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;ABSTRACT
The basaltic rocks. of the Slide ﬁpuntain Group have been
o gatheréd from three.fiéld'aréas in central British Columbia. In
the «field a number of rock typeg are found, but their bulk cﬁemis—
try is‘msre Qnifofﬁvthén this would indicate. Several majér and _
t;éce element chemical screens establish these rocks ﬁs ocean-floot f\x
’bgsalté, unassdciatéd with'fhe geﬂgtation of 1sland arc material.
‘The great majority. of the roqks'are‘tholeiites, bﬁt Aisignificantil
number éré Eomati@tes.“ Uppér‘PalanZOic in age,. fhe kogatiites
.gre subatantiéilyAyou§gér than‘any>qphérs so far described. Both
the komatiites and the ocean-floor tholeiitgs are‘the first reported
.from the’Cordillera. Anal&ées ofw30 eléménts p:pvide‘data tﬁat
are lacking for.Cordilleran greeﬁstoneé;‘pérticularly in the case
" of tHe‘tra¢e elements. . Thesé hata aisg perform an ihterpretive
funétibn,iniesﬁablishing the éuite as beiﬁg of ocean-floor origin.
’Tﬁis ié:p;rticﬁlafly‘usefui bécause the rocks havé been metamorphoééd;
This study makes the following iﬁferpfetations as a_first
o appfoximation of che‘tectoﬁo-cﬁemical_genesis of the suite.. The
tholeiites have been Qerived'By ghe fractionation of a gafnét
' peridotige‘andzareviérgely similar to other ocean—fiopr tholéiiceé.
The kbmatiiﬁes have been derived by the fractionation of an
ortthYrbxene-clinopyroxene mix which_cqntéined little olivine. This
may be the result of a verylrapid rise of‘mahtle‘material from a

”deﬁfh’greater than that which gives rise to the mass of oceanic

tholeiites.

iv
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INTRODUCTION:
~ : *
Objectives: ' v
This study has two objectives. inspired by MONGER (1972) in N////

¥

v
his contribution to the Carleton Unf‘irsity symposium on the anci\htv/
'oceanicblithOSphere in October 1970. They are:
5) A detailedhpetrochemicelistudyyuhich might be used‘to
refine the plete tectonic model for the Cordillera.v
b) Supporting hetrographic<end:fie1d studies, | |

Geologic setting:

. Located in south central British Columbia at the southern end

of the Carib00 Mountains (see Figure 1), the Slide Mountain Group
forms a thin unit extending some 700 km southeastward'from the
frihce George area ésee Figure 2).' The Qroup is on the,western‘flank
of the Omineca Crystalline Belt, and rocks of the Cache Creek Group
are possibly equivalent. )

Because of its rugged terrain, the Omineca Crystalline Belt has
been little studied but it is believed to have been deposited on the
western margin of the Cordilleran miogeosyncline in the 1ate‘Protero-
:zoic'(CAﬁPBEhh, 1971). The haselts, etc. of the Slide Mountain
Group were emplaced in the late Peléeozoic (CAMPBELL and lIPPER, 1971)
.and from the Triaseic odward siltstones, black schists, ahd andesitic
material were depdsited ahore the.SIide Mountain Grouof " The whole

°

‘region was later intruded hy:numerous:grenodiorite plugs.

Geograghz: .
With the exception of the prominent cliffs to the east of the
*  North Ihompson'River in the Clearwater Map Area, most of the Slide

Mountain Group is ogorly exposed. The best availablehareas'are

rZa.
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.

road-cuts along thé Yellowhead highway between Clearwatey and Little

Fdrt because the cliffs to the east of the river are virtually

inaccessible, but these.road;cuts are limi;ed in extent. In thel
MacKay Rivé: Map Area, exposﬁre is quite p&or, as the rock unit

is narto& aﬁd the undergrowth dense. Exposure in tbe Barkerville

 Map Area is little béttef; In both the Barkerville Map Area and

the MacKay River Map Area, the exposure is poor enough to limit

serioﬁsly the quality of the study that could be done.

Weatheriqg of the outcrops was ﬁot a serious problem. Many
of the butcrops were the road—éuts created by the Yellowhead
High&ay, and the rocks there are very fresh, except in badly
fractured areas. Elsewheré, %%athering is usually much less than -

5 mm and was éasily trimmed.



FIELD DESCRIPTION:

Clearwater Map Aree;

Approximately 3000 metres of the Slide Mountain Group were
studied in the southernmost exposure of the group, from Barriere
to Clearwater (see Figure 3).. South of Little Fort the rock is
rather uniform, maesive, and very fine-grained greenstone; It is
often fractured and contains the infrequent chert bed;. Some
schistosity and minor faulting are also present.

The rocks frequently display a rather shiny green aspect,
and can be mistaken in the fiol? for serpentinites. The simi-~

i f'w
- larity is heightened by a‘ceﬁté?n amount of veining along the
fractures. In other localities the fracture pattern gives the
impression of pilions, which'confusion is rendered more effective
by the presence of scattered bona fide pillows near the top of
the greenstone‘unit. °

Except for one band of what ié believed to be pillow breccia
[5614]§'the massive greenstone 1is approximately 1200 metres thick.
In the eastern part of the field area much of the rock is altered
by a large granodiorite body, and this altered rock was sampled
in two places only, [5605] and [5765} |

In the central part of the field area, [5550] [5551], and
‘[5556], there occnrs a 200 metre band of pillow;lavas of unknown
extent. As shown in Plates 1, 2, and 3, the pillows are well-
shaped buns, of normal orientation. Unfortunately, this band could

not be traced across the river, so the dimensions of the flow

T the designation [XXXX] refers to both sample numbers and locations
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are indeterminate. These pillows'are oyerleinxto the north by
another 500 metres of massive, fine-grained:greenstone,'which is
often quite badly fractured. o ‘ | |

At the northern 1imit of'thehfield_erea3 neer Clearwater,'the g
seqnence'becomes much more varied;lann:inéludes many sedimentary
members "One hundred metres of.limestone ere overlainbby 200
metres of pillow 1avas [5624] - Above this are mica schists [5625],
massive ‘quartzites up to two metres thlck [5626], graphite schists
[5626A], and immature partially volcanic sediments up to 100 metres}
thick. Graphite schist is the cominant lithology for the next . /

200 metres, [5628] and [5629], but it is interrupted by a 30 metre .

. gabbro sill, [5630], ‘and a band of quartzite and mica schist,
’ ey

¢

[5631]. . The segtion ends against another granodiorite body, and

is summarised in Figure 4.

A N

MacKay River Map Area: A . ' -

In the MacKay Riyer Map Area (see Figure 5) the exposure of
rock 1is so poor thet,iceis barely acceptable for‘mapping purpoees.‘
The Slide Mountain Group in this é;ea is very thin, and probably
badly_faulted. It is no more than aboot 406 metres thick, andiit
thins to a few tens of;metresrin the northern pert ofvthe map'area,
~ Most éample 1otatione are only approximate, a result of heamy under-
growth which makes acourate locationvof field stations impossible.

The ldthology is variable from a pyroxenite to a ehlorite
schist, but é'very general éﬁvision into coarse—grained, fine;grained

and schistose rock types is possible in the field. The coarse-



g

12000 1

FIG

3000 ~

RE 4

metres I
-DIAGRAMMATIC

Graphite Schist '
Mica Schist
GABBRO.

| Quartzite

PILLOWS
Limestone -

BASALT

 PILLOWS

© BASALT

4 PILLOW Breccia
Y| ALKALI BASALT

“BASALT

faulted contact

COLUMNAR SECTION

CLEARWATER MAP AREA




- ‘FIGURE" 5
MACKAY RIVER

MAP AREA

N = s e . - . - . S
10eo ° 1908 g hee’y
. " metres '

‘Eontout interval . 500 metres .

73t

~ covered

5729
5727

- Fl_GURE 6
| BARICERVILLE -
MAP AREA
contour interval 500m.

10 Kilo metres

Slide Mtn. Gp.
greenschists

'Siide Mtn. Gp.
sediments, etc.

Kaza Group

Barkerville .

10



1

- grained rocks are-nearly all amphibolites and occur onlylin the
southern part of the field area; [5720], [5721], [5722], and [5724].
The pyroxenite is in the same area, [5723], and appears similar to

the amphibolites except that it is less friable. '

The fine—grained rock is represented by [S721A] and contains
sufficient epidote to give the rock its characteristic apple-
green colour. Field and hand specimen relationships suggest that
this fine-grained rock was the country rock intruded by the coarse—‘
grained phases. The exact intrusive relationships, however, could
not be determined due to the poor exposure._.:

The great majority of. the rock in the area is a shiny chlorite

chist that is sometimes crenulated sometimes not, sometimes

;banded,'sometimes not; sometimes quartz—bearing, sometimes not;
fand sometimes feldspathic, sometimes not. Theigenerallimpression
received is that the metamorphic grade decreases towards the north—
west,vbut this'cannot be confirmed-in thenfield.”Plate 4 shows the
contact Of'these‘chlorite schistsivitﬁithe‘KaeadGroup schists and:
gneisses. - | |

Here, as in the Clearwater Map Area,ithe Slide Mountain.Group
‘is overlain by graphite schists, [5739], [5740], and [5741], though
the quartzites noted- in the Clearwater Map Area are not present.»

Barkerville Map AreA°'.,; C :

The greenstone lithology of the Slide Mountain Group was sampled
in but one locality, [5636], to provide a 1ink between the type area

of the group and the two. major field areas to. the south. It 1is






13

worthy of note that in this area the greenstone occurs both as
massive rock and as breccia. The breccia is subrounded, generally
in fragments larger than 100 mm, and 1is suspended in a matrix of

white chert which overlies the massive greenstone.



PETROLOGY:

Introduction:? -

Although this study 1s éeoéhemical, the betrology.of the
rocks involved has proven‘to»be_of'sufficient interest to be
included as a separateﬂsection;h The foliowing discussions,are
offerec not as a definitive petrographic stuoy, but as an
examination.with,picroscope and microprobe hhich may function‘
contrapuntally with the geochemical study and outline some
problems for futurevconsideration. |
k. anroxenites__'

o Found only at [5723], this pyroxenite seems to be decidedly
relict. Diopside (see Plate 5) is the predominant mineral and
has the composition |

' ‘ : . R 3
Caa Mg Fe Si - Al O ;‘
+98 080 -19 1-92 .08 6

fChloriterand.ectinolite'rim maoy'of the grains,ras even in this
: rock the alteration progressing to amphibolite has. begun. This
is, without question, a primary plutonic pyroxenite which has some-
how escaped almost entirely the process of hydrous amphibolitisation.
Amghibolite.' |

Confined to- the southern portion of the MacKay River Hap
Area, the amphibolites are a series of rocks which have been pro-
| duced by - the hydration to’ varying degrees of the pyroxenite
represented by [5723]. Their mineralogical complexity is best

characterised by the amphiboles which make up the bulk of

k
trace elements in mole percent

Sc 0. 02; Ti 0. 19; v 0.03; Cr-0.06; Mn 0.05; Co 0,04; Ni 0,01

14



these rocks.
In the samples containing pyroxenes, the common alteration

is to actinolite, occuring in the less altered samples along

grain boundaries and internal cracks. One analysed actinolite

from [5724) was derived from a diopside of composition

c Fe 'Si "o %2
e
2068, Te20 1:88 12 8

and the actinolite composition

Na K )Ca Mg Fe - [(St AL )0 (oW) ] *3
«283 7002 1'39 334 l'ﬁ 752 .

indicates considerable major element mobility, particularl¥

Ca (out), alkalis (io), ‘and Fe (in) However, it is notable that

Mg, Al, and Si have remained in constant proportion.'

| Optically there is great variation in the -amphiboles of all
samples, ranging from pargesi;es'(primary? brown hornblendes) to
hornblende serisy strictu (both green and blue-greenm) and seve-—
ral gemerations of actinolite. In some samples the actinolite
exists as large blades, overgrown with one Or more generations
of actinolite which appears on the basis of optical properties to
be of approximately the same composition. In other samples, the

actinolite is definitely prismatic, and in still others fibrous

or acicular. Some slides display all these aspects. ),

SituationS/in which a core of brown hornblende is rimmed by

‘green and/or blue—green(hornblende, and then in turn by omne or

 more varieties of actinolite are not uncommon (see Plate 6).

%2 trace elements in moleée percent
Sc 0.02; Ti 0.11; vV 0. 04 Cr 0.06; Mn O. 04 Co 0.02; Ni O. 01

*3 trace elements in mole percent {
Sc 0. 01 Ti 0,11; V 0. 04 Cr 0.06; Mn 0.04; Co 0.01; Ni 0.01

15
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Nor 1is the zoniné pattern pyroxene/green ‘hornblende/actinolite
unc0mmon.‘ Howev;r; nowhere was augite or,diopside obéerved as

the core of a grain which contaiﬂs broﬁﬁ hornblende. This suggests
g@gt the brown hornblende may ;éll be primary and cogenetic with
the pyroxené. The almost complete-lack of plagioclase in anyv

of these roéké is certéinlf.céﬁpatible with-a primary aluminous

énd aikali basié mineral. Thé pargasites'also contain significant
améunts of C1 and a bit of F, both of which are lost on convérsion
to actinolite,

The chemical rel;tionships of thejvarious amphiboles are
summarised- in Figure 7 (after SPRINGER, 1974) and in Figure 8
(after SHIDO and MIYASHIRO, 1959) which include other analysed
amphiboles‘from‘fgis study. S%%@?CER (1974) used the plot on
which Figure ?_is #ased to deterﬁine from actirolite compositions
whether or not a given metamorphic rock haq contained ortho-
pyroxene. £ the anaiyses actinolites, most fail in the ortho-
~ pyroxene beariﬁg.field, but ;he location of points from [5721A].
suggests that the protolith was not a twofpyroxeﬂe rock, unlike
the others in the gmphibolite éériés, "The origin of [5721&] is
umceftaﬁn} but field relationships lead ome to bglieve that 1t
was intruded b? the actinoiitic hérnblendite~of t5721], The
hypothesised abéence of orthopyroxene suggests that [5721A] was
not comagmatic with [5721].

