale 

apple green to very dark green or black. The pale green varieties 

are granular in texture, whereas the dark varieties are commonly 

dense. Grain boundaries are difficult to distinguish. Conchoidal 

fracture is very characteristic of these rocks. 

In hand sD?cimens only ser.)entine, ser:.Jentinized olivine, 

pyroxene, rnagnetite and less commonly plagioclase are visible. Megas­

cooically, the olivine grains are well-forrJed, cornmonly green to dark 

green and semi-vitreous. In sorne of the pale apple green dunites 

the olivine grains are rnuchpaler than elsewhere. They are very pale 

yellow or pale greenish-yellovr. The p'Jroxene crystals are character­

ized by a lighter green than the serpentinized olivine. Their vitreous 

cleavage surfaces are very distinctive aguinst the serpentine ground­

rnass. Pyroxene is ;}resent only in the dark dunites. Magnetite can 

be easily seen in rnost specimens and in some places it is ) resent 

in small veins, cornrnor~y oarallel to the strike of the intrusive 

rock. Most cornrnonly the magnetite forms minute grains between 

serpentinized olivine grains. In a few exposures, sorne feldspar 



46. 

is present in the dunites and is very distinctive on fresh surfaces. 

Wherever seen, the feldspar occurs on the upper edges of the in­

trusive rocks. 

tilicroscopically, the saroe mineraIs are recognized. Also 

~resent are minor amounts of hematite, chlorite, talc and calcite. 

The olivine crystals are invariably serDentinized. ReJ.ic 

grain boundaries are easily distinguished by the minute magnetite 

grains which outline their peripheries. Magnetite is also commonly 

present along fractures. Many ~inute chrysotile veinlets eut across 

or follow the fractures of the original olivine grains. This chryso­

tile i8 entirely the cross-fibre type. These altered olivine grains 

are uniform in size and range froID 1 to 2 mm. 

Antigorite is the most cornrnon alteration of the olivine. 

It occurs in bladed, lamellar and fibrous forms. In sorne thin 

sections the antigorite blades lie in a plane parallel to the "C" 

axis of the olivine. More commonlJr , the antigorite blades have no 

preferred orientation with respect to the crystal outlines. However, 

they co~monly radiate from the corners of the fractures within the 

altered olivine grains. 

Chrysotile veins and veinlets are abul1dant in the dunites 

over short distances. However, most of the dunites lack commercial 

amounts of chrysotile. The longest fibres are l inch long. In the 

area of the IJlunro mine the greatest number of veins contain fibres 

that average less than 1/3 inch in length. 

Examination of the magnetite in thin section confirmed 

the above statements as to its character. Most of the magnetite 
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is ûrobably s8condary having been formed during the period of 

serpentinization. Sorne of the interstitial magnetite may be primary, 

9articularly the larger grains. Sorne of these larger grains Day 

have increased in size during the serpentinization Deriod. 

Pyroxene, a dioDSidic variety, is present in only srnall 

amounts in the dunitic rocks. This p:1Toxene is similar to that of 

the nyroxenites and i5 described below. 

The original feldspar of the feldspathic varieties of 

dunite is extensively altered to a very opaque matte which is 

primarily sericite and minor clinozoisite. The original feldspar 

was plagioclase, as determïned by relie twinning,but no further 

information is available. 

The aceessory mL~erals inelude talc, chlorite, biotite, 

hernatite and :Clossibly brucite. Talc is especially cornmon along 

grain boundaries where it is fibrous and finely laminated. Chlorite 

is pleochroic in bright greens, and shows anornalous blue interference 

colours. Most of the chlorite is interstitial. Small ouantities of 

interstitial brown biotite are rarely present. Is i5 commonly a.ltered 

to ehlorite. 

Drill cores from a sheared part of the dunite of the Bird 

Group, in Garrison township, contain a colourless fibrous mineraI 

with fibres at least 3 inches long. This mineraI is brucite, variety 

nemalite. It has been ~reviously described by Berman (1932) from 

specimens Obtained in the Thetford district of Quebec. The mineraI 

is biaxial Dositive (+ 2V ca. 700
), length fast and the Nx refractive 

index is 1.585, a value which coincides with that determined by 



PLATE VII 

Fig. l Photomicrograph of typical serpentinized dunite com?osed 
almost entirely of antigorite after olivine. McCool townshio. 
Nicols crossed, X 40. 

--

Fig. 2 Photomicrograph of tY1Jical pyroxenite shovdng euhedral 
diopside grains. McCool to~~ship. Nicols crossed, X 25. 
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Berman. Sorne of the very fine-grained fibrous interstitial 

material in the dunites may be brucite. 

PERIDOTITE AND SERPENTINIZED ?ERIDOTITE 

The rock i5 commonly slightly varying shades of de.rk green. 

The texture i5 ty,ücally porphyritic with comparatively large pyroxene 

grains in a groundmas5 cf serpentinized olivine. Phenocrysts of sub­

hedral uyroxene vary from ~ inch to l inch in diameter. Volumet­

rically they forro between 10 and l5 ,:;ercent of the rock. The 

pyroxene commonly contains grains of serpentinized olivine. The 

grains of serpentinized olivine both in the groundmass and in the 

!Jyroxene are much sm aller and average 1 to ;2 mm in length. The 

serpentinized olivine grains are well-forroed and grain boundaries 

easily distinguü;hed, The ser)entinized olivine cooprises ar.>prox­

imately 70 to 80 percent of the rock. Minor magnetite is commonly 

visible, especially where it forms veins. Chrysotile is present 

in sorne exposures. 

Microscopically the groundma58 consists primarily of 

serpentinized olivine with a fairly uniform grain size averaging 

;2 mm. The ser ;,entinized olivine consists of antigorite in bladed, 

lamellar and fibrous forms. It is similar to that in the serpent­

inized dunites. Rarely small amount.s of unaltered olivine are 

present. Only six of twenty-seven thin sections of peridotite 

studied contained any fresh olivine. Only two of these contained 

a sufficient quantity to permit further identification. In both 
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the olivine is colourless, has high birefringence, +2V ca. 950, 

Nx = 1.643, Ny = 1.662, and Nz = 1.680. (1) , According to Winche11 

(1951, P. 500) the composition is F0
96 

Fa
4

• 

The 1wroxene is diopsidic and simi1ar ta that in the pyrox-

enites described on page 52 of this report. It is colourless to 

very pale green in thin section. Common1y it is large1y altered 

to arn~hibole. Two varieties of this amnllibo1e were identified. 

An early-formed amuhibole is p1eochroic in bro'Nn and ZA c = 200 • 

A second, later-formed amphibole i5 pale green to co1ourless. It 

occurs as a rim around the brown amphibole, particularly in sections 

normal to the IIC II axis. This second amphibole has absor~tion qual-

ities similar to the brown amphibole, but ZAc = 160• This form 

of (wroxene alteration is apparent in nearly every thin section 

examined. Sorne of the larger ~..)yroxene grains contain serpentinized 

olivine grains within their boundaries. 

The accessory mineraIs are magnetite, chlorite, biotite, 

calcite, altered plagioclase, talc and brucite. Magnetite is the 

most widespread accessory. It is present interstitially and in 

veinlets similar to the magnetite in the serpentinized dunites. 

The other accessory minerals, with the exception of calcite and 

plagioclase, are also similar to those in the dunites. 

The calcite in the ser~)entinized peridotites occurs 

interstitially and is very fine-grained. It is most cornmon in 

a few tbin sections of rocks from McCool tO'.''ffiship . The plagioclase 

(1) Refractive index determinations given in this re) ort are 
within limits of error of ~ 0.002. 
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PLATE VI n 

Fig. l Photornicrograoh of tyuic&l serJentinized peridotite show­
ing antigorite after olivine and diopsidic ~yroxene. A minor 
amount of rnagnetite is also oresent. Garrison township . 
Nicols crossed, X 25. 

Fig. 2 Photornicrograph of oeridotite showing unaltered olivine, 
high relief, with pale green hornblende and minor chlorite. 
Centre Hill, Munro township. Nicols crossed, X 25. 
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in the peridotites has been completely altered to chlorite, 

clinozoisite and sericite. No further identification of the 

plagioclase was possible. 

