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.Baalt\c voicamsm in the: area of Wells Guy Provnncnal Park. “east-central Brm;h
Cblumbw rcpresents some of the yomgesi volcenic. onql in the Mdm Cordnllons:_
Basalts were eruptod from e}ovq\ r of tho centres in 1he aru over 8 penod of time from
0.3 MA to as little a§ 300 a B.P. sQ‘m centras are’ pre- syn- and pbwacml e u}ually ’

polygenetlc :nd are, with one exy./ept»on of central type The maxnmum volume of lava
erupted from any centro-»s 0.3.km’, suggestmg that the volcanoe; sopanted by {olter
B than 10 km. have* dxscretp source reglons. Lavas .Oftpted frorﬁ these lator ceqtros nre_
;ﬁaunry alkahn; and oltvcha~cl3nopyroxena phyho and contain olnvme and clmopyroxene

p xen0crysts One centre ha's erupted lavas o'Pt(ansuttonal tholent»c compasition-which are
‘olwme-plagnoclase phyrlc , "
The alkalme Havas contam abundant xenomhs ot* Cr- spinel lhorzohte spmef ~
clnnopxroxemte and, rare!y ferroan websteme and spjnel wettrlité. C!mopyroxene
xenocrysts wuthm the aikahne Iavas are of four discrete composmons, samniar to those ‘
found n xenoliths. Thls mdncates the p:;xence ?f mmeralogscal and chermcal

' haterogénenty in the subcordnueran mantle. . S .,

. One spmel clinopyroxenite xenohth from the area: c,mns kaersutnte n

' '\

equiliprium with the 'chnopyroxene The kaersunte IS mterpreted as a primary ‘miferal -m
J

this assemb!age and part of a possible source’ “semblago tor the host lave. The «.

occurrence js the second repqrted forN;he _Canadna_n Cordillera. A small inclusion of

. websterite contains ﬁwe one of‘ the Iirst reportqd os:cprrences'gf primary apatuge‘ iﬁ a .
mantle assemblage. The apatite occurs as sealed mclusions, 50 um i size.
chnopyroxené. .. )

Mg 'ntx;nbers in moit-d‘f'the Well; Gray lavas vaty botweeﬁ 60 and 66. There 1s
ﬁo systematic increase in Rb/ Sr wnﬁ alkah content and Cr, ‘Nn and Co are r'olatwoly high,
indicating that the lavas are near-pnmary n composmon Their shght ervichment in Fo.

may indicate dorwa'tton from a relauvely ironich tourcn The mcompatnblo -element



> ’ st hd

compositions of the alkaline lavas are etrongiy enriched- reletuve to chondritic ebundences.

lnd ehow 8% much ls 30% variation in laves from e"loer and mef phases of octlwty atd

. -

e emgle cehtre ] vemtnon whach is too greet to be produced by crystel frect:onetabn The .
_ vemtnon is mterpreted as being the result of partiai melting of shghtly dlfferent source

voltimes. a |ater pertnel meltmg -gvent taking plece in a source r@gion \Nthh includes the

regoon of residuum from a preyious event.

-

The concemretnons of incompatible elements and the “’Nd/“‘Nd bd "Sr/¢Sr

ratios .of the-ls Y two fava. types. Type 1.is ennched in Ba end 11Gr [%Sr and

~

depleted n 2r : *\‘Nd relative to Type 2. The 4sotopuc variation is subparellel to .

&the srray of &een 1sl$d basalts end IS mterpreted as tbe result of mixin between a
mid-ocean ;udge beselt 1SOtOPIC comp:ment and en undepleted mantle nsotqpuc
compqnent. in at Ieest _o:?e centre of each lava type, the Sm/Nd and NG / 1Nd r;mos
show\‘eh inverse correlation with P,0,, suggesting ihat the;a‘ioe are controlied, at least
in part, by malting of, or. equilibretnen of 'the lavas with, la,éhos‘phet‘e phese in the rnahtle. -

‘' The chemncel mmereloglcal and usouopnc heterogenenty of the Waells Grey alkaline
lavas is mterpreted as benhg representatwe of heterogeneity in the subcordillergn mantie. . ‘

The discovery of volat‘n‘vch phases indicates that at least one metasomatic event has

. . : R '
enriched the source‘ regnons n uncomp;tible elements and hes prebebly resulted in the
formetnon of an emph'bole sowce p‘;se ~ This’ ennchment IS a8 necessary precursor to
the generation of lavas with hngh concentretnons of these /elements from small discrete

source volumes in the subcordulleren mantle. ’

yi
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é S " \NTRODUGTION | S
The purpose. of tnis study is to determine thefpetrogenesis of alkaline lavas in ah
intraplate tectonic settng near. a- continental margin. The area selected for study is
centred on 52'N, 1(.0 W, in the Queshel Highlands of British Columbia. The, lavas are of
small erupted volume, and are of Quaternary age sufficiently young as to preclude even
moderate Weathering or clteration, permitt;ng analysis for maior;and trace element

Q
concentrations Sr and Nd isotopic composifions, mineral composmons and whole rock

voldtile concentratioes—The lavas are eaSily accesSible well exposed ang represent

7.
/

some of the youngest'volcanic activity in North America.
* Little work has been done on lavas of this type in the Can@,dian Cordillera. The

present study concentrates on the northern part of the Wells Gray area, and prowdes a

2 description of the eleven centres in the study area. The textural
/

relationships of'phenocrysts, xenocrysts angd xenoliths in‘the lavas are described, prior

-

‘to a discussion of their mineral chemistry. These, together with the whole rock chemical

and isotopic composmons of the lavas are then used to determine their petrogenetic

history Lastly the concentrations of H, O and CO; in selected samples from the study

area are described and compared’ with other published volatile concentrations from

basalts.

The study area_is almost entirely enclosed within the»bouﬁd_aries of Wells Gray

]

Provincial Park and covers ap_proximately 800 km:. The $ield area was mapped and

-

sampled in relevant areas during the summers of 1982, 1983 ‘and' 1984'- previous

LN

mapping in the area was conducted by Campbell (19633, 1963b) and Campbell and~

Tipper (1971). A

!
[V i

The basement of the study area comprises metamorphnc rocks of the Omenica -

>
Vo, 4

5

Crystalime

%n

‘deeply mcrﬁt&u by ﬁvé“rs Pre- apd synglacial volcanism resulted in valley filling lava piles

1@?. -'."%’\,v

o

Terrane;fwith JuraSSic metamorphic ages.. The area has been glaCiat’\d and is |



.

WhICh were eroded by the rnvers to produce spectacular canyons and waterfalls The

4 ‘s
older pre- and synglacnal volcamsm was the ub;ect of a morphologic and petrogene)c

study at the -Unlversxty of Brmsh C_o!umbxa (Hickson 1987). The older lavds are thé -

y

- precursors of those studied here.
o . , ) =

y The lavas sgudied herein erupted from a group of small isolated centres during

~1and since the last glaciation. Major element compositions for four of the eruptive-events

’ were de?ermihed by Fiesinger and- co-workers 875, 1977); they also determined

s

. phenocryst and . groundmass compositions using an electron microprobe. With the

0 . 1 . ) . .
“exception of this study and that conducted by Hickson {1887). no other data exist for

the Quaternary centres.
. [

~magmatism and metamorphism for as much as 200 Ma. During this time the potential
source region has developed characteristics which have been described by previous

-workers. It is ibre convenient, ‘as an introduction to the volcanology of the Wells
' 'k -, i T - \ '. Q
Gray area, to give 'a brief desériptlon of some of.the tectonic, geophysical and

D

geochemlcal constramts on magmatlsm in the Canadlan Cordmera
Y
A Tectonostratigraphic History ' |
The area of volcanic activy in Wells Gray Park lies near the eastern end of the
—~ R . N -

Quaternary Anahim volcanic belt of British Columbia (Fig. 1). This belt of volcanoes is one

of three active, although quiescert, belts present in the centr?l and southern parts of the
Canadian Cordillera, with a history .of volcanism ranging in age’ from “he Miocene to as
little as 300 -years (Souther 1977). The complexuty of the structure snd tectonic hlstory

of the Canadlan Cordlllera permuts on|y a s‘1mpllf|ed acc0un( to be given here; the reader

is referred to p'revious.works (Monger_et al. 197?, 1982, Monger and Price 1979,

Tempelman-Kl‘uit 1979) for a more detailed overview and for an introduction to more )

2

~specific regional studies. | .

a ‘*,’ ’\ N
. o . ?

The western Canadian continental margin has a history of tectonic accretion,
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1. Tectonic setting of the Canadian Cordillera, showing the locations of the three’
volcanic belts. Volcanoes are @Seown_by circles. The present-day subduction and,
transform plate- boundaries at the edge of the North American continent are from
Keen and Hyndman (1979). Triangles mark the location of present-day ‘subduction ’
at the. plate boundary. Thé tectonostratigraphic boundaries within the Canadian -
Cordillera. (Monger et a/. 1982) are shown by dasned lines. The:

_tectonostratigraphic regions are: 1. Rocky Mountain fold and ‘thrust beit; 2.

Omenica Crystalline Terrane, merging in the north with: the Yukon. Crystalline

"Terrane and the Yukon Cataclastic Complex; 3. Intermontane Belt; 4. Coast Plutonic

Complex; 5. Insular Belt: The ‘Waells Gray area, shown in Fig.2, has bold outlines
and is-labelled "W". EP = Explorer Plate; NF = Nootka Fault. - . :



Fig.'1 shows fche areal distribution of the five majdr tectonos’tratigraphic divisions,
. of the Cordillera. These are, ootboard (westwardy from the North American continental
margin, the Rocky ‘Mounta-in Miogeocline, the Omenica Crystalline Terrane, ‘thie-
: Intermontane Belt, the Coast Plutonic Belt and the Insular Belt. These tectonostratigraphic
assemblages represent /n toto the result of repeated accretion of allochthonous terranes
onto the North Amerlcan continental margin during and since the Triassic. peruod
The‘ Rocky Mountain Belt comprlses a thnck sequence of sedlmentary rocks,
ranging in age from Proterozoic to Crétaceous Luthologles are domrnantly carbonates
and clastic rocks derived from the craton until the middle to late ,Jurassnc‘ and are
ove‘rlain by clastic sedimentary rocks derived from the uplifting orogen to thé west
(Monger et a/. 1972, Price et.a/. 1981). The edge of the stable North American craton ’
was overridden in the middle to late Triassic by alloch_thono,us' terranes, f_orn}img‘
imbr’icafe listric thrust faults. The extent of the resultant -crustal shortening and the
volume constraints on basement and cover sulggest that a “ledge” of lower crustal
material extends under the Omenica Crystalline Terrane to the west (Tempelman-Kluit and
Wanless 1975). |
“The Omenica Crystalline Terrane is a belt of medium to high grade me'tamorphic"
rocks immediately outboard of the Rocky Mo%ntarn thrust and foId belt and separated v
-from: the latter by the Rocky Mountain and Tintina Trenches The assemblages present in
‘the Terrane comprlse mid- Proterozonc to mid- Palaeozmc miogeoclinal sedimentary rocks '
and Palaeozoic and lower Mesozorc volcanlc and pelmc sedimentary rock {(Monger et a/.
1982)., Locally, inliers of Precambrian basement occur, which were deformed and
metamorphosed to high grades in the middle Mesozoic to early Tertnary‘l." Intrusions of
Mesozoic and Tertiary age intrude- the metamorphic rocksf The Omeni.ca Crystalline
Terrane is interpreted .as one of two structural welts in the Ca’nadian Cordillera ('Monger
et al. 1882), marking the zone of suture between the .North American Continent and a
collage of allochthonous terranes obducted onto the continental margin during the early
go mid-Jurassic. T «.\ |
~ The Intermontane Belt is an area of upper PalanZO|c to middle MGSOZOIC marine

volcanic and sedimentary rock and middle Mesozoic..to upper Tertiary marine and
! . ) . -

non-marine sedimentary and - volcanic rocks. These ‘assemblages have been cut by



comagmatic intrusions anc defor‘med at various‘times since .the early Mesozoic _(Monger
er' a‘/. 1982). ‘Terranes within the belt -are interpreted as allochthonous fragments .of
_oontinental crdst_, obducted onto the North American continental margin. Four main- .
terranes are reacognised (Coney et a/. 1980); these are the Quesnel, Stikine, Eastern and
Cache Creek terranes; Stikinia and Quesnellia 'occupy the greatest areas within the belt.k

The Coast Plutonic COmpIex IS a highty. deformed me‘tamorphlc and plutonic belt
Iylng outboard of the Intermontane Belt Assemblages contained wrthln the belt comprise
sednmentary and volcanlc strata of Iate Palaeozoic to Tertnarv age (Monger et a/ )1982)
The rocks haveé been metamorphosed iy places to high grade and ‘are intruded by
granlto»d mtrus;ons of Cretacedus and Tertlary age The metamorphlsm is, at Ieast in
part, contiguous. with the-untmswe phase. Monger et a/. {1982) interpreted tﬁe Coast
Plutonic Comple;< as the second of the two structural welts marking. the accretion of
a|lochthonous terranes presently lying to the west of the plutonic"'belt. Monger and Price
(1979) interpreted the belt as being relateri to. the eastward subduction’ of oceanic
lithosphere, followed by collision and subsequent accretuon of the terranes wnnch.
presently form the Insular Belt. _

The Insular -Belt incvl‘udes the Alexarid.er, Wrangell and Gravina-Nutz"otip terranes
(Monger et al. 1982). Assemblages present in the terranes comprise Upper Cambrian to
Cainozoic volcanic’ and sed|mentary strata, cut by granitic “rocks in part comagmatlc with
the volcanlcs The terranes were deformed at varlous times from-the Palaeozorc to the-:
Ouaternary. "~e Insular Belt is mterpreted as the more ogtboard of the two'?'
‘superterrane” collages accreted during the course of Cordilleran e\rolution" {Monger et |
al. 1982). The terranes were jextaposed by the late Jurassic or ea"rly Cretaoeous, as
indicated by the stratlgraphlc overlap -of gﬁe Gravma Nutzotin_assemblage (ane)e et al.

» 1980). The whole belt was accreted onto the North American contnnental margln during
the late'Cretaceous or early Tertiary. ‘ '

Monger and Price (1979} cite the earliest phase of Cc%jllleran evolutlon as being .
“the formation'of an Atlantic- type wedge of mrogeochnal sediments from 1500 Ma to
380 Ma. Ihe time sp_an from the late Devonian'to’ late Triassic saw closure of the ocean'-

basin to the west of the stable North American craton through westerly-dipping

subduction beneath the terranes which form Superterrane I (Tempelman-Kluit 197‘9). Final ‘
. ‘ .



closure of the*Anvil Ocean (Tempelman Klunt 1979l followed by obductlon of the collage '

- of terranes comprnsung Superterrane I onto -the North Amerlcan contlnental margin

occurred at the end of the Triassic perlod

the .components of Superterraﬁe Il into proxlmlty w;th the prograded North Amerlcan' ‘
contlnental margln Eastward dlpplng subductlon durmg this perlod and extendlng mto the
Cretaceous formed the Coast Range Plutonic Complex (Monger and Prlce 1979) The :
present conflguratlon of terranes was complete by the end of the Cretaceous perlod

P’ollownng the accretlon of Superterrane Il on. the waestern margln of the "
Cor"'lera the processes attendant .on subductlon and accretlon contlnued into the
Tertlary Major dextral faults, mutlated in-the late Cretaceous and early Tertlary ‘run along

®

the length of the Cordnllera reflectlnc antucloclese rotatlon and flexure of ‘the North_

American continental margin. %’

B. Present tectonic Séttlng g _

The tectomc setting of the Cordillera since the Miocene has been domunated by

the current plate boundarles W|th the adjaceht oceanic llthospher‘e and by the relative

motlons of the plate system The tectonic elements are revnewed in Fig. 1. The margin of

the North American craton {the Insular Beltl i in contact with Pacmc Ocean l|thosphere

the Iatter comprlsmg two plates, the Pacific and Juan de Fuca plates separated by the

© Juan de Fuca mid- ocean rldge At the northern end of theSuan de Fuca rldge where the

' rrdge abuts agamst the contlnental margin, the Juan de Fuca plate has fractured to form a

daughter plate, called the Explorer plate, which is separated from the Juan de Fuca plate
by ‘the Nootka fracture zone. | . ' '

B Dextral strike-slip movement along the Oueen Charlotte Fault lS active at the_"'

present tlme ‘In the south the Juan de Fuca and Explorer plates are probably undergonng '

subductlon (Rlddlhough and Hyndman 1976l the &7 lple‘ point” for oceanl
ridge- trench- transcurrent fault has shifted posltlon durmg the past 10 lVla (Keen and
_ 4Hyndman 1979). Presently, the triple point is assumed to lie off the coast of northern

-Vancouver island."

During th latter part of the JUl'aSSlC perlod closure of an- ocean basin brought .- -



Three loose assoclatlons of volcanoes mterpreted as volcanic belts cut -across
the tectonostratlgraphlc boundaries of the Cordlllera and have been act:ve since the late
Tertlary (Flg 1), The southernmost, 'Garlbaldl -Cascade Belt is an extensnon of the.
caIC'alkallne voicanism in the Unlted States associated with subductlon on the contlnental
- margm The Stlkme (alk{ﬂme) Belt in northern Brmsh \Columbla 1S assomated wnth
© east-west tansion in the North: Amerrcan Plate. ' _

_ . "The Anahnm Belt ‘with a- maximum age of 14 5. Ma runs from west to east

across the Cord:llera ata latltuoe of 52°'N and is assumed to be the’ trace of a hot spot

in the underlylng mantle (Bevrer et al. 1979l Movement of the North Amerlcan plate

over a statnonary hot spot in the underlynng mantle would produced the apparent

movement calculated from age measurements ‘however, the Wells Gray area lues away

from the‘maln Anahlm trend (Flg.'l chkson and Souther unpubl data) and may be .
unrelated to- the presumed plume trace. . - ‘

3
¥

C thhosphenc structure and constralnts on the nature of° the source region from :

" geophysical studles

Revnews of “ar ~hy51cal studnes in the Canadian Cordillera are glven by Keen and -'

Hyndm:m (1979) anc 'n Clowes (1980) geophysical ewdence supportlng subductlon off

the southwestern coast of Brltnsh Columbla IS summarlsed by 'Riddihough and Hyndman

(1976l

L
Gravuty studles

Gravnty studnes have been used to mterpret deep structure both on the

3 contlnental margin (Riddihough 1979) ‘and across the Cordullera to the stable craton

,’ (Stacey 1873). Rlddlhough recognnsed a pattern on the continental margin similar to that
noted by ‘Watts and Talwanl (1975) for |sland arcs of the western PaCIflC a negatlv/e.
gravuty anomaly is c@ated with the trench outboard from Vancouver Island and a
pos:tlve gravity anomaly occurs along the length of Vancouver lsland itself, 100‘ km
inboard- from the negatuve anomaly. Riddihough, noting a dlsparuty between the gravity '
and seismic, data for the contlnental margin, also proposed that the cowngoing slab be

as&gned the physncal properties consistent with maflc ‘and ultramafic rocks
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metamorphosed to amphlbollte or granul'.te gradesi

i Stacey (1873), using. Aurv-type compensatlon related “the observed residual
anomalies in the inland gravity data to lateral dens. vy \arlatuons in the crust and in the
upper mantle. ;The density _of both crust and mantie decreases westward‘,across the-
Rocky Mountain Tr'ench 'oossibly at' the edge of-"th‘e Precambrian baser'nent. Large
resndual anomahes in Vancouver lslﬁnd were interpreted as the effect of a “light” crust .
overlying a dense mantle; -the underthrust plate being at relatively shallow depth. Stacey

suggested that the northern limit of the underthrust Juan de Fuca plate occurred at 51°N.

~ -

1Y

Natural seismicity - b J
The, natural sensmlcny of Brmsh Columbia has be’en reviewed by Mllne et al.
1{1978). Most earthquakes. occ.nr on the continental’ margin of British Columbia, along the

Queen Charlotte Fault P node fault plane solutions along the Oueen Charlotte Fault and in

- the regnon of the’ Stralts of Georgia and Puget Sound glve strike- slip movement .in a

v9
dextral sense (Weichert and Hyndman 1981}, with strike-slip rates ‘of 5.2 cm a!, which

- are in good agreement with rates predlcted from plate movements .{Milne et a/ 1978

Welchert and Hyndman 1981l Earthquake fault solutions in the Puget Sound~ reglon ’glve

a component of- ‘éhrust motion but the amount of thrust is an order of magmtude jower

than that predicted by plate movements (Rogers 1979). The oceanic - lrthosphere in this -

~
reglon is rejatively young (approximately 9 Ma) ard hot (Parsons and Sclater 1977) such

hot lithosphere might account for the absence of a Benioff zone.and for the low stram
release in the thrust earthquakes. Rogers (1979) discovered that earthquakes beneath

Vancouver Island did hot have a significant thrust component. Fault-plane solutions are

consistent with _either dextral strike-slip on horthwesterly-trending faults or sinistral
- .strike- sllp on northeasterly- trending faults .The latter solution is consnstent WIth Keen
~and Hyndman {1979) who inferred-differential subductlon beneath Vancouver lsland

subductlon rates were estlmated as _l cm atin the north and 3 to 4cmalin the south

Milne et a/. (1978)-report an lsotropnc distribution of earthquakes in the interior

of the Cordillera. An’ ‘infiet” of moderate stram release at the eastern end of the Anahlm

Belt is interpreted by Rogers (1981) as. evndence for an-Anahim hotspot
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~of Berry and Forsyth (1875: 8 km). R e N
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Seismic refraction studies . ‘

- Seismic refraction studies in the Canadian Cordillera have been conducted by
Chandra and Cumming (1972) Cummlng et al. l1979) Forsyth and Berry {1974), Meregr
et al. (1977) and Hales and Natlon (1973l The Mohorovucxc dlscontunwty dips gently
eastward from a depth of 25 km beneath the Insular Belt to 30 km beneath the
Intermontane Belt and to depths of 37-48 km beneath the Rocky Mountalns and 50 km
beneath the Great Pldins. Hales and Nation (1973l report a7km thlckness of Ilthospherlc

mantle beneath the Cordillera; this abnormally fow value is in agreement wnth the estimate
&

aQ

Seismic P-wave velocities in the mantie have been calculated by Curwung et al.
(1979) (7.8 km s° l) by Forsyth and Berry {1974) (8.06 km s by Spence et al. (1977)
(8. 22 km s) and by Mereu et a/. (1877) (8.0 to 8.1 km - l) Both Chandra and Cummlng
l1972) and Forsyth and Berry l1974) noted a decrease in upper mantle velocny by as
‘much as 0.3 km s westward across the Cordillera. Mereu et a/ (1977) dlscovered a
hlgh velocity Iayer beneath the base of the continental llthosphere at a depth of 55 to

<
.

70 km.

- rel

. ; - . ‘ ‘ ) . . >
Wickens {1971, 1877), using surface waves and crustal refractior’rwith Rayleigh

and Love waves, found that the craton is characterised by hugh velocuty llthospherlc
mantie to a depth of 90 km, with an underlying low velocity zone. The Cocdllleran reglon
is characterised by lower overall mantle velocities; the hlgh,veloc,lty Ilthospherlc mantie
is thin or absent An' abnormally low velocity zone extends from the base of the
lnthospherlc mantie 10 a depth of 90 km. Beneath this zone is "normal” asthenospherlc
mantle ) |
o

“ Seismic refraction and reflectlon studies on Vancouver Island (Ellls et a/. 1983)
show that crustal seismic velocities increase gradually from 5.3 km s at the surface to
6. 75 km s at a depth of 15.5 km. A~sharp transition occurs at this depth to a seismic
velocity of 7 km s! The preferred model for the thicknessyf the crust lncorporates a
crustal low velocity zone: crustal thlckness is estamated as 37 km. The basement dips
pastward at 14 uncreasing to 4"-at the contlnental rise. The oceanic Moho dips
eastward at an angle of 6" to the centre of Vancouver lIsland; Rere the crust thickens by v

10 km, with a flat-lying Moho to the east. -

-~
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Magnetotellunc studles ,

Magnetoteliuric studles i the Canadian Cordlllera have been carrled out by Caner

- 4871), Caner et al. (1871), Porath et a/. {197 1), Dragert l1973) amfneld and Gough

(1975), Bingham et a/. neen Gough (1986) and Gough et a/. (1982). The Cordillera lylng o

to the west of the Rocky Mountain Trench is characterised by high conductnvnty in the
! 3
" lower crust and/or upper mantle; this agrees with interpretations of seismic refractlon» A

data. - ’ . f

k4 A4 ’ ‘

. Bingham et a/ (1981) and Gough et a/. (1982) located two anomalies in British

\ Columbia. The first, beneath southeastern British Columbia and southwestern Alberta

~

4

was lnterpreted as a dlsccn‘qnulty in the Precambrlan basement. The second anomaly is

consustent with "a regton “of high conductnvuty beneath Tete Jaune Qache 100 km

r

" northeast of the Wells' Gray volcanoes. This anomaly'is posssbly related to a geothermal

area Dragert and Clarke (1977) reported a band of hlgh conductlvnty assocuated with the

AN

Rocky Mountain Trench? The anomaly may be resolved into a near- surface conductive

zor\e interpreted as wet sediments and a conductive band "at a depth of 40 to 50 krn

-

interpréted as a possnble zone of partlal melting; a condu@éwe zone perpendlcular to the
Rocky Mountaln Trench may be mterpreted as a basﬁrnen:dlscontlnuvty A more recent
study of the Trench anomaly (Gough 1986) suggests that the anomaly is related to a
conductive band beneath the Main Ranges of the Rocky Mountanns

Drdgert (1873) noted that a simple conductor model was lnsuffiment to account_
for the anomaly ih the close wc;nlty of the Rocky Mountdin Trench and proposefthat a
“conductive bahd was present ‘berleath the actlve volcanic belts of the Cordlllera Studles |
by Ngoe and Boyer (1978) in the Stikine volcanjc beit revealed a zone of enhanced‘
conductlwty in the mantle beneath the belt: |nterpreted as evidence of partial meltnng
Ngoe and Boyer mterpreted their results as mdncatnve of a thin (19 km) crust in the belt

underlain by a zone of partial melting. No 5uch study has been carrled out for the

-

. Anahim Belt.



' The nature of the subhthospﬁerlc mantle and its ro|e in th,e gen%ra’uen of

ba$alts n1ust be consudered as ‘a necessm Y . precurﬁor to an understandung e}

' ) s
~trace elements in chondrmc meteorntes (e g Sun 1982 F’alme and Nuékel 1985) gnve R

"compos:tnons wh|ch agree Wlth estumates of manﬁe densxty The pyrohta rn’odel (Clark »
N RN

for magmatlsm in the cordlllera. , e 5,7’,,‘,” :
5 e te : XY ?
hd Three types of sample are assumed -to” provide tangible, information on- the
S :

cdmpositién of the mantie; these are ophiolite complexes, assumed to represent
de_pleted-deeanic mantle, Alpine-type ultramafic units, such as the Anvil Alloehthon
(Tempelman-Kluit :1979) and nodules of ultramafic rock entrained as xenoliths in alkaline
lavas. These last are of greatest interest to this study because the entrained lithologies
are.a repres'entative sample of the wpper mantle transected by the ascending magma, if
not of the source rock itself. (v K .
-St_udies of the subcordillerin mantle in British Columbia and throughout the North
American tofdilleca- hav.e, therefore, concentrated upon incognate material included in
alkaline lavas. Wilshire and Sher\)ais '(19‘;"5) identified two assemblages in lavas from the’
. southwestern USA; a chromnferous varnety bear:ng Cr-spinel and Cr-diopside, and an
aluminous assemblage, ‘bearrng Al-spinel and Al-augite, of which a SIgnuflcant number
‘were chnopyroxemtes The nodule assemb\age transported to the surface in B.C. '
dominantly of Cr-spinel bearing Iherzolites (Fum and Scarfe 1982 Brearley et a/. 1984,
Brearley .1986) with smaller populations of other chromlum-bearlng ultramafic rocks.
Tne aldhinous assemblage is, hewever,..also repreeented by significant quantities of
xenoliths. | )
Garnet-bearing ultramafic assemblages are unknown in the Canadian Cordillera.'

Spinel-bearing assemblages, either Cr-rich or Al-rich, are the most ab'undani xenoliths
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and are therefore possible candidates for a source rock. Hol”fvever whole r0cklchernical \

analyses conducted by Smith {1986} on samples of the nodules mdlcated that - the
majorlty were depleted in some uncompatlble elements such as Rb Ti and Y, relatlve 1o
chondrmc aabundances Such rocks are unlikely to pro8uce the concentratlons of

mcompatlble elements observed by Bewer (1978 1983a) in the R3inbow Range, of

western B C. 'Y
.The subcordllleran mantle as reviewed ‘earlier, is exceptional in its tectonic-

settlng and history. The Canadian Cordlllera lacks a root of lithospheri¢ mantie; the top

of the low veloc1ty zone lies ;ust beneath the Moho. Three major subduction svants havé -

“

occurred durlng the last 200 Ma, possrbly causing the  decoupling of crust and '

llthospherlc mantle and contrlbutlng oceanic material to the mantle. Ancuent oceanic crust

is proposed (Hofmann and White 1982, White and Hofmann 1982, Zindler et a/. 1984)

qglammant for the.upper mantle, producung chemlcal and isotopic heterogeneity in
mld'ocean rldgébasalts It may be inferred that material from the subducted plates has
contrlbuted in the same way. to the source reglons for the cordilleran lavas (Carlson
1984, Mart 1985). The sfale of these heterogeneltles is unknown. -

. Heterogeneities OoR_4 smaller scale are found in ultramaflc xenoliths throughout

»

Q
the North Ameri®an Corunllera Francns (1976) described amphnbole and phlogopite in

ultramafic xenollths from Nunivak lIsland, Alaska . Brearley and Scarfe (1884) descrubecﬁ

vthe first occurrence in Canada, of a pargasitic amphlbole in a spinel lherzolite cla55|f|ed '

as Wllshsre and Shervais' (1975) Cr- dlop51de bearing assemblage. An a6undance of data

_exrsts.lWllshlre and Trask. 1971, Best 1974, Wllshnre et &/. 1980, Menzies and Murthy
1980a Menzms et al. 1985) for ohlogopite and amphibole, of a varnety of -

composltlons, in the southwestern US.A. These occurrences indicate the presence of -

mesoscoplc chemlcal and ml,neraloglcal heterogenelty and the presence of volatules in
the subcordllleran mantle the latter will be dnscusSed Iater The origin of the hydrous
phases is lnterpreted asthe result of metasomatlsm (Lloyd s~ Balley 1975, Menzue!and

f
Murthy 1980b, Boettcher and O'Neil 1980 Wiishire 19 (4. Sc neider and Egglerv1986)

mcreasmg the concentratlons of mcompatlble elements i e putatlve source rocks to °

those suitable for generatlon of alkall basalts )
\ ' i<

; - \ : -



T uced by partlal meltsng will depend upon the depth at Wthh meltlng takes place and

- drives composmons towards the - silica- uhdersaturated ﬁeld (Mysen and Boettcher

« - s
N ’ ) . : . : P

In-a volatlle free source of flxed composition, the composmon of the melt -

" W

' extent of partnal meltmg Alkalr basalts can-be generated te. g Takahash' and Kushuro

3) by equnhbnpm partual meltmg of a spinel per:dotlte under dry condmons at

' pressures gneater than - 15 to 20 kbar. Frey et a/ (1978) usnng concentratlons of K 0

‘and P,C. n chdndrutlc mantle and in derlved magma calt:ulated that basanltes were
generated by as httle as 1% partlal memng of Ihwe mantle Sleep (1974) suggested

that such a small fractnon could not escape from the source rock more recent

. caiculatrons (McKenzre 1985)\ indicate thdt as httle as 0.1% partlal melt can escape

eff|c1ently

‘ Y, -
the cordulleran alkahne magmas Consequently the role of volatules in the generatfon of

' alkalme magmas has recenved consuderable study (Brey and Green 1975 Bryan 1976,

1977, Eggler 1974 1975 Eggler et al. 1976 Green 1973b KUSth 1970 #1971,

‘Koshiro 'et~a‘/ 1975 Mysen 1978 1977 1979 Mysen ‘et a/ 1975 Mysen and -

Boettcher 1975a 1975b Ngoe ° and BOyer 1978). The specres HO and CO, have

opp05|te effects on magmas generated from a |herzo||te source. The presence of H O m_*' -

the source region drives ‘magma composmons towards the field of ssilica- saturatnon Co,

1975a 1975b). Knowledge of the concentratlons of'the two components in an’-‘

) nntraplate alkaline magma,” relative to concentratlons in a_tholeiitic basalt WI|| test the

importance of these components to alkallne magma gene5|s‘

A dependence upon-P,0; is observed in the ‘concentration of rare-earth elements |
in phmary mantle- derlved magmas by Beswick and Carmichael (1978), Chauvel and J.ahn
(1984) and by McDonough et a/. (1985) This is rnterpreted as the effect. of a phosphate
phase which ’s present at or near the source reg:ons of the aIkaIme magmas '

;.‘»;u . : ' IR _ ) : W e
E. Summary

The Canadian CordiTIera'is a tectonostratigraphic‘co||age formed bmhe accretion

.of two terrane assemb!ages (superterranes) with assocrated subductton of’ oceanic

hthcbsphere during. and since the beglnntng of the Jurassuc perlod Pacuflc oceanlc 3

As noted above volatule-bearmg phases do exnst in or near the scuroe regnons of .
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lithosphere is currently subducting aseismica‘lly. beneath Vancouver Islend.. The crust of
the cordillera Iacks’yaolithospheric mantle root: the basé of the crust is 30 to 35 km
' beneath the surface of the earth The asthenosphere beneath the base of the crust
contams a zone characterised by hlgh seismic velocity, whxch may be either a dec0up|ed
: part of the lithosphere or the subducted oceanic crust. The subcordilleran mantie has,
therefore, a history ‘of m‘agﬁ\atism and tectonism which may have led to. the formation
of heterogenemes | | .
Studies of the subcordilleran mantle using ultramafnc xenoliths, indicate !hat the
mantie comprlses a Cr-rich assemblage, typically spmel lher‘_.ollte, ‘and ac Al-rich
assemblage,'t_ypically spinel clinopyroxenite. Both assemblages may ,'hcst'.volatile-bearing
minerals such as kaersutitic 'or pargasitic aniwph‘ipole and phlogdpite. The presence of -
these phases strongly spggest that the/‘mantle is hete'r'o,geneo'us on a mesoecopic, and-,
possibly macroscopic, scale. For these reaso'ns‘, the alkaline ‘lavas of.fhe Wells Gray areav
were studled to determine’ their, variation in ma;or and trace element concentranons to
evaluate the extent of enrichment of mcompa‘uble elementsr acd the dnfferences |r< their
. 15Nd/14Nd and V'Sr/%Sr ratios, and to determnne the source mmeralogy for magma of

these compositions in the subcordnleran mardie.
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PHYSICAL VOLCANOLG JY

v

The purpose of this part of ‘the study is to descrlbe the morphology of each of the' |

volcanlc centres |n the study area and to determlne their sequence of eruptlon *This was_ o

EN

completed in order to correlate possrble varlatlons in texture in mmeral and whole rock. N

chemlstry and in lsotoplc composmon with geographlc locatlon and tlme of Sruptlon

This study addresses the - syn- and postglacnal volc}anoes in. the north central and '_: ‘_"

R

. west-central_ area— of the park because these volcanoes are alkalu;\e in whole rock )

chamistry (F’lesn{ger‘ 1975 Flesmger and Nnchc fis 197 7\, and represent small erupted )

§ .
volumes. The petrogeneses of lavas from these centres are the prlmary focus of thlS‘ v

? < T I
,study : o ‘ ’

\

" the Gedloglcal Survey (Campbell 1961, 19633 1963b 1967 ,Campbell and Tlpper,

r

e

' Prellmlnary work in the area, descrlbmg the volcanlc centres EL carrled out by '

1971) *Prehmunary results from. a more recent study are: g:ven by chkson and Souther:..