. The miécibilifyAgap postulated by SHIDO and MIYASHIRO (1959)

is 'well displayed in the amphiboles -of this study, but the authors'®

1
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suégestion that the gap narrows with higher metamorphic grade‘
and/or shifts towards lower [Al]' could not be ‘confirmed since

the Slide Mountain Group is at low metamorphic grade in the

areas studied. CAMPBELLV(1971) reports a number of kyanite ~
staurolite gfade'amphibolites in the Slide Mountain Group to

the south of the MacKay River Map Area, and this is not surprising
.given the steep aﬁdbcbnvolutéd isograds there present. CAMPBELﬁ's
amphibolites Qould thus present a good opportunity to yerify

the thesis of SHIDO and MIYASHIRO (1955).

.

It.has beeQ;impossible so far to confirm either the progfadg
or the retrograde metamorphism of the Slide Mountain Group amphibo-
blites,bbut this preliminary study suggests a length and retrd-
grade metamorphism of pyrbxenite-into amphibolite (actiﬁolitite).

Later pfograde,‘but'here minor, metamorphism can account for the

several generations of aétinolife. CAMPBELL'é'higher grade rocks

" should be able to help clarify the chemical and metamorphié relations

of the amphiboles.

The balance of the minerals usually consists of epidote gnd
chlorite in roughly equal pfoﬁortibns. Epidote is uniformly very'
iron-rich, shown by both the deep green colour and the microprobe

Ca Al Fe 510 (OH)

T2 3 12 4

<0 10

r/ » ’
It usual;y-occurs as small blébs and chunks in what might be called
a felted mass of actinolite and chlorite. ‘A markedly different

habit is present in some slides, epidote occuring as tabular

*4 trace elements in mole percent
" Sc¢ 0.03; Ti 0.02; V 0.10; Cr 0.04; Mn 0.02; Co 0.02; Ni 0.01
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rgroups and aggregates ofﬂ§§rre1-shaped'crystals_suggestive of
prehnite. Negative optic sign and higher réfraétive index, bowevef,
indicate epidote, thoﬁgh thé habit may be rémnant from prehniie,

Chlorite is usually ripidoliﬁe *5, though alumina-poor
compared ﬁo what ﬁigﬁt be expgcted; ,Some slideé contain both
clinochlor and ripidolifé, and thisv is easily detécted by the
col&ur difﬁéreucé under croséed polarisers. Mo§£ frequently it
occurs as tabular t§ lath-like crystals forming a network in
conjunction with éctinol;te. W?ether it is avprograde product
or a retrdgfade product is not kn;wn.

Minor componenfs include magnetite *6, apatite, épheﬁe,
pyrite,‘cﬁalcopyrite,'carbqnate, haemati;e,lleucoxene, andyvarious
indeterminate“alteration products.

Fine—grained‘basalt:

In thin,éection,'ﬁheSe rocks disﬁlay a decidedly subophytic
texture, with plagioclase the dominant mineral (see Plate 7).
Plagioélése éonsistently ¢9mprises about halfpbf the rock, and
usually exists as both *laths and grains, the 1:1 proportion of
which remaiﬁs felativély coﬁsfant from rock to rock.’ The.laths

‘are uéuaﬁly 0,50 mm 1ong,.while the eéuant grains are -about
0,10 mm across. Several ahalyses.show the plagioclase to be albite
(Anu_7)'which is in generéi_agreement with optical determinations"

from the few polysynthetic twins present.

%5 Mg Al Fe [(si Al )0 (oH) 1
) 6+85- 1-76 3.39 §5+51 2+48. 20 16

*6 (Fe?* Ca y(Fe3t © T1 v o
. 795 0°05 1592 0+0L OeOL 32



.. »Auéite is uéuafly subhedral and more or less equant. It
can, héwever, display 1ath711kelaspects as tHOugh'it had’beenb
broken. The size varies from 9,05 mm to 0,20 mm, but the equant
grains are rarely larger thép_O,lO mm. Thg analysed augite from
[5621]’15 nearly twice as iron rich as'tbe‘diopside‘of the aﬁpﬁi~

<

bolites
Ca Mg Fe Si Al O
+81 +78 39 1491 <09 €
and comprises about thirty percent of most rocks. The remaining
. " * f
15 - 257 groundmass consists. of finely divided chlorite 8,»acci-v
nolite pumpellyite, epidote 9, prehnite(?), clay '10, apatite,

and opaques.

-Porphyritic basalt:

Characterised by augite phenocrysts up‘to 1,00 mm across
(see Plate 8), this,porphyritic variant of the'fine-grained basalt
dféplays a:slightly different minéralogy; Plagioclase stiil'coﬁf B
}rises abéﬁt>£aif of thé rock, but it is strongly sericitiged. Sbmé
mindr‘oliQine is present,vas is hornblende. The hornﬁlende is
-ﬁsually interstitial, but sometimes occurs after augIte. Nd

pumpellyite or prehnite was found.

%7 trace elements in mole percent
Sc.0.00;. T1 0,36; V. 0,05; £r 0.02; Mn 0,10; Co 0.03; Ni 0.01

*8 Ripidolite Mg Al Fe [(s1 Al JO (OoH) 1]
3.91 246 560  5:57 2-43 20 16

*9 Ca Al Fe Si 0 (OH)
. 2 23 0 3 12

*7

.*10 Nontronitic montmorillonite

(Ca Na J(AL | Fe* )(Fe2+ Mg Ma )[(SL ' AL )0 (0H) ]
., 0+03 ‘063 . 237 0 L6 17 0+¢03 703 0+97 20 3
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Quenched: basalt:

’

Texturally, these rocks are'uefy similar to those from Leg
37 of the Deep Sea Drilling Project (see Pletes 9, 10, and 11). .
Minor amounts of augite are visihle, and some rocks have more.
'.phenocrysts than others. A Plagioclase is‘orominent.in radiating
bundles, and while averaging 0,25 mm in length, can be twice that.
The gr-undmass comprises one half of the total-and includes acti-
nolite, plagloclase, chlorite, pumpellyite(7), and minor quartz.
Calcite and a zeolite(”) may also occur as vug fillings, and the
zeolite(?) may comprise part of what is called plagioclase in
the groundmass.

Pillowed basalt:

s.Twogpillows-neafly a metre across; [5550] and.[5624], and one
oillou 100 mm across, [5556], were studied to provide‘comparison
to the'more’massiVe:rocks The pillow [5550] consists of minera-
logically and texturally complex devitrified glass. (see Plate 12).
C:Identifiable minerals are plagioclase, chlorite, actinolite,
augite, pumpellyite(?), and accessories About 80% of the rock
'is 0, 01 mm and smaller material- consisting of the above minerals
and ‘much unidenpifiable matetial. | |
The pillowv[5624] égain consists of a large percentage of
devitrified glass, but contains enough larger material to exhibit
auench texture. Much of the devitrified glass has been metamor-
vite, epidote, and actinolite (or/and pumpellyite),

v2in are a number of'amygdales'which display a
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zeolite type of‘Structure which has since been metamorphosed
to a ﬁixture of zoisite, calcite, chalcedony, and quértz, witﬁ
éome’pseudomorphs; pbssibly_after prehnite. |

The only pillow with even rudimentary structure is [5556]
which consists of a 40 mm core, a 30 mm‘intermediate zone, and

a 10 mm rind of devitrified glass. {Thirty percent of the core

. . X171 ‘
consists of 0,08 mm fragments of augite 1 which are often altered

to aétinolite; Plagioclase is present as 0,15 mm laths and as
groundmass material for a total of about AOZf The balance is
altered devitrified glass cénsigting of clays, zeolites,
epidote, and actinolite. '7 | ;

The intermediate zone has‘radiating stringers of calcite
in a matrix of devitrified glass-similar to tﬁat of the core,
‘but comprising 80% of the zonme. Augite~is.absent, but Quartz
is present to a tétai of abéut 5%Z. . The plagioclase-is‘neétly
idenfical to tﬁat of the core.

Chlorite-actinolite schists:

Highly varied, these greenstonés form the bulk of the Slide
Moﬁntain Group in the MacKay River Map Area, and gre\fﬁund thére
-éniy._ In general, they tend ﬁoﬁgfds the assemblage: chlorite-
'epidote—actinolitefplagioclaseiquartz; Some of what is called
-.actinolite may be pﬁmpellyiﬁe, and the possible pumpellyite is

'bpresent in only a couple of samples from the northe;n part of

the map area. Many of the rocks are cataclased to a greater

*11 Ca Mg Fe si Al O
: «81 +63 o849 .92 .08 6
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or lesser.extent. Where it is present, quartz occurs in grainy

'(sedimentar??) bands thgﬁ suggest tbat these rocks are a mikture
of volcanics with terrigenous pfoduc;s, r;ther than metabasalts.
Discussion: |

. The metamorphism of‘basalts is not fully understood, and in
a study such as thi#, thé‘pgfrogenetic work is.made even less~‘
certain.by the fact;thét the model for 6cean—floor basalt is
still relatively incomplete.l In particular for the Slide Mountain
_Group, the‘question<is one of sorting out fhe various proceéses ; |
- which have generated the vast quantities of actinoli;é observed,

- The abundance of zeolites (both real and susﬁected),vould
certainly suggest low metamorph;c grade.” AUMENTO et al. (1971)
describe three levéls‘;f greénstone alteratioﬁ. Ocean-water

‘ ;lferation affects ﬁhe glass and the groundmass, but not the
phenocrysfs, and requifes 6nly very shallow burial, sué&kas\at the
base of a flow. Zeolite facigs alteration metémorphases plagioclase
into analcite, and the groﬁndmass and glass into natrolite-mesolite-
scolecitetstilbiteiheulandipe. Greenschist alteration metamorphoses
plagioclase “into albite, augite to‘accinolite, and olivine and
giéss to chlorite. These alterations are all.accoépanied by a
‘major_increase in water, but ghe iron oxidation ratio remains
unchanged. ' .‘ v. B a |

of greater reievancy to the broblem is the work of SEKI (1969)

who describes three typés‘df'greeﬁschist: pumpgllyite—chioqite;‘
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pumpellyite—actinolite-chlorite; and actinolite-chlorite facies.
Of particular interest is the fact that epidote is stable from .
~the middle of the pumpellyite~- actinolite-chlorite facies up-
ward. This assemblage of chlorite—epidote—actinolite t
pumpellyiﬁe.is very sipilar to .what has been Bbserv;d in the
Cleafwéter Map Area;

Amphibolités may be formed over a wide range of compositions
and greatly variésle temperature and pressure cqnditions,‘making
meﬁamorphicaincarpfefations difficult. In moderate grade meta-
mofphism the stability of garnet is masked by amphibole whenever
an excess of water is present'(YODER.aﬂd TILLEY, 1962). ERNST
A (1968) furthér describes the prograde metamorphism of amphibo-
lites. Tﬁe ;ctinolite.of’the chlorite-biotite facies becbmes
a blue-green hornblende.at the garnet facies. This in turn |
éonverts to a green hornblende at the staurqlite—kyanite facies,
and finally to a green or brown hornblende at the sillimanite
facigs. In an attempt to solve the retrogféde/prograde problem
in the MacKay River Map Area, we are left with the words of
TILLEY and YODER in their 1962 classic:

Under equilibrium cbnditions.it would not be possible to
distinguish amphibolite and hornblende gabbro formed at the:
' same pressure and temperature. Only the presence of non-
equilibrium (relic) features may make it possible to deter-
mine whether or not such rocks came from the metamorphism
of igneous rocks or were precipitated directly from liquid.

In this sense the amphibolite problem is similar to the
granite problem. p.469 :
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PETROCHEMISTRY - MAJOR FLEMENTS:

Tholeiites:

The large majority of rocks within the Slide Mountain Group
are tholeiites, and their chemical compositions are presented in
Tables 1 and 2. For comparison, a number of averages are presented
in Appendix 4. 'The Basalt ‘chemical screen has been well established
as A1203 > 10,5%Z; Ca0 5-15%; and normative olivine < 15%. There
are a few rocks of this study that fall outside these (and other)
ériteria, but thex are included since they fbrm an integral
part of the suite being studied.

When plotted on an AFM diagram (see Figure 9), only the
low-Zr suite falls significanﬁly away from the differentiation
trend of average tholeiites. ‘There 1s no tendency whatever to
fall into the realm of alkali basa1t8.§

Silica is quite variable, but usually falls between 45-50%.
Extreme values go about BZ.beyondvthese limits, with lime and
magnesia varyihg accordingly. Thus in some cases the strict
basalt chemical_screen is not met, but the overall chemical trends
.are stili basaltic. Aluminavpfesenﬁs much the same pattern and
fails slightly lower than averagé. A curious point is the bimodal
nature of alumina distribution, at 13,3% and 14,4%. Some rocks
fall‘below‘the aluminé limit, but present an overall tholeiitic
aspect as regards alkalis, gté.

