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ABSTRACT 

A number of ultramafic-gabbroic intrusions of variable characteris­

tics constitute the Abitibi Peridotite Belt. A field and laboratory 

petrographic and geochemical study along complete or partial sections ac­

ross several of those masses along the southern side of Lake Abitibi 

demonstrate their degree of differentiation, the relationships between 

sections, and the mode of emplacement of the bodies. Geochemical data 

are obtained by both spectrographic analysis of numerous whole-rock 

samples and rapid silicate analysis of selected samples from the major 

intrusions. 

The intrusions fall into three general types: (l) well-dif­

ferentiated sills varying from peridotite to quartz-gabbro with cyclic 

repetition particularly in the ultramafic zone of layer sequences; 

(2) similarly differentiated bodies but lacking cyclic repetition; 

(3) isolated wholly ultramafic or wholly gabbroic bodies showing negli­

gible differentiation. 

The first type is illustrated by the Munro Lake sill, a 1500 to 

3500 foot-wide sheet bent into a west-plunging east-west syncline and 

exposed in three principal areas over a strike length of approximately 

7 miles. The Ghost Range intrusion in the eastern part of the belt best 

illustrates the second type of body. Intrusions of the third type are 

spatially distributed close to the Munro Lake sill and commonly overlie 

it. 
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The physical model proposed to cover the genesis of all intru­

sions assumes a common origin and employe a periodically active volcanic 

system. Cyclic repetition of layer sequences in the Munro Lake sill 

reflect magma pulses through a main volcanic cba.nnelway; wholly gabbroic 

bodies resulted from solidification of expelled residual liquids into 

fractures overlying the Munro Lake chamber; wholly ultramafic bodies re­

sulted from intrusion of the crystal mush developed on or above the 

chamber floor; and plutons of simple ultramafic-gabbroic sequence developed 

from uninterrupted fractional differentiation of magma in chambers isolated 

from the main channelways. 

Chill phases were examined in several localities, but in only the 

Garrison sill is the composition of the chill phase roughly equivalent 

to the calculated composition of the original basaltic liquid. Obvious 

contamination and destruction of the original chill zones by stoping of 

the wall rocks are largely responsible for the lack of representative chill 

phases. 

Serpentinization of all the ultramafic rocks bas been extensive, 

and in only rare instances may remnants of fresh minerals be located. 

Asbestos serpentine of commercial quality is found locally and invariably 

is associated with talc and magnesium carbonate. 
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I. INTRODUCTION 

A series of ul tramafic-gabbroic i11trusion.s extending in a rough 

belt approximately 2 to 6 miles wide from ncar Timmins, Ontario, ex­

tends past the aouth end of Lake Abitibi to the Ontario-Quebec border. 

This south>Neaterly trending belt extends .1ppro-:cirnately 80 miles and has 

been referred to o.s t.he Abitibi Peridotite Belt (Hewitt and Satterly, 

1953). In view of the present intensive interest in ultramafic rocks, 

a detailed pe>trographic c.:.nd chemical study of this belt has been under­

taken. A 30-mile sectio"' at t!:e sou.th end of Lake Abitibi (Fig. 1) was 

sulected for study becau£e exposure was fairly good and base maps 

were mo&t complete. It is the principal purpose of this th~sis to demon­

strate the degree of differentiation and mode of emplacement of t he ultra­

mafic-gabbroic bodies in this area. 

Previous research on various aspects of petrology in the region 

has "been conducted by workers !rom both industry and acadecic insti tutiona. 

Of the latter, two H. Sc . theses by Reeves (1950) and MacRae (1963) along 

y,rith two Ph.D. theses bJ Taylor (1955) and. Naldrett (1)0+ a re the most 

significant. VarioUB officers of the Ont<:.rio Dep~:I.I'tr:~ent of Mines have 

md.pped und deccribed trAe grcs~ features frora oany of tht> intrusionn along 

the belt. :'heil"' \·,ork forms the "bas is for succeeding reeeu.rch. 
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FIGUHE 1 

Abitibi Peridotite Belt,Matheson Section 

Locality abbreviations for Fieure l and succeeding 
illustrations: 

CH Centre Hill GR Ghost Range 
'N-M Wa re en-:<1unro W-MH west IV! cCool Hill 
MH McCool Hill r c McCool General 
GS Garrison Sill M Munro general 
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II. RIDICNi\.1 GOOLOGY 

Al l badrock in tha t p;.A.!'t of th~ helt so· . ..:th of 1 .. -:.k <? J bitibi is 

Precar,1brian and l ocal2.y i s overlain by deposits or Pleistocene and Recent 

S{,;.nd, IV' vel, lil1'1 lay. TixtencJing <.J.on.g the sot.thwest ~rn £~E; .rt c f the 

belt is the Deator-Porcupine fault , between wr..ose branches are sediment-

ary rock slices of argillite, conglomerate, and tuff. Outside this raul t 

7~ne sedimentary rocks ar6 scarce. Prest (1951) notes that the exten-

sive volc~nic rock sequence lying to the north of the fault zone over­

lies, in gen~ral , the sedimentary rock sequence. Basic volcanic flows 

and pillowed lavas comprise the major part of the volca nic rocke. At 

various horizons are conformable thin layers of rhyolitic volcanic rocks 

and chert which o.re especially nota ble bec:1use they comrJCnly fringe the 

1atram~fic-gabbroic intrusions. Many of the intrusions are sill-like 

and it is probable that the acid volcanic rocks and chert afforded 

horiwns of weakness that permitted emplacement of the intrusioil8. A 

perj.od of extensive folding a11d faulting follo...,ed solidifica tion of the 

ultramafic-g.~bbroic roclts, during which timo a number of gr.:lnitic plutons 

were intruded. Low grade resional meta~rphism and locally extensive 

hydrothermal ilteration accompanied this activity. The youngest rocks 

are two Aeries or diabaae dikes. The older of the two swarms, usually 

termed the Matachewan diabase, trends roughly north-south; the younger, 

called the Keweenawan diabase, trends northeast. Fahrig and Wanless (1963) 

dated these two dike swarms at 2485 and 1230 million years respectivelye 



While regional metamorphism is typically of the greenschist 

facies, zones of amphibolite f acies about the ultramafic-gabbroic intru­

sions are common. Along some fault zones, particularly those showing 

strike-slip movement, the rocks are altered to talc-chlorite and talc-

carbonate schists. The ultramafic rocks are extensively serpentinized; 

as a result, asbestos Qf commercial grade has been mined at two locali­

ties. Uralitization of the pyroxenes and sauseuritization of feldspar 

are also pronouneedo 



III. GENERAL FEATURES OF THE ULTRAMAFIC-GABBROIC INTRUSIONS 

A. STRUCTURE 

The ultramafic-gabbroic intrusions a~e commonly aill-like in form 

and vary in t~~ckness from 200 feet to approximately 3000 feet. Total 

lengths are difficult t o eztimate due to the extensive deformation which 

a ffected the area uftH their solidification. Major faulting and folding 

have tended to isolate sections of intrusions and an attempt has been made 

to correlate o.s many of t.he exposed segoents as possible simply by detail-

ed mapping und &lmpline of stra tigraphic sections across them. Ontario 

Department of Hinee aeromagnetic maps and data mad.e available b~ the 

:Gxploration Division o Canadian Johno-Manville Co. ho.ve been of con­

siderable helJ in this e.fort ( c. f . r epor ts by Satterly ~~ el). 

Sever<~ of the int=usior~ show major layering from peridotite 

through pyroxenite to g::l.bbro. Such phuse layering (Hess, l9tc) may 

al ter.w.te or repeat r.evero1 times in a a~.ngle cross section over one sill. 

Individual l.lYers cc!lll.-:cnly have a fairly wide range in tr..iclcless. Local. 

i.rregu.lari ties of layering are believed tc be due to r!l8.gtnatic currents 

bofor~ solirtific tion w.d b~en completed. Some of t hese s tructures, such 

a s cross larai ~t.:.on, are of" uid in determining topo of the sill. For 

~ert~n. small :z.cues H. is reason.al ·le to assume that thG order of accumula­

tion of minerals was the same as their order of cryGtallization, thus the 

stratigraphic order of appearance of cumulus minerals is a good indicator 

of tops. In addition, top determinations on the surrounding volcanic 

rocks are readily available. 
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B. PE'l'ROGR.\PHY 

Dunite-Peridotite 

The major rock types are defined graphically in Appendix 7o 

In this presentation, the term "perido tite" is used in its broadest sense. 

In both dunite and peridotite, textural evidence su~gests a cumulus 

origin for olivine and chromite. Following the terminology proposed 

by Wager et a1 (196o), a primary crystal phase which grew in and settled 

from a liquid is a cumulus phase, and thoue minerals which crystallized 

between the cumulus cry5tals in their place of rest are the intercumulue 

or interstitial phases. 

In the field, rocks bearing a high proportion of olivine tend to 

weather grey to brown and show vague layering& Unfortunately, the de-

gree of serpentinization is very high in the Abitibi peridotite and small 

shear zones commonly ?ave destroyed much primary texture or even grossly 

accentuated such features as layering. 

In thin section, olivine and chromite are found to be the two 

common cumulus minerals, with clinopyroxene, orthopyroxene, and plagio-

clase as interstitial phases. 1 Clinopyroxene, the most important of the 

1 • In most cases, neither fresh plagioclase nor orthopyroxene remain in 

the rocks, thus t heir identification is based on the texture and minera-

logy of secondary components. The practice of estimating original minera-

logy and volume per cent of each phase is maintained throughout this thesis. 

intercumulus phases, is present in amounts up to 45 per cent of the total 

rocko Plagioclase is commonly interstitial to poikilitic clinopyroxene 

and may constitute up to 25 per cent of the rock. Orthopyroxene, which 

occurs as large poikili tic grains, was noted !rom only one locality. 



Where peridotitic rocks have been extensively altered, poikili­

tic clinopyroxene grains weather with high relief (Fig. 2) and always 

appear roughly prismatic. Grains occasionally measure over one inch in 

diameter, but the average size is approximately one-half inch. No com­

positional zoning was noted for clinopyroxene grains. The orientation 

of the grains was not studied, but qualitatively there appears to be no 

preferential orientation. 

7 

Clivine grains cl~ a wide vari ticn in grain size particularly 

near the b~sc of each layer; away from the base their size becomes slight­

ly l~rger and more uniform. Some rGsorption of individual grains commonly 

shows as general rounding of primary euhedral faces, although there is 

no noticeable embaycent b interstitial material. A reaction between 

olivine u1d clinopyroxene is suggested by a significant reduction in the 

average gr..rl.n size of oli vir1e within poikili tic eli no yroxene; as opposed 

to the size o! those surrounded by a different matrix material (Fig. 3). 

No preferential orientation of olivine wus noted except along a fairly 

narrow horizon in one sill. In most cases, olivine grains were too 

severely altered to determine if zoning were present; no zoning was found 

in those grains which were relatively unaltered. 

Alteration of olivine has taken place in two steps. ~he first 

procees of serpentinization is widespread and appears to have been an 

eq~ vol~c process since there is little evidence of s~all-scale struc­

tural deformation. Cr~~cteristic~ly, much secondary magnetite has 

been released by this process and appears now as fracture and cleavage­

filling material in olivine and intercumulus phases, as rime around the 

olivine pseudomorphs, or as magnetite "dust" within the olivine pseudo-
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morphso A l ater alteration of t he serpentine to light green amphibole 

and chlorite is less widespr ead. Where this ~attar process is moat 

advanced t here ia little secondary magnetite, suggesting that part of the 

iron released during serpentirdzation has been resorbed in the later pro­

cess. Plagioclase has been completely altered to medium green, fine-

grained aggregates of chlorite and amphibole fibers. The very diffuse 

cont acts between plagioclase and its more mafic neighbours suggests a re­

action betwet!n t l.a t v.'O phases during lu.to-stage metamorphism. Cline .. 

pyr oxene i a t he least al tered material in the peridotitic rocY~. Where 

genul"al alter a t i on is pronounced, clinopyroxene shows transi tion to a. light 

green amphibole ( ~ig. 4). Orthopyroxene, where present, is completely 

~tereu to aorpentine an chlorit e. In some aroas talc and magnesite are 

comraon seccndw.~y m.iner&ls. It r.a.s been found that where such is the case, 

or e grade dsbes tos is ~ora likely to occur than elsewhere. This type of 

alt~ration is s~perimpoaed on general serpentinization and is distinct 

from it. 

Chromite, <aS a;:nall, single octahedral crystals approximately 

0 . 5 to lo 5 mm i n diameter, forms no mor e than 5 per cent of the rock 

vol ume. Small r i ms of aecond3.ry magnetite (Fig. 5) generally make 

identification of chrornite i n either hand specimen or thin. section dif­

fic ult, but poliahed se~tiorw clearly 1·eveal the rela.tionship. 

Clinowroxeni te 

Clinopyroxenite, composed essentially of cumulus clinopyroxene 

and inter-cumulus plagioclase, commonly occurs in a layer intermediate to 

peridotite and gabbro. In outcrop these layers weather a dark reddish 

brown and appear to be homogenous. Igneous lamination (the preferential 



Fig. 2. Poikilitic texture of 
peridotite; Warden-~~unro 

Fig. 4. Photomicrograph: clino­
pyroxene partially alter­
ed to amphibole. Clino­
pyroxene-light grey, 
amphibole rim-at extinc­
tion. Small included oli­
vine grain (serpentinized). 
X 45 .Peridot ite 
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Fig. 3. Photomicrograph: poikilitic 
peridotite. Crossed nicols; 
clinopyroxene-light grey, 
altered plagioclase-dark. 
X 45 

Fig. 5. Photomicrograph: rims of 
secondary magnetite on 
cumulus chromite. Polished 
section; X. 18o •Peridotite 



orientation of platy cumulus crystals) is a common feature of clino­

pyroxenite. Modal analyses indicate a range of 55 to 97 per cent by 

volume clinopyroxene with the remainder made up of plagioclase, ortho­

pyroxene, and locally, an oxide phase. A few scattered olivine grains 

are generally included, particularly near the contacts with peridotite. 

It is apparent that the cumulus clinopyroxene grains continued 

to grow after they settled to the floor of the chamber because the "ad­

cumulus" rima (Wager et al, 196o) on the crystals in some cases are so 

extensive as to interfere with those of adjacent crystals (Fig. 6). 

10 

Some compositional zoning was noted on the adcumulus material but none 

in the cumulus cores. Very narrow essentially continuous lamellae were 

noted in a number of clinopyroxene grains but their origin could not be 

satisfactorily determined by optical methods; they may be either exsolu­

tion lamellae or simply twin lamellae. Commonly, clinopyroxene grains 

in the clinopyroxenite samples show simple twinning along the (100) 

plane. 

Olivine is a minor cumulus phase in some clinopyroxenite layers, 

particularly near the contacts with peridotite layers (Fig. 7). In 

general, the olivine in these layers is much less altered than that in 

the peridctitic rocks. 

Plagioclase is the most abundant interstitial mineral, occurring 

.in amounts !rom 5 to 45 per cent. Where the plagioclase content in­

creases above 25 per cent, cumulus laths may be expected and do indeed 

occur. Plagioclase is generally completely altered to either saussurite 

or a very fine-grained aggregate of chlorite and amphibole. 



Fig. 6. Photomicrograph: cumulus 
clinopyroxene grains in 
clinopyroxenite showing 

' interference of adcumulua 
rims. X 45 

Fig. 7b. Same as 7a but crossed 
nicolso 
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Fig. 7a. Photomicrograph: feldapathic 
clinopyroxenite, one included 
serpentinized olivine grain. 
Plagioclase-white to light 
grey, olivine-greyish green. 
Plane light. X 45 

Fig. 8. Photomicrograph: diabaaic 
gabbro, ehowi ~s rim addition 
from pore liquid to original 
plagioclase lath (central 
"bow-tie" shaped grrln) o 

Croes~d nicols. X 45 
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A second interstitial phase is commonly present and is repre­

sented now by a distinctive reddish brown chlorite with intermixed amphi­

bole fibers. This material is assumed to be the alteration product of 

primary orthopyroxane mainly because of its mode of occurrence in the 

sequence, although no fresh orthopyroxene was noted in any clinopyroxenite 

sampleo Minor amounts of interstitial oxide phases - either magnetite 

or ilmenomagnetite - have been noted. Locally, the oxide phase has 

altered to limonite with associated leucoxene . 

Gabbroic Rocka 

G~bbroic rocks include those rocks in wrdch plagioclase and pyro­

xene are present in approximately equal amounts, and are the principal 

phases. Plagioclase is predominantly a euhedral phase with considerable 

rim addition evident on many laths (Fig. 8). Zoning of plagioclase 

is not extensive but in some cases the adcumulus growths exhibit fair-

ly good zoning to less calcic borders. Twinning of plagioclase on the 

albite law is usual and most extensive where the bulk rock composition 

is quite acidic. In some layers clinopyroxene appears as extensive 

ophitic grains, and those plagioclase crystals enclosed in clinopyroxene 

are somewhat smaller than average and more euhedral - suggesting clino­

pyroxene and plagioclase began crystallizing at approximately the same 

time in these rocks. Clinopyroxene is chiefly interstitial to plagio­

clase but in several samples there is evident a cumulus core to the grains. 

Where quartz is a significant component, the texture is more diabasic; 

plagioclase laths tend to be more elongate and the interstitial phases 

are generally strongly ophitico Micrographic intergrowth of plagioclase 
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and quartz (granopeyric texture) is commonly an interstitial phase of 

the quartz gabbros. Oxides, commonly magnetite or ilmenomagnetite, occur 

as both interstitial and primary crystalline phases, but there is general­

ly one particular horizon in each gabbroic zone of the major layered 

bodies where magnetite in the cumulus phase is fairly abundant. With 

the exception of the various oxide phases, apatite is the most common 

accessory mineral. 

Scattered rounded areas of chlorite and amphibole with minor 

serpentine and magnetite are common at certain horizons throughout gab-

broic layers. Textural relationships suggest that the centers of these 

aggregates were a cwDulus mineral which reacted upon settling to a second 

mineral , the rim reaction being almost complete. Regional alteration 

then was responsible for the destruction of both primary centre and re­

action phase and formation of the present secondary assemblage. Analogous 

phenomena have been described by Naldrett (1964) as representing the re­

action between interstitial liquid and cumulus olivine, yielding ortho­

pyroxene rima: this explanation suitably describes the present aggregates. 

Rhythmic layering (Hess , 1960) is the variation in proportion of 

component minerals in adjacent layers; it is commonly developed at various 

horizons in gabbroic rocks of the major layered intrusions. In the intru­

sions of the Abitibi area, rhythmic layering is most pronounced near the 

borders of the gabbroic layers. Here and elsewhere where there nas been 

magmatic disturbance during the formation of a gabbroic layer, igneous 

lamination of plagioclase laths is also a common feature. 
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Alteration io generelly severe enough to prohibit detGrwination 

of compoai tion of pla.gioclaea ru:d clinopyroxe:1e. Cnly in rure iusta1ces 

were reliable data obtained. Sausa,~itization of plagiocl~e and ~·~i­

ti~tion of mafic silic<ltes were t',le moot cor.unon &l.t~ration processes. 

Pegmatitic Schlieren 

A number of very coarse graine1 rocks in lenses and pods, some 2 

or 3 feet in width and 10 to 15 feet in length, occur infrequently at 

various horizons and approximately parallel to the layer contacts in 

many of the intruaions exW!lined. Invariably, the composition of the pod 

is slightly less mafic than the host rock, the texture is hypidiomorphic-

granular, and grain size is large. These pods represent local oegrega-

tion, possibly by a mechanism of filter preasine, of pore··space liquid. 

Clinopyroxene-Jrosaularite Xenoliths 

At three different localities clinopyroxene-hydrogrossular xeno­

liths have been idettified. In the ultramufic zons of the Wardeu-Kunro 

section, particularly in layer 5, the xenoliths measure six incheo to two 

feot wide by five feet to mo.z·e trum 50 feet in langth; their U.aird eli-

mension ia unknown. Contacts are sharp but somewr~t uneven, and their 

orient~tion is approxim~tely par~lel to layer ccntacts. 

Similar xenolitl'.s occur toward the top of the u1 traruafic zone in 

t1e Garrison sill, but her~ their lengths ar~ app~ently little more tr~ 

25 to 30 feet whilo widths rar•ge from one to 15 feet. Ovez·burden 11nd 

post-solidification str~ctural deformLtion ~(~e it difficult to trace 

their extent. 



Approximately 250 feet below the top of the peridotite layer of 

t ho Ghost Range body, pyroxene-garnet xenoliths are common. Each xeno­

lith is appro::imately 5 to 6 f eet j.n width but may be 100 feet or more 

in length. Several drill holes through t his general zone indicate 
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that at least t wo of the xenoliths do not extend more t han 25 feet below 

t he surface. Orientation is approxi~~tely parallel to the layer con­

tacts, but deviations of 10 to 20 degrees are not uncommon. The xeno­

liths have a white weathered surface and ahow in sharp contrast to the 

red-brown peridotite. Partial remobilization of the smaller xenoliths 

is pronounced, as seen in Fig. 9. 

In thin section, the xenoliths are composed essentially of medium 

to coa rse grained, anhedral clinopyroxene and hydrogroaaular (Fig . 10) ; 

clinopyroxene is largely alter~d to chlorite and amphibole. The form of 

the hydrogroasular suggests that it i s an alteration product of feldspar. 

Texture and chemistry of the rock are too altered to be of much use in 

suggesting t he composition of the original rock, however . Presumably the 

xenoliths originated from wall rock loosened by the intruding magma. 



Fig. 9. Clinopyroxene-hydrogrossular 
xenolith in peridotite. 
Ghost Range. 

Fig. 13. Interbanded normal g~bbro 
(light coloured) and 
melanogabbro; Centre Hill 

1 ( 

Fig. 10. Photomicrogr~ph: clino­
pyroxene-bydrogrossular as­
semblage. Bydrogrossular 
black. Crossed nicols. X 
45 

Fig. 17. Harrieitic layers in cline­
pyroxenite; Warden-Munro 



IV. DESCIUPTION OF INDIVIDUAL INTRUSIONS 

A study of the various outcrop areas suggests that the intrusions 

are of three basic types. The first, represented by the Munro Lake sill, 

consists of a rela tively large number of conformable phase layers showing 

cyclic repetition of rock type but also a clear division into ultramafic 

and gabbroic zones. The second type is best exemplified by the Ghost 

Range intrusion, which shows a single cycle from peridotitic to gabbroic 

rocks. Those intrusions which are wholly gabbroic (Perry Lake sill) or 

wholly ultramafic (western tip of Centre Hill) are grouped together as 

the third type. It is interesting to note that of this last type, all 

the ultramafic bodies and most of the gabbroic ones are closely associated 

spatially with the l'iunro Lake sill, and, in fact , appear to stratigraphical­

ly overlie the sill. 

The major intrusions and areas of intrusion o.re described below. 

A. f1UNRC IJ.i..KE SII..L 

Three areus of similarly l~yored ga.bbroic-ultramafic rock are 

exposed at Centre Hill in Munro township, along the boundary between 

Munro and \'iarden townships, and at HcCool Hill in 1·1cCool township (Fig. l). 

Interpretation of aeromagnetic hlapa arid the general airoildrity of layering 

indicate that the three exposures are part of a generally continuous body, 

here named the Munro Lake sill. The sill is a grossly layered body 

approxiruo.tely 7 miles i l length and 1500 to 35<X> feet in tr..icklless. 

folded into & mn.Jor east-west syncline with near verticli.l. limbs and is 

complexly broken by both longitudinal and cross faults. 
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FIGURE 11 

Geological ~ap of Centre Hill Rrea 
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For the purpose of correlation !rom section to section, detailed 

mapping and aamPling were carried out at the three principal localities. 

l'extural, ruiner:llogical, and chemical variations are set out belo"'" for 

each of the throe sections. 

Centre Hill Section 

The detailed petrography and geochemistry of the Centre l~ll 

section have been previously reported (MacRae, 1963), thus on.ly a summary 

is required here. 

Within the exposure area at Ce::1tre Hill, the sill is eese;1tif:'J.ly 

vertical v;ith eMt-west strike but sharply folded southwu.rd ;; t its west 

end against the Centre Hill fault (Fig. 11). Both northern and southern 

contacts with volcanic rocks are exposed; the northern rocl s a.re rhyolite 

ugglomerate and t he southern, basalt. The contacts ure sharp thoug:-t some-

what uneven and generally show much iron staining. ·The lower or southern 

basalts have been 1:1etrunorphoeed to amphibolite i mrnedia.tely ad j acent to the 

sills. Chill phases representative of original liquid are not apparent 

at the intrusive contacts. 
l. Stratigraph.Y 

The outcrop area may be divided into the following units: a lower 

~arginal zone, a layered series, and ~ weatern tip of dunite. The westArn 

tip of dunite is f aulted from the rest of the body and is isolated by a 

slice o! z·hyolitic roof rock. It ap;Jears to be u f uult slice c f a peri-

pheral body rathr~r than an integral p::.~rt of the Hunro Lal<e sill. l. ~ will 

be ~escz~bed in more detail in a l ater section. Seven cyclic ~nits similar 

to tr~ee e~tublished for the Stillwater complex (Jacksou, 1963) and the 

Muskox intrusion (Irvine and Smith, 1965) have been outlined in the Centre 



TABLE I. Summary of Petrographic Features of Centre Hill Section 
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Fie:. 1.2 . Modc.l Varia tion Diagr am f or Centre Hill Section • .H.ock type 
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Hill section (Pig. 12). In the ultramafic zone they consist of rep~titions 

of successive ph~sa ld]ers of peridotite and clinopyroxenite, and in the 

gabbroic zona of melanogabbro and normal gabbro. ~W.rking the top of the 

sixth cyclic unit auJ the l:lase of the seventh is a two to three foot zone 

of narrow interbands of normal gabbro and melanogabbro Cng. 13). 

2. Lower H~rginal Zone 

The lower m1rginul zone consists of peridotite, distinguished by 

red- brown poil'"..ilitic plates of hornblende which enclose very small olivine 

grains. The zone in r el atively uniform and free of minor layering. 

3. Ultramafic Zone 

The ultramafic zone, the lower part of the layered series, is 660 

feet wide and consists of an alternation of peridotite and clinopyroxenite 

with sharply defined boundaries. The clinopyroxenite, which is massive 

and medium to fine grained, becomes more feldspathic toward the top of the 

20ne. The peridotite typically contains poikilitic plates of clinopyroxene 

and less abundant interstitial plagioclase. Olivine grains are generally 

well rounded .:ind c ommonly serpentinized. 

4. Gabbroic Zone 

Gabbroic rocks make up the top 830 foet of the layered series. The 

gabbros show considerable minor layering and subtle mineralogical and 

chemical variations, the important ones of which are summarized in Table I 

and Fig. 12. 

The 1·\'arden-Munro section of the Hunro Lake sill covers a broad area 

of outcrop along the boundary between Munro and Warden townships (Figs. 1,14). 
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Due particul~ly to the r el a tive erosive resiotan~ e of a seri~s of north­

south dio.bu.se dike3 wh1ch cut the area, outcro is .fo.irly abundcmt . Access 

is provided. to the oonth end of the section by a gravel road which leads 

to the PotterdocJ. property . \!c;.rdon townsrJ.p has never been geologically 

mapped in detail, bu.t Satterly records in his r eport or Munro to'NilBhip (1951) 

a partiii.l section of the Waz•den-I1unro rock seqt..ence. Here he notes the 

close similarity of lithology to t he exposures mapped at Centre Hill. 

Figure 15 is a composite of Satterly's :unro map and sket~hes .from air 

photographs of that p~rt of the section i~cluded witrJ.n Warden township. 

Detail i n the following doacription holds particularly for the narrow sec­

tion sampled , this section being marked by li~es AB, B'C on Fig. 15; the 

rest of t ho:; outcrop area. was examined in a more general f ashion. 

The gabbroic-ultramafic rocks occur as a steeply dipping sill with 

o. general east-west trend . 'rhe western end of the exposure shows acme in­

tense folding and faulting, w1d geophysical data indicate that the sill 

ia much narro •1ed by deformation nt this point . The sill is well exposed 

over a length of 1200 feet and a width of 2500 feet. Determination of top 

direction from pillows and flow breccias of adjacent volcanic rocks is 

readily established as being to the sout h. The northern contact of the 

sill is not exposed and l~ drill information is readily available. The 

sout hern area, OO'vever , is well expooed. Here, gabbroic rocks are in con­

t<Act wit~ a bu, d of thinly lamin.->.ted chert. Abundant evidemce of ma.grna 

stopiug is <'4i_)f)4rent at t:n.a contc~.ct; man tont!;Ues of gab'.Jroic material pro­

ject intv tl.e cr.art an'l c~ert bl cks of vurious s.i.Zos are scattered within 

.e fi.na-grdined gabbroic border tor more than 50 feet. Discontir.~us 

thin banda of chert characterize a zone approximately ' 750 feet north o.f 



FIGURE 15 

Geological map· of Warden-Munro area. 
Section line indicated by ABB'C 
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the main contact. It is suggested that these are blocks or slabs stoped 

from the roof during injection of the magma. 

that the density of the chert is 2.64 g/cc. 

It is of interest to note 

If chert blocks sank through 

the magma, t he densit of the latter m~t have been less than that of the 

chert. In this regard, it is noted that the density of the original 

magma for the Stillwater complex, by comparison, is estimated at 2.65 g/cc 

at 1125°C, and its density after separation of the ultramafic rocks at 

2.58 g/cc for the same temperature (Hess, 196o). 

1. Stratigraphy 

Since the lower or northern contact o£ the Munro Lake sill is not 

exposed at Warden-Munro, there is no indication of a lower marginal zone 

as at Centre Hill. The total exposed section belongs to the layered 

series and may be sub,di vided into an ultramafic northern zone and a gab­

broic southern zone. Table 2 summarizes petrographic features with res­

pect to stratigraphic position in the sampled section and Fig. 16 is a 

modal variation diagram through the section. The ultramafic zone consists 

of a series of interbanded peridotite and clinopyroxenite layers with 

generally sharp contacts. As at Centre Hill, the layers appear as e1clie 

repetitions. Six s uch cyclic unite are exposed, five of which are in the 

u1 tramafic zone. The gabbroic zone, which is in contact wi. th chert on 

the south, has a very fine-grained upper border for approximately 150 feet 

north of the contact. 

seen to be diabasic. 

Where grain size becomes larger, the texture is 



TABLE II. Summary of Petrographic Features of Warden-Munro Section 
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Fig. 16. Modal Variation Diagram for Warden-Munro Section. 
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2. Ultrumafic Zone 

All la.ye1•a aXJ.>Osed in t!'Le ul trt:trllafic zone of the layered aeries 

are e.!. the.r peridotite or olinopyroxerrl.te • . Peridotita layers are composed 

of C'.mlul.us olivine and chrornite - the l atter in relatively small runounta -

·rith intercumulus 11lo.gioc u.se and poikilitic clinopyroxene. Serpentiniza-

tion of the peridoti~e has een sever~ and no fresh olivine remai~ for 

analysis. Plagioclase in the peridotite lay ere and in the lower clino­

pyroxeni te li.iyers is now al tared to dense aggre8ates of chlorite. Higher 

in the layered series, plagiocl ase has been saussuritized such that at no 

place in the Warden-Munro section can a reliable plagioclase composition 

be determined by ordinary optical methods. Clinopyroxene is generally 

not severely altered, and fresh flakes were obtained for composition 

determinations (Table X) except from the more severely altered peridotites, 

where clinopyroxene is largely altered to light green amphibole. 

The upper portion of the ultramafic zone is made up essentially 

or clinopyroxenite. Two thin layers of 2 to 6 inches each of peridotite 

split the clinopyroxenite into three layers of approximately 170 feet each. 

Several of the peridotite-clinopyroxenite contacts show intense shearing 

which is probably associated with late-stage deformation. Clinopyroxenite 

of the ultramafic zone is typically medium to fine-grained, shows f'air 

to poor igneous lamination of the cumulus pyroxene laths , and has plagio­

clase as the chief intercumulus phase. Particularly near the base of the 

clinopyroxenite layers, scattered cumulus olivine grains are common, and 

some olivine composition determinations were possible (Table X). 
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3. Ga~broic Zone 

The gal--bruic zon11 consic,ts of one complr.tc c:rcl<? and th"! t~p layer 

o f a second (Fie;. J6 ) , 

Gr:l.r.o-

1 
The gabbroic zone is described from the top down rather than the reverse 

for convenience of des cripti on of certain, featureso 

phyr1.c texture und fairly abundf:nt qut4rtz ch~roc terize a zone in the upper 

one tl:ird to one h.c.lf of the to,? layer , l ayer 15 (Fig. 16 '.:'able !I). 

In the lower hc-.lf of th (! layer local amall to me<ti.uru aized !ll}greg<:..tes of 

chlorite, aetmmed t o b;f) r;seudomol'LJhrm.a a f ter orthopy:roxene
1 

increase in 

amount rro rr. nil to apprc:x:imately 18 per cent aLd then tal: Dff again to a 

negligible amount, all over a 1.d.dth of 350 feet. In the .sar~e genf'lral area 

bv.t over a wider zone, qucu•tz a howe t he opr:.oai te trend , euch that in the 

centre of th~ zone qw;.rtz in tlbBent bl.:it increaser; to approxinately 12 per 

cent at either and. At t he northern end o! th~ top gubbrc , quartz grains 

appear am s mal l to medium sized poildlitic gra.i.ns . 