{1984) and are the subject of a F41\D IheSlS at the UnlversLty of Brmsh ColumblaA'_ 8

i(chkson 1987) : ] IR o \

o

Ten cerires.are located in‘the study area together w;th an outller ‘of a lava flow o
Wthh has no expllclt source, but is related by morphology to nearby centres The".-f'"
centres are grouped for convenlence |nto four mam areas shown ln Fig.2. The first of."
these is the Spanish Creek area, of the western boundary of Wells Gray Park, Wthh .

contains five centres The second comprlses “the edifice of Pyramld Mountaln descrlbed -

Y

by Hickson (1987).» -The thlrd is the are around Ray Lake contalnmg four volcanlc‘

fea.tures and the fourth and last lS the l%‘:&stal Lake area. The area.s WI|| be descrlbed |n_

9

the sequence above However ‘it is stess% that a complete overlap in ages of: centres. _

* ,exlsts between areas The sequence of deSchptlon@ot related to any stratlgraphlc.

N L

successnon S ' ; T STy

'\ . . .»r"

3 A Spamsh Creek area . -

Y

/{he Spanlsh Creek area lles on the western margrn of the park (Flg 2) Flve maln o

/.

centres of volcanlc actlvny were ldentlfled |n the fleld and from aerlal photographs

These form a linear chaln from the most northerly centre near the head of Danlel Creek
. ‘ S -

[

.



R g | 18

WELLS GRAY
PROVINCIAL PARK

" British Columbla

. . . . A

: ' SRR R DA .
. Fig. 2‘.'Volc_ano_;'é's and lava flows studied:in the Wells Gray area. The area shown is that
labelled "W" in Fig.1. The three.main areas studied are the Spanish Creek, Ray Lake
~ and Kostal Lake areas. In addition, .the hyaloclastite mound of Pyramid Mountain
. was also sampled. . . '

’

“



to the most southerly at the head of Flourmlll (;{eek (Flg 3)
‘ The centres in the Spanish Creek area are the most closely related in space and,’
‘possibly, the most diverse in theur eruptlon time; there is no relatlonshlp betwsaen the
,posmon of any centre in the chain and ltS morphologlc type. The oloest of the centres -
appears to be the. volcamc neck of Spamsh Bonk which has been glaclated Hyalo Rldge' '
.and Spamsh» Mump arg synglacnal centres but may have evol\/ed during dlfferent periods
.‘v‘of glaciaticn. The two postglac1a| centres Flourmlll and. Spanlsh Lake are located in a -
, complex magnetlc anomaly and may share a common condut these last are the only twot‘
centres studled whose chemlstrv and age relat ons are sufﬂcnently srmllar for this to '

have occurred.

.Spa‘nibsh' Mump

| Spanlsh Mump is the most northerly volcano in the Spanlsh Creek. area and lies at
- the headwaters of . Spanish Creek and Danlel Creek, 6 km east northeast of Mica
I\/lountain at 52 a'N 120° 20 30’ "W. The locatlon'ls shown in Flg 3. The centre comprlses
“an overgrown mound 150 m in eievation and 5 km? in area witn gently sloping sides.
Float f0und on the south slope of the mound indicates that the mound lS of hyaloclastite
andis samllar in morphology to Pyramld Mountaln the mound is therefore mterpreted as

a sUbglaCIal mound or SUGM (Hicksen 1987)

| 'Spamsh Bonk ‘ .
| Spanlsh Bonk 25 km southwest of Spahlsh N‘ump is a small probably
| monogenetlc vent on the west side of the Spanlsh Creek valley at 52°8'N 120 22'W.
Thel Iocatlon is shown in Flg 3. The centre comorlses a small dome of basaltlc lava, 70 m
'ln helght and 0.25 km: m basaI area. The dome has been glacrated tormlng a crag and
: _tall The absence of a cnnder cone is probably ‘due to  glaciation. Ren‘loval of

'unconsolldated cnnders from the cone by a glaCler eventually exoosed a volqﬁﬂucmck

'Hyaloﬂldge o ”. AR Co . ' )
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Fig. 3. Spanish Creek area, showing the five volcanic centrés. Subaerial -ejecta are
shown by circles, hyaloclastite by ‘triangles and lava flows by hachuring. Spanish
Mump is a hyaloclastite mound .or SUGM, Spanish Bonk is a glaciated subaerial™
cone, Hyalo Ridge is a tuya-and Spanish Lake and Flourmili are postglacial cinder
cones which h\ive erupted valley-filling tava flows. S

.
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andis a promzneﬁttopographic' feature. 600-m high, when seen from the air\Plate 1A
shows the southern aspeet of .the edifice. The..v_olcano la»cks an eruption crater. Despite
the topographic p'rominence of Hyalo 4Ridge it has been glaciated ’ |

The volcano comprises a steep S|ded cone, of yellow-weathering hyaloclastlte
surmounted by five flat-lying lava flows The flows are very limited in area and act as a
protective Cap to the hyaloclastite mound (Plates 1B, C). A cirque has been cut on the
eastern flank of the edifice. At four flow margins, exoosed in - the cirque, are
. well-developed pillow lavas (Plates lC D). these are mterpreted as bemg a contact with

an intraglacial lake. lmmedlately -~ neath the lowermost Iava flow are plllow breccias,
| grading downward into the hyaloclastite pile. The lake level estimated from these
water-cohtact features is at an elevation of approximately 1820 m above sea levef. This
elevation is some 600 m above the present valley bottom and 500 m above the passes
into, the ‘Clear.vvater valley. Either the vvatershed between - Spanish Creek and. the
Clearwater val -y was COnsiderably higher- at the time of formation of Hyalo Ridge or., -
more probably, the outlets to the Spanlsh Creek valley were blocked by ice.

The steep sides and greater height of Hyalo Ridge and the spatially restricted
~ nature of its lava flows are in contrast with the postglacnal.lavas from the Spanish Lake
and Flourmill centres. Similar occurren‘ces have been reported from"northern British
- Columbia (Mathews 1847)swhere lava emerged from a subglacial vent and’ was shattered
‘by rapid cooling, ‘forming a volcaniclastic pile. beneath the melting glacier. An intraglacial
lake formed- and the volcanic pile grew such that the vent was eventually clear of lrhe
~ water. A lava cap formed and the resultlng flat topped edlflce remained after the ice

- receded. Such a mountain is called a tuya (after Mathews 1947). -

Spanish. Lake Centre

Spanlsh Lake Centre Iles 2.5 km to the east of Spanlsh Lake at 52°4'30'N
120" 19'W (Fig.3, Plate 2). Three ‘water-filled, steep-sided depressions 1 km to . the '
'northeas,_t of the volcano are interpreted by Hickson and Souther. (1984) as' pit oraters
'resolting from a subterranean phreatomagn'latic “explosio.n, followeol bv subsidence.

Volcanic ejecta and lava are absent from the vicinity of these craters.
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The Spamsh Lake centre is entnrely postglacnal One ma)or and two satelhte cones

- have formed the major cone bemg the most westerly and the oldest The major part of

v

" in hesght lPlae lF) The: outer cone |s the older and |s§>reached m the southwest by two

o lava flows which have destroyed approxrmately 60 mrcumference of uts walt The unner

. younger cmder cone is mtact for nearly all of lts margun |t s breached on*lts northern
- ,wall by a lava flow from a jlank eruptloh Wthh flows back lnto the central crater (Plate.

1F). Both inner angd’ outer cones are of unconsohdated urregular blocks wnth httle -

y o °

o agglutlnate the inner cone mcorporates weathered blpolar fUS|form bombs ‘The partlcle

size of the ejecta is as much as - 1 m Crustal xenoluths as much as 5 cm in- dnameter

commonly occur in the ejecta fragments ' " -' e

.

The older of the satelllte cones is sntuated on the eastern rim; of'the ma;or cone
/

Ejecta from its vent cover the eastern. Wa“S of both rested cones. The. younger cone
lies on the eastern edge of the voicano ;and developed on the eastern flank of the older
satellite cone (Flg 3 Both satelhte cones contam a hngher proportlon of agglutmate

' materlal than the matn é’one The younger satelllte cohe has acentral blast p|t 20 m deep

,‘J. .

{Plate 1E}, which formed dur:ng the flnal phase of actlvlty of the centre

¢

Lava flows from two flank eruptlons flowed westward lnto the‘Spantsh Creek N

X

valley That.on the northern rum “of the centre flowed out of a breach in the outer wall

to the west, and lhward through a breach in. the north wall of the mner con? 'to

inundate the area around the resurgent dome (Plate ,lF) A stream sectuon throug .ne.

~_flow on the valley snde 1nd|cates that it:is 7 to 10 m thlck wfth a flow top comprnsmg

blocky scoria, as much as 1 min slze and larger rafts as much as, 5 m w:de The flo‘w
.extenswe flow orlglnated from the southwest wall of the |nner cone and de"trOyed a’
large portion of the Outer cone. The Flow: s of a thlckness comparable to the north
flow, with a similar flow top and xenollths of |dent|cal 511e and llthology The flows
were probably synchronous. . ,' o o - T
Lava from the Spanish lLake Centre dams’ the Spanish Creek valley fo;mung
» Spanlsh Lake. The lavas do not come into contact with flows from the Flourmxll centre

Therelative ages of erupt|on of the two centres are therefore not known

’

.-"‘.the edlftce comprlses two nested cinder. cones W|th Fl central resurgent lava dome 30 m ..

contains xenollths of splpel lherzohte as muCh as 3 cm n 5|ze The second mc}re ¥
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Flourmill Centre .
Flourmilt Centre is the most southerly of the volcanic centres in the Spanlsh

Creek‘ area and lies at the headwaters of Flourmill Creek 452 3'N 120°19'W), on the

drainage divide between Spanish Creek and the Clearwater Rn)er valley (Fig.3. Plate 3).

: ‘.The cinder cone is complex, compszmg three overlapplng cmder cones of slightly

differing ages. Thez;‘highest part ‘of the cone rises to 250 m above its base.

The oldes‘t"\pm of the cone hes on the northeastern stde comprismg a partially
' preserved c:nder cone. The southeastern portion was des&royed or covered by e;ecta :
from subsequent 9rupt|ons The /cone 1s composed“»o'? irregulag blocks and rare bipolar”
fussform bombs interlayered with vesucular agglutinate nﬁk breach on the southeast snde :
of the cone drained the central lava lake. The lava flowed southwest into the Spanish :
Creek vallé‘y carrying rafts of agglutinate from the wall of the cone The flow is rich in
inclusions-of pyroxenite and megacrysts of pyroxene, as much as’ lO cmand 1 cm,
respectively in diameter. v - , i |
" Cessation of eruptions on the’eastern part of Flourmilt Centre was succeeded by 4
the construction of a satellite Tone on what is now the southwestern flank of the
' volcano. This part of the cinder \cone is well-preserved and is composite- in nature,
comprising loosely” consolidated vesicular blocks, .interlayered with agglutinate and
protected by a resistant cap of the same material (Plate 4A) Several well-preserved
regular bombs ooccur with the irregular blocks. These are of the spherlcal and breadcrust
‘ types wnth some poorly preserved bipolar fusiform varreties. All blocks and bombs are&
poorly vesicular. ScoriaceOUS material is rare (<5%) and is pervasively interlayered wuth
poorly vesicular agglutmate 'I

~
AR

The wall of the southwest cone was breached on the south side, permitting -
draining of lava from the lava lake in the crater into the S_panish Creek valley. The crust
of the lava lake is fractured and a number of upwellings of lava through these fissures
(Plate 48) occur on the crust of the~lava lake and in 'a north-no-r;hwesterly trendi‘ng.}line..

up the north wall of the cone. , _
The most recently formed part of the volcano lies on its northwest flank in part

"f.

built on the deposnts from the southwestern vent. It is a complete and remarkably

well-preserved cornpOSite cone comprising. ‘at least three deposition cycles of loosely

5 A . ) \

A
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" consolidated bombs, peryasl:yely'intve‘rlayere'd with agglutinate. The second layer co_ntains
a ‘number of excel_lently pre's'erved bipolar fusiform and b'riben bombs (Plate 4E). Al
ejecta are moderately to poorly -};QSTCUlar; scoria' i's rare ’or‘_a'bsent. |
 The '.cone .‘is 'breached by a Alavajflow on the southwest side; rem_nants of alava
’lake perhr the crater (Plate"':A.Cl The Crust of the relict lake is fractured forming
rafted blocks as much as 10 m in wndth The last actlwty in the crater formed a small

. ring of s&waceous ejecta now extensxvely weathered on the northwest inner wall of

 the main crater (Piate 4D). L B o
Three leva fiows erupted from Flourmlll Centre have flowed into the Spanlsh'
Creek Valley The thlckness of each flow, estnmated from a stream section in Spanish
Creek is 7 to lO m. The lava beds extend apprexrmately 15 km down the valley of
»} Spannsh Creek, with a breadth of 2 km. The total vfolume of the lavas is therefore 0.3

- km?, by far the largest of the four postglacial volcanoes. By contrast the volume of the

tK,-

"_source cone is, at most, 0.09 ke, the volume & .s'corraceous maternal far less (5000

IR
v C Y ¥

Basal 'sections of the lava flovys along Spani-.sh Cr.e'ek- fare not 'common and no
c»rbon has yet been dlscovered for rsotoplc analysrs Beth the Flourmill and Spanish
. “e centres rest on unweathered glaC|aI till (chkson 1987l It is probable that the
centres are nearly contemporaneous and are older than either the _Dragonhead or Kostal

‘Lake centres.
B. Pyramld Mountaln ' ,

Pyramld Mountarn a volcanic edn‘rce in the southern portion of the park at
51'569'40'N 120 '6'10"W (Fig. 2) and is a landmark in the centre of the Helmcken Plateau
(Plate 4F). The area has already been mapped {Hickson and Souther 1984, -Hickson
1987); only a summary of the morphology will be@rven here B

Pyramnd Mountaln is-a steep sided cone 250 m vin height, comprising
yellow weathering hyaloclastxte The cone is steeper .and better exposed than Spanish
Mump, the'only other hyaloclastite mound studied. Subaerial eruption products are
- absent. Layering is’ pres'ent in the hyaloclastite.at the summit and on a subsidiary summit

“on the eastern flank-of the cone. Hickson (1987) interprets the subsidiary summit as a

A
*

22



Iandshde remnant of the true summlt of the cane; this landshde would also have formed

the.broken terram on the north flank of the cone. Hickson. proposes that the cone:is the )

. first phase of subglacial volcanism, formnng a subglacial mound or SUGM. Accumulation
of the mound ceased before the mound could bregk the surface of the 1ntrag|acnal Iake‘

and further volcanism could add a lava cap to form a tuya (after Mathews 18947). .

C Ray Lake area .

. The Ray Lake area lies approxnrqately 10 km east of Clearwater Lake {Figs.2 and,
4). Three main. centres of volcamc actnvnty are present in the area together with & Iava
flow from an unknown vent (Ray Ridge). The lcentres studied are the Ray Mountain
fissure, the glaciated cinder cone of Pointed Stick Cone and the Dragonhead postglacial

cmder cone and Dragon‘s Tongue lava flow.

Ray Mountain

The Ray Mountdin fISSUFB iS. Ioeated 6 km to the east of Clearwater Lake, at the
summit of Ray Mountain at 52°15'N 120 7'W. The location of the centre is shown in
Fig.4; a Iarger scale map and ,a\section are presented in Figs.5 and 6 respectlvely The
centre contams at least two vents, in the form of flssures thls mode of eruption differs
from those of the other centres in the Wells Gray area The edifice was dissected by
glaciation, during and following the later of two phases of activity, permuttnng
exammatlon of a. sect|on through the erupted materral |

The perlpheral contact of eruption products wuth bedrock is exposed at both the
north and south ends of the Ray Mountain 'ridge_, a|though a complete sectlon is present
only in the y’icinity of the summit (Fig.6). The peripheral deposits to the north-represent
the later eruption phase of the Ray Mountain centre and are not representative of the
earliest activityiat the centre. The central and southern portions of the centre, from thel‘
summit of Ray Mountain southward to the southern margin of the edifice, are of greater
' thickness and incorporate subaerial material older than the peripheral glacial contact unit.
The contact between products from the two eruptive e\rents is rnarked by the peripheral
hyaloclastite unit (Fig.6, Plate SE). At the summit of Ray Mountain the hyaloclastite.rests

paraconformably on layered subaerial agglutinate from‘the earlier erupti\)e phase.'

i
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Fig. 4. Ray Mountain area, showing the four areas studied. Ray Mountain is & fissure

volcano which has undergone two phases of activity. Ray Ridge comprises a lava
flow dissected by glaciation, without a vent. Pointed Stick Cone is .2 glaciated,
weathered cinder cone without lava flows. Dragonhead and the Dragon’s Tongue
comprise a postglacial cinder cone and a long.lava flow, erupted from the latter,
‘which extends to Clearwater Lake. The age of the Dragonhead centre is 7500 a.
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Fig. 5. Detailed map of the R#y Mountain centre. The centre comprises products of tWo

iony the younger phase lying on the north flank of the older.

own by circles, intrusions by crosses, dykes bvx solid lmes,
_hyaloclastite by trlangles and lava flows by hachuring.

phases of fissure eru
. Subaerial ejecta are s;
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Fig. 6. Cross section thrbugh the Ray Mountain centre. Symbols used for the various
units are as for Fig.5. The section is taken from NNW to SSE along the western
edge of the exposure shown in Fig.5 and in Plate 5E. Vertical exaggeration is 2.



The earlier phase of act;vnty at the Ray Mountaln centre was exclusnvely subaerlal
in style. Two fissures o‘r synvolcanlc faults have been exposed by erosron in the central
and southern portions of the centre (Plate 5A) Products of the fissure eruptlons

comprised blocky irregular ‘scoria and vesmular basalt Row. deeply weathered The "
maxnmu(partlcle size is approxmately 0.5 m Layermg of the ejecta dlps gently away

\ from tha fissure system, to east and west (Plate 58) The base of the unit, in the central

\portlon of the ednflce is not exposed but the unlt lS at least 100 m tthK g
Erosion along the two synvolcanic flssures has expOsed domes of massive,
poorly vesncular lava (Plate BA). These domes exhrblt vertical - baked contacts agaunst'
agglutinate and are interpreted as subvolcanic plugs lylng along or close to the tfilss‘ures
_ 'whlch acted as conduits for the magma. Several northward trendung dykes orlgtnate at
| the largest dome {Plate BA) and show chilled marglns agarnst the agglutnnate (Plate 5Cl A
large part of the fissure system is covered by Ioose ;naterlal fallen from the slopes
- gbove, but the in 5/tu agglutlnate where exposed exhlblts dlsturbed layermg in -the

vucmlty of the f:ssures {Plate ©B). 9.

—_—

A small puy, 300 m west of the summlt of Ray Mountaln (Plate 58), is the
probable source of a lava flow which flowed west from the centre towards: Clearwater'
Lake. The flow has been glacaated an’d the distal portions are covered by drlft but the
floy may extend as far as the basalt plateau at the margin of Clearwater Lake. _

The basal units from the second phase of actrvnty at thls centre are subaqueous
and ice-contact depesns whrch are'in sharp contrast wnth the subaerlal depgglxs beneathA
the paraconformity. The b°asal unit. oversteps the unconformlty between the subaerlal
dep05|ts of the earlier phase and the Shuswap tyasement (Flg 6) At ‘the. northern margs
of‘ the._ centre, the base of the hyaloclastlte rest’g unconformably upon'
quartz- feldspar mica gneiss, the Iatter containing pegmatltes The unlt comprlses l to 2

m of black weathered gravel containing hyaloclastite’ and glamal debrls (Plate 5D).

q Country rock fragments present in the basal g;avel are of similar composmon to that of -

“ v

~ the underlylng country rock a
The basal gravel grades upward into a 15 m thick hyaloclasttte unit whxch lacks.
fragmeats of country rock The wunit is yellow weatheripg and 5|m|lar in: appearance to.

- that fo}md at Pyramnd Mountann It is overlaln by 5 to 10 m of red weathermg subaerlal



agglutmate and scoria. The sectlon 9s capped by a 5 m thuck Iava flow fnne gramed and’,.

poorly vesrcular and by 2. m of red- weathermg agg|ut:nate overlyang the flow The top

of thls section has been eroded e units above_and lncludlng the basal hyaloclast»te dlp -

eastwards from the, fxss‘ure north from Ray Mountaln and south from the northern .

confact (Fig.6, Plate 5E). creatmg a bowl Ilke structure nnterpt'eted as -the result of
peripheral ice or water contact. - - RN .'. T

A hlgh-precnswn K-Ar age obtained- by chkson (1987) glves a closure age of 0.3

Ma for the largest dome in the central complex. It is certam that Ray Moumam ‘had mgre

d' o

u than one phase of- actlvnt ‘extending through at Ieast One laqgggion the ‘age'is thereforeh .
y. g g 8 9

3

an approximate age for the earher phase of fussuwe actuvuty

. E “e . ,
9 - PR . - L & . Ve . >

Pointed Stick Cone and Ray Ridge

Two volcanic features, Pomted Stlck Cone and Ray Rldge occw alor‘rg the rudge .

£

immediately to the west of Ray Lake. Neither are reported by the Geologucal Survey but

- ‘were noted durmg an earller survey by Mathews ang’ are descrlbed by ankson (1987)5-

Locations for the features are shown in Figs. 2.and 4

&

Ray Ridge, the more northerly of the features is a portion of a glacnated lava

A

.

flow (52°16’ 30 N 120°4 30) unassociated’ wfﬁ'h any vent and overhes a hyaloclastlte

unit. (Hrckson 1987) The flow is 4 to 5 m- tthk and weakly vesuculated wrth horlzontal.

shear fractures 5 to 50 cm apart penetratuve on a meSOScoplc scale. The vesncles are. -

elongated, suggestmg p!astuc ﬂow Th's outcrop 1s rich in ultramafvc xenollths as much

as 3 cm m size, suggestmd proxlmlty to a vent The vent ltself is not exposed

Pointed Strck Con _i'»the second VO|C8nIC feature along the ridge, is a gIacuated
'subaerual cinder cone at 5” 14'N tZO 5'W.: It compr«ses unconsoludated irregulfr blocks
‘of ,veslcular lava;.as much as.1 min size, mterlayered with agglutunate All rocks are
'pervasnvely weathered and 5ubangular fragments of pegmatite are found atop the cone,

- suggestmg that they were depos:ted by glacnal or penglacnal action.

The cone rises 1o a height of 40 m above its base and covers an area of 0. 2.

" km, The southern wall IS heavaly dissected and there is abreach in the eastern wall. Lava

flows are absent e;t} ar _none were erupted or, more probably those Rownng into the

Ray Lake val-le\/ _were later-groded by a valley glacier. The central crater is partially filled -

s
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with sediment and hosts a small saline lake; any remniant ‘of a central lava: lake is.covereg,

An outcrop of lava 30 m wnde and 50 m Iong of unknown thlckness extends ‘

northward along Ray ngdge from the base of Pomted Stlck Cone The flow has been

glacnated and is overgrown it is- not explicitly assocxated W|th the cone.. The basalt lslvf‘,.

f:né*gramed and pdor in both vesrcles and phenocrysts
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Dragonhead Centre _w g .' - - S E L o

Ohe centre in. the Hay Lake area s, postglaclal it is located: 12 km - east of;.;‘.
Clearwater Lake, in the centre of the patk at 52 14 30N 120°1'W and has erupted a
valley *llllng)lava flow extendlng 16 km downvalley to the foot of Clearwater Lake
(Flg 4. Plate 8.7 - ' "

2

N3

The volcano ig a cnnder cone constructed on “the north snde of the upper Falls

Creek valley (Flg4 Plates 6 7Al The cone comprises lnterlayered agglutlnate and ’

. |rregu|ar blocky SCOl'Ia 0. l to 1. O min snze both are deeply weathered. One(central :

crater |s present breached on the valleyrsrde in two places to permlt egress of lava

flows to thle valley floor. The flnal stage .of activity creatéd a blast pit, now Iargely

lnfllled by blocks fallen from the inner walls of the cone. B -
Layerlng of agglutlhate exposed m the lnner wall of the cohe dips towards the

valley at angles of- as much as 50'. The dlp of the layermg is consistent, not wuth'

onfgcal slumﬁlng of the cone towerds the blast p|t but with slumping in the dlrectuon

s

of the valley floor (Plate 78) A knoll, COmppslng agglutlnate and bIoclEy cinders occurs

«

,' at'the junctlon ot the two breaches n the cone and IS mterpreted as the slumped portlonh '

of the cone (Plate 7C) the lava pond in the central crater was probably drained as

Y
re5ult of slumplng of the south srde of' the cone in the direction of the valley. The lava

flows from the two breaches are contemporaneous and coalesce in the valley.

Lava ef'upted from the cinder cone extends 16-km down the Falls e)Creek valley.
The depth of valley fillin the proximal portlon-'of the flow is not known but s in excess
" of 15 m; stream erosion has not as yet exposed a flow base. The fiow: surface is of aa,

comprising rafted blocks as large as 5 min Iength and 2 m in thickness. The flow is

sparsely reforested but comparatively little sonl formation has taken place on the flow' '



surface

.

The dlstal portlon of the flow is 3 valley fill .with a flow bottom exposed by
stream eroslon on the north sude of the valley The knlckpomt of Falls Cresk at present
lles 2 km upstream from |ts )unctlon with the Clearwater river. The stream, prlor to the

/\ \'1
eruptlon had cut a canyon ln metamorphlc rocks 400'm east of the JU ction. Lava fllled
the vatley dammed Falls Creek and overflowed the valley down the canyon on the south

sl‘de of the valley (Plate 7D). Falls Creek was constralned 0 flow along the northern

K

edge of the ‘lava flow and at the dnstal lava pond,’ flowed across the northern lobe of ,

the flow and cyut a new canyon to the north of the old (Flg 4). '

S

‘e

was dlscovered in the flow base exposed by stream erosnon Only one mould ‘examined,

"" ln the flow surface showed clear bark lmpreSSlons, indicating that the tree entrapped

was a poplar The presence of a mature forest lndlcates that the recess:on of the

glac:ers ln thls valley occurred a.sign. icant time prior to the eruptlon of the Dragonhead -

Centre and suggest that the Dragonhead Centre is younger than the FJourmlII and Spanlsh

Abundant tree ‘moulds are present in. the flow surface {(Plate 7E) and one mould

Lake centres Wthh both rest upon unweathered glacual materlal The volcanlsm n

Spanlsh Creek however ocwrred at a hngher elevatlon the three centres may

a

‘rtherefore be contemporaneous PR R e

. The northern edge of the Dragon s Tongue has been exposed by. stream erosmn o

The flew rests on unconsolrdated mlcaceous sand deposned by the stream ln all

e

locatlons save one T'ne exceptlon is 3, three-metre exposure of the flow base by Falls,

' Creek At thls locatloln the flox}y |s 5 to 7- m in th:ckness and rests on rntercalated clay

¥ \\ =

and snt w1th one 3 to ‘3 cm thrck ' eat horlzon (Plate 7F) The Iocatton is |nterp ed as an

1

overgrown sandbank uﬁt&w'vm .y va Falls Creek Wthh sllted over. The sllt and clay'

overlle normal stream sanéh ,}r P

Isotoplc analysns of carh@% "rom the peat glves an. age of 7560+1 10 a for the',_

S«
SR

horlzon (sample GSC 3944) thls IS a maxrmum age 40F the lava flow The Dragonhead
centre was therefore actlve shortly after recessnon “of lCG from the Fraser advance (ca
8000 a) The centre probably postdates the Flourmlll and Spanlsh l.ake centres and

i certalnly precedes the latter phase of actuv«ty at Kostat . aké

Nest
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‘ ‘,shown in Fug 7~and‘a stereographlc aerlal vrew is presented in Plate 8. Voicanic edlflces‘f

D. Kostal Lake:Area S

,Kostal Lake " : B ¥

.I:—

The Kostal Lake centre is the youngest and the most easterly of the centres N

~the study area. The centre is sltuated ’18 km to the -east. of - Clearwater Lake,. at

52 10° 30"N 1 19 57 W, on, the northeast shore of~ Kostal Lake. The centre comprlses at

least tv&a vents Wthh have been actIVe -since the last glacfétlon A ‘map, of the centre is

'ﬁ

comprnse one perfectly preserved cinder cone and a second less well preserved cone

'tO the north There is. no evgdence of pre- or syngIaCIaI actsvrty although older lavas are
,probably obscured by the most recent eruption. e 2 | | ’
- At least two phases of actuvnty have occurred at the Kostal Lake centre The. first

is represented py overgrown mounds of agglutlnate to the,east of the two recent cnnder .

e

cones (Plate SA), surrounded and in part covered by lava flows and ejecta from the latern ,

0 er uptlon The extent of the older Iavas ns ‘shown in. Fig- 7.-ltis probable that the second

formatlon each phase deposmng alternate layers of cmder blocks, 10 to 50 cm, and

P

phase ‘of actmty destroyed any exlstlng volcamc edifices, Ieavmg rellct rafts c{f

agglutlnate lncluded within and at the margins of the younger flows

w

Lava fountams durmg the second phase of activity constructed two cinder- cones

"B‘

whlch have been preserved The more northerly (Plates 98, 9C) is poorly preserved and '

l

probably formed first; part of the cone was destroyed by later lava flows. The cone |s

R constructed from loose blocks Wthh range ln sxze from T°O to 50 cm, lnterlayered Wlth"». '_

»

“agglutinate, 'some of . which ex‘hlblts ropy texture The height of the north cone’ |s;" ‘

3 Ly WL

approxlmately 70 mabove its base. Com SR T

“

-

_ ;a helght of 200 m above its base (Plates 9A 8D, SB): The cone exhlblts two phases ef_v

ta

.ya’gglutlnate The flrst phase of cone formatlon is vasnble as a-shelf on the inne . wall of

the central crater The Iater part of the cone, on the northeast side, has been dlslocated
4 ' Wy ,

by a lava flow; the cone_ is’ breached on the east snde A lava: boss remnant of a lava’

e ,
Iake, lS present in the central crater

Wt e ’ fl .
- A - .

. T AT A -
o ’ : ' ) :

&5 The more southerly younger cone is’a perfectly preserved cmder cone rlsmq to ’

YN
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The flow bases are not exposed in the proximal portlons of the Kostal Lake
Centre therefore cacbon for an |sotoplc “C age- could not be_obtained. A minimum age
f'of 300 a for the more recent phase of actlvuty was estlmated based on the extent of-
reforestatlon of ‘the f-low §urfaces ' ‘ '

- Three lava flows emerge from breaches in the south wall of the north cone

{Plates QB QC) the east wall of the south cone (Plates 9A, 9D, 9Fl and from a lava tube

on the north side of the south cone (Plates 9B, SE). The flow " from the north cone

o appears to be the earllest the flow trends westward for a distante of at least 500 m

«

into what is now Kostal Lake. "The: flow surface lS of aa comprnsnng n\dmerous rafted
blocks as much as 10 m W|de drmmlshlng ln slze towards the dxstal portlons of the.

~flow. Lava squeeze ups are rare The flow base is not exposed but from surface

3

topography in the area, the flow s thlckness is approxlmately 10.-m. g

v g
'v'
\

“The: flows rom the lava tube and from the central vent of the - south cone appear‘

to have been s '\c onpus.. The lava flow from the tube emerges from the broken

- terrain to tR rtheast of the south cone and exhlblts three lobes, two of Wthh abut

agalnst the valley slde to the north and older agglutmate to the east,. respectnvely The'~

thurd‘ lobe flows westward until *dlverted southwestward by the flow f. om the northl_

cone (Fig.7) The flow base is not exposed; the flow has a maximum thvckhess of l

The’ flow surface proximal to the vent clomprlses rafted blocks of aa,‘as ‘much as 5 min

.’wndth The dustal portlon ‘of the western lobe mcludes some pyroclastlc matenal the

flow surface block slze decreases to 0. 5$m and well- developed pressure rldges are
‘l.

present That portlon closest to Kostal Lake is of hummocky r~ellef although the block

suze in the flow surface does not change s:gnlflcantly

'lhe flow from the central ‘crater is bounded b ~iHe lakeshore and by older

Y

agglutlnate to- the no| th. Nater contact features are absent suggestlng that Kostal Lake

d|d not exust untll after the Iast eruptive phese had ended. The : proxlmal portlon
' " »}u’/ )

comprlses rafted blocks of aa, as large as 20: ,m"rn wndth decreasmg to 5 m in width at
ay dlstance of 300 m from the vent, where ‘t‘hedlow forms a small lava lake of unknown

5 o *é‘(tl

- “_depth (Plate 9A. dammmg the valley to form Kostal Lake.
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the east (Fig.7). lt is posslble that the depressnon is caused by subsndence assocnateﬂ W

Wlth deflatlon of a magma chamber underlylng the volcano

y / - il
S . .
. . t i
" <% ) ) . v T

E. Summary and age relatlons s e T
Eleven volcanic features comprlslng ten volcannc centres and a glaCIated lava

flow, were mvestlgated The volcanoes are.. with one exceptlon central-type and are not
|

related to Biny ov'ert structural trend in the basement metamorphlc rocks. The exceptlon_

f

is” the Ray Mountain centre Wthh has been active along two north- south fissures,

poss»bly selated to a pre- exlstlng fault system

l
v
g

Erupted volumes are, wrth .one exceptlon less "thah C 3 km?. Tbe exceplion is .