[text continues on page 44 ]

«

: The details of trace element chemistry and the resulting division

into low- average~ and high~ Zr suites are explained in the next
chapter.
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TABLE 1lA: \THOLEIITE / BIGH ZR SUITE

[5550S] [5551X] [5551Y] . [55512] [55524)
$1C, 5C,0 49,8 45,7 50,5 51,8 .
Al,0, 14,8 12,4 15,7 13,1 . 14,4
Fe,0, 3,14 3,33 3,14 3,10 3,13
 FeO 8,49 9,00 8,47 8,38 . 8,46
,19 - - ,23 ;21 ,20 ,19
7,99 8,06 8,49 8,17 7,44
8,12 11,1 8,05 8,75 8,56
4,16 " 2,90 3,33 3,84 . 2,90
,12 ,08 ,564 ,20 ;27
1,79 1,79 1,68 1,94 1,66
,19 ,18 ,21 - ,18 ,19
nil . © .6 nil sl nd
1,0 - ,6 1,0 1,5 1,0
99,99, 100,07 100,02 99,96 100,00
Li - 9,9 nd 12,4 ' 9,3 nd
S 800 1800 - 1300 6900 700
Sc 22 nd 21 26 nd
\Y 370 nd 330 - 3i1o . nd
Cr 340 nd 360 340 nd
- Co 60 nd 70 6o nd
Hi 102 o4 98 86 nd
Cu 61 : &2 54 49 - nd
Zn 102 105 107 .96 97
Rb 1 2 12 3 3
Sr 210 240 270 190 - i9¢
g 45 44 45 45 34
Zr 157 145 153 151 156
b 6 ' 8 7 3 4
Mo 4 nd 4 3 nd
Ba 63 49 100 72 64
Pb <lo . ad <lo <lo nd

determined by titration
¢ determined by combustion
# calculated by difference :
Xo - trace elements in ppm, non-significant plzces as (o)
nd not determined
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TABLE 1B: THOLEIITE / HIGH ZR SUITE

[5552B] [55522) [5553A) [5553B]  [5553C]
si0, 52,5 47,9 48,7 48,0 51,0
AL,0, 14,6 13,1 « 14,9 13,1 14,4
Fe,0, 2,99 3,34 3,37 3,29 3,19
FeO - 8,07 9,03 9,11 8,88 8,62
MnO 19 »21 »20 21 ,21
Mg0 7,44 © 8,83 8,50 8,50 7,75
'Ca0 7,35 . 12,5 9,52 12,8 - 8,58
Na,0 3,84 1,97 2,68 2,12 3,29
K,0 ,19 ,08 , 33 ,05 ,07
T10, 1,68 1,74 1,72 1,72 1,63
P,0 ,19 ,22 »20 »20 19
CO2 nd ' nil nil nil nil
HO # 1,0 1,1 ,8 1,1 1,1
TOTAL 100,04 100,02 100,03 99,97 100,03
Li " nd 6,9 nd nd 'nd
S boo 1200 " 1500 2000 lloo
Sc nd 22 nd nd nd
v nd 330 nd nd nd
Cr nd 350 nd nd nd
Co nd _ 60 nd nd nd
Ni nd 103 114 116 nd
Cu nd 59 62 59 nd
Zn - 95 112 : 114 102 92
Rb 5 "1 8 ‘ 1 nil
Sr l6o ij0 230 ) 16o 18c
Y 3% - 41 - w46 T L 42 32
Zr 161 143 153 142 150
Nb 6 - 4 -9 3 .5
Mo nd 5 nd nd nd
Ba 50 58 © 50 53 53

Pb nd nd nd nd nd

* determined by titration

¢ determined by combustion

#  calculated by difference

Xo trace elements in Ppm, non-significant places as (o)
nd not determined '
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TABLE 1C: THOLEIITE / HIGH ZR SUITE

[5553Y] 55532] [5554A] [5554B] [5555]
510, 49,8 48,6 50,8 . - 52,0 49,8
A1,0, 13,2 14,2 15,3 14,5 14,1
Fe,0,- 3,19 3,45 3,26 . 3,18 / 2,95
. . 4 ’
Fe0 8,62 9,32 8,82 8,60 7,98
~ Mno ,21 . ,23 o ,19 ,19 ,20
MgO - 8,13 8,69 7,24 6,95 - 7,19
Ca0 11,3 . 8,92 8,18 ' 8,40 - 10,7
Na,0 2,49 3,12 ~ 3,01 3,05 3,66
K,0 )11 ,27 )14 SN T ,65
T10, 1,66 1,77 1,70 1,72 1,61
P,0, ,19 - ,18 ,19 ,21 17
co, ,1 nil " nd nd | nd
H,0 1,1 1,2 1,2 1,1 1,0
TOTAL 100, 00 99,95 100,03 100,04 100,04
Li 11,2 , nd nd - nd : nd
-8 2000 1500 . 1900 i 1000 1500
Sc 21 nd nd nd nd
v : 330 nd nd nd - nd
Cr 280 nd ' nd . nd nd
Co 120 ‘ nd nd nd - nd
Ni a8 112 nd nd nd
Cu 63 55 nd nd nd
Zn 107 115 - - 97 89 87
Rb 4 4 1 3 8
Sr g 190 160 200 180 120
Y ' 41 46 35 33 31
Zr 144 151 158 160 149
Nb . 6 6 2 5 4
Mo 6 nd  nd nd nd
Ba 57 100 . 55 . 62 160

Pb ' lc nd : nd nd . nd

% determined by titration

¢ determined by combustion

# calculated by difference

Xo trace elements in ppm, non-significant places as (o)
nd not determined

i e SO B heitatin L B ey e b e
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TABLE 1D: THOLEIITE / HIGH ZR SUITE

[5556A] [5556B] [5556Y] [5556Z] [5558A)

s10, 51,8 49,8 48,2 49,7 50,4
A1,0, 14,4 14,7 14,5 14,8 14,4
Fe203 ' 3,09 3,25 2,90% 3,18 3,15
FeO 8,34, 8,78 8,79% 8,59 8,50
MnO 19 ,20 ,21 19 ,20
MgO0 7,75 "8,24 . 9,50 ° 7,93 7,75
Ca0 ' 8,58 9,40 9,74 8,17. 8,48
Na,0 2,87 2,57 2,96 4,18  3,8Q
K0 ,05 07 ©,10 ,10 ,37
~ Ti0, 1,66 1,74 1,74 1,83 1,72
PO 0,19 ,21 ,16 ,20 ,19
CO2 nd nd ' nil ¢ nil ¢ nd
H,0 # 1,1 1,1 1,2 1,1 1,0
TOTAL 100,02 100,06 100,00 99,97 - 99,96
Li nd nd 10,7 14,8 nd
S 1700 1300 2100 - Toeo . ‘7oo0
Sc nd nd 7 20 21 nd
\Y nd ‘ nd 7 34o 380 - nd
Cr nd nd - 350 390 nd
Co nd nd Jo - 70 nd
Ni nd nd 86 104 - nd
Cu nd nd 53 58 nd
Zn , 100 96 ‘ - 99 105 96
Rb nil 1 nil 3 - 10
Sr 120 130 . l1lo 210 150
Y 32 34 A 47 29
zZr 166 173 144 155 169
Nb 5 5 5 7 ‘5
Mo nd nd 4 9 nd
Ba Y 50 S 6l 54 190
Pb ' nd nd lo _ 4o ‘ nd

* determined by titration

¢ determined by combustion

i calculated by difference o
Xo trace elements in ppm, non-significant places as (o) -
nd not determined '



S10
Al1.0
Fe) 04
Fe0

MnO . -

Mg0 -
Ca0
Na,Oo
K.0
T10

P,0s

: H20 #

TOTAL

Li
Sc
Cr .
. Ni
Cu
Zn
Sr
Zr

Ba
Pb

2°3
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TABLE 1E: THOLEIITE / HIGH ZR SUITE

(56041  [5607) - [S613A]  [s614] ©  [5621]

. : ‘,’/
51,9 55,5 48,8 48,3 54,5
14,3 - 14,0 13,3 13,2 14,7
3,46 2,59 . 3,45 . 3,4 2,74
9,34 6,99 9,31 ' . 9,19 7,40
;20 14 o, ,22 o ,18
6,27 5,79 7,77 8,13 5,42
5,96 . 7,33 9,86 10,3 - 7,18
3,38 4,47 3,63 2,99 4,36
1,16 C,15 ,08 216 ,60
2,66 1,81 2,057 . 2,17 1,90
T ,22 ,31 )21 17 S ,21
3 nil L1 | 34 ¢ il
,6 .9 1,2 1,4 ,8
100,05 99,98 99,97 ' ;99,98 99,99
15,9 nd 9,4 7,8 nd -
1300 .- '1800. 2700 6700 B loo 'i
20 nd 22 ;0 18, nd :
460 ~ nd 3% ' 330 nd
200 nd 280 270 . nd
70 . ‘nd 8o 11lo nd
39 13 82 ' 80 26
40 790 51 56 9
129 90 . 132 . 115 68
27 4 2 3 19
l4o ' 4o 7 180 19 21o
44 57 : 42 46 46
172 218 156 154 165
19 6 8 6 7 ;
5 nd 3 4 nd
5900 - 300 90 150 1800
1o nd lo - <lo nd .

* determined by titration

.¢ determined by combustion

- # calculated by difference , : :

Xo trace elements in ppm, non-significant places as (o)
nd not determined
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.~ TABLE 1F: THOLEIITE / HIGH ZR SUITE

w[sessyf

SiO2 47,5
A1203v 14,4
, *
7 Fe203 . %,83
. FeO i 9,58%
Mno »20
- Ca0 9,91 -
'Nazg// 2,98
Ti0 1,87
' ,27
,01
1,2
100,06
. boo
Sc 21
A ‘370
. Cr 280
Co 70
"Ni 69.
Cu 60
Zn 95
Rb 2
Sr 190
Y 43
Zr < 158
Nb 7
Mo 5
Ba 200
Fb <lo
*

[5636B]
49,3
14’8

3,43

9,27
»20
7,09
9,89
2,50
,27
1,93
i 523
’l
1,0

100,01

8,2
‘900

25
400
230
90 -
" 6h
- 63
108

6
160
- 46
161

5

4
590
<lo .

determined by titration
determined by combustion
calculated»by difference

trace elements in ppm,
not determined

[5636C]

47,9
14;2
3,49
9,42
»20
8,28
9,66
3,26
o .
2,12
»27
a ’1 1
1,1

100,02

. 5,6
1000
19

330
250
1o
75
32
81

5
130
44
156
6 v
3
230
<lo

non-significant places as (o)
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$10
Alzo
Fe, O

2
FeO
MnO
MgO
Ca0
Na,O
KO0
Ti0
PO

25

Cco
H20

Li
Sc
Cr
Ni
Cu
Zn
Sr
Zr

Mo
Ba

TABLE 2A:

[5550R] [5550T)
_ 48,5 43,4
3 13,7 13,0
3 3,31 3,65
8,93 9,85
,21 , 24
7,34 7,43
12,0 14,8
3,09 2,12
, 04 04
1,66 2,12
,20 ,20
,04¢ nil
# 1,0 3,1
TOTAL 100,02 99,95
15,4 - nd
bo0 1500
22 nd
- 380 nd
270 nd
8o nd
58 69
49 Y
79 85
1 -1
8o 57
36 40
109 128
6 5
6 nd
60 . 66
lo nd

Pb

not determined

-determined by titration
determined by combustion
calculated by difference

- trace elements in ppm, non-significant places as (o)

[5550uU]

51,2
13,1
2,88
7,79
1,20
6,83
11,4
3,78
,07
3,78

»20

b1
»9

100,03

11,1
1loo
22
350

- 260

90
62
52
S 74
1
69
34
110
6
5
66
“lo

.

\

THOLEIITE / AVERAGE ZR SUITR

- [5550V]

50,7

13,6
2,87
7,74
»19
6,88

11,8
3,43

»13

3,43
»18

nil
»8.

/100,02

nd
200
nd .
nd
nd
nd
60
51
66

8o
35
115

nd
75
nd

. 128

[5550W]
50,5
13,9

2,52%
7,90%
,20

7,23
10,8
3,91
»02
3,91
»18
nil
1,0

99,99

9,7
1900
27
370
350

68
64
70

100
41

56
<lo



TABLE 2B: THOLEIITE / AVERAGE ZR SUITE

[5550X]  [5550¥] = [5550Z] [5557] [55572)
510, 51,9 45,0 49,1 48,6 50,4
AL,0, 14,5 14,2 14,7 14,3 14,1
Fe,0, 2,75 4,03 3,31 3,33 2,87
FeO 7,43 . 10,9 8,93 8,99 7,75
MnO )15 )16 W17 19,19
Mg0 - 5,60 8,38 7,64 8,53 8,57
Ca0 10,3 11,6 9,51 9,77 9,51
Na,0 4,33 2,30 3,68 3,11 3,50
K0 ,09 11 ,08 : , 04 14
TI0, 1,59 1,87 1,73 1,82 1,76 .
P,0¢ 1,17 ,16 17 ,18 ,17
00, 2 )3 nil nil )1
0 # 1,0 1,0 1,0 6. 9
TOTAL 100,01 100,06 100,02 100,06 99,96
i nd nd 15,5 nd nd
S 3300 : 600 600 1600 1900
Sc nd nd ‘ 20 nd - nd
"V ‘ nd . nd 370 ‘nd - nd
Cr nd nd - 240 : nd . nd
Co nd nd 90 nd ~ nd
NL 44 .56 61 64 84
Cu 49 13 s6 6L . 60
Zn . 67 112 143 105 99
Rb 2 1 3 nil 2
Sr | 64 62 58 - 143 125
Y 37 37 -39 40 37
2r 118 120 125 130 124
Nb 7 4 6 4 6
Mo ‘ nd v nd 9 nd nd
Ba 53 - 84 63 45 53

Pb - nd nd < lo ' nd R nd

* determined by titration

¢ determined by combustion

#  calculated by difference

Xo trace elements in ppm, non—significant places as (o)
nd not determined



TABLE 2C: THOLEIITE / AVERAGE ZR SUITE

[5558B] [555821+  [5602) [5603]
st0, 51,3 42,7 52,5 49,6
A1,04 15,1 12,6 C 13,4 9,69
Fe,0, 2,84 4,09 2,93 3,00
FeO 7,67 11,1 ° 7,92 8,11
MnO C ,18 ,27 ,18 »19
MgO 7,43 12,1 6,16 7,07
ca0 7,87 12,0 . 11,4 19,1
Na,0 4,79 1,08 2,69 ,50
K,0 ~ nil ,56 . ,06 nil
T10, 1,61 -1,87 1,60 1,37
P,0. 17,11 L 14 ©,15
002 ‘ nd nil nil. ,006¢
HO # 1,0 1,5 1,0 1,3
TOTAL 99,96 100,04 99,98 100,09
Li - nd 13,1 1,4, 5,5
s . 2100 2400 1400 3100
Sc ~ nd 27 17 23
A nd 340 340 3lo
Cr nd 420 210 450
Co nd - To , 7o . 70
Ni nd 103 46 89
Cu nd 51 . 86 57
Zn 93 A 111 95 84
Rb nil .9 1 2
St 170 . . 59 50 - 19
Y 29 43 34 27
Zr 129 138 113 82
- Nb 2 3 4 2
Mo nd 5 6 6
Ba T 63 82 44 70
Pb nd <1lo " <lo 20