Brucite was identified on basis of optic sign, crystal 

habit and low birefringence. 

?YROXENITE 

The oyroxenite, 13.11 of which is very similar, 1s a grey-

green to green, fine- to ;nedium-grained rock with fairly uniform 

crystalline texture. Megasco Jically, they consist of aDprox-

imately 85 ,yercent fvroxene and varying amounts of olivine, ~üagio-

clase, hornblende and accessory magnetite. The pyroxene crystals, 

2 to 5 mm in greatest dimension, are euhedral, vitreous and fresh 

in ap ~)earance. Crystal outlines and surfaces are easily identified. 

:':iicroscopic study shows that the pyroxenite consists of 

a holocrystallu18 groundmass of uniform grain size averaging 2 mm. 

It is composed almost entirely of short, tabular euhedral crystals 

ofoyroxene. The mineraI has the following ootical properties: 

ZAc = 40o ,+2V = 57
0

, N - 1 663 N 1 684 The axial angle x • , z=· • 

\Vas determined with the aid of a universal stage. According to 

Winchel1 (195l, p. 411) the mineraI is diopside. T~7ins on the 

100 plane are common. 

Re1atively small amounts of interstitial material is 

nresent consisting of chlorite in fibrous bunches, antigorite 

either bladed or lamellar, and a small quantity of magnetite. 

In the pyroxenite of IvlcC60l Hill and Centre Hill small 

amounts ofo18.gioclase ( An 45 ) are present intersti tially. It 



is fairly fresh in most thin sections examined, but alteration 

to sericite and clinozoisite has occurred in sorne ·plagioclas3s. 

Hornblende subhedra forro 10 percent or less of the 

0yroxenite. Th~ are pale brown to pale green, commonly fresh 

bût locally chloritized. Most of the hornblende is primary and 

only a small Quantity has formed through uralitization of ~Jroxene. 

Small quantities of euhedral olivine are ~resent·in sorne 

s ·oecimens taken near more ultrabasic contacts. The olivine is 

typically fresh, but some grains are altered to antigorite. Where 

determined the olivine Droved similar in composition (Fo 96) to 

that in the peridotites. 

Talc is a rare constituent of these rocks. It was identi­

fied in only two thin sections. 

In several specimens froIn ;;;jcCool Hill a pale green 

isotrouic mineraI is scattered throughout the matrix of the rock. 

Tentatively, this mineral i8 identified as soinel. 

Bastite is rare and occurs only in two th in sections. 

Antigorite after diopside and olivL"le is so scarce that none of 

them can be classified as ser ~.Jentinized. 

GABBRO-DIABASE 

The gabbro-diabase i8 the most widely distributed rock­

tyoe of the Haileyburian (1) group of rocks. Its areal extent 

is shown on the accom8anying map. 

The rock is dark green ta light grey. Its colour is 

due to the varying amounts of individual minerals;Jresent. The 

most common mineraI lS a ·~I'ismatic, subhedral, gr'ey to pale green 
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plagioclase. In the basic bands, subhedral hornblende is dominant 

and, locally, feldsi)ar is present in very swall aJOounts. Sorne 

felsic bands consist almost entirely of feIds Jar. ~Unute quanti­

ties of interstitial quartz are Iocally present, especially near 

the top of the intrusive masses. Chlorite is quite common. Sorne 

gabbro-diabase specimens, ,articularly froID basic bands are 

extensively chloritized. 

The rock texture is diverse. It ranges from diabasic 

to equigranular and, in places, 'Jegmatitic. In the ::-;-;edium-grained 

ohases the texture is commonly diabasic. On the Ghost Range, where 

feldspars up to 4 inches long are quite common, ?egmatitic texture 

is very well-developed. 

The grain size varies as greatly as the texture. Medium­

grained rocks are most common, but fine-grained and coarse-grained 

rocks are present in nearly aIl exposures. 

The gabbro-diabase is reddish-brovm on weathered surfaces. 

These surfaces are commonly "~itted and spotted due to the ferromag­

nesian mineraIs eroding much faster than the feldslJars. 

In 7Jestern MeCool township and in ",)arts of the Centre 

Hill Complex sorne of the gabbro-diabase has a flow-like texture 

in which the feldsoars are oriented oarallel to the contacts of 

the intrusive bodies. Mineralogically, the rock is similar to 

the gabbro-diabase which occurs elsewhere. 

In most places the texture is equigranular and diabasic. 

The textures grade into one another over short distances across 

the strike. Parallel to the strike they are fairly consistent. 
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The term gabbro-dia base is used because much of the rock is inter­

mediate in texture between the diabasic texture and equigranular 

texture. 

In thin section, medium-grained varieties of gabbro­

diabase have a groundmass of plagioclase laths, 2 mm in average 

length. Much of the plagioclase is altered to sericite, clinozoi­

site and albite, but very commonly the e.lteration mineraIs are so 

fine-grained that individual minerals cannot be identified. Where 

fresh plagioclase is Dresent, the composition varied from An 32 to 

An 45. The mean composition is An 42. 

The more basic phases are composed chiefly of green 

hornblende together with sorne plagioclase (An 35). The horn­

blende grains vary greatly in size, from 1/8 inch to 4 inches 

in length. Commonly they are randornly oriented, but in sorne 

specimens, es;)ecially from McCool to;mship, there is a parallel 

orientation of the hornblende and feldspar. 

Most, and perhaps all, of the hornblende is secondary 

after diopsidic pyroxene. Evidence of uralitization is comlDon in 

th in section. Relic pyroxene occurs as small islands within the 

hornblende grains. Alteration of the hornblende to chlorite is 

common. The chlorite, penninite, is also common interstitially 

as radiating bunches. 

Quartz, in those specimens whieh contain it, is invariably 

in myrmekitie intergrowth with plagioclase. Mueh of the quartz 

shows strain shadows and anomalous biaxiality. 

The aceessory mineraIs in cl \.lde s,)hene, ilmeni te, magne-

55. 



tite and apatite . Sphene and apatite are not abundant. They are 

present in only a few of the 39 thin sections studied. Ilmenite 

and magnetite are ubiquitous. Magnetite is more abundant than 

ilmenite. 
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PLATE IX 

Fig. l Photomicrograph of ty Jical ~uartz gabbro-diabase froID 
near the to p of the intrusive body. Garrison township. 
Nicols crossed, X 25 

Fig. 2 Photomicrograph of gabbro-diabase from ?~lcCool township 
showing parallelism of altered ulagioclase crystals. 
Nicols crossed, X 25. 
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C~JICAL CO~WOSITION OF THE HAILEYBURIAN (?) ROCKS 

The chemical compositions of the Haileyburian (?) Rocks have 

been determined by Rosiwal analysis. Thin sections considered 

as most representative of the various rock types were used. 
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Si O2 

A12 03 

Fe2 03 

Fe 0 

Mg 0 

Ca 0 

H2 0 

C 02 

Tota1s 

CHEM. COMP. OF SERP. DUNITE CALCULATED FRŒ:I THE MODE (ACTUAL MIN. COMP.) 

Antigorite !Ilagnetite Diopside Chlorite Calcite Talc Totals 

39.56 1.63 0.32 41.51 

0.18 0.18 

4.04 4.04 

1.81 0.26 2.07 

38.58 0.55 0.21 39.34 

0.76 0.22 0.98 

Il.57 0.13 Il.70 

0.18 0.18 

89.71 5.85 2.94 11.0 0.40 100.00 

V't 
-.0 
• 
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SERPENTINIZED DUNITE 

Mineral Vol. % S. G. Wt. % 

Antigorite 93.0 x 2.62 243.66 89.71 

Magnetite 3.1 x 5.13 = 15.90 5.85 

Diopside 2.4 x 3.33 = 7.99 2.94 

Chlorite 1.1 x 2.72 = 2.99 1.10 

Calcite 0.4 x 2.72 = 1.08 0.40 

Talc Tr x 2.73 = 

271.6.2 100.00 

s. G. of the rock -2.72. 