Hyalo Ridge, Wthh has erupted a volume of. as- much as 0.8 km?; '(hlS volume 1S, more )

comparable to’ those of the lavas formmg Hrckson and Souther s (1984) valley flllmg

assemblage. Over 2 km’ form the Helmcken Plateau alone .Despite the small erupted

volumes Kostal Lake Spanlsh Lake, Flourmlll and Ray Mountaln have ,been actlve more L

than once. In the case of Ray Mountaln a change from subaerial to subaqueous eruption

products indicates that the time mtervenmg between eyents was. suffnclently |ong as toy .{

.‘1 X
Y e

" allow the onset of glaciation. . R ’ . 1 SRR

-

The centres examined have without exceptlon developed in the Quaternary .
Four of the centres, Spanlsh Bonk, Hyalo Flrdge Ray Mountaln and‘ Polnted Stick Cone
‘ formed prior to the Fraser glacial advance and have been glacnated Hyalo Rldge part of
Ray Mountain, Pyramid Mountain and, Spanish Mump are partly or: totally composed of

hyaloclastlte indicating that they were active durmg a perlod or perlods of glac;atlon

The remaining four centres are entirely postglactal n eruptron hlstory Of these, the} A

Flourmlll and Spamsh Lake centres overlie unweathered glacial tllI (Hrckson 1987) and. the ‘

2 .
Dragonhead centre incorporates trees into its dlstal portion. Carbon from a peat layer

overlam by the Dragon's Tongue has a 'C age of 7550+110 a. The excellent -

preservatlon of the Kostal Lake centre suggests a younger age the age ‘of the youngest -

cone, constrained by the cedar trees growmg on the cone, c0uld be as young as 300 a.

Assignation of relative ages to the centres studled in Wells Gray Park is serlously‘

hlndered by the topographic relief of the area, the resultant .variation |n glaclal hlstory :

the scarcity of sources of carbon for 1C measurements the low erupted volumes and

. 3
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the lzelatlve lsolatlon of the centres from each other Hickson and Souther (1984) and
Hrdkson lunpubl data) have high premsuon K-Ar age measurements for the Hyalo erge

Pyramrd Mountaln and Ray Mountam centres of 0.1 Ma, 0 1 Ma and 0.3 Ma,

respectlvely Thls author proposes the followmg tentative erup‘non sequence, based
upon chkson s work and upon the extent of preservatlon of each of the centres%Ray
. Mountain (Iower‘nsequence) Hyalo Ridge, Ray Ridge. Spanish Bonk, Pomted Stick Cone,
Spamsh Mump Pyramid Mountain, Flourmlll Spanish Lake, Kostal Lake (earlier lavas) '
Dragonhead and Kostal Lake (later lavas). Itis stressed here that the phases of actnvnty of
near- synchronous ¢entres almost certainly overlap in time.

v e

tis concluded that volcanlc activity in the central area of Wells Gray Park took
| plat"cé from approximately 0.3 Ma to the present day, over an area of approximately. 600
" kmi. It is évident, from the sequence given above and from rigs. 2 3 and 4. that the
eruptlon sequence is not’ related to geographic location. The centres studied exhibit no
‘ trend of.decreasing age, desplte the fact that the most easterly centre, Kostal Lake, is
alsd the 'youngest. The volumes of magma produced from each centre do not exceed:
+0, 3 km(‘ The source volume for melt generatlon ln the mantle, even allowmg for the
0. l% partlal meltlng suggested by McKenzie (1985) would therefore be 300 km:.
5 Although the geometry of the source is not known it can be modelled by a spherical
volume 9 km in dlameter for 0.1% partial melting and 4 km in diameter for 1% partlal
: meltlng The spatial separatnon of the areas, even given these source volumes and a low

. degree of partial melting, strongly su}gests the existence of several discrete source

' regions, rather than a single source.
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PETROGRAPHY |
The purpose of this part of the study.is to describe in detail the textural and
minera!ogic'al features of the Wells Grav lavas. with emphasis on the syn- and postglacial
centres in the more .northerl‘y paﬁof the. study area. The preglacial and many of the
synglacial lavas are, as noted abo\Ye the. subject of a study by chkson (1987)

Observatlon of textural and mmeraloglcal feat@s in the lavas facilitates 1nterpretat|on of

their mineral and whole rock compositions. The phenocryst assemblages of the Walis

Gray lavas are therefore of particular interest, as are their xenocryst and xenolltp

assemblages. Consequently, the petrographlc studies are a necessary precursor to

mineralogical analy5|s by electron microbeam.

Samples were coliected durlng mappmg of the areas described in Chaptef 2, of
material representing each eruptive event. Representative samples from each event were
taken and a total of 187 thin sections and 45 polished thin sections were lprepared, the
Iatter for analysis by electron microprobe. Details of the microprobe analysis are given
in. Chapter 4. In this chapter, detailed descriptions of the various lavas are followed by a

general description of ultramafic xenoliths from the centres.
A. Descriptive petrography by centre

Spanish Mump

3,

The Iocat:on of Spamsh Murmws shown in Fig.3. Samples from the centre are
Ji&‘} Ly ¢

porphyritig, vesicular hyaloclastites with fragments of fresh yellow glass/(_famd black
oxidised glass whlch vary'in size from 0.1 to 6 mm. Several fragments of glass have
leached r:ms such fragments also contain a higher proportion of crystals in the.glassy‘
groundmass Vesicles in all fragments are small and spherucal (0.5 mm maximum).

Vesicles in Ieachedgroundmass are infilled with fine grained zeolite. Darker areas of

‘oxidation arevpresent in.the yellow glass, particularly' in flow banded samples. The latter

have vesicles streaked out paraflel to the flow banding. .

Groundmasses in the hyaloclastute fragments vary in crystalhmty :Cm 10% to as

much as 50%, of grain size 0.01/ to 0.1 mm. Plagioclase microlites comprise most of

s
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the groundmass with mtersertal%cllnopyroxene ‘and anhedral Fe-T;w oxlde The only
phenocryst phase is olivine, 0.1 to 0. 3 mm in size. Skeletal g?owth of of iine. occurs in

: several fragments . . o i |

Xenocrysts and xenoliths comprise quartz quartznte and\biotite schlst derived

{from the crust, and several mantle-derived minerals. Olivine is coaie grained, being 0. 5.
/to 2.0 mm in size. In one oc;currence the olnvme is assomated w’lth C;‘;plnel in a
fragment of a xenolith (Plate 10A). Orthopyroxene is anhedral 0,3 to0 ‘0’5 l"nm?n snze and
bordered with a ,reaction rim of Slivine. Chnopyroxene is subhedral and, in one case,

occurs in a clinopyroxenite xenolith.

Spanish Bonk

' The location of Spanish Bonk " is 'shown in Fig.3. Lavasilfr)om this centre are
i

non- yesncular medium grained and strongly ollvrne clinopyroxene phyric, contain olivine-
and clinopyroxene-bearing xenollths The groundmass is almost holocrystalllne and
comprises. 15% anhedral isogranular Fe T| oxide, 0.01 to 0.03 mm in size; 35%

subhedral plagioclase in subtrachytic orlentatlon 0.05 to O 2 mm and 15% anhedral“

\.v.'- R

intersertal cllnop"roxene 0.05 to 0.1 mm. Traces of residual glass are also present
The groundmass plagloclase is serlate and as much as 0.2 mm in length.

The phenocryst assemblage includes 5% subhedral plagioclase, . as much as 0.8
mm in length. Olivine and clinopyroxen’e comprise the balance (15% each) of the
phenocryst assemblage Both are euhedral and range in-size from 0.3 to 5.0 mm;

clinopyroxene usually forms sllghtly larger crystals. Olivine is weakly zoned and, rarely

strained. Clinopyroxene is strongly zoned, frequently has a c;orroded core and often has

a marked change of composmon ‘from its interior to a 0.1 to 0.2 mm phyrle Fim.
Oscillatory zonlngfs\ common in the cores of such crystals and espeolally common in the
phyrlc rims. Significant composmonal changes frequently occur over distances as small .
.as several um. Rare xenocrysts of clinopyroxene of comparable size occur without

phyric rims and are extensively corroded (Plate 10B).
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Hyalo Rldge

“ . The locatlon of Hyalo Rldge is shown in Fug 3. The lavas are olivine * plagioclase'
phyric, in contrast to the other volcanoes Wthh are usually ohvm@ cllnopyroxene
phyruc Both stages of tuya formatlon {Chapter 2) have similiar phenocryst assemblages

The initisl subglacial, subaequecus eruptive event, formed a nyaloclastite mound.

The poor thermal conductivity of ioe ,_possibly resolted in freq'dent' underwate{--s_'team
%lglas'hes fracturing lava more efficiently and precludi’ng the fonmation o{"plllow l'a"vas.
The hyaloclastite produced during eruptlon is a medium gralned matrix- supported
‘brecc:la (Plate 10C). The fragments .are as much as 5 mm in size and are angular to
subrounded with a texture ranglng from holocrystalllne to_as much aslBO% glass. The‘ _ -
rock: typlcally comprlses 30% yellow glass uiragments 10% black glass fragments. and
10% devutrlfled basalt fragments. The matrog comprlses 5% anhedral olwlne 0. 3 to 2. 0,

‘ '

) - .
'

)

mm in size, and hydrated glass. 5

Al glass fragments are pon- vesuculak The height of the column of water or‘ice
,above the vent cannot have e ceeded ’8'00 m, (the helght of the lava cap abovethe valley'
floor) therefore the maximum hydrostatlc pressure on, the fragm%examlned did not
vexceed 4 atmospheres. The absence of vesicles is, therefors, probably dus to low initial
concentrations of volatiles dissolved in the magmas

Fragments of yellow glass are closest to holohyaline. The fragments are

ollvme-plagloclase phyric ‘and comprise 10% euhedral to subhedral olivine, 0. 1t 1.0.
mm in size; 10 to 20% subhedral plagioclase, 0.1 to 0.5 mm, ‘in trachytic or felted

texture: 70 to 80% non-vesicular yellow glass, rarely flow banded, with streaks of-

oxidation marked by “variolites” of Fe-Ti oxide. Clinopyroxene and incognate crystals or

:p1||OW lavas and pillow breccias at the margin of the plateau Pillow lavas are moderately
vesicular with a 2 cm quenched rim, becoming more OdelSBd towards the interior of the
pillows. The phenocryst mlneralogy of the plllow lavas is in all respects similar to that of

. the subaerlal portlon of the flows The main portlons of the flows forming the lava ca@v
are poorly vesu:ular flne gralned hypocrystalllne and’ oluvme phyric. Xenocrysts and

xenollths are absent \(esucles are lrregular 0.1 to O. 3 mm in size. and COmprlse Iess‘

i - .
. e . M B . ',
R - oo, f . . N

»
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‘ than 5% of the Iavas .
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Ohvme the fnrst formed phenocryst is euhedral. to anhedral, O. 2 to 4.0 mm in

».
F

size and comprises as much as 15 to 20% of tHM whole rock. Plagnoclase phenocrysts, ‘

where present, comprise as muoh as. 15% of the rock are serlate "s‘ubhedral as muc

[

as 0.8 mm in length, and W|th trachv'tlc texture- groundmass comprlses 40% felte

7 A0

subhedral plagioclase, O 1 to 0.2./m in size 10% s@hedral @Tl oxide -O o1 %’

size; 5% lsogranular ollvme 0.1 to O 2 mm, in size#and 10‘7@1n'f'2'n:, '
wgh intersertal black glass. L A , o - o
o B ) SRR i
LN . . [y ‘-
R} : "

Spanish Lake Centre

¢

The location of Spanish Lake Centre is shown in Fig.3. Samples from the two

phases of activity |dent|fted at Spamsh Lake are ndentlcal mé'ﬂ{elr phenocryst and *

groundmass mmeralogy .and do not differ significantly e:ther in their xenocryst. content

or xenocryst type. The samples vary in vesicularity from 50%, in scoria from, various

portions of the cone, to 10 to 20% in the lava flows. o C 1% v '
. The lavas are olivine- clmo.pyroxene xenophyric and olivine-tlinopyroxene phyrlc

comprising 10 to 15% euhedral to subhedral olivine, 0. hto 3.0 mm in size, rarely

~ exhibiting skeletal growth and 10 to. 15% subhedral to anhgdral clinopyroxene, 0.1 to

0.5 mOm in size, forming glomerophenocrysts 10to 1.5 mm in 5|ze The groundmass

comprises 20 to 35% subhedral plagioclase. 0.05 to 0.2 mm 'm Iength, exhibiting

trachytic texture; 10 to 15% subhedral Fe Ti oxide, 0. 01 to O 1 mm in size; 5%

rsogranular olivine, 0.1 to 0.2 mm in size, 15 to 20 % mtersertal chnopyroxene O T to

0.2 mm in size'and 5 to 20 % intersertal glass.. : : B

Xenocrysts and xenoliths are common in proxrmal lavas. Crustal xenoliths

and show a sharp reaction rim, compnsung microcrystalline olivine and pyroxene.

Ultramaflc xenohths comprlse Cr-spinel lherzolites and clinopyroxenites; xenocrysts

4 corﬁprlse as much as 10% anhedral olivine, 0.5 to 10 mm in size, with rims of phyruc

olivino;".as much as. 15% anhedral clinopyroxene, 0.3 to 7.0 mm in size, with a thick,

zohed rim of phyric clinopyroxene, 0.1 to 0.2, mm wide.

comprnse fragments of quartzite, as much as 2 cm in size with a gram size of O 3. mm o

v
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3

At least two. varieties of clinopyroxene are present The hrst is pervaswely

orroded with a nJrrOWer phyrlc clmopyroxene rim; the second exhibits perlpheral

corrosion and a thicker phyruc rim. Both warieties form chnopyroxenltes described in -

detail in the second part of this chapter Olivine xenbcrysts infrequently have xnclusnons

"elther of Cr- spmel or green Al- spxnel Phlogoplte oceurs in one xenolnth and is d,escrlbed

g ugdetall below

3,'.

FIOurmIII Centre i

The Iocatlon of Flourmlll Centre is shown in F:g 3 Two phases of actnvuty in th;.

Flourmill C\,'entre are |dent|f|ed on the basis of petrography dlffenng in their- xenocryst
and xenolith assemblages Fueld rela‘ﬁbns (Chapter 2) are lndlstlnct because ejecta from
) 'the Iater event overlie, and are confused with, ejecta from the earlier. Older lavas are
both ollvme clmopyroxene xenophync and olivine-clinopyroxene phyric. They comprlse

' 10%“euhedral to subhedral olivine phenocrysts 0.2 to 1.0 mmin size, exhlbmng skeletal

growth and 10% subhedr‘al chnopyroxene 0.2 to 0.5 mm in size, forming radial”

: glomerophenocrysts as much as 1. 5 mm in diameter. ghe groundmass comprises 20 to

_35% subhedral plagloclase 0.05 to 0.2 mm in length, %in weak trachytnc orientation; 10
to 15% subhedral to anhedral Fe-Ti oxide, 0.02 to 0.05 mm in size; 5 to 10%
.;sograhuiar ohvme ‘0.1 mm in size; 20% isogranular clinopyroxene, 0.01 to 0.1 mm in

‘ .snze and 5 to 15% mtersertal glass \

The younger flows exhibit phenocryst and groundmass modes udentscal to those

, present in the older phase of activity. Vesicles in samples from either phase vary in .

shape from rounded to irregular. Vesicularity varies from as much as 70% in ejecta to as

little as 20% in rafted blocks in the more recent flows.

Earher and later phases dlffer mainly in their mcognate material. Samples from.

the earlier phase are sugmfucantly olivine and chnopyroxene xenophyric, comprising as

much as 20% of the latter mineral and a significant percentage of clinopyroxenite

xenohths Olivine xenocrysts are rounded strained, and vary |n size from 0.5 mm to as

,much as 1 cm (Plate 10D); they are often with phync overgrowths. Trace amounts of
+ Xxenophyric olivine,r"of similar size and texture, are present in the more recent lavas with

trace amounts of xenophyric clinopyroxene, 0.5 to 4.0 mm in size, corroded and zoned

. v
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with a st;ongly zoned phyric rim, 0.5 fhm in width.

The abundance of xenocryets of clinopyroxene inthe earlier lavas from the
‘Flourmill Centre permits identification ef at Ieast_tv@(farieties. The first is a pervasively
ce#)rég)ed ‘clmopyroxene v{/ith. only a vestigial phyric rim; this type is generally the
smaller p055|bly as a result of corrosion. The second type is far less pervasively
'corroded in some cases corrosion is restricted to a thin Iayer immediately inside the
phyric rim, The differing textures suggest at least two sources for the xenophyric
material; snmnlar diversities in xenophyrlc:clmopyro%newere noted by Wass (1979) and
by Duda and Schminke (1985). |

.
Xenoliths, with one exception, are described below. The exception is 7 mm in

[

size. and comprisés 20%  subhedral plagioclase, 1 mm in size; 40% isogranular

¥ t 4

chr%’oeroxene and 40°% subhedral olivine, both 0.3 mm in size. The Tr'ﬁode is identi®al to
that ot;served in the semple; the sample ie therefore interpreted as a fragment ef vent
lining. '
. }
' Py>r.amid Mount»ai'n‘ ’ ) =
The Iocation.of Pyramid Mountain is shawn in Fig.2. Samples from spatter o the

. <D .
southwest side of the mountain ate fine-grained, non-vesicular, nearly holohyaline and

olivine phyric, comprising 15%,anhedral'olivine phenocrysfs, 0.1 to 4 mm in a
groun‘dmas's comprising 40% subhedral plagioclase, 0.05 to 0.1 mm exhibiting felted

texture; 10% subhedral Fe-Ti 'oxide 0.01 to 0.05,mm; 20% intersertal clinopyroxene,

O 1 to 0.2 mm and 10% anhedral olivine. The remainder of the groundmass is rest dual_'

7 "°nocrysts and xenohths are absent.

bye. . ‘as&tlte from the summit of Pyramid Mountain differs in texture from that

taken rrom Sg. sh Mump and from any other glasses. The sample is a fresh fragmental

rock composed . <clusively of fragments of olivine phyric glass.” Fragment size is as
[

mucn as 1 ¢ smaller, altered, fragments :comprise the matrix.. The fragments are

—_

- vesicula®: sesic'es are sphe[ical and range in size from 0.1 to 3 mm, comprising
appro- i:.atel: 47~ of the whole rock.
Phenc: .sts are exclusively of euhedral to anhedral olivine, ef.grain-size 0.1 to

2.3 mm - frequently form glome\'ophenoérysts. Xenocrysts are absent. ‘The

R
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. o
groundmass comprlses yellow glass o

‘Larger glass fragments show a progresswe oxididation, over a depth range of
40 mm, from the quenched rim lnwards Such larger fragments are vesw:ular vesicles
‘are rounded O 5 t0 5.0 mmin dlameter and comprise 30% of the whole fragment The

g /rlm of the fragment is ohvme phyric: the ollv:ne phenocrysts are euhedral and compnse
e
AR

"é! '.10% sbf the rock. Phenocryst size varies from 0.1 to 1.5 mm. The groundmass

3 comprlses yellow glass with rare plagioclase microlites, 0@5 10 0.1 mm in length

* Five millimetres from the edge of larger fragments “variolites” of Fe- TI oxide
¢ s discrete, small clusters in the glassy groundmass Plate 10E). These clusters
B :in concentration with,depth until,-at a depth of 4 mm, the entire groundmass is
‘affe'cted. Np other change in mpde:is observed.‘Xenocrysts and xenoliths are absent in

the glass fragments. - { § .

Ray Mountam

The locatlon of Ray Mountain is shown in Figs.4 and 5. Two main eruptive events
occurred af Ray Mbuntain. The older of these_‘i\s exppsed bo}h as an extrusive and as an
intrusive phase, the latter including several altered dyl<es, as described in Chapter 2.

Samples from the('earlier event are very poorly vesicular and are olivlne Iand

clinopyroxene phyric, comprlslng 15] to 20% eUhedral to"subhedral olivine; of grain Siz'e' |
¢ 0.1 to 2.0 mm and 5 to 10% euhedra to subhedral chnopyroxene 0.1 to 1.0. mm,

showmg strong zoning and raraly resorbed cores. The groundmass varies llttle in grain

5|ze from mtrusnve to e/xtruswe phases suggestlng that the intrusions are little mere than .

volcanlc necks. The groundmass mmeraés comprise 30 to 35/0 subhedral ‘plagioclase,
305

0.01to 01 mm in s|ze frequently{fs‘e

e ‘with mlcrophenocrysts as: ‘much as 0.6 mm in

Jength 15% subhedral to anhedral Fe-Ti oxude 0.01 to 0 02 mm; 5% anhedral ‘olivine.
e

OOl to 0.1 r-nm 15% anhedral mtersertal chnopyrcxene 0.01 to 0.1 mm and a

i
Nk (2

intersertal resnduaA brown glass

' , At éWBSt 10% of each sample from thls group comprlses incognate materral
Xenoliths with significant ollvme arg rare. One wehrlite comprlsung 10 to 20° anhedral
ollvme ‘poikilitically enclosed by crystals of clinopyroxene, 1 to 2 mm in size, was

ob ed In addition, a- harzburglte .comprising one orthopyroxene graln and several



- comprises 10 10.20 % anhedral muscovrte in lepndob1astto %ﬂuentatnon 10% plagnoclase
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olivine grains. with a 0.2 mm reaction rim, was also observed. Olivine ‘xenocr{/sts are
more abundant, comprising'5 to 10% of the whole assemblage. These are rounded and
occasionally have p'hyric'rims. They are compositionally similar to the phyric olivine (see
Chapter 4)‘and differ only in their shape. '

Clinopyroxene is the dominant xenocryst phase in this earlier greup of lavas,

comprising as. much as 20% of any sample. At least two varieties of xenocryst are

_present, the frst almost completely resorbed by the melt, 0.5 to 1.0 mm in size and

1

anhedral without arly phyric rim. The second type is Iarger 1 to 2-mm in size,
composmonally zoned and has a rim of strongly zoned &ormal phyr:c chnopyroxene
0.1t0 0. 3 mm wide. The cores of the latter variety are less strongly resorbed.

Xenoliths composed exclusively of clinopyroxene are common and range in size
from 3 to 15 mm. Each xenohth exHibits.a dlfferent degree of resorptnon estumated.»

from the re Porptron observed. in lndnvudual grams the e\xtent of resorpt|on is dependent

ma:nty upon the degree of magma influx a|ong graln b0undar1es The latter fe?yre ma}’

‘be related to composition; lﬂSUffIClent data exnst for comparlson of _the different

xenoliths.

Products of the younger eruptuve: event rest on an erosional unconformlty

descrnbed in Chapter 2-.-‘“T e basal unit is an ice contact feature and InCOrporates a

sqnfucant proportxon - The rock s  a mednum granned

matrix- su3pended breccia wnth f ments S .arge as 1 2 cm (Plate 1OF) The fragments

are predommantly of basamc glass \andhbasalt which comprnse 30 .t0 45% of the whole

rock. ' K

The basaltic fraMs are hy'pocrystaIAline, ves'icu.lar. and porphyritic, comprising

- 40% spherlcal vesnc@@O h‘?\to 2»':-1?-'f'm‘rh;.' 10% euhedr'al to subhedral oliving, 0.1 to 0.3 |

O mm; 10% subhedralgplrnopyroxene el to. O 3 mm and 15% subhedral plagloclase in

trachytpc orientation, ’0 Uyto O 4 mm all ina" glassy groundmass. "All fragments are

\-\

;'angu|ar to subanguiar,?wm no evidence of reworking”’

3 The fragments of; country rock comprise 3% rounded to subrounded fragments

-

of: quartz fe|dspar muscovute sch:st and blastomylomte The fragments are as much as

b

mm in size. The gram size of the schist ranges from 0.3 mm to 0.5 mm; the mode

.» }'d



(anhedral of composltlon of" Anm) and the- remamder 60% anhedral quartz both_

tectosnllcates have sutured boundarles The cataclasne is of fmer gram SIZB 0. 01 to 0. 2 ,

mm and exhlblts awell developed mortar texture almostﬁa flaser fabrrc

Approxxmately 30% of the rock comprlses clastic grams cyf ohvme and

clmopyroxene 0.1t02 mm in snze The gcalns have been reworked and rounded erther,

by water or by glac,lal actlon Euhedral crystals are rare and lt is. mpossuble to distinguish

phenocryst from - xenocryst on the basus of texture The remalnder of ‘the rock

M

comprises flne grains of hydrated glass _ _

Samples from 5 'm hrgher in the sectlorf have far less extraneou< mateiual fewer
crystals and are more glassy The Mmpruses vesicular glass shards; the vesicles
are 0.1 to 1 mm in radius, spherlcal and comprnse 40% of a whole shard The glass
forms subrounded globules peripherally hydrated but not dewtr:fued The hydration
margln of the globules is 0.1 to 0.2 mm wide. Hydratlon has also taken place along
radial®cracks in the globuleéy Globule size is approximately 1 tp 5 mm, Phenocrysts
comprise olivine. (5% clinopyroxene (5%) and pla‘gio‘clase Rare microphenocrysts of
plagioclase occur in the larger fragments. SR | )

Samples still higher in the section have _approximately ‘the same “crystal and
xenolnth abundance but Iess hydration of the glass has taken place Fragments are

coarser gralned and vesicles are larger and sll’ghtly more abundant Glass fragments are

angular to* subangular ranging in size from 0. l to 1. O mm. The hydratnon fim on the

glass fragments is 0.2 to 0.3 mm in width. Vesucles are sphemcal and range in size from -

-t

0.1to 3.0 mm. Phenocrysts in the glass are olivine and clxnopyroxene each ranging in

size from 0.05 to 2.0 mm and with abundances of 10% and S/o_respectnvely. Plagioclasg

is absent except as rare microlites.

v

The most recent extrusive rocks exposed on Ray . Mountaln include the -
uppermost lava flow (see Chapter 2). The two samples taken from the flow a@e rmarly .

|dent1cal in their texture ang their modal mineralogy. The flow is hypocryStalhne and

~ porphyritic, with a fine- gralned partly devntrlfled groundmass Vesicles are rare or

absent; .
The groundmass is inhomogeneous and comprises ‘a felted intergrowth of 40%

. plagioclase microlites, 0.01 to 0.05 mm; 20% anhedral ispgranular Fe-Ti oxide, 0.03 to

a4
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.0.10 mm, and 25% altered -f@romagnesian’minerais. The g;oundmass exhibits a felted

texture, although piaguOclase mlcrophenocrysts exhibit trachytsc orientation.

- The phenocryst assemblage comprises 10% subhedral olivnne 0.1 to, 2 0 mm; 5%

‘subhedrai ic anhedral titaniferous ciinopyroxene O 1 to O. 5 mm,' rarely as 1 mm

glomerophenocrysts, and 5% subhedral p!ag:ociase,;,o_.'i to 03 mm in length, exhibiting g

" “trachytic texture.

One anhedral xenocryst of clinopyroxene 2 'mm in size, is present in sections

v ,examfned and exhibits alteration to- blotite and Fe-Ti OX|de Plagloclase fills the alteration

emhayments. Olivme IS anhedra| and 0.5 to 2. O mm in size, comprising jess than 5%.of
the mode The xenocrysts all exhibit straming and r0unding by resorpticn.. Ultramafic
xenoliths are absent ’

Rare fragments of quartz and quartzite, 0.1 to 3. 0 mm in size, a_r‘e/pr\esent and

'represent material included in the flow during passage through the crust All fragments

~ have reaction rims t,f fine grained ohvme and pyroxene

T sy

‘ Ray Ridge ¥ .

The location of Ray- Ridge is shown in Fig . The single sample sectioned from -
this exposure is neariy holocrystalline, fine- gramed porphyritic and poorly vesicuiar
Veslcles are irregular and apprommately 1 mm in size. Phenocrysts comprise. 15%

euhedral olivine 0.3 to' 2.0 mm, exhibiting peripheralﬂ zoning. Phyric cIinopyroxene is -

‘:'rare occuring -as.a rim to clmopyroxene ‘xenocrysts. Both- phenocryst phases are
: seriate The groundmass comprises 35% subhedral plagioclase, 0 1t00.3 mm, strongly

trachytie; 15% anhedral to subhedral Fe- Ti omde 0.05 to 0.1 mm; 25% anhedral

isogranular clnhopyroxene 0.2 to 0.3 mm; 15% anhedral |sogranular olivme 0.2 t0 0.3

- mm.,

Xenocrysts are rare comprismg rounded and embayed olivme 2 mm in size, and
corroded chnopyroxene 0 5 to 1.0 mm in size. Both phases exhibit zoned phyric rims.

A xenolith of spinel |herzolite of grain S|ze 1to 5 mm was observed in thin section;

_._,.other xenoliths, noted in outcrop are of simiiar grain suze and comprlse Cr- dIOpSlde

Cr-spinel, orthopyroxene and ohvme.
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Pointed Stick Cone o | . e

The location of Pointed Stick Cone is shown in Fig.4. Lava flows are ab"sen{"‘ .

r Y 1

(Chapter 2). E;ecta from the cone are porphyrxtlc poorly vesicular and fine grauned t'he}’a,' A
.

q

" groundmass glass is all devitrified. Vesicles are irregular, 05 to 2 mm in suze “and
comprise. 15% 8f the whole rock. The rock compnses 10%, olivine phenocrysts,
'occurmg as euhedral to subhedral crystals 0.3 to 1 0 mm in slze and less than 5%
subhedral to anhedral clinopyroxene, Q.3 to 0 5 mm in size. The. groundmass gomprises
40% subhedral plagloclase 0.1 mm in size; 20% subhedral Fe-Ti oxide, 0.03 to 0.1 mm;
30% anhedral mtersertal cllnopyroxene 0.03 to 0.1. mm and 5% anhedral lsogranular

olivine 0.03 to 0. 1 mm: ({‘ﬁ

A / ”

Xenocrysts are mfrequent and comprise ollvme and chnopyroxene the ;atter with

a 0.1 m_m-w1de phyric rim. One xenocryst of Fe-Tl oxide is present.
. ,m-«"}.; : ’ ,

'

Dragonhead Centre

The location of Dralgonhead Centre is shown in Fig.4. Scoria forming the(%mder N .
cone are highly vesicular. Vesicles are rounded, 0.4 to 5.0 mm in size and comprise |
40% of the rock volume. The whole’ rock is olivine + chnopyroxene x plagnoclase phyrlc :
Qlivine occurs as euhedral to subhedral crystals 0.2 to 1.0 mm in.size, Wthh exh|b|t
skeletal growth Entrapped melt mclusuons .are present. Some of the smaller inclusions

are glassy. Inclusions of Cr-spinel, 0.01 mm in size, are common The olivine
phendcrysts 'comprise 10% of the whole rock. -

Ciinoptlroxene phen_ocrysts are,eohedral to subhedral, 0.1t0 1.0 mm in size and
oontprise-- 10% of the whole rock; phyric clinopyroxen_e ‘ishalso present as an.
overgrowth on xenocrysts of cllnopyroxene Glomerophenocrysts of chnopyroxene
0. 5 to 1.0 mm are rare ahd do not exhnblt ah‘{:‘ react|on texture with the enclosmg melt
Such phenocrysts are, without exceptlon *"strongly zonsed and composutlonal changes
occur over a distance of only a few um.

7

Plagloclase compnses 10% of the Whole rock, occurring as 0. 3 to 0.5 mm

subhedral mlcrophenocrysts wuth seriate and felted textures. The groundmass comprnses‘
35% subhedral plagnoclase 0. 03 to 0.1'mm in length, exhlbmng trachytnc texture; 20%_

isogranular clinopyroxene, 0.1 mm in size; 10% lsogranular Fe-Ti oxlde, 0.01 mm in

C @
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-size; and 5% isogranular olivine, 0.1 mm_in size. lntersertal glass may comprise as much

-~ as 40% of the whole rock, at the expense of the other groundmass phases.

Incognate material comprises 5. to 10 % xenocrysts of olivine, 1 to 2 m in size.
I’ g .

_ The xenocrysts are r unded and peripherally zoned with skeletal phyric ¢ Fgicuring
along their rims. X@;}hyrlc clinopyroxene comprises 5 to 10% of ! ‘
chnopyroxene is” subhedral"and 1 to 2 mm in size with & 01 mm rlm of phyrlc
clinopyroxene.

Xenocrysts “derived from the crust are rare and comprise . 5ubhedra| to anhedral

quartz-with a 0.1 mm-wide reaction rim of fine grained olivine and pyroxene.

Two xenollths were observed in the scoria. The first lS ‘a cordierite-sillimanite

gneiss, derlved from the crust, with a grain size 0.1 to 0.5 mm, and a neghguble reaction

rim. The second’ ‘is a plagloclase clinopyroxenite w:th plagloclase enclasing
clmopyroxene grains 1.0 mm in size. The latter is described.in detail below.