* determined by titration

¢ determined by combustion

#  calculated by difference : »

Xo trace elements in ppm, non-significant places as (o)
nd not determined ' :
4+ pon-tholeiite included because of Zr association

15606 -

48,3

14,3
3,21
'8r68
,21
8,40
9,37
2,12

2,26

1,86
217
oh
»7

99,98

14,9
1600
25
350
360
90
72
88
100
55
230
32
119
13
-3
3400
30

40
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#
Xo

TAﬁLE 2D:

[§608]
5102 47,9
Alzq3 14,5
*

Fe203 2,26
FeO 10,0 *
MnO »22
MgO 8,33
Ca0 10,8
Nazo 2,90
TiO2 1,41

. PZOS »21
co2 ,006¢v
0 # 'k 1,3
TOTAL . 99,98
Li 14,6
S 2400
Sc 22%
\Y 350
Cr . 200
Co 8o

- Ni 72
Cu 64
Zn 115
Rb 4
St 260
Y " 34
Zr 105
Nb 19
Mo - 3
Ba 241
Pb <19

[5610]

49,3
15,8
3,11
8,40
,19
10, 5

6,09
3,67

»25
1,57

»12
nil
1,0

100,00

42’1

1loo0

21
350
360

70

94

56
108

7

. 260

32
103 .
5
8
430
<lo

determined by titration
determined by combustion
calculated by difference

trace elements in ppm, non-significant places as (o)
"nd not determined =

[5610A)
46,2
16,6

3,46
9,35

»21

12,1
5,660
3,21

,20
1,67

»13
nil

1,2

99,99 - -

nd
2400
nd
nd
nd
nd’
99
39
127
4
250
37
116
6
nd
300
nd

THOLEIITE / AVERAGE ZR SUITE

[56113]

51,6
14,2
3,10

8,38

22
7,65
7,01
4,11

.76

1,72

15
,1
1,0

100,00

1600
22
330
" 300
8o
81
50
111 -
10
190
39
116
5
4
550
<lo

21,9

41

[5611C]

50,7
14,8
3,00
8,10
,16
8, 36
6,28

»53
1,85

»14
23
1,5

100,02

nd
8000
nd
nd
.nd
nd
73
36
116
9
160
41
124
4
nd
430
nd



. TABLE 2E: THOLEIITE / AVERAGE ZR SUITE

[5615] [5616]+ [5617] [5618] - [5619]

510, 47,6 44,6 52,5 48,0 49,4
A1,0, 15,2 12,3 13,2 14,2 - 14,6
Fe,0, 3,78% 3,55 2,90 3,16 3,23
FeO 7,87* 9,59 . 7,83 8,55 8,73
MnO ,18 ,21 CL17 20 1,19

“Mgo 10,7 ~ 10,1 7,41 10,3 8,27
ca0 8,89 15,6 8,82 9,93 8,44
Na,0 2,71 .61 3,64 2,58 3,44
K,0 »55 .52 .50 .39 »66
T10, 1,46 1,62 1,80 1,55 1,71
P,0, 15,16 17 1,23 ,16
co,, C 5266 ,1 nil il nil
H0 # 46 1,1 1,1 ,9 1,2
TOTAL - 99,95 , 100,06 100,06 99,99 100,03
i 8,3 - 8,8 6,5 . 12,8 6,2
S -500 - 1000 _ l4oo : . boo 1500 '
Sc 21 23. . 22 23 23
\' 320 33 . . 360 370 . . - 330
Cr 370 270 , 330 530. - 350
Co ~ To : Jo 8o o 8o 480
Ni 114 .87 .95 116 85
Cu 35 58 . . 59 50 .60
Zn 97 94 94 100 93
Rb 9 o1 9 10 2
Sr - 2lo 4o 170 - = 290 ' 90
Y | S 31 30 37 37 37
zr - 105 101 134 124 126
N 4 6 4 3 8
Mo ‘ 3 .5 2 5 3

" Ba 172. 100 79 77 66
Pb <lo <lo <lo - lo ‘ <lo»

* determined by titration

¢ .determined by combustion

‘#  caleculated by difference

Xo trace elements in ppm, nOn—significant places as (o)
nd not determined-

+ vnon—tholeiite included because of ‘Zr association -



TABLE 2F: THOLEIITE / AVERAGE ZR SUITE

[5619A)  [5620] [5630) [56308]

510, 51,4 48,5 47,4 50,1

A1,0, 14,6 12,6 - 13,4 14,2

Fe,0, 2,78 3,34 3,56% 3,03

Fe0 7,51 9,02 - 9,57* 9,58

MO 15,18 L2 ,18

Mg0 8,09 9,07 10,8 9,32

ca0 8,16 12,0 10,2 9,03

Na,0 4,42 2,40 2,15 3,19

K,0 -, 07 ,06 ,16 ,10

Ti0, 1,71 1,62 1,22 1,40 -

P,0, »17 /  ,21 : ,21 - ,20

CO2 nil . »6 v »13¢ - nil

H,0 # )9 ’ 4 1,0 .~ a1 |

TOTAL 99,96 100,00 100,04 . 100,03
1 6,9 11,0 21,0 19,9

S 1200 loo 200 - - 2200

Sc 17 22 21 21

v _ 320 330 30 33 F

Cr 250 3lo 520 460

Co 8o & 7o 70

Ni 69 70 97 99

Cu 55 - 59 . 27 10

Zn 115 A 143 C 97

Rb 16 - 1 6 2

Sr 190 130 180 160

Y 36 33 36 . 38

Zr 126 105 123 135

Nb _ 6 3 5 6

Mo A 3 o 5 9

Ba 99 109 320 258

P <1lo 1o lo <lo

* determined by titration

¢ determined by combustion

#  calculated by difference _ ‘ .

Xo trace elements in ppm, non-significant places as (o)
nd not determined
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Potash 1is perhaps the most frequently discussed varfable in

tholelite chemistry, and it can be an effective discriminator of

coy
o\

tholeiite origin. Oceaulc tholeiites are reported (HART, of ai.,‘ﬂ
1970) to contain about 0, 147% K20 compared to 0,407 {orv island

arc tholeiites and much higher values for continental tholéiités”
Potash in the tholeiites of this study is bimodal at-0,132 and |
around 0,30%. While the former figure is very closeyto the avérage
for oceanic tholeiites, the latter mode approaches the value for
island arc tholeiites. This precludes a definitive interpretation

of the eatire suite as oceanic tholeiite on the basis of potash © .

Y

_alone.

In dealing with rpcks‘that have been metamorphosed it is a

~Questionable prqétice to rely on one element, particularly an

alkali. PEARCE et al. (1975) have developed the use of the

TiOz—K o-P Os diagram (see Figure 10) as a way of distinguish
2 2 i

continental basalts from oceanic basalts. For these elemen ;.
metamorphic alteration‘gﬁrallels the weathéfing trendﬁiu'thac the
tock loses Ti > K > P, 1If weathering or metamorphism has been

severe, the rocks tend to mové towards the P O

‘apex, or away from
2 s o

the oceanic basalt field. Thus if a metamorphosed basalt falls ’
within the oceanic basalt field, it is very likely of ‘oceanic origin.

i

Given thet the Slide Mountain Group has been métamorphosed,

‘the tendency of virtually all rocks to élot within the oceanic

field is most'surprising.’ This. can be taken as a strong confirma-
tion that the vast majority of the tholeiites are indeed oceanic

tholeiites. The'potagh 1evels‘further'support the contention
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that the suite as a whole is associated with the generation of

ocean-floor rather than island arcs.

AY

3

When the wholerrock chemistry is viewed =2z 2 nprmétive m1$e—
ralogical assémblage'(see Appendix 2), the plagioclase—diopsid;—
olivine-~quartz tetrahedron is accurate as a first appfokimation,
and all the rocks of this study can be plotted on a plagioclase~
diqpside—oliviﬁé ternatY-diagram, since most have less than ten
peréent normétive.quartz. These are presented in Figufe 11,

SHiﬁO eiwal. (1971) have discussed the order of crystallisation
observed in tholeiites, and find thét tholelites may be divided
into those in which olivine is the first mineral to crystallise
and those in which plagioclase is the first to crystallise., If
tholeiites are pldtted on a ternary diagram of ncrmative olivine-
diopside—plagidclasé, the rocks may divide cleanly into two groups,
separated by a line,which corresponds to the cotectic at 16,5%

A1203. While the rocks of this study contain significéntly less
alumina than 16,5%, it is notable that the high-alﬁﬁina gréub

(mode 14,4%) fall Qﬁ the plagioclase-first side of the cotectic
and the 1owfaIumina group f211 on the olivine~first side. This
division seems to;be more than coincidental, and though metamorplhicd
has made‘it impossible to determine from thin sectioﬁs whether
olivine or plagioclase was the first mineral to crystallise in th:
rocks of this study, it would appear.that the location of the
cotectic is fairly tolerant to alumiﬁa variation. Thé“éntectia

« .

should, however, mowe wifh chpaging preéssure, and the fact that it
‘ 4

’



. high-Zr suite

© average-Zr suite

0 low-Zr suite

FIGURE 11 OLIV

NB: The points from the Slide Mountain Group
are plotted on the basis of their nermative
mineralogv. The minerals in brack:ts [ ] shou
the fields where rhose minerals are observed
by SHIDO et a?. (i971) * » the first to
crystallise in rocks of | .srmative composition
falling in that field..

Figure 11: Normative Plagioclase-Olivine-Diopside Diagram
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¢oes not suggests that the range of pressures at which tholeiites
crystallige is rather limited,

The presence of a number of rocks of normative compositions
which fall into SHIDO et gl.'s field suggests a couple of possi-
bilities, bearing in mind KUNO's (1967) discussion of the lack of
olivine,4h thoieiitéé. The first is that withfloﬁer aluﬁina the
ICOteqtic would move away from the plagioclase¥apéx, or that with
alterati@n the‘normative mineralogy is shifted-and the cotectic
remains fixed. If this is so; tﬁen the bimodal alumina distri-
bution becomes meaningless. The second possibility is raised by-
'MIYASHIRO-et(aZ. (1970) who contend that in abyssal tholeiites.
olivine continues to crystallise through the groundmass stage in-
stead of reacting with Ca—poor,pyrpxene as.is the case with conti-
nental thdieiites . This is certainly compatible with the data,
and’ Shere is thus a good probability that the tholiiltes of this

study crystallised near the olivine-plagioclase cotectic.

Komatiites: ? -

o

Although clearly of oceanic .origin on the basis of Figuré 10,
the low-Zr suite of this study\éresénts a number of chemical
problems. HMost obvious is the alumina-poor nature of the rocks
(see Tablg‘B), averagiﬁg about 7,5% but often much lower. This is
accompanied by.a substantial reduction in soda to under 0,5% and
6ccasionélly to nil. Conversely, iron and magrnesia are substantially
enriched.

Elgmental'migration dufing early {submarine) alteration can

be conclusively ruled out, Research on the zlteration of submarine

48



TABLE 3A: KOMATIITE / LOW ZR SUITE

(57201¢ [57204)@ [5721)¢@ [5721a)F . [5721B]%
510, 45,4 46,3 45,8 45,6 41,4
A1,0, 5,83 6,00 5,94 7,35 7,45
Fe,0, 4,74 4,30 5,25+ 4,53*% 3,53
FeO 12,8 11,6 . 11,8 * 10,5 * 9,53
MnO 21 ,21 22, 0,22 . ,23
,Mgo 14,5 15,5 14,8 15,1 = 14,8
Ca0 12,6 12,7 12,9 15,1 14,8
Na,0 ,59 .23 )57 J4h ,03
K,0 ,51 ,46 .25 ©,15 ,13
Ti0,, 1,27 . 1,21 1,06 ,85 ,73
P,0, ,05 »07 ,05 »19 »25
co, nil : nil ,09¢ ,46¢ nd
H0 # 1,5 1,0 1,2 . »6 1,4
TOTAL = 100,00 99,98 99,97 199,99 100,03
i 15,0 nd 11,9 16,4 " nd
S 1300 6oo 600 nil 300
Sc 45 nd 52 47 nd
v 570 nd S1lo- bbo nd
Cr 710 200 3% 330 boo
Co 90 nd lio 70 ‘ nd
N4 116 124 113 - 52 nd
Cu 71 102 219 54 3
Zn 96 82 96 . 98 84
Rb 13 11 .6 4 11
Sr 200 230 " 400 " 450 380
Y 13 12 13 15 15
Zr 16 16 21 22 18
Nb 1  nil 1 1 1
Mo 3 : nd | 4 5 nd
Ba 150 120 120 100 64

Pb lo nd <io ¢<lo nd

determined by titration

¢ determined by combustion

# calculated by difference

Xo trace elements in ppm, non- significant places as (o)
nd not determined

@ passes chemical screen of VILJOEN and VILJOEN (1969a)
+ passes chemical screen of BROOKS and HART (1974)



TABLE 3B:

[5722]1€

8102 41,6
Alzo3 6,84
Fe203 4,94
FeO 13,3
MnO »22
Mgo 14,4
Ca0 15,2
NaZO ’,44 -
K,0 ‘ - ,13
T1i0 1,21
PZOS ,19
CO2 ?il

‘ H20 # 1,5
TOTAL 99,97
Li 8,3
S nil

" Sc 60
\Y 620
Cr 240
Co 150
Ni 67
Cu 41
Zn 127
Rb 6
Sr 300
Y .. 14
Zr 21
Nb - 3
Mo 4
Ba 89
Pb <lo

KOMATIITE / LOW ZR SUITE

[5722B] @

43,8
6,62
4,50

12,1

,22
14,2
15,3

,08

»12

1,18
35

nd
1,5

99,97

nd
6oo
nd
nd
200
nd
51
50
124
5
270
16
17
2
nd

160

nd

determined by titration
determined by combustion
calculated by difference

trace elements in ppm, non-significant places as {c)

not determined

passes chemical screen of VILJOEN and VILJOEN (1969a)

[5722c) @
44,6
7,89
4,17
11,3
,22
14,4
14,7
,10
,16
1,11
,12
nd
,6

100,07
nd

200
nd

nd o

200
nd
48

8900

8lo

480
14
15 -
nd
49
nd

[5723] @

41,9
5,04
4,80

13,0
16
15,6
16,4

,38

9,4
nil
56
590
470
8o
87
11
87

70
10
14

55
lo

passes chemical screen of BROOKS and HART (1974)

50

(57241@
43,9
5,55
4,49
12,1
,20
16,7
13,9
,53
,09
1,11
,07
nil
1,4

100,04

14,8
nil
63
570
490
1lo
84
13
142
1
100
12
17
nil
4
83
<]lo
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TABLE 3C: KOMATIITE / LOW ZR SUITE

trace elements in PPm, non-significant places as (o)

passes chemical screen of VILJOEN and VILJOEN (1969a).