The ba.sP. of layer 1:-i is o~:c .. riv~d by a n~a.rrc.:w horizon t~long ~;hich a re 

r~urnerot .. s thin sluba of ciH~l·t. 

melanog.:J •hro tipp:t•oximatel~ :1 feet wi ~ on t:v~:ir ~P1)er Fide ar.d lC feet 

'"-ide on tb~ir lower aide. ':'h..: liO foot-wi.C:e l <J.yer of 3'"-bbr.o nc-.rt!-" , .. f t h e 

chert hori:r.on, lo.yer 15' , clul:lely l~eeembles in min.·:?r<uogy a.:.1ci taxt"\..re the 

gl'a.Hcphy:d c ron~e of the HlJper gabbrt). The outstanding di s tinG1.t.tshing 

f 0ature of this gal.Jbroi c roc!<: is t!-~e habit of opaque oxi desi south of the 

chert horizon th.e chief opa.tlue oxide is il r.ienon&gnoti te , ..,·hict o~cura 

either as an interstitial phase or as ctunulus grains with wide adcumull.U3 
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rims. In layer 15' the predominant opaque mineral is cumulus magnetite. 

in amounts up to 5 per cent of the total rocl~ volume. This is the only 

r..orizo L, t oe seotio!l at whict cum1.J.'.JS m3.gnatite has been identified. 

!Vi thin the mela.no~abbro chill phase and the lower gabbro. scattered 

poildli tic grains weather in high relief in outcrop. Thin sections of 

these grains al-lOW them to be composed of quartz, magnetite. chlorite. and 

a little amphibole. This assemblage is taken to represent reaction pro-

dLcts of orthopyroxe1e. tt the northern adge of the mclanogabbro chill 

phase rounded glob~es of pyrite are common over a very narrow horizono 

A 2 to 3 inch gradational contact separates luy0r 15' from a 65 

foo t-wide layer offeldspathic c_inopyroxenite to the north. 'l'he clino-

pyroxenite l &yer is made U¥ of approximately 75 per cent cumulus cline-

pyroxene with interstiti~ plagioclase and ilmenomagnetite. Particul~ly 

toward the top of the layer are scnttcred poildli tic grains presumably of 

the swne origin as t hose described aa orthopyroxene in layer ·l 5'. Within 

t~o to five feet of the lower or nort~ern contact is a zone of harrisit1c 
1 

layering (Fig. 17) • in which clinopyroxene crystals have grown to a maxi-

mum length of 6 i nches. The lower contact of clinopyroxenite with gabbro 

is very almrp; th:i.s contact marko the transition from one cyclic unit to a 

second. 

The firs t 2 to 3 feet of gabbro in layer 13 show vague rhythmic 

layering but no it,;neoua lamination. In the same width clinopyroxene grains 

consiat of cumul1..s corea vwith heavy adoumuluo rims, but. lower in the layer 

clinopyroxene is comple·tely intercumulus and forms medium to large ophitio 

grains. Plugioclase l 1:2.ths ure commonly s mall to medium with narrow ad-

cumulus rims. Texture in general is diaba.sic . although not as strongly as 

in layer 15. 

1 Chemical erowth of crys t al s upwar d from chamber floor during per iod of 
; . 
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Appro;;:imw~. tEi'lY 100 feet no.rth of the top contact of layer 13 is a 

.sharp igneous disconformity (Table II) probably caused by magmatic currents 

sweeping the chamber floor. For approximately one half inch above this 

horizon there is excellent igneous lamination of plagioclase laths; below, 

gabbro appears homogenous with semi-diabaaic texture . Spreading northward 

(downward) from the igneous disconformi ty are numerous branching struc­

tures (Fig. 18) n1easuring up to 3 feet in width. The pattern is caused by 

medium to large amphibole crystals which have grown to fill apparent frac­

tures in the lower gabbro. Presumably the fractures developed after at 

least partial solidification of the gabbro beneath the igneous discon­

formity but prior to formation of the upper. 

From 110 feet to 175 feet north of the clinopyroxenite-gabbro 

contact and 15 feet north of the igneous dieconformity is a zone of inter­

banded melanogabbro and normal gabbro, henceforth referred to as the "band­

ed zone". Below and above the banded zone contacts between layers show no 

evidence of disturbance, but within the zone there is much irregularity 

and cross lamination (Fig. 19 ,20' . It is reasonable to conclude that 

the disturbance, whether due to local slumping of the body or an earth­

quake, disrupted the crystal mush on the floor of' the chamber by current 

activity. Immediately prior to the disturbance slight and regular varia­

tiona of' the current in the magma produced vague rhythmic layering, but 

the effect was much pronounced by the stronger currents. Upon prolonged 

disruption t he rhythmic layers deformed plastically, resulting in some 

erose lamination - structures somewhat similar to the cross bedding of 

sedimentary sequences. Analogous features are described by Hess (196o) 

in t he Norite Zone of the Stillwater complex. 



Fig. 18. Branching structures below 
igneous disconformity; 
Warden-Munro 

Fig. 20. Igneous cross lamination 
in banded zone; Warden­
Mwu-o 

Fig. 19. Banded zone-normal gabbro 
and melanogabbro; Warden-
1-iunro 

Fig. 21. Pod of clinopyroxenite in 
gabbro; Warden-Munro 

32 
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Below tl1e banded zona the gabbro ha.a a spotted a.ppGaran<:e due 

largely to local large skeletal opaque oxides, and partly to aggregation 

of mafic silicates. Particularly from the banded zone nort}lward textures 

cease to be diabasic and become mar$ granular. The lower 50 to 100 fP.et 

of gabbro show some intermixing of clinopyroxenite and gabbro. In the 

southern part of the zone of intermixing, feldspathic clinopyroxeni t& 

occurs i n small pods, up to 5 feet in length, containing medium to l arge 

clinopyroxene grains (Fig. 21 · . Textures within the pods are not cumulus ; 

the pyroxene grains are elonga te and bear some similarities to those of the 

hn.rrisitic layers of the upper clinopyroxenite. Toxture in the gabbroic 

rocks ~urrounding the pods is much distorted, such that there is a strong 

parallelism of pl agiocl · se to the pod contacts. In the northern part of 

the zone feldspathic clinopyroxenite appears as the matrix material be­

tween large blocks of gabbro. Gabbro blocks measure up to several tens of 

feet in length and 5 to 10 feet in width. The attitude of igneous lamina­

tion of feldspars on adjacent blocks may differ by as much as 10 degrees, 

indicating that there has been slight tilting of the blocks. The pattern 

of deformation within this zone suggests that part way through the !orma­

tion of the gabbroic layer a structural deformation of the chamber caused 

lo~er clinopyroxenite - which was, apparently, still not completely solidi­

fied- to be squeezed upward into 'fractures' and recrystallized. 

The northern extent or gabbro blocks marks the lower limit of the 

gabbroic zone. 

Diorite Dykes 

Layer 12 of the Warden-Munro section is cut by several diorite 

dykes which strike roughly parallel to the layer contacts and dip nearly 



vertically. Locally, the dykes cut the plane of igneous lamination by 

2 to 5 degrees. The dykes range in width !rom 1 foot to 5 feet and are 

continuous along strike for the extent of the outcrop area (Fig. 22 : , 

&1 though they commonly ure d.ispluced several tiwes by mn!il.l cross faults. 

All c.ykes sho'Q coarse gr.llned borders in which the crystals have 

a more or loss randoc orientation. ~extural features within the dykes 

apparently depend on width. N&rrow dJkes , i.e. tlwse under 2y feet in 

width, have fairly wide border zones , followed by a mYch finer grained in­

ner wne (fig. 23) in "'hich there iB a significant parallelism of plagio­

cluse cryatuls to the strike of tho dyke. The wider dykes have a 1ilore 

complex central zoning; inward from the coarse e,rained border zones are 

two uc.rrow zonlls aimilar ·to the centt~al. region of the narrow dykes. Here , 

·paral ... clism of plasic.claae ic well developed. The central-most zone con­

tuins mediw;1 to course gruins, again in a more or less random orientution. 

Hineru.logic proportions are consti:Ult in all zones exc~pt those showing 

strong plagicclase orientation, where plagioclu~e is present in greater 

than average abundonce. Mineral proportions on the average are plagio-

clase 70: clinopyroxene 26: opaques 3~ apatite 1. 

The zonal arrangement of both types of dykes suggests that they 

were mpluced as a. partly crystalline mush and now of material was res­

ponsible for parallelism of laths near the walls. The country rock, cline­

pyroxenite, while solid, was still hot when the dykes were emplaced, promo­

ting gro~th of crystals in the border zones. Presumably the material 

derived from differentiation of the same magma that gave rise to the layer­

ed serieso 



Fig. 22. Diorite dyke cutting cline­
pyroxenite; Warden-Munro 

Fig. 26. Photomicrograph: skeletal 
opaque oxide in gabbro. 
Plane light. X 45 
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Fig. 23. Coarse grained border zones 
of diorite dykes. 

Fig. 27. Photomicrograph: ilmenite­
magnetite intergrowth; 
ilmenite-light grey, magne­
tite-dark grey, hematite­
white. Polished section. 
Centre Hill. x 18o •Ga bbro 
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Comparis·~·h S L<~yers from C~ \tre Hill to l~;:trdcn-f' · .. mro 

1-:-•. ~>;.ro is in t~~.:.: middl e of ~'.ft,J:' 13, wr.ilc [..t Cor.tre l:i.ll it i ~·; ..... t tL0 top 

of t!.G l~lJCr. 1.. .... \fdT l!t ut c.,ntre I~iJl is 0. lllelanog.-..Cbl'O - ee.Gf.l'1tiall! .a 

McCool Hill Section 

McCool Hill is one of t he f ew areas of high ground in t-~cCool 

to~mahip. The r.igh ground is apparently caused by the r elative re-

eistance to erosion of t he underlying gabbroic rocks. Exposure is 

not GQOd on the hill, but sufficient diacond drilling and geophysical 

work have been done in the past to out line the general geology. The 

center of the monadnock consists of gabbroic rocks which mark the noaa 

of a wcst-n:"J rthwest plunging sycline (Figure 25). Ul tramafic rocks have 

been traced around t he e;.a.atern si la o f t~1e hi .1 'illd along t)otl1. nol•tharn 

~wd oo,tth~rn 3lopes . The syncline, which planges ~ t a >:n·oximat~ly 45°, 



Fig. 24. Diagrammatic Comparison of Centre Hill and Warden-Munro Strata 
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is nearly isoclinal with dips on the northern limb (?0-?5°) approximately 

5 to 10° shallower than those on the southern limb. Total distance across 

the fold at the west end of McCool Hill from both volcanic-ultramafic rock 

contacts is one mile. Scattered exposure and geophysical data trace the 

ultramafic-gabbroic rock aeries northwest to the McCool-Munro township 

boundary. The intrusion is generally conformable to the adjacent volcanic 

rocks and it is mainly from attitudes of the volcanic rocks that the re­

gional struc t ure has been outlined. 

1. 5 tr tier-.qh;( 

The i ntrusion ccm b '3 bro . dly riivided into an ultramafic zone and 

a gahbroic zone (TJ. 1·3 III). rrhe ul tr:llna..fic zone shows t h& cyclic;ll units 

typi~.-;:U of t ho Ca:1tre '1ill ::4'1.d ,c,'....rder:- hmro so~ ti :n~ . lliposure is not 

goo 1 enot..ch to pcrr:rl. t detail . d rna;Jping of the cycles or even to determine 

th3ir ~xa~t n1unber , but logs cf <..1. f ew diamond drill holes near the nose of 

the fold ( f i'Om t l e files of Ca::.udian Johns-Hi.Lnville Co. Ltd.) record at 

lea nt three revetitions of t he peridoti t e-clinopyroxenite s~quen e. ~here 

3.ny contacts b~tween l ayers !'1-l"e eJC?Qsed, t hey are generally sharp, show 

no evide;:,.cc of c!llll, and locally ma.t be marked y nu.rrow shear zones. 

iio volr~unic rock-intrusion ccnt ac ts are expoaed, thua no statement can 

be made reg~raing ~ither the mett~orphic condition of t e volcantc rocks 

or textural relations o:f' the intrt sion nt the contacts. An attempt was 

m~de to drill for t he basal contact with the aid of a portable diamond 

drill (see Appendix 5), but a combination of mech~~cal difficulties and 

a shortage of titlie necessitated stopping the hole at 44 feet. The hole 

was drilltad at the north end of Monahan Lake (Figure 25) where base was 

estimated at 60-?0 feeto 
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Table III. SUllii!lary of petrographic features of HcCool Hill 

GAliDROIC 
ZONE 

ULTRAtU.l<'"'IC 
ZONE 

gen.,r11lized s~ction 

Gabbro 1200'+ 

Clinopyroxenite 4oo' 

Peridoti~e 300' 

Clinopyroxenita 50' 

Peridotite 200'+ 

Upper part of zone not visible 
Diabasic texture 

Cumulus magnetite 
Hhythmic layering and igneous 
lamination of plagioclase 

Genarul increu3a in size of 
cumulus clinopyroxene upward 

Adcumulus rims on clinopyroxene 
Vague igneous lamination 
sc~ttered aggregates of chlorite+ 
amphibole 

Poikilitic text~e 
}-6 inch shear zone 
Very little inter3titial plagio­
clase 

Wide u.dcurnulua rima of clinopyroxene 
Scattered aggregates of chlorite+ 

amphibole 
Poikilitic texture 
Up to 3 per cant chrornite 

Lower part of zone not exposed 



2. Ultramafic Zone 

The ultrar~afio zone consists of a series of peridotite and cline­

pyroxenite phase layers. Two cyclic units of the sequence peri dotite­

clinopyroxenite are exposed. The peridotite is essentially cumul.ug 

olivine in snall to medium sized grains surrounded by medium to large 

poikilitic grains of cline yroxon. e and interstitial plagioclase. 

Cumulus chromite is a common accessory mineral. Alteration of olivine 

and plagioclase has been generally complet e - olivine to serpentine, 

magnetite, a.nd chlorito ru.1d plagioclllSe to chlorite. 

mildly altered to amphibole. 

Clinopyroxene is 

Clinopyroxenite phase layers are composed of cumulus clinopyroxene 

grains and lesser ruoounts of interstitial plagioclase. Scattered olivine 

grains are fairly colnnlm'l, particularly near the layer contact. Igneous 

lamination of clinopyroxene laths is evident throughout this rock type. 

CoilliOOnly, clinopyroxene is not sever ely altered, but alteration of olivine 

and plagioclase is generally complete. 

3. Gahb roic ?..one 

The u per part of the zone is not visible , and discontinuous 

(·:i-~ .-·<.. B · r e of t he l ov. er :t:lirt permi t c; only a generul deccription. The base 

o f the ga'/uroi c ?.one i s marked by a sharp contact with clinopyroxenite. 

Igneous lruni nu.tion of pl ue;ioclase is pronounced for several feet within 

the gabbro (Table III) und u zone of rhythmic layering o~cura a t approxi­

ma tely 50 feet from thoJ ba •·e. Cumulus texture rapidly fades out upward to 

diabMic texture. At several }1..orizons within the diabasic s ection are 

scattered lenses of pegmatitic gabbro. Opaque oxides are interstitial ex-
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cept at a narrow ho r iz.on about 200 feet above the lower contact where 

magnetite occurs as small euhedra.l grains. Scattered aggregates of chlorite 

plus ampllibole c:J.re taken to be alteration products of orthopyroxene and 

olivine. 

· Cpague Oxides :md Sulpilides in Gea.bbl"'ic Rocka 

li thin the g:.lbbroic roch3 opaque oxides are important conati tuents. 

Barly formed gabbros generally contain scattered interstitial opaque oxides 

in medium sized skeletal fonns (Fig. 26 • ln poliahed section the grains 

are found to be irregular abgregates or intergrowths of ilmenite and 

magnetite (Fie. 2? • l"ii.cor hemu.tite has been detected in some or the 

grair>.s. .r\t a higher otratigraphic horizon and over a fairly narrow width, 

mediwn to small cryat..U.a of cumul.u.a magnetite commonly occur (Fig • .28 ) . 

In t he lutest fanned g~bbroic and granophyric rocks opaque oxides take 

never~ forms. J~gnetite continued to crystallize as a prim~ry form at 

first, but th~ addition of wide rims resulted in irregular shaped grains. 

Individual small grains of ilmenite also formed (Fig. 29 and may or may 

not have served as nuclei for additional growth. Finally, apparently 

wholly interstiti~ grains of titaniferous magnetite are readily distin­

guished by their exsolution texture. In the latter grains trellis inter­

growths of thin ilmenite lamellae stand out sharply in polished section 

(Fig. 3() ), 

According to Buddington and Lindsley (1964) it is to be expected 

that primary ilmenite should crystallize contemporaneously with titani­

feroua magnetite !rom moat magmas. Also, the development o! trellis pattern 

ilmenite-magnetite is typical of lower temperature crystallization than the 



Fig. 28. Photomicrograph: cumulus 
magnetite in gabbro. Centre 
Hill. X 45 

Fig. 29. Photomicrograph: individual 
ilmenite crystals with grains 
titaniferous magnetite (lower 
left corner) and pyrite 
(upper right corner). Polished 
section. Centre Hill. X 180 
Gabbro 

Fig. :;o. Photomicrograph: trellis Fig. 31. Photomicrograph: intergrowth 
of pyrite (light grey) and 
chalcopyrite (medium grey). 
Polished section. Centre 
Hill. X 18o Gabbro 

pattern of altered ex-
solved titaniferous magne-
tite; ilmenite-white. Polis-
hed section. Centre Hill. X 
l8o Gabbro 



development of irregular intergrowths or aggregates. Buddington and 

Lindsley further state that there is only negligible solubility of il­

menite in magnetite, and the primary crystalli zed grains were solid solu­

tions of magnetite and ulvospinel which 'exsolved' t o ilmenite and magne­

tite upon lower temperature and oxidation. 

Sulphides are uncommon in any of the rock types, but sporadic 

occurrences were noted in gabbroic rocks in particular. Some correlation 

of the occurrences with stratigraphy were noted at Centre Hill and again 

at ~arden-Munro, At both locations sulphide grains are somewhat concen­

trated near the base of the gabbroic rocks along a narrow horizon where 

normal gabbro and melanogabbro are interbanded, A second horizon of 

sulphide occurrence at Warden-Munro is within the lower granophyric gabbro 

in its chill phaee against chert blocks. Pyrite and chalcopyrite are 

the most co~n sulphides, however pyrrlwtite aggregates have been ob­

served in some gabbroic rocks. Chalcopyrite appears as small anhedral 

grains, usually intimately associated with pyrite (Fig. 31 ) . It is 

doubtful that any of the texture represent exsolution, however, since in 

this event pyrite could not be a primary phase but a low temperature 

reaction !rom pyrrhotite. The pyrite grains commonly have one or two 

faces of c Jbic cleavage, thus are assumed to be primary and not reaction 

phases. During crystallization of the gabbroic rocks great differences 

in temperature are not to be expected and, in fact , are not indicated by 

mineralogic or chemical data. It is difficult , therefore, to understand 

why pyrite and chalcopyrite would form in one gabbroic rock while in an 

apparently identical rock the sulphides are pyrrhotite and chalcopyrite. 



A similar problem was noted by 'Va5er, Vincent and Smales (1957) for 

t~e upper granophyric zone or the $kaergnard intrusion. but a satisfactory 

an ~er ia not yet available. 

B. CHOS'l' RAPGE IN':'RU3ION 

The Ghost Range body is an ultramafic-gabbroio intrusion at the 

far east end of the area outlined in Fig. 1. It stretches east-west 

along a 7 mile by l mile ridge as an apparently doubly plunging synclinal 

trough. Attitudes both outside the intrusion on conformable volcanic 

rocks and on internal contacts indicate very steep dips on the southern 

limb. Although topography is r~gh relative to the surrounding area, soil 

cover is extensive and rock exposure is poor to fair. Much of the struc­

ture of the intrusion has been outlined by interpretation of aeromagnetic 

maps. The area of outcrop incl udea part of Harker, HollowS¥, Lampl ugh, 

and Frecheville townships, of which only the former two have been mapped 

in detail (Satterly, 1951; 1953). Fig. 32 is a compilation of Satterly's 

mapping, my own reconnaissance of the area, and data made available by 

the exploration division of Canadian Johns-Manville Co. Ltd. Reeves 

(1950) did some preliminary research on the southern half of the Ghost 

Range, but later information obtained by various exploration companies 

necessitates revision of his conclusions. 

The southern contact with acidic volcanic rocks, although not 

exposed, can be defined approximately between outcrops of volcanic and 

intrusive rock as little as 150 feet apart. The volcanic rocks show 

very little evidence of alteration or deformation by the intrusive rock. 

Exposure on the northern limb is practically non-existent, the only un-



covered ccnt<lct zone being .::.t Lightning iount..dn where the country rock 

is basalt now breccia. nere, the intrusive rock is intensely sheared 

over a width of 10 to 15 feet. 

Within the contra of the syncline a few outcrops of rhyolitic 

rocks are found near the eaG~ end of the body, but there ie too little 

outcrop to yield any information about the condition of the top contnct. 

· Stri>ltigraphy 

Gabbroio rocks occupy the centre of the trough and ultramafic 

rocks the periphery. Uo cyclical layering aa within the llunro Lake sill 

is evident, rather a simple sequence from peridotite to gabbroic rocks 

exists. Since outcrop per cent is not particularly good, an attempt has 

been oade to group all the mapped partial sections into one generalized 

cross section of the body. A number o! common petrographic features were 

noted to rec ur along strike at specific horizons and these were used to 

position the variouo partial sections. The generalized section, with 

only approximate layer thicknesses, is illustrated in Fig. 33 and the 

petrographic features are summarized in Table IV. 

Ultramafic Zone 

Exposure is generally poor in the peridotite layers but much over­

burden has been stripped off small sections on the southwest end to permit 

detailed mapping of aabestoa showings. In outcrop, the peridotitic rocks 

appear reddish brown. One quarter to half inch diameter orthopyroxene 

grains, no~ completely altered to serpentine and cr~orite, give the 

weathered uurface a stucco-like a~pearance. The average orthopyroxene 

content is estimated to have been 25 per cent. In thin section, altered 



Fig. 33. Modal Variation Diagram for Generalized Section of Ghost Range Intrusion 
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TABLE IV. SULWiary of Petrogre:_phic Feature of Ghost Range Intrusion 
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Cumulus magnetite 

Orthopyroxene altered to chlorite 

Igneous lamination of plagioclase laths 

Scattered cumulus ol ivi ne. No igneous lamination 

Clinopyroxene- hydrogrossular xenoliths 

Poi kilit1c clinopyroxene . Est i moled 25°/0 of motr1x IS orthopyroxene 

bu-t not d istingu i shoble from altered plagioclase in thin sect i on 
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opb.itic.; ort ... opyr·oxen·= c.1.nn,)1; be ct:.din&'Hic:led fr•_,.m t.l~c.:-eu i nt.el':)t.:.uru. 

pl ... giocl •J a ~· . :B."l th o.ririn.:.l lJiL,:.;ce h ... vc .:lltere tc• ,, :r~r f";1e gr1.i ' ll) ~.1 nc~-

1;;· :L; ... tr·Jpic r.l.i.t?rl<.J. - .S•J )entiHu dlld c;U.orite frv:h crtilo ~ y.~.·oxen"" a ;d 

chlorite frvra pl:igioclasa. 

bet;Jaed iaotr·olJiC Hl.lt~rial ai1u DleuiurJ to l:.tt'go poikilitic graina of clino-

pyroxe:ue. Rounded c.liv.i.ne grains 8how a e:i.gnifiC ·.A.!..i t incre . .we in size 

Got•ting upward thro1.1Gh the lflyer <:~.B well ao u slight i ncreaue it. ,. vcr~).Je 

grain size. Euhedral chromite is cor.WO!l in smu.ll amo .mto thro ugho.lt the 

l::11~::r. 

Inter:-Jediute to the g .. \bLroic ~:.Uld peridotitic rocka ia a 5 to 20 

foot layer of clinopy~oxenite. 7he uppor contact wit gabbroic rocks ie 

sharp and there is no evidence of chillL1g. Scutterod cwnuL:.s olivine 

Brains are cor.tmon throughout tl1a h.yer. Pl.tGioclaae is the only major 

interstiti!ll phase. Locally, particularly t"Ohere verJ thin, the clioo­

pyroxenite luyer is highly felda;mt!:lic and raay raadill be r.rl.staken in out-

crop for oelanogaLbroo Tho lower contact wi t:1 peridoti ta locally shows 

intense sheaxing over 1 or 2 feoto 

Gc.lbbroic ~ne 

A gru.nophyric intergrorl!l oi' plb.giocl..J.sa :.m1l qu .. ...rtz ill I.L"1 abundant 

intereti ti<.ll r.>!.iteriul of the gahbroic rocks in the centre of the syncline -

t he uppermost e)q~eed rocks. ~iscrete graine of q~tz are ulso pre&ent 

up to 13 :i.'er cent. ':'oward the b<...ee of the grar.ophyric zone rounded mugne­

tito occ tra O:J~ong a m:rrow horizon (Table IV). Below this horizon opaque 

oxidao appear as an interstitiul phaoe; above it, the cores of grains u.;;.y 

be p.I•iruary crystals, bt.:t there is much rim addition. 3cuttered crJ..orite 
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plUB c.mphibol e aeeregates which are common in the lower half of the exposed 

g~bbroic zone are assumed to represent alteration of ort~pyroxene and 

C'li vine. Igneous lamination of feldspar is well developed near the base 

of the gabbroic zone. 

c. GA..•uusm; SILL 

Southeast of McCool township, in the northwest · portion of Garrison 

township, ia a band of ultrama!ic-gabbroic rocks known as the Garrison 

sill (Figs. 1 3~ • The body is an apparently conformable intrusion ' ., 

trending east-west and exposed along a li mile-long ridge. Dips are 

approximately 60-75° northwest. Total exposed apparent thickness of the 

intrusion is Boo feet, but from extensive geophysical exploration and 

diamond drilling the total apparent width is estimated to be 2500 feet. 

The northern contact rooks are andesite and basal tic pillowed l avas; 

tops on the latter are indicated to be northward. Metamorphism of the 

country rocks to the north has transformed them to amphibolite. Gabbroic 

rocks, which are on the northern side of the intrusion, have a chill phase 

of at least 10 feet. The composition of this chill zone (see Table XVI) 

is more acidic than the composition that "M>uld be obtained by weighting 

average peridotite, clinopyroxenite, and gabbro analyses by their respec­

ive thicknesses in the section and combining the results. It is possible 

that the exposed and examined area represent& a side section of the 

original chamber at which the slope of the roof is such as to cut out most 

of the gabbroic zone. 



Stratigraphy 

As at the Ghost Range, the Garrison sill s ppears to be a simple 

sequence from dunitic or peridotitic to gabbroic rocks with no cyclic 

repetitions. Since only a small portion of the ultramafic zone is ex­

posed, however, it is possible that cyclic repetitions ot ultramafic reeks 

may occur. Only very detailed sampling and analysis of drill core could 

solve the problem, and such detail was not attempted !or the present etudyo 

Table V gives a summary of petrographic features. 

Ultramafic Zone 

Cumulus olivine, poikilitic clinopyroxene, and interstitial plagio­

clase and orthopyroxene are the chief mineral phases of peridotite iA the 

Garrison sill~ The top 5 to 10 feet of peridotite commonly show pre­

ferential orientation of olivine parallel to the contact (Fig. 35). Some 

or the alignment is duo to secondary shearing, as outlined by magnetite-

filled fractures in the grains. However, since the preferential orienta-

tion persists e•.ten where shearing is a minimum, prima.ry magmatic currents 

are held partly responsible. There is a noticeable increase in total 

volume per cent of olivine away from · the upper contact such that the 

southernmost peridotite contains only 20 por cent interstitial material. 

All rocks are very severely altered throughout the exposed part 

of the sill , but particularly at the western end. Talc , magnesium car­

bonate, and serpentine are common secondary minerals. Canadian Johne-

1'1anville Co. Ltd. are exploring the poiSSibilities of commercial grade as­

bestos in the altered peridotite and have recently done considerable dia­

mond drilling a.nd mapping. The type or alteration is simUa.r to that des-
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Table V. Summary of petrographic feature 

of Garrison sill 

Gabbro approx. 300' 

Clinopyroxenito approx.lO' 
Peridotita approx. 2200' 

Top contact with inter­
mediate volcanic rocks. 
Chill phase approx. 
10 feet wide. 

5-6% quartz · 

Textura diabasic throughout 

Scattered l>Oda clino-
pyroxenite near base 

- local garnetiferous rocke -
Fine to medium grained 
Upper shear zone leas than 
l foot wide 

Strong preferential orien­
tation of olivine 

Increase downward in olivine/ 
matrix ratio 

(Lo er part of zone not 
visible) 



cribad by Satterly (19.50) and others at the Munro Mine on the Barton 

Creek sill. 

At its widest point the clinopyroxenite layer which separates 

snbbroic from peridotitic rocks is 50 feet but it averages about 10 feet 
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i n width , Cumulus clinopyroxene BJ'a ina are fine to medium in size ;along 

sca ttered discontinuous horizons , grain size is very coarse. Plagio­

clase is t he only major i!lt ercumulus mineral. On ita lower side, the olino­

pyroxenite l ayer is in contact with peridotite across a 2-3 inch ehear 

zoneo 

The gu,broic layer has a generdlly diabasic taxture with no 

indica tion of cumulus fea tures. Cuartz content increases up to 5-6~ in 

the cent r o of the l ayer but no granophyric intergro\7ths of quartz and 

pl~ioclU3o h~ve developad. 8cattared s nall to medium sized aggrega tes 

of c"uor ite pl~a ampt~bole are taken to be alt~ration products of ortho-

pyroxel.o. Cu:ud us magnetite was not observed in the gabbroic rocks, all 

ophque roiner~s uppearing as interstitial phases. Toward the base of the 

layer there is some intarnd.rlng of melanogabbro with normal gabbro; melano­

gabbro uppe~s aa small pods or lenses roughly elonga te to the contact. 

They may be rounded blocks of a gradational gabbro phase which was broken 

by some slight tector~c or magmatic activity in the early stages of gabbro 

formation. 

D. BARTON CREEK SILL 

The Barton Creek sill (sometimes called the Uunro Mine sill) is 

an ultramafic-gabbroic body extending from east-central Beatty township to 



53 

oouthweatern kunro townsbi (Fig. l). This sill is of particular interest 

because of numerous occurrences of asbestos fibre in the ultramafic }>ortion. 

Canadian Johns-Manville operated the Munro Mine on a body of asbestos near 

the southeast end of the sill from 1950-1964. Hendry (1951) describes the 

sill a& follows: 

If 

E. 

From an economic standpoint , the most important rock type oc­
curing on the Johns-~lanville property is a diffet•entiC.4 ted bc.u;ic 
to ultrubasic sill-like body which has been outlined and traced 
for a total dis tam.e of tla-ee <mel one- half miles • • • It has an 
average strike of N65°-70°W, though deviations from this are 
caused by cross f~ults. The sill varies in width from 900 feet 
on the east end to upwards of 1000 feet in the vicinity of the 
Beut t y-Hunro tow shi p boundary . Diamond-drilling informati<.n 
indicates that it has a vertical attitude or dips steeply south. 

On t he nor t h a nd sout:1 the sill is in cont t;lct wi th ~edL1m to 
basic volcanic rockE, classified as dacite and andesite. The 
volca.nic-t•l trabaaic cont act i s sl'>.arply d.e fined on the su t..t h side, 
as may be seen both in outcrop and in drill cores; no information 
i s a.vc.ilable on t he nort h cont act . Tho volcunic rock£ :l.t a.ncl. near 
the contact show no marked alteration. 

l n det uil, and from north to so~th, t le sill i s comprised 
of a gabbroic phase for a width of approximately 350 feet • •• 
~uthward, t he gabbl·o gr a.des qui t e sharply' i nto coa.rne gruined 
pyroxenite, a massive green rock, composed almost entirely of 
pyroxene, with crys t als up t o bali' an i nch in ai :::.e. Tne pyroxeni te, 
i n t urn, is in cont act rlth the main ul.trabasic zone, namely dunite 
and peridotite, now almost completely serpentinized. The con­
tact is sharply defined •• • and there is no evidence to suggest 
that ai ther type i s intrusive into the other. It ia concluded 
t hat botl lir e differ out iatee of a common magmao II 

The Pe~ry Lake sill r~s been traced for a total length of 8 miles , 

f rom the southeast corner of Munro township, s.l.ong the top end of Perry 

Lake in Michaud township, to j uat east of t he Hichaud-Garrieon township 

boundary (Fig. 1) . Average sill width is 900 feeto Exposure is very 

poor and no contacts crop out. From adjacent outcrops of volcanic rock, 

tops are indicated to the north for the length of the sill. Composi-
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tionally, the oi:.l ls w!'lollj c:..btroic , a'1.1t miner;.J.ogJ <.;.l1Q ~<exture clo$ely 

rei$er.ible the uppnr gulJbroic zofleF.J of the previously d~:- cr:i b•)d layered 

bodies. 'l'he cent:r:ll portion of the 3ill conoista Clf r,;ediwn (Y."aL1ed d.!..J. basic 

orthopyroxene gaburo e1cross a •."~idth of 400 feet. Orthopyroxene has com-

pletely altered to aggr~sates of c1lorito. Toward both ccntucts, quartz 

is slightl y mort! abundant , and goneral gra:l.t ai ze is wJ..U.l cr. 

the simpl:; differentl.. .. t':ld ilitruelcru>. 

sequence from clinopyroxanite or t::Jel.lnG3<l' ;bro tc. g:~buro , b.tt mo.3t ~.re 

either w~lly ga.bbrolc cr wholly W. t ranu-~f'ic . 

Gabbroic sectionG appear very similar in mint:ralogy and tex't'-'re 

to the Ur>:par g<..bhroic l ayer or the t-!unro Ll.l.ke sill or aimply differentiated 

bodi es. t);srtz and grunr:;ph.yric i:lterg:J-c\"Jth of pl ~.giocl< so a:1d qturtz :--.re 

common matrix phasaG . 