Two flows from breaches in the cone formed the proximal ‘portion of the
Dragon’'s Tongue. The flows coalesced to ’forrh the velley-f‘illing flow _describ_ed in
Chapter 2..Samples are mod‘eratéiy' vesicular. Vesic_les,‘ comprising 10.to 20% of the
whole rock, are rounded. to irregular and 0.7 to 10 0 'rhm in size. The lavas are

olivine- chnoperxene phyrlc and olivine- clmopyroxene xenophyric. Cognate material

‘comprlses %%.euhedral,’to “subhedral ollvnne phenocrysts 0.3 to 4.0 mm in snze

E eXhibiting ske&etal growth and as much as 10% subhedral to anhedral clinopyroxene, 0.3

to 1 0 mm in size. The groundmass comprises 20 to 35% subhedra\ plagloclase 0.05 to

O 3 mm in snze 10 to 20% anhedral to subhedral Fe-Ti oxide, 0.01 to 0. 03 mm in snzev

5 to'10% isogranular olivine, 0.05 to 0. 2 mm in size; 15 to 20% anhedral lsogranular and %)

mtersertal chnopyroxene and 10 to 25% mtersertal glass
Xenocrysts comprlse 10% anhedral ohv.ne 0.5 to 5.0 mm in size, exhubltmg

straining *and, phyric- overgrowths; olivine xenocrysts often form aggregates. Three

“types ,rof‘ xenophyric .c!inopyroxene were identified. The first is colouriess, 0.5 to ‘1.0& '
©.mm in size, and is pervasively corroded with little or no development of a phyric rim.

The secori'd most common variety' is green to 'dérk green in colour, peripherally

torroded and also lacks a phyric rim. The third type is brown in colour perupherally

r‘ﬁ)éded and has a 0.1 to O 2 mm phyric rim, the Iatter strongly zoned

‘ : - . $
\ . .

-~
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Xenoliths of granodlorlte derived from the crust, oceur in the proximal lavas
These exhibit° narrow 0.1 mm reaction rims wnth the enclosmg melt The reaction rlms
are very fune gralned and comprise olnvnne pyroxene and strongly zoned plagnoclase

The secend type of- xenollth is that of the pligloclase clmopyroxenlte already

\’.‘

described from the scoria. Such xenollthg :nclude rare prlrﬂ%aersu‘tlte. Xenoliths of
both these types are descrlbed in detail beiow. f\»@

' Samples from the distal portlon of the flow ‘have ldentlcal groundmass
mineralogy to that of samples from the proximal portion. Clinopyroxene phenocrysts
are less common (5%} and attain only 0.5 mm in size. Xenocrysts and phenocrysts of
ollvme are as abundant and as large. as in the proximal portlons of the flow.
Clinopyroxene .xenocrysts are rare and more pervasively corroded although of
comparable size/.to those in the proximal portnons; One xenolnth of spinel lherzolite was

found and is de?'scribed below.

Kustal Lake Centre

The location of Kostal Lake Centre .is shown in Fig.7. The Kostal - Lake Iavas
{Chapter 2). The lack of extensive ash deposits on the most recent flows suggests that
lava fountain actavnty ceased prior to cooling to the flows. Only one unit has s0il- formea

on it. The soil is rich im ash and probably represents a sngnlflcantly earller event
» !

¥

Samples from the garliest phase of activity are moderately vesucularq xenophync

and porphyritic. Vesicles are:rounded to lrregular range in srze from 0: l to 5. Umm and

R

comprise approximately 15% of the whole r‘ock

Olivine is the domlnant phenocryst phase, compns:ng ]5% of the‘ whole rock énd )

occurrlng as euhedral and subhedral cry;?stals 0.1 to 2.0'mm in sxze Skeletal growth is °
g
common.. Subhedral cllnopyroxene 0.2'to 0.5 mm in sxze IS a SUbOFdlnatB' phenocryst

phase comprising, at most, 5% of the whole rockw PlagnOclase occurs .only as a

mlcrophenocryst and exhibits sernate texture. The groundmass comprlses 35% subhedral
' plagloclzf& 0.05 to O 2 mm in size; 20% subhedral to anhedral Fe-“Tl oxide, 0. Ol to
0.03 mm in size; 15% mtersertal clunopyroxene 005 to 0. 2 mm 5% euhedral to

subhedral olivine, 0.05 to 0.2 mm in size ‘and 15% lntersertal~ glass.

o

»

comprlse six eruptive units separated by an unknown although probably brief; tnme ;,.'.'

~
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All xenocrysts of olivine are rounded' 0.5 to 5.0 mm in size and are optlcally
stranned and zoned. Xenocrysts of chnopyroxene are 0.3 to 2.0 mm ln size,. anhedral
: and corroded with a 0.1 mm wnde rim of strongly zoned phyrlc cllnopyroxene The
Jatter xenocryst is.not abundant save in one sample \Q/here it comprises as much as 10%
of the whole rock A clinopyroxenite xenollth occurs in the same sample. Xenoliths
derlved from the crust comprlse granodiorite of grain size 0.5 to 2.0 mm.

Samples from both north and south cones are highly vesicular; spherlcal vesicles,

0.1 to 6.0 mm in size comprlse 50 to 70% of the whole rock. The cinders are olivine

and cllnopyroxene phyrlc comprising };96 euhedral to subhedral ollwne 0.2 o 4.0 mm

in size, exhibiting skeletal growth; 5%} t};lﬁe?; 'to anhedral clanpyroxene 0.1 to 0.3

mm in size, and: munor mlcrophengcrysté’ of,,uéubhedral plagloclase 0.1 to 0.3 mm in
. lengtla exhrbltlng serlate and weak trachytlc textures. the groundmaSSes comprise 30%

subhedral plagioclase, 0.05 to 0. 3 mm in snze 15% subhedral to anhedral Fe-Ti oxide,

. O 01 to 0.05 mm in snze 5 to 10% isogranular ohvnne 0 05 to 0.2 mm in size; 15% -

:~_-‘|sogranular and intersertal cllnopyroxene 0.02 to 0.2 mm in size and 20 to 25%
' _lntersertal glass UL T s . .

Samples from the north and south cones are nearly identical in thelr phenocryst
and groundmass modes and textures but dlffer sllghtly in their xenocryst content. Olivine
" xenocrysts are not common in elther cone they are anhedral, 0.5 to 5.0 mmin size,

often with’ overgrowths of phyrlc oluvnne Pervtaswe optlcal stralnlng ‘and peripheral

zoning are present :
- Lo
Cllnopyroxene xenoch'sts are r?re an dral 045 t0.2.0 mm in size and are

b

Apervasnvely corroded with only a thln (0. 02 to O 05 mrn) rim of phyrlc clinopyroxene.
One orthopyroxene grain 0. 5 mm _in 5|ze rlmmed wnth ‘olivine, anc a fragment of
wehrlite with'a graln size of 2 mmoccur ina sample._from the south cone. v

‘ The lava flow frﬁom' thenorth»cone is homogeneous for its observed length, in .
N both phenocryst and. groundmass mmeralogy but not in xenocryst abundance Samples
are moderately vesrcular vesacles ranglng in suze from 0.1 to 7.0 mm and in shape from
spherical to irregular. Phenocrysts ‘comprise 15 to 20% euhedral ollvme 0.2 to 3.0 mm
in size, exhibi.tingskeleteal,growth, and 5 to 10% euhedral to subhedral clinopyroxene,

0.2 to 0.5 mm in si'ze,"forming glomero'pheno‘crysts. Microphenoc_r-y-sts of plagioclase‘
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are ‘rare and exhrblt serlate texture The groundmass comprlses 25% subhedral
plagioclase in weak trachytnc oruentatnon 0. 05 to 0.2 mm in length: 5 to 15% anhedral to
subhedral Fe-Ti oxide, O 01 to 0.05 mm in size; 5% anhedral olivine, 0. 05 to 0. 2 mm m
size; 20% mtersertal clmopyroxene 0.05 to 0.3 mm in size.and 15% mtersertal glass
Xenocrysts in the flow occur in S|gnnfucant quantity only in the flow margins and
in its distal portions. Here xenophyruc chnopyroxene ‘comprises as much as 15%, of the -
whole rock..Olivine xenocrysts comprise’ 5% of the whole rock th‘ ughout the’ ‘flow.
. The olivine . xenocrysts™ are anhedral, strained and 0.5 to 4.0 h in size, with
overgrovvvths'of phyric- olivine. Clinopyroxene xenocryets are ‘anhedral and occur in
'~ various stager: of corrosion. The degree of corrosion'is apparently"independent of grain

size. fThe xenocrysts are 05to 3.0 mm " size with only a thln (0.05 mm) phync rim.-

The lava flow from the south cone is srmllar in nearly all respects to that from

the north cone; the groundmass and. phenocryst assemblages are 1dent|ca| Olivine

xenocrysts, as in the ﬂow from the north. cone, are-rounded, strained, and 0.5 to 5 0
mm in size, with a thin overgrowth of phyric olivine. The maln dlfferences are in the
.ubnqunty of clinopyroxene xenocrysts and in the presence of plagioclase xenocrysts

Cllnopyroxene xenocrysts are anhedral strongly zoned and corroded wuth a 0.05
mm-wide phyric rim. The plagloclase xenocrysts are pernpherally, corroded, anhedral and
,’vary in size from 1.0 to 5.0 ,mm. The plagnoclase is probably derived fromr_ a
vgranodlorlte N | . |

2

The remalnung flow is extruded from a Iava tube and is described in Chapter 2. It -

is probably part of the la(/a pulse which produced the south lava Iake Samples from the
tube flow are identical in vesicularity, phenocryst and groundmass assemblageSxto the

| flows from the north and south cones. The xenocryst assemblage is identical to that of
the southern flow, except that the proportlons of olivine and clmopyroxene are shghtly
' hlgher In addrtlon xenohths of spunel Iherzohte chnopyroxenlte and‘ granodlorlte occur.

The granoduorite contains plagioclase crystals similar to those found in the south flow.’

The ultramafic xenoliths are described in detail below.

Y
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' Summary of lava petrography o 2 Ly,

glamatlon comprnse lce/water contact and subaerlal extrusrve _ rocks.

‘-|ce/ water- contact Iavas are near holohyalme, subaerlal Iavas are hypocrystalllne Both
morphologlc types fall |nto ‘the:: followmg three mlneraloglcal classes Lavas from Hyalo A
‘Rldge are unlque Jin this study but are. typlcal of the earller Iavas in the area lHleSOl"l
1987 chkson and Souther 1984) They are ohvme + plagloclase phyrlc cllnopyroxene lS
absent from the phenocryst assemblage and xenolaths are rare or absent _ o |
The second mmeraloglcal type is represented by lavas from the Spanlsh Lake and o
‘Flourmlll centres The dlstlnctnve feature of these centres is the presence of
glomerophenocrysts of cllnopyroxene in. quantltles suffncnent to ldentlfy the lavas as

, ankaramltes after Flesmger and Nxcholls (1975)

- ’ B

The third mmeraloglcal type.. which grades into’ the second lS represented by the'.

‘.-remannlng centres m the study area and IS ldentlfled by the phenocryst assemblage

-~

'ollvme clxnopyroxene The presence or absence of clmopyroxene is usually dependent
upon the degree- of quenchmﬁ‘j‘ e lava; probably “all lavas of this type are. potentlally
clunopyroxene phyric. Both the second and thlrd types contaln abundant xenocrysts of»"
"oluvme and, especnally clmopyroxene Xenollths of splnel lherzollte and cllnopyroxenlteh_-_. ’
are also comman. ‘ - " _

The. flrst type of lava differs markedly from the second and thlrd types not only 1_' ”
in the phenocryst assemblage but also in the paucity of xenollths and in non vesnculari..._ |
character Itis possnble therefore on the basys of- m,nneral assemblage that these lavas N
have a petrogenetic hlstory whic¢h duffers from the other chnopyroxene bearlng lavas xn,"'

. the study area. - S : o 7 -_{-

o

)

B. Ultramafic xenoliths' o S , o
Xenollths bearnng chnopyroxene olivine splnel orthopyroxene -are common .

in all Iavas wuth tltanrferous augite phenocrysts (see above) Small ultramaflc |nclus|ons"
3

€
W

-are ublqultous and; in sectlonlng samples a bias’ was gnvan to exammlng the textures

M

‘ present in the mcognate material. S -



xenoluth

,l‘ . . "'

Two mlneral assemblages are common m the Wells Gray xenohths The flrst is a

Cr spmel lherzollte assemblage comprlslng ollvme cllnopyroxené orthopyroxene and

. jsplnel The second assemblage comprlses Al- splnel and clmopyroxene The small size of

R

Xenollths vary in thelr degree of preservatlon from those Wthh have remalned' o

f'represeht the extreme. case where a xenollth has dlsmtegrated Xenollths of the fll'St’
, type are ‘typucally rounded wnth a narrow reactuon rim’ and are usually of Cr- splnel
lherzollte (see belowl Xenollths of the second type are typlcally angular fractured and
: deeply corroded these are domlnantly Al- s nel chnopyroxemtes descrlbed below Itis

‘ probable therefore that the Cr splnel bearmg assemblage elther represents a more:

' . refractory composltlon less amenable to dlssolutlon by the enclosnng magma or that the

i o

Cr spinel bearlng xenollths have been entramed for a sagnlflcantly shorter time. The. two

' hypotheses are not mutually excluslve

L Spmel |herzoI|te assemblage " E EE o ‘ R

ln the followmg descrlptlons the termlnology of Mercuer and NICO|3$ (l975 w1|l

e

be used as far as: posslble The textures of the mclusuons are frequently perturbed by

corrosion but a general classmcatron is usually possnble

4 J 8 2 ’ - n T

R

{ -
Xenollths of the Cr splnel lherzol‘te assemblage are common in the most recent

o phase in Spanlsh Lake and ln the south co;me and tube flow at Kostal Lake In the latter

'centre the xenollths are as mUCh as 9 O cm in length Spmel Iherzolite. is less common

but present in. the Ray Rldge flow in the dlstal more recent portion of the Draqon s

¥

: ,_“‘Tongue and in the most recent phase of activity- 't the FIOUle” centre Xenocryst

'assemblades typlcal of thls lherzollte also ocecur in the Spanlsh Mump and Pyramld

o

-

. dlsmtegrate upon quenchmg o . B - ' : '%f Lo ' o

N ) ooy

Nearly aIl xenollths of th|s type examlned cmaaln Cr- splnel and are related to the

Cr*dnopsnde type descrlbed by Wllshnre and Shervais l1975) The exceptnon is an

: most of the xenohths may result in the absence of one or more phases from any one

sealed agalnst nﬁvasuon of the melt to those where pervaslve mvas:on of melt has '

: f‘occurred along graln boundarles and corrosron has taken place UleUltOUS xenocrysts e

sy

" 'Mountam centres although xenollths are absent lt lS posmble that the xenollths .



. . i . - 53:

Al-spinel bearing wehrllte collected from a Iocal:ty on the Trophy Range to the south of

the field area. Those collected within the study area are, wrthout exception, Cr splnel.

‘ lherzolites. Corrosion foccws;only on the margins of the xenoht—hs. Negligible invasion by
the melt has’ taken place and the xenollths are typloally rounded.

The Al- splnel bearlng wehrllte from Trophy Mountaln (Plate 11A) is an example of

© Mercier and Nlcolas (1975)@pgotoclast:c texture. The rock comprnses 30% anhedral

,stramed olnnne of graln size 1. 0 to 2. O mm, in porphyroclastnc aggregates as much as

| 6 mm in S|ze in approxlmate optlcal contmulty and 5 to lO% green splnel in' vermicular

" -and’ equlgranular hablts -and, 0.5 to 1.0 mm |n size,. enclosed in a. matrix -of

b‘“'..clmoperXene 0 5 to l 5 mm in - size. Porphyroclasns has c0mmenced in the

B _:' clmopyroxene grams but preferred orlentatlon is not visible, wuthln the constralnts ) o

.'Jmposed by the sxngle sectlon cut ' » _ .. ,

e The Cr-splnel bearing xenoluths and related - types such as websterlte and

N i_"lherzollte_fragments exhlblt fabrlcs ranglng from protoclastlc to equlgranular ‘The least B :

~defo¥medof the ’xenol;ths exhnbut a protoclastlc texture

- Xenollths exhlbmng at Ieast minor’ amounts of deformatlon are more common»

'Pol'phyrouastlc xenollths comprlse porphyroclasts of ollvme (Plate llB) or,. less,

/'-i_ wycommonly cllnopyroxene and orthopyroxene as ri'nuch as 7 mm ‘in size, enclosed in a
"";"‘matrlx of smaller unstralned granoblastlc ohvnne and pyroxene The grain size of the )
vgranoblastlc matrnx ranges from O 5 to l 5 mm Splnel grams of snmllar size, often
- ';retaln the verm|CUlar form charactenstlc of protogranular xenollths ln other cases they
are, equant o ' ‘ ' |

The tabular and mosanc eqwgranular textures are typncal of a spnnel wehrlute ,

o

' :fragment from the Trophy Range (Plate 1 lC) and a Cr splnel lherzollte fragment from the
E :"Spamsh Lake Centre (Plate 'llD) respect(vely The tabular equsgranular xenohths@have

i : ~'gra|n suzes of 1 0 to 2. O mm:;. the mosalc equugranular xenollths are flner gralned with 2

B

range of 0. 5 to l O mm Thls |s in agreement w:th the descrlptlons glven by Mercuer and < *

: '}.'-Nucolas (1975) Wlthlr the hmnted number of- xenollths examlned there is. no gradatlon of

‘e

' ~xenohth deformatuon w1th area Each textural type is represented at each of the centres

a . ‘ c . Do~



Cllnopyroxenltes \
a Y

Chnopyroxemte xenohths are abunéignt in lavas at Kostal Laks, Flourma!l and in the

. J

Dragon’s Tongue; they are present i redqued numbers, at the Spamsh Lake centre and

in the earlier-erupted lavas on R‘ay Mountau‘:.‘{ Fewer samples were taken than of spinel

-1k

Iherzohte precluding an accurate assessmv ’y areas, but, as with spmel Iherzolute the

textural distribution appears the same for agie‘ :tres Equngranular textures are absent in-

all centres. Porphyroclastlc textures arey. le \%ommon than in the spinel Iherzollte
¥ A

assemblage; protoclastic textures are far more "%"‘Cﬂ;o_n {Plate 11E).

Xenoliths with protoclastlc textures coﬁzprée coarse- gramed allotrnomorphlc
aggregates. Cimopyroxene grains range in size from 3 to 10 mm in size, show optical
straining and contain inclusions of sulphide. Spinel, where‘present, is green in colour and
occurs as V_ermicular anhedra, 0.5 to 1.5 mm in size. The mine'ral‘ comprises Iess than
5% of any sample. Where porphyr'oclasis has commenced, the porph{zroclastic’
- aggregates are 7 to 10 mm'in size, in a matri;( comprvising' clinopyroxene or, :Iess
commonl'y, olivine. The matrix grain size is 0.5 to 2.0 mm in size. Straining of the fabrict

is clearly visible in sorhe sam‘ples {Plate 11F).

Plagioclase clinopyroxenites Cw “

Two samples from the proximal portion of the Dragon's Tongue are spinel
plagioclase clinopyroxenites, comprising 80 to 90% rounded anhedral clinopyroxene,
0.5 to 10 mm in size; 5 to 10% intersertal hercynitic spmel 0.5 to 3.0 mm in snze and 5
to 10% mtersertal plagloclase All phases exhibit a sharp reaction rim with the enclosmg '
melt, suggesting that the material, despite the presence of plagioclase, is not cognate.
‘The spinel commonly exhibits the intersertal texture described by Mercier and'Nicolas.
(1975) as characgteristic of their porphyroclastic texture and -the elinopyroxene grains
‘ occur in 4 to, 5 mm porphyroclastlc clusters W|th ‘optical near-continuity. The
plagioclase, as reported in Chapter 4, is somewhat more sodnc than that crystallised
-from the host magma and is possibly of post -deformational orugm Accessory phases in

. these xenohths are discused below.
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“Cumulate xenoliths

Wehrhte cumulates occur in the tube flow at Kostal Lake in one sa ple from a
parasitic cone at Spamsh Lake and in several samples from the Flo ntre. The
“wehrlites comprise 20 to 30% anhedral olivine, 0.5 to 2.0 mm in- skz ./ enclosed,
completely or partially, by anhedral crystals of cllnopyroxene 1 0 to 6.0 mm in size.

The clinopyroxene is frequently pervasively corroded by the host lava; olivine is

‘ perioheraHy corfoded. The cumulates are therefore incognate and are possibly derived

from locations at or near the base of the crust.

Three xenoliths from the lavas erupted durmg the earlier phase of actiwllj at Ray
Mountain are gabbro cumulates. They are coarse gramed and allotrlomorphnc comprising
2 to 20% ro_unded anhedral olivine, 1 to 2 mm in size; 10 to 15% anhedral Fe-Ti oxide,

0.5 mm in size; 30 to 40% anhedral corroded clinopyroxene, 1.0 to 2.0 mm in size,

poikilitically enclosed by‘piag‘io%lase, as much as 12 mm_in size. All xenoliths are

-- - rounded and 2 to 3 cm in size. The plagioclase exhibits a weak reaction texture with the

enclosmg magma These xenoliths are interpreted as the product of a high leve!
fractionatic process; the morphology of this volcano (flssure type) is umque in the

‘Wells Gra ea. o " . o | o

wehrlite, cd
to 0.5 mm irgee. Layering fs absent. The'xeno’_li_th is 10 mm in size and is interpreted as

the result of hig-level crystal fractionation.

'Summary of ultramafic xenolith petrography

e

Three ultramafic xenolith assemblagea are present in the clinopyroxene- bearnng '

lavas of the Wells Gray area. The first comprises olivine: * clmopyroxene *+ plagioclase
. cumulates which occur &t the Flourmilllc‘entre, in the distal portion of the Dragon’s
To'ngue, in .the earlier phases of activity at -Ray Mo_untairi and at Kostal Lake. The second
and third types are a spinel therzolite and's clinopyroxenite assemblage. Both secona ‘and
third types are assumed to be derived from the -uppe( mantle. The spinel lherzolite

assemblage is characterised by Cr-spinel, the clinopyroxenite assemblage by Al-spinel.

This division is analogous to that established by Wilshife and Shervais (1975) for the

o b

prising 50% subhedral olivine and 50% subhedral‘clinop;iroxene,“both 0.3 .
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southwestern United States. . o
Texiural studies on the xencliths indicate that the Cr-spinel Iherzolite assembiage

exhibits the porphyroclastic and equigranular textures described by' Mercier and Nicolas
{1975). Xenollths of the. Al-spinsl chnopyroxennte assemblage are more pervasuvely
‘corroded and e){hlblt the 1ess deformed protoclastnc and porphyroclastuc textures. The
better preservatlon of the spinel lherzohtes suggests a shorter |mmersmn time in the
host magmas. The degree of corrosion of the spinel chnopyrc <enites suggests a longer
residence time in the host magmas and pos&bly a greater depth of origin.
C. Volatile bearing phases : |

\
N

N\
N

Phiogopite Y | | |

- Two Wehrlite cumulates at Kostal Lake c‘cntain inclusions of phlogcpite 0:05 to
0:1 mm in Iength enclosed by a clmopyroxene grain. The inclusions are’ primary and
occur in trains' paraltel~to the b Crystallographic axis of »the chnopyroxene and parallel to .

the(QO1)face. ) T

Kaersutite i . L ‘ o | o
One spinel cIinopyroxenite xenolith in" the pr_oximal \dortion of the Dragon's
Tongue includes kaersutite, jnﬂ armounts as much as 5%' and as much as 2’.O’mm in size.
‘The kaersutlte is subhedral to anhedral, is rarely enclosed by chnopyroxene grains and
also’ lntergrown with the chnopyroxene suggestmg an equmbrrum relatlonshua (Plates
12A, 12B). Where the amphlbole is in contact wnth the host magma oxidation and
dlssolutlon of the former have occurred forming rims-of fnne gramed Fe-Ti oxide. The

-amphibole is clearly lncognate.

‘vApatite

Apafite occurs as several primary inclusions, 0.01 to 0.05 mm in size, in a
clinopyroxene grain in a cllnopyroxene + orthopyroxene aggregats hosted by a lava flow
erupted during the’ ‘older phase of achwty at.the Flourmill centre (Plates’ 12C, D, E) The

aggregate has a grain sxze of 0.5 mm and an overall snze of 3.0 mm. Its small size,



relative to its grain eize | preclu'oes accurate clas‘s'iflicatiorg on the_ basis of modal
mmeralogy ‘the aggregate could easily. represent a pyroxene rich vein or glomerocryst in
_ a spinel Iherzohte The inclusion-is rimmed wnth strongly zoned phyric clmopyroxene and’
is clearJy- mcognate. The ' fexture, after Merc-xer - and Nlcolas (1975) |s mosaic
equrgranular | B | '

The apatrte grains are 5ubhedral to anhedral and occur th a clinopyroxene grain
hear the centre of the inclusion (Plates 12C, '12D). The chnopyroxene gram has been
fractured apparently after inclusion of the apatite; however at Ieast two of the apatlte

inclusions are still sealed. The average size of the’ inclusions is 20 um. This is the first

recorded oc¢currence of primary apatite in a mantle assemblage in Canada.
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4 - ' MINERAL CHEMISTRY

v.

, Analy,SIS of the major mineral phases present in the- Wells Gray basalts was’ carrled out in

order to discover the extent or.mmeraloglcal variation in the lavas Petrographlc analysis,
described in Chapter 3, indicates that many of the Iavas,con.tam .ollvme and -’
‘cllnopyroxene Xenocrysts of several .different types These xenocr'ys's“' probably

‘represent mmer‘al assemblages present near the source reglons of the alkali basalts and

were analysed to determine their dlfferences in composmon from those of the

phenocrysts and to estimate the extent to whnch the lsotoplc and chemlcal c0mp05ltlons oo

of the lavas have been altered by the xenocryst materlal.

) » T - i . Lo e . 'i

. ‘\c / . - . o ” - E , L N ' ./

A. Analytical procedure o : R o e
Electron microbeam analysis s . ‘ L o

Samples were prepared as polished thin sections, per‘rnitfing detailed textural

studies in_.addition to detailedchemical analysis by

e Fragments of glass. and
AT N 4

crystals from hyaloclastite' samples were prepare grain mounts. Glass

fragments to be analysed for their volatile concentrag AR shed on both sides,  «

prior to microbeam analysis. Seven ‘such grain mot
descriptions of all\'rock samples are given in Chap‘ter 3. o ™~
A{}Setalled descrlptuon of analytlcal procedure using the electrlon mlcroprobe IS
given in Appendix A. Major mlneral phases accessory mmerals and groundmass glass
were analysed for maJor elements usnng an ARL SEMQ electron mlr‘roprobe with an -
: ORTEC energy dispersive system Acceleratung voltage during each’ run was, 15 kV and
the sample CUrrent was 0. 39 nA The ratio of sample-current to aperture current was
measured at the beglnhlng and end of eath rin; aperture current was monitored

throughout arun.” . : : : .

\
Analytlcal standards for each element analysed in each phase are lusted in Table

A-1 (Appendlx A). The concentrations of constltuem elements in aH standards aré listed
in Table A-2. Care was taken, where poselble‘,'to thoose stan‘dards of a similar matrix to

that of the phasetobe analyzed. S .
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All spectra were: collected over a perlod of four minutes l|ve tlme Ollvme

pyroxene, oxude mlnerals and sulphlde mlnerals were analysed uslng a pomt beam in a

S

. single Iocatlon Plagloclase was also analysed in this ‘manner after measurements‘
| mdlcated that prolonged bombardment did not sugnlftcantly alter the Na Ka counts'
© obtained usmg a wavelength dlsperswe spectrometer For apatite and volcanlc glass each
. spectrum was obtalned o\»er several pomts using a 30: second {live time) achlSl‘tIOl‘l

perlod and 2 beam rastered over 2n area of 400 um?.. )
A mlnlmum or 108 counts (full spectrum) were obtamed for each sample analysed

¢ Data’ wure stored on floppy dlEcs Data processlng was campd out with the EDATAZ

* data reduction programme of Smith and Gold (©1976) Results were examlned for totals
_ “and, where appropriate, stoichiometry. . ‘ I o
] . ) . N . - . - . . . . . B . .‘ s

v

Analytleel precnsmh

‘o Estnmates of analytlcal precusnon for all: mlcrobeam analyses are based upon the
o

analytlcal precnsxon of element concentratlons in the analytlcal starkrds and upon the -

Q‘

countlng statlstlcs for both standard and sample for ‘each - element analysed lSmlth .
i976). Premsnons (20) for each element are listed in Table’ A-3 lAppendlx A), ‘as a

percentage of the totlal concentratlon of that eleré}ent in each phase analysed

- K]

Comparlson of the analyses in “this 8% N W|th analyses obtalned usmg “the

o V’Z
Y wavelength dlsperswe syst‘gm was not possxble‘ due to technlcal dll?flcultles encountered»

b when using the gas -flow counters in. that system However Brearley t1986) reports

. cIOSe agreement between analyses obtamed usmg elther system
‘ ) ) . . .
"B Analyticalresults - . .~ ot
e oy . ‘, ! .. . . . . . L ‘1 ) .
.;- t' . '.‘. ;‘ L ) ) - R . ‘ ‘, . L
el Clmopyroxene L '.'- o P T 9_.'
'%y L An,alytlcal results for all clmopyroxenes analysed are present’ed in Tables B-1 and “

- B 2n in pendlx B Table B 1 l|sts the compgsrtlons of all, phenocrysts and xenocrys}‘st
2‘:’.“.«4

o : analysed and Table B 2 llsts the com\yosut ions of grams in xeneliths.-In both cases ferrlc )
e ur0n is calculated usmg sto;chlome ry and the end member percentages are calculated

usang the method of Lindsley (1983). All analyse,s in Tables B-l and B-2 are plotted on a

.
. .

\



portlon of the pyroxene quadrllateral in Figs.8 to 15. Xenolith- pyroxene composmons

from Table B- 2 are plotted in F|g 16. Samples selected for rudlmentary two- pyroxene'-"

geothermome,try are plotted on Fig.19.

'Samples from Hyalo Ridge do not contain clinopyroxene phenocrysts.. The

groundmass pyroxenes are augites with moderate ALO, and- low TiO, and NaO

concentratlons (Figs.9 and 17) with. Iower Wo concentratnons than the pyroxenes in the 4

<A .
cllnopyroxene phyrlc lavas. The pyroxenes are small in size and are unzoned. -

Cllnopyroxenes analysed, from all cllnopyroxene phyric lavas in the Wells Gray
- area, range in composltlon from diopside to ‘augite. None exceed 22 mol.% ferrosilite
(Fig.18). The clinopyroxenes analysed comprnse four main types The first of these is a
cognate phase, frequently occurlng either as discrete phenocrysts or. as phyric rims on
.- clinopyroxene. xeno.cr‘ysts. As noted in Chapter 3. thevphenocr‘ysts_ are frequently zoned
- on a very fine scale (approximately 1 to 10 um) and considerable caution was exercised
| lh the selection 'of homogeneous volumes for analysis. :;l’he‘,zoning follows the trend
'Iabelled cognate“'ln Fig.18 to more ferroan "arieties“at Dhenocryst margins for all

centres wheré- A2 S|gn|f|cant populatlon was analysed Examples of this' trend, for

mdwndual centres are 'seen in data from all the postglamal centres (Flgs 10, 11, 14 and

15)‘. ‘

" The second varlety of pyroxene is: xenophyrnc and occurs ‘as extensuvely

2
corroded xenorrysts in the alkallne lavas. (Plate 10B). Th::ll’ composition is that’ of

ferroan augite, poor in ALZO‘“,. Such composntlons are repr‘esented in Fig.8 fwhich -

includeslthe ’compositions of the "g'rains shown in Plate 10B) 'and'in Figs‘.lO, 11,12, 13

u and 15. Xenocrysts of this, type are frequently zoned “with a still more. ferroan rim

m
t St /_‘

. (Flgs lO ll and o Where the corrosnon is les’;s pervasvve there are frequently_

. o\Pergrowths of prayric pyroxene with composmons in the cognate range ,
. ’ [

o The thlrd varlety of pyroxene is the most common of the xenocrysts < This w »
' ar,lety IS rlch |n Al O3 and 15 more magneS|ah than the ferroan augltes this- type is less'

.corroded and frequently l'.as a rim of phyruc ‘tlmopyroxene (Plate lOB) Zoned coreg in .

N

xeqocrysts o\‘ this type are far less. common, but occasnonally zonation to more ferroan

“composmons has taken place prlor to corrosion and the’ addmon of a phyruc rim ang 15},

/.

~
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. Fig. 8. Clinopyroxenes from Spanish Bonk. Analyses are recalculated after the method
" of Lindsley (1983)-and are plotted on a part of the pyroxene guzdriiateral, shown
above. Figs. 9.to 16 and Fig. 18 show the salne part of the quadrilateral. Symbols

A

Used are;sofid- for coghate crystals, open for. xenoerysts. Error bars dre given at's

- the 20 confidence level based on the maximum, observed conrtentrations of each ...
.+ component. Two, typesyof xenocryst, one Fe-rich, the other Al-rich (Plate 10B) are
present. - S, L SR

e
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Pig. 8, Glinopyroxenes _frorﬁ\’Hyalo' Ridge.-Analyses a_re'>reca|culated'a?ter the method of
‘Lindsiey (1983} and are plotted on, a part of the pyroxene quadrilateral; shown in
Fig.8. Symbols used are solid; all crystals are-cognate. Error:bars -are given at-the

: ) "
S .compoment. S . R SN
™ ."L ‘: . P : . " . . . »' L ; b

! _20ngonfiden-ca’ level. based on the maximum cbserved concentrations of -each’
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a V-
. > . . LR
o A - O -

Flg 10. Chnopyroxenes from Spamsh Lake. Analyses are recalculated after the method
of Lindsley (1988)-and arg plotted on a part of the pyroxene quatirilateral, shown
in Fig.8. Error bars are given_at the 20 confidence level pased on the maximum.,

" observed concsentratnons of - each’c:omponent Only’ one xénocryst was analysed, -~

: givihg a ,composmon which - was* zerfed” towards an Fe-rich ‘corroded. surface, -
overgrown by Phyric clitopyroxene. Change ini composmon br ‘zonaticn, from
.core to rim, is shown by arrows -

2

>



64

Fig.
. method of Lingsley (1983} and are plotted on a part of the pyroxene quadrilateral,

e

11. Clinopyroxenes. from -Flourmill Centre. ‘Analyses are. EQcaI.cUlated after the ~

.shown in Fig.8._ Symbols used.are solid for cognate’crystals, open‘for xenocrysts.