[5725])% [57254]%F
3102 38,1 41,0
A1203 10,9 11,8
_F_e203 5,81 5,14
FeO 15,7 13,9
MnO- 228 428
Mg0 15,2 15,7
Ca0 10,6 9,23
Na,0 »38 ‘nil
4 KZO ,07 ,08
_TiOé' -, 87 89
PZOS » 40 ?41
CO2 »3 nd
H20 # 1,4 1,6
TOTAL 100,01 100,03
Li .- 6,2 nd
- nil 200
Sc 32 nd
Vv 600 nd
Cr 51o 200
Co 1lo nd
Ni 66 71
Cu 16 61
Zn 151 149
Rb - 4 nil
Sr 510 460
Y 10 10
Zr 9 nil
Nb 1 nil
Mo 3 nd
Ba 45 19
Pb 1o nd
% determined by titration
¢ determined by combustion
#  calculated by difference -
Xo
nd not determined
@
+

[5726]@

44,7
7,97
4,00

10,8

,23
14,1
15,2

A

,19

,93

»31

nil

1,1

99,97

12,6
nil
48
490
190
1lle
63
77
91
5

'770

15
20
1

3
109
1o

[57264]F
46,6 '
9,57
3,38
9,13
,22
14,3
14,6

,04
,12
,72
,22
nd
1,1

100,00

nd
‘loo
nd
nd
4oo
nd
47
8700
920

660
15

nil
nd
59
nd

passes chemical screen of BROOKS and HART (1974)

[5727]
50,4
8,31
3,02
8,15
223
15,5
10,3

1,61
,61

’64

9,4
200
42
330
590
8o
94
67
101
11
460
13
20

161
£ lo

51



52

basalt (MIYASHIRO et al., 1969; HART, 1970) shows a trend opposite
.to that found in this §iﬁdy.M Typically altered submarine basalts
are §prong1y deﬁleted in magnesia and iime with relation to aluhina
and;gfe often enriched in goda. Since basic rocks undergo no
chemical changes during metamorphism up to the'upper améhibolite
’faciés (SIGHINOLFI, 1971) thé whole-rogk‘chemistfy of‘thé low-Zr
suite is almost certainly priﬁary; or very ﬁearly SO.
Komatiites were first described as a separate class of rocks

" by VILJOEN and VILJOEN (1969a, 1969b, 1970) and it-was suggested>

that komaﬁiites.were a feature peculiar to Precambrian terranes,
proﬁably evolved from the mantle béfore it had begun to differen-
tiate. 'This‘theﬁry was ekpanded somewhat by;BROOKS and HART (1972)
who reported an Archaeén‘komagiite from the Canadian Shield and
postulated‘an island afc genesis for it. The notion that komatiite
was ?lpeculiarity of the Precambrian wasvdestroyed by the confirmation
that a numbér of lowe; Cambrian. rocks in‘Newfoundland_were, ipdeed,
komatiites (GALE, 1973). ‘
The Viljoens divided the class of komatiites into two major

~ groups: basaltic komatiites and peridotitic komatiites, and it is
with the first of these that this study is concerned. In fact, no
Phanérozoic peridotitic komatiites have been reported. The
b;saltic komatiites wefe further divided into the types ptesent
‘at Badplaas and at Barbertoﬁ and into a high-alumina type. These
have since become the standards égainst which other komatiites

are compared, though their usefulness is diminishing because they

were based on a highly localised examination of rocké, with little -

attention paid to similar rocks elsewhere.
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When BROOKS and HAgT (1972) plotted their Canadian komatiite
on a CaQ-MgO—Alzog diag?am (see Figure 12) it plotted more or
less between the Barberton and Badplaas fields, the first sugges—
tion that komatiites are a much more v;ried class of rocks than
was first believed. Though the low-Zr suite of the Slide Mountain
Group, all from the MacKay River Hap Area, plots in the general
vicinity of the Badplaas. komatiites, it moves away from that
field in several directions.

BROOKS and HART (1974) modified the interpretatlon of the
Ca0-Mg0-Al O diagram considerably after a computer search of
rocks of komatiitic composition. They added two.large fields
which project;ontovthe diagram but represent non-komatiites.

- Many of the rocks classified as picrites, oceanites, and ankara-
mites passlthe Viljoeens' cheﬁical screen (Mg0 > 9%; CaO/A1203> 1;
and KZO < '0,9%) bup all have TiO2 values (average 2,2%) higher
than.those‘reported by the Viljoens, and are generally higher in
KZO.: This picrite~oceanite-ankaramite field is shown on Figureb
12, as is the periaotite~pyroxenite field also b;oposed by BROOKS
and HART (1974). . \ |

of particular interest, too, is that from the hénd%ul of
tholeiites;plotted for compari;on,‘a few approach the Barberton
field very closely. Thus while tholeiites as a clagsrplot near
the Barberton field (nearer to it than do the Badplaés komatiites)_
there is some cause to believe that a contlnuum relatlonship
might exist for the rocks of this study. ‘This is reinforced by

‘the existence of two:'tholeiites' ([55582] and [5616]) in the average
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low-Zr suite
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Cal - FIGURE 12 - | 23

ég) Barberton Komatiites (VILJOEN and
VILJOEN, 1969a)

Lﬁ Badplaas Komatiites (ibid. )
;C% Picrite- —-Oceanite-Ankaramite
= - BROOKS and HART (1974)
'D Peridotite-Pyroxenite field (zh1d.)

XA Canadlan Komatlite (BROOKS and HART, 1972)

. field of

~ Figure 12: MgO -~ A1203 - Ca0 Diagram
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Zr suite with abnormally low silica and alumina.
CAWTHORN and STRONG (1974) have raised a similar problem,
finding that even the chemical screen of.BROOKS and HART (1974)
(Mg0 < 9%; CaO/A1203 <1; K 0 < 0,92 {most <0,5%}; and TiO < 0,9%)
2
was not effec;ive in senarating komatiites from other rocks. Using
the screen of BROOKS and HART (1974), better than half of the . /
'komatiites' of this study are eliminated on the basis of high TiOz.
CAWTHORN and STRONG (1974) move from these very real diffi-
~culties with komatiitic bulk chemistry to make the following state-
ment:
The alleged chemical charécteristips of komatiites‘-are not
unique. We therefore suggest that komatiite is not a distine-
tive isolated new class of basic and ultrabasic rocks, but a
morge extreme composition in a spectrum of rocks with chemical
characteristics imposed by shallow depth and a high degree of
partial melting. ... The only reported Phanerozoic komatiites
so far identified occur in close association with oceanic
~ tholeiites and ophiolites. These isolated occurances may be
explained by slightly shallower depth of melting than usual
for oceanic tholeiites because of locally very high geothermal
gradients on mid~ ~ocean ridges.
While this study does’ not support such an extreme rosition
‘as this; the statement doés‘efféttiVely'outline the problem of
trying to develép,'both chemicaily and tectonically, simplified
models for natural systems. There is good evidence that the
komafiites of this study were int:uded as pyroxenites, and this
might correspond to a model taken from the Voﬁrinos Ophiolitic”
Complex (MOORES, 1969) in whlch the very margins of the complex
contain pyroxenites in direct 1nvolvement with tholeiitic basalt

and volcanics. However, in 'the Vourinos rocks the alumina is

but 2% of the total.

Ll
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BROOKS and 'HART (1974) proceed further to insist on a textural
discrimination for koﬁatiites, in that the roc¢ks must have Been
shown to have been liquid. ' Thus [5727] which is.clearly schistose,
though paﬂ”;ug the'komatiitélscreen (TiOz), is cléarly not an
intrusive rock. This lends furthér'support to the "authors'
ronpenrion‘that K20 should'be‘under 0,50%Z in komiyiites, since
szkfcr [5727]‘f§_somewhaf greater than that vaiué.

A number of komat;itic analysesygre presenth for comparisbn
in Aﬁ%endix 5, and while there is much in common amongst them,
they are, nonetheless, a'highly.varied class of rocks. That
komatiites areva different‘class of rocks can not be con?inciﬁglf
challenged, ‘but neither can accurate defihitions and chéﬁical

screens be established until more data are available.

ey



PETROCHEMISTRY ~ TRACE ELEMENTS:

Introduction:

As the level of geochemical interpretation becomes increa—
singly more complex, trace gleﬁents‘are becoming more
important as interpretive tools. |

Onie of the most useful methods of presenting trace
element data'is still the histogram (see Figure  13), though

its usefulness invinterpretation is limited. While the ele-~

ments will be discussed in their turn, please note that the trimodal ,

distribution of Zr has become the division upon which all
discussions of both major and trace element chemistry have been

based. -

Yttrium and Niobium:

' With Zr and Ti, f and Nb are two trace elemeﬁts which
. change very little dﬁriﬁg alteration. Changes in original
'épundances are not‘greaﬁef than ten percent ‘CANN,VI97O). Yttrium
Uig most,abgndaﬁt in ééétite, but also substitutes for ferrops
ironjin;ilﬁehipe\éﬁdfmagnetité (PRiNZ,;1967l. It is present in
1imiﬁed‘amohpts i;;byfogenes. ﬁa;imum Y values in basalts ére
IOOﬂéﬁm (THO&?SON“et:aL., 1972), and the average for rocks of this
| §tddy‘is:5b —‘SQ Ppm (see Figure 13).' Some Y“is present even
in very primitiye rqgks (see Figurs 14) if the Thornton-Tuttle
.bifferengiatioﬁllndex.is taken as veing a reasonably accuraﬁe

déscription of the degree of differentiation of a rock.

\

n
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mode at 1-2 ppm (see Figure 16)

Figure 13: Trace Elemenﬁ Histograms

The main mode is at 6 ppm, with .a minor
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EQén with rocks of differentiation index 0, 10 ppm Y is
present, and this seems to be the lower limit for crustal rocks.
Thgs Y ﬁan be expected ™t onlyAto be present in any'baéic ;ocks
studied, but also tq be non-mobile during alteration and metamor-
'phism. .It is a very useful element indeed, and its use in con=
junction with Ca0 has been well deveioped by LAﬁBERT and HOLLAND
(1974).

Figure 15 shows a ma?ked division between the komatiites
(the low-Zr suitéfland ﬁhe tholeiites. The komatiites show clearly
a predcminating orthopyroxene—clinopyroxene fractionation, with
olivine as a minor component, since orthopyrbxenes tend to be 2
" bit too iich in Y to explain the plot fully. From Figure 15 it
is also possible to postulate olivine—clinopyroxene fractionation,
but th;é is not sﬁpported by other trace element détag as will be
explained lacer.A

The tholeiites appear :0 be‘very close to the average value
for océanic tholeiites (LAMBERT znd HOLLAND, 19745 but are slightly
lower in Y. Zlthough they ure scatteréd when compered to the

komatiites, the tholeiite points fall betwcen the pyrope and

9]

clinopyroxene ficids. This is compatible with a model of frac-

¢

tionation ~f @ garnet peridotite, which was one of. v,2 possibili-

ties considered by SCHILLING 71971) but not pursued duc to the lack

[

of =eliable vare earth elemsnt partition cuel iclent dave roy gay-

net.
e mein limit on the walidity of & trece element model Lo

that there &ve three different effects 1m opevatir & wource
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effect,’a mineral effect (are they Y—accéptogs or Y—rejectorS?),l
and a mixing effect. The last can be easily eliminated since the
Y values for this study éorrespond well with the average 39 ppm

of the Juan de FucEERidge and the 2947 ppm Y for all oceanic
tholeiites (SCHILiING, 1971).. The first is reasonably well covered
in Figure 14, but the second, although ghe’modél is met by Figure
15, would allow equally‘for’the ihvolvement of plagioclase and some
other minerals. —

Niobium is a'very'minor component of the rocks (see Figure 13)
and is either dependent on Y (see Figurg 16) or codependent with
Y on another element. The‘méin point of note is that the Y-Nb
plot is nearly identical in aspect to those of the Deep Sea Drilling
Project rocks, another confirmatidn éf oceanic characﬁere
Zirconiuﬁ:.

Concentrated in the pyroxenes of basaltic rocks, ir does not
exceed SSOFﬁpm (THOMPSON et @l. 1972). 1Its distribution in the

wrocks of fhis study ié trimodal {see Figure 13), with peaks et
10-20 ppm; 120-130 ppm; and iSO~lSO rpor.  These have been desigﬁa"
ted as the jow~2r suite, the average-ir suite, and the higﬁ—Zx
sulte.

Zircohium is highly dependent on the level of differentiation
bf thé foék (see Figure 17), falling tc nil at differentiafion
index U. Thils may be the result of dependency on Na (sce Figure
18) or on T1 (c.e Figure 15) since both are present iﬁ pyroxenes,
or more plausible, both Ti and Zr may be cod¢pend@nt on Na. Addi-

tiomzi elements may control Zr, but this has not been evident.
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Nb vs Y

Figure 16:
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vYifferentiation Index
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- Figure 19: 2Zr vs TiO2
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In most rocks, 60-90% of T1 is present in the oxide phase,
which would support the coutention ofbcoaependency of Ti and Zr .
on Na.: In highly magnesian rocks, however, the Tixteﬁds.to entex
the'silicateAphase“rather than the oxidés (ALfMUKHADEMOV,~1§675;
but as Fe increases, Ti égain tends to enter tﬁe oxides. Sincé_
the high-Mg rocks of this study also tend towards highvfe, énd
have very low Zr_(iﬁ thé casé of thevkomatiites), T1 may be-
elimingted‘as a controlling factor in Zr:diétriSugion.