Si 02 

Al 0 
2 3 

Fe 0 
2 3 

Fe 0 

Mg 0 

Ca 0 

K 0 
2 

H
2 

0 

C O
2 

Totals 

CHEr'!lICAL COMP. OF THE SERP. PERIDOTITE CALCULATED FROM THE MODE (ACTUAL MIN. COMP.) 

Antigorite Diopside Hornblende Magnetite Chlorite Biotite Calcite Talc 

33.96 5.30 2.28 0.37 0.18 

0.65 0.21 0.10 

1.00 3.56 

1.36 1.60 0.39 0.05 

33.11 1.80 0.51 0.25 0.03 

2.50 0.36 0.16 

0.05 

9.93 0.15 0.01 

0.13 

7.70 9.60 6.16 5.16 1.27 0.42 0.29 

Tota1s 

42.09 

0.96 

4.56 

3.40 

35.70 

3.02 

0.05 

10.09 

0.13 

100.00 

0' 
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62. 

SERPENTINIZED PERIDOTITE 

Mineral Vol.% S. G. Wt. % 

Antigorite 81.8 x 2.62 214 • .31 = 77.00 

Diopside 8.1 x .3 • .3.3 26.97 = 9.69 

Hornblende 5 • .3 x .3 .2.4- 17.17 ;; 6.17 

Magnetite 2.8 x 5.1.3 14.36 = 5.16 

Chlorite 1..3 x 2.72 .3.5.3 - 1.27 

Biotite 0.4 x 2.95 1.18 = 0.42-

Calcite 0 • .3 x 2.72 0.81 = 0.29 

Ta.lc Tr x 2.73 = 

278 • .33 100.00 

S. G. of the rock = 2.78. 



Si O2 

A12 0
3 

Fe2 0
3 

Mg 0 

Fe 0 

Ca 0 

Na
2
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K
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0 

H 0 
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Tota1s 

CHEM. COMP. OF PYROXENITE CALCULATED FROM THE MODE (ACTUAL MIN. COMP.) 

Diopside Chlorite Antigorite Magnetite Albite Anorthite Hornblende Talc Spine1 

48.58 0.55 0.60 0.61 0.32 1.94 

0.31 0.17 0.28 0.55 

1.73 0.85 

16.25 0.37 0.58 0.43 

O.M. 0.77 1.16 

22.54 0.15 0.30 

0.10 

0.22 0.18 

87.37 1.89 1.36 2.50 0.88 0.75 5.23 

Tota1s 

52.60 

1.31 

2.58 

17.63 

2.37 

22.99 

0.10 

0.40 

99.98 
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PYROXENITE 

Mineral Vol. % S. G. Wt. % 

Diopside 86.1 x 3.33 = 286.71 - 87.37 

Chlorite 2.3 x 2.72 = 6.25 1.90 

Antigorite 1.7 x .2.62 = 4.45 1..36 

Magnetite 1.6 x 5.13 = 8.20 2.50 

Albite 1.1 x 2.63 = .2.89 0.88 

Anorthite 0.9 x 2.75 2./ .. 7 0.75 

Hornblende 5.3 x 3.24 = 17.17 5.23 

Talc Tr x .2.7.3 --

Spinel Tr x 3.55 = 

328.14 99.99 

S. G. of rock = 3.28. 



CIiEMICAL COMP. OF GABBRO-DIABASE CALC ULATED FROM THE MODE 

Albite Anorthite Hornblende Diopside Chlorite r~agnetite Ilmenite 

Si O2 18.75 8.92 11.01 3.86 2.43 

A12 0
3 5.29 7.57 3.12 1.37 

Fe2 03 4.85 2.86 

Mg 0 2.47 1.29 1.62 

Fe 0 6.57 1.93 1.28 1.28 

Ca 0 1,.15 1.73 1.79 

Na2 0 3.21 

K
2 

0 

II 0 0.97 
2 

C O2 

Ti O2 1.42 

Totals 27.25 20.64 29.75 6.94 8.32 4.14 2.70 

Sphene Apatite 

0.07 

0.07 

0.09 

0.23 

Totals 

45.04 

17.35 

7.71 

5.38 

Il.06 

7.74 

3.21 

0.97 

1.51 

99.97 

0' 
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GABBRO-DIABASE 

Mineral Vol. % S. G. Wt. % 

Albite 30.8 x 2.63 81.00 = 27.25 

Anorthite .22.3 x 2.75 61.32 20.64 

Hornblende 27.3 x 3.24 88.45 = .29.76 

Diopside 6.2 x 3.33 20.64 = 6.94 

Chlorite 9.1 x 2.72 24.75 = 8.33 

Magnetite 2.4 x 5.13 1.2.31 = 4.14 

Ilmenite 1.7 x 4.72 8.02 = 2.70 

Sphene 0.2 x 3.5.2 0.70 = 0.23 

Apatite Tr x 3.20 = 

297.19 99.99 

s. G. of rock = 2.97. 



CO~WOSITIONS OF THE HAILEYBURIAN 

Serp Dunite 

Si 02 41.51 

A12 0
3 

0.18 

Fe2 03 4.04 

Fe 0 2.07 

Mg 0 39.34 

Ca 0 0.98 

Na" 0 
~ 

K2 0 

H
2 

0 11 .. 70 

Ti O2 

C O2 0.18 

Mg/Fe Mo1ecu1ar ratio 
12.4 

Serp Perid. 

42.09 

0.96 

4.56 

3.40 

35.70 

3.02 

0.05 

10.09 

0.13 

8.5 
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(?) ROCKS 

Gabbro-
Pyrox. Diabase 

52.60 45.04 

1.31 17.35 

2.58 7.71 

2.37 11.06 

17.63 5.38 

22.99 7.74 

0.10 3 • .21 

0.40 0.97 

1.51 
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PE"I' ROGEN ESIS OF T HF. HAILEYB URIAN (?) ROCKS 

Before entering into a general discussion of the origin 

of the Haile,yburian (?) rocks, it is to be noted that a11 the 

Haile,yburian (?) rocks, whether classified as Type 1 or Ty~e II, 

show many features common to both. The rnost out standing features 

are age relationship, rock sequence, conformability and general 

rock types. lt is reasonable, therefo1'3, to assume that any 

theory of origin and history of the Haileyburian (?) rocks must 

be a;)"(Ùicable to aIl the intrusive bodies and the procssses in­

volved are, in general, the sarne for each. Any varieties, such 

as Ty:oe 1 and Type II, are believed to be minor when the entire 

area is considered. 

BANDING 

The most outsta.nding feature of the Haileyburian (?) 

rocks i5 the banding. Banding in intrusive rocks is quite common 

and several theories have been proposed to ex)lain it. The two 

most prorninent are: 

(1) Gravitational settling of crysta1s in a liquid; a 

concept derived from the study of banded sedirnentary rocks. 

(2) Flowage of mineraI constituents resulting in f10w 

lines sirnilar to those observed in volcanic rocks and along the 

margins of granitic batholiths. 

Several other theories have been proposed. These include 

liquid immiscibility, a phenomenum not applicable to silicate melts, 

and various rhythmic cycles of crystallization of different com­

ponents. The latter reouires pulsatory conditions of heating and 

68. 



cooling or D8culiar and im',)robable mechanisms which are not borne 

out hw field evidence. The repeated injection of new magma, to 

cause new cycles of crystallization to commence, relies upon so 

many factors such as position of feeders, depth of chamber, tilting 

or other deformation, possible volcanic draining of the magma 

chamber, varying temoerature and pressure conditions, that the 

likelihood of a repetition of all these factors being coordinated 

in the same manner several times during one major intrusive period 

is so remote that further consideration is not warranted. 

Gravit y Banding 

Several excellent examples of gravitative stratification 

existj perhaps the best known are the Bushv81d and Stillwater 

Con)'jJlex,:= s of Africa and Montana, and the Skaergaard intrusions of 

Greenland. These .3asses exhibit prominent banding with sharp 

contacts between various bands, similar to those in the Hailey­

burian (?) rocks. Peoples (1933) cites an illustration of banding 

in the Stillwater Complex which is very similar to the banding 

in the Haileyburian (?) rocks on Centre Hill. Dr. J. Satterly, 

who has seen both the Stillwater and the Centre Hill Complexes, 

has r emarkeà, on several occasions, of the great similarity of 

the banding in the tvro ex~)osures (oral communication). 