E;{s.mination. of "· chill I)l<Asc on a whcll:r 1Jl tr:<n\,,.f:lc bcdJ n0·J' the 

Potterdoal property (.Fig. 14 i Samples 1-i<-104, 105) t;howe very small , p-r~._ 

tially resorbed olivintl grai11q 1'1 a. aphanitic catrix. 

scattered elongate blades of amphibole through i t (Fig. 36). Lut~ tJl tar--



Fig. 35. Photomicrograph: aligned 
olivine grains in upper 
peridotite of Garrison 
sill. X 45 

Fig. 37. Narrow chromitite band in 
dunite; Centre Hill 
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Fig. 36. Photomic~ograph: olivine 
crystals and amphibole 
needles in altered chill 
phase of peridotite-dunite 
~~.x~ 

Fig. 38. Partially serpentinized 
dunite. Reddish-brown areas 
contain unaltered olivine; 
Centre Hill 
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tion of the rock }~a resulted in the develo ment of much chlorite and 

serpentine. 

North of Centr~ lill there are some evidences of multiple intru-

sion. I 15 to 25 foot wide dyke of peridotite and clinopyroxenite cuts 

g~bbroic rocks at the loc; tion of sw~ e M-72. F1. 15. Peridotite-cline-
-

pyro7.enite units within t.he dyka indicate differentiation to:p to the north. 

Approximately 6oo feet northweat of this location is an outcrop showing 

dunite inclusions within dunite (samples M-94. 95). The angular inclu-

eions are reddish brown on weathered surface and have numerous asbestos 

veinlets. The host dunite is grey weathering and rarely contains asbestos. 

All primary mineralog:r and textllre have been destroyed in both rocks. 

At the western end of Centre Hill is a small body of' dunite which 

apparently is a fault slice of' a wholly ultramafic intrusion. A sugges-

tion of internal zoning is evi,dent along the ul tra.mu!ic-rhyolite contact, 

where a 5-10 foot. wide zone of peridotite is intermediate to the outer 

contact and the main dunite mass. Brecciation due to l ate fault movement 

has destroyed nearly all primary features except a lt to 2 inch wide 

chromitite band which carl be followed along strike for only 10 to 15 feet 

(Fig. 37: . Serpontii1ization bas generally followed the fracture pattern 

such thut blocks between fractures commonly contain remnants of fresh 

olivine, while the material toward the fractuz·es is a mass of secondary 

minerals (Fig. 38 ). 

In the Ransom Lake area of McCool township (Fig. 25 ) a large 

body of peridotite with peripheral gabbro haa been outlined by geophysical 

methods and diamond drilling. Peridotite does not crop out and only two or 

three gabbroic rocks are exposed. Top determinations on pillow lavas to 
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the ~outh of the body indic ~te to~G south ; no pillow or flow top lavas 

C!'OP out to t he nort11 or ea.st. i?rom t he sparse amo unt of data uvcdl~ble, 

t . e uJ. tral.!lafic-gnbbroic body a.<Jpcl.::.rs to be situated in thf;1 nose of n south-

west plunging anticline. Drill corea were not av,dl ,.blo for rt.udy thus 

littl e i::~ kw•.m of rt1..ne~·loGical or t r!:dural :t'e.:tt..<r "S. 

North~:.:..st of McC cl Hill sevu:ral :ro"1ec o f u1 tro..m...i'ic-g b roic 

rocko have been o tlinod rw.inl · by diamond drilling nd geophys icol methods. 

Ncne of the boaiea i!J exposed excer;t toward t .1e f"..u>ter n bcunda:ry of l~t;}Cool 

to ·!.ruihi.LJ. 5eparuting the two generel. areas of intrusi on is a 400 to 500 

foot belt of an.Jcsi ic and volca.:Uc rocks. 'l'op determinations on pillows 

a..'l..i flo"a \':ithin this belt indicute a major anticlinal axis trending south­

east ~cros:J th~ Middle of t!-le belt. The intruaic:ns on both limbs of the 

1ticline have lutramafic portions relatively toward t he fold axis, and 

gabbroic rocks ft..trt he~t down tho flanks. The intrusions on the south-

t.teGt limb c.re sill-like, t~.verage approxilll3.tely Boo feet in width, and may 

e traced as f ur as 5 miles in length. On the northeast limb, the only 

intrusion to crop ou.t is much larger in width than the mora southerly 

ones. Here, an exta1sive gabbroic layer at least 3000 feet in width 

haG beetl outlined by gooph;fsical methodG. Both seta of intrusions are 

similar in tc ... t the p eridotitic basal layers are not continuoua. 



V. ANALYTICAL METHODS 

A. MINERAL DET~1INATIONS 

Olivine 

Olivine compositions were determined by R. Delabio at the Geolo-

gical Survey of Canada, Ottawa. The method used was outlined by Jambor 

and Smith (1964). Unaltered olivine remnants were located in thin 

aectiollB of the rock, then flaked out with a sharp needle, and the powder 

mounted in a powder x-ray camera for exposure. Sample compoai tiona 

were obtained trom standard curves correlating 2e values for particular 

reflections with per cent forsterite. Reaul ta are noted in Table VI. 

Clinopyroxene 

Clinopyroxene compositions were best obtained from clinopyroxenite 

samples, since these were lees altered than either gabbro or peridotite. 

The procedure followed ia that described by Hess (1960) whereby composi-
1 

tion can be determined by obtaining NY and 2V of a grain. Fragments 

of approximately 150 to 200 mesh aize of crudely separated samples were 

sprinkled on a glass slide and immersed in oils, determining N in y 

sodium light and applying temperature corrections. In addition to NY' 

2V values were obtained by standard universal stage techniques. Optical 

results were converted to chemical composition by a set of correlation 

curves (Hess, 1949). The compositions of 31 samples are tabled below 

(Table VII). 
1opt icRl procedure i s suff icient f or determination of clinopyroxene s ince 

contained Al20J i s very low. 
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Table VI. Olivina Compoaitiona 

Estimated accuracy for determination ± 0.6% 

Sample Rocl-t Type Location 2e %Foraterita 

M-39 pd !4 142o00 80 

M-8o pd H 142.71 89 
;;-91 pd H 14? .10 82 
!1-102 pd ti 142.83 91 

M-104 pd 142.67 89 
11-109 pd M 142.34 85" 
N-111 <llr~ ;.JX l~'-!1 llf1.59 ?5 
H-162 cpx w-r-m l4lo40 ?3 
H-165 pd He 142.08 8J. 
H-175 pd He 141 o85 ?8 
H-188 olcpx GS 14lo56 ?5 
t.~-233 pd GR 142.13 82 
N-~34 pd '1:! 142.23 84 
M-3801\. cpx W-M 141.79 78 
M-384 pd W-Y. 141o ~8 '19 -
l<'i~385 pd W-i'4 141.35 ?8 
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Table VII. Clinopy~oxene compositions 

Rock type and sample location abbreviations as for Fig. 14 
Esti:nate a ccuracy f or 2V :~6. 5o; f or Nyd . 005 

Sample Rock Type Loc~tion 2V l y Wo En Fs 

M-24 fcpx M 49t lo683 41 48 11 
M-26 gb M 49 1.689 41 43 16 
M-82 fcpx M 52 1.682 43 48 9 
H-84 fcpx t.1 50t 1$683 4lt ~7t 11 
M-85 fcpx M 52 1.685 43 45t 1ly 
t:.-86 fcpx H 4? 1.687 41 45 14 
~t-117 pd W-M 52 1o684 43 46 11 
t1-1l8 ol.cpx W-M SC'ri lc682 · 4lt 48t 10 
M-119 pd W-M 49 1.681 4ot 50 . 9t 
H-123 cpx Vi-M · 57-l 1.683 44 46 .- l.O 
M-125 fcpx ri-M 55t lo684 451- 44t 10 
K-126 fcpx '!;-H 52 1o68} 43 47 10 
M-128 ,· gb W-M 49t 1.682 41 49 10 
M-142 cpx MH 52 1.685 4} 45t llt 
l-1-143 fcpx ~1H 51t 1.685 4~-i 46 lli 
1 -~-162 cpx W-~Ui 5l 1.685 42t 46 11y 
t-1-167 gb Me 54 1.,684 4'+i- 45 10i 
t-I-174 ' cpx · r,tc 50 1.686 43 45 "12 
M-235 fcpx GR 54 1o68} ltl\- !;.6 10 
M-236 ol.cpx GR 54 l o681 44 48 8 
H-}~ fcpx W-Y. 54 1 .. 683 i~·J 46 . 9-i 
M-}40 gb W-M 53-i 1o678 4}2- 50 6t 
H-}53 o1.cpx W-H 52 1.683 43 47 10 
M-354 olocpx ' W-M .50t 1o684 41i 47t ' 11 
Il-357 fcpx W-t-1 51 1.683 42 47 ll 
M-358 cpx W-M 5lt 1.6?8 41t 5lt 7 
rt.-}59 cpx W-M 50~ 1 .. 68o l, l 501· 8t 
M-361 gb W-M 50 1.694 41 40 19 
~1-363 gb W-M 45 1o696 371- 4oi 22 
M-369 cpx · W-M 51 1o682 42 48 10 
M-382 o1.cpx W-11 50t 1.682 41 49 10 



Plagioclase 

With the aid of standard extinction curves a very few reliable 

plagioclase compositions could be obtained. These were so sparse that 

they could not be used to outline composition variations, thus are not 

reported a 

Garnet 

Whole-rock portions of these samples suspected of containing 

garnet were mounted and scanned by X-ray diffractometer. The pattern 

obtained indicated the presence of grossular. Comparison of flakes of 

garnet with various index oils, however, showed the mineral to be hydro­

grossular of approximately 1.72 index rather than grossular of 1.734 

index. Hydrogrossular was found in the following samples: M-115, 178, 

190, 371, 393. 

B. CHEMICAL ANALYSIS 

Sample Preparation 
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Whole rock specimens were crushed in a steel jaw crusher and ground 

to -150 mesh size in a ceramic disc pulveriser. All sizing was done 

through steel sieves. Small portions from the crushed samples were 

split off for spectrochemical analysis and larger portions from several 

selected samples for major element analysis. 

Spectrochemical Analysis 

In preparation for determination by emission spectrography, the 

samples were mixed in a 50-50 ratio with a palladium chloride-indium oxide­

cesium carbonate-graphite internal standard and buffer mixture (method 

prepared by G.E. Pattenden, McMaster University), the mixture mounted in 
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graphite electrodes, excess moist· re dried of!, and finally arced in an 

atmosphere of 8o per cent ergon·20 per cent oxygen. Calibration curves 

for certain elements were made using artificial standards with synthetic 

mutrices. Two seta of matrices were prepared, one with proportions 45: 
-

.::;;:1~:30~7 of SiO Al 0 l''e 0 HgO CaCO as an "ul.tramaficll matrix and the 2• 2 3' 2 3' • 3 . 

s~ond with .)0:15:15:?:3:10 of Si02,u2o
3
,Fe2o

3
,MgO,NaCl,CaC0

3 
as a 

''mafic'' matrix. When the calibr .... tion C),lrves were plotted, however, it 

wus discoverod that the ~reparation of t~c sets of matrices was a needless 

pr~c~ution since cesium c~bonate actod as an effectivo buffer to orase 

th~ rr.atrix comrtOsition differences. Table VIII gives the w~velengths 

2..nd recisi Jn of determination f or oach l.:llement, and Table IX illustrates 

th~ degree 0f accuracy by comparing (l) ~he resultG for rock atanCL~d W-1 

with th<! recor.unended aver,~es, and (2) tO.e results for a series of samples 

from the Muskox intrusion (Northwest Territories) with the results re-

ported by th~ Geological S\.'.l"Vey of CanadR (Private Communication, Irvine, 

1?64L 

The evaluation of ppm (parls per n"d.llion) of an element bas been 

greatly speeded by the de~elopment of ~chine computation procedures. A 

programme prepared by D.?1. Sba\V (1965) and written in Fortran IV for the 

IB}1 ?040 computer carries out the more tedious operations by processing 

the input transmission readings for one analysis in approximately 0.75 

second. 



Table VIII. Trace element wavelengths and precisions 
Precision by anal ysi s of varia nce f or 3 
repl i cates of each s~ple. 
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Element Wavelength Precision 
( coeff. of variation in %) 

Ba 4554.042 15.1 

Co ~+53.505 9.5 

Cr 4254.346 14.0 
4344.507 9.1 

Cu 3273.962 23.3 

Li 6707o844 21.5 

Mn 4041.361 11.7 

Ni 3003.629 10o3 
3413.939 6.5 

Rb 7800.227 10o4 

Sr 4607o331 16oO 

Ti 4305.916 9.6 

v 4379.238 10.5 

Zr 3391.975 22.9 

Cs 6723.279 
7609.01 

In 4511 o323 

Pd 3242.703 
3609o548 



Table IXo Estimation o! Acc.:.racy by Comparison vr.ith Rock Standard W-l and Other Samples 

Sumple Ti Cr v Li U! Co Cu Mn Zr Sr Ba. Rb 

W-1 10,767• 152 323 9 83 :;8 101 1570 222 238 212 16 
7 400•• 124 ::!ltO 12 82 38 107 1}40 100 220 225 22 

t 

180 G52 43 60 U07377••• 3000 92 35 
23.50 175 565 105 48 £i:) 54 

N07875 1720 135 550 71 106 94 87 
lO'JO 150 .5!5 82 140 100 82 

Nl2720 3800 148 433 ?6 ?/ 4:; - 60 
23CO 155 370 8o 32 ?O · 82 

~U5635 7570 tr 1880 1:4 212 18 
6900 120 1700 115 2;!J 22 27 

1102113 17 29? . !.4 28 lr.:t 
~ 283 910 

30 325 40 4? 32 370 1050 
N02906 91 29? l2.9 37 96 124 195 

51 28o 1~0 53 88 150 330 
.SC8823 5820 21100 10? 2 

36.50 1550 109 4 26 - 10 
S24847 3800 tr 2103 149 19 tr 

3250 70 2150 155 12 3? 35 
N05622 333 2.58 128 40 52 202 - 130 

160 210 135 3? 60 210 . 125 
827146 5920 66 2050 16? 2') tr tr 

5000 85 2100 150 48 3? 
Sl2868 6400 tr 1830 127 3 

5900 19.50 135 88 22 - 13 

• Upper line of pairs: N.D. MacRae. analyst. Average of triplicate analyses • 
•• Recommended aver~es for ~-1 (Stovens et al , 196o) • 
••• Samples from Muskox intrusion, N.W.T. Analysed by Geological Survey of Canada (lower line of pairs). 

"' ~ 



Major Silicate Analysis 
1 

Major elements were determined by r apid silicate analysis by 

J. Muysson, McMaster University, and are reported o.s oxide per cent. 

1
Modified after procedur~ outlined by Shapir o and BrannocK,l962. 
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VI. PETROOE.l'IESIS OF THE INTRUSIONS 

Two possible origins may be hypothesized for each layered intru­

sion of the Abitibi belt. The first involves a mechanism of multiple 

injection of magma of differing composition, and the second requires pro­

longed differentiation of a magma in situ. 

Grubb (1962) suggested that the ultramafic sections of the 

Matheson area intrusions were emplaced separately from the gabbroic sec-

tiona. Be envisaged a partial fusion of the peridotite substratum 

which first produced a basaltic or ferriferous liquid, then abruptly 

g3ve rise to a highly forsteritic magma. Slight disruption in the 

overlying crust caused the ferriferous liquid to be tapped, giving rise 

to a gabbro-pyroxenite sequence, with l'l-ter emplacement of the ultra­

ma.fic sectionc 

It would be impossible to explain some of the features observed 

in the sills if the plutons had been in ected in segments , as suggest-

ed by Grubbo Flow banding is a common characteristic of plutons 

emplaced aa a partial cr stal.line mush, but the banda are not nearly as 

regular and persistent as those for~ed by crystal settling, and adjoin­

ing layers commonly sho~ considerable compositional contrast (Thayer, 

1963). At Centre Hill , 1 and 2 inch bands have been followed without 

deviation for hundreds of feet along strike. At Warden-. ~unro, cross 

lamination found in the banded zone can be satisfactorily explained only 

by the action of currents on settled crystals on a nearly horizontal 

chamber floor. Further, an eYolution in chemical composition, auch as 
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that outli!led below for the Munro Lake sill or the G~1oat Range intrusion, 

is one of the main pointe o! ~vidence against a hypothesis of mul. tiple 

intrusion of m~:le of widely different compoeitionao 

.The main points in support of a general differentiation mechanism 

are outlined belowo 

t.. DIF'FBRJi;NTif.TION BY FRACTIONAL CRYS'l'ALLIZATION 

Rock Type Va.riatioaa 

The sequence of p~~e layero from peridotite to clinopyroxenite 

to gapbro as exhibited in both the complex Munro Lake sill and the simple 

Obotlt Ra!lge type of intruoion is typical of the rock types developed 

from fractionation of a tholgiitic basalt magma. Partiul aet}Uences are 

rapeated several times in the Munro Lake sections, but there is always a 

consistent order of phace layers. ~~h cyclic unit or partial sequence 

of layers may. be considered the product of accumulation of a fractionat-

ing liquid. Repetitiono of cyclic units mu.'3t be due to chemical al.tera-

tion of the liquid; this is discussed in a following section. 

Mineral V ari ti.on 

1. Munro Lake Sill 

Eight olivine compositions from the Centre Hill section (Fig. 14) 

show a slight reduction of Fo-content upward in the series from Fo7~ in 

the lower marginal zone to Fo64 in the uppermost peridotite layer. Only 

the layers of the Centre Hill section have been sufficiently sampled and 

analysed to indicate any trend that might exist. Assuming that the indi-

cated trend from Fo78 to Fo64 ia significant, then there is some indica­

tion that the liquid from which the upper olivine crystallized was slightly 



more Fe-rich than that from which lower olivine formed. Four samples 

of four consecutive central layers o! the ultramafic zone of' the Warden-

Munro area contain olivine o! composition Fo
79 

_ to Fo
75 

, but there 

is no regular variation !rom layer to layer (Table X). Olivine from a 

peridotite layer outcropping west of' McCool Hill is of composition 

(Sample M-162, Fig. 25}. Since outcrop in that area is sparse, 

68 

the peridotite layer cannot be assigned to a definite stratigraphic hori-

zon, but i t i s generally in the upper third of the ultramafic zone. 

Cliaopyroxene compositions of the ultramafic zone of the Centre 

Hill section show a fairly regular increase upward in Fa-content !rom Fs6 

to F~3• The general trend is indicated in Fig. 39. The melanogabbro 

layer o! the gabbroic zone contains clinopyroxene of Fs22, and two deter-

minations of' samples o! the upper gabbro both are Fs26• That part of the 

ultramafic zone which crops out at Warden-Munro contains clinopyroxene 

ranging in composition !rom F~ to Fa11, but there is no significant trend. 

The lower section of the gabbroic zone contains clinopyroxene o! composi-

tion Fs22 and F~9 ; no reliable determinations were possible for the 

upper part of' the zone because of extensive alteration of clinopyroxene 

to amphibole. Two samples o! ultramafic rocks at McCool Hill and one west 

o! McCool Hill all contain clinopyroxene of identical composition, Fsllt" 

The general trend from low Fa-content in the ultramafic zone to significant-

ly higher in the gabbroic zone is sufficient proof' that the liquid from 

which the stratigraphically higher clinopyroxene formed was more Fe-rich 

than that !rom which lower clinopyroxene formed. 
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Table X. Mineral Composition 

Variation in Warden-Munro Section 

Layer Clinopyroxene Olivine 
Sample Composition Sample Composition 

15 

15' 

14 

1} M-}61 Wo41ED40Fa19 
M-}63 Wo37tEn40iFa22 

12 M-353 Wo43En47Fsl0 

11 

10 M-354 Wo4ltEn47tFs11 

9 

8 M-369 Wo42En48Fsl0 
M-357 Wo42En47Fa11 
M-358 W0 41tEn5liF6 7 
M-359 Wo41En50tFaBi 

7 M-}80A Fo
78 

6 M-382 VJ0 41En49F610 M-384 Fo
79 

5 M-119 Wo4otEn50Fs9i 

4 M-118 Wo41tEn48tFslO M-118 Fo75 

3 M-117 Wo43]h46F8 11 M-385 Fo78 . 



Fig. 39. Clinopyroxene Composition Trend. CH-Centre Hill (MacRae, 1963). 
SK-Skaergaard (Brown and Vincent, 1963). 
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Reliable plagioclase compositions are scarce; at Centre Hill 

there is a general trend from approximately An46 in clinopyroxenite of 

the u1 tramafic zone to A~7 in the upper gabbro, but at Warden-Munro 

and McCool Hill alteration has been so severe that no determinations are 

possible. On the basis of such sparse data it is impossible to give 

significant composition limits, however there is a general indication 

that the later liquids were less calcic than the earlier. 

2. Ghost Range Intrusion 

Although the rocks of the Ghost Range are fairly well exposed 

and thus were easily sampled, alteration of olivine, pyroxene, and plagio­

clase has been so severe that mineral composition determinations are rare, 

and the outlining of trends is impossible. Two olivine determinations of 

and Fo8. 2 , and two clinopyroxene determinations, Fs8 and F~0, 

all from the ultramafic zone, are the only mineral composition determinations 

from the sill. 

3. General 

Olivine from two samples from the narrow peridotite-gabbro sill 

east of McCool Hill are of composition Fo
7 8 , thus are 

within the same general range aa olivine from the Munro Lake and Ghost 

Range bodies. Eight clinopyroxene determinations from various scattered 

gabbroic bodies range from Fs
9 

to Fs16• 

Order of Crystallization 

Textural relationships in peridotite - the lowermost rock type 

of the simply layered intrusions and cyclic units of the Munro Lake sill -



indicate oli\~ne and chromite to be the only cumulus phases. Clino­

pyroxene, plagioclc...Jt:!, and, locally, orthopyroxene are the intercumulus 

minerals. Stra tigraphic&lly higher in the series, clinopyroxene appedl's 

as the chief cumulus phase and plagioclase t he c!rl.ef i nt ercumulu.s phase 

in the clinopyroxenite layers. In gabbroic rocks, clinopyroxene is 

joined by plagioclase as a prim~ry phase, and quurt~, granophyric i r.t er­

growth of pl agioclas e and quartz, and orthopyroxene are interstitial 

phases . Locally, some gabbroic zones show horizons of accumulation of 

primary magnetite. ~he order of crystallization of ma jor minerals is 

t hus establ i s hed a s : 

1) olivine + chromi te 

2) clinopyroxene 

3) clinopyroxene + plagioclase 

4) clinopyroxene + plagioclase + magnetite 
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It is significant that orthopyroxene does not occur as a cumulus 

phase in the sequence, although it is commonly present in small amounts as 

1 A few scattered grains of what appear to be altered cumulus orthopyroxene 

were noted in one sample (M-57) of a gabbro body in the Camp Lake area of 

Munro township; no similar occurrences were noted elsewhereo 

an intercumulus phase. In this regard, Coombs (1963) baa developed an 

"indicator ratio" (IR) which .ia designed to trace the course of any liquid, 

from which olivine is the chief phase crystallizing, project ed on the 

diopeide-olivine-quartz plane of the diopside-olivine-quartz-anorthite 

tetrahedron. His ratio is expressed as 
_ Hy • 2rz 

IR - Hy + 2 Qz + Di) 

where Hy = hypersthene, Qz = quartz, and Di = diopside expressed in mole­

cular proportions by a standard C.I.P.W. norm calculation. Coombs found 

that a liquid of IR l ess than 0.50 should not yield cumulus orthopyroxene 

during nonnal crystallization. Molecular norm figures of t he Centre Hill 

primary liquid (aee later section) yield an IR of 0.26. 



FIGUKE 40 

Trace element variation iagram for 
Centre Hill section (MacRae,l96J) 
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FIGURE 41 

Minor element varia tion diagram for 
Warden~ unro section 
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FIGURE 42 

inor element variation diagr am for 
generalized section of Ghost Range 
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FIGUhE 43 

a.jor and minor variation diagrams for Cent re Hill 
section ( a cRa..e,l963). e rapid silicate analysi s , 
~ spectrographic analysi s , 0 calculatea from 

mineral ode. 
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IGUh.E 44 

Major element variation for War r en-IJlunro section. 
Trenu lines generalized between control points . 
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Chemical Variation 

1. E!!! 

Minor and major element analyses are listed in Appendices 2 and 3; 

for the minor elements, a summary in the !orm of range of abundance for 

each rock type is given below (Table XI) • Variation diagrams best 11-

lustrate the correlation of element abundance with stratigraphic position 

in the sequence. Trace element Tariations for the Centre Bill section 

are illustrated in Fig. 4o; minor element variations for the Warden-Munro 

section in Fig. 41, and for the Ghost Range generalized section in Fig. 42; 

major and miJSOr elements for the Centre Hill section are in Fig. 43, and 

major elements for the Warden-Munro section in Fig. 44. 

2. Distribution of Minor Elements 

i) Hypothetical Model. The distribution of minor elements 

in the Munro Lake sill and other layered bodies 1118.1 be largely attributed· 

to tractional crystallization. A simple model of minor element fraction&-

tion during fractional crystallization can be readily set up and compared 

with the actual analytical data1 • The model, aa illustrated in Figures 

45 and 46, is based on the mathematical treatment by Neumann, Mead and 

1 
I am indebted to T.N. Irvine for the suggested model. 

Vitaliano (1954) of minor element distribution. The relative distribu-

tion of each element between solid and ·liquid phases is represented b1 a 

distribution coefficient, denoted K. yA-liq The notation ~~ represents, 

therefore, the concentration of element E in an increment of mineral ! 

divided by ita concentration in the liquid from which the solid increment 



Table XI. Maximum abundance ranges of trace elements !or three 

major rock types. Values reported in parts per million. 

Dunite-Peridotite Clinopyroxenite Gabbro 

Ti 580-4373 1715-15,430 1257-32,300 

Cr 1133-5130 79-6670 n.d.-}94o 

v n.d.•-209 15-415 n.d.-903 

Li tr••-16 4-32 2-64 

Ni 370-2900 106-216o tr-356 

Co 46-151 37-143 17-85 

Cu 1-145 3-350 1-237 

Mn 793-1800 857-2830 6o7-5173 

Zr n.d.-70 9-135 5-1300 

Sr n. d.-10 n.d.-145 n.d.-283 

Ba n.d.-21 n.d.-210 tr-490 

Rb n.d.-6 n.d.-15 n.d.-85 

• n.d.: not detected 

•• tr: trace 

79 



Fig. 45. Diagrammatic Illustration of Fractional Differentiation Model 
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Fig. 46. Trace Element Variation in Hypothetical Model 
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was formed. The various coefficients are assumed to be constants through-

out the crystallization, an assumption that is justified as a first approxi­

mation by data obtained by Wager and Mitchell (1950) on the Skaergaard 

intrusion (cf. Mcintire, 1963). 

The magma of the hypothetical model follows a path of fractional 

crystallization that yields first olivine, then pyroxene, and then pyroxene 

plus plagioclase in equal amounts. The minerals are considered to be 

fractionated by gravity settling to the fioor of the magma, and it is 

assumed that the resulting accumulation within each layer retains 20 per 

cent of its specific parent liquid trapped interstitially to the settled 

minerals. The total product - the cumulate - is then .. assumed to coaa-

plete solidification without further fractionation. The net result 

(Fig. 45) is a sequence of layers from peridotite to pyroxenite to gabbro. 

Two hypothetical examples of minor element fractionation are con­

sidered. In the first, element X is distributed such that: K~l-liq • 11; 

Kix-liq • 6; and Kil-liq • o. · When the 20 per cent intercuaulus magma 

is taken into consideration, the "effective" coefficients for the bulk 

cuaulates become: pd-liq 1 
for "peridotite", KX • 9 ; for "pyroxenite", 

1 For example, 

thus Kid-liq • 

"peridotite" consists of 4 parts olivine and 1 part liquid; 

(4x1l)+(lxl) 
5 • 9. 

Pxn-liq gb-liq KX • 5; and for "gabbro", KX • 2.6. The significant features 

of the resulting distribution of X are (a) its gradual decrease in amount 

with increasing stratigraphic position within each major layer, and 

(b) the marked discontinuities between layers. The second nypothetical 

element, Y, does not enter into any of the three major minerals in appreci-



able quantities. Presumably it would precipitate as a late accessory 

mineral. In this case, the effective distribution coefficient is 

determined by the amount of trapped interstitial liquid; if it were a 

rock-liq constant 20 per cent, Kj would be 0.2, and accordingly, the 

concentration of Y would increase continually as shown in Figure 46. 

In theory, Y should form 100 per cent of the last increment of solid, 

but in nature, its marked concentration at late stages would probably 

be prevented by crystallization of the accessory mineral, or as shown in 

the diagram, by imperfect crystal fractionation. 

ii) Discussion of Specific Elements. The variation of 

specific elements in nature is obviously more complicated than in the 

simple model, but there are definite similarities. These are demon-

strated by individual cyclic units of the Munro Lake sill and by the 

simply differentiated bodies. 

The distribution of element X is comparable to that of Ni. The 

latter is well-known to have a strong preference for olivine, and to enter 

pyroxene in preference to plagioclase. Thus it shows distinctly dif-

ferent levels of abundance in peridotite, clinopyroxenite, and gabbro. 

Trends within layers are not well developed - due in part to the wide 

sampling interval - but an upward decrease is present in layers 1, 6, and 

8 of the Centre Hill section, in peridotite layer 3 and clinopyroxeni te 

layer 8 of the Warden-Munro section, and peridotite and clinopyroxenite 

layers ot the Ghost Range intrusion. In general, peridotite layers, 

which in the model show pronounced trends, are relatively uniform. This 

could mean that the olivine was not formed by crystallization w1 thin the 

intrusion {e.g., it might haTe been introduced in suspension in magma), 
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or possibly the model is not applicable in some other aspect. There is, 

furthermore, a nota~e correlation between the ratio of olivine/inter­

cumulus material and abundance of Ni in peridotite layers. It is noted 

that at Centre Hill and the Ghost Range, the only two sections where 

samples have been taken across the lowennoat layers of the intrusions, 

the abundance of Ni increases successively from the base upward and then 

falls off. It seems probable that during accumulation of the lower layers, 

rapid cooling through the floor of the intrusions acted to freeze in 

larger amounts of interstitial magma. 

The distribution of Cr is grossly similar to that of Ni. However, 

in peridotite layers it is contained in chromite, which is a cumulus mineral 

despite its small concentration, and thus it is in effect a "major" ele­

ment, not properly described by the model used above. The mod'l specifical­

ly considers association of minor elements with the major elements ot 

only three mineral phases - olivine, pyroxene, and plagioclase. In the 

clinopyroxenite layers, Cr is almost entirely contained in clinopyroxene, 

and upward decreases in its concentration in layers 1 and 8 of the Centre 

Hill section and layers 8, 10, and 12 of the Warden-Munro section is prob­

ably a fractional crystallization trend. 

Co shows a slight preference for peridotite but is fairly constant 

through the other layers. Evidently ita distribution coefficients are 

close to unity. 

The behaviour of model element Y would seem, at least in part, 

to describe the trends of Zr, P, Na and to a lesser extent, Ti, v, Ba, and 

Mn. 



The abundances of Zr, P and Na gradually increase from the lower 

ultramafic rocks to abruptly higher levels in gabbroic rocks. The 

gradual increase probably reflects their concentration in residual magma 

during fractional crystallization, and the abrupt increase may result 

because crystal fractionation was less effective during !ormation of the 

gabbro. The latter interpretation is consistent with the textural 

characteristics of the gabbro; typically, gabbros are diabasic in texture 

and there is little indication that plagioclase crystals effectively 

separated from the magma by settling to the chamber floor. The abrupt 

increase in the abundance o! Zr in the granophyric zone of the upper 

gabbro of the Ghost Range intrusion is correlated with an increase in 

abundance of apatite. Because Zr is not known to substitute into any 

position of the apatite structure, presumably the mineral zircon is 

present although not identified in the rocks, and varies sympathetically 

with apatite. 

Ba, Ti, V and Mn, have roughly the same trends as Zr, P and Na, 

and can be interpreted in the same way. The !act that they increase in 

abundance toward the top of the intrusions indicates, as might be ex-

pected, that their solid-liquid distribution coefficients were signifi­

cantly less than unity. 

The abundance of V sho•s a slightirregular increase in the ultra-

mafic zone of the Munro Lake sill. It reaches a peak in the lower part 

of the gabbroic zone and then drops to a relatively low level in the upper 
' 

gabbro. The peak can be correlated with the presence of relatively large 

amounts of cumulus magnetite; formation of the latter may have impoverish-

ed the content of V in the residual magma which subsequently solidified 
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to gabbro. The relatively large abundance of V at the top of the gab-

broic zone at Centre Hill suggests that the upper layer solidified by 

freezing to the roof of the intrusion as well as by accumulating from its 

base upward. 

The trends of Li, Cu, and Sr appear not to follow the trends of 

either element X or Y, with the exception that all three have a higher 

abundance in the gabbroic rocks than in clinopyroxenite or peridotite. 

The behaviour of Cu is strongly governed by the sulphide content in the 

analysed sample. Small bodies of sulphides usually containing some 
t . 

chaloopyrite, occur in fault zones and lenses throughout the area; thus 

it is difficult to justify stating that the small blebs of sulphide noted 

in the samples of the various. intrusions derived solely by separation of 

immiscible sulphides during crystallization. While it is thought that 

such is the case for the sulphides of layers 13 and 14 of the Munro Lake 

sill and the. central zone of the Ghost Range gabbroic zone, it is by no 

means proven. 

3. Major Element Variation 

In general, major elements vary systematically with changes in 

mineral phases through the differentiation sequence. Two variation dia-

grams which roughly outline the differentiation trend are discussed 

1 below. 