Erfror bars are given at the 2¢. confidence level based an the maximum’ observed ...

_concepitrations of each coriponent. Two types of xenocryst: Fe-rich and -Al-rich, "

were analysed. -
cognate rim. '

. L S
R , : _

“

Arrowed lines indicate comppsi'tiona'l “yariatién - from’ core to
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2. C‘!inop_yroxe'ne‘s'froml'-Ray MOL.m’t_aih. Analysé‘s' are recalculaté.d :_a'fterl.‘t'he method’
.of Lindsley (1983} and are piotted on & part of the pyroxene quadrilateral. shown

YO

in Fig.8. Symbols used are-solid for cognate crystals, open far xenocrysts. Error ..’

bars are “gwen- at'the’ 20 confidencelevel based .on the maximum. observed
concentrétions of each comiponent. Change.in composition by zomation, fr
to'rim, is shown by arrows. " A \\ o

S
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13. “élihopyrox:enes f.r’om>.P5ihted{Stic-k. Cbne and ‘Ray Ridge, Analyses are
‘Mealcylated after the method of Lindsley (1983) and are plotted on a part of the

pyroxene .quadrilateral; shown in Fig.8. Symbcls. used 'are- solid for cognate |

crystals, open for xenocrysts. Error bars are gwen at the 20 confidence ‘level -,
based ‘on the maximum ‘observed concentrations

" xenocryst is Fe-rich. Change in°composition :
shown by arrows.. = .~ -~ 0

" of ‘each component. The,single -
by zonation, from core to rim, s’



' Fug 14 Chnopyroxenes from Dragonhead Analyses are. recalculated after the method
A * of Lindsley (1883) and are plattedf on a part of- the pyroxene quadrilateral, shown
in Fig.8. SymBois used are solid for cognate crystals. open for xenocrysts. Error

. ‘bars, are given . at the 2o conhdence level hased .on the maximum observed
»concentratlons of gach " component he xenocrysts :anglysed are excluswely
At rnch Change n composmon by zonat on.. from core to "m, is ,shown by arrows.
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_ Plg 15 Clmopyroxenes from. Kostal Lake Analyses are recalculated after the method» of

.- Lindsley (1983j and are plotted on a part of the pyroxene quadrllater‘al shown n
. Fig.8, Symbols used are solid: for ‘cognate ¢fystals, -open for xénqerysts.. Error
'bars are - gwven- at the--20 .confidence level ‘based on- the maximum observed

-,‘ cmcemratlons of eacg,xt:on’lponem The' xghocrysts analysed lnclude both Al-rich

and Fe-rich types and are. strongly“zcned. Change in composition by ZOha,UOh frém
core to rim; g sh0wn by arrows R
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R

. «Fxg 16. Cmopyroxenes front the xenoliths. Analyses are recalc:ulated -after the methcd
U of LJndsley (1983 and are'pleotted on a part of the pyroxene quadrilateral. shown
in £19.8..Symbols used for each centre are listed in Table 1. Error bafs are given at
'the 20 confldence tevel based on the maximum observed concentrations of .each
_component. a = Cr-rich soinel lherzolite ‘assemblage.. b= Fe-rich spinel lherzolite .
“found on Ray R;cgn c o= Al-rich sp1n91 cmopy”oxemte o = Fer- rnch webﬁ':'g anc ., .
‘ f‘mopyroxem'e _ o - , v -
'R ‘,N_.-‘ , = : .- ~-:. C ;' ’1- R ) o . . : -

e
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Fig. 17. Na,0 against TiO, in clinopyroxénes. Symbois used are solid for cognate .

crystals, open for xenocrysts. symbols used for each centre are-iisted in Table 1.
Error bars are given-at the 20 ¢onfidence level based on the maximum observed

~ concentrations of each component. The three main fiélds of composition are

shown; clinopyroxenes from the Fe-rich spine! Therzolte lie in the field labelled fsl.
intermediate - ketween’ spingl lherzolite and the less utaniferous "grcungmass

clinopyroxenes.
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18. Summary of clinopyroxene compositions from Wells Gray Park. The fields of
composition and zonation trends for each major group are shown on a part of the
pyroxene quadrllateral shown in Fig.8. ’
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"Fig. 19. Pyroxene quadrilateral showxngpairs selected for thermcmetry. Symbols used
for each centre are listed in Table 1. The mineral pairs are chosen from Pyramid
Mountain 113/ 8/ 10), Spanish Lake {248/ 13X), Dragonhead {14, 8/ 1X) and from
Flourmill (2/8 6X3). : ' oy :

A

~ - : s A



The fourth variety of clmopyroxene occuring as a very rare xenocryst, is
‘thome diopside, associated with a spinel lherzollto assemblage in the hyaloclastites of
Spamsh Mump and Pyramid Mountain. The compositionsl range of this variety is shown in
Fug 16 Thase xenocrysts are"fer less pervasively corroded than the other varieties nd.
are rounded, with neghgnble phyric rims. Their compositions and textures are ,idontic<~'
those oft the~ Cr-rich diq’;aside crystals found in xenoliths of Cr-spinol lhorzélite

throughout the study area. -

Xenoluths in the study area aiso contain clmopyroxene grains from any of four'

dnfferent types (Fig.16). Three of the types are |dent:cat to those »dontuflod
xenocrysts The fourth type occurs in an iron-rich’ spmel wahrlite nodule with a mosmc
equngranular‘texture, found in the Ray Ridge lava .flow. The size of the nodule. is
sufficiently small as to preciude accurate classification of the rock type. conceivably,
the xenolith is from a spinel lhorzolite assemblage. The clinopyroxene is similer in
composition to the other Cr-dnopsudes but IS sugmfucantly richer in ZFe and Cr.

The Al- nch augite crystals occd in association with Al-rich spinel in ;ptnol
clinopyroxemte xenoliths. This type of xenolith is most common in the proximal portions
of the Dragon'.s fongue. The xenoliths in this flow also contain kaersutite in association
with the clinopyroxene (Plates 12A 12B). It is’ possible that‘t:lmopyroxene xenocrysts of
this type were formed by reaction of the kaersutite.

Iron-rich augite crystals occur in a sma|T ultramafic xenolith from the older lavas
erupted from the Flourmill Centre. The xenolith is a websterite with ‘a mosaic/
equcgranular texture (Plate 12C) and contams included within the clinopyroxene, grains
of primary apatite glates 12C. D. B). The COMPOSltlonS ace typical of apatite (Table
B- 1_1). Th? augite is homogeneous, has a reaction rim and 1s overgrown with phyric

clinopyroxene.

Olivine . ’

Qlivipe is the predomnant phenocryst pha“se m.all the lavas, comprising as mugh
as 20% o‘fr the mode, In ,iddition, optically strained and partisily resorbed olivine
xenocrysts are ubiquitous (Plate 10D). Analyses of olivine crystals fromaljl the lavas are

presented in Jable B-3 in Appendix B. A summary of the compositional ranges. for each



centre, is given in Fig.20. .

The lavas from Hyalo Ridge are olivine-plagioclase Phyric and are poor in
xenocrysts and  xenoliths, "in contrast “to the xenocryst-  and xenolith-rich
olivine- clmo%yroxm ‘t.ync lavas from the other centres. Olivine crystals were analysed
in samples frorn the hyasloclastite mound (23/8/2), the basal fiow of the lave cap
(23/8/12) and from the uppermost ‘flow (23/8/6) im—the tuya structure. The two
gamples from the lower part of the odifice‘nl\ro more Fo-rich values ranging from Foy
to-For;=Fhe sbmpie from the upper part has olivines ranging in composition from Fou, to
Foy,. .

Three compositional ranges of olivine occur in thc chnopyroxene-phync lavas.
The first is ;narrow composmonal range from Fo,. to Fo,,. occuring in xenocrysts from
Spanish Mump, Spamsh Lake, and Pyramid Mountain (Flg.ZO). All_olivine grains separated
from hyalaclastite at Spanish Mump and Pyramid Mountain have Fo coritants ciose to 90

and ‘primary” NnO contents of 0.4 to 0.5 weight percent. These magnesuan olivines, in
- thin section, exhnb't straining and resorbed margms (Plate 10D). They are mterpreted as
- ):enocrysts, separatnd from a lherzolite parent rock‘. Olw'meé:ompositions .from sginol
therzolite xenoliths (Table B-4, Fig.20) are nearly identical to this variety of xenocryst.
The second compositional range comnriées ‘normal” phyric olivine which occurs

In most lavas. mcludung sl those from post-glacial centres. The compositional range is

from Fo,, to Fo,. crystals of this composition are invariably normally zoned. _

' Ohvine compositions in the sample from Spanish Bonk range from. Fo,, at théir
core to Fo,, at their rims and in the groundmass oliving (Fig.20). Both phases of activity
at the Flourmili and Spanish Lake centres have erupted lavas containing xenophyric and
p'hync olivine. the former is most abundant in the ol.der lavad from Flourmill Centre-and
hes caused the obsgrved Mg enrichment in whole rock snalyses (see Chapter 5).
Pn*ocryst and xenocryst compositions range from Fo,, in the cores of crystals to Fé,.
at their rims:in Flourmill and trom Fo,, to a groundmass value of Fo,,.,, at Spanish Lake.
Normal zonmg is prescnt in all grams analysad. No compositional difference exists
between xenocrysts and phonocrysts -

‘ The Dragon's Tongue is both olivine x'ononhyric-and olivine phyric for its entire

length. Phenocrysts have compositions ranging from Fo,, at their cores to Fo‘,‘ at their
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Fig. 20. Range-of oiivine and orthopyroxene compostionhs for sach centre. Symbols
used for each centre are listed in Table 1. Open symbols refer to oliving xenocryst .
ranges. Orthopyroxene xenocryst ranges are represented by diamonds in circles,
offset from the olivine compositions. Where appropriate, dotted tie lines are -
drawn from the orthopyroxene to xenolith olivine composttions. Error bars are

given at the 20 confidence

of each component.
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level based on the maximum observed concentrations
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rims. Only modorm compOsmonal zomng is. pcount Composmons analysed n sm'ples
from the dutd pert of the flow are identical to thbu from the proximal portions.

Qm xonocryst in the Dragons Tongue has a core composition of Fo,,. This
crystal oth reverse zonmg to a rim of conposmon FO.,. consn?tom with the
composutuon of the groupdmass olivine. Th's xenocryst ns of the third compositional
type, doscnbod below. B ’ .

All six sruptive units at Kostal Lake have phenocryst and xenocryst composmons
in the range Fo,, to Fo,. Although xenocrysts may’ be identified texturally, their
compogitions are idertical to'those. phenocrysts analysed, with one excbption. This latter

>

1S 8 xenocryst with a‘ opre cqmpositidn of Fo,,. revers'eiy zoned-to a rim composition
p
identical to that of the grqundmass. This xenocryst is identical to that analyspz‘:om the

Dragon’s Tongue. '“\' . ’

| The third type of oliv;qo spans the compositional range Fo,, to Fo,, and occurs as
p&ﬁocrysts in Ray Ridge, 'Pointéd Stick Cone and in' the sec':ond phase of activity i_n the
Ray,Mo:n:min centre. This type of olivine also occurs as rare xenoérysts in the Kostai v
Lake and Dragon’s Tongue lavas, as described above. 1 -

The two §m$:es of activity st the Ray' Mountain centre contain différent
compositional ranéos in olivine. The earlier phase contains the second type (Fo,, to Fo;,)
and the later phase the thirrd fype {FO,, to Fo,,). Olivine xenocrySté are absent in l';otr.w'
phases of activity. Ph.en"ocryst éon.wbqsitnor_\é range from Fo,, at phenocryst cores to Fo,,
at their rims in lavas from the earI:er phase. The later ph'ase‘ of activity contains
phenocrysts ranging from Fo,, to Fo,, in composition. The abrupt break in petrogriphic
and mineralogical composition coincides with 8 comparable break in whole rock chemical
compositions (see Ch;pter 5). .

The lava flow exposed on' Ray Ridge is xenophyric and olivine phyric.
Phenocrysts range in é&nposition from Foy, to Fo,,. The only xenocryst mly'séd has a
'composition of Fo,. Three olivine cfystals in a xenolith -of spingl lherzolite have an
avo}age composition of Fo,, (Table B-4, ?ig.ZO).'This composition is unusually poor in
forsterite for a spinel Iherzolite. ’ T

Olivines of ail three types are aimost ubiquitously low in nickel, suggesting that

-

the olivine was not formed from a primary magma However, sulphide inclusions ,in
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clmopyroxene crystals may be responsihle for romoul of Ni from the melit prior to o

crystaliisation of olivine. - ‘o

[}

Plagiociase : y ’
. L P@se‘is an abundant groundmass. pﬁase in* the Welis Gray lavas but, as

o

‘{‘V

A

noted in Chapter 2.-occurs as a8 pHenocryst only in.lavas fromm wilo' Ridgo’. Analytical

results for cognate plagioqiase are presentéd in.Table'-B-S in Wix B Ar;aiym of
moognate pla‘gnoclase from Renoliths, are presentéd in Table 8-6 Anatysos were
recalculated on.the basis of 8 oxygens, usnr;g Fe to augment defnc»encaes in Al and Si.
A graphic cormansbn of composmonal ranges is  given in Fugs 21 and 22. Tho

plagioclase is both normally and reversely zoned‘ core composmons may be as calcic as -

An,, and as sodic as Am, Rim compaositions vary from An,, to An,,. The phehomenon of

reverse zonmg may be apparent only, the skeletal growth of maoy crysuls may in fact

produce‘ normal zoning in embayments. In addition, the apparent zonation may e within

the précision of the mrcroprobe analyses for Na and Ca. !

Two generalised populations are apbareht, despite the textu:al and analytical
prbblems described ab9ve. Plagioclase from Spanish Bonk, Spanish Lake, Flourmill,
Dragonhead and the earlier phase of activity on Ray Mountain has core conipos.utions as
calcic as An,, with average core ¢ompositions of approximately An,,. '

'The second population of plagioclase is slightly more sédic. !’togiocbza..":e~ crystals
fvom Kostal Lake, Ray Ridge, Pointed Stick Cone and the earher phase of activity at, Ray
Mountain all have conposmons as calcic 8s A.., with 'a mean composition of An,,
Plagtoclase in hya.oclasme samples from Pyramid Mountain is too fine in gréin size for
zonifig to be detected by microprobe analyses. The composition of the plagioclase is

L]
Ang,.

1

The two plagioclase-bearing xenoliths found in the park were taken from the

Flourmill and from the D;agonhead centres, phgiochse in the latter xendlith occurs in

association with aluminous spinel. aluminous clinopyroxene and kaersutitic smphibole

(Plates 12A, 12B). The cdmpositnons in either xenolith are shown in Fig.22¢c, together
with \representative compositions of groundmass plagioclase in the enclosing lavas.

Plagioclase compositions are ‘as sodic as An,, and show a strong reaction relationship

’

-
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Fig. 21. Corfipositional ranges of plagioclase.in Wells Gray Park. Analyses are plotted on’
a part of the plagiociase ternary diagram (see inset). Note that (b) displays a slightly
different compositional range. Symbols used are sqid for cognate crystals, open
for xenocrysts and age ligted in Table 1. Error bars are given at the 20 confidence

level. a = Spanish Bonk ‘and Hyalo Ridgs; b = Spanish Lake and Flourmill: ¢ =
Pyramid Mbuntain, Ray Mountain, Ray Ridge and Pointed Stick Cone.
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with the hocf lava. Neither ocdbrrenca can be interpreted as a mantie-derived phase,
despite” the cooxnstonce with high-Al clmopyroxm. the thndmess of the contmontal

o/

crusi‘ constraing the modal conposmon of mantie- donvod renoliths to tho stabmty fuotd '

of spinsl. The intersartal plagiociase in both casfs therafora mtorﬁtod as a ructnon'
" progast, formed during ascent of the entrained X

7 ‘

oliths. .

* Two types of. cognata oxide. magnetite and iimenite, are present in the Waells
;.
Gny laves. Mag\eﬁto occurs as a groundmass phaso, with or without iimenite. In-lavas

from Flourmill” Spanish tLake, Dragonhead, and the earlier phese of a ctivity on Ray .
" ‘Mountain, magnetite is the oniy oxide phase. An exccptubn is the occurrence of |lmomte

in othbrhm with rhagnetite in sample W3-17/8/ 13-RM from Ray Mountam The other
lavas contain both oxide-phases but the two are not necessarily in equilibrium. Analyses
arepresented in«."[qble B-'i, in Appendix B. Ferric iron \;vas caléuiated from toial iron or‘1
the basis of stoichiometry. x(usp) and x(iiml were calculated using the method of
Sponcor end Lindsley (198 Y. . '
. Fg.23 is 8 tiagram of equilibration temperature against #0,) for oxide pmrs

- snslysed from the Wells Gray lavas (Spencer and Lindsley -1981). The oxide pairs

sralysed tor each sample lie dlo'ﬁg curves through T-f(02) space between the QFM and
Ni-NiO buffers. The earlier phase of activity on Ray Mountaun represgnged by
W3 17/ 8/ 13- RM formed under the most oxnd'sed condmons while thellavas from from

Hyaslo Rudge {upper unit), S Bonk”* Ray Mountam (upper unit), Ray Ridge and the

lower gnit on Hyalo Ridge formed under Idss ,omdnsed conditions.

. Spinel occurs as
xenocrysts are inc Table B-7; analyses of spinel crystais from xonohths are
aph of Cr agamst Al for .all incognate spinels (Fig. 24) shows

an inverse correlation bytween Cr and Al which is hormal for spineis from the upper

nocrysts or in xenoliths at all centres stuched. Analyses of the 4

mantie Brearley et a/. 1982). The spinel minerals have undergone alteration by soaking in -

the meit, resulting in peripheral oxidation (Plate 10A). Depletion in Cr and Al takes place
at il surfaces expoged' to the host magma with corresponding enrichment in FeO and
TiO,. . | »
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Fig. 23. T - fO, diagram from co-existing oxide pairs. Symbols used for each cehtre are
histed n Table 1. u = upper Hyalo Ridge. | = lower Hyalo Ridge. 7 = probably
erroneous analysis. The temperatures calculated all lie near ‘the GFM buffer in the
subsoiidus region for basaits. . :
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Fig. 24. Cr aganst Al for xenophyric and xenolith spinels. Symbols used for sach centre
are listed in Table 1. Incognate spinels are represented by open, groundmass
overgrowths by closed. symbols. Error bars are given at tHb 20 confidence level. -
One xenocryst shows zonation.from an aluminous to chromiferous composition.
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Spinels from the Dragon’'s Tongue are gnost enriched in Al and most doé_fotod n
Cr. Spinels from Kostal Lake and from Flourmill Centre exhibit a w& rm;o in Cr "md Al
concentrations snd e probably derived from a consid;wla depth range in the upper
mantie, Three broad groupings exist, based on Cr concentration, but this may be the -
result of a iow sample population’. The Cr-poor spinel occuring in the Dr'agon's Tongue
is pbor in MgO and is therefore a hercynitic spinel. y

One spinel xdnocryst trom Flourmill Centre is ixciptional to the gor;oral trend of
pornpheral alteration and equilibration with the host magma. Twﬂ?gxryst has an Al-rich
core, zonod to a relatively Cr-rich rim. Such zoning is COM Haggerty 1976) and
demonstrates a disequilibrium relationship within the yst such a zonation
might~ imply that the spine! originated in an environment favo&ing e development of
‘Al-rich spinel and was subsequently reequilibrated in an environment favouring Cr-spinel,
it must be stressed that this is an isolated exampie of a' disoqbuclibrnum texture and cannot

be taken as indicative of a general case.

Orthopyroxene

* that all t.he alkaline lavas contain orthopyroxene xenocrysts.
-All -analyses of orthopyroxene are presented in Table B-9 in Appendix B. The

analyses are recalculated after the method of Lindsiey (1983) to give end member

percu‘)‘w.

pyroxene 'composmons range from En,, to Eny, and comprise three groyps.
“type occurs in the Dragon's Tongue and st Flourmil Cen;;é and has 2
cofﬁposiiion of approximately én‘.. The Flourmill orthopyroxene occurs In the
microxenolith which hosts primary apaiile inclusions I won-_nch clmopyrou'ne Plates -
12C, 12D, 12E). The seconz\type consists of or'thopyronno of composition En,, ,,. in
association with aluminous clinopyroxens in the proxmal portion of the Dragon's

Tongue. The aluminous clinopyrbxeno is ususlly associated with sleminous spine! and,
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rarely, kursutrte The thlrd type comprises orthopyroxene wnh,a compositional range
from En,, to En,, and repromts orthopymxene from the Cr-spinel Iherzolite

assembliage Ortho;}yroxone of thas type was analysed in & xenolith from Spamsh Lake
1

and is also reprosonted by xenocrysts from Spanish™Mump.

Amphlt;olo ™ N
‘ Thé onlz amphibole pr,en} in lavas or xenoliths in the Wells Gray asaa occurs in
a_spinel_clinopyroxenite xenolith found in the proximal portion of the Dragon's Tbngue
(#Iat?s 12A, 128B). CompositionS of the amphibole are listed in Table B- 10.ip Appendix
B. No attempt has been made to,recaiculate Fe to obtain the Fe*:/Fe’ ratio. At least two
o other slements. Mn and Ti, can occur in’ states other than di'valent, and tetravalent,
respectively ) (Hawthorne, £ 1981). Such uncertainty preclude; recaglmon on a,
 stoichiometric basts. Uncert@&tues regarding site occupancies for each species further
/obstruct this method of calculation (Hawthorne, 1981). Microanalytical techniques for
determination of Fe’: Were nc;t used. inclusions of Fe-Ti oxides in th& amphibole occur in
such quantity and in such fihe grain size as to render separation techniques impraggical.
. The amphibole is classified as a kaersutite, baving an average formult based en
23 6xygons of a typical kaersum: (Hawthorne 1981). it has a moderately high TiO,
content and MgO content (5.5% and 12% respectively). '
» The amphnbole In the xenohith 14/8/9X1 exhibits a reaction texture with
enclosing lava and. within the xenoluth exhibits a corrosion texture where the host lava
ponetrated the reaction formung Iron-tiahium oxide. Hercyrvc spinel is also present
im the xenolith. Sodic plagnoclasc occurs as ‘an intersertal phase. All phases exhibit a
reaction tdxture with me";n melt. The amphibole, howpver. exhibits a sutured,
I\ margin with the cliopyroxena (Plates 12A, 12

non-geact

%mphibohte or chnopyroxenite congunmg hercy
3

the. Wells Gray ares. By contrast, nearly all the Quaterngry lavas in the area contain

IC spinel i1s a rare xenolith 'in

'xenocrysts ;nd/ or xenoliths dominantly composed of clinopyroxene with a cbmpositnon
similar to that in xenolith 14/8/9X1. Resorpt'pn\ of all phases from the xenoliths . °
suggest t;ut they are incognate at near-surface temperatures and presg.gres, sithough
they may be in equilibrium with the magma at temperatures and pressures representative



oftr;osourcoroguon - . ; ‘?
/e A c)usw origin fos the lmphaBolo clmopyroxomtc and. by mocmnon all
chnopyroxene xenocrysts and chnopyroxomta; could be inferred, both by tho prosmco
of amphibole in this assemtilage and by the prosonce of incognats. Sodic phoochu

observed at Dragomhead and in the older phase of actuvvty 44/8/17X) in Plourmill Contro .

The range of val&s of V'Sr/%Sr obtained from xenocrysts of aluminous clur?opyrom

P

(A.D. Smith unpubl. data) suggests a component ennched n raduogemc Sr rolatuvc to thJ
values obunned in’this study (Chapter 6). However, textural and mmeralogncal tegtures -
| .extst in 14/ 8/9Xi whnch suggest that the yenolith and its associated assemblage are not
derived from the crust. Firstly, the presence of hercynitic spinel. in association with }"
plagioclase is remarkable: the aluminous spinel 18 indicative of a higher pressure »
environment con:i;t with that beneath the base of the crust. ‘Socondly the
phgcoclasel :s interpreted ae a late stage. low pressure resction product. probably
formed during ascent as a reactron rim enclosing and isolating both the spmol\and
kaersutite. The  affectve source assemblage 1s therefore amphﬁol, spinel +
clinopyroxene. Thordly the alufinous nature of the clinopyroxene (as much as 9% Al, 0,

N
suggests that it I1s derived from considerable depth.

incompatible elements have been analysed in both amphibole and host lavas. K. Na
and\',ri are not significaptly concentrated in phases other ﬁan amphibole and hiquid. The*
K/Na ratios of melt "and kaersutte are identical within analytical error. An inverse
;orrelatubn exists between K and Ti for the kaersutite and proximal lavas of the Dragon's
Tongue( F1g.25). Ths sug&est? a cognate relationship at some stage of magrhatic

evolution. Pl - -

Petrographic and chemical data indicate that the amphibole and the ef\closung

-

chnopyroxfne were cognate with the melt at some temperature and pressure. The
optica.Hy cont:r;uogs rempanfs of amphibole in clinopyroxene indicste that amphibole was
a major constitdent of the xenolith. The dehydration reaction to clinopyfoxene precludes
fractionau.on of amphibole fraw the melt but implies that amphibole 1s at least one of the
source phases forghe Waells Gray lavas. It 1s proposed therefore, that the generstion, in .
- terms of ma;or elements be modelied as partial molgnq of. zones of amphibolite in the -

subcordilieran upper mantle?ater melting of relict qnprwbolo produced the reaction rim
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Fig. 25. TiO, against K,O for the Dragohheéd amphiboles. . The amphibole compositions
~ are represented by diamonds, those of the lavas by triangles. Errof be . are given

at the 20 confitlence level both for microprobe analyses of kaersut:e and for
X.R.F. wholé rock analyses. S S :
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8f s\){dplagioélasé. This hypothesis is discussed at greater length in Chgpter 5.
o o , ,
Apatite )
“The single océﬁrreng:e of apatite reported in .Chéptef 3 is_iﬁ a microxenolith in
" the'Fllourmill Centre (Plates 12C to 12E). Analyses of the apatite"are preéented in Table
B-11 in Appendix B. Thevrh‘ihéfa“l \is stoic.hiométric'anc'_j contains as much as 0.3 weight‘\
_\ percentage Cl. Fluorine was not énalyséd quaﬁtitatiyeiy because of the difficulties of
résolving the F peak oh the energy diépersive system. *
Sulphide minerals _
Sulphide inclusiqns_occuk in clinopyroxene in xenocrys.‘csiand xenoliths from all
the Recent centres. Sulphide compositians range from highly nickeliferous pyrrhotite in
. u‘__ﬁée Flourmill Centre fo mildly nickeliferous pyrrhotite in the Dragon’sk Tongue. In.a sample
;from' Spani'sh.Lake, “an inclusion in spinel lherzolite, also in clinopyroxene exhibits
éxsolutjon of two sulphiae phases. The first lies on the join FeS-NiS and is a high
temperature phasé. The second is stoichiometric -chalcopyrite. The Ni-bearing phése has
as much as 40 weight percent Ni. .The effect of suéh.sdlphide'phases on the Ni-MgO
n:gla.tionships in the sample suite will be to scatier any olivine control curve. This effect
| is noticeable in the tra;e:elemént chemistry rep‘ortéd in C'hapte‘r 5. ,Ohé 50 um-diameter
“inglusion, of 40 weight percent Ni, in 1 gm of sample would be enough to change the Ni

content by as much as 1.ppm.

C. Xenoiifh thermo}“'netry

Samples of xenoliths con:=ining orthopyroxene and clinopyroxene or _spinel‘ and
olivine are amenable to the applicétion of geologic thermdm‘eters. Samples available for
thermorﬁetry in the Wells Gray,area are few in number where the present study is

concerned the initial sampling bias was towards xenolith-free rather than xenolith-rich

- samples. Neverthele'ss, small xenoliths, ranging in size from 0.5 cm to as much as 3 cm

s

are ubiquitous in the alkaline lavas and the bias against xenoliths was reversed in

selecting san;ples for microprobe analysis The suitability of such samples for accurate

‘temperature measurements is uncertain, because of their small size; it is probable that

.
N
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some equilibration witlt the melt has taken place' The purpose of this 'sectien is,
therefore to make an estlmate of the relatlve equilibration temperatures of the various
xenollth types, rather than attempt to deduce accurate equullbratlon temperatures from
unsuitable samples.

~ Several two-pyroxene thermometers are available..A dls'g:ussion of vthese is givert
by Fujii and Scarfe (1982). For the purposes .of -this study, which are to. provide a
general comparision of the xenollth assemblages usmg llmnted data, -the Wells (1977)
thermometer was selected because it permits comparlson of these data wrth those of
Brearley et a/. (1984) and Fujii and Scarfe (1982).

Orthopyroxene 's absent in several of the xer;oliths“ In such cases, the

, two-pyroxerte_ thermometer cannot be used. An .altelrnat‘i,ve method is to use the
spinel-olivine g'eothermometer of Fabriés (1979). This thermometer is unreliable (Fujli and
Scarfe 1982) but results obtained using this method can be compared roughly .to those

N ] e
obtained ,by_the two-pyroxene method by application of both thermometers to the

Spanish Lake Cr-spinel lherzollte

: Pyroxene pairs .selected for temperature ‘calculations are shown in Fig.19.
3'Analyses_"on which the calculations are based are listed in Tables B-2 and B-8. Spanish
_Lake and 'Pyra_mid Meuntain are represe.nted by.xertolith 24/8/13X and xeno,crﬁysts from
hy'aloclastite 13/8/-10, respectively. The numper of analyses collected is not Iarge in
' either case but both assemblages are homogeneous and, apparently, are closely related
These samples represent thve' Cr-spinel Iherzolite‘assemblage. Temperatures calculated
from these analyses are within error of each other; a best estimate of the equilibration
temperature is 980180'C, based upon the close agreement between the analyses from
Pyramid Mountain (990°C) and from Spanish Lake (370°C). )

 The pyroxene pair analysed from Dragonhead is from 14/8/ 1X. The assemblage
1S froma small aggregate, poorly sampled, and includes a. high-Al clinopyr0xene; the .
" analyses, although homogeneous, are for these two reasons not suitable for an accurate
estimate of xenolith temperatur’e The calculated temperature, however, will pro\/ide a

general " estimate of "the equilibration temperature relative to that of the Cr spinel

lherzolites. The estimated temperature is apprOxlmately 1100°.

N ' . ' . ’
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The pyroxenes analysed from Flourmill Centre are from 2/8/6X3, the ferroan
websterite hostin'g apatite. With the: exception of clinopyroxene from the rim of the
xenolith, tﬁe orthopyroxene. and clinopyroxene anélyses ~are both homogeneous,
suggesting that the mineral pa‘ir is in equilibrium. »The estimated equilibréti'on temperature
of this assemblage is 340+80°C. The three-major groups of xenolith can, therqfo?g, be,
compared by this method. : | ¢ ' )
Temperatures calculated for 24/8/ 13X 'using the spinel‘-oolivine thermometer are
significantly lower (880°C) thaﬁ those -ob_tair;ed uéing the two pyroxene thermometer.
Anélyées (of min'erlal péirs to complement the twb-pyroxene températ;Jres were not
obtained; comparison oé temperatures obtained by the two different methods is
therefore. semiquantitati\}e at best. The temperature obfained for the spin‘el wehrlite
from Ray Ridge was‘, neverfheless, 970°C, 90°C higher than the more magnesian
Cr.-s‘pinel lherzolite assemblage. ‘Ar est mate of the temperatufe relative to those
obtained by the Wells two-pyroxene thermometer is therefore épproxifna_tely 1070°C.
General estimates of temperatures frdm the small nodules in the Wells Gray area
suggest that the compositional relationships in the Cf—spinel lfhe"rzolite aséemblage and .
the imbliéit thermal regime extend th;oughout a considefable area beneatﬁ Wells Gray
Park. Althoﬁgh’ preliminary estim_ates'sn'gges‘t that the high-Al assemblage and a ferroan
sbine[ wehrlite assemblage may have higher’gqunibr_ation temperatures, more data are

needed for a definitive statement.

(

D. Sur'nmasy |

The Wells Gray lavas are olivine-clinopyroxene phyric and olivine-clinopyroxene
xenophyric, with the 'exception of Hyalo Ridge, which has olivine-plagioclase phyric lavas
with no significant xenocrysts or xenoliths. Olivine is the dominant phenocryst ghase in
both lava t'ypves. Two populations of ol.ivine phenocryst composition occur, with
compositions of approximately FOu{ and Fo,;, respecfively. The latter composition is t00
poor in Mg to have equilibrated Wwith normal mantle. These po‘xﬁa:f}:ﬁ?latibns accur with
plagioclase "r‘.ﬁicrophenocryst populations of compositions An,, an:i Any,, respectively.
Clinopyroxene is titaniferous, strongly zoned gndvexhibits a well-defined compositional

varigtion towards more Fe-rich compositions. Fe-Ti oxide pairs define cooling trends
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through T-fO, spaée; near to fhe QFM buffer. The low 'temperaturems calculated _frOm the
oxide pairs may be que to enhanced cation diffusion in the presence of volatiles .
Xenoliths *and xenocrysts comprise four main assemblages. Th& first is a
Cr-spinel be‘aring aséemblage, usually spinel lherzolite, with pyroxene eqdilibration
temperatures “of approxxmately 980°C. This temperature lies within the range of values
obtarned for this assemblage in B.C. (Fujii and Scarfe 1881, Brearley et al. 1984).

“The second type of xenolith is rare and ls-rgpresented by a single spinel wehrlite
with more@n olivine and clinopyréxene than the Cr~spinel assemblage. The xenolifh
has a podrly constrained 'n?uiii/bration tejmperature of 1070°C. . .
L fhe-third assemblage is represented by a websterite from Flourmill Centre which
contains ferroan augite, hypersthene and p,l;imary apatite inclusions. The xendlith
equilib_rai_ed at apprbximately 940°C, within error of the Cr-spir)el Inerzolite assemblage.