The formation of bands br gravitational settling relies, 

in its simple st form, ujJon the difference in the specifie gravit y 

of the mineral constituents and the residual liquide For example, 

the banding in gabbros relies on a difference in specifie gravit y 
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of calcic plagioclase (S.G. = 2.68 - 2.73) and augite (S.G. = 3.2 - 3.6). 



The generally acceoted concept is similar to that pro·oosed by 

Coats (1936, p. 412.) 

"If two sorts of crystals of differing 
densities are settling in a liquid, the density 
of which i5 but slightly less than that of the 
light 2r sort of crystal, both varieties will 
settle toward the bot tom • As these tvvo kinds 
of crystals approach the bottom, the proport­
ion of crystals to li~uid will increase. tben 
a certain limiting value is reached, since the 
sinking of the heavier crystals tends to dis­
place the adjacent fluid upward, this liquid 
because of its viscosity, and the slow rate 
of settling of the lighter cr:vstals, carries 
them upward. There is thus produced a layer 
rich in the lighter c17stalline constituent, 
over one rich in the heavier. Crystals of 
the heavier variety, continuing to fall upon 
the loose mesh of the lighter crystals, ~ill 
slip through the interstices of the-mesh until 
by the settling of the lighter c~stals 
relative to the liquid, this rnesh becomes 
too tight to permit the ;)8.ssage of any further 
crystals of the heavier variety. Theprocess 
then repeats itself, another layer of the 
heavier crystals being formed on the tao of 
the layer of the light crystals." 

The theory above is not aoplicable, however, to the ultra-

basic zones of the Haileyburian (?) intrusive r'ocks. The specific 

gravit y of dioDside (3.33) differs only by one one-hundredth from 

that of forsterite (3.32). It is inconceivable that such a small 

differenee in specifie gravit y could bring about a separation as 

complete and on such a scale as exists in the Haileyburian (?) 

rocks. If the olivine was serpentinized before the separation, 

its specifie gravit y would be only 2.62, a value sufficiently 

different from 3.33, the s-oecific gravit y of diopside, that seu-
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aration by grc.vity settling is a possibility. For structural reasons 

however, this oossibility is eliminated because the dunite and 



peridotite lie beneath the ~yroxenite, especially in Type II, a 

sequence exactly reversed from that V/hich would be ~Jroduced by 

gravit y settling of serpentinized olivine and diopside. 

One of the prime reasons for the use of the gravitational 

settling theory for the Bushveld Complex is the evolution in chem­

ical composition. A similar chemical evolution was shown to exist 

in the Skaergaard intrusions of Greenland by Wager and Deer (1939). 

There is no evolution in chemical composition in the ultrabasic zone 

of the Haileyburian (1) rocks. The variation in rock type is ruineral­

ogically quantitative rather than cheroica1. The lack of evolution 

in chemical composition suggests that the ultrabasic zones were 

formed as units and not by crystal accumulation. 

In considerint:; the entire area, II gravit y settling were 

the method of separation, it is reasonable to eXJect that aIl the 

intrusive bodies l'Tould be similar in lithologie sequence. In other 

words, rock sequences such as Type l and Ty~e II would not be expected 

but rather either Type l or Type II. 

It i~ concluded therefore, that the banding of the ultra­

basic rocks cannot be satisfactorily explained by theories based 

UDon gravitational crystal settling in place. Whereas the banding 

within the gabbro-diabase is on a more limited scale, it is not 

unreasonable to expect that it was forrned by the sarne rnethod as 

that which produced the banding in the ultrabasic rocks. However, 

gravitational settling rnay be the process which produced sorne of 

the thinly banded portions of the gabbro-diabase. 

Flow Banding 

Flow structures in volcanic rocks are weIl known and 
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fully described. Similar flow structures have be8n described as 

occurring in }lutonic rocks of several types ranging in comoosition 

from granitic to ultrabasic. Ba1k (1937, ~. 15) defines flow layers 

as follows: 

IIFlow layers I~lay be said to be tabular 
disk-like rock bodies composed essentially 
of those minera1s that build up the surround-' 
ing rocks, but in different pro~ortions. 
The boundaries of f10w layers may be grad­
ational or sharp. Within individual flow 
layers, the relative proportion of minerals 
i8 fairly constant. Thickness and length 
of layers range widely; they may be straight, 
curved or folded. Adjacent layers may be 
paral1e1 to each other, or, more rarely, 
may truncate each other. Crystals in flow 
layers in granitic rocks rray lie with their 
largest faces parallel to the plane of the 
layer; whereas, the crystals that compose 
flow layers in gabbroic rocks tend to be 
oriented at random. Synonyrns are "foliation" 
and IIfluxion banding"." 

Wi1liamson (1941) developed similar features exper-

imentally by the deformation of plastic material. Balk (1925, 

p. 689) in a paper describing primary structures in granite wrote: 

"The granite of the Riesengebirge is 
characterized by plat y flow bands Ylhich 
in;Jlaces are 50 perfectly developed as ta 
give the rock a stratified appearance." 

In describing the internaI structure of the Mari~osa granodiorite 

of California, Cloos (1932, p. 299) comments: 

"The arrangement of the flow structures within 
the intrus ive depends entirely on the forro of the 
space which was available for the intrusion. The 
elements are oriented paralle1 to the contact 
planes. The planes of minéral parallelism follow 
the contacts in strike and dip, and the flow 
lines coincide with the dip of the contact planes. 
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The intensity of the flow structures in 
the gr~nodiorite does not increase on approach­
ing the contact. Apart from the f10w lines, 
only an elusive plat y 0arallelisrn is noted 
& fe~'\" yards froID the southern contact. Il 

The raIe played by stress is weIl summarized by 
Zavaritsky (1932, p. 177). 

"There is no doubt that the whole of 
the Rai-Iz massif \'Tas form8d as a single 
geologic unit, 8.nd the u~")parition of the 
banded struct u:-e might most nrobai:ùy be 
ascribed to the stress which acted u)on 
a nearly crystal1ine mass of olivine grains 
having contained a sm aIl residual acid 
solution. Under the influence of stress 
it was irregularly distributed in bands 
in the mass of the crystallizing rock, and 
on its definitive consolidation this irreg­
ularity led to the formation of the banded 
structure. It is notable that the banding 
is develaped alsa in the ad.1acent gabbro­
amphibalites." 

The bRnding seen in the c.utcro~s, e:::;~eciall;t· that of 

Ty,Je l, is known ta exist only in t' . .-o d:iIlIensions. If a three-

dimensional view is envisioned, the banding may occur as shawn 

in Fig. A rather than that shawn in Fig. B ~hich is a more can-

ventional interpretation. 

Fig. A Fig. B 
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If the banding is irregular and non-continuous, asshown in Fig. 

A, then flowage is a more readily acceptable COnC8}t and gravit y 

stratification less adaptable. 

The use of a flow process for the emplacement of ultra-

basic material consisting of substantially solid masses of olivine 

crystals was oroposed by Bowen (1917, ;J . 237). Bowen and Tuttle 

(1949, p. 245) suggest: 

Ult may be that an olivL.'1.e aggregate is 
more capable of flow in the crystalline state 
than other common anhydrous rock-forming min­
eraIs, because its c~stals are built u~ of 
SiO 4 grOU"ilS without any chain, double chain, 
sheet, or space linkages - i.e., sharing of 
o atoms by Si atoms." 

The flowage of l~rtially crystalline rock-forming material 

should result in sorne tendency toward a ,;referred orientation of the 

c~stal constituents. Sorne of th3 gabbro-diabase, particularly in 

McCool to,vnship, does contain feldspar crystals aligned oarallel 

to the sill contacts. No attempt was made to study the grain 

orientation of the Haileyburi&n (?) ultrabasic rocks. However, 

other workers have neted that in banded dunites there is a tendency 

for the olivine grains te be oriented so tha.t their long axis "C ll 

is in the,üane of the bBnciint-: (Turner, 19L~3, and Guild, 1947). 

