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ABSTRACT 

This paper deals with the results of a study and revielv of the 

petrographical, stratigraphical, and structural characteristics of 

certain basic intrusives, generally distributed throughout the 

Canadian Shield, which are described as "diabase" dykes and sills. 

It is found that the cutting relationships reported afford 

positive evidence or at least four sequences of "diabase" intr-llsion. 

Except for degree of alteration, the sequences resemble each other 

so closely that positive age correlation on a petrographical basis is 

precluded. 

The d~~es have predominant north west, north-south, and north oast 

trends. 

The writer concludes that structural evidence suggests the hypo­

thesis that the dykes are emplaced in fissures which began opening in 

the crust above a basaltic substratum, along lines of weakness striking 

approximately north west, north-south, and north east, during stretching 

of the crust; and· that surface trends have been modified somewhat by 

diversion of the magma into some pre-existing local fissures. 
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I NTP!JDUCTION 

Throughout most of the explored parts of the Canadi.CJ.n Sh~_eld there 

are certain intrusions, usually described as "diabase 11 dykes and sills, 

~11 of '~ich have sohle general characteristics in common. The widths of 

the dykes are remarkably consistent over traceable lengths. The dykes 

are generally continuous and show persistent trends in those parts of 

the Shield which have been mapped in detail. In most areas the G:~es are 

found to be the youngest consolidated rocks. TheJ-r generall~r have a basic 

composition and are apparently unrelated genetically to other igneous 

intrusives. 

DIST:llliUTION OF THE "DIAB.fo.S~" ::JYKLS 

The dykes are distributed generally throughout the Shield but they 

are more abundant in Northern Ontario, the southern part of the Shield 

in Quebec, and the explored parts of the North-West Territories than in 

Manitoba or Saskatchewan. Their relative abWldance in the Ungava­

Labrador Peninsula cannot be established from data available at present, 

but they have been described in great nQmbers along the Labrador Coast 

from Belle Isle to lJavchak Fiord. Large diabase sills outcrop along the 

East coast of Hudson Bay and in the Belcher Islands. 

PETROGRJ'A.PHY OF THE "DIAEAJE" 

Composition 

Vv'l1ile it can be said that the "diabase" dykes generally have a 

galbroic or basaltic composition, a review of ccmpositions of "diabase" 

desc1~bed in all parts of the Shield indicatss ~ considerable variation 
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in the calcicityoof the plagioclase that precludes rigorous application 

of the term diabase to all the dykes. The plagioclase in some dykes is re­

ported to be andesine or even oligoclase, and many descriptic11s report both 

the presence of labradorite a:·~d andesine. Va.riation ir! the kind and amount 

of pyroxene present has been noted in many areas. The combinat:_ons of the 

different variations in the essential minerals plagiocl~se and pyroxene per­

mit application of the rock names, diorite, norite, gabbro, and even anortho­

site, in some instances. Those dykes which contain these varieties of rock 

are found to have no other distinguishing characteristic which IPight justi­

fiably exclude them from being considered part of systems of "diabase" 

dykes that intrude the rocks of the Shield. They preserve the general and 

continuous trends of the true "diabase" d;rkes in the areas in v:hich they· 

occur, are consistent in width, and so far as can be deternrlned are of th8 

same age as the true "diabase" l~ring adjacent and parallel to them in many 

areas. They have the same general afpearance and texture as the tru.e 

".diabase", and are generally distributed from Labrador, through G;,uebec and 

Cntario to the North \'vest Territories. While a separati.on of these rocks 

from the re et of the "diabase" of Ylhich ihe:r constitute roughl:r one-third 

can be made on a petrographica.l.~· basis, no evidence has been found tc 

support the assumption of genetic relationship to ?ny igneous bodies other 

than t,he true diabase dykes. 

The essential minerals of the bulk of the "diabase" are labradorite 

and augi te .• Bioti te, apatite and "iron ores" {iron cxi.dew u..Yld sulphides) 

are common accessory T·1in.eralsG The diabase may be divided intc those types 

\Vhi~h coPt.ain free quartz, tho~e ,,fith olivine and t~.Lose "'·:Yith neither. The 

free quartz bearing types frequently contain quartz and potassic feldspar 
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in micrographic intergrowth. 

From a summary of about one hundred petrographic descriptions of 

''diabase" which is appended to this paper, it i3 found that there is more 

variation in the compositions of sills than dykes, and in the compositions 

of the quartz diabases than in either the olivine or the "normal" type. 

In dykes the plagioclase feldspar ranges from labradorite to oligo­

clase, and porph~Titic varieties have been reported to contain b~~ownite 

or anorthite phenocrysts. The plagioclase ::n.-_ sills rcmees from labradorite 

to albite. Individual sills may have a range in the composj_tion of the 

plagioclase. In such cases more sodic plagioclase occurs i~ the upper parts, 

a..Tld the more calcic near the bottom, where the composition of the sill may 

be identical vvi. th the true "diabase" dykes. 

The varieties of p:trroxene reported to occur are aucrite, tit&.""liferous 

augj_te, diopside, pieeonite, enstatite, hypersthene and bronziteo The "iron 

ores" described are magnetite, titaniferous magnetite, pyrite, and ilr'1~nite. 

Other accessory ;rinGrals are apatite, sphene aYlcl zircon. 

Y~nor differences exist between the composition of the quartz and 

oli vine diabases. None of the oli vine ttdiabase" has been reported to CrJn­

tain sphene, ar.:.d none of the quartz "diabase" has been reported to contain 

zircon. 

From a review of the petrographic descriptions of "diabase", from all 

parts of the Shield, of known a'1d unknown ages, SWi.t.lTI~~rized :..n Appendix A, 

it has -been found th~t there is no composition vmich is characteristic or 

peculiar to "diabase"; of a~particular age, or a parti.c1.uar geological province . 

The minor differences th&t occur in the content and variet~r of accessory 

111ineraJ.s are found in "diabases" of the three t:rpes, qua!'tz diabase, oli vine 
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diabase and diabase, throughout the entire Shield area. 