1 
In figures 47 and 49 the positions of peridotite samples are on the 

basis of a contained lo25% Fe2o3
, which is an aver~ge value for a fresh 

peridotite containing a few per cent modal chromite. 

i) Fe-Mg-Ca Diagramo Fe, M8, and Ca are important elements 

to a discussion on differenti~tion trends in a mafic-ultramafic pluton 
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because all three var y co nsi derably as mineralogy c hflnges, The Fe-Mg-Ca 

variation for the intrusions under study is shown in Fig. 47. Those 

points closest to the Mg apex represent peridotite, those mid-way between 

Ca and Mg and furthest from Fe are clinopyroxenite, and those which show 

iron enrichment but minor change in the Ca/Mg ratio are gabbro. The 

trend line was established for rocks of the Centre Hill and Warden-Munro 

sections of the Munro Lake sill, but samples from other localities general-

ly do not contradict the trend. Notable exceptions are M-325, a melano-

gabbro chill phase from the intennediate chert horizon of the Warden-Munro 

section; M-219, a garnet-clinopyroxene sample from the Ghost Range intru­

sion; M-385A, diorite from the dykes at Warden-Munro; M-333, an acidic 

chill phase from the top of Warden-Munro; M-144 and 145, two apparentl y 

normal gabbros from McCool Hill; and 24-o8, hornblende peridotite from 

the lower marginal zone at Centre Hill. It is probable that some of the 

additional point scatter is due to serpentinization. The general trend 

of initial Ca enrichment followed by Fe enrichment is common to a number 

of plutons (Fig. 48), most significantly, the intrusion studied by 

Naldrett (1964) of Dundonald-Clergue townships, also in the Abitibi area . 

ii) Fe-Mg-Total Alkali Diagram. A progressive enrichment of 

Na and K is clearly shown on an Mg-Fe-alkali variation diagram ( Fig. 49) . 

The only points lying far from the trend line are, again, the samples 

which least fit the Fe-Mg/Ca trend curve. Since neither the Mg/Fe 

ratio nor the absolute alkali abundance should be radically changed by 

serpentinization, the pointe on this diagram probably correspond well 

with the posi tions of equivalent unaltered rocks. 



Fig. 48. FeO-UgO-CaO Variation Diagrams for: A-Tulameen Complex, a­
Skaergaard Intrusions, C-Duke Island Complex, D-Dundonald and 
Clergue Intrusions; c.r. Naldrett, 1964. 
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B. PHYSICAL EVOLUTION OF THE INTRUSIONS 

Prior to a discussion of the plutons, the following basic assump­

tion is made: all ultramafic and gabbroic intrusions in the area have 

a common origin. The assumption is based on four major points of evi­

dence: (1) the intrusions are closely associated in space, (2) major 

rock types are closely similar in composition and texture for all layered 

intrusions, (3) differentiation trends and ranges of element abundance 

are similar in all layered intrusions, and (4) the same order of crystal­

lization is repeated in each layered body. It is difficult to associate 

the non-differentiated bodies with the layered ones except by their close 

proximity in space. The model proposed for the physical evolution of the 

ultramafic-gabbroic intrusions must, therefore, include provisions for 

the cyclic layering exhibited in the strata of the Munro Lake sill, the 

simple fractional differentiation sequence illustrated by the Ghost Range 

type of intrusion, and the scattered wholly gabbroic or ultramafic bodies. 

The sequence of rock types exhibited in the Munro Lake sill is 

readily divisible into cycles which contain the mineral phases as they 

accumulated on the chamber floor. There are no features to contradict 

the hypothesis that the layers within each cycle are the result of dif­

ferentiation, not successive injections of different magma. A model 

may be set up to allow for development of such a sequence if it is 

proposed that new magma was injected into the chamber from time to time 

and crystallized in batches. It can further be assumed that each batch 

of magma had essentially the same composition. Fractional crystalliza-

tion proceeded between injections, with the cumulate phases piling up on 



the chamber floor. Since the chamber was open to the introduction of 

new magma, then we can similarly suggest that the old magma was largely 

flushed out of the chamber as the new entered, although it is probable 

that there would be some contamination of the new liquid by the residual 
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liquid at each stage. An effective mechanism for changing the liquid at 

intervals within the chamber would exist if the chamber were part of or 

l connected to a major volcanic channelway. 

1 A model very similar to that proposed by- Brown (1956) to explain the 

repetitive sequence of the ultramafic rocks of Rhum, Inner Hebrides. 

Various bodies showing a single tractional crystallization se-

quence would develop if magma were injected along certain horizons, forming 

chambers which remained closed to further magmatic disturbance. Such 

would be the case if magma from the major volcanic center hypothesized 

above were to be emplaced outside the main channelway. On the other 

hand, intrusions of wholly gabbroic composition could be emplaced if, 

during fractional differentiation ot a magma, a major disturbance, say, 

an earthquake, were to cause residual liquid from one chamber to be ex-

pelled and emplaced in a new location. Wholly ultramafic bodies would 

develop if an olivine crystal mush were emplaced - such an origin is 

commonly accepted for many peridotite bodies, particularly those of alpine 

belts. Such an olivine mush was derived from accumulation by differentia-

tion, either from a "lower'' chamber or from pockets of magma in the main 

channelway during periods of quiescence. A schematic R tr~c tural cross 

section between Cent re Hill and Warden- Munro i s shown in Fig. 50. 
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Evidence that each pul~e of magma into the Munro Lake chamber was 

of essentially the same composition comes from the fact that minerals 

and trace elements revert to approximately the same level at the start of 

each cycle, although there is a general trend through the cycles to more 

acidic composition. Complete conformability of internal contacts to 

external volcanic contacts indicates that the chamber was horizontal at 

the time of magma emplacement. Structural evidence of a channelway has 

not been found, but two factors work strongly against such a discovery: 

(1) post solidification deformation has been ·considerable, and (2) exposure 

in the region is not good. 

The Ghost Range intrusion best illustrates the siarple sequence of 

peridotite-clinopyroxenite-gabbro. No cyclic layers are apparent and it 

can be assumed that intrusions of this type represent solidification in 

an essentially horizontal chamber of the fractionation products from one 

pulse of magma. 

Wholly ultramafic or gabbroic intrusions are closely associated 

in space with the Munro Lak-e sill. Particularly between Centre Hill and 

Warden-Munro sections in Munro township numerous bodies of very restricted 

composition crop out. In this respect, the location of the ultramafic 

bodies with respect to the Munro Lake sill is significant. It has been 

recorded in a previous section that all the mapped wholly ultramafic 

bodies lie stratigraphically above the sill. A similar situation baa 

been described by Naldrett (1964) between the "Main Sill" and the "Over­

lying Lenses" of Dundonald township, some 28 miles to the south west of 

Centre Hill. This overlying position may be a coincidence of outcrop, 



but this is too simple a conclusion and, in !act, it is more likely that 

their position reflects a fundamental genetic relationship with the 

Munro Lake sill. The crystal mush probably derived !rom the Munro. Lake 

chamber and was pushed into roof fractures upon major volcanic disturbance. 

Although the ultramafic bodies are generally conformable to the surround­

ing rocks, minor discordance is common. Wholly ultramafic rocks are 

generally so severely altered that primary texture and mineralogy are 

destroyed. However, immediately south of the Potterdoal property in 

Munro township, a chill zone of a duni tic body is exposed which sho,rs re­

lict primary texture. Small, partially resofbed olivine grains are en­

closed in a groundmass whose only other apparent primary feature is the 

development of very elongate amphibole needles. Texture, mineralogy, 

and chemical composition of rocks in the wholly gabbroic bodies closely 

resemble those of the upper gabbroic zone of the layered intrusions. 

Some circumstantial evidence !rom a recent detailed study of 

the activity of Hawaiian volcanoes (Eaton and Murata, 196o) lends so11e 

support to the model. Eaton and Murata state that the time !or a volcano 

to grow to maturity is fairly short, and the interval between eruptions 

of magma. pulses is o! the order of a few decades. Many magma pulses, 

particularly late-stage ones, do not reach the surface but !low into fis­

sures which have been opened by earthquakes, these latter phenomena 

commonly preceding and accompanying volcanicity. 

C. CALCULATED LIQUIDS 

Both in the previous discussion and in the following calculations 

and considerations the analytical results have been taken to be repre-
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sentative of the original rock, disregarding completely any changes in 

chemical composition due to serpentinization or associated alteration. 

This may be a d~gerous practice since relatively little is known of ele-

ment addition or subtraction accompanying serpentinization. As can be 

seen from the widespread occurrence of magnetite veinlets in highly 

serpentinized ultramafic rocks, iron is a particularly mobile component, 

and the size of sample taken in the field may be of considerable importance 

here. Naldrett (1964) calculated the possible Mg-Fe molecular ratio for 

fresh peridotite and compared this with the actual value of a serpentinized 

variety. He came to the conclusion that the ratio did not change sig­

nifi cantly although the absolute abundance of both elements could de-

crease somewhat. Little change is to be expected in Ca content since 

the bulk of Ca is contained in clinopyroxenite, which is not readily 

serpentinized. Si, on the other hand, should increase considerably, 

although exact limits cannot be g1 ven. 

Accordingly all calculated liquids 11ust be taken as only first 

approximations of th,~ real thing. 

Munro Lake Sill 

A rough estimate of the composition of the Munro Lake magma may 

be made by breaking the total sequence into the respective cycles and 

obtaining average compositions for the three principal rock types -

peridotite, clinopyroxenite, and gabbro. 

Across any section of a differentiated body, the true thickness 

of, say, a peridotite layer is not only a reflection of the composition 

of the magma, but also some indication of its volume, more specifically, 
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the height of liquid above the floor. For this reason, the thickness 

of each cyclic unit in the Munro Lake sill should be condensed according 

to some reference unit. We will assume (1) that the total thickness of 

rock in the final unit is the true thickness of chamber that was avail-

able to the final pulse of magma, (2) that the thickness is maintained 

throughout the chamber, and ( 3) that no magma escaped through fissures. 

Using this final unit as the reference unit, all other units can be con-

densed according to the ratio of reference unit thickness to total dia­

l tance of the base of any particular unit from the chamber roof. 

1 For example, to calculate the condensed thickness of layer 13 of the 

Centre Hill section, we note that its thickness is 95', the total dis­

tance from the base of cyclic unit 6 (in which it is contained) to the 

roof of the chamber is 953', and the thickness of the reference unit 

(cyclic unit 7) is 735' . 

95 x 735 • ?3.3 feet. 
973 

Thus, the condensed thickness of layer 13 is 

A detailed calculation may be done for the Centre Hill data, 

since here a complete section is exposed (Fig. '51). The condensed 

thickness or each layer is given in Table XII, and compositions of the 

"average" peridoti te, clinopyroxenite, and gabbro are shown in Table 

XIII. The composition or the central gabbro is assumed to represent 

the last crystallized liquid, and aYerage composi tiona and thicknesses 

are used to obtain the second-last third-last and initial liquids 
I ' ' 

(Table XIII) . 



Fig. 51. Diagrammatic Condensed Section of Centre Hill 
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Table XII. Layer thicknesses for condensed section Centre Hill 

CYCLIC UNIT LAYER ORIGINAL TIUCKNESS CONDENSED THICKNESS 

7 15 6?0 (teet) 6?0 (feet) 
14 65 ...§.2 

ill 
6 13 95 ?3.3 

12 120 92.5 
11 3 ~ .3 

5 10 30 22.4 
9 3 2.2 

24.6 

4 8 119 84.5 
? 30 toH ~ 

3 6 55 34.8 
5 ?0 44.3 

Z2.d 

2 4 10 6.0 
3 30 1?.9 
2 30 ~ ~ 

l 1 90 44.4 
.. LMZ ?0 ~ ~ 



Table XIII. Average composition of three major rock types and 

composition of liquids for Centre Hill section 

of Munro Lake sill 

A B c D 

Si02 51.4o 51.71 43.73 55.34 

Ti02 1.46 .63 .35 1.49 

Al2o
3 

13.77 4.22 2.93 13.20 

Fe2o
3 

3.12 1.24 10.47 3.76 

FeO 11.97 8.32 6.19 12.29 

MnO .21 .19 .24 .24 

MgO 5.36 15.54 31.79 2.03 

CaO 8.19 17.20 4.05 5.99 

Na2o 4.24 .88 .19 5.22 

K
2
o .19 .o4 .03 .23 

P2o5 .09 .01 .03 .21 

E 

51.4o 

1.46 

13.77 

3.12 

11.97 

.21 

5.36 

8.19 

4.24 

.19 

.09 

F 

51.46 

1.36 

12.61 

2.89 

11.52 

.21 

6.59 

9.28 

3.83 

.17 

.08 

Total 100.00 99.98 100.00 100.00 100.00 100.00 

G 

51.04 

1.30 

12.07 

3.31 

11.23 

.21 

7.97 

8.99 

3.60 

.16 

.o8 

99.96 

A: average gabbro; B: average clinopyroxenite; C: average peridotite 

D: final liquid • sample 25-12 

E: 2nd last liquid = average gabbro comp. 

F: 3rd last liquid • (av.gb.)x(cond.thickness gb)+(av.cpx.)x(cond. 
thickness cpx) 

99 

G: initial liquid • (av.gb.)x(cond.tbickness gb.)+(av.cpx.)x(cond. 
thickness cpx.)+(av.pd.)x(cond.thickness pd.) 
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Liquids cannot be computed for the Warden-Munro section since 

this section is incompletely exposed. However, rough average composi­

tions of the three major rock types here (Table XIV) compared with the 

similar average compositions from Centre Hill show close similarity be­

tween the two peridotite and clinopyroxenite compositions, but the 

Warden-Munro gabbro is significantly more silica-rich and iron-poor 

than its Centre Bill equivalent. Since the Warden-Munro section is 

much less thoroughly sampled than the Centre Hill section, the apparent 

discrepancy in composition is not serious. 

Ghost Range Intrusion 

The upper contact of the Ghost Range sill is not exposed, thus 

true thickness of the intrusion is not known. Mineral variation dia-

grams and textural features, however, indicate that the "effective top" 

is within the granophyric zone of the gabbro layer. For the purpose of 

estimating composition of the intrusion, the top has been taken at the 

center of the granophyric zone. The average thickness of the various 

layers are here estimated as 500 feet or peridotite, 20 feet of cline­

pyroxenite, and 2000 feet of gabbro, for a total section thickness of 

2520 feet. Five rapid silicate chemical analyses of the Ghost Range rocks 

w • re completed: 2 peridotite, l clinopyroxenite, and 2 gabbro. The 

pairs of peridotite and gabbro analyses have each been averaged and the 

resultant composition assumed to apply over the total thickness of each 

rock type. 

Table XV. 

The various calculated liquid composi tiona are shown in 



Table XIV. Average Compositions of Major Rock Types 

of Warden-Munro Section 

A B c 

Si02 42.99 ,50.95 54.42 

Ti02 .23 .41 1.07 

A12°3 1.77 2.42 14.90 

Fe2o
3 

10.54 1.48 1.36 

FeO 

KnO 

MgO 

CaO 

Na2o 

K2o 

P205 

Total 

5.48 7.73 8.77 

.22 .19 .16 

36.13 18.87 6.33 

2.55 17.58 9.11 

.o4 .33 3.30 

.o4 .02 .47 

.01 .01 .10 

100.00 99.99 99.99 

A: average peridotite (M-113 x .3 plus H-124 x .2 plws 

M-356 X .08) 

B: average clinopyroxenite (M-369 x .385 plus M-118 x .4) 

C: average gabbro (M-337 x .46 plus M-325 x .1 plus M-363 x .4 

plus M-333 X .2) 
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Table XV. Average composition of three major rock types 

and compositions of successive liquids for Ghost Range intrusion 

A B c D E F G 

Si02 44.20 51.03 53.12 56.21 53.12 52.78 51.13 

T102 .16 .29 .so 1.39 .Bo .79 .67 

Al203 5.37 5.32 14.79 13.27 14.79 14.63 12.79 

Fe2o
3 

3.20 .62 1.83 2.95 1.83 1.81 2.08 

FeO 8.78 6.60 7.71 10.82 7.71 7.67 7.88 

MnO .18 .15 .15 .,19 .15 .15 .15 

MgO 33.39 19.79 8.20 4.14 8.20 8.28 13.24 

CaO 4.45 15.87 10.58 6.96 10.58 10.59 9.37 

Na2o oll .32 2.33 3.19 2.33 2.30 1.87 

KO .o8 .oo .92 .73 .92 .91 .74 
2 

P205 .02 .01 .09 .15 .09 .09 .o8 

Total 99.94 100.00 100.52 100.00 100.52 100.00 100.00 

A: average peridotite: M-232 + M-218/2 
B: average clinopyroxenite: M-220 
C: average gabbro: M-221 + M-323/2 
D: final liquid: M-323 
E: 3rd. last liquid: average gabbro 
F: 2nd. last liquid: average gabbro + average c1inopyroxenite 
G: initial liquid: average gabbro + average clinopyroxenite + 

average peridotite .. 
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Chill Zone Characteristics 

No true chill phase exists at the Centre Hill section of the Munro 

Lake intrusion, although the border rocks are significantly different 

from the inner rocks. At the base of the section is a 70 foot-wide layer 

of hornblende peridotite, distinguished by red-brown colour, small to 

medium sized poikilitic plates of hornblende, and very small cumulua 

olivine grains. It is suggested that this rock phase resulted from the 

solidification against relatively cold volcanic rocks of basaltic magma 

carrying partially resorbed olivine grains. Sufficient water was pro­

vided by the wall rocks to produce hornblende rather than clinopyroxene 

in a matrix position. The upper contact, although characterized by 

fine-grained somewhat mafic gabbro, cannot be termed a chill phase typi­

cal of the intruded magma. 

At Warden-Munro, a wide chill zone exists against the upper chert 

wall rocks, and narrower chill zones against the chert slabs found within 

the intrusion. Presumably the internal chert blocks and slabs resulted 

from a stoping action during intrusion and solidification of the magma. 

Development and preservation of a chill phase typical of the intruded 

magma is improbable under such conditione. As expected, the composition 

of the chill phases is much more acidic than the bulk magma composition 

could have been. 

A chill phase was sampled and analyses from the north end of the 

Garrison sill . Although this sill is not of the same type as the Munro 

Lake intrusion, in that there is no apparent cyclic repetition of phase 

layers, the magma for both is assumed to have derived from a common source. 

Assuming the composition of the Garrison chill phase to be representative 



of the initial liquid, comparison of its composition and the calculated 

composition of the Munro Lake sill lends some support to the hypothesis 

of a common source. Table XVI shows these compositions as compared 

to those of various other layered intrusions. 

D. COURSE OF CRYSTALLIZATION 

MgO FeO-Fe2o3
-Si02 System 
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Osborn (1959) has shown that two fundamentally different courses 

of crystallization of magma are possible depending upon whether (1) total 

composition of the magma (liquid plus crystals) remains constant, or (2) 

partial pressure of oxygen remains constant. The p02 (partial pressure 

of oxygen) is controlled by the water content of the magma. The principal 

factors operating to decrease p02 are (1) decreasing temperature, which 

reduces the rate of dissociation of water; and (2) continual use of a 

small amount of oxygen by crystallizing processes, this in 

turn .- tending to increase the hydrogen partial pressure. Opposing these 

effects are two other factors which tend to increase p02 : (1) continual 

crystallization of anhydrous minerals results in enrichment of water in 

the liquid phase, thus an increase in p02 ; and (2) the rate of diffusion 

of hydrogen is probably high, thus the dissociation of water equilibrium 

is altered in the direction of increasing p02• 

Variation in the trend of liquid composition is illustrated in 

Fig. 52 for conditions of constant total composition, constant p02, 

and increasing p02• Fig. 53 shows the actual trends for the Centre 

Hill liquids as compared with data from Osborn. Points 1, 2, and 3 

of the Centre Hill trend, designating the initial and two succeeding 



Si02 

'l'i02 

Al203 

Fe2o
3 

FeO 

MnO 

MgO 

CaO 

Na2o 

K2o 

P205 

Table XVI. Comparison of Centre Hill and Garrison 

compositions with other layered intrusions 

A B c D E . F 

51.53 50.99 48.4o 51.11 51.28 51.04 

.34 .45 1.33 1.07 1.79 1.30 

18.70 17.75 18.48 13.66 13.19 12.07 

.28 .26 1.24 1.18 1.20 3.31 

9.03 9.94 8.66 9.16 13.70 11.23 

.47 .15 .12 .18 o28 .21 

6.85 7.72 8.16 9.78 6.82 7.97 

10.97 10.53 10.87 11.32 7.24 8.99 

1.58 1.87 2.44 1.81 4.04 3.6o 

.14 .24 .21 .64 .32 .16 

.09 .09 .o8 .10 .14 .oB 

Total 100.00 99.99 99.99 100.01 100.00 99.96 
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A-Buahveld, B-Stillwater, C-Skaergaard, D-Muakox, E-Garriaon, F-centre Hill 

A, B, C, D: cf. Smith and Kapp, 1963. 



Fig. 52. Curves for comparing changes in composition of liquid as mixture 
of given composition {n) is fractionally crystallized under con­
ditions of {1) constant total composition, {2) constant p02, 
(3) increasing p02 (Osborn, 1959). 
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Fig. 53. Curves for liquid trend of Centre Hill magma (1-4) as compared 
to Skaergaard (Sk), tholeiitic basalt (I-III), andesite-rhyo­
dacite (IV-VI). Data from Osborn, 1959. 
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liquid compositions, closely approximate the shape of the ideal curve 

of constant total composition; from point 3 to 4 the trend is slightly toward 
' 

t h a t of constant p02• This course of crystallization is just what 

should be expected; while the chamber is open to the introduction and 

expulsion of batches of magma, the p02 should decrease somewhat as 

volatiles escape, but total composition should remain fairly constant. 

Diopside-Forsterite-Silica System 

The liquidus diagrams of the system diopside-forsterite-eilica 

(weight per cent) is shown in Fig. 54A. Kushiro (1964) found that both 

the Fo -Di and the Fo -En boundaries shift toward forsterite with es ss ss es 

increasing pressure. At l atmosphere, the reaction point A is in the 

silica-oversaturated part of the system, but at 20 kilobars the equiva-

lent invariant point P (which is either (i) a reaction point where the 

rea~tion En +L • Di +Fo takes place or (ii) a ternary eutectic 
es ss ss 

Fo +Di +En +L) is within the silica-undersaturated area. ss se ss 

Fig. 54B shows the normative positions of analysed rocks, with 

the areas of peridotite and clinopyroxenite outlined. The pointe are 

projections from the tetrahedron including iron oxide to the Di-Fo-Silica 

plane. Two pointe are shown for each peridotite sample; the first was 

calculated from the original analysis and the second from an adjusted 

analysis in which Fe3 has been converted to Fe2• This step was taken 

so that the maximum possible effect of oxidation during serpentinization 

can be illustrated. If the rock had only been hydrated and oxidized 

during alteration, then its original norm should lie somewhere between 

the two extremes. 



FIGl.iRE 54 

A: Synthetic system diopside-forsterite-silica, 
t:1fter Kushiro , 1964 

B: Norm plots of e.ll analysed rocks. For· perid­
otite, 0 -unaltered analysis, e -Fe3 converted 
to Fe2. x -Centre Hill calculated liquids 
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The norms of the liquids calculated from the Centre Hill section 

are also plotted on Fig. 54.8· The 'Primary' liquid (Ll) and the two succeed-

ing liquids (L2 and L3) lie very close to the Fo -En boundary outlined 
SS I!SS 

by Kushiro for a pressure of 20 kilobars on the synthetic system. The 

Di -En boundary, and thus the invariant point P', is defined by the ss ss 

final liquid point ( L4). Perhaps due to the addition of iron as a compo-

nent to the system, this boundary line is lower than in the synthetic 

system. 

The principal conclusions that can be drawn from these diagrams 

are (1) the primary magma was an olivine tholeiitic liquid, and (2) the 

invariant point P' is not in the silica-oversaturated part of the system, 

suggesting fairly high pressure during emplacement and crystallization. 
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VII. PETROGmESIS OF PLUTONS AND ORIGIN OF MAGMA 

A. CRITERIA OF CLASSIFICATION 

It bas become more or less standard practice to attempt to 

classify each mafic or ultramafic pluton studied between the limits of 

alpine type (also called ultramafic type) and strati form (also called 

gabbroic type). The criteria of classification have been developed over 

the past 30 years and deal with three principal areas of investigation: 

(1) the tectonic condition of the area at time of emplacement, (2) the 

physical characteristics within the intrusion, and (3) the chemical 

characteristics of the initial magma (Smith, 1958). While in theory a 

pluton can be classed in either pure type on the basis of these criteria, 

in practice the distinction is not so clear. For example, a magma of 

the same composition can give rise to a stratiform type of body by a 

process of prolonged differentiation in a quiescent environment, but 

produce a completely undifferentiated pluton of alpine type in a tectonic­

ally active belt. Essential differences as summarized by Smith are list­

ed below (points 1 to 6 inclusive in Table XVI). Thayer (19to) added 

the characteristics of general form, lineation, and associated chromite 

(points 7 to 10 in Table XVI). 

B. APPLICATION TO ABITIBI INTRUSIONS 

In the Abitibi region, geosynclinal sediments - argillite and 

greywacke - are common to the south of the intrusive belt, while the 

country rocks within the belt are mainly andesitic and basaltic volcanic 



Table XVU o Criteria for comparison of two types of ultramafic plutons. 
Points 1-6 incl~ after Smith (1958); points 7-10 after 

Thayer (1960) 

Feature Ultrabasic pluton 

1. Relation to orogenic belts Intruded into rocks of eugeo­
synclinal facies during the 
early stages of mountain build­
ing 

2. Associated igneous rocks Gabbroic facies minor 

3. Layering Rare, except for banding due 
to various proportions of oli­
vine and pyroxene, without cryp­
layering 

4. Nature of border zone Has the sam-e composition as 
mass of pluton 

5. Extent of contact metamorphism Minor effect on aijacent coun­
try rock 

6. Chemical composition Ultrabasic 
Mg(Fe ratio greater than 7.5 
Lime and alumina content low 

7. Form Irregular; larger 1nasses may 

8. Lineation 

9. Texture 

10. Chromite distribution 

be noored . 
Lineation common, may cross 
layering 
Texture allotriomorphic to 
cataclastic; poikilitic tex­
ture rare 

Ore bodies in peridotite, 
scattered at random or near 
contacts with gabbroic rocks 

Gabbroic layered pluton 

Intruded into plateau areas 

Extensive sill, dykes, and rela­
ted rocks of gabbroic composition 
Layered according to specific 
gravity and mineral composition 
(cryptic layering) 

Has chill zone of intermediate 
composition representing com­
position o! primary magma 
Greater metamorphic effect on 
adjacent country rock 
Basal. tic 
Mg/Fe ratio less than 7.5 
Lime and alumina content high 
Lopolithic;floored 

Lineation very rare; associated 
with convection features 
Texture dominated by euhedral 
settled crystals, modified by 
reaction with entrapped inter­
stitial magma; poikilitic tex­
ture prominent 
Chromitites in regular strati­
graphic positions in ultramafic 
rocks ..... ..... ..... 



112 

flows. The intrusiorus are later than the sedimentary sequence and there 

is no structural evidence to suggest that they were intruded during a 

major orogenic upheaval. 

The gabbroic rocks of the Munro Lake sill and the Ghost Range 

intrusion are genetically related to the ultramafic rocks that underly 

them, the principal evidences being: (1) the presence of an intermediate 

clinopyroxenite, (2) local interbanding of their contacts, (3) no sug­

gestion of chill phases between the two, and (4) gravity stratification 

carrying over from the upper ultramafic rocks to the lower gabbroic rocks. 

With regard to chemical composition, the parameter Mg/Fe mole­

cular ratio was found by Hess (1938) to be a useful means of classifica­

tion. If the ratio were less than 7.5 in ultramafic rocks, the whole 

pluton could be classed as stratiform or gabbroic type. All the dunite, 

peridotite, and clinopyroxenite samples analysed in the present study have 

Mg/Fe molecular ratios below 7.5 with the exception of samples M-200 and 

l4-201, both serpentinized ultramafic rocks in the Garrison sill (Table 

XVII). However, while the sill should be classed as alpine on the 

basis of these two samples, a third peridotite sample, M-202, has an 

Mg/Fe ratio o! 5.3. All three samples were collected at regular intervals 

along a single section line with M-202 closest to the top of the ultra­

mafic zone (see Fig. 34). There is, therefore, some doubt that the Mg/Fe 

ratio can be considered an infallible criterion, particularly where ser­

pentinization has been extensive. 



Table XVIII. Mg/Fe atomic ratio of ultramafic rocks of all localities 

Sample Wt.)Q(gO Wt.%Mg i at.wt.Mg i Wt.%Fe2o3 
Wt.%Fe ; at.wt.Fe Mg/l''e 

Mll3 33.25 20.05 .825 14.80 10.36 .185 4.5 
M118 20.03 12.08 .49? 10.52 ?.36 .132 3.8 
Ml24 33.?7 20.36 .838 14.51 10.16 .182 4.6 
M141 33.93 20.4? .842 14.29 10.00 .1?9 4.7 
M142 18.55 11.19 .46o 6.58 4.61 .082 5.6 
MJ.43 16.58 10.00 .412 10.08 ?.06 .126 3.3 
M162 18.8o 11.34 .46? 8.26 5.78 .103 4.5 
M166 2?.90 16.82 .692 13.26 9.28 .166 4.2 
M200 38.83 23.41 .963 5.69 3.98 .0?1 13.5 
M201 36.20 21.83 .898 9.1? 6.42 .115 7.8 
M202 29.13 2?.57 .?23 10.83 ?.58 .136 5.3 
M218 }2.05 19.33 .795 11.56 8.09 .145 5~5 

. M220 19.01 11.46 .4?2 ?.65 5.36 .096 4.9 
M232 28.66 1?.28 .711 11.99 8.39 .150 4.7 
M356 22.75 13.?2 o565 15.34 10.74 .192 2.9 
M369 16.80 10.13 .41? 9.13 6.39 .114 3.7 
24-08 20.6 12.4 .510 14.52 10.19 .182 2.8 
24-10 2?.0 16.3 .6?1 13.7? 9.65 .173 3.9 
24-13 16.0 9.6 -~5 10.36 7.25 .130 3.0 
24-18 30.8 18.5 • 761 16.04 11.20 .200 3.8 
24-23 30.1 18.1 .?45 16.04 11.20 .200 3.7 

' 24-26 17.1 10.3 .425 8.69 6.09 .109 3.9 
24-28 30.2 18.2 .750 16.54 ll.6o .208 3.6 
24-33 14.9 9.0 .3?0 11.47 8.03 .144 2.6 
24-35 12.9 ?.8 .321 10.54 ?.38 .132 2.4 
25-08 . ?o1 4.3 .1?? 20.01 14.00 .2.50 0.7 

i 
~otal Fe as Fe2o

3 
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Gross chemical and mineralogical variations previously outlined 

within the layered bodies point to an origin by differentiation, regard­

less of the composition of the initial magma emplaced. 

The isolated wholly ultramafic bodies that crop out sporadically 

through Munro and McCool townships can tentatively be considered alpine 

type since there is no apparent differentiation within them other than 

development of pyroxene-rich borders. Mg/.Fe molecular ratios are not 

at present available for these bodies. 

C. ORIGIN OF MAGMA 

Hypotheses concerning the origin and nature of primary magma 

are plentiful and varied. One mU8t look to suborUBtal or upper mantle 

regions to procure magmas of mafic to ultramafic composition, and too 

little is known about all conditions in these regions to limit wild hy­

pothesi zing. 

One is tempted to settle for the simplest explanation possible, 

this being that the primary magma is a basalt which derived from the 

fusion of eclogite (Yoder and Tilley, 1962). Two principal basalt 

trends exist; (1) alkalic, and (2) tholeiitic; and both have chemically 

equivalent eclogites. By varying the pressure either trend can be 

produced from the same initial bulk composition; alkali basalt magma is 

derived under greater pressure (greater depth) than tholeiitic basalt. 

The eclogite itself, assuming the above hypothesis to be correct, may 

be the partial melting product of a more mafic rock, f'or example a garnet 

peridotite. 
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APPENDIX 1 

Modal Analyoea 

Sample Rock Type Location Olo Cpx. Plago Opaq. Opx. Qtz. Grru10. Apato 

M-13 fcpx M 46.0 26o8 5.,0 (18.8)• 3.4 tr 
M-14 gb M 20.2 46.4 4.6 (28.8) 
M-17 gb M 22 0 0 &J.7 3.2 ?.7 5o4 tr 
•t-18 fcpx M 51o3 35.3 10.0 3.4 
M-20 cpx l'l 90 6 4 •• 
M-21 tcpx M 70o9 2)o0 2.5 1.6 
M-23 fcpx M 6o.6 28.6 3.4 (?.4) 
M-24 fcpx t-t 6o.o 27.6 3 .. 2 (9.2) 
M-25 fcp:x M 50 .. 6 39.4 5.2 4.8 t.r 
M-26 gb M 46.4 38.0 2.6 13o0 
M-29 gb M 22.5 49.6 10.4 1.8 5.0 0.7 
M-30 gb M 28 .. 3 53.7 3.7 14.3 tr tr 
M-32 gb M 22 .. 4 47.6 5.0 (22.7) 2.3 
M-36 gb 1-1 33o0 53.6 5o8 7o6 tr 
M-39 pd M 47.0 29.5 11.0 0.5 12 ~ 0 

M-42 gb M 30 68 2 -·· M-48 gb M 22.3 6ooO 6.5 (11.2) 
M-49 gb M 24.6 6o.1 4o0 $3o2 3.,1 tr 
M-50 gb M 4L6 55.2 3o2 t.r 
K-53 gb M 31.3 49o8 3.1 15.0 o~8 
M-54 gb J.1 27o6 59o3 4.9 4o3 3.9 tr 
M-56 and M 15 84 Oo5 Oo5 -·· 
M-57 gb M 38oO 50.0 0.6 10.8 0.6 tr 
M-58 gb M 31.4 58.4 0.4 9.8 
M-6o fcpx M 76.8 20.8 2o4 tr 
M-61 gb 1-1 14.8 56.0 7.6 10o3 10.6 tr 0.7 
M-62 gb M 36.5 45.8 ?oO 10.7 
r-1-62A gb M 26o2 52.9 6o4 14o5 tr 

..... ..... 
"' 



Sa:nple Rock Type Location o;L Cpxa Plago Opac1o Opx. Qtzo Grano. Ap;::.t. 