The use of Zr in connection with Ti and Y as a means of

characterising a basalt was first set out by PEARCE and CANN (1971)

and applied Ey BICKLE and NISBET (1972) to the determination of
the‘origin of some alpine mafic rocks.‘ The method was further re-
fined by PEARCE and CANN (1973) when tﬁe Y.cpmponent was ﬁrebied
in order to move the plot ﬁo the centre of the diagram. As
shown by Figure 20, the average- and high-Zr suites (the tholei-
ites) form a tight g:Oupiqg within the field of the oceanic
tholeiites. This Supports the T10,-P,0,-K,0 results (Figure 10)
very well, with the exception that the komatiites, thoﬁgh oceanic
in origin, do not plot within the field of the oceanic tholeiites?
| FIt is not yet known.where other komatiites will plot on the
diagrém, for few nave been analyséa for Zr, and even fewer for Y.
© Given the féirﬁ_ ;catgered naﬁure of fhe komatiite points com-
pared to the tholeiite peints, even for this one group of rocks,

a separate komatiite field would seem unlikely because theix

composition is too extrems.
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Figure 20: Ti/100 - Y =2 - 7+ Diagram
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Lithium:

Occupying some Fe and Mg siteg; L1 does not exceed 40 ppm
" in basaltic rocks (THOMPSON et al. 1972) and averages 10-15 ppm
in tﬁe rocké of this study (see Figure 13). However, no depen-
dency qft}i on Mg exists in these rocks, as shown by Figure 21,
which is ansual. If appears t?at'theretwas either little olivine
involvement or that most‘of:the Mg sites were océupied early when
the Li concentrétions were too low for it to be accépted into thé
structure of pyroxene. It is probably found, ins;ead, in the
' A;sites of the amphiboles. That the glﬁde-Mountéin G;oup'is
poo;ly differentiated has already beeh established, but the failure
of the Li:Mg ratio to rise with differentiation suggests a narrow
range of differentiation (PRINZ, 1967).

Rubidium—Strontium~Barium:

Rubidium is found only in the feldspars, and in the rocks
of this.study it is present at less than 5 ppm in ‘most cases (see

Figure 13).

Strontium is much more widely. distributed and is usually found

in clinopyroxenes, apatiﬁé, andAplagioclases /3specially An10-70)° .

Clinopyroxene has far less Sr than coexi.ting plagioclase (PRINZ,
1967) S0 most pf the Sr in the ﬁholeiites igs in the plagioclasesﬁr
and in the komatiites, in & oxenes. The average valﬁe»of
100-200 ppm for the>ro¢ks of this study is well under the maximunm
value of 2200 ppm reported k'by THOMPSON et ¢l. (1972). It has been
used by PEARCE and CANN (1973) with Ti and 2Zv as another frace

element discriminator for ocean-floor basalts. It has the

- 69
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uqfortunéte limitatjion that it is reliable only when used

withﬂvery'fresh'focks. Although the levels of strontium in

" the Slide Mountain Group are not inconsistent with the 135 -

50“ ppmfayéiage for ocean-floor basalts and tholelites
(HART et &Z.,.1970)"the Ti?Zr—Y mefhod was chosen as being&
more'cértain than the Ti-Zr-Sr method. -

Barium is foﬁﬁd‘mainly in feldspérs, and a bit in apatite.

Like Sr it is concentrated in the oligoclase-labradorite phase,

up to 400 ppn (PRINZ, 1Y6/;. The average for the rocks of this

study is about 65 ppm which is nor fmconsisfent with the values
of HART et al. (1970). Some so. » wwntain great amounts of_b
Ba however, and this is almos: in:- present as suiphate

mineralisation.

Transitionvmetaxgz

| Scandium is concentrated 1. gf:axenés'and‘aﬁphiﬁoles;.
usually in thé Feﬁsités and chasionally’substiﬁﬁﬁinévfo;AMg.;b
The maximum value for basalts is 76 gpmf(fHdMP56N'ef at.., 1972),
a figure which is approached Pf_thé kbmatiites of tﬁisAst;dyp‘

which average 55 ppm. Scandium values fqr the'tholeiites‘are

' quite_tyQical (20-25 pph)'and perhaﬁé»a bit below average.  in
a number of the epidofes:studied; Sc is;p:eseht_ét a concentra- .

tion of several huﬁdred pPpm, partipulérly in the more iron-rich -

epidotes of the kpgﬁkiite suite.
"Vanadium is/ﬁsually‘cohcgntfated in magnetite (PRINZ, 1967)

and to a lessér degree in pyroxenes. In 1z Slide Mountain

e
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~vup it 1s primarily present in the pyroxenes and amphiboles,
though it is not ‘absent in the oxide phase. Like Sc, it (g
‘present in the komatiites in gmodnts approaching the maxfmum
for basaltic rocks, which]in the case of Qanadium is 600 ppm
(THOMPSQN et al., 1972). The ave:ége of 350 ppm for the rocks
of this study is quite normal. Microprobe studies have shown
V to be present at concentrations of 300 - 400 ppm in a number
of minerals,’refleéting the general lack of an oxide phase in
moét of -these rocks. |
';éhéoﬁium is concentrated in early phase pyroxenes, and
particuiarly prefers augite. Thesg”early pPyroxenes accept a
great deal ¢f Cr and'thu;‘preempt the crystallisation'OE Cr -
spinels (PRINZ, 1967). As the magma is depleted in Cr; later
pyroxeneé afe lower in Cr than eatljer ones. The amount of
Cr in the komatiites is ﬁot far ;bove,the 550 ppm maximum ior
bésaltic rocks cited by THOMPSON et al., (1972), which suggests
thé# ﬁhe role‘played by augite was limited. Thi ‘sts scme doubt
on thé‘pOSSible ankaramitic origin>of‘the koﬁatiités of Figure 12,
From the higher values of the komatiite suite down to‘aboﬁt 200 ppm,
the range of Cr values in this study is bfoad (see'Figu"e 135 .
If this is not a refleétion of Cr‘depletion of the magr<, then it
possibly relects a mantle inhomogeseity (MERCY and O'HARA, 1957’
’over‘the large digtances between the field areas of this study.
Co;Ni—Cu—Zn:
Cobalt is ﬁfimarily a trace eiement of olivines, though some
ié‘aISO‘found occupyiﬂg the Fe and Mg;siﬁeﬁ in pYroxeneS'and amphi-

boles. It decrééses‘gradually;with differentiation, and it 1is



present 1in concentration usual. -~ 80 ppm in basalts (THOMPSOH
et al., 1972). Average vzlues of 85-95 ppe in this study almost

certainly are a result of cortamination from the tungsten carbide

Nickel, 1like cobidlt, is mostly uzn elemenz of olivines, and
Ni in pyroxenes falls off very quickly with differentiation. Ave-
rage values of -50-150 ppm (see Figure 13) are much lower than expec-

ted. and this is clezarly demcnstrated in Figure 22. If the Ni:ile
: o []

ratzo can be taken, during early stages of fract_onation., as

reflecting the amount of olivine involved in partial meiting it
becomes quite useful., The Ni:Mg ratio suggests that ‘the Slide
. r

sountain Group tholeii:és_probably had on paftial ;nvolvement
of olivine, and the kcomatiites had;vtry Iit2le. This postulated
lack of olivine would éiso suggest that the ro ks which plot‘as
komatiites on Figurz 12 are indead omatiites and noti picr? i ooE

asceanltes., Jing

e
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CONCLUSION:
. The_basaltic rocks of the Slide Mountain Group are petro-

logically highly varied. 1In the field they range from a coarse-

i 3 [ R T 3 " E e gy e /i L e P, - -
gralnec ampm.oo;_lt_e CC r.rhe-graine DaS&ELT8, ant ITCm CRVIUT

glasses to cataclasgd chlorite schists.  Pillow lavas are common,
but by no means dominant features.

In thin section, the amphibolites of the MacKay River Map
Area comprise a small suvite ¢ rocks ;epresenting sevéral stages
in the progressive hfdrous ezohibolitisation of 2 pyroxehite.
Most of the other lithologies contain considerable amounts of
devitrified glass and exhibit ,textures similar tc basalts dredged 
from the ocean-floor. |

Microprobe studies reveal a probable miscibility gap

between the hornblendes and the actinolites of tbisbstixdy9 as

well as the iron-rich nature of the epidotes present. ?lagioc@ése

e

/
07 the low-Ca variety in many of the rocks,of “CHe Group, ;but
ig wirtually absent from the amphiboliter. /

1i iountain Group hac been to the

%5}

Hetzuorphism of the

[ge

wvery lowest greenschict facies, with pumpellylite sometimes present.

i

Chlorite and actinclite are common .to zall the basaleic ToC 1o
sﬁuéied. The inter.yetation of the mxtamorphic eyents which
produced the émphihalites fnlthe MecKay River Me, o cea is limiten
by both poor exposure mnd paucliy of szmples. Rocks te the

south have veached the armphibolite facies, but indicaticons in the

nve thot —etamorwhisn ol ¢ was also o the

MacKay River !

jowest praenschist faelecs. ) . -



In spite of the metamorphic ovérprint, there 1is a strong
impression giveh by the textures, the presence of pillow lavas,

etc, that the suite of rocks from this study is a suite of

ocean—-floor material. . Chemically, the ocean-floor nature of

the rocks has been conclusively established using several che-

mical screens. Most of the rocks are tholeiites, and the ten-
dency towards low potash values in most samples points strongly

to their oceanic origin. This is further confirmed by the use

of a Ti0 -K 0-P O diagram. ‘Furthef, the potash values indicate
2 2 2 5 , 4

that the rocks are associated with the generation of ocean~floor

material rather than with the generation

‘A number of the rocks studied have koratiitic chemical
compositions (affinities). Elemental migration has been ruled -
out;fand the composition is taken as being primary. On a

Ca0-MgO-Al O diagram most of the komatiitic rocks plot in the
. 2 3 -

3

vicinity of the Badplaas type. Many corréspond with an overlapping

field foﬁ.picrites‘and ankaramites which projeﬁts onto the diagram,
but low Ni and Cf concentrations seem to rule out that possibility.
The chemical relaticuships of ¥ and Ca are consisten; with
a mwodel fo:r productio: uf tholeiite by the fractionation of garnet
peridotiteb The relationships:also suggest that the komatiitic
.wcks are the product of orthopyroxene - clinopyroxene fractiona-
B - . s
tion with minor olivine involvement. Zirconium distribution
highlights the differeﬁce between the komatiivic suite and the
chole itic suite. 1In conjunction with Y &nd Ti, Zr proviaes

another corfirmation of the ccean-floor origin of the ¢ =

o)
(42}
o
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whole.A_Another c* ’?rmation of the ocean-floor of the rocks of

'this study 1s_the oo iNL ratio;' - . !
In summary, major and trace element.stndies.COnfirm the

ocean-floor ori: 4 bf'the Slide Mountain Grout Making‘rt the‘

first reported chan—floor basalt in the’Cordiilera. The snite

is further d1v1ded into a.group of tholeiites and a smaller group

komatiitic rocks ‘on the basis. of bulk chemistry . Although there

are some dlfrlculties with the development of a su;table chemicafl

screen’for komatiites, the konat;itic rocks of:this'stndy’are.

the youngest knonn eramnies:in ﬁorth Amérfca, at 1east ano the

vfirsi‘reported from'the Cordiilera. Once thoughc to be the product )

W,

of peculﬁar Archaean conditions, komatii tes. might be better viewed\
\\

~

“as’ a normal though rare, aspect of mantle lithosohere 1nteractim

ngher degrees of partial melting tend to produce nerjdotite ; ‘ﬂ‘v"

and peridotitic komatiites. Very -

rise of_mantle material
,W0U1d tend to leave the oliyine conoonent‘hehind, and Vhether
peridocites (common) or komatiites (nncommon)lare-prodnced would o
seem>to‘be dependent'not 80 mnch upon the origin ac-ﬁn\the rate
of asceant offmaterial"from a level of the‘mantic , han that
which'eVoiQes into the mass of oceanic tholeiice

This study of the Slide Mountain Group is en i Vet ae;
HMuch adaitional work should be done en these'rocks'and on |
(possibly equivalent) ofithe Cachercreeh Groﬂp'before the mooel,
of their tectonic andﬂchemical eVOlution-can he more than a

paradigm,”

(’;' .
q
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APPENDIX 1: ANALYTICAL PROCEDURES

Atomic Absorption Spectrophotometry:

The elements Li, Sc, V, Cr, Co; Ni, Cu, Mo, and Pb were analysed
on 2 Perkin-Elmer "503" using the following method,
’-Rock powders were welghed out at 1,000040,0001 g and leached
with 10 ml cénc@ntrated HF and 10 ml concentrated HNOB.
—Aftef evapéra:ing to dryness, the leaching was repeatedf
~Samples were moistened, dissolved in 20 ml concentrated
HNOB, and evaporated to dryness. This was repeat?d five
ﬁimes to rTemove fluorine by destroying CaF2.
-Samples were moisténed and 1 ml concentrated HNO,, added.
About 50 ml water was added and the solution allowed tc
evaporate to 15 ml. ,
. ~This solution was filtered as.necessary; and diluted to
25,00+0,01 mZ.and tzansferred to stopaered boctle.
Accuracy and pIE(l ion were determined as fdlloyu
~Ten splits were analysed for precision Jf techntq*c.
-Arblank was determlngd, partivularly_to evaluate Cr snd Pb
contamination from the écids and Pb contamination from the alz.
~Accuracy was deLelmwned using addition dilu 1¢ion ("OSCOLOS and
BAREFQOT, 1970).
-1 “ndard basalt [BCR—l],and‘Standa:d péridotite [PCC“l]
Wi zlysed for Cdmparison.to published values (FLANAGAN, 1973).
-~These results were summarised as a margin of reasonable

certainty and applied to the resulis in tHe table which

follows.

b
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APPENDIX 1: ANALYTICAL PROCEDUREg

Atomic Absorption SggctroghotOmetgx:

The elements L1, Sc, V, Cr,'Co; Ni, Cu, Mo, and Pb vere analysed

"

on a Perkin~Elmer "503" using ‘the following method.
~Roqk»powders were wejghed out at 1,0000+0,0001 g aﬁd leached
with 10 ml concentrated HF and 10 ml concentrated HN”B.
~After evaporatiﬁg to dryness, the dissolution was repeatec
-Saméles were moistened, dissolved ip 20 ml concentrated
HNO3, and evaporatéa to dryness. This was repeated five
times to remOVe fluor1he by destroying-CaFZ.
—Samples were moistened apd 1 ml concentrated.HNO3 added.
Abcur 50 mZ water was added and the solution allowed to
evaporate to 15 mZ,
wThis solution was filiered as necessary, and diluted to
ZS,OOtO,Ql_mZ and ﬁransferred to stoppered bottle.
Acguracy aﬁd precisior were det%;miﬁégxg} follows,
~Ter splits were analysed for ﬁrecisioﬂ of technique,
: p
~A bliank was determined, particalarly to evaluate Cr and Ph
contamination from the acids and ?b contamiﬁation from the aiyr.
~4ccuracy was determined using addition dilution (FOSCOLOS‘anﬂ.
BAREFOOT, 1970). |
-USGS Standa;i basélt [BCR-1] aﬁd Siandard peridotite [PCC-1]
wvere analysed for coméarison to published vélués (FLANAGAN, 1975
—Tﬁese results Qere summarised as é ﬁargin of reasonable
“actainty and applied to the results in the table which

follows.
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TABLE A-1: ANALYSED STANDARDS

sent [BCR-1]* ‘[BCR~1] [pPCcC-1]% [PCC-1] Margiﬁﬂ
publ, . publ,
i 12,8 12,8 2 2,7 2%
Sc . - 33 31 6,9 7 5%
v 399 42 30 30 // 3%
cr 17,6 19 - nd // 5%
Co .  u L . nd 12 1lo 153
ML L8 . 16 - ?é | o
cu 18,4 | 18,3 11,3 /fz' 3%
N 3 | 0,2 A 20%
ob A‘“17?e 20 | o133 o 50%

% FLANAGAN (1973) SR | | |
12,8 - Recommended value '

i6 - “Average value

33 Order of magnitude
T Let us use, as an es ample of how the margin of uncertainty is

obtained, the elemant Li.., The ten splits of [5608] have a mean

value of 14,56 ppm Li. This can.be used to calculate the precli-

- sion as follows. The best ‘estimate of standard deviation, o1,
i¢ made using the usual formula ’

o1=vE [x —x)zj7(n~l)

and in the case of Li for this sample, g1=0, 0685. Because the
number of splits analysed was low, there is some uncertainty in
the value 01 itself. This sample standard deviation, 02,

(or if you will, the uncertainty of the uncertainty) can be cal-
culated to the 95% confidence level u51pg che equation

o= 01/(¢r~i*l))(ﬂ 5)

which yields 02 =0, 0326 . Assumipg that the U2 is. at its most ‘
~unf 7 ret gion, 01,.¢an be as much as 0,101. e
[5608} 1s 14,5620,10 ppm, precise




to *0,64%. \
In calculating accuracy by addition dilution, three more
splits of [LG0f; were prepared, and to them was added during

the ;v cec e 9, 10, and 15 ppm Li. This gave analysed results
of }.. pym 24,4 ppm and 29,5 ppm respectively, and once the
~adlic ong .ere subtracted, the mean value of the samples was

fo..  to be 14,46 ppm. The best estimate of standard deviationm,
R ',083. Since there were only three samples, the sample
s: -niar - deviation, O (95%), is horrendous. The os=05083, and

o -+ . most unfavourable g3=0,166. Consequently, Li in [5608]
“ cu 2n as being 14,46 * 0,166 ppm. The accuracy of the method,
.ore is *1,14%, '
splying the concept of least favourable combination of uncer-
ities once again, the two percent::cs for precision and
-~ _uracy are added, giving an overal. uncertainty for the
crocedure of *1,78%, rounded to the 2% margin quoted for Li.

3 . e
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Permanganimetric Titration o Ferrous Iron:
Ferrous’irun was determipned after the method of HARRIS an&
KRATOCHVII, (],97/;) with some modificatlons (WELCHER, 1963).
~Potassium permanganate solution vas proparod, aned. and
standardisedIWLth sodium oxalate to 0,020 M.
~Rock samplés were carefully crushed and hand ground undexr
& . )
acetone to.pass 0,2 mm, -
-samples weighing 0,500740,0001 g were dissolved under CO?'
invconcentrated Hr And‘uzsoq, then held at 95°C fox
vfifgeeﬁ minutes under €
?They were theﬁ flooded with cold, recently boiled water

through which had been bub™led CO,.

~Zimmerman Reinhard: Reagen. (MnSO, + H,S0 ¥ i,70,) was added

to control the spead of reaction with the titranty‘wui
sample was titrated olovly with permangante gmlutﬁon up
the pink coiour remained for tnlrty seconds; |

~The amount of ferrous fin . e calculated and raported.

The samples fov wi.ch Fel wes directly detar. .acd show thel. ron

values with aaterisks. Total iyon

Gevermoncd for o owmive

suite of Slide Mountain Croup ocks &nd revovted as Fe 0, by =zay
- - .- - /
fluorescence, and this *6é1r rc he unsatisfaczory. Tha EQZOé
X X . ‘ /’
(XRF) valués of severzl’o’ ‘he uiituimetric. ily Aztermined samples

4
9 i

were converted Lo oxygen~iree waltes as a crosscheck. The dror

-

iv, thes: samples was reduced to ferrous irom and titrated usi

the above procedure to determine total ircu. I+~ atl cases,

Y
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égreement with Xray values was exXcellent. ' l : o

Oxidation ratios (100[Fe?03yfe203+Fe0]) were calculated

‘and range from 21Z to 32%/with an average of‘272., These ratios e

¢ . -

are in very gdod.agreeme t with'éeVeral fesul;s~of‘Ceolcgic§1

Survey of Canada
A

for rocks from the same locales. This 277 oxidation tafio has

~determinations reported by KV CAMPBELL (1971) -

been applied to all the xray tocéi'}ron results and réporééd
) /;’ . | ( Lo
as Fe,0, and FeO in the body of this thésis.

A

»
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Determinaticn of Carbonate.

s

The carbon content,of fifteen samples vas determined by ‘combus-
. \
tion using the: ”LEQO" Carbon Determinator, Model 7§%e100.»

n

In brief the determinator detects the difference 14 khermal

p

conductivity betweenvtwo geseh. The cell consists of a'paivrof
thermistors used in tvovlegs of a Wheaestone bridge. The '
'reference' thermistor is kept in;gas of constant pressure,
temperature, and compbsition, %hilst the"measure‘ the;mistor

. 1s located in a- cell in which. the gas composition varies.

The introduction of CO from the combustion of carbon will
‘cause the temperature of the 'measure' thermistor to increase
because(the thermal conductivity of 002 is Iqwer than that of*
the reference 835‘(02); Hence the-bfidge becomes unbalanced
and a quantitative ouc;ut is‘aVailable to the electronics. Ihis;

determination of C is accurate 10,001Z.

These values were then converted to Cozfvalues and a working

prepared for quick acid determinatien. The remaining
samples re then analysed for COi onn the basis of response to

acid, and are accurate to +0,1Z.

87
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P N t

Electron Microprobe: ‘ - . ‘ . ,

L

A number of minerals”hefe‘énaiysed fbr:ma1or and tracé_elements
iusing an ARL—ﬁMX microP;obe set up for energy dispetéiﬁe(analysia
using an ORTEC Si(Li) detector and accompanving electronics at

15 kv and 0,300 miéroamﬁs beam cur;ént. The counting time was . .
cor:éct;d for integrated probe current and the data reduced using

the "EDATA" program at the University of Alberta Cbmputer Centre.

Standards:

Fd
-

‘Kakanuil Kaersutite Mg, Si, Ca, Mn

Hohenfels Sanidine AL, K. -

Stillwater Chromite " v, cr, Co, M
Odergarden Ilmenite - Sc: Ti, Pe
AuDugéﬁgo fluorapatite - F,*.P, cl
Albite (Clevelandite) ~  Na )

* analysed semi-quantitatively using
waveleéngth dispersive analysis



Xrav Fluorescence:

Whole rock powders'were ground to 0,05 mm, combressed into pellets, .

and analysed on a Phillips 1212 machine using major international
standards for major elements and spiked Pilkington glasses fot
trace elements. -

V$ All aﬁalyses were'accomplished at Durham University undér

the direction of J. Grenville Holland.

a

i

TiO2 analyses from this lab tend to be a bit high.

4 g e

<

V)

{ -
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APPENDIX 2: CIPW NORMS AND OTHER VALUES "

CIPW norms were calculated using,the computer program
’CIPWNORM, an APL program in the University of Alberta Computer
Centre users 1ibrary. The same program was also used to
compute the alkali: ratio [K O/Na 0+K 0], the Thointon Tuttle

,Differentiationxlndex, and thg values used in Figure b =

2

<
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Y : N . . '
' “TABLE A-2a: CIPW NORMS OF HIGH-ZR SUITE
[55505] [5551X] ' , [5551Y] - [5551z] [5552A)
Q 0o - 0,6 0 0 0,7
or 0,7 0,7 3,2 1,2 1,6
Ab .- 35,5 - 24,6 28,4 32,8 26,8
An 21,6 - 20,7 26,5 18,1 25,7
i 14,5 24,0 104 19,3 12,9
‘my 1T 19,4 13,7 14,3 22,9
01 11,4 0 9,5 4,0 - 0
Mt 46 6,8 - 46 4,5 4,6
LT« 3,4 3,4 32 - 3,7 3,2
TPy 0,1 0,3 052, 1,3 - 0,1
Ap 0,4 0,4 0,5 0,4 0,4
. 0 1.4 0 0,2 - 0
" K/Na¥K 0,03 0,03 o1 Y 0,05 g 0,09
“pige.x %6 . 267 -3 . 3% 30
(5552B]  [55522] . [5553A] ~ (555381  [5553¢C)
Q 1,5 - 0 "o o " 1,0
or 1,1 ., 0,5 2,0 0,3 - - 0,4
- Ab 32,8 - 16,8 . 22,8 18,1 - 28,1 .
An 22,2 - 26,9 27,8 . 26,3 24,6
pi , 10,8 , 27,7 14,9 29,5 13,9
Hy 23,4 16,6 18,7 13,7 23,5
. 01 0 2,4 4,8 3,0 0
Mt 4,4 . b9 b9 . 4,8 47
IR 3,2 © 3,3 33 . 3,3 31
By 0,1 . 0,2 0;3°. 0,4 . 0,2
A S0b 05 0,5 0,5 0,
ce °o 0 0 0 .0
K/Na+K © 0,05 _ 0,05 0,11 - 0,02 0,02

Diff.* 35 17 L 28 18 30
* Thorntdn Tuttle Differentiation Index . '
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Q
Or

Ab
 An
D1
iy
0l
Mt
Il
Py
Ap
Cc
K/Na+K
Diff.*

°

Q

Or
Ab
An
Di

& v Hy

ol
Mt
11
Py’
. Ap

Ce y,

K/Na+K
Diff.*

*  Thornton Tuttle Differentiation Index . + also Ne 0,6

TAﬁLE A-2b: CIPW NORMS OF HIGH-ZR SUITE

[5553Y]
1,0
0,7

21,3

24,7

24,3
19,2
o1
4,7
3,2
0,4
0,4
0,2
0,04
23

[5556A)
4,2

. 0,3
25,5
26,5
12,3

23,6

0
4,5
3,2 -
0,3

0,4

0

0,02

29

av

[55532]
0
1,6
26,7
2,2
15,7
14,0
8,6
5,1
3,4
0,3
0,4
0

[
- 0,08

28 .

[5556B]

1,5
0,4
21,9
28,6
13,8
24,8
0
4,8

13,3
0,2,

0,5

0

0,03

—

24

[5554A)
2,2
0,8

26,5

27,7

o 9:1
.24

0
4,8
3,3
0,4 -
0,5
0.

0,04
30 °

[5556Y] :

0
0,6

© 25,3
26,3
17,4

/10,7

11,47

4,2

3,3

034
0,4
0

0,03

26,,

[5554B)
by
0,8

26,1
25,7
12,2
22,1
0

4,7
3,3 -
0,2
0,5

0

- 0,04

31

t555621

0
0,6
35,8
21;6
14,7
6,4
12,3
4,7
3,5
0,1
0,5
0

0,02

36

-0

92
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[5555)
0
3,9

30,2 +
20,3

25,9

0

~ 11,0

4,3
o
0,3

0,4

0
0,15
35
[5558A]
iy
2,2
32,5
21,4
16,1.
11,9
7,5
4'6 .
3,3,
0,1
0,4

0’09 ° 



1

[5607) [5613A) - [5614)
Q 5,6 . 0 0.

- Or 0,9 0,5 1,0
Ab 38,1 © 31,0 25,5
An 17,8 20,0 22,3
D4 13,6 22,3 20,7
Hy 15,6 . 6,7 15,7
01 0 9,3 3,1

Mt 3,8 5,1 5,0
A 3,5 3,9 4,2
Py »’.' 0,3 0,5 1,3
Ap 0,7 - 0,5 0,4

. Ce 0 0,2 0,8
| K /NatK 0,03 V.. 8,02 0,05

. DAfF* 45 32 26

[5636] [5636B) ' [5636C]

Q 0 1,8 0

or = 0,2 - . 1,6 0,2

Ab 25,5 . 21,4 27,8

An 26,1 28,6 24,2

i 17,7 15,3 18,0

By - 11,4 . 21,7 9,6

o1 9,2 0 9,9

. Mt ‘ 5,6 5,0 5,1
11 3,6 3,7 4,1

, Py 0 0,2 . 0,2

L4 . 06 -, 0,5 | 0,6
Ce 0 0,2 (V. 0,2
K/Na+K 0,01 0,09 . 0,01
Diff.* 26~ 25 - ™ 28

_" , </ . .
TABLE A-2c¢: CIPW NORMS OF HIGH-ZR SUITE"

- ‘ .
x /ghprnton Tuttle Differentiation Index -

P!