Frequently the essential minerals, and to a lesser degree the accessory 

~2nersJ.s of the ttdiabase" are 2.ltered -to secondary Jrj_ne~"als such as 

saussurite, kaolin, sericite, chlorite, epidote, limonite, hornblende snr 

urali te. In 5eneral the younger "diabase" is al. tered to a lesser degree 

than the older, but descDptions of the degree of preserv~tion of tne rocks 

indicates that freshness is neither universally cha~acteristic of the 

younger rocks, nor a~liable criterion for distineuishing older from younger 

"diabase"·o Alteration induced by- diastrophism occurs of course Tllore frequent­

ly among the older than the younger rockso 

Fabric 

Grain size in the dykes ranges from fine to coarse. Some of the narrow 

dykes are aphani tic, and e.lass~r margins have been reported. About t11'ro­

thirds of the "diabase"' is reported to possess the "characteristic" ophitic 

texture. Porphyritic textures have been described in all aGes of the "dia­

base"'• They are particule.rly well developed in so~11e of the earliest and 

latest dykes. Sone d:~es have phenocrysts of olivine up to one ~nch in 

diameter, but most of the phenoc~sts mentioned are fresh or altered plagio­

clase fellspc.r fron1 one to si4j{ inches ir~ dia'11etero 

None of the varieties of fabric d€scribed is exclusively character­

istic of the "diabase" of either a particular area or a particulo.:-- age. 

AGE OF THE "DIL.Bb.SE" 

Certa.tn areas north of Lake Huron, i,1 which the Precambrian geolof~Cal. 

column is more complete thaP else1W1ere, afford positive evidence of the 

ex:tstence of at least four different ages of "diabase" in t!'le Shield. 0~1 

the basis of cuttin~ rP-l.:.:tionsh:!.ps the ages, froM oldest to :roungest, are 
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Pre-Cobalt, Post-Cobalt, and Pre-Killarpay No. 1; Post-Cobalt and Pre­

Killarney No. 2; and Post-lfillarney. 

Pre-Cobalt 

In the vicini t~r of 1!atachewan, Ontario, Ccoke1 has described a series 

of "diabaee" dykes that intrude the Keewati!l and Kiask Series and t!'le Post-

Keewatin granitic intrusi~res, but were not found to cut the Cobalt Series. 

2 In the area around Gowganda, Ontario, Burrows has described a series 

of "diabase" dy~es that cut the AlgO!!lan granite and are overlain unconform-

ably by the Cobalt Series. The con~loT'lerate at the base of the Cooal~ contains 

fragments of the d~kes. 

Todd3 has also described "diabaae"· dykes whj_ch cut llgoman granite 

but underlie the Cabal t in the !,~a.tabi tchuan area. 

'Ihe age of the Pre-Oobal t 11ttiabase" is thus d. efined r~la.ti vely clos~ly 

betv;een the .Algoman as a lo1~er, and Cabal t as an upper lilpi t in the geologi• 

cal column. 

Post-cobalt and Pre-Killarney, Nos. 1 and 2. 

In the Sudbury region Cooke4 has described two series of Post-Cobalt 

arJ.d Pre-Killarne~- "diabasen intrusions. The older series consists princi-

pally of large sills and a few dykes of quartz gabbro, thoueht to represent 

the Nipissing "'dia.base"· • These intrusives cut the Cobalt, Bruce and older 

1. Cooke, H.C. : The :M.atache1"lan Area; Geol. Sur. Can. Memoir 115, p.JJ. 
2. Burrows, A. G.; The Gowganda Silver Area; Ont. Dept. Mines. Ann. Rept. 

vol. 35, pt. 3, P• 10. 
3• Todd, E.W.; The Matabitchuan Area; Ont. Dept. Mines Ann. Rept. vol. 34, 

pt. 3, P• 15. 
4. Cooke,-H.C.; "Problems of·Sudbury Geology, Ontario"; Qeo. Sur. Bull. 3 

- ppo 56-$8. 
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fonnations, but are themselves cut by Q. younger series of porphyritic 

oliVine "diabase" dykes that are not seen to intrude the Killarney granite. 

Two series of "d.ia.base" intrusi ves in nearly similar relationship are 

described from the East Bull Lake area, t went:/ miles north--::est of Espanola, 

Ontario, by ];!Core and Armstron~. The older eeries consistw pri.J.1cipally 

of quartz diabase sills and a few dykes tmich intrude for;nations up to and 

including the Bruce Series. There are no Cobalt rocks in the map-area. The 

younger series, consisting of "normal diabase" dykes intrudes the older 

series, but none of the dykes is seen to intrude ths Y~llarne~' granite. 

The age of these two sequences of intrusion, which appear to be closP.J.y 

related in time, is fixed betw·een the Huronian rocks intruded and the Killar-

ney ·granite, and raay range from l\liddle Huronian to l,ffiddle Keweenawan. 

Post-lillarney 

Collins2 has described porphyritic oli vine "'di.abase'' dykes in areas 

containing Killarney granite north of Lake Huron. Some of the dykes are 

seen to cut the granite. 

In the East Bull Lake area, !~1oore and Armstrong1 report oli vine "d.ia-

base" dykes which cut all other consolidated rocks including the Y~llarney 

granite. 

In the Sudbury area Cooke3 reports. tha. t sor1e oli vine "diabasen dykes 

cut the VJhi tewater series and granite known to be of Killarney age. 

The age of these dykes is therefore at least late Kewaanawan. 

1. Moore, E.s. and Armstrong, H.S.; The East Bull Lake l~ap-Area; Ont. Dept. 
Mines. Ann. Rept., Vol. 52, pt. 6, pp.l2 11J. 

2. Collins 1 W.H.; The N'orth Shore of Lake Huron; GeoloSur. Can. lJemoir lh3, p.92. 
3• Cooke, H.C.; op. cit. P• 63. 
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Relative .Age of Quartz and uli 'riiJ.e "Diabase" 

Intrusivns. 

In many are~~s Post-Cobalt sequences of "diabase" intrusion are tl':e 

youngest rocks, and the "seq_uences 2re unseparated b~-- intervening formations. 

V~l1ere the relative age can be established by cuttine rsl2.tionships, olivir..e 

"diabase" is invariably younger thaH the ri'J.s.rtz "diabase". * 
Only oli vine "d.iabase" is kno1vr: to be defini tel:y ~Tounger thQ~ -tl:e 

Y~llarney granite, but individual sequences of w1kno'.\T1 age, c:·ntai:cJ.ng both 

quartz and olivine "diabases" have been reported from many areas. 

Correlation 

Until certain correlation is achieved bet1reen the Precambrian of 

Ontario and the rest of the Canadian Shield, the ages of the "diabase" in-

trusions in the major part of the Shield must rema:.n doubtful. 