M-67 gb M 3lo4 48.4 6o3 13.9 tr 
M-68 gb M 2f\O . 50.3 6.5 1;.2 tr 
U-69 gb l4 3Go5 . 53.8 .).1 4o6 tr 
M-70 fcpx M 50.8 45.1 4.1 tr 
M-71 fcpx M 52.6 ( 43.6) 3.8 
M-74 gb M 36'~0 56.2 3.0 8.8 tr tr 
M-76 gb M 3~-3 5lo8 Jt.6 11.3 tr tr 
M-79 gb M 19~9 51~5 6.6 (22.1) tr 
M.:.8o pd M 59.0 40.5*** Oo5 
M-81 pd M 6o.8 37.7 1.5 
M-82 fcpx M 47o5 38.9 2o6 11.0 
M-83 gb M 24.3 47o0 5.7 23.0 tr 
M-84 fcpx M 57o2 27o9 3.2 1L7 
M-85 fcpx M 56.8 29;;4 3.0 10.8 
M-86 fcpx M 53~6 36.4 5.6 4.0 0.6 
M-88 grano M (22~0) 38~8 2.8 l5o6 20.8 tr 
M~90 gb M 33o7 52.0 -2,8 5,9 5o6 t%' tr 
M~96 gb M 41.6 43•4 lo6 13.., 1-
M-97 gb M. 38.5 45.2 2.7 8o6 5.0 tr 
~102 pd K 58.2 41o8 •• 
M-112 gb W-M 27' 60 3 10 -·· K-113 pd W-M 70 25' .. 5 -·· M-117 pd W-M 46.4 4·'t8 ' (4.8) -
M-11.8 ol.cpx 1-M 12.0 84o5 2~0 1.5 
M~ll9 pd VI-M 56 34 10 tr -·· M-1.21 pd W-M 66.5 17o5 15.0 1.0 
H-122 pd. W-M 66o5 20.0 13.5 1.0 
M--1.2, cpx \f-M 86o5 ?o8 o.R (4.9) 
M-124 pd W-M 66o4 28oO 5~6 tr 
M-125 fcpx W-M - 77.4 10.6 1.8 (10.2) 
M-126 fcpx W-M 8o.3 . 13.6 1.5 (5.2) 
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Sample Rock Type Location Olo Cpx. ?1ago Opaq. Op.Xo Qt:Oo Grano. Apat. 

M-127A fcpx fi-M 76.0 l;.G 2o4 e.o 
M-127 f'cpx W-M 84.9 12.4 ·r- .8 1.9 
M-128 gb W-M 32.6 55.,4 2. 5 9 -~ 
M-129 gb W-M 31t 56 1 9 -·· M-131 gb v;-M 3_, .0 1 .. 3.5 2. 5 1j .) ~-5 
M-137 diabase H 3(' .0 57. 6 ( .2 3.7 2.5 tr 
~1-138 diahC:I.Se F ' . 31.2 59.5 1.4 7.9 tr 
H-140 pd MH 77.3 12 .7 8.0 ?.0 
M-141 pd HH 70.0 1;·. 5 13.5 3.,0 
M-142 cpx ~11 0.2 8! .o 10.5 r.1 r .., 

.. ' •-
M-143 fcpx MH tr 82.3 l (.J.. lo3 t r 
M-144 gb HH 34.0 62.0 ;:.6 l. ~ 
M-148 fcpx MH 7P_.8 15.0 1.2 5.4 
M-149 cpx MH 78.2 9.9 1.5 10.4 
M-1.50 gb HH tr 3;.5 56.1 .2.1 (, ?. . . 
M-151 gb MH 3~.1 5~ .6 1.2 5.1 
M-152 gb l{H 27.2 52.7 :/) . 9 13.1 
M-154 gb MH . - 29.7 46.1 5.3 (18 .9) ,_ tr 
M-158 pd W-MH 68 32 -·tr -·· 
M-16o cpx W-MH 1_0.3 84o} 5.0 c .4 
M-162 cpx W-MB 9.9 83.8 5.9 '0.4 
M-163 gb t~c 2?.4 46.2 ll.1 (lC. · ) 10.1 lol 
M-165 pd Me ~6.5 19.4 23.8 0.3 
M-166 pd Me ~1.9 26.9 19.2 2.0 
M-167 gb Kc 37o4 44.6 0 .. 8 (17 .2) 
M-168 gb He 46.0 4P.o 1.4 4.6 tr 
M-169 grano t-!c 1~. 5 }).0 1.6 17. 9 25. 0 tr 
M-1'71 gb I1c 46..7 52, .... 1.2 
M-172 pd Me 50.3 17.5 22.5 0.5 
M-173 pd Me 70.6 9.6 19.3 0.5 
l-1-174 cpx Me tr 61.1 ( }R. 7) 0.2 

1-' 
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Sample Rock Type Location 01o Cpx. Plag. Opaq. Opx. Qtz. Granoo A pat. 

M-175 pd Me 74.} 14o5 loO (10.2) 
M-187 gb GS }}oO 64o} 2.7 
M-195 pd GS ?8.0 14.0 4.5 3.5 
l~-196 pd GS 51.0 39o5 9.5 tr 
M-198 gb GS 50.0 4}.0 2o0 5"0 
M-200 pd GS 81.7 11o8 5.0 1o5 
M-201 pd GS 73.5 15.0 2o0 0.5 9.0 
M-202 pd GS ?3.0 12.0 6.0 3.0. 6.0 
M-203 gb GS 45 4o tr 15 -·· M-204 gb GS 47.0 46.4 tr 4.5 2.1 tr 
M-205 gb GS 56.8 42.4 0.8 tr 
M-208 gb GS 51 44 tr 5 -·· 
M-211 pd GS ?9.5 5.0 9.0 1.5 5.0 
M-212 gb GS 3? 58 tr 5 -·· 
M-217 gb GR Y.Jo 7 51.6 1o7 7.0 tr 
M-218 pd GR 66.5 11.0 19.,0 3.5 
M-220 f'cpx GR 59 .. 8 39.8 0.4 
M-221 gb GR 0.5 46.2 46.9 tr 6.4 
M-222 gb GR 37 .. 9 49 .. 9 2.9 6.1 3.2 tr 
K-223 gb GR }4.0 42.9 9.1 5.0 9o1 tr 
M-224 gb GR 28.8 60.1 0.8 (10o3) 
M-225 gb GR Y.J.9 4?.9 2o3 9o9 
M-226 pd GR 53.7 18.7 26.6 1.0 
M-227 gb GR 49 42 9 -·· 
M-229 gb GR 35.0 51.0 lo5 (12.5) 
M-230 gb GR 4o.7 5lo7 0.3 ?o3 
M-231 pd GR 54.3 22.0 20.7 3.0 
M-232 pd GR 56.1 21.4 21.0 1.5 
M-23} pd GR 62.9 20.7 13.4 3o0 
M-2}4 pd GR 6o.1 19o2 19o2 1.5 
M-235 f'cpx GR 6.2 75o2 14.9 tr }.7 
M-2}6 o1.cpx GR 22.9 64.7 12o0 tr Oo4 
M-237 gb GR 42Q6 44.3 tr (13.1) ....., 
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Sample Rock Type Location Clo Cpxo Pl..lg. Opaqo Opx~ Q.tz ~ Grano_o Ap&to 

M-.300 gb GR 3l!.o 48oO 1o4 1lo2 5,4 ·tr tr 
M-302 gb GR 24o6 6co4 2.0 13.0 tr 
M-307 grano GR 1,.6 40.2 3~8 9o2 27.2 tr 
t-1-308 gb GR 26.0 55.6 "3.4 9.4 11.6 tr 
t-1-311 gb GR 0.5 3').8 45.6 tr l4o1 
M-312 pd GR 57 15 25 3 -- -·· M-316 gb GR _52.4 30.6 tr (9.0) 
M-317A gb PL-Md 32.0 53.2 5.0 8o6 1.2 
M-31713 gb PL-Md ,_ 37.0 88o5 ·J+oO 2.0 8.5 tr 
M-317C gb PL-Md 45 54 1 -·· M-31?D diabase P,L..Md 35.8 44.0 2.5 (16.2) L5 
M-317E gb -P,L..Md 35 58 1 2 4 -·· H-318 gb PL-tlc 30.6 56.0 4.2 1.0 8o2 ·.· - tr 
M-319 gb GR 45.0 50.6 2o0 2.4 tr 
M-320 gb GR 45.5 48.5 6.0 
M-32l.A grano GR <34.8) 4oo6 3o4 (.0 14.2 tr 
M-322 grano GR (32.6) 35.6 4o6 lloO 16.0 Oo2 
M-323 gb GR 32.2 41.8 ·- - 4.4 9o0 11.8 -0 .. 8 
M-324 gb GR 30.0 64.2 1.2 4.6 
K-329 grano W-M 29.0 4L8 4.8 2.0 8.8 13.4 tr 
M-330 i'cpx W-M 75.5 23.3 1.2 
M-331 fcpx W-M 71.6 21.7 -0.7 
M-335 gb Vf-M 38 52 -·2 8 -·· M-337 gb Yi-M 38.0 51.5 -tr 1.0 Boo -1.5 tr 
M-338 gb .Vi-M 29.6 50.0 1.4 (14.2) 4.8 tr 
M-339 gb W-K (53.0) '•6.3 ·o.? 
M-340 gb W-M ·: .. 33.2 45.4 -2.0 (14o2} 5.0 
M-341 gb W-M 36 r;J1 ·-tr 1 -·· M-343 pd GS 8o 18 2 -·· M-349A gb GS 41 48 ? 4 -·· M-351 :tcpx W-M 78o8 13.8 1.0 - 6.4 .. ~ -

M-352A cpx W-M 85o6 (131>6) o.8 
M-353 ol.cpx \V-M 12.0 6l. o2 18o8 0.4 7.6 ..... 
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S::.mple Rock Type Loc ..... ti~n 01. Cpx. Pl Upaq v Opx. Qtz. Grano., ~ ~-.t· 

M-3.54 o1.cpx W·-M 12.0 ?8wO ?.4 tr 2.6 
H-3.56 pd W-M 43.0 .500 7.0 tr 
H-357 !cpx .-M 82v5 1r ... o 1..0 2 r:; 

0/ 

I-~35.8 cpx W-M 86.0 ~0 - G.o 
H-3.59 cpx ·W-M 83.0 8.6 8.4 
H-360 gb ·W-M 34.2 44.6 3~4 (17..,8) 
r~-361 gb W-M 39v8 42o6 7,.6 10.0 
M-363 gb \'.'-M 38.0 41.8 ·8~8 11.4 
M-364 gb :·-M 24.6 5).4 6.0 10.0 
l-1-366 fcpx W-M 1.5. 2 &~a2 1.4 13-.2 
H-368 gpd W-M 41.5 41.5 8.0 tr 9.0 
M-369 CJiX ·Vi-M 7lto3 12.7 t:r (13.0) 
H-376 fcpx W-M 6o 34 l 5 -·· 'l-38o cpx W-M 96.7 3.3 tr 
M-380A cpx W-M tr 84.2 10.2 '0.2 5.4 -
~-382 o1.cpx t.'-M 17.8 79.2 2.6 ·0 .. 6 ,, -
M-384 pd \\'-M 49 4o 11 tr -·· 
M-385 pd W-M 45 36 17 .. 2 -·· 
M-385A diorite -W-M 26.2 70~4 2.4 1.0 
H-387 gb ea 29 68 '3 -·· 
M--388 gb CH (33. 7) 64.5 0 0 4 1.4 
M-390 fcpx -Cii 78.5 '15.2 tr 6.3 
:H-391 gb CH 31.4 53o6 Oc-7 9o3 
M-?1)2 fcpx CH 88 12 -·· 
• ,Brackets have been placed abdut those figures for which positive identification of the mineral 

· is doubtful. 
•• Rough approximation onlyo 

••• Cpx and plag have been grouped where alteration bas b~en too severe to allow eeparate identifica-
tion. 

.. . 
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APPENDIX 2 

Sp~ctrochemical Analyses; averages .or triplicates. Location of Samples 
noted GSC is Muskox intrusion (N.W.T.) 

Sample Rock ~ype LQcation , Ti .Cr v Li Ni Co . Cu Mn Zr . Sr Ba Rb 

M-3 gb · CH . 8150 273 5 &;) 52 · 20 ' 2070 282 195 123 8 
M-4 gb CH 11830 305 ' 7 39 49 34 . 1770 '· 299 ' 240 253 23 
H-5 rhyolite CH '5550 1970 235 7 248 64 151 1630 68 113 97 
M-6.-1 " CH . 9570 1095 279 · 8 213 63 195 . 1900 158 128 113 
M-6-2 " CH .. 8900 720 247 5 167 49 133 1380 123 '· 151 135 
M-6-3 " CH ·8800 ·700 255 ·9 209 48 155 1150 116 "·113 101 
M-6-4 " CH ·8o50 ·685 229 5 228 57 272 1650 144 '· 138 161 
M-6-5 " CH . 8000 · 800 223 5 185 51 109 1253 105 ·185 . 156 
M-7 . " CH -5883 1990 182 7 470 &;) 151 .. 1460 64 62 '· 16 
M-9 cpx CH ·1060 6670 15 6 2160 102 3 •. 857 . 9 ·-
M-16 gb M 14700 10 305 20 52 60 33 2063 117 119 55 
M-19 cpx K 7267 1030 271 14 265 49 57 1670 27 36 14 
M-22 gb' M · 6767 · 470 205 19 221 50 66 1643 69 30 '11 ~ 

M-24 !cpx M 7300 230 230 7 223 60 215 1483 67 22 39 
K-25 !cpx M 11700 90 263 7 106 37 64 1325 135 66 47 
K-26 gb M 7633 19 308 5 153 57 166 1537 84 99 45 
K-27 gb K 7900 267 9 43 41 22 1703 111 75 43 tr 
M-29 gb M 13600 1 310 7 33 57 127 1950 170 68 60 
M-30 gb M 10167 tr 278 13 99 77 11 1850 115 166 214 6 
M-31 gb M 12667 282 5 52 59 27 1867 210 255 30 
M-32 gb M 12000 243 3 33 46 79 1723 196 ll5 90 10 
K-45 gb M 48oo 83 236 19 77 39 50 1530 41 138 165 20 
M-49 gb M 10130 256 5 191 49 91 1503 555 . 138 83 tr 
M-.50 gb M 10833 277 4 51 35 6 1043 139 139 33 
M-51 gb M 11770 tr 297 8 41 39 49 1643 18o 98 56 
M-61 gb M 15430 257 9 33 37 38 1610 428 143 35 
M-82 fcpx M 10000 567 325 18o 46 47 1.500 73 60 24 
M-83 gb M 10970 273 6 43 44 54 1707 115 130 63 tr 
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Sample Rock Type Location Ti Cr v Li Ni Co Cu Hn Zr Sr Ba Rb 

M-84 fcpx K 13100 2220 318 6 205 54 228 2760 105 76 101 
M-85 fcpx H 7200 2030 273 5 234 52 155 2830 106 14 32 
M-86 fcpx M 7?/XJ 55 268 8 153 49 172 1670 132 88 64 
M-87 pd M 3310 2330 97 16 114o 107 57 1330 58 
M-88 grano M 9470 228 25 21 17 1 1130 64o .145 109 
M-91 gb H 9470 357 11 15 43 60 1743 129 39 101 24 
M-92 gb M 2817 743 121 18 91 23 2 823 12 142 122 
M-94 du M 3430 3660 155 1 88o 8o 38 1317 22 tr 21 
H-95 du M 1090 2300 100 1 825 86 7 1053 8 tr 
H-100 du H 1560 428o 78 6 1680 111 6 1083 15 
M-102 pd H 178o 3430 133 2 1530 88 145 1447 16 tr 5 
H-103 du M 1660 2830 92 4 1330 78 45 1450 14 tr 
M-107 pd M 1913 2650 99 4 520 119 44 1587 19 tr 
M-112 gb W-M 4950 85 193 22 81 38 53 1383 93 126 127 38 
M-113 pd W-M 1150 4200 35 3 2380 132 2 1290 18 

., M-114 · cpx W-M 2480 4160 122 "9 576 65 178 1290 11 64 11 
M-115 gb W-M 3400 143 69 8 115 9 1 118o 11 tr 
M-116 pd W-M 993 3670 4 1970 133 7 1120 31 

' M-117 pd W-M 1450 328o . 65 2 1700 116 72 1230 15 
' M-118 ol.cpx W-M 2670 3220 155 4 558 77 140 1460 13 9 

M-119 pd W-H . 2130 4070 112 5 1270 129 93 1760 22 
' M-121 pd W-M 1640 16.50 tr 2 1095 114 56 1320 13 

", M-122 · . pd W-M 1027 3100 20 1 148o 150 18 118o -12 
H-123 cpx W-M 2620 4010 172 8 378 45 14 1020 10 ... 
M-124· pd W-M 930 378o 20 1 2030 144 1 983 13 ~ 

H-125 -: fcpx W-H 2900 4900 141 7 430 51 60 1560 13 
M-126 !cpx W-M 4600 196o 210 7 292 48 48 1370 13 5 
M-127 fcpx W-H 6200 54 308 4 237 68 350 1890 68 5 tr 
M-128 gb W-M 6470 9 273 11 116 40 13 1030 21 262 95 15 
;K-129 gb W-M 7000 98 269 18 42 28 38 1150 69 24o 337 52 

?f · M-130 cpx/pd W-M 2590 • 2300 109 9 683 93 27 100 31 tr 
' ·H-131 gb W-M 4730 -457 236 30 115 34 69 1033 . 20 188 205 22 

L134 cpx W-M 3770 1935 100 32 1230 143 136 13.50 58 tr tr 
· · M-137 diab M 10330 30 301 7 4o 29 63 1450 132 133 245 45 

M-138 diab M 10270 78 350 14 63 40 147 2230 68 155 69 tr 
M-139- basalt M 2197 3030 153 3 1163 96 31 1567 20 tr tr 
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· Sample Rock Type Location Ti Cr v Li Ni Co Cu Mn Zr Sr Ba Rb 

M-llte - pd MH 1047 4230 tr 0.5 1360 151 8 993 30 .. 
M ... l41 pd MH 1183 4830 tr 0.5 1.507 146 1 14o7 20 
M-142 cpx MH 3325 3570 164 13 lt08 46 23 1250 9 
M-143 fcpx MH ltOoo 747 222 4 299 55 25 1623 20 tr tr 
M-144 gb MH 4llt0 14 237 14 103 39 219 lOltO 21 275 160 50 
M-145 gb MH 12900 2 5 23 19 2607 1300 87 6o 
M-147A fcpx HH .. 6400 67 402 2 214 6o 1883 39 24 9 
M-153 sul.+fepx MH 15370 tr 7 3 20 4 2580 627 221 68 

... M-154 gb MH 16ooo 1 620 7 19 51 67 2213 228 250 121 9 
... M-156 gb W-MH l.i8750 tr tr 5 ? 12 ·33 5173 358 64 20 
-· M-162 epx W-MH 3733 43.50 273 8 367 57 29 1907 10 tr tr 

M-163 gb Me 9600 12 328 13 34 36 53 2327 168 137 78 tr 
~1 ... 164 gb Me 8180 26 277 13 35 28 43 1477 122 167 197 20 
r~-165 pd Me 2017 3?00 83 5 1067 112 11 18oo 25 10 17 6 
M-166 pd Me 1950 5120 89 8 970 122 1 1350 20 tr tr 
M-167 gb Me 3230 39lt0 186 16 ·164 35 32 14o7 23 238 262 16 
M-168 gb Me 3700 780 200 13 89 26 62 1253 21 78 42 
M-169 grano Me 6930 45 9 4 19 ·27 1380 723 99 144 

.. M-170 gb Me 146o0 903 18 7 56 35 1810 149 78 133 29 
M-172 pd Me 1o43 2320 tr 2 980 106 27 1283 13 tr 
M-174 cpx Me 6337 99 295 21 208 65 267 1700 67 145 210 15 
M-175 pd Me 2717 3750 6o 7 1600 133 16 1103 39 tr 
M-176 xenolith GS 24170 45 353 7 161 10 3 983 727 tr 15 
M-187 gb GS 32300 203 13 179 12 10 923 207 103 69 
M-188 o1.cpx GS 3830 2100 186 30 468 65 63 16oo 32 62 64 17 
M-189 pd GS 1647 3500 tr 2 1850 92 4 1498 10 
M-192 pd GS 4373 4280 209 12 743 97 4? 1407 36 tr tr tr 
M-196 pd GS 2360 2880 116 16 370 88 82 1507 17 
M-197 andesite GS 16330 10? 396 15 65 39 96 1377 560 63 93 19 
M-198 gb GS 20000 162 503 10 65 47 62 2070 228 193 252 34 
M-199 gb GS 16070 107 516 9 69 37 !tO 1880 285 245 141 
M-200 pd GS 48oo 0.5 2900 128 5 865 14 
M-201 pd GS 1007 5130 tr 1 1280 104 1 1300 6 
M-202 pd GS 2057 3300 100 1 617 88 171 1207 15 
M-203 gb GS 1530 2370 121 24 356 37 74 607 8 54 53 tr 
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Sample Bock Type Location Ti Cr v Li Ni Co Cu Mn Zr Sr Ba Rb 

M-204 gb GS 2040 1347 141 36 170 38 82 780 8 100 43 
M-205 __ gb GS 7123 720 338 23 179 34 84 1410 63 118 125 35 
M-210 pd GS 1377 2970 tr 1 188o 93 45 900 13 
M-211 pd GS 58o 36o5 tr 1 643 88 88 1190 9 
M-212 gb GS 1257 1670 87 57 232 37 71 930 7 tr 
M-216 gb GR 3937 15 220 6o 54 ?I) 48 1217 29 195 320 85 
M-218 pd GR 1110 426o tr 3 156o 130 6 126o 19 
M-219 xenolith GR 48oo 98 153 14 56 30 17 693 722 145 54 
M-220 fcpx GR 2673 4130 197 16 375 54 32 106o 16 tr 
M-221 gb GR 1657 2157 113 23 225 36 35 743 5 123 220 Y7 
M-222 gb GR 12870 4o5 16 33 46 24 2077 154 113 158 48 
M-225 gb GR 3010 2650 163 53 163 31 61. 1217 20 132 122 
M-226 pd GR 1637 4oOO tr 5 985 139 28 1423 21 
M-227 gb GR 2887 2100 8o 45 198 59 43 1010 25 129 163 2 
M-228 gb GR 11300 tr 6 tr 33 83 2110 334 147 197 tr 
M-229 gb GR 1963 2100 tr 8 192 36 27 843 5 132 90 32 
M~2?1J gb GR 1703 2530 tr 64 175 26 l' 6?? tr 249 490 41 
M-231 pd GR 1210 408o tr 2 833 113 .. 2, 12.53 10 
M-232 pd GR 18o3 3130 tr 2 1093 114 29 ll43 4o tr tr 
M-234 pd GR 1917 3400 tr 2 1395 132 39 1303 70 tr tr 
~235 fcpx GR 2467 600o 171 7 308 50 8 1767 10 
M-236 o1.cpx GR 2033 37Bo 149 12 398 57 16 1010 17 tr 
M-237 gb GR 1290 2780 6o 29 263 46 20 735 tr 152 123 10 
M-300 gb GR 3517 56 202 7 83 35 87 1340 26 166 . 63 
M,..304 gb GR 7400 tr 290 6 ?I) 35 55 1697 14o 144 89 
M-?1)7 grano GR 9233 4 tr 22 13 1553 553 161 370 
M,..3Q9 gb GR 10366 328 5 29 4o 6 1610 178 132 92 
M-312 pd GR 873 43?1) 20 1 136o 120 9 1183 ll 
M-314 fcpx GR 1715 4430 128 8 963 69 9 1037 12 tr 
M-315 gb GR 1453 3400 101 7 288 . 43 5 86o 6 137 63 10 
M-316 gb GR 1993 2820 153 8 229 37 6 1077 7 125 96 10 
M-319 gb GR 5330 253 5 39 34 2 1277 45 203 192 36 
M-320 gb GR 12730 797 6 18 49 2 1277 132 173 220 22 

M-322 grano GR 127?1) 385 9 10 35 7 1887 473 139 108 15 
M-323 gb GR 10100 348 8 11 36 9 1680 ?IJ7 170 205 22 

M-324 gb GR 3700 " 80 183 12 74 25 69 980 14 227 151 37 
~ 
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Sample Rock Type Location Ti Cr v Li Ni Co Cu Mn Zr · Sr Ba Rb 

M~325 gb W-M 17300 16 470 17 75 ?:1 123 823 270 69 285 28 
M-329 grano W~M 10300 10 237 8 116 85 237 863 320 152 120 tr 
M-3?.0 fcpx W-M 5417 1153 270 12 312 104 87 14?,0 18 y; 
M-333 gb W-M 5500 6?,0 270 27 107 y; 75 l,S3 37 283 149 44 
M-334 gb W-M 61.33 432 285 22 83 31 75 1203 40 188 160 24 
M-335 gb W-M 7633 340 367 22 88 44 50 13?.0 56 160 137 15 
M-336 gb W-M 7270 132 320 19 67 40 34 1260 99 190 173 5 
M-337 gb W-M 87?-0 6o 312 15 66 44 110 1510 138 178 191 7 
M-338 gb W-M 61.00 472 313 18 125 43 lY) 1177 51 223 176 9 
K-339 gb W-M 4400 33.50 229 23 622 65 53 963 43 67 117 5 
M-340 gb W-M 4.500 897 245 17 120 33 45 1123 41 168 172 15 
H-341 gb W-M 3820 148o 191 12 206 55 36 1010 47 163 295 22 
M-342 W-M 2853 ?,040 118 23 647 65 ?.0 1267 20 
M-343 pd GS 907 4670 24.50 46 2 793 
H-344 du GS 19.50 2057 2450 102 12 1163 10 
M-345 du GS 790 YJ?-0 1 2460 96 1 1277 8 
M-346 du GS 765 4820 tr 26?,0 120 12 837 8 
M-347 du GS 1173 508o tr 1 2210 lo4 2 1020 6 
H-349 chilled gb GS 15267 36 547 18 32 35 19 1947 137 97 56 tr 
M-350 cpx W-M 5930 127 311 6 226 47 220 1763 21 31 29 
M~351 fcpx W-M 7667 79 415 5 2.50 60 109 178o y; 23 5 
M-352 cpx W-M 6033 225 343 4 510 79 43 1710 21 tr 5 
M-353 ol.cpx W-M 5877 540 290 5 453 85 79 1580 20 tr 6 
M-354 ol.cpx W-M 43?-0 963 230 4 403 63 24 1407 12 tr 
M-355 cpx W-M 4430 2190 245 6 ?:13 45 19 1227 13 5 tr 
M-356 pd W-M 2817 1133 118 3 88o 127 49 1500 25 tr tr 
M-357 fcpx W-M 3700 3530 216 7 373 65 53 1300 18 tr 
M-358 cpx W-M 3867 478o 184 8 367 56 4 1373 16 tr tr 
M-359 cpx W-M 3567 64?,0 181 5 570 6o 32 1710 13 tr 
M-360 gb W-M 14500 16 337 4 84 49 193 1810 208 192 97 
M-363 gb W-M 10170 392 19 85 6o 31 1950 85 277 40 
M-368 gpd W-M 3117 520 120 4 837 153 10 1860 35 20 
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Sample Rock Type Location Ti Cr v Li Ni Co Cu Mn Zr Sr Ba Rb 

M-369 cpx W-M 4o33 3400 193 10 317 .52 13 1590 18 tr tr 
M-385A xenolith GR 11150 1 16 6 3 830 777 217 74 
M-393 xenolith GR 10017 18 274 l 63 13 6 1733 91 27 15 
M-397 pd GR 1780 4570 6o 5 14.50 119 20 1730 17 

N07377 oloepx GSC 3817 3000 l8o 10 653 92 35 1337 53 43 6o 
N07875 gb GSC 2897 1720 135 29 550 71 106 1583 21 94 87 
Nl2720 cpx GSC 3767 3800 148 19 433 76 27 l96o 42 45 6o 
Nl5635 ol.cpx GSC 2257 7570 tr 9 l88o 114 212 973 21 18 
N02113 mafic grano GSC 16.500 17 297 ?f) 44 28 19 88o 637 283 910 144 
N02906 grano gb GSC 10700 91 297 235 119 37 96 4oo 110 124 195 85 
so8823 serp. du GSC 1265 5820 0.5 24oo 107 2 619 3 
524847 fresh du GSC 7.50 3800 tr 2103 149 19 1210 27 tr 
N05622 gb GSC 5400 333 258 19 128 4o 52 1220 23 202 130 25 
S27146 fresh du GSC 14.50 5920 66 5 2050 167 29 1463 31 tr tr 
Sl2868 serp. du GSC 530 64oo tr 1830 127 3 1380 15 
W-1 (standard) 10767 152 323 9 83 .38 101 1570 222 238 212 16 
PCC-1 ~ ~!10 tr.,., 713 103 . lO 9~ 9 
DTS-1 28o 57?1) 1 877 1?1) 5 1027 9 
BCR-1 17870 3 48o 15 12 32 13 1617 1320 .505 695 83 
24-08 CH 4900 34?J:J 158 1 970 88 15 1327 '79 21 16 
24-13 CH 5100 3400 237 7 390 81 31 174o 29 21 15 
24-23 CR 1550 4220 70 1610 1?J) 6 1433 29 
24-26 CH ?1)17 2250 245 6 353 48 32 1543 23 tr tr 
24-28 CH 1773 416o tr 1 2470 155 11 2000 31 
24-33 CH 494o 122 337 12 352 '79 6 2320 81 18 
24-34 CH 2633 22 50 1 94o 205 56 2597 82 
25-08 CH 103?1) 367 8 65 92 270 1903 393 232 48 24 
25-12 CH 104oo 1 3 39 9 2850 2550 267 73 
25-15 CH 13000 373 2 73 59 10 2120 263 167 56 
25-17 CH 12100 200 9 63 73 21 4340 273 128 124 



APPENDIX 3 

Silicate Analyses 

Sample No. M-113 M-118 M-124 M-325 M-333 M-337 M-356 H-363 M-369 M-385A M-141 M-142 M-143 
Rock Type pd. cpx pd. gb gb gb pd. gb cpx diorite pd cpx cpx 
Location W-M W-M W-M W-M W-M W-M W-M W-M W-M W-M MH MH MH 

SiO 36.84 48.71 37.81 57.51 54.52 54.63 44.38 48.62 50.96 60.64 37.29 50.57 50.13 
Ti02 .21 .36 .15 2.14 .74 .88 .32 1.08 .45 1.25 .18 .34 .53 
Al263 1.82 2.06 1o00 13.61 15.61 14.91 2.10 13.56 2.69 15.27 1.48 1.94 2.96 

~:ao3 9.,34 1.94 10.28 .88 o55 1.11 6.98 2.06 .93 .45 9.98 .96 • 79 
4o91 7.72 3.81 12.09 6.31 7.16 7.52 10.25 7.38 4.00 3.88 5.06 8.36 

MnO .20 .20 .17 .10 .16 .15 .22 .19 .19 .09 .1? .15 .20 
MgO 33.25 20.03 33~77 4.02 7.31 6.02 22.75 6.25 16.8o 3.08 33.93 18.55 16.58 
CaO .82 16o22 1.67 2.25 6,98 8.79 9.64 11.50 18.20 6.29 1.15 19.69 18o19 
N1,0 .oo .31 .03 1.?0 4.48 2.87 .23 3.33 .33 7.82 .02 .23 .22 

~0 .06 o03 .01 1.11 .83 .49 .04 .07 .oo .04 .oo .oo .oo 
.01 .01 .01 .17 .07 .10 .01 .09 .01 .30 · .oo .01 .02 

~~110° 10.39 1.41 9.67 3.87 2.13 2.61 4.59 2.51 .94 .82 10.45 1.34 1.48 
60-110° o49 ._11 .41 .22 .12 .15 .29 .13 .O? .04 .43 .10 .13 

c 2 .39 .04 .o8 .03 .19 .11 .03 .24 .02 .28 .08 .03 .03 
cr2o

3 
o64 ~65 ,73 

Total 99.37 99ol5 99.52 99.?0 100.00 99.98 99.10 99o88 98.9? 100.37 99.77 98.97 99o62 
Sample No. M-144 M-145 M-162 M-163 M-166 M-167 M-200 M-201 M-202 M-203 M-205 K-349 
Rock Type gb gb cpx gb pd. gb pd pd pd gb gb gb 
Location MH MH W-MH McC McC KcC GS GS GS GS GS GS 

Si02 4?.33 59.83 50.33 52.67 39.44 49.16 38.45 3?.76 4o.96 46.71 50.18 49.93 
TiO .56 1.10 .32 1.08 .28 .41 .15 .13 .17 .18 .?7 1.?4 
Al2fJ

3 
18.32 13.81 1.73 13.57 5.45 14.88 2.34 2.64 3.18 14.38 14.81 12.84 

;:ao3 
.81 2.?6 .81 1.22 5.08 .90 4.25 6.92 5.98 .59 .84 1.1? 