It is here suggested that the banding in the Haileyburian 

(?) rocks is a flow feature resultin? from the intrusion of magrnatic 

material confisting of a crystGlline aggregate with only enough 

liquid to permit mobility. This -8rocess is believed to account for: 

(1) The absence of thermal metamorphic effects in the host 

rocks. The illtrusive lj;[oterial would be sufficiently cooled at the 
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tilIle of the int::'usion 20 thst the theri.Jal Ir:etai:Jorphic effect is 

s::mill. 

(2) The lack of intrusive relations beti':een the vo.rious 

bands. The te,ùperature of the intrus ive material VIras uniform and 

therefore, chilling impossible. The flowage along the various con-

tacts would tend to smooth out or obliterate any large scale tend-

en~ for diking. Sheared contacts may be, in ~art, residual flow 

lines. 

(3) The flow-like features which are ,;resent in the 

gabbro-diabase in lvicCool township. 

(4) The interbanded iJ~Toxenite and lJeridotite of Type l 

an0 the banding in the gübbro-diataGe. 

(5) The fa ct that sorne contacts are gradational and others 

are shar:J. 

The intertonguing and irregular contacts, su ch as shovm 

in Plate IV , arefJrobably the result of move!:1ent of residual 

j uices &fter the e;-~dl&ce:lent of the main m&.Eses. Bowen and Tuttle 

(1949, l,). 460), in considering those ty:?8S of intrusives 'Nhere age 

indications are contradictory, state: 

"In short our observations suggest that the 
mutual "intrusion" of ultramafic types in such 
com"~lexes, often giving contradictory indications 
of time of lIintrusion ll , is really due to hydro­
therplal (pneurnatolytic) rearrangement of matsrial, 
taking place largely within the rnass itself, though 
the water and )erhaps small amounts of ether sub­
stances were of extraneous origine 

Such "intrusives" would not extend beyond the 
borders of the ultramafic cornplex, and this appears 
to be the relation observed. 1I 
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The applicatioD. of the fla'.'! theory, rather th an the 

gravit y settling theory, ta explain the banding in the Hailey­

buril;.n (?) rocks elimina tes the necessi ty of the host rocks being 

in a horizontal 8osition at the time of the intrusions. Whereas 

there is no evidence available to establish definitely the attitude 

of the volcanic rocks during the intrusive peried, it is reasonable 

te exoect th&t the intrusions could take ~)lace more readily during 

the,::,eriod of folding rather than before or after. It is :Jrobable, 

therefore, that the volcanic rocks were inclined at the ti~e of 

the intrusions, although in sorne places the flows may have been 

horizontal or nearly so. 
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CLASSIFICATION OF ULTRABASIC ?LUTONS 

As Smith (1952, p.109) points out, there are at 1east 

two contrasting types of plutons containing u1trabasic rocks. 

These are: (1) gravity-stratified sheets (Buddington, 1936), a1so 

referred to as 10·]01ithic or sill-like ;Jlutons (Hess, 1938), al1 

be10nging to the basa1tic magma series; and (2) the alpine type 

(Benson, 1926), or ser ,)entinites associated with orogenic zones 

(Turner and Verhoogen, 1951), or iY1.iected ;Jeridotites (Guild, 

1947), or members of the ultrabasic magma series (Hess, 1938). 

Smith (1952, p. 110) uses the teIllls "basaltic layered pluton" and 

"u1trabasic pluton": 

" __ - to emphasize the essential difference 
between the;llutons, namely that one is composed 
dominantly of rocks of basaltic comuosition, 
whilè the other is composed of rocks of 
mainly u1trabasic com position." 

These terms will be used here. 

More como1ex ultrabasic plutons, including: concentric 

rings of duni te surrounded by :::;yroxenite and gabbro, may form 

another type and be distinct froID the two discussed here. Their 

origin is undoubted1y comp1ex. The kimber1ites and mica perid-

otites are aIl hypabyssal and can be grou;Jed together as a fourth 

ty ,::;e. They are not related to the rocks under discussion. 

The basaltic layered plutons are weIl known and have been 

studied in detail in several places in the world. These include 

the Bushveld Com:llex, the Sti1lwater Com.üex and the Duluth gabbro. 

The Palisades diabase and the Nipissing diabase probably also belong 

to this group. The essential features of the basaltic layered plutons 
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are, accordinc to Buddington (1936, ~. 348): 

"Thick intrusive sills of basic or inter­
mediate composition characteristically show a 
relatively thin basal zone of a com~osition 
intermediate between the extreQe variations 
occurring above. The material just above the 
basal zone is generally more mafic than that 
of the basal zone and passes uDward into more 
felds)athie or felsie mate~ial. Aeeordingly, 
in the sheet as a whole, the sneeifie gravit y 
is intermediate at the base and grades from a 
maxiJ:)llJD just above the base to a minimum in 
the upper nart. This gradation may, however, 
be very irregular. In the lower iJortion of 
the thicker sheets there may be ultrabasic 
segregates and small-scale altenlation of 
more mafie and felsic material or bands of 
different mineraI composition, and the u~per­
most part may be ~~anite. There may be sorne 
minor intrusive relations of one facies to 
another. Thin sub-basal sills may differ in 
composition from the normal chilI facies of 
the main rnasB. 1I 

An importtint characteristie, not mentioned specifically 

in Buddington's Japer, is that basaltie layered plutons are alat-

eau type intrusions. Novrhere are the large-scale masses assoe-

iated with strongly deforrned rnountain built belts at the tirne of 

their intrusion. A surnmary of the features of basaltic layered 

plutons is shown in Table A 

The essential features of the ultrabasie plutons were 

outlined by Hess (1938) when he proposed a ;:œimary peridotite magma. 

These are: 

(1) Large masses of -geridotite are ;resent in regions 

where few if any other igneous rocks of the same age are known. 

These may be of batholithie -oro-Jort ions su eh as the Cuban serpen-

tines. 

(2) The border facies of the ultrabasic,Jlutons is itself 
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~n ultrabasic rock differing in no way from the main maS Sa 

(3) The metamor"ohic effects of the ultrabasic intrusives 

on the wall rocks are much less than Qy a basaltic intrusive of 

the same dimensions. 

(4) Prirnary banding is rare. 

(5) The r·,rg/Fe molecular ratio of the ultrabasic plutonic 

rocks is usually above 7. 5 . 

(6) Ultrabasic "i)lutons occur in orogenie zones during 

the first great deformation. 
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Table A 

Characteristics of Basaltic Layered ?l\.ltons and Ultrabasic Plutons 

Attitude at the time 
of intrusion. 

Rock sequence. 

Metamorphic 
effects. 

Border facies. 

Layering or 
banding. 

Other intrusions. 

Basaltic Layered 
Plutons 

Horizontal intrusion. 

Generôlly according to 
specifie gravity. 

Usually marked. 

?rorninent and represent­
ative of the magma. 

Prima~ banding common. 

Associated dikes and 
sills or siwilar comp­
osition common. 

Chemical cornuosition. Basaltic 
il,qg/Fe 7.5 

Distribution in 
time. 

~"uiet ;)eriods. 

Ultrabasic 
Plutons 

Inclined. 

Mayor may not 
corresDond ta S.G. 

Slight ta absent. 

Similar ta main 
maSSe 

Primary banding 
rare. 

Few or no other 
rock-types of the 
saroe age. 

Ultrabasic 
Llg/Fe 7.5 

Orogenie periods. 
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Comparison of the Hail~burian (?) Rocks with Basaltic Layered 
Plutons anè Ultrabasic Plutons. 