In those areas 1mere correlation of major geological formations is 

reasonably certain, it has been found thC:s.t none of the "diabase" intrusions 

is definitely older than the Lc.te Archaean granite and gneiss. !.illny of the 

intrusion~ cut rocks which are tentatively correlE.ted 1"fi th the Lea.te Protero-

zoic of C tario. A reve-vv of cutting relc..tionships swlrr:arized :_n .h.ppendix B , 
shows that there is no evidence to preclude tentative correlation of xhe 

nctiabase" intrusions :i.n other parts of the Shield with the four ~.ges estab-

lished in Ontario, north of Lake Huron. It is possible, therefore, that the 

sequence of "diabase" intrusions occurring in Northern Ontario is represented 

more or less completely in other parts of the Shield. 

* cf. ]Joore, E.S.; "llama-m Olivine Diabases of the Canadj_a..'Yl Shield", 
Trans. Roy. Soc. Can. Series 3, Vol. 23, Sec. 4, pp. 44-45. 
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TRENDS Al\lD STRUCTURAL RELAT:O~!S OF THE "DIABASE" DYKES 

Strikes and Dips 

The average trends of the QykeD in various areas of the Shield, 

described by workers of the Provincial and Federal Geological Surveys 

are plotted on the map at the end of this paper. In 6eneral it is found 

that there is a striking parallelism among the individual dykes of a par­

ticular map-area. The dykes in only three of about one hQ!dred ~~p-areas 

appear to have no outstandln2 trend or trends. In some areas there are 

two or more trends defined by prominent sete of p~rallel dyAes. The degree 

of "parallelism" varies, but in the majority of map-areas, the d~rkes follo-wv 

a common direction ve~ closely. In most areas where only one trend of 

dykes is detectable, the dykes strike within 20° of the statistical average, 

v:hich frequently coincides w.i th the strike of the largest and most continu­

ous dy·kes. In sQilll:.:ap-areas containing numerous dykes, a minor number of 

nearly parallel dykes often constitute a subordinatP set striki:::e at angles 

of 45° to 90° to the dominant trends. 1.Iost of ths rr,inor trends are east-v;est. 

The map sho-rrs th&.t three dominant trends striking rout:hl:r northwest, 

north, and northeast are present in the explored e.reas of the Shield. Tl:e 

only exception occurs in the Grenville sub-province nort.h_ of the Ottawa 

to Montreal section of the Ottawa river, where the doiJinant trend is more 

nearly east-westo 

The prominent north trend i~ best represented north of Lake Huron and 

in the ·western part of Quebec. In this region, dykes known to be of 11ata­

chewan (Pre-Cobalt) age strike within a few degrees of north, but there is 

also a large nwnber of simil.?rly striking dykes whose age ca!mot b~ estab-

lished. No~thV~Test and northe2.st trends represent the strike of one or more 

sequences of diabase intrusions in all parts of the Shield. The north-rrest 
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trend is poorly represented in Quebec, except near the western provincial 

boundarJ. 

The dykes are reported alrno.st a.l'V'rays to dip verticall~r. J.n a few cases 

the reported dip is "steep", from 75° to 906 • 

Forms of Intrusion 

rJearly all the "d.iabase" is intruded as dykes. Sills are few, though 

of large area, and irregular intrusions in the form of stocks, bosses and 

"fingers" occurring north of Sault Ste. 1~arie, Ontario are exceedj_ngly rare. 

It has been found that alrnost all of the dyke intrusions have rezular 

form. They have remarkably consistent widths, and ~mere it hrrs been possible 

to trace them along the length, some are known to extend over distances up 

to 25 miles. The ou-tcrops of d~rkes in a re as covered -vri th s cattered dehri s 

are ver;/ frequently aligned. In several :.nstances where no differential move-

ment of the dyke V~ralls is apparent, contacts of for::1e. tions strikine the dykes 

obliquely have been observed to be displaced :?t right angles to the 1"lalls. The 

phenOJTlenon suggests that these dykes v:ere emplaced in fissures opened by 

pressure transmitted through the magma or by tensional forces operatinz per-

pend:tcular to the v;alls, rather than by stoping s.ction. 

The dykes have sharp contacts and chilled margins. 

In a few areas, the dyke intrusions are less regular in fonn.- Some 

dvkes are sinuous, widenin6 in sediments. Others follow schistosity, and at ., 

other places cross it. In a few areas theJr follow the curvE::d strike of shhis­

tose rocks, and fill in around the borders of gneisses. In two areas dJ~es 

have been reported to die out in siliceous sedimenta~r rocks. A step-like 

form has beer.. assur.11ed by some vertical dykes traversing dipping bedded rocks. 
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Relation to Folds 

The dominant trends of the dykes are perpendicular, oblique or 

parallel to fold axes in their respective ~ap-areas. Most often the 

trends are perpendicular or oblique at angles from 25° to 65°, and 

only seldom are they parallel to the axes. The attitude asmuned in 

relation to the fold axes in a particular area appears to be the one 

which is more nearly parallel to one of the three dominant trend direc-
po.rcs ol- !.Ome of 

tions in the Shield. This ~s well shown in Ontario and~Quebec. In~the 

northern parts the axes of old mountain ranges strike generally east-

west. Here the dominant trends are perpendiculer or oblique to the axes 

of the folds, Whereas in the Frontenac Axis north of the St. La,~ence 

River, the dominant north-east trend of the dykes is parallel to fold 

axes. 

Under opposed horizontal compressive stresses, B fold system may 

develop tension cracks perpendicular and parallel to the axial plane as 

well as a set of vertic~l shear planes oblique to the axial plane. Though 

it cannot be conclusively proved, it seems probable that some d:rkes, per-

haps many, ·were emplaced in such fracture planes developed by folding. 

Relation to Faults 

There is frequent parallelism between pre-dyke faults and ctrkes in 

all parts of the Shield, and many dykes are known to be emplaced in faults. 

In a few map-areas, the dominant trend of the dJrkes is perpendicular or 

oblique to the strike of the pre-dyke feu lts. ~rfhere there are two or more 

faults s;rstems the dominant trending dykes often lie in or parall'31 to 

those fault systems that more nee..rly coincide v~ith the three major Shield 

trends. 
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Sillw~MARY 

At least four sequences of "diabase" intrusions, mostly dykes striking 

in the three common directions northwest, north, and northeast are knovm in 

some parts of tl1e Shield, and may be represented all over. Except for degree 

of alteration, the sequences resemble one another so closely that positive 

age correlation on a petrographical basis is impossible. 'llhe dykes are 

generally vertical, and show striking parallelism and continuity. Individual 

dykes are remarkably consistent in width and strike over traceable lengths. 