?.14 6.96 6.?0 10.86 ?.36 6.14 1.30 2.02 4.36 4.?4 7.28 13.34 
MnO .13 ol6 .16 .18 .18 .13 .11 .16 .1? . oB .15 .27 
MgO 6.01 1.31 18.80 5.91 27.90 10.11 38o83 36.20 29.13 14.13 10.02 6.64 
CaO 13.59 6.43 18.07 ?.59 3.65 12.92 ol4 1.11 7.29 14.94 10.?0 ?.05 
Na

6
o 2.01 6.23 .22 3.16 .19 2.15 .oo .02 .05 .66 2.22 3.93 

K2 1.19 .o8 .oo .37 .04 .60 eOO .00 .oo .25 .56 .31 
P;>Ot; .04 .18 .01 .11 .02 o04 .02 .01 .01 .02 .o8 .14 

~0+110° 2.72 .98 1.19 2.82 8.59 2o08 12o33 11.26 6.43 3.04 2.30 2.64 
60-110° .14 ol4 .09 .20 o49 .08 .58 . 54 .23 .09 . o8 .09 

c 2 .02 .01 .02 .03 .05 .04 ol5 .11 .05 .04 .05 .02 
Cr2o

3 .77 .73 .57 
Total 100.01 99.98 98.45 99.77 99.49 99.64 99.38 99.45 98.01 99.85 100.04 100.11 

.... 
):i 



Sample No. M-218 M-219 M-220 M-221 M-232 M-323 
Rock Type pd cpx-gn cpx gb pd gb 
Location GR GR GR GR GR GR 

Si02 38.95 56.69 49.02 47.59 41.43 54.87 
Ti0

6 
.11 ,67 .28 .19 .29 lo36 

Al 4.57 17.55 5.11 15.58 5.20 12.95 
Ft&3 4.18 .67 .6o .65 1.63 2.88 
F;6 3 6.64 4.50 6.34 4.32 9.32 10.56 
MnO .16 .07 .14 .09 .17 .19 
MgO 32.05 6.01 19.01 11.77 28.66 4.04 
CaO 3.56 2.98 15.24 13.62 4.54 6.79 
N1,0 .o6 7.32 .31 1.39 .14 3.11 

~0 .oo .00 .oo 1.07 .15 o71 
.01 .43 .01 .02 .02 .15 

IfO~ll0° 8.84 2.55 2.66 3.37 7.75 2.35 
lt0-110° o39 .10 .08 .17 .31 .11 
cs2 .o6 .02 o03 .05 .05 .03 
cr2o

3 o50 .41 

Total 100.08 99o56 98.83 99.88 1()().07 100.10 



S~ple No. 24-08 24-10 24-13 24-18 24-23 24-26 24-28 24-33 24-35 25-08 25-12 25-15 25-17 
Rock Type hpd hpd cpx pd pd cpx pd cpx fcpx mgb gb gb gb 
Location CH CH CH CH CH CH CH CH CH CH CH CH CH 

Si02 44.6 41.8 50.4 38.0 38.6 51.2 38.8 49.5 51.5 44.9 54.5 50.3 48.7 
Ti0

6 
.70 .49 .52 .21 .27 .45 .22 .66 .82 1.52 1.47 1.41 1. 52 

Al2 6.04 3.97 4.21 2.00 2.02 3.03 1.68 4.23 5.06 13.6 13.0 13o5 13o0 

;~o~ 3.71 6.78 l o49 10.7 10.8 1.34 11.0 1.52 .53 3.8 3.7 3.2 2. 2 
9.73 6.29 7.99 4.81 4.73 6.62 5.01 8.96 9.02 14.6 12.1 11.4 13. 0 

MnO .18 .18 .19 .21 .22 .17 .27 .20 .19 .25 .24 .21 .22 
MgO 20.6 27.0 16.0 30.8 30.1 17ol 30.2 14.9 12.9 7.1 2.0 5.0 6. 5 
CaO 7.92 5.50 16.3 2.87 3.27 18.2 1.97 16.6 16.3 7.7 5.9 8.2 6.8 
~a6o .72 .52 .79 .05 .o4 .?f) .04 .63 1.65 2.29 5.14 4.28 3.32 

.10 .02 .03 .01 .01 .00 .03 .03 .10 .52 .23 .15 .37 
P20 .05 .02 .01 .01 .01 .01 .02 .oo .04 .07 .21 .09 .11 
~0~110° 4.89 6.68 lo45 9.32 8.79 1.30 9.4o 1.69 .95 3.00 1.38 2.26 3.51 
60-110° .13 .25 .17 .51 .51 .17 .56 .18 .16 .20 .20 .16 .26 

c 2 .05 .09 .15 .06 .06 .01 .04 .75 .34 .07 .13 .12 . 62 
5.09 6.99 1.9 10.0 1.8 

Total 99.4 99.6 99.? 99.6 99.4 100.0 99.2 99.9 99.6 99o6 100o2 100.3 100. 1 
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APPENDIX 4-A 

WARDEN-MUNRO SliL"l'ION 

Layer Rock Type Thickness Footage Sample Footage 

15 Gabbro ?r:IJ 1??0-2520 M-333 2520 
M-334 24?0 
M-335 24oo 
M-336 2320 
M-337 2210 
M-338 2110 
M-3~ 2020 
M-34o 1950 
M-341 1890 
M-342 1?90 

(Chert) (35) 

15 Gabbro 4o 1?30-1??0 M-325 • 1?65 
M-329 1?48 

14 C11nopyroxenite 65 1665-1?30 M-330 1?10 

13 Gabbro 390 12?5-1665 M-360 161? 
M-361 160? 
M-364 1442 
M-363 1412 
M-366 128? 
M-350 125? 

12 C11nopyroxenite 1?0 1100-12?5 K-351 123? 
K-352 123? 
M-353 1145 

11 Peridotite 2" M-368 1105 

10 C1inopyroxenite 160 940-1100 M-354 1095 
M-355 1015 

9 Peridotite 6" M-356 945 

8 C11nopyroxenite 175 ??5-94o M-369 925 
M-357 905 
M-358 845 
M-359 7?7 

7 Peridotite 90 685-775 M-124 725 
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Layer Rock Type Thickness Footage Sample Footage 

6 Clinopyroxenite 65 62o-685 M-123 650 
M-382 622 

5 Peridotite 190 430-620 M-122 58o 
M-121 510 
M-119 431 

4 C1inopyroxenite 130 300-430 M-118 360 

3 Peridotite 300+ D-300 M-117 300 
M-116 26o 
M-113 90 



APPmDIX 4-B 

CENTRE HILL S:Fl;TION 

Layer Rock Type Thickness Contact Sample Sample 
Footage Footage 

15 Gabbro 670{ft) 820-1490 25-17 1485 
25-16 144o 
25-15 1375 
25-14 124o 
25-13 1165 
25-12 1105 
25-11 995 
25-10 930 
25-09 830 

14 Melanogabbro 65 755-820 25-08 810 
25-D7 7fJJ 

13 Feldspathic 95 66o-755 25-05 745 
Clinopyroxenite 25-04 720 

25-03 670 

12 Feldspathic 120 54o-6fJJ 25-02 6oo 
Clinopyroxenite 25-01 541 

11 Peridotite 3 537-540 24-37 539 

10 Feldepathic 30 507-537 24-36 535 
Clinopyroxenite 24-35 515 

9 Peridotite 3 504-507 24-34 505 

8 Clinopyroxenite 119 385-504 24-33 500 
24-32 425 
24-31 388 

7 Peridotite 30 355-385 24-30 384 
24-29 370 
24-28 357 

6 Clinopyroxenite 55 300-355 24-27 351 
24-26 330 
24-25 303 
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Layer Rock Type Thickness 
Contact Sample 

Sample 
Footage Footage 

5 Peridotite 70 230-.300 24-24 295 
24-23 260 
24-22 231 

4 C1inopyroxenite 10 220-230 24-21 229 
24-20 222 

3 Peridotite 190-220 24-19 218 
24-18 210 
24-17 191 

2 Granular 16o-190 24-16 185 
Peridotite 24-15 161 

1 Clinopyroxenite 90 70-160 24-14 157 
24-13 110 
24-12 72 

LHZ Hornblende 70 0-70 24-11 69 
Peridotite 24-10 30 

24-09 15 
24-08 6 
24-07 2 



138 

APPENDIX 5 

Diamond Drill Program 

As an aid to field research, the department of geology, McMaster 

University, purchased a portable diamond drill and accessory supplies. 

The drill, t~e GW-10 "Winkie11
, is manufactured and distributed by J.K • 

. Smit and Sons, a Toronto firm. When mounted on a uniprese - a mechani­

cal pressure feed device - the machine is capable of drilling to depths 

of approximately 250 to 300 feet with EX 97/8" core steel rode in medium 

hard rock, or to 450 feet with magnesium-zirconium light-weight rods. 

The drill, unipress, and motor can readily be dismantled, tra.nsported in 

2 or 3 pack loads to the drill site and quickly reassembled. It is not 

necessary that an experienced driller operate this machine, although much 

time could be saved if an amateur operator were to set up the drill and 

complete a practice hole before going into the field. 

should consist of operator and assistant. 

The drill crew 

During the 1964 field season I drilled two short holes in the 

ultramafic-gabbroic intrusions of the Abitibi region. The first, on the 

south limb of the Ghost Range intrusion, was designed to test the perido­

tite-gabbro contact where outcrop was not available. The second, drilled 

north of Monahan Lake in McCool township to test the southern contact of 

the Munro Lake sill at this point, was abandoned at 44 feet when the 

piston on the engine was scored. I decided to sacrifice completing the 

hole rather than additional field mapping, since little time remained in 

the field season. Logs of the drill boles are summarized below. 
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Hole: NM-1 

Attitude: Nl4°E;-43° 

Location: Claim L4o537, Hoffman Property, northern Harker township. 

!!:.2!! 
O' 

:!:!! 

47' 

Rock Tne 

Peridotite: high serpentinized; poikilitic clinopyroxene 

plates up to 3/4" diameter; scattered shear zones. 

47' 5}2-' Pyroxene Felsite Porphyry: phenocrysts (1/16 to 1/811 

5}1-' 

58' 

61' 

61 • 

63' 

diameter) now amphibole but have form of pyroxene; 

approximately 85 per cent fine grained groundmaas. 

Clinopyroxenite: very severely altered, primary mineralogy 

and texture destroyed. 

Pyroxene Felsite Porphyry 

Melanogabbro: fine grained; cumulus plagioclase and clino­

pyroxene. 

63' End of Hole. 

Hole: HM-2 

Attitude: S30°W; -40° 

Location: north end of Monahan Lake; Lot 9, Concession II, McCool township 

From 

O' 

Rock Type 

Peridotite: generally badly sheared; some relict poikili t ic 

clinopyroxene grains. 

44' End of Hole. 
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APPENDIX 6 

Nona Calculatiou 

ll3UU 1·11:: lGi 1T ,.\, ~ L) I•,L.J Lt P ti~ C ci\JTii GE S 

lBUU tJ u . ouu u . uoo c • jL(J . ;,::,4 uk o'tlJ4 . J·n 
1DUU At... o . uuu u . uoo Ai~ 4 . :>:> o Lr • ~ ~ l.J LC u . uou u . uLU 
113 00 I~E u . ouu o . uoo IZ P o . uuu o . uuu ,.,c u . uuu U oUUl1 

11 300 Ul u . oou u . uoo riE u . uuu o . uuu I: I\ jo , £:21 5';1 , :JcL 

11 300 FS . UHY • (J -1 0 FO 3Y . C:>U U 45 . ::,::,-. r- i1 • 1 () l • u-i o 

11300 ~LJ o . ooo o . uuu LA u . uuo u . uGu ;·1T 1::, . '+22 1U. 3v'J 
11500 l L . 4::,4 • 511 CR. 1. us-2 • -, 6 (J hi•l u . uuo u . uuu 
113()0 I~ lo • 0 26 • u 22 ') y u . uuo u . uuu I'JS u . uuu u . uuu 
ll3U U KS u . uuo u . oou i{ l) o . uoo u . uuu 

ll 3UU 1·1 t; G 1 ~ I: S I U l·1 I I r: U '' r(A TI u '.I'J . t:l21 

11 300 • o~ .,~ #I' •o• 'I' CUI·1PUTt F1:3 vi I TH Fl:2 ., .. , .. , .. , .. ,. 

11 300 vJl: I GnT .ANO 1·lLl L t Pc R. Ct NTAGE S 
11300 u o . uuu o . ooo c . 35 1 . 5 54 Ul-; . "rOb • 3 -o 
11 300 Au u . oou o . ooo AI~ 4 . 607 4 . 2::,';1 LC u . uuo U • (JUO 
11 300 Nt o . oou o . uuu KP o . ouo o . uo o ill o . ooo u . ouu 
11 3 ()() UI o . ouu u . uou HE o . uoo o . uuu l:i'< 1 ~ . 16 7 1:> . 540 
11 300 FS 4 . 276 3. 334 FO ::,6 . 167 b1 , :,Y(J F ~I 17 . 4SU 13. 214 
11 300 vJU o . ouo o . ooo LA u . oou o . uuu 1-,T u . uuo o . ooo 
11 300 I L • 45 9 • 311 CR 1. 103 • "(6 u 1-1 1·1 () • (JCJO u . uuu 
11 300 AP . o 26 . 022 py u . uoo o . ouu i\J$ u . uuo u . ouu 
11 300 KS u . ooo o . ooo RU u . ooo o . uoo 

11 300 I'IAGi\J I: S I Ui'l I I RO I\J RA T IU ti2 . 33 4 

ll bOO iJi: !Gt-1T J.\1\JU i•'lll L l: PER.C Em AG ES 
11 bOU t.,; u . ouo o . o uo c u . uuo (J , UUU Ui-; • 1t:i 1 • 1-f d 

11 800 A-o 2 . 6t5-( 2 . 7 91:l AI~ 4 . 243 4 .1 64 LC u . uoo u . uuo 
ll tiUO I ~ I: u . uoo u . ouo KP u . uoo u . uvo AC u . uuu u . ovu 
ll bOO Ul 5 1. 1i:l;, 5 1. 65 1 HE l l. U5U '1 . -r2'-J l:l\ ., • 5 7 l o . o 1o 
11 tl uo FS 1. t:l2:> 1 . 511 FO 14 . U22 l 6 . 32o 1-il ::> . o2b ::> . cn o 
l1 b00 IJIJ o . ooo o . ooo LA u . uuu u . uuu I·I T 2 . i:Jd2 2 . CJ'J 
ll bUU I L . 700 • ::,(J4 CR U. v0U u . uuu h i-, u . uuu u . uuu 
11 o00 i-\ P . 023 . u2 1 p y u . uuo u . uou lvS u . uuo u . ouu 
1l bu0 KS o . oo u u . uou RU () , (.;(J(J ( J , (J()l) 

11 b00 1·1 /..GI\J t S I U1•1 I I kUi' k/1 TI u tS 4 . 14 3 
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11 bOO ::::: ::~ ;.;: :;::: ::::: C UHP UTI: FE3 ~~ ITH FU 't" ,,~,.,.. .. , ... ,. 

lltlOO WE I Gl-iT AI\J[) lt,U L t: Pt:kCt:NTAGES 
11&00 w o . ooo o . uoo c u . uuo o . uuu OK • 1b 2 • 1 .. ( C) 

lltiOO Ao 2 . 692 2 . 7913 AN 4 . 251 4 . 164 LC o . ooo o . ouu 
11 tJUO Nc o . ooo o . ooo KP u . ouo o . ouu AC u . uuo U. UG U 
111300 lJI 413 . 305 4tl . 62Y HE 14 . 489 12 . 7::.1 b\ 3 . 'rfo 4 . 31--J 

111300 FS 1 . 36& 1. 130 FO 17 . 406 LO . n:> FA o . ~Yb :::> . 29:::> 
lloOO 1-HJ o.oou o . ooo LA o . uoo 0 . 00(; hT u . oou u . ouu 
11BOO I L . 701 • 504 CR u . ouo 0 . U(J U hh u . uuu u . uvU 
11&00 AP . 023 . o2l py u . uuo 0 . u (J(J 1\;S o . oou u . ouu 
11tl00 KS o . uoo o . ooo RU o . uuo o . uou 

11b00 I' IAGr~t: S I Ur'l I I RUI'J RAT IU 79 . 251 

124UU liE I GHT AI\ID HULt: PERCENTAGES 
12400 u o . ooo o . oou c u . uuo o . uuo lJ I{ . 066 . U62 
12400 Ai.J • 284 • 2tl 2 AN 2 . b79 2 . 6'71 LC o . uoo U. Ul'O 
12400 '"c o . ooo o . ooo KP u . ouo o . uuu AC u . ooo u . ouo 
12400 DI 4 . 942 4 . 74tl HE u . uoo o . uoo E1~ 35 . 622 36 . 9U6 
12400 FS u . ooo o . oou FO 39 . 6U3 43 . 91L FA o . oou u . uuu 
12400 ~/0 o . ooo o . uoo LA u . oou o . ouu I•,T ll . 65 9 .. ( . u 57 
12400 I L • 319 • 219 CR 1. 093 . 76L Hl· l 3 . :>01 <: . 280 
12400 AP .026 . o 21 py o . uoo o . ouu r~s o . uoo o . uuu 
12400 KS o . ooo o . uoo RU o . ouo o . oou 

12400 i·1AGI~ I: S I Ul'l I I I<. UN k AT ILl 100 . 0(;0 

1240U :;:: ::::: :;t :;~ ::.;::: COHPUTE FE3 WITH Ft:2 :;:::;::;:::;:::;, 

12400 liE I GHT AND I'IUU: P E 1<. C c 1\J TAG E S 
124 00 {,J o . ooo o . uoo c 0 . 000 u . uuo UR . lJb7 . OGZ 
12400 Ab • 2813 • 2!! 2 AN 2 . 913 2 . o91 LC u . uou u . oou 
12400 Nc o . ooo o . ooo KP u . ooo o . uuu AC u . uoo u . ouu 
124 00 lJI 4 . 142 3.933 HE . 9b3 otl 1:> t: I~ 13 . 451 1 3 . Tf ':..> 

12400 FS 3.663 2 . tl 55 FO :>6 . 174 61 . 5 66 I-A 16 . USY 12 . 760 
12400 I·IU o . ooo o . ooo LA o . ooo o . uuu HT o . uuo o . uuo 
12400 I L . 323 . 219 CR 1. 106 • .. ( 6:!. 1-lf•l o . ouo u . uuo 
12400 AP . 026 . 021 py o . ouo o . uoo 1\JS . o . uuo u . ouu 
12400 KS o . ooo o.ooo I<. U o . ouo o . oou 

12400 ~1 AGI·~ t: S I Ut~ I I RON I<.ATIU b2 . b32 

14100 WE IGhT AI~D HO Lt: PEKCENTAGES 
141 00 w o . ooo u . ooo c u . uoo o . ouu Uk o . uoo u . uuu 
14100 Al:l • 19 1 • 189 Al\l 4 . 463 4 . 160 LC o . uoo u . uuu 
14100 1\JE o . ooo o . ooo KP o . ooo o . uuo AC u . uou u . ouu 
14100 DI l. 545 1. 480 HE o . uoo u . uvu t: I~ 56 . 32 1 37 . :> 2o 
14100 FS o . ooo o . ooo FO 40 . '77 2 4? . 304 FA u . ooo o . uuo 
14100 wu o.ooo o . ooo LA o . ouo o . oou hT 11 . 613 -r . tJ04 
14100 I L . 386 . :!.64 CR 1. 236 . b~9 Hi"• 3 . 2.70 :!. . lL4 
14100 AP o . ooo o . ooo PY o . ooo o . uuu I~ S o . uuo u . ou u 
14100 KS o . ooo o . ooo RU o . uoo o . ooo 

14100 H AGi'lt S I Ur·l I I RUI'~ I<. AT! U 1ou . ooo 



14100 }:: ~:~ ;: ~:: ,;, CO ~lP UTE FE3 l' I TH FEZ :::: ~:: :::: :::~ ;~ 

14100 WeiGHT AND MO LE PERCENTAGES 
14100 l~ o . ooo o . ooo c o . ouo o . ooo OK u . uou u . uuu 
14 100 Ab • 19 3 • 18 9 AN 4 . ~14 4 . 16() LC u . uou u . ouo 
14100 1~E o . ooo o . ooo KP o . ooo o . ouo AC o . ooo o . ou o 
141 00 or 1. 30 1 1. 232 HE . 300 . 24b Ei~ 14 . 3':18 14 . 7()7 
14100 FS 3 . 807 2 . 960 FO 5-1 .1 79 62 . 5 11 FA 16 . 664 12 . ~0() 

14100 IW o . ooo o . ooo LA o . ooo o . ooo i11T o . ooo o . ouo 
14100 I L • 390 . 264 CR 1. 2:>0 . 85'.7 H~l o . ooo o . ooo 
14 100 AP o . ooo o . ooo py o . uou o . ouu 1\<S o . ooo u . ouu 
14100 KS o . ooo o . ooo RU o . ooo o . oou 

14100 ~'IAGN t: S I UM I I RON RA T lU tl3 . 246 

14200 \IE IGH T AIIJD l'l ULi: PEkCEN TAGcS 
14200 w o . ooo o . ooo c u . ooo o . uou Uk o . uuu u . uuo 
14200 Ab 1. 995 2 . 0-16 AN 4 . 310 4 . 2 b~ LC o . uuo u . ouu 
14200 1\Jc o . ooo o . oo o KP u . uuo o . uuu AC o . uou o . ouo 
14200 or 6:> . 649 66 . 14tJ HE 10 . HlO 8 , Y:i3 El< 4 . 3tJ~ 4 . 7b:> 
14200 FS . n9 • 645 FO b . 7'-;9 10 . 234 FA 1 . 7 24 1 . 3o 5 
14200 vtu o . uoo o . ooo LA u . uuo o . oou hT l . 427 1. 0u9 
14200 I L . 662 . 416 Ck o . ouo o . uou H1·o o . uuo o . ouo 
142 00 AP . 023 . o 21 py o . uoo o . uuo I~S u . uuo u . ouo 
14200 KS o . ooo o . ooo kU o . ooo o . uuu 

142 uo i"'AGI~t: S I UH I I RU1~ RATIU 8tJ . 0-, tJ 

14200 ~::;::;: :::: ;;: CUi'l PUT E t=E3 ~JI TH Fi:2 ;: :;::::;: :;: 

14200 \·Jt: I G H T AND f·IU L E Pt:KCENTAGES 
142UO (J o . ouo o . ooo c o . uoo u . ouu ur~ u . uuo u . ouu 
14200 At3 1 . 997 2 . Ui6 AI~ 4 . 3-,4 4 . 2b::> LC u . uuu u . uuo 
14200 NE o . ooo o . ooo KP u . uoo o . uuu AC o . oou u . ouu 
14200 or 63 . 5 20 63 . 941 HE 12 . 703 ll .1 b1 E I ~ ,:: , 6oU Z. dvb 
142 00 FS • 610 • ~04 FO lO . D2 12 . 46'1 FA z. ·n z 2 . Uo 
14200 ~iU o . ooo o . ooo LA u . ouo u . uou 1·1T u . uuu u . uuo 
14200 I L . 662 • 4-16 CR o . uuo o . uuu 1-il'o u . uuo u . ouu 
14200 AP . 023 . 021 py o . uuo o . ouo I'IS o . uuo u . uuu 
14200 KS o . ooo u . oo o kU o . uoo o . uoo 

14200 I'' A G 1~ t S I U h I I R U I'J RA TIO tl :i .1 3tl 

14 300 WE I GHT AI~D hU LE PERCEN TAGES 
14300 Q o . ooo o . ooo c u. ouo u . uuu Ul-{ u . uoo o . ouu 
14300 Ab 1 . tl99 2 . 003 AN 7 . 235 7.1 '1 4 LC u . uuu u . uuu 
14300 '~E o . ooo o . uoo KP u . uoo (J , (j(J(J I~C o . ouo u . ouu 
14300 lJI 52 . 27Y 53 . 42 1 HE 15 . 6 12 13 . 977 i:IIJ o . 931 ') • b 42 
14300 FS 3 . 070 2 . 5 -~s t=o 6 . 21:!~ -, . 414 FA 2 . 3tJ1 1. 9 3':1 
14300 wu o . ooo o . ooo LA u . ouo o . uuu rH 1. 16 tl • 8 '::; 7 
143 00 I L 1. 027 • -, 49 CR u . uoo u . uou hi· I (J , (J(JL) u . ouu 
14 300 AP • 047 . 042 py o . uuo o . uuu o\JS u . ouo o . ouu 
143 00 1\S o . ooo o . ooo RU o . uoo o . uuu 

14300 1-~ AGI'J t S I Ut•i I I RUN RA Tiu 79 . 26 1 
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14300 ~~ :;: ::: :;: ::: COMPUTE FE3 1·1 I TH FE2 :;:::;: ;:::;::;: 

14300 WEIGHT AND JVIU LE PeRCENTAGES 
14300 (,) o. ooo o. ooo c o. ouo o. ouu (Jk o. ooo u. ouo 
14300 Ab 1 . 901 2 . 003 AN 7 . 241 7 . 1'74 LC o. uoo u. ouu 
14300 NE o. ooo o. ooo KP o. ouo o. uuu AC u. uou u. 000 
14300 DI 50 . 866 5 1. 9 36 HE 17 . 3? 1 15 . 463 E1\J 7 . 517 u. rn 
14300 FS 2 . 941 2 . 464 FO 7 . 759 9 . 145 FA 3 . 34? c . 7 22 
14300 viO o.ooo o. ooo LA o. uo u o. ouu ~ I T o. ooo o. uuu 
14300 I L 1 . 028 . 749 CR o. ooo o. oou HI"-! o. ouu u. uuo 
14300 AP . 047 . 042 py o. uoo o. oou I'<S u. ooo u. uuo 
14300 KS o. ooo o. ooo RU u. ouo o. uuu 

14300 f'IAGNE S I Uri I I kUf\J RA TIU Tt . 0?7 

14400 \·IE I G hT ANLJ ~iU L t: PERCE:I'<TAGES 
14400 (,) o.ooo o. ooo c u. ouo o. uou UK 7 . 246 7 . 236 
14400 AB 13 . 28l:l 14 . 083 AN 3l:l . 556 38 . 51? LC o. ouo o. ooo 
14400 NE: 2 . 285 2 . 682 KP o. uoo o. ouo AC o. uoo u. ouu 
14400 DI 14 . 900 1? . 296 HE 10 . 2()-, 9 . 146 E i~ u. ooo u. uuo 
14400 FS o. ooo o.ooo FCJ ? . '1?7 7 . U?b FA :) • 1? 7 4 . 220 
14400 wu o. ooo o. ooo LA o. ooo o. ouu HT 1 . 209 • t!"( 0 
14400 I L 1 . 094 . 80 2 CR o. ooo 0 . () ou Hh u. ooo u. ooo 
14400 AP . 095 . 086 PY o. ooo o. uuu NS o.ooo u. ooo 
14400 KS o. ooo o.ooo RU o. ooo o. oou 

14400 Jvl AGI~ I: S I Uf~ I I RUN RA Tl 0 62 . ? 8 1 

14400 :;: ;;~ ;;: ::: ;;:: C Uf•1P UTE FE3 WI TH fl::2 :;::;:;;:;;::;, 

14400 WEIGHT Ai\JU I' IU L E PEkCENTAGES 
14400 w u.ooo o. uoo c u. uoo o. uuu Uk -, • 2, (: ., • 2 3o 
14400 Ab 12 . 272 12 . 9':1? AN 3b . ?b8 jlJ . ?1? LC o. ooo u. uuo 
14400 Nc 2 . l:l44 3 . 335 KP o.ouo o. ouu AC u. uuJ u. uuo 
14400 or 14 . 017 14 . 3-/8 HE ll . 242 10 . 064 b~ u. uuu u. uuu 
14400 FS o. ooo o. uoo FO 6 . 2?2 7 . 403 FA b. 3 ::'>tl :J . 1c 2 
14400 wu o. ooo o.ooo LA o. ouo u. uuu f·,T u. uuu u. uuu 
14400 I L 1 . 095 . tl02 Ck O. OlO o. uou H1•1 o. ouu u. uuu 
14400 AP . 095 . Ul:l6 py o. ooo o. ouu iS u. oou u. uuu 
14400 KS u. ooo o. ooo RU o. uuo o. uou 

14400 i'IAGI~ t S I UM I I kUN RA T lU ?b . b23 

14500 WEIGhT Af\J LJ fo-1Ulc PERCEI'JTAGES 
14500 (,) 8 . 661 8 . 066 c o. ouo u. uuu LJk • 4-, /j • 4o 1 
14:>00 Ab 53 . 322 56 . l:l9? AN 9 . ?96 9 . 6?0 LC o. uuo u. ouu 
14500 NE o. ooo o. ooo KP u. ooo o. ouu AC u. uuu v. ouu 
14500 DI 5 . 40 2 5 . 5b4 HE 12 . ':169 11 • 7 ()() t.r~ . 7':1? . 11 bo 

14500 FS 2 . 1tl9 1 . 857 FO o. ooo o. oou FA o.ouu u. ouu 
14500 1-J U o. ooo o.ooo LA o. uoo u. uuu 1·1T 4 . 04cl ~ . ~j j 5 
14?00 I L 2 . 113 1. 558 CR u. ooo O. UOlJ Hi·1 u. uoo o. uuu 
14?00 AP . 422 • 3tl3 py o. uuo o. uou NS u. uuo U. OUlJ 
14500 KS o. ooo u. ooo RU o. uoo o. ouo 

14500 t'IAGNt S I UM I I RUI~ RA T lU 32 . 30-, 
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14500 :;.: ~~;;.: ;.;.: :::' CUI'I PUT E FE3 WITH FEZ ~:.: : ;: ; ;: :;: ::~ 

14500 WEIGHT AJIJO NO LE PERCENTAGES 
14500 Q 5 . 525 5 .1 31 c O , (J(J(J o . oou Uk . 480 • 4 tl 1 
14500 AB 53 . 471 56 . 895 AN 9 . 622 '} , 65(; LC o . ouo u . uuo 
145 00 NE o . ooo o . ooo KP o . uoo o .u oo AC o . uoo o . o uu 
14500 DI 3 . 574 3 . 684 HE 15.117 13.59'1 EN 1 . 652 1. 83b 
145 00 fS 8 . 012 6 , Ti8 FO u . ooo o . oou FA o . oou u . ouu 
14500 wo o . ooo o . ooo LA o . ooo o . oou f'•IT o . uoo o . uuo 
14500 IL 2.11 9 1. 558 CR o . uoo o . ooo Hfv1 u . ooo o . oou 
14500 AP .423 • 383 py u . uoo o .u uu NS o . ooo o . ouo 
14500 KS o . ooo o . ooo RU o . uoo o . uuo 

145 00 ~IAGNt:SIUi"IIIRON RAT! 0 21 . 317 

16200 wEIGHT AND 1•1ULE PEKCEf~TAGES 

162 ()0 w o . ooo o . ooo c o . uoo o . uou UK o . oou u . uuu 
16200 A to 1. 915 1.997 AN 3 . 842 3 . 77'::> LC u . uuo u . ouu 
162 0(; NE o . ooo o . ooo KP u . uuu u . uuu t1 C u . ooo u . ouu 
16200 lJI 58.0 30 5d . 599 HE 12 . 324 10 , tl62 t: I~ o . 762 9 . '::>43 
16200 FS 2 .1 34 1.76tl FO 8 . -176 10. 22':1 FA 2 . 355 1. 8 ':16 
162 00 1-JU o . ooo o . ooo LA o . ouo u . uuu r· 1T 1. 208 otl56 
16200 IL . 6 25 . 450 CR u.o oo o .u ou Hl'l o . uoo u . uuu 
16200 AP . 023 • 021 PY u . ouo o . uou NS o . uuu o . uuo 
16200 KS o . ooo o . uoo RU o . uuo o . uou 

16200 l"l AGN t: S I Ut·l I I KOI~ KAT! U tl4 . 362 

16 200 :;:::::;.::;.:::.: COf•'iPUTC FE3 WITH FEZ ~:;~ ;;.:: ~.:;;: 

16200 WeiGHT AND r•I ULE PERCENTAGES 
16200 Q o . ooo o . uoo c u . ouu o . uuu UR u . ouo u . uuu 
16200 Atl 1. 9 17 1. 997 Af\J 3 . b45 3 . Tt-:> LC o . uou o . ouo 
16200 NE o .ooo u . uoo KP o . ouo o . uuu AC o . uu u u . ouu 
16200 LJ I 56 , 522 57 . 029 HE 14. 11 7 12.4;,2 E1 ~ -1. 242 -1. tl b 1 
16200 FS 2 . 074 1. 718 FO 10.3 59 12 . 064 FA 3 . 27U 2 . 62'1 
16200 wu o . ooo o . uoo LA o . uoo u . uou hT u . oou u . ouu 
16200 I L . 626 • 450 CR o . ouo o . oou Hf~l u . oou u . uuo 
16200 AP .o 23 . 021 py o . uoo u . uou NS u . uoo u . ouo 
16200 KS o . ooo o . ooo RU o . ooo o . uuu 

162 00 HAGNf:S IUI~IIRON RAT IO 82 .1 02 

16300 l~t: I GHT AI~D I"IULE PERCENTAGES 
163 00 w 3 . 5 42 3 . 3 18 c u . uoo o . ouu Uk 2 . 26 2 ~ . 2bd 
16300 Atl 27 . 641 29 . 663 AN 22 .4 89 L2 . 74b LC u . uoo u . ouu 
16300 1\JE o . ooo o . ooo KP u . uoo u . ouu AC u . uoo u . ouo 
16300 DI 6 . 417 6 . 670 HE 6 . 647 6 .0 31 cf\1 12 . 241 13 . n3 
16300 FS 14. 543 12 . 408 FO o . ooo o .uou FA u . uoo u . uuu 
16 300 l~U o . ouo o . ooo LA u . ouo o . oou HT 1 . tl28 1 . 3j 3 
16300 I L 2.1 20 1. 513 CR u . uoo o .u oo H1•, u . uou u . ouo 
16300 AP • 263 • 240 py o . uoo o . uou I'<S u . ooo u . uuu 
16300 KS o . ouu o . uoo RU o . uoo o . uoo 

16300 ~I AGN t: S I Ul•'i I I R01~ RA T I Ll ::>2 . ::> 16 
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16300 ~:: t,: ::: ::~ ~:: CO~lPUH FE3 WITH FE Z ):~:::: * ::<~:::.: 
16300 WEIGH T AND MO LE PERCENTAGES 
16300 (,) z . 121 1.984 c o.o uo o . oou OK z . 26S 2 . 2ob 
16300 Ati 27.676 29 . 663 AN 22 .:.17 22 . 740 LC u . ouo o . ouo 
16300 NE o . ooo o.ooo KP o . ooo o . ouu AC o . ooo u . ouu 
16300 OI 5.937 6.164 HE 7 . 214 6.S37 EN 12 .482 13 . ·:176 
16300 FS 17. 395 14.bZZ FO u . ooo o . oou FA o . ouo u . ouu 
16300 wu o.ooo o .o oo LA u.uoo o . ouu t~ T o . uuo u . ouu 
16300 I L 2 . 1Z3 1.5 -13 CR o .uou o . oou H ~1 u . uoo u . uoo 
16300 AP • Z64 .Z40 py o . uuo o.oou 1\JS u . uoo u . ouu 
16 300 KS o .ooo o .ooo RU u . ooo o . ooo 