A com:Jarison of the Haileyburian (1) intrusive r'ocks :yith 

the ch~racteristics of basaltic layered plutons and ultrabasic 

Jlutons shows there are sorne similarities with both types. Vfith 

regard to attitude, the basaltic layered plutons are horizontel at 

the time of th e intrusions. The StillY,ater Complex is an excellent 

example. As ~ )reviously pointed out (p.76 ), there is no evidence as 

ta the attitude of the volcanic rocks at the time of the Haileyburian 

(?) intr usions. T'he H&.ileyburian (?) rocks are conformable wi th and 

folded with the volcanic rocks, therefore, the Haileyburian (?) rocks 

may have been in a horizontal position -,ihen intruded. If so, struct-

ural conditions suitable for gravitational settling existed, but, as 

aIready establisned, gravitational settling in Dlace is certainly 

not the prime method of separation and absolutely untenable for the 

ultrabasic rocks. 

;~jetE.morphic effects by the Haileyburian (?) intrusions on 

the host rocks are negligible, a characteristic of ultrabasic olutons. 

This suggests low terrmerature intrusion. EX;Jerimental \'.'ork by Bm'/en 

and l'uttle (1949) shows that serpentine cannot exist at temperatures 

above 5000 C., a temperE.ture sufficiently low sa that ;:]etamorphism 

would not be expected, a'u least on the basal side of the HE"tileyburüm 

(?) intrusions. The lack of thermal metamorohic effects bordering 

the gabbro-diabase suggests that this rock was also intruded &t .J..OVl 

terH.lexLture. It may have consisted of a partially crystallized 

magma with only enough liquid to nrovide mobility for emplacement. 
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Basal chill zones, su;;posedly the rock most reliresentative 

of the ''':' gm8., are an important criterion of basaltic layered plutons. 

~herever seen, the Haileyburian (1) rocks do-not have basal chilI 

zones, and the lower oal'ts of the sills &re not representative of 

the si..Lle as a whole. ComIDonly, the basal portions of the Hailey­

burian (?) intrusions are seruentinized peridotite or dunite, and 

in a few places, P.1roxenite. The basal rock of the Cemtre Hill 

Cor;rolex, for examr,üe, ü; a :-yroxenite, suggesting that at the time 

of the intrusion the lower ultrabasic ~art of the cOIDolex was, in 

part, if not aIL, pyroxenitic in composition, but certainly not 

basaltic. 

Prim~ry ba.nding is very cornmon in basaltic layered plutons 

but rare in ultrabasic plutons. The Haileyburian(?) rocks are weIl 

banded in most ;Jlaces [end appéar ta be more closely related to basaltic 

layered plutons for this reason. It has bean shown, however, 

(p.?) ) that in those places where banding is most prorninent (Type 1) 

it may be the result of intertanguing rather than layering. 

The rock sequence in basaltic layered plutons eenere.lly 

correS '.1Oncls ,.rith the specifie gravit y of the rocks. Whereas the 

gabbro-diabase, -oyroxenite and ',Jeridotite do occur in a definite 

sequence, it has been concluded (p.?4 ) that this sequence was not 

the.result of gravit y stratification and must be the result of sorne 

other orocess. l t is suggested that the rock sequence corres:)onds 

IHith the sequence of the irltrusion, the ghbbro-diabase i'irst, the 

oyroxenite second, and the dunite and peridotite lest. 

î:~o other intrusive rocks of the sarne age are known to 
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exist in the b.rea, (; c'J.& r acteristic of ultr~basic plutons . 

The chesical composition of basaltic layered plutons 

is, of course, basaltic. The Haileyburian (?) rocks do not have 

an overe.il basal tic composi tiOL. 'l'he co(Ü~)osi tion of the Centre 

Hill Complex i8 calculated on the fol1o:'ling basis, (ass uming that 

the ultrabasic rocks were unaltered and that the olivine of the 

oeridot ite '\'~:s entirely forsterite): 

54~~ ~é; bbro-di;:;.tase 

J;(:% lyroxenite 

14% peridotite 

Calculated Comp. 
Centre Hill Comylex 

Av.% Gabbro Fawily Haileyburian (1) 
(Grout, 1932 , p. 127) Gabbro-diabase 

SiO,., 
t::. 

46.8 

7.2 

MgO 

CaO 12.1 

1.7 

0.6 

0.8 

Tr. 

Total 99.6% 

17.88 

3.16 

5.95 

7.51 

lO.99 

;;:.55 

1 ... 45 

0.97 

0.89 

0.13 

99.72% 

45.04 

17.35 

7.71 

11.06 

5 • .38 

7.74 

0.97 

1.51 



A eomparison of the calculated composition of the Centre 

Hill Comulex with the average )ercenta g8s of the gàbbro falilily shows 

the Centre Hill Comp13x to be slightly lower in silic&, soda and 

J otash, mueh lower in alumina, and mueh higher in magnesia. The 

eOInuosition of the Haileyburian (?) gabbro-dië.base shows a mueh 

better agreement with the average :Jercentages of t he gabbro family. 

This suggests that the gabbro-diabase alone was derived from a 

basb.ltic tyDe magma. The ultrabasic part of the pluton must then 

be derived from an ultrabasie soùree. 

lhe eO~Dosition of t he ultrebasic rart of the Centre 

Hill Co~plex is ealeulated on the following basis, (assuming that 

the rocks were unaltered and that the olivine of the Deridotite 

was entirely forsterite): 

70% ~;yroxeni te 

30% ":>eridoti te 
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Calculated Composition of 
the Ultrabasic Part of the Centre 

Hill Complex 

SiO" 
~ 

A120] 

Fe20] 

FeO 

CaO 

? 0 
2 5 

Ti0
2 

MnO 

Total 

49.4 

l r . . ~ 

}.O 

25.7 

17,2 

0.1 

100.8 

Aver~ge ~ercent of 
2yroxeni te Fa;;;i1y 
(Urout, 193~, D. 1~7) 

51.29 

1.82 

6.00 

21.06 

13.88 

0.30 

0.16 

1.20 

0.06 

0.58 

0.13 

100.00 

The calculated com90sition of the ultra basic Da.rt of 

the-::entre Hill Cor.l:Jlé:x shows geIlerétl agreerJent 1-'ii th an average 

-~roxenite composition, although lower in al~mina and slightly 

higher in magnesia and lime. This 1.1USt be considered a~; further 

evidence for an ultrabasic origin for the ultrabasic ;jart of the 

Eaileyburia.n (?) rocks. 

The ~.1gjFe molecu1ar ratio is cOi.1sidered by Hess (1938) 

as the most im-oortant difference in COr.Jilosition C:istirj,gLüshing 

besaltic layered ,üutons froi'] u1trabasic :.Jlutons. Hess (1938, 

'J . 341) \'ITites: 
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"AIl of the Mg/Fe ratios of,Jeridoti tes, 
dunites, e,nd seriJentini tes of the ul trarnafic 
magma series, so far as the writer was able 
to find, are above 7.5. The pyroxenites related 
to this series geYler8l1y have ratios between 6 
and 7. Ultramafics that are crystallization 
differentiation 'ùroducts' of a mafic magma have 
ratios betv.reen 3.5 and 7.5. ',~i~:-7H;-;~;-o;-l<-'':''''HHH~-'~~;· 

It can be concluded that low ratios, be~ow 6, 
a.re almost certainly not rnembers of the primary 
ultramafic magma series. 1I 

'The ~',1g/Fe molecular ratios of the se!'~entinized ~Jeridotite 

and dunite of the Haileyburian (?) rocks ar'e above b.O, the lower 

::i..imit for ultrabasic olutons. The Haileyburian (?) Jyroxenite 

Mg/Fe rnolAcular ratio is ~.6, a figure which agrees remarkably 

well with Hess' observations. 

It i8 evident, that when considered from a compositional 

aspect, the ultrabasic Haileyburian (?) rocks are very closely 

related to ul trabasic,Jlutons and were -;::;robably derived from an 

ultrabasic source. The gabbro-diabase, on the other hand, has a 

basaltic com'90sition and can be eX:Jected to have been derived from 

a basa.ltic source. 

As the Haileyburian (?) rocks have been folded with the 

volcanic rocks and are pre-Algoman (?) in age, they are most cert-

ainly 8.11 integrsl_'art of the same orogeny. Hess (1938, P. 333) 

noted that maj or mountain systeras throughout the world showed serp-

entine belts in each, and that the ';Jeridoti tes were intruded during 

the first great deformation. The relationship between lIlountain 

building and ultrabasic intrupions is weIl founded. It is ~robable, 

therefore, th[,.t the Haileyburian (?) roc~~s were intruded early in 

the orogenic history of the volcanic rocks. 