Frequently dykes have been observed to be emplaced along predetermined 

planes of weakness such as faults and joints, or they can be related to 

hypothetical joint planes deYeloped by folding. 

GONCLUSION 

It is apparent that to some degree regional or local structure has 

exercised control over the emplacement of dykes by providing sane of the 

fissures that are filled vvith "diabase". There are factors that suggest 

that the "diabasen intrusions are not solel;y~ governed by the regional and 

local structures. One of these is' the fact t-hat ·while available channels 

strike in many different directions, only those which more nearly coincide 

"With the rr.ain 11 d:iabase" trends in the Shield are filled with dykes. If hydro­

static pressure behind advancing diabasic magma was responsible for opening 

the fissures, the channels most easy of access would be expected to be 

filled, at least initially, by the "principle of least work". The evidence 

avatlable does no~ support the assumption. 1'he majority of the dykes have 

created or filled long straight fissures, mich, without deviation, have 

traversed contacts between sediments, extrusive, and intrusive rocks at 

many different angles. In addition, j_t has already been stated that in areas 
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containing various sets of fru 1 ts, the "diabase" has frequently been em­

placed in or parallel to one set of faults in preference to another. In 

those areas where lines or planes of weakness have not been d etected, the 

"diabasen dykes maintain a parallelism and regularity which would not be 

expected were the force behind the magma solely responsible for opening 

channels. 

The hypothesis which appears to,~lain best the observed facts is 

one which assumes a stretc~tng of the earth's crust at different periods 

of time so as to open tension cracks of variable size, which tapped 

basal tic magma at depth. stretching of the crust could be brought about 

by abnormal thermal expansion of the interior during these periods. After 

pressure was relieved by rupture along the original lines of weakness, 

northwest, north and northeast, the basalt started to flow upward with 

little disturbance, through tensional fissures which must have commenced 

opening at the bottom. The pressure behind the basalt was a subordinate 

factor contributing to the creation of openings. Where the original ch&nnels 

were connected to channels descending.frora the surface, opened during the 

stretching, the magma was diverted to a degree which accounts for the varia­

tion in the observed strike of the d:rkes. Elselfhere, tensional fissures 

oviginating below may have extended all the way to the surface. 

A calculation based on data summarized in Appendix C indicates that 

a volume increase in the Shield crust of about 5% would be provided by the 

"diabase" filled fissures. 

The phenomenon suggested does not correspond to the sequence of granitic 

intrusion that occurs during mountain building periods, and there ~-s little 

evidence to suggest association in age. The irregular intru8ions seeking all 

lines of weakness through rocks under compressive stresses during mountain 
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building is unlike the regular intrusions of 11diabase" easily explained if 

the crust were under great tensional stress. If the "'l'ridespread parallel 

dykes ~-ntrusions occurred during orogeny and attendant granitic intrusion, 

it is difficult to account for the relatively discontinuous and irregularly 

striking satellitic acid dykes of those periods. 

The wide chilled margins and denseness of many of the "Eiiabase" dykes 

suggest that they cooled shortly below the surface. The fact that the charac­

teristic occurs over wide areas suggests that the periods of d~~e intrusion 

are more nearly related to periods of peneplanation than erogenic times. 

Investigations of repeating patterns in ~elief and structure of the 

landa1rface of North America by H0 bbsl have suggested that there ~re two 

sets of controlled fracture patterns. One patten1 set comprises structures 

striking approximately northv1est and northeast. The other set strikes roughly 

~ong north-south and east-west lines. 

If the directions of the dominant trends ofi the 11diabase" dykes in 

the Shield are not fortuitous coincidence, a connection in origin and 

development beirr;een Hobbs' patterns and the "diabase" trends :is suggested 

by their striking congruity. 

1. Hobbs, W.H. : Bull. Geol. Soc. America, 22, 19il, p·pl48-l..'l6 
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APPENDIX A 

ST.ThU!AJ!Y OF PETROGRAPHIC DESCRIPlriONS 

The following tables compare descriptions of the quartz, olivine 

8.1~d "normal" types of ttdiabase"" from the various parts of the Shield. 

Because the age of most of the "diabase11 is not positively established, 

a comparison is necessarily made between some "diabasen thought to be 

of a certain age, and some known to be of the same age. 'l'he limited 

data available from many parts of the Shield permit comparison only in 

a general way between those 11 diabases" known and presumed to be Post-

Cobalt {or Post-Huronian) in Ontario with "diabase" thought to be a 

similar age in other parts of the Shield. 

In the same way, a comparison is made bet·ween the Pre-Cobal t 

"diabase" of Ontario, and "diabase" in the rest of the Shield thought 

to be l?re-Huronian • 

Explanation of Tables 

0 Texture described as ophitic. 

SO Texture described as sub-ophitic. 

P - Texture described as porphyritic. 

M[. - Micrographic intergro1~h. 

D Texture described as "diabasic". 

A Texture described as amygdaloidal. 

alb albite lab - labradorite 

oligo oligoclase an or - anorthite 

and andesine plag - feldspar described 
as "plagioclG..se". 



Ti-aug 

Ti-mag 
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titaniferous augite 

titaniferous magnetite 

feld - feldspar 

byt - bytownite 
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TABLE I 

Post-cobalt Quartz "Diabases" 

N = Cl) 
+) CO ~ S.. Q) Cl) Q) Q) 

t1S +> H Q) .,q +> Q) Cl) 
:;j CD CD ·rf 0 +:t ....., -M ~ "tj (l) dyke a Q) ~ ....., +:t -r-1 Q) fl) ......, Q) ·n bD bD H 

~ •ri •ri Q) ~ fi1 f6 f..t Ctl ~ [{.} 

~ C\i :;; or Feldspar Q) ·M +» +> 5.:: 0 Q). +' 0 p.. 
Ff k G> bO ctJ 0 ~ f..t .a ..r:: ~ Cl) 

~ 0 I tLocation sill Range ~ ~ P.. •rl ~ H ri ~ ~ •rl ·rl •.-t ~ 
Q) 

< < ~ = •ri Ctl re: Q) ~ re 8 8 E-t 

Quebec dyke lab X X X X X X X 0 & p 

" " " X X X 0 
tf " " X X 
n " " X X X X p 

" " " X X 0 
" u 11 

X X X X X X 
fl 11 " X X 

" " " X X D 

" " tl X X X 

" I! " X X X X X 0 

Ontario d~;ke lab X X X X X 

" " If X X X X 
fl " fl X X X De 

" n " X X so 
" " " X X X 0 
If " n X X X 0 

" ff t1 X X X X 0 

" both " X X X X 0 
t1 sill " X X X X X X X 0 

" tt tl X X X X 0 

N.W.T. I sill I lab X I X I X I I I xl I lx 
Ontario sill plag X X 

ff both " X X 

ff dyke " X X X X X 0 
n ff ft X X X X X 0 
tt " " X X X 

" " " X X X X 

-
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TABLE I ( Cont.) 