16300 MAGNE S I Ut~ I I RON RATIO 4!:l.531 

16600 WEIGHT AND ~1 0LE PERCENTAGES 
16600 (,) o.ooo o . ooo c o .ooo o.uou UR . 262 • 24H 
16600 Ab 1. 7 b6 1. 792 AN 15.444 14.609 LC u . ooo u . ooo 
16600 I~E o .ooo o.ooo KP u . uuo o . oo u AC o . ooo o . ouo 
16600 DI 3 . 247 3.156 HE . 319 . 2-tu EI\J £.8 . 326 2'-1 . 6'77 
16600 FS 3 . 19 z z .547 FO 33 .1 91 37 . 24Z FA 4 .1 ZZ 3 .1 Y4 
16600 wo o . ooo o . ooo LA o . uoo o . ouu ~· 1 T 0 .183 5 . 5au 
16600 I L . 590 • 409 CR 1.2 8 1 . 904 Ht•i o . ooo o . ooo 
16600 AP .05 1 .043 py o . uoo o.ooo I'JS o .uo o u . ooo 
16600 KS o . ooo o .o oo RU o . ouo o . ooo 

16600 f'IAGNtS I UM /I RON RAT IO 92 .1 00 

16600 :;: ;;::;: ::: ;~ COt'\ PUTt Ft3 WITH FEZ :;: :::::::~ ::: 

16600 WE IGHT ANU HO LE PERCEN TA GES 
16600 l~ u.ooo o .o oo c o . ooo o . uou OK .264 . 24b 
16600 Ab 1.796 1.792 AN 1S. 531 14.60':! LC o . uuo o . uuu 
16600 Nc o . ooo o . ooo KP o . uoo o .u uo AC u . uoo o . uuo 
16600 lJI Z. 897 2 . 80 1 HE . 742 . 626 tl 16 . :>27 11. n'-1 
16600 FS 4 . 857 3 . 854 FO 41 . 880 46.7 27 FA 13 . :.65 10 . 452 
16600 wu o.ooo o .ooo LA o.uuo o .uuu i'lT u .oo o u . ooo 
16600 IL .594 .409 CR 1. 289 . ':104 Hh o . uoo o . uuo 
16600 AP .051 .043 py u . uuo o . oou , .• s o . ooo o . ouo 
16600 KS o .o oo o . ooo RU o . uoo o .u uo 

16600 1'1 AGN t S I Ul-'1 I I RON RA TIO 81.72 0 

16700 WEIGHT AI\JD MO LE: PERCE NTAGES 
16700 Q o .ooo o . ooo c u . ouo o .u uu Uk 3 . 642 3 . ?07 
16 /00 AI:> 18 . 668 19.512 AN 2'1 . 94 5 2 9. s 02 LC u . uoo u . ouu 
16700 Nt o.ooo o .ooo KP o . uoo o . uou AC u . ouo u . ouu 
16700 DI 2 1.212 21 .477 HE 7.416 6.S5<t EN 1. 017 1. ':ib 4 
16700 FS • 7 28 • 60 5 FO 9 . 941 11.617 FA 4 . 393 ;; . :As 
16 700 wo o . ooo o .o oo LA o . uoo o . ooo I•·1T 1. 339 . ':1:> 1 
16700 I L • 799 • 5 77 CR o .o uo o . ooo Hf'1 u . uou o . uuo 
16700 Af' . 095 . 08 4 py o . uoo o . uoo NS o . uuo o . ouu 
16 700 KS o . ooo o .ooo RU o . ooo o .oo u 

16700 MAG~•t S I Uf;! / I RON RA TIO 76 .617 
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16-,00 ::::: ~~;;::t,'* COi•I PUT E FE3 WITH FEZ ~::: ;"- ;;::; ):=: ::;:: 

16-tOO WEIGHT AND MO LE PERCEN TAG ES 
16700 Q o.ooo o.ooo c o. ooo o. ooo UR 3 . 645 3 . 5b7 
16 700 Al:3 18 . 685 19 . 512 AN 29 . 9(3 29 . 502 LC o. ooo o. ouo 
16700 NE o.ooo o. ooo KP 0 . 000 o. uoo AC u. ooo o. uoo 
16700 DI 20 . 189 20 . 422 HE 8 . 6 18 7 . 609 E ~~ . 45 9 . :)() 1 
16700 FS . 225 .18 6 FO 11. 24 2 1 3 .1 25 FA 6 . 06 5 4 . 8':!0 
16 700 wo o. ooo o. ooo LA o.ooo o.ouo ~I T o.ooo o. ooo 
16700 I L .7 99 . 517 CR o. oo o o. 000 Ht·l o. ooo u. ouo 
16 700 AP . 095 . 084 py o. ooo o. oou NS u.ooo u. ouo 
16700 KS o.ooo o.ooo RU o. uuo o. oou 
16 -,00 f"IA GN t SIUM / IRON RA TIO 72 . b54 

20000 viEIGHT AND 1''10 L E PERCENTAGES 
20000 Q o.ooo o. ooo c 2 . 4 b 1 2 . 410 ()/{ o. ooo o. ouu 
20 000 AB o. ooo o. ooo AN . 655 . 5b3 LC o. ouu 0 . 000 
20000 I~E o. ooo o. ooo KP o. ooo o. uuu AC o. ooo o. ouu 
20000 UI o. ooo o. ooo HE o. ouo o. oou E I~ 56 . 037 35 . :J5U 
200·00 FS o.ooo o.ooo FO 53 . 55 7 56 . 544 FA o. ooo u. ouu 
20 000 WCJ o. ooo o. ooo LA o. ouo o. oou rn 2 . 15 5 1 . ::lo 1 
20 000 I L . 331 . 216 CR 1. 272 • 844 Ht·l 3 . 45 7 2 . 144 
200 00 AP . 053 . 043 py o. ooo o. oou NS u. ou o u. ouo 
20000 KS o.ooo o. ooo RU o. uoo o. ouo 

20000 HAGNtS IU I'I /IRO N RA TIO 1UU . OOU 

20000 };:;;.::;:::;::;:. CUI\IPUTE FE3 WITH FE2 *:::.;;:::;::::' 

20000 WE I GH T ANU fviOL E PERCEI~TAGES 
20000 w o. ooo u. ooo c 2 . 4 93 2 . 41U UR u.ouo u. uuu 
20000 Ati o. ooo o.ooo AN .65b . 5b3 LC u. ouo u. uuo 
20000 NE o. ooo o. ooo KP o. ooo o. uou iiC o. uoo o. ouu 
2000 0 u I o. ooo o. ooo HE o. ooo o. oou EN L7 . 29b 26 . 7 ':! 4 
20000 FS 2 . 280 1 . 703 FO 60 . 0(4 63 . 11 1 Ftl 5 . 530 4 . 0 11 
20000 1-JU o. ooo u. ooo LA u. uoo 0 . 0 00 fVI T o. ooo o. ouu 
20000 I L • 332 • 216 CR 1 . 27tl . 1:i 44 H1•1 o. uoo u. ouo 
20000 AP . 054 . 0 4 3 py o. uoo o. uou NS o. oou o. ouu 
20000 KS o. ooo o. ooo RU o. uuo o. uou 

20000 f"IAGN t S IUM II RO N RATIO ':!4 . 0 22 

20 100 WEI GH T AND MOLE PER CENTAGES 
20 100 Q o. ooo o. ooo c . 702 . 697 Ok o. ooo u. ooo 
20100 Ab • 19 3 • 18 7 AN 6 . 234 5 . 669 LC o. ooo o. ou o 
20100 NE o. ooo o. ooo KP o. ooo o. ooo AC o.ooo o. ooo 
20 100 or o.ooo o.ooo HE o. ooo o.ooo EN 31 . 851 32 . 102 
20100 FS o. ooo o. ooo FO 50 . 0 62 54 . 000 FA o. oo o o. ooo 
20 100 wu o. oo o o.ooo LA o. ooo o. ooo ~1T 5 . 60 1 3 . 6 -, 2 
20100 I L • 21l2 • 188 CR . 978 . 663 H~1 4 . 065 2 . 5 -(6 
20100 AP . o 26 .o 2l PY o. ooo o. uoo NS o. ooo u. ouo 
20 100 KS o. ooo o. ooo RU o. ooo o. ooo 

20 100 I~A GNESIUM /I RON RAT IU 100 . 000 
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20 100 :;: :::: ::~ :::~ :::: COMPUTe FE3 In TH FE Z :;:::::;-::::::;: 

20 100 WE I GHT A l~lJ MO LE PERCE1\J TAGES 
20 100 (,) o.ooo o. ooo c . ( 0 7 . 6 '17 UR o. oou o. ooo 
20 100 All • 195 • 187 AN 6 . 284 5 . 66 9 LC o. ooo o. uoo 
20 100 NE o. ooo o.ooo KP o. ooo o. ouo AC u. ooo u. ooo 
20 100 or o. ooo o. ooo HE O. OGO o. ooo EIIJ 17 . :::>06 n. SU4 
20100 FS 2 .761 2 . 10 1 FO 60 . 694 64 . 949 FA lO . 55 0 7 . 7':!6 
20 100 wo o. ooo o.ooo LA o. ouo o. uoo f11 T o. ooo u. ooo 
20100 I L . 285 .188 CR • 9CJ 6 . 663 H~1 o. ouo u. ooo 
20 100 AP • 0 26 . 0 21 py o. ouo o.uoo 1\JS o. ooo o. ooo 
20100 KS o.ooo o. ooo RU o. uuo o. ooo 

20100 l'i AGNtS IU I"l /I RON RATI O 89 . 282 

20200 We iG HT Al~lJ ~1U L E PERCc i'J TAGE S 
20200 (,) o. ooo o. ooo c o. ouo o. ouo LJK o. ooo u. ooo 
20200 Ab . 463 .46 3 AN 9 . 25CJ 0 . -( 315 LC o. ooo o. ouo 
20200 NE o. ooo o. ooo KP o. ooo u. oou AC o. uoo u. ouo 
20200 or 22 . 830 22 .146 HE . 85 1 . 720 cl ~ ;:u . un 2U . 9 4S 
20200 FS . 8 55 • 68 1 FO 34 . 23 1 58 . 32-( Fil 1. 6 12 1 . 246 
20200 ~10 o.ooo o.ooo LA o. ooo o. uou hT ':! . 4 96 b , 4b2 
20200 I L • 353 • 2 44 CR u. uoo u. ouo Hf·i u. ooo u . UuCJ 
20200 AP . o 25 . o Zl py o. ooo o. ouu I'JS u. uuo u. uuo 
20200 KS o. ooo o. ooo RU o. ouo o. uuo 

20200 i'iAGNt S I Uf~ /1 RON RA T lU ':J6 . CJ48 

20200 :::::;::;::;::;: COi'·l PUTt Fc3 WITH fEZ :;::;::;::;:::;: 

20200 ~Ie i GH T AI\JLJ I·1LJ L c P cKC E1H AGES 
20200 \,J o. ooo o.ooo c o. uoo u. ouu l.JR u . UOO o. ouu 
20200 Ati . 466 • 463 AN ':1 . 3 19 s . ·r 3 b LC () , ()()() u. oou 
20200 1\JE o. ooo o.ooo KP o. ooo o. uuo AC o. ooo u. ooo 
20200 DI 19 . 973 1':1 . 247 HE 4 . 302 3 . 6 1'7 1::1\J 7 . 04 b 7 . :;,::_, 
20200 FS 1. 7 41 1.3 -17 FO 44 . 6 1CJ 4 9 . 62':1 FA 12 . 14 o ':1 . 33 1 
20200 wu o. ooo o. ooo LA o.u oo u.ouu l-iT o. uou u. uuo 
20200 I L . 355 . 244 CR u. uuo o. ouo hi· l o. oou o. ouo 
20200 AP • 0 25 • (J 2l py o. ooo u. uuu ~~ s u. uou u. oou 
20200 KS o. ooo o.ooo RU o. uoo o. ouo 

20200 I~ AGN c S I 01'1/1 RON RA TIO tl 4. 173 

20300 WE I GH T AND ~'IU L E PER CE NTAGES 
20300 (,) o. ooo o. ooo c o. ouo o. ooo lil{ 1. SZ9 1 . 4':! <' 
20300 All 5 . (75 5 . ':1() 1 AN 36 . 757 35 . 08 2 LC o. uoo u. ouo 
20300 NE o. ooo o. ooo KP o. uoo o. ooo AC u. oou o. ouu 
20300 or 26 . 359 26 .444 HE 5 . 269 4 . 6 14 E: ~~ :.> .1 19 s . S5tl 
20300 FS 1. 173 . 966 FO 13.354 15.463 FA 5 . 374 2 . 6 ':ld 
20300 wo o. ooo o.ooo LA o.ooo o.uoo 1·1T . 88 4 • 622 
20300 I L . 353 . 253 CR o. ooo o. 000 Hi'l u. ooo o. ooo 
203 00 AP . 047 • 042 py o. ooo o. oo u NS o.ooo u. ooo 
203 00 KS o. ooo o.ooo RU o. uoo o.o oo 

20300 H AGN t: S I UM I I ROI~ RA TIO d5 .142 
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20300 ::-:: ;;~ ~:: ~~ ~:' COMPUTE FE3 WITH FEZ ::;:;;;,;;,*:;' 

20300 WEIGHT AND MOLE PERCEN TAGES 
20300 Q o . ooo o . ooo c u . ouo o . ooo Ok 1 . 530 1. 4~2 
20300 Ao 5 .77 9 5 . 981 AN 36 . -n 9 35 . tHJ2 LC o . ooo o . ouo 
20300 Ne o . ooo o . ooo KP u . ooo o . uoo AC u . ooo o . ooo 
20300 DI 25 .6 84 25 .7 50 HE 6 . 065 5 . 307 El~ 4 . 032 4 . 360 
20300 FS 1. 092 . 898 FO 14.350 16 . 606 FA 4. 2(J3 :; . 423 
20300 wu o . ooo o . ooo LA o . ooo 0 . 0 00 f•IT o . ooo u . oou 
20300 I L • 353 . 253 CR o . ooo o . ooo H~1 o . ooo u . uoo 
20300 AP . 048 . 042 py o . ooo o . ooo i~S o . ooo o . oou 
20300 KS o . ooo o . ooo RU o . ooo o . oou 

20300 MAGN I:: S I Ufvl / I RON RAT IO B2 . 9 10 

20500 WEIGHT AND f'IOLE PeRCENTAGES 
20500 (J o.ooo o . ooo c o . ooo o . ooo 01< 3 . 393 3 . Y.ib 
20500 AB 19.242 20 .197 AN 2~ .4 97 29 .1 82 LC o .ooo o . ouo 
20500 I~E o . ooo o . ooo KP o . ouo o . ooo AC o . ooo u . ouo 
20500 DI 13.975 14.208 HE ':) . 704 5 . 062 EN 12. 264 13 . 448 
20500 FS 5 . 741 4.791 FO 4 .77 8 5 .60U FA 2 . 465 1. 99B 
20500 wo o.ooo o . ooo LA o.ooo o . ooo ~I T 1. 247 . d~J'-J 

20500 I L 1.498 1.087 CR u.ooo o .uoo Hl•l o . ooo o . ouu 
20500 AP . 190 .169 py o . uuo o . ouo I~S u . oou u.ooo 
20500 KS o . ooo o . ooo RU o.ooo o . oou 

20500 f•IAGI<I:: S I Ul-11 I RO I ~ kA T lU 73 .7 31 

20500 ;;: :;;~; ::;-::;;; CUI-11-'UTe FC3 WITH FE2 ;;-::::;:::;-:::;-:::::: 

20500 ~-J e I G HT AI~O I'IO Le PeRCENTAGES 
20500 (~ o . ooo o .o oo c u . uoo o . oou CJ I ~ 3 . 396 3 . 3':)6 
20':)00 Ab 19 . 258 20. 197 AN 29 . 522 29 . 1b2 LC o . uoo u . ouu 
20500 NE: o . ooo o . uoo KP u . ooo 0 . 000 AC o . ooo o . ooo 
20500 0 1 13. 361 13.513 HE 6 . 426 5 . b'rf ti'J 10 . ::.>82 11 . ::.>93 
20500 FS 5.837 4.b66 FO 6 .1 n 7 . 237 FA 3 . 752 3 . o 3d 
20500 1-10 o . ooo o . ooo LA o . ooo o . ooo f·1T o . ooo u . uuu 
20500 I L 1. 499 1.087 CR o . ooo o . uoo Hi'l o . ooo o . ooo 
2U500 AP • 190 • 169 py o . ooo o . uoo 1\IS o . uoo o . ouo 
20500 KS o . ooo o . ooo RU o . uoo o . uoo 

20500 i"i A G N I: S I U 1•1 I I R 0 I~ kA TIU 70 .433 

21800 WEIGHT A I~ D J•,ULE PERCENTAGES 
21~JOO lJ o . ooo o . ooo c o . uoo u . uuu UJ\ u . uou (J • 0 (; (J 

21800 Ao . 560 • 552 AN 1 3 .4-1 2 12 . 5():> LC o . ooo o . ooo 
2 1B OO NE o . ooo o . uoo KP o . uoo o . uou AC o . ooo o . ouo 
21800 DI 4.310 4 . 111 HE . 375 . 312 l::l'J 20 . 1b2 20 . -f o3 
21800 FS 2 . o 16 1.5-18 FO 46. 218 50 . bbb FA 5 . ()(J7 3 . i:l6tl 
21b00 viO o . ooo o . ooo LA u . ouo u . ooo l'lT 6 . 692 4 . lf-( tJ 

21800 I L . 230 .1 57 CR • 827 . :>72 Hl•l o . uoo u . ouo 
21800 AI-' . 025 • 021 p y o . ooo o . uoo I~ S o . uoo o . uuo 
21800 KS o . ooo o . ooo RU o . ooo o . ooo 

21800 f"l A Gill I: S I UH I I ROI~ RAT! U 92.935 
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21800 *~"*** CU I'l PUTE FE3 WITH FEZ **:.."** 

21800 WEIGHT AND MO LE PERCENTAGES 
21800 (,) o . ooo o . ooo c o . ooo o . ooo OK o . ooo o . ooo 
21800 A& .563 . 552 AN 13 . ~ 3 5 12 . 50~ LC o . ooo o . ooo 
21800 NE o . ooo o . ooo KP o.ooo o . ooo AC o . ooo u . ouo 
21800 DI 3 . 965 3 . 765 HE . 794 . b5l:i EN 11 . 126 11 . 3':13 
21800 FS 2 . 555 1. 991 FO 52 . 964 !>l:i . 04!> FA 13 . 406 10 . 146 
21800 wo o . ooo o . ooo LA o . ooo o . ooo i•1T o . ooo o . ouo 
21800 IL • 231 . 157 CR . 831 . 572 Hf>l o . ooo o . ooo 
21l:i00 AP . 025 . 021 py o . ooo o . uoo NS u . ooo o . oou 
21800 KS o . ooo o . ooo RU o . ooo o . ooo 

2.1800 ~lAGi'IE S I UN I I RON RATIO l:i5 . 1ZO 

21900 WEIGHT ANO MULE PERCENTAG ES 
21900 Q o . ooo o . ooo c 1 . 159 1 . 216 UR o .ooo o . ouo 
21900 Ab 6 3 . 9 20 65 . 1~0 AN 12 . 353 11 . tl6 7 LC u . ooo o .ouo 
21900 NE o.ooo o . ooo KP u . ooo o . uou AC o . uoo o . ouo 
21900 Dl o . ooo o . ooo HE o . ooo o . uou El~ 7 . 539 tl . OZ7 
21900 FS 3. 391 2 . 748 FO 5 . 541 6 . 31:J FA 1.. . 747 2 . 162 
21900 wu o.ooo o . ooo LA o . uoo o . ooo l'iT 1. 002 . 694 
21900 IL 1. 313 . 925 CR o . ouo o . uoo Hf•l o . ooo o . ouo 
21900 AP 1.02':1 . 892 py u . uoo o . ooo NS o . ooo o . ou o 
21900 KS o . ooo o . ooo RU o . ouo o . ouo 

21900 f·IAG Nt: S I U~1 /l RON KAT lU 74 . 4':13 

21':1UU ~:{::~;;: *':' CUHPUTc FE 3 ~H TH FEZ *~:*:;;:;: 

<:'1 9Uu WEIGHT Ai'IU I'1UL E PeRCENTAGES 
Z19UO (J o . ooo o . uuu c 1. 160 1. db lJK u .uuo u . ouu 
21'100 Al:l 63 . ':164 6~ . 150 AN 12 . 362 ll . b6 -l LC u . uuo u . ouu 
21'100 f\jt o . ooo o . ooo KP o . uoo o . uuu AC u . uuo U. UL;O 
21900 or o.ooo o . ooo HE O. UUU o . uuu El'l b oltl :O, 6 . 'J -, 9 
21900 FS 3 . 467 2 . 808 FO 6 . 499 7 . 4G1 FA 4 . 017 3 . 15'1 
21':100 ~10 o . oou o . ooo LA o . uuo o . uou 1-l T o . uo o u . ouu 
21900 IL 1. 314 . <t 25 CR o . uuo o . uou HI• I u . oou u . uuu 
21900 AP 1 . 0 30 . tin PY o . uuu u . uuu NS o . uo o u . ouu 
219 00 KS o . ooo o . ooo RU O. UOG o . ouu 

21900 1•1 AGI'I t: S I U1·1/ I RUI~ KATI!J 70 . 08 5 

22000 tiE I GH T AND f-IU LE: PERCENTAGES 
22000 (J o.ooo o . ooo c o . uoo o . uuo Uk o . uoo u . ouo 
22000 AB 2 . 730 2 . 824 AN 13 . 066 12 . 74u LC o . uoo o . ouu 
22UOO NE o . ooo o . ooo KP u . uoo o . ouo AC o . uoo u . ouu 
22000 DI 43.406 43 . 494 HE 8 . 749 7 . 652 El'l 13 . 994 1:> . 122 
22000 FS 3. 235 2 . 660 FO 10 . 62~ 12 . 28'7 FA 2 . 707 2 . l o2 
22 000 wu o . ooo o . ooo LA O. UGO o . uou h T . 905 . 636 
22000 I L . 553 • 395 CR o . ooo O. uOU HI-I u . uoo o . ouo 
22000 AP . 024 . 021 p y o . ouo o . oou NS o . uoo u . ouu 
22000 KS o . ooo o . ooo RU o . ooo o . uuu 

22000 MAGNE S IUI'l/ I RUN IUTI 0 l:i5 . 038 
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22000 ;~ ~:= ~:: ~:: ::o;: CU1'1PUH FE3 I~ITH FEZ :;: ~: ::~ ::o;: :;: 

22000 WEIGHT AI~ I) I'IOLE PERCENTAGES 
22000 w o. ooo o. ooo c u.uuo o. uou OR u. uuu u. uu u 
22000 Ab 2 . 732 2 . 824 AI~ 13 . 075 12 . 740 LC u. ooo o. ouo 
22000 NE o. ouo o. uuo KP u. uuo o. uuo AC o. ooo u. oou 
22000 IJI 42 . 568 42 . 627 HE 9 . -146 s . :>lo cl~ 12 . 741 13 . 760 
22000 FS 3 . 345 2 . 749 FO 11. 7n 13 . 636 FA 3 . 414 2. -us 
220()0 wu o. ooo o.ooo LA u. uoo o. uou I•1T u. uoo o. uuu 
22000 I L .553 • 395 CR u. uoo o. uou HI-I o.ouo u. uu u 
22000 AP . 024 . 021 py o. ooo o. ouo I~ S o. ooo o. ouo 
22000 KS o. ooo o. ooo RU u. ouo o.uuu 

22000 MAGNcS!Ui'l/IRlJN RAT lU tl3 . 344 

22100 WEIGHT AI~D MO LE PERCEN TAGES 
22100 Q o. ooo o.ooo c o. uoo o. uou DR 6 . :>72 6.416 
22100 AB 11 . 2 17 11. 620 AN 34 . 3tl6 33 . S7CJ LC o.ooo o. uuo 
22100 NE . 539 . 619 KP o. uoo o. uuo AC o. uoo o. ouo 
22100 or 23 . 355 23 . 43!l HE S . 036 4 . 411 EN o.ooo u. ouo 
22100 FS o. ooo o.ooo FO 13 . -,43 15 . 9 19 FA 3 . 746 2 . 9 96 
22100 wo o. ooo o. ooo LA o. ouo u. ooo iH . 9 7 8 . 6 tJ 9 
22100 IL . 374 . 268 CR o. uou o. ooo HI• I u. ooo o.oo u 
22100 AP • 04!l . 042 py o. ouo o. ooo I'JS u. ooo u. ooo 
22100 KS o. ooo o. ooo RU o. uoo o. ooo 

22100 1·1 AGI'J t S I U~l I I ROI'J RAT! 0 84 . 159 

22100 :;::;:::;, :;: ,:: COt"1PUTE FE3 ~~I TH FEZ ~: ::~ ,;: ;;: :;: 

22100 WEIGHT AND i'IOLE PERCENTAGES 
22100 (,) o.ooo o. ooo c o. ouo o. uou OR 6 . '::J Tf 0. 41 6 
22100 AIJ 10 . 392 10 . 759 AN 34 . 409 33 . S7b LC u. uou u. ou o 
22100 NE .990 1. 135 KP o. ouo o. uou AC o. uuo u. uu o 
22100 IJI 22 . 576 22 . 641 HE S. 950 5 . 2 OtJ I:: I~ o. uo u o. ou o 
221UO FS o. ouo o. ooo FO 14 . 011 16 . 2 1 d FA 4 . 667 3 . 731 
22100 ~1 0 o.oou o. uoo LA u. uou o. uou hT u. uu u u. ouo 
22100 lL • 375 • 268 CR o. uuo o. uou Hh o. uoo u. ouo 
22100 AP . 048 . 042 py o. uoo u. uuu NS o. oou o. oou 
22100 KS o. uoo o. ooo RU o. ouo o. uuu 

22100 1'1AGNI:: S I Ui'l I I RON RATIO 81 . 297 

23200 WtlGHT AND MULE PERCENTAGES 
23200 Q u. ooo o. ooo c o. ooo o. oou Uk . 966 . 90 9 
23200 Atl 1. 290 1 . 288 Af\J 14 . 293 13 . 44tl LC u. ooo u. ouo 
23200 NE o. ooo o. ooo KP o. ouo o.oou AC o.ooo u. ouo 
23200 DI 6 . 790 6 . 565 HE 1. 234 1 . 041 EI'J ;:o . 8 21 21 . 71 3 
23200 FS 4 . 341 3 . 445 FO 37 . 703 42 . UbU FA tl . 663 6 . 677 
23200 wo o. ooo o. ooo LA o.ooo o.oou t-iT 2 . 575 1 . 7 46 
23200 I L . 600 . 414 CR . 669 . 469 H1"l o. uuu o. ouu 
23200 AP . 050 . 042 py o. uoo o. uou NS o. ooo u. ooo 
23200 KS o.ooo o. ooo RU o. ouo o. oou 

23200 t-JAGNI::SIUH II RON kATIO H6 . 305 



151 

23200 ~:< ~:~ ::::~ :::;: tr COMPUTE FE3 IV! TH FEZ ;:, :::;.: ~:' ::::~ :::~ 

23200 WEIGHT AND MO LE PERCEN TAGES 
23200 Q o. ooo o.ooo c o. uoo o. ooo OK . ')68 . 90'1 
23200 AB 1. 2'1 2 1.288 AN 14 . 318 13.44tl LC o. ooo o.ouu 
23200 NE o. ooo o.ooo KP o. ooo o. ouu AC o. ooo o. ouo 
23200 DI 6 . 558 6.330 HE 1. 5 15 1 .zn E I~ 1L3Hl 1u .u27 
23200 FS 4 . 59 1 3 . 637 FO 40 . 330 44 . 932 FA 11 . 7!:!2 9 . 065 
23200 wo o.ooo o.ooo LA o. ooo o. ooo I~T o. uoo u. ouo 
23200 IL . 601 .414 CR .670 . 469 Hi' l o. ooo o. ouo 
23200 AP . 050 • 042 p y o. ooo o. uoo I~ S o. ooo O. OvO 
23200 KS o.ooo o.ooo RU o. ooo o. oou 

23200 1'1AGNI:SIU~1/IROI\i RATIO (J3 . 211 

32300 11EIGHT AND I'IOLE PERCENTAGES 
32300 Q 10. 169 9 . 66!:! c o. ooo o.ouu OR 4 . 302 4 . 415 
32300 Ab 26 . 956 29 . 360 AN 19.751 20 . z-t7 LC u. ooo o. ooo 
32300 NE o. ooo o. ooo KP o. ooo o. ooo AC 0 . tWO u. uuu 
32300 DI 4.994 5 . 269 HE 6 . :,44 6 . 026 E1~ 7 . ')91 9 . 0 '7 3 
32 300 FS 12.010 10 . 400 FO o. ooo o.ooo FA o. uo o u. ouo 
32300 wo o.ooo o. ooo LA o. uoo o.u oo ~iT 4 . 277 :::> . 1 bb 

32300 IL 2 .646 1.992 CR o. ooo o. uoo H/'1 o.ooo o. ouo 
32300 AP . 356 . 330 py o. uoo o.o oo NS o. ooo u. ouo 
32300 KS o. ooo o.ooo RU o. ooo o.oou 

32300 JvJ AGNI: S I U/•1 II RON RATIO 46 . 64!:! 

32300 :::;: ::::~ :::;: :::;: :::;, C01'1PUTI: FE3 WITH FEZ ;~ ::~ :::~ :::;: :::;: 

32300 \'IE IGHT ANI) ~10 L E PEKCI:N TAGES 
32300 w 6.859 6.502 c o.uoo 0 . L) ou UK 4 . 31:, 4 . tfi :> 
32300 Ab 27.0 36 29 . 360 AN 19 . 809 20 . 277 LC o. uoo u. uu u 
32300 I~E o.ooo o. ooo KP o. uoo o. uoo AC o. ouo o. ou o 
32300 I)! 4 . 00 1 4 . 209 HE 7 . ns 7 . Ubb t '" o . 4!:l2 '7 . b 23 
32300 FS 18.766 16 . 202 FO o. uou o. uou f-A u. ooo u. ouu 
32300 wu o. ooo o. ooo LA u. ooo o. ooo 1··1T o. uuo u.u uu 
32300 IL 2 . 653 1.99 2 CR o. uou o. ouo Hh u.uoo u. ou o 
32300 AP • 35 7 • 330 py o. ouo o.uuo l'J S u. uuu o. uuu 
32300 KS o. ooo o. ooo RU o. uoo o. uuu 

32300 I~ AGI'; E: S I U/~ I I RON RATIO 37 . 262 

32500 WEIGHT AI~D HOLE PERCENTAGES 
32500 Q 25.927 24 . '162 c 6 . 202 7 . 03b OR 6 . t!69 -{ . Ll 9 
32500 AB 15.048 16.598 AN 10.514 10 . '131 LC o.ooo o. ooo 
32500 NE o. ooo o. ooo KP o. ooo o. uou AC o. ooo o. oou 
32500 or o.ooo o.ooo HE o. ooo o. ooo E:N 10.473 12 . 0b9 
32500 FS 18.964 16.630 FO o. ooo o. ooo FA o. ooo u. ooo 
32500 wo o. ooo o. ooo LA o. ooo u. ooo ~1T 1.334 1. 000 
32500 IL 4 . 252 3 . 242 CR o. ooo o. ooo H~1 o. ooo o. ooo 
32500 AP . 412 • 38 7 py o.ooo o. ooo r~s o. ooo o. ooo 
32500 KS o. ooo o. ooo RU o. ooo o. ooo 

32500 I'IAGNI:S IU M/ IRDN RATIO 42.0 53 
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23200 ::~~:t~'t~::* COi'lPUTE FE3 I'll TH FEZ :::;:: :;::::::: ::~ ;~ 

23200 WEIGHT AND MOLE PERCENTAGES 
23200 (,) o.ooo o . ooo c o . ooo o . ooo OK . 968 . 9()9 
23200 AB 1. 29 2 1. 288 AN 14.318 13 . 448 LC o . ooo u . ouo 
23200 NE o.ooo o.ooo KP o.uoo o . ouu AC o.ooo o.ouo 
23200 01 6.558 6 . 330 H(: 1 . 515 1 . 2n E I~ 17 . 318 1u . u27 
23200 FS 4.591 3 . 637 FO 40 . 330 44 . 932 FA 11 . 782 '1 . 065 
23200 wo o.ooo o . ooo LA o . ooo o . ooo I'H o . ooo o . ouu 
23200 IL .601 . 414 CR . 670 . 469 H/''1 o . ooo o . ouo 
23200 AP .050 .042 py o . ooo o.oou I~S o . ooo o . ouo 
23200 KS o . ooo o . ooo RU o . ooo o . uou 

23200 1•1AGNES IU1>1/IRON KATIO &3.211 

32300 I~E I GHT A/~0 tvlOLE PERCEN TAGES 
32300 (,) 10.169 9 . 668 c o . ooo o . oou OK 4 . 302 4 . 415 
32300 Ab 26.956 29 . 360 AN 19 . 751 20 . z-t7 LC o . ooo u . ouu 
32300 NE o.ooo o . ooo KP o . ouo o . ooo AC o . uuo u . uuo 
323 00 DI 4.994 5.269 HE 6 . :,44 6 . 026 EN 7 . 991 9 , 0';13 
32300 FS 12.0 10 10 . 400 FO o.ooo o . oou FA o .uo u u . ouu 
32300 wo o . ooo o.ooo LA o . uoo o . uoo ~ I T 4 . 277 3 . 1 bb 
32300 I L z . 646 1.992 CR o . ouo o . ooo Hl•t o . uoo o . ouu 
32300 AP .356 . 330 py o . uo o o . uoo r~s o . uoo u . ouo 
323 00 KS o.ooo o . ooo RU o . ouo· o . oou 