In general, the Haileyburian ('?) rocks closely reser:Jble 
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ultrabasic plutons. The nresence of gabbro-diabase overlying the 

ultrabasic rocks is not typical of ultrabasic olutons, and therefore, 

a so:newhat clifferent origin must be used. 

Smith (1952) suggests that the basaltic layered plutons 

and ultrabasic wlutons are end members of a series of ;;lutons 

containing ultrabasic rocks. If 50, the Haileyburian (?) intrusions 

are close to the ultrabasic -;iluton end of the series. 

SOUtlCE OF ULTRABASIC ~iJATEfUAL 

The 50~rce of the ultrabasic material deuends upon which 

of the tv/o chief ultrabasic ty",Jes of intrusions are considered. 

'l'he ultrabasic material of the basaltic layered plutons is believed 

to be, and is generally accepted to be, derived by gravit y settling 

differentiation in olace from a basal tic magma. In the past several 

theories on the source of the material for the ultrabasic -,Jlutons 

have been Jro-ùosed. The work of BOI-'!en and Tuttle (1949) has elim-

inated the ,)ossible existence of a liquid of ser,)entine composition 

at geologically reasonable temperatures and -::>ressures. ?revious to 

this, Bowen (1915) ,)roved th& t a liq. uid geridoti te magma did not 

exist. Since 1917, Bowen has advocated the intrusion of masses of 

olivine crystals to form dunites. Bowen and Tuttle (1949, ~? 455) 

state: 

"Under certain conditions of crustal 
deformation, a-pQarently involving strong 
overthrusting, dunitic and related material, 
coming at times ~: erha~s from a peridotHe 
shell of the earth, at other times froD a 
oeridotite mass that has formed as a diff­
erentiate of a gabbroid magrra, can be 
Intruded in 8. completely crystalline state 
into accessible levels of the earth." 
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Thus there are tvv'O generally acceptable theories for 

the source of the ultrabasic materia1. 

(1) Gravit y settling differentiaticn in 'llace from a 

basaltic magma. 

(2) Dunitic and related material in a com-oletely crystal­

line sta te ei ther from the 'oeridoti te s11e1l of the earth or as a 

differentiate of a basaltic magma. 

It has been shawn (:).69 ) that the Haileyburian (?) rocks 

were not formed by grs.vity settling differentiation in;:;lace. Nor 

is it ,:;robable that they are EL differentiate of a basaltic magma 

(0.84 ) and subsequently intruded separately. The ultrabasic Hailey­

burian (?) rocks are nrobably derived from theoeridotite layer of 

the earth. 

The association bet'.7een the ultrabasic intrusions and 

orogenie movements also suggests that the lJeridoti te layer of the 

earth is the source of the ultrabasic material. A downbuckle of 

the earthts cru st early in the period of deforrnation, as oictured 

by Hess (1938, P. 333), 0ossib1y resu1ted in the ~artia1 fusion of 

the peridotite substratum which '.'lo,lld supply sufficient ultrabasic 

material to forrn the Hai1eyburian (?) ultrabasic rocks. The ~artia1 

fusion of the Deridotite substratum wou1d also re1ease sufficient 

magwa of basa1tic composition to forrn the gabbro-diabase. The 

-oresence of felds;)8.thic dunite may be a genetic link between the 

two rock ty~Jes. 

The su~erposition of the gabbro-diabase is attributed to 

L;rior intrusion. The time 1apse betvl8en the Ïi.ltrusion of the gabbro­

diabase and the ultrabasic rnaterial is considered to be very short 
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geologically. In fact, where there are gradational contacts 

between the ultrabasic rocks and the gabbro-diabase, the two rnoving 

masses ?robably were em-;:.laced one behind the other. 

The ";:vroxenite material is probahly derived frorn the 

ultrabasic material by a filter pressing action which se:)8.rated 

theoyroxcne liquid from the olivine crystals. The dunite is the 

cleanest residuum of this action, ,,,-,hereas theiJeridotite :is ,)robably 

the most re~resentative of the original material from the peridotite 

substratum. 



SUMMARY OF EVENTS LEADING TO THE FORMATION OF 

THE HAILEYBURIMJ (1) ROCKS 

The Hail~burian (1) rocks may have been formed as a 

result of the following sequence of events. 

A }artial fusion of the earth's }eridotite shell, possibly 

as a result of a downbuckle of the volcanic rocks early in their 

orogenie history, released quanti ties of -Jeridoti tic and basal tic 

~aterial. The basaltic material, because of its superposition, was 

the first to be erniJlaced. The amount varied from place to -olace. As 

the result of orogenie movements, the host volcanic rocks were prob­

ably inclined at the time, but in part, may have been horizontal. 

The basal tic material consisted of a crystal aggregate with only 

sufficient liquid and volatiles ta uermit mability. It was relatively 

cool, and therefore, contact metamorphism was kept ta a minimum. Any 

banding within the gabbro-diabase is prohably the result of flow. 

However, if the volcanic rocks were horizontal, minor banding may 

be due to gravit y stratification. 

The intrusion of the basaltic crystal aggregate was followed 

b.1 the intrusion of the peridotitic crystal aggregate. The quantity 

of the ultrabasic material also varied from place to place. prior to 

the emplacement of the oeridotite, pyroxenitic material was separated 

from the main mass by a filter pressing action. This oyroxenitic 

material was injected to form the pyroxenite. The dunitic residuum 

and also sorne of the parental )eridotitic rnaterial was emplaced 

shortly after the l~roxenite and the typical Type II sequence ~as 

formed. 
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If the separation of the p,yroxenitic material from the 

peridotitic material was incomplete, }eridotitic and pyroxenitic 

material flowed to the point of em~lacement simultaneously. This 

produced, u:)on consolidation, a typical Type l sequence of inter­

banded ;)eridoti te and pyroxeni te. 

In most places the ultrabasic material "as intruded into 

the sa~Je horizons as the basic rnaterial am under neath it. Hm'J'ever, 

in a fe1V 0laces the ultrabasic material occupied new horizons. Else­

where, those horizons occupied by gabbro-âiabase were by-passed 

leaving ma s ses of gabbro-diabase without ultrabasic associates. 

This postulateâ sequence of events accounts for the 

following facts: 

(1) The lack of thermal :netamorphic effects in the host 

rocks. 

(2) The variation in quantity of one rock tyDe from one 

exposure to another. 

(3) The uresence of isolated masses of gabbro-diabase, 

peridotite, and dunite. 

(4) The gabbro-dia base masses are always stratigraphically 

above the ultrabasic rocks. 

(5) The prominent banding. 

(6) The absence of convincing intrusive relationships 

between the various rock tY1Jes of Haileybw-ian Cf') a ge . 

(7) The absence of fine-grained or chilI contacts in the 

Haileyburian (?) rocks. 

(8) The basaltic com;:osition of the gabbro-diabase and 
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the ultrabasic cOlTIJosition of the -()yroxenite, peridotite and dunite. 

(9) The erratic distribution of peridotite and dunite 

which grade into one another. 

(10) The ~)arallelism of the feldsoars in sorne of the 

gabbro-diabase. 

(11) Theoresence of two :Lithologie associations, Type l 

and Type II. 
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f.:1 ETAMOR?HIS;,J 

F.CT INOLITIZATI ON 

The develo?ment of actinolite in volcanic rocks along 

flow contacts and close to sorne of the Haileyburian (?) intrusions 

is quite cornmon, -,Jarticularly in the northern half of f.1unro town­

shiD. The zone of actinolitization varies froQ several inches to 
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a few feet in thickrwss from the flm'; contact, and, tn general, the 

thicker the zone of metar.lon;hism, the larger the actinclite crystals. 

~ilost of the actinolite crystals are norr1al to the contact vrith relatively 

few c~ta1s more erratically oriented. 