The fothh assemblage is_high' in Al, high in Fe relative to the Cr-spinel Iherzolites,
- comprises spinel clinopyroxenites witH rare |lherzolites and websterites and can contain
kaersutitic amphibole. A poorly-constraine? eqUilibration temperature {two pyroxene) for
this assemblage is 1100°C. - |

The kaersutite which occurs with the fourth assemblage is nearly identical.in
composition to ponkllmc kaersutlte reported by Best (1974) from the Grand Canyon
(Sample 73, Best 1974). The Wells Gray kaersutite has a K/Na ratio similar to that of the
host lava. Best interpreted the amphibole as a product of mantle metasomatism; a later
publication (Dawson and Smith- 1982) cite the circular problem of melt‘deri\'/atic'n from
kaersutite as against the precipitation of kaersutité from an alkaline melt. The stable
coexnstence of Al-augite with kaersutite ln{ -14/8/8X is mterpreted as$ evidence fo:r a

primary origin for the kaersutltg. oo : .
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WHOLE ROCK CHEMISTRY
The purpose of this p.art of the study is to deltermine the COncentrations of nwajor and”
selected trace elements in répresentative samples from each of the centres,studied The'
major element composmons of ldvas from several of  these centres (Flesmger 1975,
Flesmger and Nicholis 1977)have already been oetermmed and found to be alkallne The
present study ‘will use the major and trace element composmons to evaluate the
petrogenesis of the alkaline layas Previous work in the An'ahim Belt, .to the west of the
Wells Gray area, has been carried out on the ﬁambow Range shleld volcano lBevner
'1978 1983a, 1983b) and in the Stukme Belt on the #iziza (Souther and ankson 1984)
and Level Mountain (Hamllton 1981) complexes. In addition to Flesmger s werk on the"
Wells Gray lavas chkson‘31987) has  conducted chemical and lSOtOplC analyses on the '.
‘earher transmonal lavas in the southernqpart of the area. , : -
P4 . ",

“r it Pm , - I\

A. Analytical proéédurg

Sample selection v

Samples fromv each of the eleven volcanic centress were ex‘amnned
petrographlcally descrlptnons are given in Chapter 3. A total of 108 samples were
selected for major and trace element anaIysus Samples. were selected to represent each
.of the eleven volcanic cehtres studied. Two or three /samples only were selected from
the smaller centres‘ but the Iarger centres and the postglacial centres were sampled
extensively in order to study the drfferent phases of activity descnbed in Chapter 2_
Care was taken to ens/ure minimal contamlnatlon from accudental inclusions of  later
lavas, from mcog&ate materlal and from weatherlng - - e

Crustal ma rlal included in the lavas showed Strong narrow_)reactlon rims
isolating the mate;ral from the melt. Few crustal xenoliths BXhlblted soaktng by the
“magmas. The lack of/corrosmn of crustal xenollths suggests that little, if any chemical
modification took place by crustal contammatlon durlng ascent of the magmas to the

surface. C /‘ )

91
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Sample prepagation ' ' .

Detalls of sample powder preparation- are glven in Appendlx C. Sample aliquots

for trace element analysis were crushed using a rotary grinder with mullite plates and in

‘an agate swing mlll Those ahquots for major element analysis were crushed usmg a‘

tungsten “carbide swm_g mill. Care was taken to minimise airborne contamination of the

sample powders during preparation.

Whole rock chemical analyms~

lOB samples. were’ analysed for'Si0,, TiO,, ZFe as FeO, MnO, MgO Ca0, Na, O ‘

K;0 and P O5 using a Philips 12100 X= ray-fluorescence spectrometer with a rhodlum

tube. Analyses were conducted 4y Midland Eal th Sience Assomates of Nottlngham -
England The method of - analysis is descrnbed by Harvey and Atkin (1982). Samples :

analysed for maJor elements were prEpared from powders using the fused disc method.

with a |lthlum tet,r,aborate flux. Loss on :gnmon was reported for each sample. The trace

elements S. Cl. Rb, Sr, Ba, Sc, Y, Zr, Nb, V, Cr, Co and Ni were analysed by the pressed '

disc method. Sc was also analysed by this ‘method, using .a tungsten tube because of

\ébsorptlon lnterference

The concentratlons of HO and CO, were not, determlned for w'hole rock’

samples, for several reasons. Firstly, water and cagbon dlo%lde absqrbed from the

l

atmosphere are particularly hlgh in concentratlon in , finely ground samples The only
method of preventing thls is by crushing and subsequent stora eina lnent atmosphere
Heatung of powdered samples to exclude HO invariably }lnberates some of the

structurally bound water and carbon dioxide (Gltlnn pers. comm 1985) The losses on

|gn|t|on reported by thé Nottlngham laboratory were conducted using sample allquots-
f P

Wthh had equilibrated in a more. humld atmosphere and could not be compared directly
~ with analyses conducted at the Unuyersnty of Alberta.
Anelytical precision and uncertainty - o _ "‘\,‘ | »

Analytlcal precision based .on COuntlng statlst|c5/ cannot be evaluated |n vthe
absence of the raw data Nine unmarked repllcates and/ aliquots of U.S|G.S. standard
rock powders BHVO- 1, DNE-1 and W,2 were mc_luded Iv

1

ith the samples. One replicate
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of the last standard was also included. TabIeC;'l lists the analytical results for replicitesﬂ
: . . § . '

Results for standards are presented in Table C-2 together with published values for

comparison. On the basis of replicate‘analyses and comparison w.ifh published values of

U.S.G.S. stan’dard-s, errors were assigned for gach element analysed. Thése are listed in-
. .Table C-3. | | |

Determlnatlon of. ferrlc uron . _ X '

The method- use_thQ determlne Fe- is described in detan in Appendux C Brnefly
the powdered samples were welghed and dissolved m\pydrofluorlc acid. Sufﬂcrent
NH,VO, was added to oxidise all the Fe in the aliquot,.an mdlcator was added and the
solution was trtrated with a solutlon of (NH J;Fe(S0O,),. 6H,0 unt|I the unused V3 was used

up. : . ' , R . '

'B. Analytical results

|
J

Normative mineralogy and chemical classification

Normatlve analyses and classrfncatlon after Irvine:. and Baragar (1971) were
' calculated using the BASIC programme NIGGLE, compiled by the author. C.1. P W. norms
for all samples,are given in Table D_I' All sampies analysed, with the exception of those:
taken from Hyalo Ridge, fall within the alkaling field defined by irvine and Bara_gar,.'both
-in an elementary alkalies - silica plot ‘(Fig.26) and in those’ authors’ Ol"Ne'-Qf‘ ternary
diagram. Tne discriminant fu n recommended for basic rocks did not discriminate
effectively and yvas not used. Samples do, however plot within the alkaline field of
Irvine‘and Baragar's -Fig.5. The norms have as much ias ’1'3 weignt per.cent normative
nephehne '~ | ‘

All samples, mcludlng those from Hyalo Ridge, are sodic-or K- poor. The a|kahne
samples range from alkali olivine basalt to nephelthite’ and hawaiite despite their
‘restricted- composition; Normative anorthite and colour index,'are'close‘to the triple
junction of Irvine and Baragar‘s Fig. 10» Were some of the sodium to be assigned to
pyroxene a more reallst»c mterpretatlon all compositions would lie in<the alkali ohvme

basalt - hawaiite flelds The names assigned on the basns of a simple normatlve
\ .
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calculation are therefore misleading in-their variety and do not imply. inclusion in any
. . ] - .

continuous series. y

¢

Fiesinger's (1975) classifieation of the Flourmill .lavas as ankaramites is based
-upon-v the abundance of phyric pyroxene. Many of these py;roxenes, as eescribeg in
Chapter 3. are‘ xenocrysts of several different varieties. The lavas erupted from K ;stal
Lake and the centres around Ray Lake are also richly pyroxene phyr:c and xenopl;%&
and do not differ texturally from the Flourmill lavas. The alkaline lavas are therefore

assigned en masse to the- alkali olivine basalt - hawaiite suite and are clasiufned as
basanitoids. . > : _ !

‘ Hyalvo Ridge, the tuye in Spanish Creek', has a very unitorm 'composition, enriched
n silica with respect to the other lavas. The compositions of the Hyalo Ridge lavas are .
typxcal of the earlier lavas examnned by chkson (1887) and will-be-considered as part of |
the same group. Composmons of the basalts in- the Hyalo Rldge centre range from
subalkaline te the margin of the alkaline field; aII save one sample have norm@tuve

. orthopyroxene; none-is present in the modes. TheSe Iavas are therefore classmed as

transitional tholeiitic basalts. ~ - : f

. ’ . : s~ : V‘?’,"i— ’
Major elements .
: \

¥ ‘ N : "»,“ V
‘Major element compositions for each sample are given in Tabiem%.. Si0;, ALO,

3

O

and TiO' cgncentrations are typical of .alkali basalts and are corq‘pa with Bevier's

" Bevier did riot
dISCOVBF any evidence of crustal contamnna‘ﬂon and assumedr, ‘tal magmas to be -
near- pnmary in composition. :
MgQ, FeO and CaO values for the lavas studied have""rénges of 6.3-13.5,
8. 8- 14 1 and 7.0-10.5 weight percent respectnvely Plots of each major element against.
smca show a scatter of ponnts with no clearly deflneq trends. A distinct separatio@of’.
the older transitional basalts from- the alkaline lavas (Fvg 26) is the only remarkable'
_feature. Silica contents of the Flourmill and Spamsh Lake centres are slnghtly hrgher ‘than
those of the more easterly Kostal Lake and Dragonhead centres poss1bly as a functlon

of their high content of ciinopyroxsne xenocrysts.
_ _ .
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Mg40" in all the Ia\ias | including ‘those from Hyalo Ridge, is inversely proportional
--to Al O, (F;g 27) Values for the lavas define a Ime which may pe extended to the
composmon of the aIumlnous clmopyroxene or ol«vune described in Chapter 4 or to a
composmon representing. a mixture of these two mlnerals. A plot of total lro‘n against
MgO' {Fig.28) snov'vs two possibie chemica_l ‘trends, the first being cadsed by
contamination ‘with vxenophyric olivine, such as seen in the xenocrystwrich sampled of
'Flourmnll Centre. The trends ;ounlng the dufferent phases of activity at Kostal LaKe and
‘Dragonhead are in slightly dnfferent directions. The dlfferences in trends are due to
differences m the bulk composition of the maternal accumu[ated or fractionated and
probhbly reflect small dlfferences ln‘ chemlcal or modal composmon at or near the

source. Nore of the observed variation requires greater than 10% fractionation or '

Ny

" accumulation of a mafic phase.
Mg nuﬁbers for -the Wells Gray volcanics normalised to an'FeS'/ZFe of 0.15
(Frey et al. 1978), vary from as low as 0.49 in the later lavas on Ray’Mountain and in the
samples from Pounted Stuck Cone to as high as 0.71 in olivine-xenophyric samples from
the older "phase of actuvnty in the Flourmill Centre. In g’eneral, however, Mg numbers
increase in .the younger?_phases of activity for a given centre, unless there is a signif'rcan‘t
quantity of xe,nophyrnc material. v oz : : -
" The Mg numbers of the Iavas are not representative of primary l|qU|ds in
equilibrium ~ with -a mantle composmon ,represented by the -Cr-spinel Iherzollte
assemblage which is the mo;t common assemblage in the Wells Gray lavas. Frey et al.
(1978) cite Mg,, as the minimum value for a lava in equulrbr:um with a normal (Fo,,,)
mantie olivine (Palme.and Nlckel 1985).

The majority of the Wells Gray lavas have Mg ;umbers in the range 60 to 66;
higher numbers are usually assocmted with a high phenocryst and xenocryst content.
There is no e\'hdence for significant crystal fractionation in the Wells Gray alkaline lavas.
Rb/Sr rataos mcrease wuth #reasmg Mg’ (Mg+Fe) in both the Dragonhead and Kostal
Lake centres wh;ch show the largest variation in trace element compositions. All lavas
are porphyritic and contain abundant small ultramafic xenoliths, as described in Chapters
3 and 4, suggesting that their rate of ascent was sufficiently rapid as to preclude"'

significant crystal fractionation. ' '
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in Table 1. Error bars are given at the: 20 confidence level based on the maximum

observed concentrations of each component. The lavas lie along a line which may

be extended to the composition of aluminous ciinopyroxene or olivine, gesting

ha accumulation of either or both of these phasesgduring ascent, to dilute the lavas
with an Al-poor composition. ' ' C
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A resoiution of the problem of rapidly-ascended liquids with no‘n-primary Mg
numbers is to propose a source reguon or reglons enriched in Fe, relative to Mg Such
heterogenemes have bgen proposed to account for the chemlcal and |sotop|c varigtion in .
ocean island basalts {Zindler et a/. 1984) and are attrlbuted to the presence, in the upper '
mantle, of #&cient oceanic crust, Wthh has become decoupled from its lithospheric

P

mantle (Hofmann and Whlte 1982). The heterogeneities are most evident in lavas inferred

to begelerated from a small source volume (Zindler et a/. 1984). The Wells Gray lavas,

of & pted volume in a subductlon envnronment are possubly generated in a similar.

T P
y . N
manner from heterogeneous mantle. v ’ : °

MgO, FeO and, CaO are constant for eech sample suite except in the- case
alreadgy described, where oluvnne accumulatlon has occured. The decrease in Ca0 from
earlier to Iater phases of actlvnty in the Kostal Lake and Dragonhead centres can be
accounted for by a magslmum of 8% fractionation or accumulation of cllnopyroxene This
is not consistentr wuth“the 30% fraatlonatlon required to account for trace elernent
varlatlons descrlbed below. It is. concluded, therefore that the composntlon of the
Wells Gray lavas 'Sl not controlled by significant .fractionation of ohvme -and
cl: nopyroxene durlng ‘ascent. This conclusion is \supported by ®he large quantltles of
ultramaflc xenollths in the Javas WhICh indicate ascent velccities sufficiently rz(;ald/Js to
hlnder efﬁcuent fractionation. L A ' }\ :

A graph)-of K, O agalnstu Na,0 shows a covariange between the two elements
which extends to the concentratlons of these elements in the amphlbole from the

- xenolith in the Dragon s Tongue (Chapter 3). This relationship is (shown in Fig.29. The
pargasnte descrlbed by Brearley and Scarfe (1984) at Lightening Peak, British Columbna

has a K/Na ratlo which is mcompatlble with those of the Wells Gray lavas. The

Dragonhead kaersutite falls in the mlddle of a range of K/Na ratnos for mantle- derlved

hiboles, state quite concisely that the converse holds true and that the kaersutite is
most often interpreted s a reaction product of melt with xenoliths. The .mutually‘

interpenetrant clinopyroxene-kaersutite grain boundary (Plates 12A, 12B) is
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29. Weight % K,O against weight percent Na,0. Symbols used. for each centre are

listed in-Table 1; amphibole - analyses (Table B-10) from a :xenolith “from the -
proximal portion of the Dragon's Tongue are representéd by diamonds. Error bars
are .given at ‘the 2¢ confidence level based ‘on the maximum observed -
concentratiofls ~of each -component; separate error envelopes are given for
-microprobe and X.R.F. analyses. The lavas could be generated by melting of
amphibole to produce a spinel clinopyroxenite residue. Note that the Lightening -
Peak amphibole (Brearley et a/. 1984) does not lie along the line. :
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reemp_hasised here. to support the 'inte.rpretation of the kaerSutite as a primary phass.

4

. Trace element variation

: Trace element compositions for 13 elements are available for )1 06 samples.
These values are listed iR Table D-1. The Wells Gray lavas, particularly the alkaline lavas,
are typically enriched |n incompatible elements such as Ba and Zr, to a much greater
extent than any lavas in 'British Columbia (Bevier 1979, Souther and Hickson 1984,
Hamilton 1981). The lavas from Hyalo Ridge are typical transitional tholeiitic lavas which
are identical to those studied by Hickson (1987) This section will therefore deal mainly
with the chemistry of the alkaline lavas. ¢

The trace and minor elements are dIVIded into four groups. The first group '
comprises the elements Mn Sc, Y and Co These elements are relatively low in
concentration in the Wells Gray lavas and do not vary sugnificantly with eruptive svent or
with centre. Mn and Co are snderophile and are of equal concentration in olivme
pyroxene and whole rock. The absence of sigmficant variation in Sc indicates that no
significant amount of clinopyroxene frac\onation or accumulation has taken place even :
in strongly xenophyric lavas. _ |

~ The second group comprisé?the chalcdphile element Ni. Ni has been used,'
together with Mg, ‘(Sato 1877) as a discriminant for primar;i magmas from the earth's
mantle However, the analyses (Chapter 4) of sulphide inclusions in clinopyroxene grain.s
indicate that primary sulphur is present in these rocks in suffrment quantities as to

"scrub” Nl from the smcate melt. A plot of MgO against Ni. shows a posrtJive covariance
(Fig.30) but the range of Mg and Ni values in each centre is too small, compared to the
error to‘ make any inferences for any suite save that from the Fl’ourmill Centre. Here, the
slope of Ni against MgO' (Fig.30) indicates accumulation of olivine with-a Ni gontent of
‘approximately 0.35 weight %. This sugge‘sktysfthat the phyric olivine is nickeliferous and

that the magmas are near-primary in composition.

A graph of Ni against S shows a statter of values Given that the sulphide

‘ mclusnons occur in unpredictable and variable quantities and that a single inclusion 0.01 .

“mm in diameter, with a 40% Ni content, can produce an incremen of TppmNiina : gm

o

sample, the Ni and"S values for the samples are, at present, not'ihterpretable. A plot of

J
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Fig. 30. MgO against Ni for the Wells Gray lavas. Symbols used for each centre are

" listed in Table 1. Error bars are given at the 20 confidence level based on the

maximum observed . concentrations of each component. The two components

show a linear covariance but there is no continuous change in composition except,

in the Flourmill centre. The enrichment in Mg and Ni is due to accumulation of

_xenophyric olivine. The Mg-depleted samples from the Ray MountairMarea possibly
represent the end products of olivine fractionation. '



Ni against Co (not shown) is scattered.

The third group comprises the semi-compatible transition elements Ti, V and Cr.
Chromium varies in the lavas from high concentrations in older lavas to lower

“
concentrations in younger lavas. A plot of MgO against Cr (Fig.31) shows that for a -
‘ ~ given MgO value the»cr confentrations increase from Kostal Lake and Dragonhead to the
Spanish Creek volcanoes and so to the transitional tholeiitic lavas of .Hyalo Ridge. This .
suggests that the trace elément compositions of the lavas are moving, -with time.
towards /ess refractory compositions, implying that the source region is also changing
with time. \X/ithin the/“Dragonhead and Kostal Lake centree, however, later lavas have
higher Cr and MgO"?"concentrations, ssuggesiing that their sources becorQe more

refractory. with time.

;Venadium, also a 'member of -this group, has been used as an indicator of
magnetite fract:onatnon {Duncan and Taylor 1868). A graph of total iron as FeO against v

« for the-Wells Gray lavas shows a total absence of covariance, indicating that maaneuite
" fractionatioh is not significant in, producing the chemical variations observed in the lavas.
'~A graph of CaO against V, however, shows a s.trong positive covarianéce (Fig.32) which
indicates fractronatlon or accumulation-of a mmeral or minerals with composmons lyung
‘along the trend. Two candndates for such a process are clinopyroxene, which is
enriched in Ca0 relative to the magmas. and olivine, which is depleted in both Ca0 and V
relative to the magmas. It is probable that vanadium occurs in clinopyroxene ‘as the V*
ion, which has an ionic radjus closer to that of .the Cr* ion (Henderson 1982).

Ac'cumulation or fractionation of either mafic mineral will have a complementary effect *

'

on the CaO-V diagram, that is, fractionation of olwz is equivalent to accumulation of

pyroxene. The total amount of mafic phases *‘facbonated or accumulated cannot.
however exceed 10%, as discussed above T _

The fourth, most interesting: group comprises the incompatible elements Rb, Sr,

r Ba, Zr ar(d Nb. These elements show a common covariance, together with Cl and the

major oxide; K,;O and P,0, (e.g. Fig.33). One explanation of this’covariance would be

that of different b jrees 'of'vpértial melting in the source. However, a difference of as

~much as.30%'in partial meltino ~ould be required to'produce the obserf’iw" j.varnation in

f\

these elements This is mcorﬂsr ent with-thgjsmall varlatlon requured by the ma;or
.“_) \d r

f/f e i . ’ -y
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Fig. 31. ¢Veight percent MgO against Cr for the Wells G: 1y lavas. Symbols used for
each centre are listed in Table 1. Error bars are given at the 20 confidence level

based on the maximum observed concentrations of each component.

The

transitional olivine basalts from Hyalo Ridge are the most enriched in Cr for a given
MgO concentration. The Dragonhead and Kostal Lake centres (triangles and circles)

show enrichment in Cr and M
to earlier (hollow).

g0 in later phases of activity (filled symbols) relative
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Fig. 32. Ca0 against.V in the Welis.Gray lavas. Symbols used for each centre are listed

- in Talsle 1. Error bars are given at the 20 confidence level based on the maximum

observed concentrations of each component. The two elements show a positive

covariance, Within analytical error. The range” of values for Flourmill and for Kostal

- Lake suggests that small amounts of clifopyroxene have been accumulated during
ascent. - ' . . : o
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Fig. 33. Sr against Nb for the Wells Gray lavas. Symbols used for each centre are listed
in Table 1. Error bars are given at the 2¢ confidence level based on the. maximum
observed.concentrations of each component. The observed covariance is common
for all suites except Pointed Stick Cone, the later phase of activity on Ray
Mountfin and the earlier phase of activity at Kostal Lake. ' T
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network modlfylng elements and by the CaO V covarlance (Fl? 32) A more reasonable

- -explanation would be. that an initial eplsode of partlal melting |n the source depleted the

latter in mcompatlble elements and produced an enriched melt. Successnve eplsodes of -

‘ meltlng in the same source produced correspondrngly depleted lavas.

.A plot of Ba agalnst Sr (Flg 34) shows two covarlant trends. The first lncludes

the samples from Flowmlll Spamsh Lake, Dragonhead and the. earlier phass of actlv:ty

. on Ray Mountam Samples whlch form thus trend are ennt:hed in Ba relative to those of

the second trend,whlch mcludes the samples from Kostal Lake, Hyalo Rldge\ Pyramud

Mountaln an‘d the later phase of lzactlvrty on Ray Mountain.. Samples from Polnted Stnck

Cone do not fall on elther trend and are mterpreted as the possible, resuli’ of crustal

contammatlon T ‘ ot “"e-

,Q
K oy ""’ LY

¢ The dlvergence of the. Ba Sr trends whlch is not refated to geographic area, ‘is
' srgnlflcant and indicates the presence of at least two unrelated sources of trace,'
elements for the Wells Gray favas. The Ba- enriched trend is deS|gnated Type 1 and the
Ba poor trend Type 2. This separatlon is also reflected in plots of Zr against Ba, Zr
agalnst Nb and Ba agalnst Nb (Flgs 35, 36 and 37) The Type 1 Iavas are’ therefore'
depleted inZr and enrlch)ed in Ba relatlve to the 'Rype 2 Iavas ’
There is a general covarpnce of all mcompatlble elements elements wath P.O,.
The correlatror‘: of Sr wuth PO, lFlg 38) is partlcularly good suggestmg that the
dlstrlbutlon of Sr m the source regton is assomated .at least in part “with P;Q, and
‘possibly with a phosp_hate storage phase, such as apatite described in Chapter 3, at or
near the source regions for the lavas y - |
In addltlon to the incompatible catlons Cl shows a posntlve covarnance wcth P Q,
(Fig.39). The graph appears tovbe’ scattered but, for each sample ‘suite, there is a cluster - 2
, of samples deflnmg 3 maximum concentratlon for’ that suite, whlle wnthm suite PO5
concentrations. are constant The ¢ovar|ance between Climaximum) and P,0, for the _

Wells Gray lavas is, therefore qutte good. .

The maximum CI*for each sample suite defines a sharp covariance',wi_th other
~ incompatible elements, such ?sf Nb (Fig.40). The abpndance_'of Cl in-the Wells Gray lavas
could be due to the presence of a phaseé rich in Cl and P,0; in the source regions. The

phase could be volatile; more probably it is a Cl-bearing phosphate.
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in Table 1. Error bars are given at the ¢ confidence level based on the maximum:
observed’ cancentrations of each component. .The lavas fall into two types; a
Ba-enriched type (Type 1) including Dragonhead, the earlier phase of activity on Ray .
Mountain, Flourmill and Spanish Lake and a relatively Sr-enriched type (Type 2)-

including Kostal Lake, Spanish Bonk and the later phase of activity on Ray Mountain.
The samples from Pointed Stick Cone are strongly enriched in *Sr and are,

Fig. 34. Ba égainst'Sr for the Wells Gray lavas. Symbols used for each centre are listed

* " apparently, unrelated to other lavas.
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, Fig. 85. Zr against Ba for the Wells Gray lavas. Symbols used for each__c;entrg__ar_e listed
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in Table 1. Error bars are given at the 20 confidence level baséd onithe maximum
observed concentrations of each component. Thetlavas fail into he _same types as
on the previous diagram, with the .exception of the Ra

Ba-enriched Type 1 is relatively depleted in Zr. -
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_Fig. 36. Zr against Nb for the Wells Gray lavas. Symbols used for each centre are listed
~ in Table 1. Error bars are given at the 20 confidence level based on the maximum
observed. concentrations of each component. Type 2., with the exception of the

. later lavas on Ray Mountain, is enriched in Zr relative to Type 1.
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Fig. 37. Ba against Nb for the Wells_Gray lavas. Symbols used for each centre are listed
in Table 1. Error_bars are given at the 20 confidence level based on the maximum
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¢~J . ) §
1200
- — *___
1000 B o VY
' . °
800 | ‘ T ks
. ’ . - v “,;4:@ blfi‘
' . ’ 8] o 2 ’ '
ST 600 | L e \,
ppm : ‘* X ) 9 ‘u
. 400 | c
. : . L\ _
200 |- . | - o
0 | / | “*-:4}:1 | I | A | ‘1 "
0 0.1 0.2 «@3 04 05 06 07 08 09
’ S <205 |
,i ‘l ) s

Fig. 38. Weight % P,0; against Sr for the Wells Gray lavas. Symbols used for each
centre are listed in Table 1. Error bars.are’ giveg at the 20 confidence level based
on maximum observed concentrafions of “each component. The covariance
betweeh these elements suggests that strontium may be,, associated with

phosphorous in the source region, either in a phosphate phase o/ in a metasomatic

fluid.
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Fig. 39. C! against P,Q, for the Wells“Gray lavas. Symbols used for each centre are

listed in Table 1."Error bars are given at the 20 confidence level based on the
maximum observed concentrations of each component. There 'is a strong
covariance between the maximum Ci concentration in any sample suite and the:
mean P,0, concentration for that suite. This suggests that the maximum Cl
concentrations for each suite represent near-primary values; samples with values
lower than the suite maximum have been degassed. : ‘
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Flg 40\ C agamst Nb for the Wells Gray lavas. Symbols used for eﬁ@h cerﬂtre ‘are. listed
in Table 1. Error bars are given at the 20 confidence level ba;g> < on the maximum
observed concentrations of each. component. There is atstrofig covariance

_ between the maximum' Cl concentration in any sample suite, assumed to be the

. primary concentration in the lava, and the mean Nb concentration of that suite. This
suggests that Nb is closely assocnated ‘with Clin the- source reg:on
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The genesis of basaltic magma (Yoder 1976) takes place by the partial melting of
either spinel'lherzolite or garnet therzolite in volatile-poor or volatile-rich ‘conditions. .
Spinel Iherzolite is the most common choice for the lavas of the/Cor'd‘iHera because of
its abundance as a xenohth in cordilleran lavas. Asthenospheric mantle is. present benseath
the Canadian Cordnlera at depths whnch lie well within the stablhty fleld of spinel. Garnet
fherzolite xenohths by contrast, aresabsent from the assemblages found in cordilleran
British Columbla

. Concentrations o_f rare earth elements -determined for at least one sample of the
alkaline lavas (A.D. Smith, unpubl. data) indicate that these lavas are strongly enriched in
nght rare-earth elements. This enrlchment suggests that either ‘amphibole or garnet is
present in the soufce regions but is greater than can'be accounted for by single'stage
melting of a chondritic garnet therzolite unless very, .smallfdegrees of partial melting are -

~assumed (Harrison 1981). Although it may be possible (MacKenzie 1985) to separate as
littte as‘ 0.1% partial, melt from the source, it is more probable that the ‘enrichment .is the
product of a process comprising at least two stages. '

Takahashi and Kushiro (1983) conducted an equnlnbraum study of dry melting in a
natural perldotlte conclud:ng that a range-of melt compositions could be dernvedvfrom
the dry xenoliths, the melt composmons becomnng progresslvely more undersaturated
' kuth mcreasmg pressure. The Wells Gray lavas could be generated, by their estrmates
from a spinel Iherzolite similar to that beneath Hawaii, under a pressure of approximately
20 kb. .Equilibration calculations made by Hickson (pers. comm..1987) indicate that the
WeIIs Gray magmas were generated from discrete source regions. .
"The subcordxlleran mantle of British Columbna has undergone three major |
_ subduction events in the past 150 Ma. The most recent is active subduction under the
southern p'ortion of the Canadian Cord,illera" (Keen and Hyndman 1S79). It is probable
ther,e‘f% that the subcordllleran mantle contains appremable quantmes of volatule'
components The. presence of apatite and amphlbole in . mantie xenoliths and the

ve5|cu_lar|ty of vvolcamc bass from the hyaloclastite mounds suggest that water, carbon

dioxide, phosphorous and chlorine are all present in significant amounts. Studies

-conducted by Wyllie (1977, 1978) and by Eggler {1976) indicate: thatythe presence of

L]
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| towards Si(')2 - undersaturated values. H,0 also depresses peridotite solidi, enhances the
solubility of CO, ln silieate meits and drives magma compositions towards, the SiO, -
saturated field. Chlorine , as CI- depolymerises silicate melts - (Burnham 19ﬂ79)~vand
phosphorous, as PO, polymerises silicate melts (Mysen 1.986). The relatil/e
proportions of these cor : onents in the source, and their predicted effect on magma
compositions, el/en for synthetic systemvs are poorly known, l\levertheless, it is probable
th@t a vdlatile-bearing phase has melted to release the flux necessary for partial meiting.’

A stedy recently conducted by Brearley and Scarfe ll§84) ln British Columbia
describes amphibole in a spinel lherzolite located at Lightening P'ealg in the Intermontane
Belt of 'he Cordillera. This occurrence was interpreted as primary: amphibole. Gilbert et
a/ (1982) stated that, glven a mixed volatlle phase of H,0 and CO,, a pargasitic '
amphibolé would be stable at temperatures above 1100°C in the spinel stablllty field. A
poorly-constrained temperature obtained for the aluminous assemblage in Chapter 4) is-
1100°C. At such a temperature, a slight decompression, a chan.ge in the activities of
volatile components, or a rise in temperature would initiate melting of the amphlbole.
Water thus liberated would further alter the volatile activities. Constraints upon 'the‘
hypothetlcal conditions are, therefore, poor; nevertheless, melting of the'amphlbole
would then proceed according to the following reaction: |

2 amphibole + vapour # 3 diopsidev + 2 fprsterite + spinel + liquid

The melting of pargasite at hibgh'pressure will produce a liquid close to nephelinite in,
composition (Japkins 1983},

The Lightening Peak amphlbole has a- ratio of K,0/Na,0O that is clearly
lncompatlble with those of the Wells Gray lavas (Fig. 29) However, the amphibole
_ discovered in a splnel cllnopyroxenlte nodule in the Dragon’s Tongue has a K/Na ratio
similar to that of the host lava and represents a possnble source composition. Textural

relatlonshlps between the amphibole and the clinopyroxene-spingl assemblage resemble

those reported by Arai (1986) for occurrences of amphibole in mantie xenoliths.
Partition coefflaents for major elements between clinopyroxene and co-existing
amphibole are presented in Table 2. Predicted values listed in the table are taken from

H)awthorne.llgal) and from Henderson (1982). Partition coefficients for the Lightening



Table'2 .

Predicted and observed partition coefficients (xlamphiboleN x(p'il.roxene)) for two

5

- Xenoliths in British 'Columpia. .:_ ,

(2

3 .
Element ' - Predicted Dragon’s Tongue : -Lightening Peak
Si n.a. n.a. na
Ti 2.5+ 4 a4
Al 187+ 1.77 2.19¢
Fe 1B 1.45 1.46 .
Mn £l o 1
Mg . . 0.85 - 1
Ca n.a. 057 0.51
Na y 1-3.03 3.21. 2.64

-Predicted partition coefficients are based on data co'mpiled by Hehd'erson’(lg'BO)'a‘nd by
Hawthorne (1,981).:n'.a_. = data not a\‘/ailable..Da'ta on Lightening Peak are from B'Fearley

‘and Scarfe (1984); those from the.Dragon’s,Tongue are taken from this _stucfy. T

Yoy



| Peak 'assemblage ‘are calctlated from Brearley and S.carfe (1984). Values for the -
Dragon 5 Tongue are listed in Tables B-2 and B-10, in Appendix B. All Yalues for each
element §hcw very close agreement The values mducate that chnopyroxene and
amphibole are at least close to equllubrlum for both assemblages
. We may conslder the generatlon of melt m the source region as equmbrlum '
“ melting approxnmatlng the reactlon of Brearley and Scarfe (1884}. Generation of magma .
from melting of an amphibole mcorporates “far fewer assumptlons than |ts hypothetical
generation from a spins! lherzollte or garnet lherzolite assemblage. The occurrence of
xenocrysts of aluminogs clinopyroxene in all alkaline‘lavas from Wells Gray Park implies :
that the aluminous assemblage described in Chapter 4 is involved.
"Modelling of magma generation' wlas carried out using the compositions listed in
Table 3. The m;gma composition. yyas assumed to be that of the Dragon's Tongue lavas
* enclosing “the amphibole-bearing nodule. 'Compositlonal.‘ modification may have taken
place in transit to the surface,v by crystal 'fractionation or accunlulat'ion,.but the magma |
composition is probably closest to that in equitibrium with the nodule at depth. Similarly
) , .

the composition of the clinopyroxene and spinel co-existing with the amphibole were
. N ’ .

also used. )

Melting of the amphibole was assumed to take place according .to the reaction:
Amphlbole = Liquid + Cllnopyroxene + Splnel . » T -

The’ reaction is, naturally s:mphfled excluding phosphate and many other slgnlflcant'
components but it serves as a model for the melting of amphlbole alone. -Calculations
based on this reaction assume that all potassuum from the melted amphlbole will be.
partitioned into the melt From this simplified, assumptlon the, solld/llquld ratio of the
melted amphibole can be calculated. A similar procedure_,usnng Ca and Na ‘ylelds the ratlo
‘of spinel to clinopyroxene ‘dnc'e th}e relative proportions are 'calculated, the restidual.
proportlons "’"E all other ma,jor oxldes are calculated |

Calculatlons based ori this reactlon show that the amphlbole will melt to a liquid
‘ composutnog resembling that of the proximal portion of the Dragon s Tongue and to an
aluminous chnopyroxene and hercynitic splnel identical in composmqn to those m the

nodule: ml major oxides ‘are accounted for by this model save for -a slight resxdualv

excess in MgQ and a ma;or excess in TiO,. The discrepancy in MgO can be accounted_
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J " Table 3

-Cpnc”ehgrations of major elements in amphibolé masg-balance calculation.