N = Q) 
+=> Cl) ~ f...t (J) Q,) Q) Q) 

~ ~ 
Q) 
~ J-4 Q) ..cl .p Q) Q) 

Dyke ~ ~ 0 +=> ~ •ri 53 ""0 Q) 
~ •r-1 Q) (fj +' .,.... 

~ ~ S.. 
~ •r-1 Q) s:: ~ ~ s... m >< ~ ~ or Feldspar Q) 

b 
...., § 0 ~ Cl> +' 0 a:J r ~ Q) ] 0 s.. s ~ Cfl ~ 0 I >< Location Sill Range &. ~ •ri ~ H r-1 ~ ~ •r-1 •rl ~ 51 (1) 
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DIABASE IN THE lThiGAVA-LABRADOR PENINSULA 

A few descriptions of "diabase" dykes of unknown age have been 

given by Low (156, 158-161). None of the specimens described is fresh, 

and the plagioclase is considerably altered. Most of the dykes contain 

"iron ores", ilmeni te, and pyrite. Oli r.J.ne ~ccompanied by augi te is 

noted in one specimen from DJrke Lake, Labrador. 

Tanner (162) states that olivine, olivine-free, and porphyritic 

varieties occur intruding the rocks around Hamilton L~et, Labrador. 

Wheeler* has described quartz bearing, olivine bearing and "normal" 

types of diabase along the Labrador Coast frora Hopeda.le to Oka.'k. He has 

classified four types after Ternebohm. The descriptions do not vary 

significantly from descriptions of "diabase" in other parts of the 

8r.ield. 

* Wheeler, E. P. II • "A study of some Diabase Dykes on the Labrador 
• Coast", J.G. Vol. 41, No. 4, May-June 1933, 

pp. 421-428. 
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APPENDIX B 

CUTTING RELATIONSHIPS OF THE "DIABASE" DYKES 

Ontario 

In many areas in Ontario "diabasett dykes and sills are the youngest 

consolidated rocks in the geological column, and they have been reported 

to intrude the follo~~g formations :-

1. Temiskaming. 

2. Post-Temiskaming batholithic intrusions, and Algoman intrusions 
with which they may be correlated. 

3· Post-Grenville batholithic intrusions. 

4. Huronian. 

5. Post-Huronian "diabase"· dykes and sills. 

6. Kmninistikwan. 

7. Middle Ke1veenawan. 

8. Keweenawan. 

9. Whitewater. 

10. Killarney. 

Elsewhere "diabase" dykes and sills are not the youngest rocks and have 

"11.4 .. 
been reported to kolclcr~ ~ the following formations :-

11. Silurian. 

12. Pre-Keweenawan batholithic intrusiina. 

1. Temiskaming 

Quartz "diabase" dykes that intrude the Temiskaming series, and 

series correlated with the Temiskaming have been described from many areas. 
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Most workers have considered them to be of Post-Cobalt age, on the basis 

of petrological and structural characteristics. Other workers have con­

sidered them tc be Pre-Cobalt on the same basis. 

Berr.y (59) reports that north-south striking dykes in the Bigwater 

Lake Area, Cochrane District, cut Keewating type volcanOes, and Te!l'iskaming 

formations. They are not seen to cut the granite thought to be Al.goman, but 

are placed with the Matachewan (Pre-Cobalt} dykes by Berry. Dykes known to 

be Pre-Cobal t age in this region strike north-south, and many of them are 

coarsely porphyritic. 

Further west, in the Little Long Lac Area, Thunder Bay t[strict, north­

south st~~ing, non-porphyritic d~~es are placed provisionally with the 

Keweenawan by Bruce (106). 

Further west, in the Ea~ Lake Area, Kenora District, Moorhouse (132) 

has referred some altered "d5_a.base1' dykes to the Keweenawan apparently on 

the basis of their trend. 

2. Post-Temiskaming and Algoman. 

Post-Temiskaming batholithic intrustons, which cannot be conclusively 

correlated with the Algoman, are found raainly in »Vest ern Ontario, and 

"diabase" dykes cutting such formations have been assigned a Keweenawan 

age on the basis of lithological resemblw~ce. In the Keezhik-Miminiska 

Area, Patricia Portion of Kenora District, Prest (122) describes olivine, 

quartz and "normal" diabases, which he places provisionally 1l'fi th the Ke­

weenawan. Satterly (125) considers that the olivine diabase in the North 

Caribou Lake Area of the same district can be correlated with the Keweenawan. 

North of the Lake of the Woods, Thomson (137) has referred to KBweenawan age 

a quartz "diabase" cutting granite thought to be Algoman. 

"Diabase" dykes which cut Algoman batholiths north of Lake Buron 
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have a wide variation in texture and composition. In the Groundhog 

River Area, Cochrane District, Todd (69) describes "Matachewann dykes 

that strike north-south, most of them containing phenocrysts of altered 

faldspar ("huronite"). 

In the Goudreau Area, Algama District, Moore (96) reports ophitic 

quartz and olivi.l'le "diabases" cutting the Algoman intrusives. 

Bruce (&J) describes ophitic olivine "diabase" dykes cutting the 

Algoman in the Redstone River Area, Temiskaming District, which he has 

referred to the Keweenawan period with the reservation that some of the 

dykes ~y be "Matachevlan" {Pre-Cobalt). 

In the Robb-Jamieson Area, Cochrane District, Berry (66) divides 

the "diabase" dykes cutting the Algoman into a "Matachewan" age and a 

11 Keweenawan"age. The later set cuts the earlier, is fresher than the 

earlier, and is thought to resemble other olivine diabase in the Por-

cupine Belt. 