A large;:art of the actinolitization, -.)articular1y that 

remote from Haileyburian (?) intrusi ve :tocks, appeo.rs to be assoc­

iateè. with strike faults which are common in Hunro township. Very 

extensive actinolitizaticn is iJresent a10ng the Munro fault zone. 

Whether actinolitize..tion results from contact metarnorphism 

due to the intrusion of Haileyburian (?) rocks is not kno~n. Ex­

tensive actinolitization of gabbro-diabase in lot 7, concession VI, 

rdunro township suggests, according to Satterly (1951b, p. 15), that 

the al teration i5 either post-Haileyburian (?) or the gabbro-dia·­

base \'Vas misidentified and is actually a thick diabasic vo1canic 

rock. 

In a few ) laces, actinolitized volcan:Lc rock fragments 

occur in ser,)entinized ) eridoti te. This may be interpreted in two 

ways. (1) The actinolitization is, at least in ;art, Sire-Hailey­

burian (?). (2 ) The actinolitiz&tion is the result of the intrusion. 

The formation of actinolite in the volcanic rocks by 



contact rnetamorphism resulting from the intrusion of the Hailey­

burian (1) rocks is not orobable. Only a very small uart of the 

volcanic rocks are actinolitized even though Haileyburian (1) and 

volcanic rocks are in contact in many places. Actinolitization is 

notably absent along the contacts of SOQe of the most ~rominent and 

thickest olutons, such as Centre Hill and in Garrison township. 

At least two ages of actinolitization are probable, one 

before, and one after the Haileyburian (?) intrusive ueriod. Strike 

faulting is probably the 0rime cause of the actinolitization. 

Thermal metamorphism ~)ossibly ,)lays a small role. 

SERPENTINIZATION 

The ser) entü1iz.ation of the dunite and "o'?ridotite is the 

most im~ortant metamorohic reaction to have taken place in the 

Haileyburian (1) rocks. Tl':o theories have been ~jostulated as to 

the origin of ser"Jentine. The first involves a deuteric reaction 

brought about by solutions emanating froP1 the r.:agma itselt". This 

theory, most strongly advanced by Hess (1933, 1938), is untenable 

in the light of the experimental '.vork by Bowen and Tuttle (1949). 

The second theory involves a reaction between olivine and ;)yroxene 

grains and aqueous solutions derived frorr: outside sources. This 

theory is strongly sup90rted by Bowen. 

The dorivation of the aqueous solutions is limited to 

tV!O ma.j or sources: 

1. The wall rocks through which the mass of olivine 

gr~ins are moving. 
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2. Totally extraneous sources. 

With respect to the addition of water into a moving 

cryste.l aggregate from the wall rocks, Bowen and Tuttle (l949, p. 455) 

comment: 

"If, as it illoves slo-.vly under the 
dèformative forces, the mass co~es into 
a zone of wet rocks, it may acquire water 
from those rocks, as Hess (1938, p. 3.31) 
has suggested. Above 5000 , or even ab ove 
4000 if it is a mass of olivine only, the 
amount of water that can enter the mass 
will be merely that which can exist as 
va90r in the I)Ore spaces and minute fract­
ures of the cryste.l aggregate which is 
suffering gliding translations and per­
haps also granulation and sorne rna,jor 
fracturing." 

In considering a still-standing mass of ultrabasic 

rocks the same authors conclude that a totally extraneous source 

must be called uoon to su~üply the aqueous :nedia inducing serpent-

inization. They also suggest that a still-standing nass is not 

as readily serpentinized throughout its mas~. 

Totally extraneous sources, such as the Algoman (?) 

granite and syenite stocks, may provide sernentinizing solutions. 

~ith regard to the Haileyburian (?) rocks, the field evidence lends 

little support for an Algoman (?) source as serpentinization is as 

comolete in areas far from Algorian (?) r.;asses as it is in areas 

close to them. Furthermore, the passage of large quantities of 

aqueous solutions from the Algo~an (?) rocks into and through the 

Haileyburian (?) dunite and Deridotite would, in aIl ) robability, 

leave sorne indication of their ~resence, ~ossibly in the form of 

alteration either in the neighbouringwroxenite and gabbro-diabase 



or the volcanic rocks. No evidence of any kind is knmm. The 

Algoman (?) masses are aIl small and ,Jerhaps not capable of su.?ply­

ing sufficient solutions. Another difficulty arising, if the 

solutions are Algoflan (?), is that the masses of dunite and )erid­

otite would be still-standing and, therefore, thorough é.nd complete 

serpentinization much more difficult. 

It is ;)robable therefore, that the serpentinization of 

the Haileyburian (?) dunite and peridotite took place prirnarily 

before their emplacement. The .Tecise source of the aqueous 

solutions which brought about the ser ::>entinization is unknown, 

but part, if not aIl, may have CO:ii e frOID the wall rocks d uring 

the passage of the crystal aggregate from its source to its place 

of reste 
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IV 

ECONONIC GEOLOGY 

The only mineraI of economic importance in the 

Haileyburian (?) intrusives is chrysotile. Prospecting for 

asbestos fibre started in 1949 and has resulted in the finding 

of several showings in the area. No detailed study was made 

of the chrysotile showings or of the Munro mine, but a few 

general observations were made in the course of the field work. 

bll chrysotile veins are coafined to bodies of ser~en­

tinized dunite and Qeridotite. The chrysotile is in narrow 

lensing veins from one-eighth to one-half an inch wide and from 

a few inches to several feet long. The veins may be oarallel 

or normal to the ultrabasic contacts. In ;:;la.ces the veins are 

fIat lying. 

The chrysotile fibres vary in flexibility from soft 

and ,Ji.iablê tl) h-~rsh c..nd brittle. 'L'he colour is usuall~ greenish­

grey. Two ty')es of fibre are present, cross-fibre and slip-fibre. 

The cross-fibre chrysotile is most common ~nd is oriented normal 

to the vein walls. The fibres range in length from one thirty­

second to about one-half an inch. A few fibres have been reported 

UP to an inch a.nd one quarter in length. The cross-fibre veins 

may be subdivided into one-fibre and two-or more-fibre veins. 

In one-fibre veins each individual fibre of chrysotile extends 

from one vein wall to the other wall, whereas in the tvro-or more­

fibre veins there is a disLinct break bet'veen the fibres extending 

from one wall and the fibres extending from the other wall. The 
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break or breaks between the fibres may be in anyoart of the vein, 

which results in fibres of different lengths in one veine The 

break between the fibres is CODlIDOnly filled Vlith me.gnetite or 

massi ve serpentine or both. One-fibre and hm-or more-fibre 

types may be present in the same veine 

The slip-fibres are oriented narallel to the walls of 

the "veinn. They are confined to small slips and shears. The 

lengths of the slip-fibre vary considerably, but short soft fibres 

are the most common. Disseminated magnetite is a common associate. 

It was noted in several places, especially in Munro 

townshio, that asbestos fibre is more COIDIDon .,.rhere the ultrabasic 

bodies are eut by Matachewan (?) diabase dikes. An examination 

of the map of Munro township (Satterly, 1951b, Map No. 1951-5) 

shows that diabase dikes are so numerOlJS tha.t it is almost imposs-

ible not to have a diabase dike close to any asbestos fibre occur-

rences. Satterly (1951b, p. 35) states: 

nIt is suggested that this association is 
structural rather than genetic, being 
related to pre-Matachewan movements on 
the fracture that now contains a diabase 
dike." 

The present ~uthor agrees with this statement. 

In general asbestos fibre is more cornmon in those 

areas where fractures and cross-faults are common. 

The history, development, and description of the 

geology of the Munro asbestos mine, the only producing mine in 

the area, is given by Hendry (1951). 

Nickel and chromium are common constituents of ultrabasic 
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rocks. Satterly (1951b, p. 57) reoorts that in six assays of 

peridotite and dunite, the nickel content ranges from 0.16% to 

0.30% and the chromium content from 0.13% to 0.50%. 

Because of the relatively high magnetite content of the 

ultrabasic rocks, geo~Qysical surveys employing magnetic principles 

are particularly adaptable for outlining the ultrabasic zones in 

drift-covered areas. Magnetometers and dip needles have been used 

with success in the area. 
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