Phase \, Amphibcie " Magma ~  Pyroxene  Spinel Olivine
' Wean cf . (Mean’of - (Mean of (Mean of * o
T 14/8/8X-R). - proximal 14/8/8X-Rl 14/8/39X-R)
oy e Dragon’smes. . - - . ‘
TR Tongue)&‘s&
‘, ‘ N iy ) 4 BN . - . a
- Si0, . - 40.37 43.50 . 48.28 '0.38 . 38.39
s Tio, © .- b.bB3 . 2:66 S .37 . - 0.686 0
7 ALO, ' - 14.76 - 13.48 © o 8.34 . 55.44 : o
. FeO | . 11.76 - 12.55 . 811 -+ 2B.62 18.94
,MgO . 12.1 9.00 . - 1426 : ~ 1459 41.82
Ca0- : 10.55 971 dEh 1848 0.1 0
Na,0 ‘ - 2.86 ., 430" 0.89 . -0 0
K,0" . ) 1.18 ©1.81 S+ B 0 = .0
- % melt - -.\‘, \“ ' o V}-_ .
+phenocrysts n.a. *65.2 L2807 8.1 n.a.
-phenocrysts 678 . 2437 79 4.0
’ - . ) . . ‘ s &
Residual No No 4% olivine
percentages  fractionation, fractionation,. fractionation;
Ti included Ti omitted ' Ti omitted
SiO, -914 -.866 - -.778 ‘ oo T
TiO, - 3.38 338 - = 3.4 :
ALO, : -.746 -793 . -434
FeO - -806 .. - -.926 -1.15
MgO ‘ 0.59 7 0.59 -.128
Ca0 =725 - -706 .~ -.278

Na,0 -.181 ~ -.180. -.160

Analyses are averages of five or more analyses for each phase. Mean analyses of
.mineral phases are taken exclusively from 14/8/9X-R, the amphibole-bearing nodule
and are listed in Tables B-2, B-8 and B-10. The magma composition is that of the :
proximal portion of the Dragon's Tongue which hosts: the: amphibole-bearing nodule.
Analyses from which the mean is calculated aré.listed in Table D-1. Precisions for all
mean values fall within thé confidence. limits given'in Tables A-3 and C-3, as appropriate.
. The percenta%e of magma generated from the amphibole was calculated using mass -
‘balance of K,0 in amphibole and magma. The relative proportions of clinopyroxene and
spinel were calculated by minimising the residual values of the major oxides after
extraction 'of ‘the three phases from the bulk composition. Residua after extraction of
spinel and clinopyroxene from the remaining material are listed in the lower part of the
table. i , ‘ . '



for by a sllghtly hogher hypothetlcal MgO content of the primary magma MgO was ,'
probably depleted in the magma by minor fractlonatlon of olivine durlng‘ascent from the
source region. Such fractlonatlon would not dlsturb either the < Si0, or- ZFel
concentratuons of the magma s:gmflcantly because concentrations in the ollvme are close
to those of the magma. In <fact the process is probably more “complex, but the above
‘modelling is strongly suggestive of genération of the magma fro_m a'source composntlon
'a‘pproximately equivalent to amphibol_e. ) 4 ‘ -

'l;h_e residuat in TiO, poses a far greater problem. The amphibole,is- enriched in
. Ti0,, relative to the melt by a factor of at least 2. This is in accordance with published .
jpartition coefficients (Hawtho»rne 1881) -but does not agree with the mass balance‘
calculations; It is possible that TiQ, is partitioned into another 'phase (e.g. iimenite), but no
petrographic evldence of this phase exlsts It is, therefore, n'ecessary to consider the
‘Slte dlstrlbutlon of TiO, in amphlbole with respect to amphlbole breakdown '

) Flg 41 shows the structure of amphlbole Three types of octahedral site extst'
for metal catlons these  are the M1, M2-and M3 sites. The M4 site is a Iarge snte
'commonly hostmg Ca» and Na* cations. The Ml M2 and M3 sites commonly host Mg?-,
Fer, Fe¥, Crs- and it B -

t i “probable (Hawthorne 1981) that T| can also ex1st in trivalent form in both - |
cases it seems to be partltloned into the M1 site (Veblen and Buseck 1980) This site is
close to the A site, housnng K+ and Rb- ions on the back of the tetrahedral cham Thef
' amphlbole analyses from the Dragon S Tongue show an inverse variance between TIO .
. -and KO Thls is lnterpreted as the effect of melt produced from the amphibole
equlllbratlng with unmelted amphibole. Such equ:hbratnon would be fairly rapld given the
. Iarge size of the channels in the amphlbole structure (Hawthorne 1981) Possubly the
_ effect is S0 pronounced W|th T|O2 alone because of lts small ionic size and hlgh field
‘ strength , ‘ _

| It is proposed therefore that an amphlbole poorér in TiO, is the best candldate ..
| ~for a principal source phase in the generatlon of the alkaltne lavas, The amphlbole is of
5 composmon snmllar to that of a kaersutlte from an. ultramaflc xenohth in the C?and; '
Canyon area descrlbed by Best (1974) and is snmllar to several ana?ysespublnshed by |

Dawson and Smith (1982) and by Arai (1986) Other phases such as phosphate, wnll
AN
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~ Fig. 41. Structure of an amphibole, viewed along the z axis. Cation sites are labslled and

- assigned a percentage height in the unit cell above (001). Ti is partitioned into th
M3 site, close to the A site which accepts K- ions. Ti may exist as Ti* or Ti* in the
amphibole; a coupled substitution could explain the inverse variance seen in Fig.25.

¢
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contribute to the lncompatible element composition of the fpagma, and some ass’imilation ‘
-of relatively refractory phases, suchas clinopyroxene will occur. It is also proposed
that at least some of the. Wells Gray lavas are produced by breakdown of small but

s:gnlflcant quantltles of thls amphlbole rich assemblage in the subcordilleran mantle.

’

D. Summary

The' whole rock chemlstnes of the Wells Gray lavas fall |nto a transitional

- tholgiitic an</ an alkaline group The major element concentratlons in each sample suite
indicate that only minor crystal fractionation ‘has taken place snnce generatlon and the
presence of mantle)xenollths in most lavas mdlcates that the magmas ascent was
sufflcnently rapld as)to preclude efflcnent crystal fractionation. No clear pattern of
lncreasmg Rb/Sr"ratlos with decreasmg Mg nurhber is present, elther for the entlre suite -
or within lndlwdual centres Each centre appears to have a dlscrete source reserv0|r'.
“with a ma;or element composntlon dlffermg from the other reglons
o The high contewd sulphur |n the rocks renders NI‘. useless as a quantitative
petrogenetic"‘_tool; neverthel‘éss, the I»'a'v.as have concentrations of Ni, Co and Cr which
are characteristic of primary. megmas' Mg niumbers for most of the lavas range from 60
- to 66, WhICh is slnghtly low, unless the magmas were generated from iron-rich mantle _
-I> The mcompatnble elements Ba. Zr and‘ Sr define two covarlant trends Wthh are
mterpreted as ev:denc,e of two dlstmct trace element source reglons These source
reglons are. not area(/ related The first Iava type, designated Type 1, is characterlsed
by relatwely Ba r|ch and relatlvely Zr- poor concentratlons Type 2 ‘ls relatlvely Ba- poor

and Zr- rich. S~

No correlatlon GXIStS between these: mcompat|ble element concentratlons and the
ma;or element concentratlons |n the lavas. lncompatnble elements, such as Ba and Sr
show as much as 30% varlatnon whuchgls not in agreement with the 10% fractional

'crystalllsatlon permltted by varlatlons in - the major .,elements The varlatlon in trace‘
elements is mterpreted as a depletloh |n the “source region of |n|tlal partlal meltlng
Subsequent melts fora glven centre are tappln? a partlally depleted source volume.

The great ennchmeht |n all Iarge ion lithophile elements in the Wells. Gray lavas

B 3
_ cannot occur without an enrlchment durlng partlal meltmg of approx1mate|y 500, relatlve
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to the analyses publishea‘ by Smith (1986). A more probable’ mechanism is that of

metasomatism of a depleted source rock prior to lnltnatlon of partial meiting. Phosphate

the apatlte described in Chapters 3 and 4. Small, discrete variations in the compatible ‘

element concentrations are reflectza in the composition of the erupted lavas.
- Calculations  using. the amphlbole bearing " xenolith indicate that the

clmopyroxene magma- splnel assemblage can be generated by meltlng of a low-titanium

kaersutlte with some accessory minerals, such as phosphate. An optlmum 4% olivine

fractuon when added to the host magma will reduce the residuals of the calculatlon to

.

mlmma S e

It is proposed therefore, that the alkallpe lavas in Wells Gray Park were

. generated by melting of amphlbole in dlscrete veins in the mantle source region. The

dlstrlbutlon of the major elements and overprmted that of the lncompatlble elements.

Successnve batches of.melting in the source reglon of a single centre depleted part of

the source; that volume then formed part of a later source volume contrlbutlng a more

refractory component to the later magma

- and chlorlde are apparently major components of the fluid phase and- probably formed. |

: 'velmng was formed during a geologlcally recent metasomatlc event which perturbed the

v



6.
ISOTOPIC ANALYSIS e
The lSOtOplC rat| s of strontium and neodymnum were determined for twenty samples -
from\ the -Qu ernary ‘alkaline lavas of the Wells Gray area. The purpose of these
-analysks is: firstly, to determine the |sotop|c characterlstlcs of the source regions and |
fo compare these with existing data on the subcordnlleran mantie (Smith 1986); secondly,
. to de'terr.nine the relationship, if any, betyyeen the source regiogs and to constrain the
| time of generation of the heterogeneities; and, thirdly, to identify, if 'possibl@ any
evidence’ of.contamination ‘of the magmas li':y continental crust.
Neither \”Sr/"Sr nor 1"Nd/“‘Nd-haveh, to date, been reported from'Quaternary :
' _alkali basalts in the Wells Gray area. A similar study '(Hickson/and Baadsgaard in prep)
was conducted, qoncurrently with the. present study on samples of pre- and synglacial
' tra(\sxtuonal tholeutlc lavas in the south of the Wells Gray area this study complemented
a high- premslon K/Ar age study (Hickson and Souther 1984, chksom 1987) Hickson
concluded that the lavas were derlved from a source reglon prevnously' depleted by at
least one eplsode ofv partlal meltlng and tHat no sngnlﬂcant contamination by . crustal
maternal had taken place P o : |
lsotoplc work in the Anahim Belt was conducted by Bevier 11978, 1983a) who
_measured Sr and Pb isotopic ratios in Chnlcotln Group basalts of the Rainbow Range.
Bevier found no evidence of crustal contamlnation in the isotopic compositions of -
‘parental lavas, WhICh have whole roc}< maJor element compositions similar to those of
the syn-.and postg.acial. favas in the present study area. Slgmfncant chﬁmlcal dufferences
between the two areas have already been dlscussed |n the preceding chapter

U' N

mlytical procedure - ’

'

[}

Sample selection S | . - .

.T'wenty, samp'l'es were_( selected for the isotopic stu'dy'_from. those. already
-analysed for v&hole rock major.and trace elem_ent conce}ntrations. Sample selection was
based upon geological signiticance, comprising geographic and stratigraphic location; ¢
} upon chemlcal significance,'whether representativev of a numb'er of analyses from a

-
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major eruptlve phase or of‘an unusual composition; upon a low degree of weathermg‘
and upon ‘a hlgh degree of volatile retention. Volatile retention was estimated from
.-mea_sured Cl_ concentrations. A posmve correlation between P,0, concentrations and
maximum values !f_or Cl within a sample suite suggests that the maximum Cl values arek¥
close to primary concentrations in the la_y-as at eruption. Samples with “such
concentratlons are probably least altered. : | |

Nme samples which were selected dld not have maximJfi concentratnons of Cl.
Five- of the exceptlons were made_for ,,t'he pu?ﬁose of having better stratigraphic
control of thed plc analyses Three were the ieast weathered samples available from
small poorly sampled centres and had anomalous chemlcal compos‘ﬂ’rons One sample
W2-21 /7/1 -R. from the distal portltzn of the Dragon s Tongue, had been analysed in
rephcate four tnmes for whole rock major and trace element concentratlons Whole
rock analyses of these nine samples showed no departure from the average non-volatile

element concentratrons of each approprlate unit.

Two samples of -volcanic glass, from Spanish Mump and from Pyramid Mt. were

also analysed. Ml-’toprobe data .for major elements in these samples are reported in

Table B-43, bt trace element concentrations, determined by X.R.F. for whole rock

“+samples, were not measured.

Sample preparation ‘ ?

: A detailed account of sample preparation is given in Appen’dix C Whole rock
sample p'owders‘ analysed were aliquots of .poyvders preoared.for major element
analysis by X RF. The two glass samples were first washed-in dilute HCI in an ultrasonic
bath to remove secondary calcite,rthen crushed to a grain- size of approxnimately 0.5

mm Weathered fragments of glass were then remove;d by hand purkma

S,

S

Isotopic ratnos were measured using ahquots of approxumately 0& g for the
| 'whole rock samples and approx|mately O 249 “of each glass sampls. Conce?tratuons of
: Sm and Nd were determmed for enght whole rock samples by the lsotope dilution
'_method using a ‘mixed 19Sm-14Nd spike solution.

: The method used for sample&dlssolutnon and separation of Sr, Sm and Nd is that

.,jdescrlbed by Smlth (1986) and based on Dosso and Murthy (1950) and Caveil and

o
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Baadsgaard (1986). Both Sr and, Nd isotopic ratios were determmed using a single aliquet

of each sample; Sm and i\% concentrations also used a single, spiked, aliquot.

igt'opic analysis ’ ‘ ' ‘ .

| Details of isotopic analysis are given in Appendix C. Separates _for'f the
determination of Sm, Nd and Sr isotopic ratios; in botii spiked and unspiiced aliquots,
were loaded .asi chioride onto tantalum sidel filaments of a filament assembly bearing a
rhenium centre filament. Sr separates wére loaded onto double filament as_s'emblieé; Nd

and Sm separates were loaded onto both double and tripie‘ filament assemblies. Isotopic

ratios were measured in a VG Micromass 30 mass’ spectrometer ‘with a 30.5 cm radius

‘of curvature and a 90" sector magnet. All *Ng/*Nd ratios Wwere normalised to a

M6Nd/ 1 4Nd rgtio of 0.724127 and all ”Sr/“Sr ratios to an Sr /Sy ratio of 8.37:3225.
. /§ ,

oy
Analytical precision and reproducibility

-In-run precnsnon for gach isotopic analysis is Iisted in Table 4. Reproducibility of
anaiyses overlthe course of the study was estimated from replicate analyses of
”Sr/"Sr in NBS S\RM 607 and of l”Nd/“‘Nd in the La Jolla standard. For this
mstrument reproducibility is estimated as +0.0002 for ”Sr/“Sr and +0.00003 for
19Nd/*Nd (20). During the course of the study, 13 analyses of the N.B.S. standard SRM
887 gave ar\ialue for ”Sr/”’Sr of O.7i_026i'2\‘(2o);anci 21 analyses of the La Jolla Nd
standard gavé a value for 'Nd/!Nd of 0.51 10522 (20).

B. Analytical results . . W

Isotopic ratios of Sr and Nd =« :

~ The Sr/*Sr and 1."Nd/“‘Nd ratios determined rinl‘the‘lavao are listed in Table 4
and plotted on Fig.42. Samples analysed have vaiues of ”Sr/_"Sr ‘and 13Nd/!*Nd ranging
between 0.705. and 0.7041 and betwesn 0.5119 and 0 5123 (Nd=+3.1 to +7.3
(0.6, 20), respectively. All ratios are ‘initial ratios: the oldest samplé analysed is 0.3 Ma
in age and the radiogenic increases'm YSr/%Sr_and “’Nci/“‘Nd7 since eruption' lie, within

the in-run precision and are negligible. . . A
’ AN
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Sample Sr
number . Sr
26/8%2-SM ~ 0.70321
+3
26/8/3-SB 0.70348
. +3 ¢
23/8/6-ST ' 0.70389
+2
23/8/12-ST.  0.70408
+2 4
24/8/11-SL 0.70382
: o " +4
24/8/14-SL _ 0.70384
+2
4/8/7-SC-.0.70355
: L #]
4/8/2-SC - °70.70376
DN 4
'2/8/6-SC " 0.70382
a2
13/8/10-PY- - 0.703)2
23
17/8/7-RM <%, % 0.70310
' Y 'i3

8

17/8/13-BM 500703
ﬁ""e , ‘f‘i!f '

NS

18/8/9-RR & g

18/8/4-RC
: Cxt R

14/8/2-R 1 0.7036
2

14/8/5-R 0.70365
- +3

21/7/1-R 0.703862
+2

28/7/3-KN 0.70309
. +2

© 29/7/6KS’ 0.70306

29/7/7-KP 0.70310
*3

1

4

Table 4

Results of isotopic analyses

luNdl . Sm .
14N . m
0.51214 n.a.
*3 - :
J.51214° n.a.
+3 '
0.51198 0.2066.
.22 £
- 0.51196 0.1827
2 +2
.0.51204 0.1901
+2 1
0.51197 0.1867
+2 *1
0.51205 n.a.
+1
" 0.51201 ‘' n.a.
: +2
0.51199 n.a.
+1, .
0.51220 n.a
_ 3
,m'\f 0.51209 0.2131
& X2 +1
0.51200 | 0.19289
£/ +7
051222 - n.a.
+2 ’
- 0.51221 n.a
+3 .
0.51199 ’QO-.1739
+3 C+7
0.51199 n.a.
1
0.51203 0.1883
+1 +3
0.51220 0.2133
+2 +3
0.51215 ~.a.
+1
0.51208 0.19854

*+2 +]

Sm
PRM -

n.a.
n.a.

5.798
+5,
6.124

7773
+4
7.453
+7
n.a.’

n.a.

n.a.

n.a.

7.448

7.38

+28
© n.a.

9.232
+6
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Initial ratios for both Sr and Nd 1 were obtainad for unspiked samples and afe
- uncorrected because of the young age of the sarnples and their relatively low
‘concentrations of Sm and Rb. Sm and Nd concentrations and Sm/Nd ratios were

obtained using a mixed

= not analysed. Suite sffixes are listed in Table 1. ]

a&

Nd-Sm spike. Analytical precisions are quoted as two sigma. n.a. ,
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. Sr and Nd isotopic compositions in-the Wells Gray lavas. The lava compositions.
lie. subparallel to the mantle evolution lire;

intermediate between values for the

Cr-rich ultramafic xenoliths (CHUR) and those for mid-ocean ridge basalts (MORB).
The alkali basalts fall into the two groups.identified in Fig.34; the Type 2 lavas are

cioser to the MORB field while the Type

1 lavas .are closer to CHUR ‘in isotopic

‘composition. Symbols used for each centre are listed:in Table 1. Error bars are

given "at the 2¢ confidence level.

measurements. The error bar at the top of the diagram
- envelope based on replicate analyses on N.B.S: SRM 607 for

Jolla standard for Nd/!#Nd during the course of this ‘sthd,y. _

for each sample,. based on replicate

is a8 20.confidence
*Sr/%Sr and the La

| f
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Neither the Rb-Sr nor the - Sm-Nd visotopic systems give isochr’ons, or V
pseudoisochrons for the Wells Gray lavas, indicating‘that the isotopic heterogeneities in -
the lavas, charactleristic of the-source compositions, were not formed by a single-stage
process. The 'S 1St values are in radiogenic Sr.and enricted in *Nd/**Nd relative .to
the assumed bulk-eayth value,_which is determined from the chondritic uniform reserv‘oir
" (CHUR; 1‘3Nd/““Nd='O.51 187 and V1Sr /1S =O.7047). The source regions of the Iavas
.‘have, therefore, suffered an overall depletion of Rb relative to Sr and of Nd reiative to
Sm, over a period of time which permitted the radioactive decay of *'Rb and ¥’Sm to
change the *’Sr/*Sr and 1”Nd/“‘Nd ratios to depleted and enriched values respectively,

» relative to CHUR. No constraints exist for the timing or extent of such a Rb-Nd
| depletion nor is there any evidence that the depletion occurred in a slngle event or. over,.
the entire source region of the Iavas Such a depletion will be referred to as ai
time- /ntegrated depletion ‘ C . . “
‘ “An inverse correlation between radiogenic Sr and Nd for all samples analysed
lies subparallel to the mantie evolution curve (Figs.42 and 43) Values lie within? error r.ﬁ ,
the curve or towards *Nd/!*Nd- -depleted and *'Sr/*Sr- %epleted values The values also
lie within the accepted field (Henderson 1984) for ocean |slandv and intraplat'e basalts
such as Hawaii (Chen and Fr,eyA 1883, 1985), southerniAustralia'(McDonough ef a/. 1985)
and the Chilc‘otin Group basalts (Smith 1986) of British Columbia (Fig.43). The, Geronimo
Voleanic Field (Menzies et al. 1985, alsq, Iles in this region of the diagram. Smith (1986)
reports low R,l_o concentrations relatnve to Sr, Sm and Nd, in xenoliths of spinel
ilherzolit'e' i‘i is possible that the low Rb/Sr ratios, relative to Sm/Nd, have caused a
time-integrated depletion in: ”Sr/“Sr rather than in “JNd/l“Nd
Two groups of isotopic ratios for the alkalic Iavas correspond to the lava types
|dentified by trace elemfnt chemlstry Type l high Ba lavas have higher 1Sr /1Sy and
lower 'Nd/1%Nd, closer to the assumed bulk- earth values represented by . CHUR The.
" Type 2, high Zr lavas Have lower radiogeni¢ Sr and hlgher radiogenic Nd, »close to the

. . O
field of mid-ocean ridge basalts. The transitional tholeiitic basalts of Hyalo Ridge have B

Eo

MNd/1#Nd values which lie within the range of the alkaline lavas but are enriched in%
radiogenic Sr, although these values are still depleted relative to CHUR. The grouping is

'swmlar to that observed by McDonough et a/. (1985) in the Newer Basalts- of
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EPR EPR(sm)
N

0-5124 |
05122 |-

0-5120 s

'43Nd o S0

144 ! e
Nd I e

05116 |

o | ‘ @%\/3702 0-704 0-706 0708 0-710
' A , ' a7 A _

:—ag 43 Comparlson of |sotop|c data with thosé’&from other basalt:c rocks ‘The lava
. ‘compositions: lie subparalle! to the mamle sfolution 1 ine and are slightly 'depleted in.
T VSr/MSt and/or 'Nd/*Nd relative to e majority of basalts represented here.

S The two groups identified resembile’ the groupmgs obtained by (McDonough et a/.
.. 1985). EPR = East Pacific Rise and* £PR(sm), = seamounts (White and Hoffmann
.+ 1982); s.u = saturated and undersatutfted iavas from Hawaii (Chen and Frey 1985);

" GVF = Gerofiimo Volcanic FieldysS Surrra Nevada: S-Y = Snake River Plain -
-~ . Yellowstone - (Menzies ‘et a/. 198‘5) Newer Basalts of South Australia and
- Victoria; T = Tasmanian basaits (Mg Donough et a/. 1885); CH = Chilcotin Group
" basalts (Smlth 1986); CRB& Columbia River basalts (Carison et a/. 1981);
C Kergue]en Islands (Zindler et al. 1984). The Wells Gray lavas are represented by
‘.- gircles. The two groups; |dent|f|ed resemble the groupings obtained by (McDonough
Lo er a/ 1985) _
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southeastern Australla and for the Tasmanran basalts Chen and Frey 198;6) report three
groupmgs for the Honomanu Kula and l—taleakala Series from Hawan in elther case the
mord strongly undersaturated lavas I|e closer to the MORB fleld Such is not the case for
the\t\rells Gray lavas. A'lthougn wrthln Types ‘l and 2, there 1S a general trend towards®
the MORB field ‘with progresslve degrees of unhdersaturation, the isotopic range |s qutte ',
small. Moreover when the two groups are comblned it is evident that the Dragon's

v M\t:

Tongue samples plot in. the: mlddlezof the range of |so'toplc values. i

t.

"The Newer basalts ofrAustralta and the sequence of basaltslobserv'ed *'in Hawaii' o
are mterpreted as the . result of parttal meltlng in a mantle plume- MORB environment

(McDonough et a/. 1985 Chen and Frey 1985). THe Wells Gray lavas firstly, are

erupted from vents’ to -one syde of the Anahrtn Ilneament and may not represent

o
i

" plume-related volcanlsm Secondly, the erupted volumes of the Wells Gray lavas are
several orders of magmtude lower than elther tthe Australtan or the Hawaiian basalts e
. studied. The comparatlvely Iarge volume of 50urce region sampled and homogentsed in.
the lavas erupted in the two reglons may result in dllutlon of smaI -stale heterogeneltles

~ which are amplified by the small erupted (and therefore small source) volumes of the

k]

Wells Gray lavas. . . ‘
The isotopic dufference between the groups is lnterpre.ted as the result of mtxnng
between at least two source components Carlson (1984) in a model for the isotopic |
evolution of the Columbla River Basalts ldentlfled flve source components contrlbutung
to their petrogenesis. Two were inferred to e subducted oceannc ‘crust. two, to be
enriched llthospherlc mantle beneath the contlnental crust+and one to be the contmental
crust itself. This study cannotdlstlngunsh between the two types of enrlched.hthospherlc o
mantle the mantle beneath Brmsh Columbia atypzcally Iacks Ilthospherlc root (Berry and
Forsyth 1878). Carlson's (-1984) contaminated oceanlc crust component has hlgher
VISr/¢Sr and/or 'Nd/*Nd reiative to the mantle mnxnng curve "no clear evndence
exists, therefore, for lts presence |n the Wells Gray source reglons .
The possible contnbutors to the tsotopuc composutuons of the Waells Gray lavas .
are, therefore, a MORB component (subducted oceanlc crust, subducted oceanuc mantle
or .both), and either -a- mantle component whuch has ‘not suffered ¥ tume vntegrated

X

depletion or a conttnental crust component The ftrst two components at least are.

I
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:prese_nt in the source regions. Zindier et a/. (198;1) have shown that, in;the ocean basins
_the scale pf isotopic’ heterogenelty in the mantle, relative to the scale of the source
reguons controls the isotopic compositions of ocean island basalts A smlar model! is
: probably’ approprlate for the subcordilleran mantle. oy
«The contammatuon of ascending lavas by mcluslon of, or isotopic equilibration
_,wnth radlogemc Sr and non-radiogenic Nd from the continental crust is a possible
',ﬂtontrlbutor to the |sotop|c dlvers:ty present in the Wells Gray lavas. Carlson (1984)
ldentnﬁes a C4 crustal component wnth a viSr/%Sr ratlo of 0.711 and a mNd/“‘Nd ratio:
of 0.51Q8, values close to those from recent basalts and of- spinel- lherzolite nodules
fr'onrt B.C. {Smith 1986). The latter work'ind_ieates that ‘enriched rpantle is present near
. the "so'uree' regions;-however, ‘there is no effective way of~,dis‘tinguishing petween the
v.""‘enr"iched mantle e‘orn'ponent,anc_jt a possible crustal component uSing‘ isotopic data alone.
i, The variation in isotopivc compositions can, nevertheless, be accounted for'by mixing of
“two possible mantle Source components without significant‘eontaminatipn by continental'
i - crest . ' | ' | »

For mdnvnduaP centres, and for the entlre sample suite, there is no correlatlon
between ”Sr/“Sr -and the concentrations of SiO,, Sr or other ‘incompatible elements
indicating that no'sugmflcant meiting of crustal xe’nollths or walrock has taken place
"during the rapid ascent -of the nhagmas_ (c.f. McDonough et "a/. 1985). Although the
' po,ssibility of isochoric isotopic exchange betWeen lava and country rock exists, the lava’
‘ascent (in the instance of the alkaline Iavavs) was sefficiently rapid as to preclude

_-significant iSoto‘pic .exchange. The/model developed by Menzies et al. (1985) for the
~ Geronimo alkahne volcanics suggests that incompatible element enrichment would take
place in the wallrock, rather than in the magma,.in the presence of a CO, rxch fluid. No :
exphcnt evudence exists, therefore, to indicate that continental crust was mctuded in the
petrogeneS|s of the Wells Gray- lavas.

The ”Sr/"Sr values for dlfferent phases of activity in any glven centre lie within
-error of each other. One exceptton to this -observation is the two phases of activity on
Ray Mountain, wiiich are of different chemlc}al types (Chapter 5) and S|gn|f|cantly :
dlfferent eruptlonmmes (Chapter 2). Their isotopic and chemical relationship is enigmatic.

Sr concentrations for the Waelis Gray Iavas exhibit a pasitive covariance with P,0O;
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(Fig.38). The Sr/P,0y ra‘fros& of the Type 2 lavas appear shghtly lower than those of the
Type 1 lavas; approx:matmg the groupmg of Sm/Nd, but the two groups lie within error
of each other on Fig.38; the;shghtudlf@ence in trends is therefore not significant.
¥'Sr/Sr shows no covariance with P,0,. This implies that any, ' phosphate- phase
contrlbutmg to the composmon of the lava either does not contribute significantly to the
.Sr coéncentratlon of the lava or is isotopically .similar to the lava or is in |sotop|c

' equmbrnum with the lava.

. 'The two' groeps of alkalme Iavas have mean ”Sr/"’Sr ratios of approxnmately .
0.7031 and O 7037 (Types 2 and 1 respectively). "Rb/“Sr ratios derived from the
xRb/Sr ratios of the Iavas can be used to estimate the time necessary to evolve these .
dlfferent ratios from source regions ‘of different Rb/Sr ratios and identical ”Sr/"’Sn
‘ratlos The time is ca|culated using the relatlonshnp ‘

‘= (VSr/%Sr, - VSr/%Sr,) / (A'Rb x (*'Rb/%Sr, - ”Rb/"Sr,))
vwhere ARb = 1.42 x 10‘1_l a!. This calculatnon assumes that the Rb/Sr ratio of the’
magmas. is that of the source material. The age.calculated s 120.3 Ga. Rb fs,.in fact,
preferentially partitioned ihto the melt, relative to Sr; this.'vage is therefore a minimum

age of heterogeneous segregatlon for a dry per:dotute mantle A similar calculatlon

using "’Sm/“‘Nd “”Sm/“‘Nd, q“"’ch./“‘Nd “’Nd/“‘Nd; and A'YSm’ (= 6 54 x 101 al)

gives an age of 1 6+O 3 Ga. Ng ts ?).referentlally partitioned into the melt relatlve to Sm
this Sge is “therefore a maximum age of heterogene|ty ‘Neither age can be more
precnsely estrmated, w1th|n the fimits of .the data avanlable; both ages are, however,
significantly older than the age of the Cordillera and are 'of the same order of magnitede' ‘
as those’.estimate‘g.by- Menaies et al. (1985) for the mantle beneathi the Geronimo -
vo.can.c field. L ’V | ‘ , |

Ina given eentre, earher Iavas are enrnched in mcompatlble elements and depleted
. in radiogenic Nd relative to later lavas, lalthough major element concentrahons are
equivalent. The 1‘SNd‘/'“‘Nd values show an inverse .correlation with' P.O, but,‘ in the
Kostal Lake and Dragon.head centres there are inverse correlatuons between the two
varlables (Flgs 44 and 45) which regress to 1ONgd- depleted values.