Similar cutting relationships with Post-T~skaming, and Algoman 

.intrusives are described in the areas (see Map) : 53,55,67, 68, 93, 94, 

100, 101, 109, 117, 118, 127, 128, 131, and 133• 

). Post-Grenvil1e Batholithic Intrusions. 

Wright (47) describes a fresh ophitic diabase from the Brockville 

Mallory Town Area which cuts Post-Grenville Granite, but has not been 

seen to cut the Paleozoic rocks. 

In the Grimsthorpe, Kaladar, Kennebec Area, Meen and Harding (48) 

report a number of "diabase" dykes cutting a Post-Grenville granite. 

In the Mattawan...Olrig Area, Nipissing District, Harding (49) 

describes a diori tic diabase which can be separated only with difficulty 
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from locaJ dioritic intrusions. The "diabase" cuts the Grenville series, 

later amphibolites and a pink gneiss. 

If correlation of the Post-Grenville intrusives with the Algoman 
.:::> 

sequence in southern Ontario is accepted, the "diabase" dykes cutting 

these rocks may correspond to any of the four definitely established 

sequences of diabase intrusion. 

4. Huronian. 

"Diabase'' sills and dykes, intrusive into the Cobalt series and 

other Huronian rocks, occur in many places north of Lake Huron. The age 

of this diabase, called the Nipissing diabase in some localities, may 

range from Huronian to Keweenawan. Where it is the youngest rock, workers 

have ccnsidered it Keweenawan. 

Dyer (56), in the Powell and Cairo Twnsps, Temisk~g District, and 

Emmons (89), in the 'Takomata Lake Area, Algoma District, report "Keweenawan" 

quartz "diabase" dykes and sills which intrude the Huronian rocks. 

Osborne (85), describes both quartz a.nd olivine "diabase" dykes and 

sills, cutting the Huronian in the Cartier-Stralak Area, Sudbu~ District. 

S. Post-Huronian "Diabase" Sills azxl DykAs. 

In certain map-areas of the Temiskaming District where the Post-

Huronian "diabase" sills and dykes are not the youngest rocks, they are 

cut by other quartz and oli vine bearing "diabase" dykes. 

I-n the Matabitchuan Area (50) and the Anima-Nipissing Area (51) 

Todd describes fr~sh, porphyritic, occasionally ophitic olivine 11 diabase" 

cutting sill and dyke intrusions in the Cobalt Series which are thought 

to be "Nipissing" diabase. 

In the Tyrrel-Knight Area, Graham {62) describes porphyritic quartz 
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bedding planes in the Cobalt Series. 

Collins describes fresh olivine "diabase" dykes cutting "Keweenawan" 

quartz ••ciiabase" and quartz-norite sills and dykes which have intruded 

Huronian rocks in the Ohaping Map-Area. 

Olivine and quartz "diabases" have been reported by Burrows (79) 

to intrude "Nipissing•' sill diabase in the Gowganda Silver Area. The sills 

intrude the Cabal t Series. 

From the cutting relationships reported, the quartz and olivine 

"diabase" which is younger than sills known to be Post-Huronian, may 

correspond to either the Post-Cobalt and Pre -Killarney no. 2 age, or the 

Post-Killarney age. 

6. Kaministilaran. 

In the Fort Willi~,Port Arthur and Thunder Cape Areas, Tanton (113) 

describes noritic "diabase" sills and dykes which cut the formations 

grouped under the name Kaministikwan. According to Tanton the Kaministikwan 

consists of the Animikie and succeeding strata generally known as Kerteenaw~,. 

In this area the Keweenawan is represented by the Sibley and Osler lavas 

and s ediments. 

The age of these "diabase" intrusions is definitely Post-Cobalt, and 

is probably to be be correlated with either the Post-Cobalt and Pre­

Killamey No. 2 age, or the Post-Killarney age. 

7. Middle Keweenawan. 

Moore (91) describes olivine "diabase" dykes which cut 1Jiddle 

Keweenawan lavas and sediments in the Batcha·wana Area, Algoma District. 
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It is not known whether the d~rkes cut the Upper Keweenawan. 

The age of these ''diabasen intrusi ves is probably to be correlated 

with one or the other of the two youngest sequences of "diabase" intru­

sion definitel~ established north of Lake Huron. 

8. Keweenawan. 

"Diabase" dykes are described from the Thunder Bay RP-gion which cut 

the undivided Keweenawan formations in the area. In the Block Creek map­

area of this region Jolliffe (115) reports porphyritic and ophitic quartz 

"diabase" dykes and sills cutting a formation thought to be the Sibley 

Series. 

In the townships of Dorion and McTavish Hawley (112) has noted 

gabbroic a.~d nori tic "diabase" dykes cutting Keweenawan sed.iments re-

ferred to the Sibley series. 

The age of these "diabase" intrusives may correspond to any one of 

the Post-Cobalt sequences described in this paper. 

9. Whitewater. 

Burrows (83) and others r~ve described fresh porphyritic olivine 

"diabase'' dykes which cut the Whitewater series in the Sudbury Basin. 

The age of the Whitewater Series has been considered equivalent to Upper 

Huronian, and more recently Early Keweenawan by Cooke1 • In either case 

the oli vine "diabase" ma.~r be correlated with one of the definitely estab-

lished Post-cobalt ages of intrusion. 

10. Killarney. 

11Diabase" intrusi ves which cut the Killarney granite have been 

dtscussed in an earlier part of this paper. 

1. Cooke, H.c. : Canada Dept. of Mines and Resource~, Gaol. Survey Bull. 3 
.Problems of Sudbury Geology, Ontan.o. 
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ll. Silurian. 

A large, altered quartz "diabase" sill is reported by Hawley (155) 

and Dowling1 to underlie the Silurian formations at Sutton Lake, in the 

Patricia Portion of Kenora Distric~ west of James Bay. On the basis 9f 

similar sequence and lithological similarity, Hawley has correlated the 

"diabase" tentatively with the Animikie age. As no "diabase" sills have 

been reported to intrude Pre-Algoman bedded rocks, it is possible that 

this sill may be correlated with any one of the four definitely established 

sequences of intrusions. 