32300 JvtAGNt S I UM/ I KUN KAT 10 46 . 648 

32300 *:;::;:::.;::::;:: C01'1 PUTt FE3 WITH FEZ :;t ,;:::::~ :::::::::::: 

3230() WE I GH T Ai\JIJ /'tOLE PEKCENTAGES 
32300 w 6. 859 6.502 c o.uoo o . ouu UK 4 . 3 1:, 4 . l f 1 :> 
32300 Atl 27 .o 36 29.360 AN 19 . 809 20 . 277 LC u . uoo o . uuo 
32300 1\JE o . ooo o . ooo KP o . uoo o . oou AC o . oou u . ou u 
32300 01 4.001 4 . 209 HE 7 . -/1 tl 7,Ubb ttl; t:i . 4tl2 ':l . bd 
32300 FS 18.766 16 . 20 2 FU u . uou o . uuu FA u . ouu u . ouu 
32300 wo o . ooo o . ooo LA u . ooo o . uuo l•tT o . ooo u . uuo 
32300 I L 2 . 653 1 . 992 CR o . uou o.ouo Hl''l u .uoo u . ouo 
32300 AP • 35 7 • 330 py o . ooo o . oou NS o . uou u . uuo 
32300 KS o . ooo o . ooo RU o . uoo o . ouu 

323 00 1'\AGI'IE S IU/'1 II RON RATIO 37.262 

32500 WEIGHT MD MOLE PERCENTAGES 
32500 Q 25.927 24 . 962 c 6 . 202 7 . 03t:i OR 6 . 869 -1 • 1::$9 
32500 AB 15 . 048 16 . 598 AN 10 . 514 10 . 931 LC o . ooo o . ooo 
32500 1\JE o . ooo o . ooo KP o . ooo o . ooo AC o . ooo o . uoo 
32500 01 o . ooo o . ooo HE o . ooo 0. 0 ou EN 10.473 12 . 069 
32500 FS 18 . 964 16 . 630 FO o.ooo o . ooo FA o . ooo u . uoo 
32500 wo o.ooo o.ooo LA o . ooo o.oou t·t T 1.334 1. 000 
32500 lL 4.252 3. 242 CR o . ooo o . ooo Hi"l u . ooo o . ooo 
32500 AP . 412 • 38 7 p y o . ooo o . ooo f\JS o . ooo u . ouo 
32500 KS o.ooo o . ooo RU o . ooo o . ooo 

32500 l'lAGNt S I UM II RON RATIO 42 . 053 
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33100 '~ ~' ::~ ~::: :;, CUhPUTE FE3 ~-1 I TH FEZ "''~ ... ~ .. ,~ ... ~ "''~ 

33700 lvE I GhT AND fv"IU LE PERCENTtiGES 
33 700 Q 6 . 0 10 5 . 580 c u . ooo o . ooo Uk Z. Yb7 t: . '-J':I4 
3 3 -roo Atl 25 . 032 26 . 627 A /\I 27 . 170 27 . <: 40 LC u . ooo u . CluU 
33 700 i~E o . ooo o . ooo KP o . ooo o . ooo AC o . ooo u . ouu 
33-(00 DI -r . 83 1 l:l . 068 HE b . 21:l9 5 . 6::>5 E1~ ll . i:l24 l3 . Jj 9 
33 -roo FS 10 . 890 '1 . 209 FO o . ooo o . uo u FA o . ooo u . GUO 
33 7UO 1-JO o . ooo u . ooo LA o . uoo o . ooo I'I T u . oou u . ouu 
33700 I l 1. 723 1. 266 CR u . ooo o . ouo Hh o . ouo u • (J (J 0 
33-fOO AP . 23'1 . 216 py o . uoo o . uuo i'JS o . oou u . uo o 
33700 KS o . ooo o . uoo RU o . uuu o . uoo 

33700 MAGI\Jt S I Ut·1/ I RON RATIO , b . 7'i1 

34900 WEIGh T AI'JD i'IU Lt PERC ENTAG ES 
34900 (,j o . ooo o . ooo c o . ouo o . uou Ok 1. tll:l::l 1 . ti'i'-J 
34900 Ab 34 . 15 4 36 . 5,4 AI\J 16 . 929 l7 . lJ-( tj LC u . ooo u . ouo 
34'100 i·H: o . ooo o . ooo KP u . ouu o . uou AC u . uoo u . uuu 
34900 UI -r .11 8 I . 3 -~ 9 HE 7 . S.47 7 . 1'11 E1~ , • 738 6 . 416 
34900 FS 7 . 349 6 . 253 FO 5 . 561:l 6 . 663 FA 7 . 1:l:if3 6 . 4':14 
34900 \:JU o . ooo o . ooo LA u . uoo u . ooo I•1 T 1 . 742 1. 26 -( 
34900 IL 3 . 375 2. 496 CR u . uoo o . uuo hi• I o . ooo o . ovu 
34900 AP . 333 • 30 3 py o . uoo o . uuo /\IS u . oou o . ooo 
34900 KS o . ooo o . ooo RU o . ouo o . uou 

34':100 HAG I'Jt S I Uf'l II RlJf\.J KATIU ,0 . 644 

34900 :;:;;.:;;.::::::: CUfvlP UT E FE3 I·J I TH FEZ ::::;:::::;:;;: 

34900 vJ E I G h T ANLJ hU Lt: PERCENTAGES 
34900 (,) o . ooo o . ooo c o . uoo o . uuo Uk 1 . dtb 1. b'i'i 
34900 Atl 34 . 195 36 . 554 AN 16 . 950 17 . () -( (j LC o . oou u . ouo 
34900 /\IE o . ooo o . ooo KP o . uoo u . uoo AC u . uoo u . uuo 
34900 DI 6 . 6 75 6 . 9 12 HE l:l . 474 7 . b:i <; EI'J 4 . 30::> L, . du7 
34900 FS 6 . 26tl 5 . 327 FO 6 . B l tl . U45 FA lU . tJOO ti . 914 
34900 l~ U o . ooo o .ooo LA o . ooo o . uou f•1T u . uoo o . oou 
34900 I L 3 . 379 2 . 496 CR u . uoo o . ouo H1•·1 o . uoo o . ouu 
34900 AP • 333 • 303 p y o . ooo o . uou NS o . ouo o . ouu 
34900 KS o . ooo o . ooo RU o . ooo 0 . 0 00 

34900 t·l AGr-J E S I Ufvl I I ROf~ RATI 0 4 7 . 43 7 

35600 1-JE IGHT AND HO LE PERCEN TAGES 
35600 (,) o . ooo o . uoo c o . ouu u . uuo OR • 25 1 . 246 
35600 Ab 2 . 065 2 .1 52 AN 4 . b62 4 . Tf, LC o . ooo u . uuo 
35600 NE o . ooo o . ooo KP o .o uo o . uu u AC u . uoo u . ooo 
35600 DI 32 . 252 32 . 555 HE 3. '132 3 . 4 64 EI\J £.6 . 1ti2 2d . 5u2 
35600 FS 3 . 66 1 3 . 033 FO 1 3 . 323 1S . S22 FA 2 . 0S3 1. 652 
35600 1-JU o . ooo o . ooo LA u . CJOO o . ooo ~ ~, T 10 . 744 7 . 607 
35600 IL • 645 • 464 CR u . CJUO o . uoo HH o . uou u . ooo 
35600 AfJ . 02 4 . 021 p y o . oou o . oou NS u. uoo U . OlJO 
35600 KS o . ooo o. ooo RU o . ouo o . uo o 

35600 HAGNtS I UM /I RON RA TI U ':10 . 380 
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35600 ~~ ~:~ ;,: ::~ ;;:: CUHPUTE FE3 ~~ I TH Fl::2 ::~ ::~ ;~ :;:: ;;: 

35600 WeiGHT AM) ~IOU: PERCENTAGES 
35600 w o . ooo o . ooo c o . uoo o . uuu Ui~ . 2S3 . 246 
35600 At1 2 . 0&1 2. 152 AN 4 , 8S8 4 . TIS LC u . uuo u . uuu 
35600 NE o . ooo o . ooo KP o . uoo o . ooo AC u . uuo u . u uu 
35600 lJI 26 . Cl53 26 . '104 HE 1U . 424 9 . 11S I: I' ll . 2cll U . 1<J9 
3S600 FS 5 . 022 4 .1 30 FO 2~ . e34 2 'i . (.j -IS F J.\ 12 . 675 1u . 122 
35600 wo o . ooo o . uoo LA u . ouo u . uuo i'I T u . uou u . uuu 
35600 I L . 650 . 464 CR u . uou o . uuu Hr'i u . uuu u . uuu 
35600 AP . 024 • U2l py u . uou o . uuu ,,,s u . uoll u . C•(J() 
35600 KS o . ouo o . ooo i{ U o . uoo o . u uo 

35600 MAGI\II::S IUi'l/li{ON RA T! u 74 . 672 

36300 We i GHT AND ~1U L e PERCeNTAGES 
36300 w o . ooo o . ooo c u . ouo o . oou UK . 426 • Lf2'J 
36300 Al:l 29 . 044 31.0 50 AN 22 . S23 22 . b'ib LC u . uoo u . uuo 
36300 1\IE o . ooo o . ooo I< p u . ouo o . uou AC u . oou u . uuo 
36300 or 15 . 71b 16 . 2-n HE 13. b16 12 . 4 bb 1::1\i • l 'i b . 2n 
36300 FS • 200 • 1-10 FO S . SI98 7 . 16'1 FA 6 . 663 :> . s ou 
36300 l'IU o . ooo o . ooo LA o . uoo o . uuu i'I T ::> . ln9 2. 236 
36300 I L 2 . 114 1. 562 CR u . uuo o . oou 1-il' l u . uoo u . uu u 
36300 AP . 215 • 19 5 PY u . ouo u . uou 1\i S o . uu o u . u (J (j 

36300 KS o . ooo o . ooo RU o . ooo o . uou 

36300 1~AGNI:: S I UM I I RUI\1 kA T IU so . 5a7 

36300 ~:~ ::~ :;: :;: :;: COI·iPUTI:: FE3 WIT H Ftz ;;:;;,;;::;: :;: 

36300 ~H: IGI-1T Al\llJ hULl: PEkCI::I\i TAGES 
36300 (,J o . ooo o . ooo c u . uoo u . ouo Uk . 42 -1 . 42':1 
36300 Ab 26 .71 5 28 . 49'1 AN 22 . s-11 22 . o'-16 LC u . uuu u . uoo 
36300 1~1:: 1. 295 1 . S30 KP u . uuo o . uou AC o . ooo u . ouu 
36300 DI 13 . tJ02 14. 263 HE 1b . O-i9 14 . 50::. E I~ u . ouo u . uuu 
36300 FS o . ooo o . ooo FO 6 . -183 8 . U91 FA Sl . 'ii:ltl ti . 2 z ·r 
36300 \W o . ooo o . ooo LA o . ouo o . uo u I'I T o . uoo o . oou 
36300 I L 2 . 11 9 1.562 CR o . uoo o . ooo Hi•1 u . uoo u . ouo 
36300 AP • 215 • 19 s PY o . ooo o . uoo l'l S o . ooo U. LiL•U 
36300 KS o . ooo o . ooo RU o . uoo u . oou 

36300 HAGi\l t SIUH /I RON KA TI O 4'1 . ~82 

36900 WEIGHT Af\10 HOLE PEI<CEI\I TAGES 
36':!00 (,J o . ooo o . ooo c u . uuo o . ouo LJR u . uuo u . uuu 
36900 Ab 2 . esu 2 . 998 Ai\1 s . S'b2 5 . '13U LC o . uuo u . I.Ju U 
36900 Nc o . ooo o . uoo I< p u . uuu o . uoo AC u . uuo u . ouo 
36900 or 54 . 7 Hl 55 , -llfi:l HE 14 . 13 3 1 2 . :>bo l::i\1 1U . 6b0 11 . ·r 3o 
36900 FS 3 . 164 2 . 645 FU 4. 6 -fl 5 . 4S3 FA 1. j 2S 1. 2 3d 
36'-JUO ~JU u . ooo o . ooo LA o . uuo o . uuu i-:T 1 . rr6 , '-;o3 
36'100 I L . 872 . 634 CR 0 . 000 o . ouu h l'·i u . uuo u . u uu 
36900 AP . 023 • 021 py u . uuo o . uou hi S u . ouu u . ouu 
36900 KS o . ooo o . ooo RU u . uuo o . ouu 

36':!00 I'IAGI~tS IU H/ I fWI~ KA TIU Ul. 6U2 
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36900 ............ ...... CQf:IPUTE .. , ... , ... , ... , ... ,. FE3 lv I TH FEZ .. , ... , .... , ... , ... , . 

36'::100 WEIGH T AI\IU I",U LE PEI<.CcNTAGES 
36900 (,) o. ooo o. ooo c u. ouo o. uou lJ I< u. uuu u. uuu 
36900 A6 2 . 853 2 . 998 AN ~ . '-itl7 5 . 930 LC u. uuu v. uu u 
36900 Nt o. ooo o. ooo KP o. uuo o. uuu ~IC lJ • lJ (; u v. uuu 
36900 DI 52 . 958 53 . 904 HE 16 . 223 14 . 41L ci'J b . 9n. '-1 . -( '-J ':> 

36900 FS 3 . 134 2 . 6 18 FO 6 . 503 7 . 641 r .l\ ~ . '> 1L 2 . 043 
::!6900 l·JU o. ooo u. ooo LA o. uoo o. uuu hT U. GUO U. UUCj 
36900 I L . 873 . 634 CR o. uuo o. uuu Hf·, u. uuu u. ouu 
36'::100 AP . 023 . 021 py o. uuo o. uuu i~S u. uuu u. uuu 
36900 KS o. oou o. ooo RU U . UGO o. uou 

36900 h ~\GNt: S I UI•1/I RON RA T I O 7 8 . 903 

38510 1.-J t IGHT AND f'ilJLt PERCEI~TAGES 

3tl510 l~ . 3':16 . 3~7 c u. uou u. uuu UK • 2::>ti . 2:0,1 
38?10 Ad 66 . 6-15 68 . 827 AN 6 . 501 6 . 32 6 LC u. ouu u. uuu 
385 10 1\JE o. ooo o.ouo KP u. uuu o. uuu AC u. ooo u. ouo 
385 10 LJI 11 . 889 11 . 888 rlt 6 . 86 1 ~ . 98 ti t I~ i . 217 2 . 3':i 1 
38510 r:s l . 46 7 l . 20 4 FD u. uoo u. uuu rA u. uou u. uuu 
3ti510 wu o. ooo o. uoo LA o. uuo o. uuu I'll . 657 • ltb 1 
3tJ510 IL 2 . 3':12 1 . 707 CR u. uou o. ouu Hl•l o. ouo u . OOCJ 

3b510 AP . 701 . 6 15 PY o. ooo u. ooo I~S o. ooo o. ouu 
38510 KS o. ooo o.oou RU u. ooo o. uoo 

3b5l0 i'l AGI\J t S I U 1'1 I I i{U I\J KATIU 66 . :>02 

3!5510 ::~ ::: ~:: :;: ;;! CUI'iPUTE FE3 lv I TH rt2 :;,:;::;,;;,:;' 

38510 I-1E!GhT AI\JD ~lULt: PERCEIHAGt:S 
3851 0 w o. ooo o. ooo c o. ouo o. uou Ul< . 23tl • z::, l 
38510 Ao 66 . 705 68 . 827 AI\! 6 . ?04 6 . 326 LC u. ooo u. uuu 
3&510 1\JE o. ooo u. ooo KP o. ouo u. ouo AC u.ouo o. ouo 
38510 lJ I 1 1 . 079 ll.OB HE 7 . 798 6 . dll3 El\1 2 . 3 5 -r 2 . 5ld 
38510 FS 1. 903 1. 561 FO .1 67 .l Si:? t'A . 14 ':! • ll 0 

38510 1-Ji..J o. ooo o.ooo LA o. oou o. uuu i·1 T u. uuo u. ouu 
3!5510 I L 2 . 393 1. 707 CR o. ouo o. oou H1•1 u. ooo u. uuo 
3ti510 AP . 701 . 615 py o. ooo u. ouo 1\,S o. oou u. uvu 
38510 KS o. ouo o. ooo KU u.ouo o. uoo 

38510 i"IAGI'Jt: S I Ul•i/ I kUN kAT IU 61 . '-i43 

2426 WEIGHT AND MOLE PERCENTAGES 

2426 Q o. ooo o.ooo c o. oo o o.ooo OR o. ooo o.oco 

2426 AB 3e349 3e515 AN 6e615 6e544 LC o.oco o.o co 

2426 NE o. ooo o.ooo KP o. ooo o. ooo AC o. ooo o.ooo 

2426 Dl 55.59~ 56.513 HE 12o091 10o728 EN 10 .936 ll 0 9 A9 

2426 FS 2o728 2e276 FO 4o566 5o358 FA 1.255 loO 17 

2426 wo o.ooo o.ooo LA o.ooo o.ooo MT lo972 lo4 06 
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2426 IL e867 e629 CR o.ooo o.ooo HM o.ooo c.ooo 
2426 AP e023 e021 py OeOOO o.ooo NS o.~oo r..ooo 

2426 KS o.ooo o.ooo RU o.ooo o.ooo 

2426 MAGNESIUM/IRON RATIO 84e045 

2413 ****COMPUTE FE3 WITH FE2 *** 

2413 WEIGHT AND MOLE PERCENTAGES 

2413 Q o.ooo o.ooo c o. ooo o.ooo OR e181 .179 

2413 AB 6e835 7e183 AN 8o031 7e955 LC o.ooo o. ::wo 

2413 NE o.ooo u.ooo KP o.ooo o.ooo AC OoOOO o.ooo 

2413 Dl 44e073 44t865 HE 16e037 14e249 EN 7.666 8e417 

2413 FS 3e199 2e673 FO 8e863 10e413 FA 4e076 3e307 

2413 wo o.ooo o.ooo LA o.ooo OoOOO MT OoOOO ~.ooo 

2413 IL 1e009 e733 CR o.ooo o.ooo HM o.ooo OoOOO 

2413 AP e023 e021 py o.ooo o.ooo NS OoOOO o.ooo 

2413 KS o.uoo o.ooo RU o.ooo o.ooo 

2413 MAGNESIUM/IRON RATIO 75t895 

2413 WEIGHT AND MOLE PERCENTAGES 

2413 Q o. ooo o.ooo c o.ooo o.ooo OR ol81 .179 

2413 AB 6e824 7o183 AN 8e019 7o955 LC o.ooo o.ooo 

2413 NE o.ooo o.ooo KP o.ooo o.ooo AC o.ooo 0e000 

2413 DI 46.495 47.403 HE 13.161 11.711 EN l0o389 11.421 

2413 FS 3e373 2e822 FO 6e124 7e207 FA 2el91 lo7RO 

2413 wo o.ooo n.ooo LA o.ooo o.ooo MT 2 e205 le?77 

2413 IL 1o008 o733 CR o.ooo o.ooo HM o.ooo 0e000 

2413 AP .023 e021 py o.ooo IJeOOO NS o.ooo 'JeO OO 

2413 KS o.ooo o.ooo RU o.ooo o.ooo 

2413 MAGNESIUM/IRON RATIO 80e187 
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2426 ****COMPUTE FE3 WITH FE2 *** 

2426 WEIGHT AND MOLE PERCENTAGES 

2426 Q o.ooo OeOOO c OeOOO o.ooo OR o.ooo o.ooo 

2426 AB 3e354 3t515 AN 6t624 6e544 LC o.ooo o.ooo 

2426 NE o.ooo o.ooo KP o.ooo o.ooo AC o.ooo o.ooo 

2426 01 53e023 53e828 HE 15e138 13e413 EN Be374 9el68 

2426 FS 2e742 2e284 FO 7e238 8e481 FA 2e6ll 2ell3 

2426 wo o.ooo OeOOO LA o.ooo OtOOO MT o.ooo o.ooo 

2426 IL e868 t629 CR o.ooo o.ooo HM o.ooo o.ooo 

2426 AP ,02~ e021 py o.ooo o.ooo NS o.ooo o.ooo 

2426 KS o.ooo o,ooo RU o.ooo o.ooo 

2426 MAGNESIUM/IRON RATIO 80e051 

2433 WEIGHT AND MOLE PERCENTAGES 

2433 Q o.ooo o,ooo c o,ooo o.ooo OR el82 e182 

2433 AB 5e481 5e813 AN Be811 8e868 LC o.ooo o.oco 

2433 NE o.ooo o.ooo KP o.ooo o.ooo AC o.ooo o.ooo 

2433 OJ 45e510 46e753 HE 15e485 l3e884 EN 9e828 10,888 

2433 FS 3e835 3e233 FO 5e069 6e010 FA 2.180 le785 

2433 wo o.ooo o.ooo LA o.ooo o.ooo MT 2e266 le631 

2433 IL le289 e945 CR OeOOO o.ooo HM o.ooo o.ooo 

2433 AP o.ooo o.ooo py o.ooo o.ooo NS o.ooo o.ooo 

2433 KS o.ooo o.ooo RU o.ooo o.ooo 

2433 MAGNESIUM/IRON RATIO 77e107 

2433 ****COMPUTE FE3 WITH FE2 *** 

2433 WEIGHT AND MOLE PERCENTAGES 

2433 Q o,ooo o,ooo c o.ooo o.ooo OR el82 .182 



2433 AB 

2433 NE 

2433 Dl 

2433 FS 

2433 wo 

2433 IL 

2433 AP 

5a490 

o.ooo 

43. 0 19 

3. 511 

o.ooo 

le291 

c.ooo 

5eB13 AN 

OaOOO KP 

44.124 HE 

2.956 FO 

OeOOO LA 

e945 CR 

o. ooo py 

8a885 

o.ooo 

18a445 

7.803 

o.o~o 

o.ooo 

Oe OJO 

2433 KS Oo CO O ;, oOOO RU Ot OO O 

2433 ~AGNESIUM/IRON RATIO 72a767 

2435 WEIGHT AND MOLE PERCENTAGES 

2435 o o. ooo ~ .ooo c 

2435 AB 14e228 15a 0 55 AN 

2435 NE 

2435 DI 

2435 F~ 

2435 wo 

2435 IL 

2435 f\P 

2435 i< S 

o.ooo 

43.515 

1e995 

o. ::oo 

le5A7 

oO<l4 

o. :; oo 

OeOOO KP 

44e601 HE 

1o679 F0 

;) ,0 00 LA 

1 .160 CR 

e085 PY 

~~· . o o o RlJ 

2435 MAGNESIUM/IRON RATIO 

2435 ****COMPUTE FE3 WITH FE2 

2435 WEIC,HT AND MOLE PERCENTAGES 

2435 0 Oe J OO J eOOO C 

2435 AB 

2435 NE 

2435 DJ 

2435 FS 

2435 ~/() 

2435 IL 

2435 AP 

14.236 

o. ooo 

42a564 

1.746 

0 • . J OO 

lo5R8 

. () Q4 

15a 0 55 AN 

l aOOO KP 

43a602 HE 

la468 FO 

OaO OO LA 

lel6 v CR 

t OA5 PY 

o.ooo 

6a223 

o. ooo 

17e8f>3 

5eR% 

OeGOO 

Ot 0 0 0 

fle 0 00 

73t621 

o. ooo 

6t226 

0 ,000 

18,990 

6.7?,7 

o. no o 

o.ooo 

o.ono 

8e868 LC 

OeOOO AC 

16.513 EN 

9t238 FA 

OoOOO MT 

OtOOO HM 

OtOOO NS 

o.ooo 

OeOOO OR 

6e2 0 7 LC 

OoOOO AC 

15.981 E~' 

6e904 FA 

OtOOO MT 

o.ooo Hr.1 

o.Of10 N<; 

o.ooo 

*** 

OtOOO OR 

6a207 LC 

OtOOO AC 

16a980 E~ 

7a966 FA 

')t OOO I-1T 

OeOG O HM 

OtOOO N<; 

o.ooo 

0•000 

7.141 

4o229 

0•000 

o.ooo 

o.ooo 

t602 

o.ooo 

o.ooo 

4.239 

3e02R 

o7P3 

OoO'lO 

Oa 01) 0 

o603 

o.ooo 

Oe OOO 

3a412 

3e7Cl9 

Oe00~ 

o. ooo 

o.ooo 

OeOOO 

7e899 

3e457 

OeOOO 

o.ooo 

o.ooo 

.601 

o.ooo 

o.ooo 
4,686 

2e474 

.563 

o.ooo 

o.ooo 

t601 

o.ooo 

o.ooo 

3a770 

3el02 

o.ooo 

o.o oo 

o.ooo 

158 
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2435 KS o. ooo o.ooo RU o.ooo o.ooo 

2435 ~~fiGNESJIJM/IRON PATIO n. 972 

25 0~ WEIGHT AND "10LE PERCENT~GES 

2508 (} o. ooo J e :JOO c o.ooo o.ooo OR 3el92 3e276 

25 0 P AR 2 0 .108 21.902 AN 26.252 26e952 LC o.ooo o.ooo 

250R NE o.ooo o.ooo KP 0· ·100 OeOOO AC OeOOO 0•000 

250P DI 5e208 5e495 HE 5.554 5.114 E~ 7.9':10 9.023 

25 J 8 FS 9e699 8e399 FO 5.610 6e832 FA 7e562 6o359 

2508 'NO ~ ~ . '-' 0 C; '"' ' ·J~V LA .... ~ . ~ v ;J c- .ooo MT 5. 718 4e232 

25 08 IL 2e996 2.255 CR () . (! \~ 0 o.ooo HM Oo •J00 o.ooo 

25 0 A AP .168 .156 py o • . ;o o o.ooo NS o.ooo o.ooo 

250P KS .") . J QO :j . 000 RU ~. 'lO O o.ooo 

250"1 '~MiNES I UM II RON RATIO 51.791 

25 v B ****COMPUTE FE3 WITH FE2 *** 
25 :: e ·~EIGHT AND MOLE PERCENTAGES 

25 J 8 Q CovOO J e JO_; c OeuO O o.ooo OR 3o204 3e276 

25 :J fl AB 20.188 21e9 02 AN 26.356 26e952 LC o.ooo o.ooo 
25 08 NE o.ooo o.ooc KP o.oo o o.ooo AC OoOOO o.ooo 
2508 DI 4e321 4e541 HE 6.615 6o068 E'N 3.3~3 3efl?4 

25 0 8 FS 5. 94,) 5e123 FO 9.135 11.081 FA 17.676 14.807 

25 0 R wo ll • u OO J e 0JO LA o. oo o a.ooo MT o.ooo o.ooo 

25 :.: fl IL 3e007 2e255 CR o. oo o a.ooc HM o.ooo o.ooo 

25 0 8 AP el69 .156 py o. oo o o.ooo NS o.ooo o.ooo 
2508 KS c. ooo JeuO v RU G, GGO o.ooo 

25 0 8 ~1AGNES! UM/1 RON RATIO 42e804 

2512 WFTGHT AND MOLf PERCFNTAGFS 

2512 () 4e427 4e202 c u.ooo o.ooo OR 1.381 le415 

?.512 AA 44.15? 48.012 AN 11.90 3 12.200 LC Oe000 o.ooo 
2512 Nf o.ooo o.ooo KP o. oo o o.ooo ~c o.noo o.ooo 
2512 f)J 3.525 3.713 Hf 10o604 9.749 F=:N 3.422 3e8A7 



160 

2512 FS llt805 10t206 FO o.ooo OtOOO FA o.ooo o.ooo 
-

2512 . wo o.ooo o.ooo LA o.ooo o.ooo MT 5e446 4e024 
... 

2512 IL 2e834 2tl30 CR o.ooo OtOOO HM o.ooo o.ooo 
-

?.512 AP e494 e457 py o.ooo 0~000 NS o._ooo o.ooo 

2512 KS o.ooo o.ooo RU o.ooo o.ooo 
-

2H2 MAGNESIUM/IRON RATIO 2'Te583 
----- ---

2512 ****COMPUTE ,E3 WITH 'E2 *** 

2512 WEIGHT AND MOLE PERCENTAGES 
-

2512 Q e188 el77 c o.ooo o.ooo OR 1e386 1e415 

2512. AR 44.319 48e012 AN lle948 12e200 LC o.ooo o.ooo 
2512 NE o.ooo o.ooo ICP o.ooo o.ooo AC o.ooo o.ooo 
2512 01 2e552 2e678 HE u. 774 10.784 EN 3o892 4e405 

2512 FS 20e595 17.738 ,0 OeOOO o.ooo FA o.ooo o.ooo 
2512 wo OeOOO o.ooo LA o.ooo OeOOO MT OeOOO o.ooo 
2512 JL. 2e845 2el3 0 CR o.ooo o.ooo HM OeOOO o.ooo 
2512 AP e496 e457 py o.ooo 0•000 NS 0•000 0•000 

2512 KS o.ooo o.ooo Ru o.ooo o.ooo 
2512 MAGNESIUM/ IRON RATIO 19e894 

2515 WEIGHT AND MOLE PERCENTAGES 

2515 0 o.ooo OeOOO c o.ooo o.ooo OR e907 e919 

2515 AB 37e047 39e817 AN 17e581 17.810 LC o.ooo o.ooo 

2515 NE o.ooo OeOOO KP o.ooo o.ooo AC OoOOO o.ooo 

2515 DI 9e124 9e499 HE 10e448 9e493 EN 4e340 4,873 

2515 FS 5e700 4e870 FO 2e921 3e509 FA 4e227 3e508 

2515 wo o.ooo o.ooo LA o.ooo o.ooo MT 4e746 3e466 
-

2515 JL 2e739 2t035 CR o.ooo o.ooo HM o.ooo o.ooo 
2515 AP e213 e195 py o.ooo o.ooo NS o.ooo o.ooo 

2515 KS o.ooo o.ooo RU o.ooo o.ooo 

2515 MAGNESIUM/IRON RATIO 50e013 -



2515 ****C~UTE FE3 WITH FE2 

2515 WEIG!!_! ANi> MOL~ ~ERCE_NTA~~~-

2515 Q o.ooo o,ooo c o.ooo 

2H5 AB 

2515 NE 

2515 DI 

2515 FS 

2515 wo 

2515 IL. 

2515 AP 

2515 KS 

37 e169 J9e817 AN 

o.ooo OtOOO KP 

7e368 

1t972 le679 FO 

o.ooo OtOOO LA 

2e748 2e035 CR 

e214 e195 PY 

o.ooo OtOOO RU 

2515 MAGNESIUM/IRON RATIO 

2517 WEIGHT AND MOLE PERCENTAGES 

2517 Q 

2517 AB 

2517 NE 

2517 Dl 

2517 FS 

2517 wo 

2517 IL 

2517 AP 

2517 KS 

o.ooo 

29t338 

o.ooo 

5e678 

12e845 

o.ooo 

3e015 

e266 

o.ooo 

OtOOO C 

3lt596 AN 

OeOOO KP 

5,924 HE 

10t998 FO 

OtOOO LA 

2e244 CR 

t244 py 

OeOOO RU 

2517 MAGNESIUM/IRON RATIO 

2517 ****COMPUTE FE3 WITH ~E2 
- . - ·-

2517 WEIGHT AND MOLE PERCENTAGES 

2517 Q 

2517 AB 

2517 NE 

2517 Dl 

2517 FS 

2517 wo 

o.ooo 

29t406 

o.ooo 

5e027 

lle371 

o.ooo 

o.ooo c 

31t!i96 AN 

OeOOO KP 

5e232 HE 

9e 713 FO 

OeOOO LA 

17t639 

o.ooo 

5e854 

o.ooo 

o.ooo 

o.ooo 

o.ooo 

lt0e254 

o.ooo 

20e344 

OeOOO 

6el03 

2e700 

o.ooo 

o.ooo 

OeOOO 

o.ooo 

51e596 

o,ooo 

20t391 

o.ooo 

6t819 

5e164 

o.ooo 

*** 

OeOOO OR 

17e810 L.C 

OeOOO AC 

lle3_~7 EN 

7e011 FA 

OeOOO MT 

OeOOO HM 

OeOOO NS 

o.ooo 

OeOOO OR 

20e651 LC 

OeOOO AC 

5e557 EN 

3e251 FA 

OeOOO MT 

OeOOO HM 

OeOOO NS 

o.ooo 

*** 

OeOOO OR 

20t651 LC 

OeOOO AC 

6e249 EN 

6t204 FA 

OeOOO MT 

e910 

o.ooo 

o.ooo 

1.011 

12·582 

o.ooo 

o.ooo 

o.ooo 

2e285 

o.ooo 

o.ooo 

10.420 

3e668 

3.331 

OeOOO 

o.ooo 

2e291 

o.ooo 

o.ooo 

7.244 

8e933 

o.ooo 

,919 

o.ooo 

o.ooo 

lel31 

10e406 

o.ooo 

o.ooo 

o.ooo 

2e319 

o.ooo 

OeOOO 

11.723 

3e050 

2e438 

o.ooo 

o.ooo 

2e319 

o.ooo 

o.ooo 

8al32 

7a411 

o.ooo 

1 61 



2517 IL 2e244 CR o.ooo OeOOO HM o.ooo o.ooo 
2517 AP .267 .244 py o.ooo OeOOO NS o.ooo o.ooo 
2517 1(5 o.ooo o.ooo Rll o.ooo o.oon 
2517 MAGNESIUM/IRON RATIO 45•568 

Q quarts c calcite OR ortboclaae 
AB albite AN aDDrtbih u: leucih 
NJ: nepheline IP kal.ioph;fli te AC acaite 
DI diopaide m: h;(perathene Df enatatite 
FS terroailite ro foraterite FA f81alite 
10 wollaatonih lA larnite M'l' .apetite 
IL il•enih CR chroaite BM h..atite 
AP apatite PI p;rrite . NS uoaean 
KS kal.ailite RU rutile 



.i.b.3 

APPENDIX 7 

Rock Type Cl~ssification 

Plagioclase 

ol!v in e 

gabbro 

pendolt le 

pend o I I I e 

olivine clinopyroxenile 

Olivine Cl i nopyroxene 
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