By

@y

[5621)

37,2

3,5
3,6

18,9
12,7
16,0

3

4,0

4,04 °

3,6
0

0

4k
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TABLE A-3a: CIPW NORMS OF AVERAGE~ZR SULTE

[5550R]) ~ [5550T)  [5550U] [5550V]  [5550W)
Q 0 0 0 0 0
or 02 . " 0,3 0,4 0,8 . 0,1
Ab 26,4 10,5 + 33,1 29,3 - 33,4
An 23,6 26,6 18,2 - 21,5 20,5
DL 28,5 . 39,0 30,1 29,5 26,2
Hy - 3,8 0, . 51 7,7 3,3
o1 8,9 8,9 50 3,4, - 8,1
Me 48 55 42 82 3
I1 3,2 4,2 3,1 3,3 35
Py 0 0,3 0,2 o . 0,4
Ap 0,5 0,5 . 0,3 - 0,4 0,4
ce 0,1 0 0,2 . ) 0
K/Na#K © 0,01 0,02 0,02 0,04 0,01
DIff.* 27 15 33 30 33
[5550X] [5550Y) [5550Z] [55571 - [55572)
Q 0w 6 .. 9 0 0
. Or 0,5 0,7 - 0,5 - 0,2° 0,8
Ab 36,9 19,6 3,6 . 26,4 . 29,9
An’ 20,0 .28,4. 23,6 25,0 22,5
4 23,7 21,8 18,6 15,1 18,8
Hy 8,7 4,0 6,4 17,4 14,3
o1 1,6 . 14,9 10,8 _ 5,4 5,2
Mt 4,0 5,9° 48 4,8 4,2
L 30 - 36 33 - 35 3.4
Py . 06 0,1° 0,1 0,3 . 0,
Ap° - 0,4 0h. 04 0,4 |, 0,4
ce 0,5 0,7 0 1,4 0,2 *
K/Natk 0,02 0,05 0,02 0,01 . 0,04
DIfE.x 37 20 32 27 31

* Thornton Tu ttle Differentiation Index + also Ne 4,3



TABLE A-3b: CIPW NORMS OF AVERAGE-ZR SUITE

[55588)  [5558z] ' [5602] [5603]  [5606]
Q o . 0 5,9 6,3 0
or 0 3,4 0,4 0 13,4
Ab 40,9 9,3 23,0 4,3 18,0
An 19,9 38,2 24,5 24,4 22,9
D1 14,9 25,0 25,8 57,0 15,2
By ©5,3 0,5 12,5 0 10,1
01 1,1 23,2 o 0 10,0
Mt 4,2 © 6,0 © 4,3 4,4 4,7
n 3,1 3,6 3,1 2,6 . 3,5
Py 0,4 = 0,4 . 0,3 0,6 0,3
Ap 0,4 0,4 = 0,3 0,3 . 0,4
‘c.¢c 0 -0 0 .0 S 1,4
K/Natk 0,00 - 0,34 0,02 0,00 0,52
DLfE.* 41 13 29 [N * S
" [5608] [610] [5610A]  [5611B]  ([5611C]
Q o0 0 0 0 0
or 0,8 1,5 L,2- 45 3,2
a8 33 24 35 36,7
An 26,4 26,1 21,5 18,2 © 19,7
Dt 21,5 2,9. O 12,4 . 12,4 7;2
Ry 51 16,2 151 151 15,6
o1 14,3 13,9 60 . 5,1 17,2 .
Mt 3,3 4,6 L 4,5 82 by
n 2,7 3,9 . 33 31 3,5
Py 0,4 "~ 0,2 0,3 0,2 1,5
AP - 0.5 0,3 0,3 0,3 . 0,3
ce - 0 o . 0,2 0 0,7
K/NatkK 0,05 0,06 0,06 0,16 0,11
pife.x 26~ 33 29 4 40

*  Thornton Tuttlé Di{c’fel‘edtiation Index . t

7
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Cor
b
An

Di

Ry

ol

Mt
1

Py

Ap

Ce

- K/NatK:
_Diff.*

Q
Or
b
An
Di
By
[0) §
Mt
n
Py
Ap -
Ce”’

VK[Na+K
Diff.*

*  Thornton*Tuttle Differentiation Index
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TABLE‘A—3c: CIPW NORMS OF AVERAGE-ZR SUITE

[5615]
0
3,3.
23,1
27,9
11,1
11,6

13'7

5,5
2,8
0,1
0,3
0,6
0,17

26

[5619A]
0
0,4

* 37,7

20,0
15,9 .
9,2
8,9

4,1
3,3
0,2
0,4
0
»
0,02
38

(5616]
0
3,1
5,2
29,6
38,0.
3,7
1,5
5,2 .
3,1
o
0,4
0,2 . -
0,46
8

[5620] tfg.

0
0,4
20,4
23,5
25,2

S
17,5 .

3,3
4,9
31

o

0,5
1,4
0,02

21

- [5617)
1,1
2,9

31,1

18,4
20,0
18,1

0
4,2
5
0,3
B
0o
. 0,12
35

[5630)
0.
1,0
18,4
26,7
17,9
17,3
10,4
5,2
2,3
0
0,5
0,3
0,07
19

[5618] [5619]
0 0
2,3 3,9
22,0 29,4
26,3 22,7
17,7 15,1
11,1 9,7
12,5 10,5
4,6 4,7
3,0 3,3
0 0,3
0,5 0,4
0 . 0 g
0,13 - 0,16
26 33
[56308]
Ty
0,6 . .
26,9
. 24,0 )
15,6
16,8
8,2 o
WA i
L 2,6
0,4
0,5
0
' 0,03
27



A

Co

TABLE A-4a: CIPW NORMS OF LOW-ZR SUITE

[5720] [5720A) [5721) [5721A)
Q 0 o 0 0
or 3,1 2,8 L5 ~7.0,9
Ab 5,1 2,0 4,9 3,7
A . 11,9 14,2 13,1 17,7
DL 41,4 39,7 40,1 43,1
Hy 13,9 _ 22,7 18,3 14,1
01 14,9 9,8 . 11,1 10,7
Mt 7,0 6,3 7,7 6,6
I 2,4 2,3 2,0 1,6
Py 0,2 0,1 o. 0
Ap 0,1 0,2 0,1 0,4
Ce 0 ) 0,2 1,1
K/Natk 0,46 0,67 0,30 0,25
DIff.x 8 | 5 6 5
[5722B] [5722c]  [5724] - [5725)]
¢ o . Lo T o o
or 0,7 1,0 . 0,5 0,4
Ab 0,7 0,9 4,5 3,2
‘An . 17,6 20,9 12,7 < 28,2
i 46,3 42,1 45,7 16,7
By 10,1 12,6 2,2 1,7
01 14,9 . 14,0 25,4 37,9
Mt 6,6 6,1 6,6 8,5
2,3 2,1 2,1 » 1,7
PP 01 0 0 0
Ap 0,8 0,3 . 0,2 0,9
Ce o 0 0 0,7
K/Natk 0,60 0,62 0,15 0416
Diff.% 1 2 s g

a

* Thornton Tuttlé Differentiation Index

¢
’

[5721B]
.
0,8
0,3
20,0
42,2
25,9
3,7
5,2
1,4
0
- 0,6
0 ,
0,81
.

[5725A]
0
0,5
o
32,5
9,2

25,7
21,9 ,

7,6

1 » 0 \:\'

1,00



~

Q

Orx
Ab
An
Di

By

o1

Mt

11

Py

Ap

Ce
K/Na+K
Diff,*

TABLE A-4b: CIPW NORMS OF LOW-ZR SUITE

[5726]
0
1,1
3,8
19,4
44,2

5,6

17,4
5,9
1,8

0
0,7

0
0,30
5

[57264]

0
0,7
0.3

‘25,9
' 36,9
23,4

5,9
5,0
1,4

0
0,5

0
0,75
1

(5727)

0
3,6
13,8
13,8
28,6

25,3

8,6
4,4
1,2
0
0,5
0,2

0,27"

17

o Thornton Tuttle Differentiation Index

(5731}

0

0
3,1
29,7
3,2
17,9
11,1
3,5
1,3

0,2

0,00
33

98



APPENDIX 3: COMPARATIVE TRACE ELEMENT ANALYSES N

B*] ¢ fexl 0 [MH] [N#] ex

o !
Li 5,5 45, 13,8 6 6
v 488 500 495 " o480 &
G e 6 T 50 - 6
N1 148 177 107 - 250 22
Ce . % = 6 54 80 12
Zn 146 12 125 140 6
Rb - 10 - 6 3 19 s
st 4 27 30 2 11
Ba ” ’ nil@ nil@ nil@ nil@ -
Pb - mile nile nile nilé -
number  (4) 2 (). (1) of data sets

B* from the general area of the Barkerville Map Area

‘C* from the Crookéd‘Laké area, south of the MacKay River Map Area
M* from the general area of the MacKay River Map Area

N* from<the general area of the Clearwater Map Area

# error values-quoted directly from CAMPBELL's  Table 3¢
A1l data taken from  CAMPBELL (1971)

- @ Bariym detection limit 30 ppm
¢ Lead detection 1limit 1 ppm
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APPENDIX &4: COMPARATIVE CHEMISTRY - RS

Presented in the tables following are’fifteen basalt values
which are aeerages of from onme to 195 individual anaiyses. It
not a complete selection, and the reader interested in greater
$detail is referred to MANSON (1967) or ENGEL ENGEL, and HAVENS
(1965) for in depth discussiora on tholeiite chemistry, and to
BROOKS and HART (1974) for a short, but important discussion of

komatiite chemistry and fifteen analyses.



510,
A1,04
Fe. O

273
Fe0
MnO
Mg0
Cal

Na,O
xfo
T1i0
PO

Cr
Ni
Cu
Zn

Sr

Zr
Ba

1%
2% -

TABLE A-5: COMPARATIVE THOLEIITIQ&@N&LYSES

[1*]

50,2
16,8
2,66
6,50
,14
6,55

11,7
2,75

, 44
1,40
,14

360
125
56
73
99
120 .
342
94

AUMENTO (1972)
AUMENTO (1972)

3%  MANSON (1967)

Lk
S5*

'BAILEY and BLAKE

CLARKE (1974)

[2%]
49,3
15,2

3,08

7,07 .

39
7,18
9,15
3,22

14

1,42
»17
348

84
95

- 150

102
<5
195
116
24

(1974)

©

[3*)
49,4
14,4

3,3
8,2
,17
7,8
10,5

2,2 7
245

2,4
,27

s
4

&\” !

[10] fresh thpleiiteé

S

4

(4% "
48,3
14,2
4,2
6,8

6,0

3,3
)7
2,2

[5*]
47,5
13,8
3,3

6,7
)17
11,8 .

11,7
1,53
,10
,97
,10

133
57
161
21
66
56

[10] metamorphsoed tholeiites
[195] Pacific Ocean tholeiites

[10] basalts / ophiolite suite"
[21] Ol-poor basalts, Baffin Is.

101
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" TABLE A-6a: . COMPARATIVE KOMATIITIC ANALYSES

o [1¢] [2¢] [3¢] {4¢] [5¢]
'3102' 46,5 42,8 45,1 46,5 46,9
A1203 7!0 703 1038 \ 8;9 . 3)6‘0
Fe,0, 2,6 2,7 2.4 6,3 1,15
FeO 6,5 . 8,7 8,1 4,44 9,89
}mo ’18 ,L7 ’18 - ,11
Mg0 21,6 25,7 19,7 18,6 20,6
Ca0 11,0 - 6,9 9,2 9,96 16,5
Na,0 ,43 1,08 1,04 1,65 ,09
K,0 »14 21 ,08 79 ,28
Ti0, - ,25 ,97 . ,76 ,51 - ,89
P,0 ,06 12 ,09 57 -
- ;

or f - - = -
Ni - - - . - -
Cu - 77 109 - -

~Zn - 69 58 - -
Rb . - 4 2 - -
Sr - 191 186 ' - -
Y - 14 18 | - -
Zr ‘ - 67 52 - i -
Ba - 69 - 55 5 : -
l¢  BAILEY and BLAKE (1974) [1] amphibolite periddtite
2¢  CLARKE (1974) :  [9) picrites, Svartenhuk
3¢ CLARKE (1974) [4] Ol-basalts, Baffin Is.
4¢  BROOKS and HART (1974) [1] picrite, New Hebridies /

S¢  BROOKS and HART (1974) [l]‘clinopyroxenite, Japan /
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b 4,

TABLE A-6b: COMPARATIVE KOMATIITIC ANALYSES , .

[6¢] [7¢] [8¢] [9¢] - [10¢)
510, . 50,5 " 48,9 52,8 53,4 53,4
A1,0, 5,3 7,55 9,49 9,95 '5,54
Fe,04 ' 2,02 . - o _
. r
Mno 12 ,02 - ,17 ,22 »22
Mgo 20,1 16,7 14,2 10,2 15,5
" ca0 16,5 11,4 10,2 10,1 13,1
CNa, 0 40 _,31. . 2,00 2,68 1,23
'Kzo | - ,01 ,07 ,12 46 ,09
Ti0, 19 . 1,14 ,16 ,86 57
P,0, - )3 : ,07 ~ .06 ,05
v oL - - - - -
cr - - 1300 - -
M - 520 330 - -
~ Cu e - .14 N - -
Zn - - 70 - -
Rb - 1 <3 . - .-
Sr - 57 . . 136 ' - -
Y - - 3 .- -
Zr - - 14 - -
Ba < - - .33 R -
6¢ BROSKS and HART'(19745 o [1] Ol—gébﬁro, Troodos
7¢ BROOKS'and HART (1972) [1] pillow lava, Ontario
8¢ GALE (1973) . o - [9] komatiites, Newfoundland

.9¢  VILJOEN and VILJOEN (1969a) [3] }comatiites_,‘ Barberton

10¢ VILJOEN and VILJOEN (1969a) [5] komatiites, Badplaas

w