12. Pre-Keweenawan Batholithic Igtrusions. 

:Moo re (91) describes a "nonnal tt a1 tered "diabase" in the Batchawana 

Area, .Algoma District, outcropping a.s hills, which he has called the 

Maimanse diabase. The relations of the Maimanse diabase and the Batchawana 

Series are not entirely clear. Moore states that both the Batchawana Series 

and the diabase are cut by a granite which is older than the oldest identi-

fied Keweenawan in the area. The "diabase" is placed in the Middle Huronian 

because Moore considers that the Batchawana Series on which the diabase 

lies resembles the Hemlock Formation in the Crystal Falls iron district, 

Michigan, thought by Van Hise and Leith2 to be miudle Huronian. The un-

certainty of relationship and age of formations precludes definite assign-

ment of an age to this ''diabase". It might be referred to any one of the 

four definitely established sequences of intrusion. 

1. Dowling, ~. B. : Part of the Vlest Coast of James Bay, Geol. Survey Can. 
Ann· Rapt. Vol. XIV, Part F. 

2. Van P~se, c. R. & Leith, C. K. : Geology of the Lake Superior Region, 
u.s.a.s. Monograph 52, P• ~94. 
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Quebec 

In most areas in Quebec "d. b 1& ase" dykes and sills are the youngest 

rocks in the geological c 1 Th o_umn. ey have been reported to intrude the 

following formations in different areas • 
• 

1. Keewatin 
2. Temiskaming 
3. Post-Temiskaming and Post-Keewatin .. batholithic intrusions. 
4. Cobalt Series. 
5. Chatham-Grenville Stock. 
6. Pentcote Granite. 
7. Chibougamau Series. 

1. Keewatin. 

In the Opaoka River Area, Freeman and Black (27) describe quartz and 

olivine "diabase" dykes which cut Keewatin type volcan:ics and a basal 

complex. 'fhe oli vine beariP.g type cuts a diori te which the quartz. type 

does not cut. 

These "diabase11 intrusi ves may be correlated with any of the four 

definitely established ages of diabase intrusion. 

2. Temiskaming. 

In the Villebon-Denain Area, Lowther (21) describes quartz gabbro 

dykes cutting Temiskaming sediments. 

In the Kinojevis and Clericy Areas, James and Mawdsley (38) describe 

oli vine r:tnd quartz bearing "diabase" dykes cutting Temiskaming sediments. 

The age of the dykes in both areas has been referred to the Pre­

Cobalt on the basis of petrographical similarity to the "later gabbro" 

described from the Opasatika Area by Cooks (43), and from the Rouyn­

Harricanaw Area by Cooke, James a....YJ.d Mawdsley (36). These "diabase" 

intrusives may be correlated with any of the four definitely established 

ages of diabase intrusion. 
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3· Post-Temiskaming and Post-Keewatin. 

Bell and Bell (24) report quartz "diabase11 dykes, intruding Post­

Keewatin granite in the Senneterre Area. They consider the dykes to be 

Pre-Cobalt age on the basis of their petrographical res~1blance to the 

"quartz gabbro" of the Rouyn-Harricanaw Region, described by Cooke, 

James and Mawdsley (36). 

In the Lamaque Sigma Mines Area, Bell (34) describes an olivine 

"diabase" which cuts the Post-Keewatin e-ranodiori te. 
~ 

In the Lamotte-Fourni~re map-areas, James and Mawdsley {35) note 

a"remarkable similarity" between the olivine and quartz gabbros cu-tting 

the Post-Temiska.I!ling granite of that area, and the "Keweenawan" "diabase" 

of the Lake Superior Region. 

Quartz a..Yld oli vine ttd.iabase" dykes are also d ascribed cutting the 

Post-Temiskaming and Post-Keewatin batholithic intrusions in the areas 

(see map) : 12, 13 14, 16, 17, 18, 19, 25, 26, 28, Jl, 37. 

As there is no conclusive evidence to show tha.t "diabase'' dykes 

cutting such batholithic intrusions are Pre-Cobalt, the~r may be correla­

ted with any of the four definitely established ages of "diabase" intrusion. 

4. Cobalt. 

In the Kewagama Lake Map-Area (J6) and the Lake Temiskaming Mining 

Region (42) 'l!lilson has described quartz and olivine "diabase" dykes and 

rud · the co·o~1 t series which are thought to be the "Nipissing" sills int mg ~ 

diabasa. 

These intrusives are probably to be correlated withtihe Post-Cobalt 

and Pre-Killarney (No. 1) age of "diabase" dykes established in Ontario. 

(p. 7 ) 
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5. Morin Series. 

In the Lachute Area, Argenteuil and Papineau Counties, Osborne {5) 

reports "diabasen dykes which cut the Morin Series. If the 11orin Series 

is considered to be approximately equivalent in age to the Late Archaean 

batholithic intrusions of the Abitibi region, the age of the dykes may 

be correlated with any of the four definitely established ages of "diabase" 

intrusion. 

6. PentcSte Granite. 

Fassler (4) reports ophitic olivine and "normal" diabase dykes 

cutting the Morin Series and Pentc8te Granite in the Sept tles region, 

Saguenay County. As the PentcSte ~ranite is tentatively correlated wj_th 

Ki.llarnean granitic intrusives, this "diabase" ma:r be equivalent to the 

Post-Killarney age established in Ontario. 

7. Chibougam.au Series. 

Mawdsley and Nonnan {10) describe oli vine "diabase•• and gabbro from 

the Chibougamau Area whichihey inferred was younger than the Chibougamau 

Sediments by its freshness, absence of shearing, and :·.parallelism with 

post-sediment faults. If the Chibougamau Series is considered to be 

equivalent to the Huronian of Southern Ontario, this "diabase" may be 

an"tr one of the definite Post-cobalt ages established north of Lake Huron. 
tl 

Manitoba. 

The reported "diabase" dykes and sills are the youngest rocks in 

the Precambrian geological column. They intrude the following format::.ons 

in different areas :-

1. Oxford and Ha.yes River Groups. 
2. Post-Missi Granite. 
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1. Oxford and Hayes River Groups. 

In the Stull Lake Area Downie {138) reports a few olivine "diabaseQ 

dykes cutting the Oxford and Hayes River Groups which are considered to 

be Archaean. The dykes are not lr"..nown to cut late Archaean batholithic 

intrusions, but Downie considers them the youngest rocks in the area. 

These intrusions of "diabase" may correspond to any of the four definitely 

established ages. 

2. Post-Missi Granite. 

Wright (143) describes a fresh labradorite diabase with ab~dant 

olivine from the vicinity of Vlintering Lake in northwest Manitoba. The 

d~rkes cut the Post-Missi Granite, thought to be Late Archaean Age, md 

may therefore correspond to any oft he four established ages. 

NOrth west Terri toties. 

In most areas of the NOrth west Territories "diabase" dykes are the 

youngest rocks. In a few placss they are cut by giant quartz veins and 

stockwaPks. Where they are the youngest rocks th~J have been reported to 

cut the following formations in different areas :-

1. Yellowknife Series. 
2. Et-Then Series. 
3· Hornby Bay Series. 

1. Yellowknife Series. 

campbell (153) has discussed "diabase" dykes in connection with the 

great faults on Yellowknife Bay, Great Slave Lake. The dykes cut the 

Yellowknife series and the diorite and granite which are considered to be 

late Archaean. The "diabase" dykes may therefore correspond to any one 

oz the four established ages. 
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2. Et-Then. 

Sills and dykes of quartz "diabase" cutting the Et-Then series of 

late Proterozoic age, are descrj_bed by Stockwell (147) from the Great 

Slave Lake-Goppermine River Area. These 11diabasen intrusions are probably 

.to be correlated with the Post-Cobalt ages o£ intrusion established north 

of Lake Huron. 

3· Hornby Bay. 

In the Great Bear Lake Area, Kidd (151) describes flat lying quartz 

"diabasen dykes and sills, intruding the bedded formations of the Hornby 

Bay Series which is thought to be equivalent to the Keweenawan Period. 

The diabase may be correlated with any of the Post-Cobalt diabasic 

sequences established north of Lake Huron. 

In the area from Rae to Great Bear Lake, Kidd (152) describes two 

ages of diabase. The earlier is a sill of quartz diabase which is not seen 

to cut an Archr_;aean granite. Because the d.iabase is not apparently altered 

by the granite, Kidd concludes that it is probably younger. The younger 

age of A;i:abase cuts the Horn)ly Bay series. 

It is possible that both these ages o:f "diabasett are Post-Cobalt. 

Labrador-Ungava Peninsula. 

The limited information about this region precludes even tentative 

correlation of "diabase" on the basis of cutting relationships with the 

better kriown parts of the Shield, except in a few areas. 

From traverses throughout the peninsula, Low (1.56, 158-161) has 

noted great ••diabase" dykes which cut rocks up .to, and incllding the 

• 11 The ncambrian" of Low is perhaps to be correlated with 
ttCambnan • 
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either Keweenawan, or the Animikie of the Lake su' p · n· t . er~or ~s rJ.ct. Along 

the East Coast of Hudson Bay, Low (158) recognizes two ages of "diabase" 

in various places. He implies that the earlier is separated from the 

later by granite. It is possible therefore, that any or all of the 

definitely established ages of ''diabase" intrusion may be represented 

throughout the peninsula. 

In the Belcher Islands Young (157) describes a fine grained "normal" 

diabase .co~taining chrious pegmatoid patches of feldspar, which intrudes 

the iron bearing fonnations thought to be either Keweenawan or Anim:ikie 

age. 

Wheeler1 describes similar "diabase" w.i th inexplicable pegmatoid 

patches of feldspar intruding rocks of undetermined age along the Labrador 

Coast. 

On the north-east Labrador Coast Coleman2 reports a"badly weathered" 

diabase that is not seen to cut the Ramah and Mugford Series which a re 

thought to be equivalent to the Keweenawan or Animild.e in part. Some 

"diabase" sills are reported to intrude the Mugford 5eries
3 

and more 

than one age . of "diabasett intrusitnl~: may be present. 

Tanner (162) has sununarized the conditions of "diabase" intrusion 

along the Labrador Coast. He states there are definitely different sequences 

and that the older predominate around Hamilton Inlet and Domino Run. He 

concludes that the connection between the "diabase" intrusion and the 

Keweenawan sandstone of Labrador is not yet clear. 

1 Wheeler, E. P. II : op. cit. P• 418. 
2

: Coleman, A. P. : The Northeastern Part of Labrador and Northern QultbecJ 
Geol. Survey. Can. Memoir, 124, p. 21. 

3• colaman, E. P. : Op. cit. P• 25. 
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APPENDIX C 

NUMBER AND A VERA.GE WIDTH OF THE "DIABASE" DYKES :m THE SHIELD 

Average Number of pykes per Map-Area 

The number of "diabase" dykes in the various parts of the Shield 

has frequently been described by the terms "rare", "scarce", "abundant" 

or"irmumerable". Representative quantitative data are difficult to obtain 

because for the many dykes plotted on geological maps there be as many 

more unplotted or unnoticed. 

The sigrii£icance or the data collected is limited because the unit 

of area used - a "map-area" - varies from province to province, and 

according to the nature of the report. Because many of the sheets are 

more nearly a square of 15 minutes latitude by 30 minutes longitude, 

roughly a 15 mile··~ square, this area is taken as a suitable unit. It is 

found that the average number of dykes reported in the various regions 

of the Shield per 15 mile square is approximately :·­

Ontario - - - - - - - - - - 20 
Quebec - - - - - - - - - - - 4 
North West Territories - - -25 
Manitoba & Saskatchewan - - rare 
Ungava-Labrador Peninsula - no data 

Because most of the dykes strik·e more nearly north-south than east­

west, and are generally parallel and continuous, it is possible to cal-

culate the number of dykes per east-west mile :-

(20 _... 4+ 25) per 15 mile square 

3 x 15 miles 
approximately one per east­

west mile. 

Average Width of the Dykes 

The llidth of "diabasen dykes reported ranges from a few inches 

up to a maximum of 800 feet. In two map-areas in Quebec both the average 
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and tbe maxim* widths of the dykes are ~iven, the average being about 

.rme-sixth of the maximum of (i)Q feet. The average widths of the dykes 

in the different parts of the Shield are :-

Ontario (average of 56 map-areas) 
Quebec {average of 34 map-areas) 
Manitoba and Saskatchewan 

(average of 5 map-areas ) 
North West Territories 

(average of 5 map-areas ) 

---

---

109 feet 
118 feet 

149 feet 

120 feet 

The average of these figures is 125 feet, or roughly one-sixth 
or the maximum reported width, which is in good agreement with the 
average and maximum relations obtained in the two Quebec map-areas. 

If one fracture 125 feet w·ide per east-west mile is filled with 
diabasic material, the linear and corresponding volume increase in the 

crust is :-

125 5 % 5280 x 100 = about 2. 

If' it is presumed that the reported dykes represent only half 
the true number, the volume increase provided by the filling of fissures 

would be about 5%. 
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