.The paucity of data and the restricted range in P,O, concentrations_preclude

accurate estimates of the shape or slope of the correlations; nevertheless, the variations

9.
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Fig. 44. 1/P,0; against Nd isotopic composition. Type 1 and Type 2 lavas- show
independent covariances, regressing. to undepleted mantle values of '©Nd7Nd at
P,0, values corresponding to a phosphate mineral. The Spanish Lake and Flourmill
lavas lie away from the Type ‘1 line, possibly as a result of accumulation of
. phosphate-poor material with an undepleted Nd isotopic signature. Symbols used
for each centre are listed in Table 1. Solid squares represent samples from the
- Spanish Lake and Flourmill centres. Error bars are given at the 20 confidence level
based on the maximum observed, concentrations in the case of P,0, and on
replicate analyses of the La Jolla standard inh the case of HNd/4Nd. - -
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‘Fig. 45. P,0; against Nd isotopic composition. '“Nd/*Nd and P,0, values are from Chen
and Frey (1985) for Hawaii (triangles); from Downes (1984) and from Chauve! and.
Jahn (1981) for Cantal in the Massif Central (closed and open squares,
respectively); from McDonough et a/. (1985) for the Newer Basalts of South-
Australia and Victoria (X} and from Smith (1986} for the Chilcotin Grdup basalts (+).
Samples #nalysed from the Columbia‘River basalts (Carlson et a/. 1981)\are not
shown, but the' field of values is included for comparison. Ho = Honomanu\Series;
Ku = Kula Series; Ha = Haleakala Series Samples from this study are plotted as
circles. Filled circles indicate samples from the the two centres with inverse
correlations between *Nd/**Nd and P,0,, contrary to the trends seen in %ntal,
Hawaii- and Australia, - - , ' B . '
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lie outsnde analytlcal precusnon and are lnferpret% as- U 3tions regress to_
'hlgh phosphorous composntlons neg 0‘51187 WhICh is a’ bulk-ea.’ '

1N /14Nd. This value is sngnlflcantly lower thﬁ’nvthose of ! the“volcamcs and

represent a source component which has not undergone a tlme integrated depletlon Th%"
- WING /14Nd vaIue for. the refractory component by extrapolatlon toaP Os value of 0, in '
the lavas is P O,restlmated to lie between 0. 5122 for Dragowad (Type 1) and 0. 5124
for Kostal Lake (Type 2 these values are cIose to the freld of mid-ocean ridge basalts.
Data from Downes (1984), Chauvel and Jahn (1984) McDonough et al. (1985),
Chen and Frey (1985) Carlson et al. (1981) Smlth (1886} and this study wereused to ,
construct 'Fig. 45 All four studles of mtraplate basalts wqh alkalme affmltles show a
~positive correlatlon wnth P,0;. The Chilcotin Basalts and Columbia Rlver Basaits. show
. somewhat more scattered dlstrlbutlons but the Chllcotln Group still show a positive
_c%varuance The Columbia River Basalts show a weak negatlve trend of P O5 against
, i.“’Nd/“‘Nd which may be due in part to crustal contammatlon ‘ '

' The Wells Gray lavas as a whole do not show a“clear trend but two centres of |
small erupted volume exhlblt the inverse correlatlon descrlbed above which cuts across -
- the observed trends for other aTkallne provmces It must be stressed here that the data”

are npt necessarily contradlctory The Wells Gray area was sampled with the mtenthn of
. studying small: scale varlatlons in 1ndlv1dual centres rather than the reglonal varlatlons in
Iarge areas such as ‘southeastern Australla The large erupted volumes of lava in sucn{
provmces may mask smaller scale heterogeneities within the source volumes
The "Sr/“Sr ratios of mduvndual eruptlve phases from a single centre I|e W|thm ’

.error of each other and are ot dependent upon P O,, the converse is true of
’”Nd/‘“Nd Splnel Iherzolltes assumed to be representative of the subcordilleran o
mantie, have been analysed by_Smlth (]986)».» All samples-analysed .are strongly. depleted_
in‘R‘b ‘relative to chondritic abundances, some samples\ by as much as one order of
magnitude. St_rontium, samarium and neodymium c'oncentrations are nearfchondritic’. The
historic deplstion of Rb, relative to Sr indicates that the existinng.r isotopic ratios in the
.source»regionsreceived a vsignificantly lower radiogenic contribution after .the event

~ which depleted Rb. Magma generated from such a source reglon would be of

: monotonous Sr lSOtOplC composmon The presence of suffncnent Sm in the source
;‘l.‘" . , \ - 3
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© region, and ‘the occurrence of phases which partition Sm and Nd dnfferently would
permrt the development of Nd isotopic heterogenemes ,

. Graphs of “3Nd/“‘Nd against P O, or agalnst Cl (Flgs m ‘45 and 46) show in
addltlon tp. the inverse correlation between variables, a trend of decreasmg “’Nd/“‘Nd
wnth decr%asmg P O ‘and Cl. Thl? trend is present in the Flourmill and Spanish Lake
i centres Both centres are. characterlsed by an abundance of xenophyric cllnopyroxene .
which represents at least three different assemblages from the subcordllleran mantle.
The trend towards a low- volatale low 1Nd/*Nd component is therefore lnterpreted as
an effect of the accumulatlon of xenophyrlc cllnopyroxene of .one or more of the
varieties described in Chapters 3 and 4. The clmopyroxene grams (A.D. Smlth unpuble
data) have 7Sr/%Sr values of: approxrmately 0. 705“?‘characterlst|c of mantle Wthh has

- not undergon_e;\a time- mtegrated depletion.. Nd was not analysed for these-samples;

4

Sm and Nd concentrations )
; Samarium -and neodymium’ concentratlons and Sm/Nd values for the ten- samples‘
: analysed by lgotope dilution are presented in Table 4. The concentratlons of samarium.in
the alkali basalts range from 7.0 to, 8.5 ppm and in the transitional basalts between 5.5
and 6.5 ppm. Neodymium concentratuons range from 33 to 53 ppm in the alkali basalts
' fand from 28 to 34 ppm m the transmonal basalts. Sm/Nd values range from 0.180 to
0.215 in both petrogenefic groupst The values from the alkaline lavas are comparable
with values for Sm and Nd.d_etermined for alkali basalts from the Massif Central (Downes
1984, Chauvel and Jahn 1981); with Nd ;‘concentra’tions determined for the.l\lewer'
i .Basalts of Victoria State, ' Australia (McDonough et a/. 1985); with values for Sm and Nd”
determined for ‘certain of the Columbia River Basalts '(Carlson et a/. 1881);, with
_concentrations in lavas from the Geronimo volcanic field in Arizona (Menzies et a/ 1985l
and with values determmed by Beswick and Carmlchael (1978). The values show a range
- of enrlchment factors relative to chondrltlc abundances {Nakamura 1974), from 44 tov
84 for Nd and from 27 to 47 for -Sm. Sm/Nd ratios are comparable "with those from
other areas of alkaln basalts but are significantly below those determined by Carlson ot
al. (1984) for the Columbla River Basalts. Both the low Sm/Nd values and- the hlgh

- enrichment of Nd and to.a lesser extent Sm, relatuve to chondritic abundances suggest
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+6. Maximum Ci for a sample suite against Nd isotdpic composition. The analyses
indicate at least three possible sources for the Welts Gray lavas. The first is a
Gl-rich, CHUR-like source, possibly a phosphate. Thé other two are CFpoor and
range in. composition betweene CHUR and MORB. Symbols used for each centre
are listed in Tagble 1. Solid squares represént samples from the Spanish, Lake and
Flourmill centres. Error bars are given at the 20 tonfidence level based on the ~
~maximum observed concentrations 'in. thel case of* Cl and on repiicate analyses of.
the La Jolla standard in the case of 19Nd /A4Nd. : '
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that the alkaline lavas are hlghly enriched in the light rare- earth slements. Pubhshed values :
partmon coeffxc;ents for phases in a Iherzohte source rock e.g.- Harrlson 1981)A
sate that such an enrichment cannot take place during single-stage melting from

Iherzolite with a chondritic rare-earth pattern wuthout impossibly small degrees of‘partial.
melting (less than one percent_). ! L ‘ S

. Calculations of vpartitioning for Sm and Nd during partial melting using the
concentrations determined.by Smith (1986) in spinel therzolite nodules from B.C. require”
bulk partitio’n coefficient* .(source rotk/magma) of approximately 0.02 for either

element, Published values for partition coefficients for the major minerals composing

spinel lherzolite are summarised by Henderson (1982). Calculations using thesse partition . -
Q- : . r . e
coefficients indicate that the source rock could have no greater than 5% clinopyroxene x

-

. in order to generate the obs'erved_ Sm enrichment and no greater than 2% clinopyroxene .

in order to generate-'the observ‘ed Nd enrichment. These values are maximum Values

]
assuming that the balance of the source rock comprises oI:vme with no accessory

phases. This modal c0mposmon is clearly inconsistent with the petrologlc obServatlons

made by Fu@and Scarfe (1982) by Breariey et al. (1984) and by the present study
367
3 " determmed by Smith (1986) for spinel Iherzollte

are normal or’ sllghtly depleted relative to chandritic abundances The partial melting

,1..

caICUIatnons are theré‘fore mterpreted as support for t?‘le" hypothesns of melt generatlon

“from enrlched reglons in a subcordllleran spmm ﬁwerzohte mantle. Such enriciment could
N N

be chemlcal |n nature or could cause mmeraloglcal changes such as the formation of
amphlbgg-rlch veins. . ‘,{»'7;" _ -
‘ Sr. Sm, and Nd concentratio-ns'in basalts of the Wells 'Gray area all show a
p%tlve correlation with P,0, concentratlons (Figs.38, 47 and-48). A plot of Sm/Nd
g%tros against P O, for the Wells Gray lavas shows three groups of areally unrelated
values two thh an inverse correlation of Sm/Nd against P,0, (Fig.49). In all three
' groups, Sm/Nd increases from older to younger phases of discrete centres whuch
could indicate increasing depletion in the source region for each volcano with time.
‘ The two analyses from the Hyalo Rldge transutnonal olrv’me basalts shows no
,'significant change in phosphorous content\with Sm/Nd although the younger sample has

the higher Sm/Nd ratio. This relative depletion in P,0, suggests that the the transitional
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~ Table 1. Solid squares represent samples from the Spanish Lake Centre. Error bars

are given at the 2¢ confidence level based on the maximum observed
concentrations df each component.
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lavas are derived from a depleted source, possibly by a higher degree of partial meitinfs " -

than'that inferred ’for the alkaline javas. ‘ ! ' | 2t

The group comprising basamtonds of Spamsh Lake, Dragon s Tongue and the
earlier lavas on Ray Mountain, shows a posmve correlation o? Sm/Nd against 1/P,0;
(Fig.49). The covariance appears to be linear, which suggests a mlxmg mecr?annsm This
group is equivalent to the Sr-Ba-Zr Type 1 grouping noted |n Chapter 5. The second
group of basanitoids, from Kostal Lake and from the Iater lava flow at the summit of
Ray Mountam shows a Elmllar correlation; thxs group is equivalent to the Type 2 lavas of
Chapter: 5. The shape of the latter trend is uncertam, due to the sparslty of’ data points
. from this,group. The trends, if indeed Iinear, would converge at values of approximately '
0.2;27 _and.0.3‘8 for Sm/N'd and P,0O;, respectively. It is u_nlikely.that this orossov,er point
is significant; the disparity in high field strength element concentrati,ons between the two '
ﬂgroups suggests that each type is equilibrated with a different refractory'comp%ent at
or near |ts source. The refractory components both have low P,0; concentratlons and
hlgh Sm/Nd A melt derived from a more refractory source will have a hngher Sm/Nd
ratio and lower concentrations of incompatible elements. Extrapolation ofA the two
“covariances to a value for 1/P,0, approprfiate to that of phosphate '(approkimatety 0.02)
gives Sm/~Nd values of 0.12 and 01.17’ for Type 1 and Type 2, respectii_/ely. _

Covariarlce of rare~'earth elements and Sr with phosphorous is fairly common in
alkallne lavas and is not in itself indicative of phosphate control in the source region of a
magma suite. The observed variation in Sm/Nd and.in '$Nd /“‘Nd suggesting that thenr
distribution in the: Wells Gray Iavas is awleast,g!artly controlled by melting of, or by

J,‘--, . Es "\

equnhbratlon W|th a phosphate phase in of near \pea Source region. The concentratnons of
\ P,Os in_the lavas undlcate that the phosphat; 1s p\resent in quantmes comprlsmg 1% (and :
.not exceeding 2% of the mode- of the lavas. Impllcat irr this, interpretation is the
existence either of two sources of dnffenng accessory phase and mcompatuble element
composmon or of 5|gn|f|cantly different partial melting processes in the source regions.
The former hypothesis’ is preferred because of the relative homogenelty in major
element concentratlons exhibited by most of the lavas. - }

Hofmann and Hart (1978) used pubhshed Sr dlfoSIOﬂ data to estrmate the

elapsed tume from an lsotoplcally heterogeneous to an nsotoplcally homogeneous source
¥



at a maximum of 1-2 Ma. Sm diffusion coefflcuents are close to those of Sr (Sneermger

et al. 1884) suggestlng that the twp isotopic systems are coupled under mantle |

. conditions. Little is known about the nature of the diffusion in the presence of
phosphorous, chlorine, water and carbon dioxide; nevertheless, the time et_apsed'
between generation of the isotopic heterogeneity and the generation of the lavas cannot
have exceeded 2 Ma. o ’

Data . presented in Chapter 4 indicate two different incompatible element
composmonal trends in the alkaline lavas, mdlcated by the concentrations of Sr, Ba and
Zr. The trends are absent for major and trace compatible elements; which show small
significant d:fferences in the lavas ‘and ‘do not indicate maJor dnfferences in partial
meltlng mechamsms The varlatnons however do suggest small dlfferences in the
compatible element concentrat:ons in the respective source reg:ons The Sm and Nd
concentrations, in addmon to the mcompatlble element data, are therefore interpreted as
the res% of two dlfferent source types with respect to mcompatnble elements,

i

overprlntgd on individual sources of differing compatlble element chemistry. -

C. Summary - *

PSr /1Sy and 13Nd/*Nd isotopic ratios in the Wells Gray lavas define tw
groups which correspond 'to the Type 1 and Type 2 groups defined in Chapter 5. The
two groups lie -on a trend subparallel to the mantle evolution trend, and lie between the

_MORB field and that assumed to represent undepleted mantle Type 1 "has higher
"Sr /%S¢ and lower 1”Nd/“‘Nd than Type 2, whose 1S/ 16Sr and N/ 14Nd values lle

- close to the MORB fleld e ' Lo
The' isotbpic-; compositions of the Iyavas can be m‘odelled by mixing between a
o MORB- type source component, either subducted oceanic crust or subducted oceanic
4ggnmq)ggle and an undepleted subcordilieran mantle udentlfued by Smith (1986) and by

Carlson (1984) No evidence exists for crustal contammat»on of the isotopic systems

«  Individual centres within either type have very’ slmnlar values of ¥Sr/%Sr but

“-‘Nd/“‘Ndv is inversely correlated with P,O, in lavas from Dragonhead (Type 1f and
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Kostal Lake. This indicates that Nd isotopic ratios are contrplled sither by meltmg of. or

B
by |sotop|c exchange with, a subhthospherlc phosphate phadé with an undepleted Nd

isotopic signature. If such heterogenelty exlsts in thb‘gource region, it is short-lived; the :

event causing the heterogeneity cannot occur more thar’ 2 Ma prlor to generation of the -

magmas (Hofmann and Hart 1978). A similar relationship is seen in the data of Chauvel
and Jahn (1984), from alkali basalts from the Massif Centrai.

Sm and Nd in alkaline lavas from the Wells Gray area both show a positive

correlation with P,Q, which is similar to the trends observed by other workers (Beswick

and Carmlchael 1978, McDonough et a/. 18985, Chauvel and Jahn 1984) Extrapolatuon

of the trends ‘for Sm and Nd, .to P,O; values approprlate for phosphate gnves values for

the two elements of approxlmately 280 and 2000 ppm, respectively. This is consistent -

with the generalised. value cited by Beswick and Carmu,. el {1978) of 15000 ppm for -

total LREE in apatite from a spinel Iherzolite. Their Sm/Nd correlation with P,0; is 's,im'ilar -

to that observed in this study; the Wells Gray lavas lie near the median of Be's.wicki’s angd”’

Carmichael's data.

N

Sm, Nd and Sr concentrations ar.J ratios in both Wells Gray Iava types may‘be o

controlled by a phosphate phase at or near the source regxon Any Sr concentrated in

the phosphate is in isotopic equilibrium with that in the melt luNd/‘“Nd h tha lavas

1y
4

°~.

however is controlled by the amount of phosphate contrlbuted tQ the melt elther from ,

the source or by sublithospheric contammat:on Post generatnon accufnulatton of
i, e
xenophyric clinopyroxene has obscured this relatﬁonshup in the  Spanish Creek 1,3‘.’,33,: )

¥
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7.
- VOLATILE C}ONCPIENTRATIONS :

The;por-oose, of this part of the study is to maasure the concentrations of H,0 ang Co,
present in the Wells Gray lavas, to cornpare the results from both alkaline and

transitional lavas W|th each other, to compare both these values to: those obtalned for -
S

similar lavas elsewhere in the wor!éﬁgg o 'sﬁterpret the results with respect to the

¥ v t'
petrogenetic history of the lavas. 4’"( S ;iﬁ

K It has been soggested from ‘experimental' work (Eggler 1973, 1974, 1978,

vaL;tie 1977, 1978, 1‘979, Brey. and Green 1875} that volatile condentrations in the
soorce regions of tholeiitic lavas are lower than in those of alkaline Iavas; lt was
’th‘eref-ore'prop'osed that CO, is a major flux in the generation of alkaline lavas. Given that
/these deduetions are correct and that CO, is ‘mvore solgble in alkalic lavas (Mysen et af.
- 1975, 1976, Mysen and Virgo 1980, Srey 1876, Sharma 1878, Sharma et a/. 1979),
. CO, should therefore occur ‘;in significantly greater concentrations in the Wells Gray
alkalic lavas than in the transitional tholeiitic series from Hya.lo Ridge. |

Two types of sample are approprxate for the determination of volatile

concentrations in lavas. The first comprzsesasampies of whole glass. Concentratnons of

H,0 and CO, have been detgmmed fdr volo&ﬁ'f 'glasses in-lavas from Kllauea Hawaii
{Harris and Anderson 1983) in seafloor basa!ts (Delartey 1977, Delaney et al. 1978) and
in seamounts (Byers et al. 1984). No studles haVe as yet been conducted on glasses
from the intraplate alkali basalts of the North American Cordillera.

| The second type of glass sarnple is formed ’when the grovi/th of phenocrysts in
g‘any' lava entraps small v'olumes of 'melt;jthese are consjdered 'to represent the
composition of the host mag_rna at the time of their entrapment (Harris 198 1a, 1881b).
A reyiew of the various in'clu?;on 't'ypes, %nalogous to fluid inclusions , is giyen by
Roedder ‘(1979). Meit inclosions are. present in all sampl.es collected from Wells Gray
Park. Part of this studygis therefore to de_terrnihe their suitability for‘microdetermination

of their volatile éoncentrations.'_ I
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A. Analytlcal procedure

Sample selectlon

Samples were selected WhICh had been rapldly quenched, by ice or by water, to

form a prlstlne glass, yellow to brown ‘in colour. Several localities in Wells ‘Gray Park ,
exh|blt ice or water contact features where quenchxng has beeh/ raprd Pyramld Mountain
ahd Spanlsh Mump are both SUGMs (chkson 1987) Hyalo Ridge is a tuya and Ray
' Mountaln exhlblts at least one ice contact horizon. The distal portlon of the Dragon s

A vTongue contalns at least cne flow lobe WhICh represents a water o{lce contact wuth
| development of 3 near pristine glass margm These are the only localities at whlch

N

samples suitable for study were found

Petrography of volcamc glass _

Photomlcrographs of volcanuc glasses from the four Iocalatnes listed above are
‘ shown in Plates 10A, lOC 10D and 10E Plate 10C shows a sample of hyaloclastute
' from the southern flank of Hyalo Rldge A detailed descrlptlon of the glass is gaven in
Chapter 3 Briefly, the, glass fragments range in sxze from 0.1 mm to as.much as 5 mm’ :
“and #re blocky in shape. Vesicles are rare or absent Rare mlcrophenocrysts of ohvune‘
: and plagioclase, as much as 5% of a whole shard are present. -

Prlstme glass samples are rare in the alkalic lavas. AIl samples: taken from Iavva'
flows or from cmders and agglutinate in any of the subaerlal cones, are devntrlfled The
only samples whlch retaln glass ‘other than mtersertal resudual glassare _samples wh;ch '
’have been quenched by contact with water or ice. ' ' | ‘- ks |

Even rapidly quenched samples are, in places, devrtrmed At Pyramnd Mountam
one of the larger glass fragments is progressively OdeISBQ as a functlon of depth into -
the fragment away from a holohyaling rim. The rim of brown glass is 2 cm’ thnck
Devitrification of the glass is assocrated wuth the development of Fe-Ti oxide needles in
the glass (Piate . 10E). The small size of the needles precludes analysis by "electron
microkeam.. Such development of microcrystalline oxlde is tommon and only small

. samples of prlstlne glass are available. Such samples are wathout exceptlon hlghly

vesmular (Plates 10A, 10F). This suggests that increased concentrations of volatiles in

s}
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the melt enhance ionic transfer and promote the formatlon of crystals
Samples from Type 1 lavas (see’ Chapters 5 and 6) are all at least partly
' crys~ta|l|sed the only exceptlon is the xce‘qcontact feature in the proximal portion of the g
Dragon s Tongue This sample contains pristine glass but is at Ieast 10 km dlstal to the“ -
vent and is probably extensuvely _degassed. The sample would not, therefore be (
’ comparable to those from locations proxlmal to a vent. Samples of th:s type available o
from Type 2 occurrences mclude Spanish Mump, Pyramid Mountain and the basal
hyaloclastnte from the second phase of activity at Ray Mountaln Samples from the
transmonal tholeiitic suite are represented by the hyaloclastlte on Hyaio Rldge |
The vesncles in. hyaloclastite from Pyramid Mountaln contam gas under pressure Z‘,

puncturing of the vesicles ol permltted measurement of the relative diameters, and

| therefore the relative volu 65,7 of the vesncle and of- the gas contamed at atmospherlc '

' temperature and pressure The gas contained in any vesicle expanded to a volume as
much as 2.5 t|mes that of ths enclosung veS|cIe Usmg the Ideal Gas Law and an assumed
magma temperature of 1 lOO C. a pressure of entrapment of approxlmately 12 bars was '

~ calculated The |mphcat|on is that the vesncles formed, )n the extruded lava, under a
hydrostatlc pressure consistent with that at the bottom of an mtraglacral lake, at a depth_

of - approximatély 120 m. Thls supports chkson S~¢(1987) theory of formation for‘~

Pyramid Mountain. .
Petrography of glass inclusions

" Melt inclusions are present in all samples collected from Wells: Gray Park. Three
types were identified, ‘after those described by Roedder (1979). The flrst, most
vcommon,‘typev ofymelt lnclusion comprlsessmall portions of melt ’trapped _duréng rapid
skeletal growth of the olivine crystal, probably dt)ring cooling on the surface. These
resemble those described in Fig. 1A of(Roedder's paper. The inclusions of _this type in‘
the Wells Gray Iavasvare without exception devitrified and are rarely 'sealed Inclusion's
of this size do not exceed 150 um ln diameter; the total volatile content of an mcluslom
therefore is too small for the analytle:al range of the apparatus used

'The second type of |nclu5|on is also descnbed by Roedder as Type E. lnclusnons

of this type, if larger than 2_.00 um in dlameter, Gre within, the analytical r%nge of the.
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‘ apparatus and, like the first type, occur mainly in crystals of olivin'e',v':or, very rarely,

clinopyroxene. Such inclusions are ellipsoidal to lobate in shape and range in size from

10 to 300 um in diameter. Devitrification on quenchihg‘ is almost ubiquitous and is

accompanied by the formation of bubbles in the devitrified melt inclusions {Plate 12F),

' ~|nd|catmg that the ntelt was supersaturated with CO, and/ or H,0 at the tlm,e of

:phenocryst format:on In many-cases, the volatile phase has formed a neck in the melt

;lnclusmn (Plate 12F).

The bubbles are mterpreted as orngmatlng as microvesicles in the ascendmg
magma which acted as nucleatlon sntes for phenocryst growth such that a phenocryst

grew around the veS|cIe Such a process indicates that volatlle contents measured in

‘ resudual glass from any of the devntrlfled inclusions wnll represent at best a minimum
Q-
" estlmate of their prnmary concentratlons Contractlon and resultant crackmg of

: phenOCrysts has broken the seal on aII but 5% of the inclusions. This is probably a result

of decompression, differential cooling in the, melt and expans:on of the gas\bubble in the

melt inclusion. - o o S ) '. ' )

-

Small (less than 0.01 mm in size) inclusions of fluid oceur in olivine grains other
than those associated with spinel Iherzolite. Spin'el lherzolite xenoliths are devoid of such

lncluslons The mclusnons are transpaaent and are almost certamly |nclu5|ons of flund rich

in CO,.

Prustlne glass mclusxons occur only &t Hyalo Rldge and at Pyramld Mountain. Glass. '

mcluslons in the distal portlon of the Dragon s Tongue formed as did the phenocrysts

-after the erupt|on In each case-the crystals are in water or lce contact features at the

margin of flows. The holohyallne melt mclu5|ons do not exceed 150 um in diameter. This

size of |nclu5|on does not exceed the Iower detectrorﬁl;mnt of the vacuum fusron :

-

apparatus - . . / o A

\‘.

To conclude, those n{elt inclusions of size sufficient for anaIysus are dBVltrlfIBd
h

‘ and vesucular Those at Chl” contacts are too small for the volatlle concentratlons to be:

measurable by the apparatus Studles of the volatlle concentratlons in the lavas must

therefore be restrrcted to those glassy samples formed by ice contact
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Sample preparation

" Samples from each of the centres were hand- picked to’ select fragments of

glass free from phenocrysts weathered surfaces and. unburst vesncles The samples
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were mounted on glass slides, polished toA optical flatness then turned- over  and the  ~

- other side similarly-polished to produce a wafer of glass 0.05 to 0.1 mm thick
- {thickness is not cruciaI). The samples were analysed by electron‘ microprobe :using the

standards listed in Table A-1 and using the techniques described in Chapter. 3. Analytical

results are presented in Table 5. together W|th analytical errors.

.

$

Apparatus

The analytical technique used to m‘easure the concentrations: of H, o) and CO, in

;"‘,small samples of glass is a modification of that used by Harris . (198 1b), usmg an

apparatus constructed by J.T. Dunn. A detailed description of the apparatus and its use’

are given in Appendix E. The apparatus is designed to make use of the Ideal Gas Law

which describes the behaviour of gases at low pressures thus: : / -

PV=nRT

El

"where P=pressure= ZPartial pressures of component gases; V= volume R= Universal Gas

Constant T= absolute temperature

A diagram of the apparatus is shown in Fig.50. Briefly the apparatus is %ade of

. pyrex and comprises a Kantha! wire furnace and temperature controller a sample~

volume, a McLeod gauge, and a pumping system the latter comprising a mercury a

diffusion pump augmented by a standard’ roughing pump.

' »The sample volume comprises a detachable sample ‘tube, made from fused

- quartz, the end 'surrounded by the furnace)‘during fusion. The remainder of the sample

. volume is made of pyrex, as is the rest o? the apparatus. At the bther end of the sample .

!

by immersion,in liquid ritrogen. . e

volume is a capacitance manometer for direct: measurement of small variances in

pressure. Half way down the sample'volume', a U-bend permits freezing of CO, ang H,0

Y

" A valve (V1) isolates the capamtance manome\\eﬁr and U-bend from the sample ‘
ri

tube. This isolated volume is referred to as the measu

g volum ) A second valve (V2),
between the fused quartz tube and V1, connects the sample volume to the vacuum

B



151

Vacuum system

McLleod
DI | e

Capacitdnce manometer ifo =

o

» Vacuum .-

V5
Air - ‘ 5
hMeo_5uring volume ————
Sample tube V2 :r{ ' g -
Pt L J ‘
fOll _T | 2 \f
f ! Flexible |
P connector

"Furnoce

Cold trap

[ S

: Sorﬁple volume 7

N

Fig. 50. Vacuum fusion apparatus used in-volatile analysis. V1 to V5 are valves. The

apparatus comprises a mercury .diffusion pump, augmented by a roughing pump
(described collectively on the diagram as 'vacuum system’}; a McLeod gauge and
the. sample volume, isolated by V2a The cold trap is cooled by liquid nitrogen. The

- furnace is of Kanthal wire, linked to a temperature regulator. The transducer is

connected to a CV23 power supply and digital readout. Transducer response can

‘also be measured with a digital voltmeter. All glass parts are of pyrex, except for

the sample tube, which is made of fused quartz. -



152

| system and the MclLeod gauge. Details of sample cleamngan/preparatnon are glven

Appendix E. Samples are fused on platinum foil in the sample tube; the pgtunum foil .

prepared by firing at 1200°C in vacuo in the apparatus with V2 open. V2-is then closea
with the furnace: still heating the foil in the tube and the-furnace is then removed to allow

the foil to ccool in the lsolated tube

A sample pressure %me graph from an analytical run is presented in Flg 51. Blank -

runs are made before each’ analytical measurement, repllcatlng run conditions in every
" detail except -for fusion of the sample. The width of the tube permlts as many as 8

sampléto be analysed in one load, prowded they are not confused in the tube

al precision and error ' '

nalytical ' results are presented in Table 5, together with major oxide

mean "‘ least three analyses. Errors ai{e based on replicate analyses, both for the’

- probe data and for the vacuum fusion data and are given at the 2¢ confidence level.

Blank pressures measured during each run, fo'r'-bb-oth H 0 and CO2 were approximately .

10 to 16% of pressures for that phase in-run precusnon is therefore no more precise
than tyo significant flgures v
‘Only on_e widely-analysed standard was available for volatile analysis; this is the

“Juan de Fuca Rid'ge glass TT-152-21, analysed by Fine and Stolper (1985). No

inter- Iaboratory .standards of alkali basalt exist, at the time of wrmng A mean of -

0.27+0.018 weight percent H,0 and a mean of 0.043+0.02 welght percent CO, were

obtained for this standard, compared with values of 0.37% H,0 and 0.024% CO, cited .

by Fine and Stolper (1985). The significantly lower water value is due to adsorption on
to the walls of the measuring volume (Harris 1981b), and the high CO, value to
adsorption on to the Pt toil and, to. a lesser extent, on the samples immediately prior to
the run. The absolute CO, contributions of the -adsorption decrease in relative
. importance with increased sample size and CO, concentration; the rate of H Q
adsorptlon onto the walls of the measuring volume is a function of the partial pressur

of that Spemes in the volume and will remain sngmﬂcant until the sample volume 5

: saturated

%%
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T T T T I‘ I | :
\\ . Adsorpﬁon of H,0 h
' Cold trap in IN;,
H20
. ‘ i Cold trap
HaS + SO, inINe T
AP |
Co,

V1closed

Cold trap
in air

ViVv2
open

Cold trap
in hot water

NOC

Furnace on . ’ ; 7

V!open, V2 clos'ed,coldfrbpinlN2 _ :
S S L | !

s

Time in minutes ' °

<

Fig. 51: Schematic time-pressure diagram of a vacuum fusion  analysis. Samples are
fused for 6 minutes at 1100°C, prior to isolation of the measuring volume. The
total pressure of volatile species is' measured first, the gas frozen back into the
cold trap, and the latter warmed slowly in air. Sublimation "shelves” identify
complete outgassing of a volatile species, in the order CO,, H,S, SO,, H,0. Repeat
determinations of CO, and SO, are possible, due to their lack of adsorption onto
the walls of the measuring volume. The total pressure of noncondensible gases is
measured at the end of a run. '



_Element

Si0,
FeO
MnQO
MgO
Cad
Na,O
K,0

CO)
- H0

Element

- Sio,
TiO,
ALQ,
FeO
MnO
MgO
Ca0
Na,0
K,0
P,0,.

CO,
- HO

\

TT-152-21

n.a.
n.a:
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
- n.a.

0.043
+0.02
0.27
+0.018

17/8/7 1-RM
48.64+0.06

3:23%0.02
14.66+0.02

¢

Table 5

23/8/2-ST
52.2+0.11

2:22+0.03
14.73+0.08
10.63+0.04

©.0.11£0.02

5.73%0.08
9.29+0.01
.3.51£0.03
©1.27x0.03
0.3320.03

- 0.072
+0.006 -
0.044
+0.006

17/8/2-RM

45.4+0.11
4.04+0.03
16.33+0.03
13.23+0.04
0.16+0.02

" 4.86x0.01

8.66+0.03
- 2.3x0.21
2.06+0.01
0.4820.02

0.037

+0.006 -
~ 0.087

+0.002

26/8/2-SM

1 48.28:0.04
 2.69+0.03 °
16:37+0.04 -

11.15£0.05
0.13+0.01
3.64+0.04
7.07+0.04
5.33+0.02
2.64x0.01
1.06+0.02

0.08
+£0.02
0.41
+0.03

17/8/3-RM

~ 46.27£0.03

4.10+0.02

© 16.6520.02
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‘Major oxide, H,0 and CO, concentrations in volcanic glasses.

13/8/10-PY

47.54+0.01
3.07%0.01
16.32+0.03
12.45+0.02
0.1320.01
3.83+0.02

' 7.73£0.02

Volatile and major oxide concentrations are averages of at least three analyses peﬁ
sample. Major oxides were analysed using the electron microprobe. H,0 and CO, were
analysed by vacuum fusion. The Easét Pacific Rise glass TT-152-21 is included for

comparison. Analytical precisions are given at the 1o confidence ievel.
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B. Analyfi/cal results .

The analytical results shown in Table 5 fall into two groups. The first comprnses-
') the alkah basalts of Type 2, which form the Spamsh Mump Pyramid Mountain and upper
Ray Mountain edifices. All these g_lasses have H,0 concentrations of at least 0.35 Wt

and CO, concentrations between 0.08 and 0.105 wt%; all samples Iie within analytical g

error of others. The only exceptlons to this are samples from hngher in the section on - .

Ray Mountain; devolat|llsat|on of the glasses in these samp(eS has resulted in low, erratic

measurements. - The  sample from the bottom -;_ . however, has volatilg

Bve lower concentrations

of both volatsle specjs T‘\glass is non- v951cular va o "'cbncenfraxibns are as little as
0.044 wt.%, comparabie to the East Pacific Rise glass TT-152-21 (0. 27 wt.%) used as a
comp&atuve“standard CO, is barely detectable, an average value belng &O12+0 006
wt.%, the gas evolved, even from 500 ugm samples, being near the detection limit-of

.

the apparatus.

For each VefAthe‘ pristine sémples in the Wells Gray lavas, the ratio of H,0 to CO,
is approximately 4, regardless of enrichment in incompatible elements (Flg 52). The ratio |
‘is probably significant, glven the widely disparate geomorphologic se?tmgs and
quenching conditions of each of the hyaloclastites. The ratio is interpreted to represent |
the relative solubilities of the two compohents in the magmas. under near-surface
conditions. . A ’. .

Mysen (1877), in a summary of solubility data for H,b and\Cg2 solubilities in
silicate melts, coneluded that, while the selubility of H,0 in magmas’is mainly' dependent
upon pressurei the solubili{y of CO, is dependent upon pressure, temperature and the
romposition of the magma,. simplified as the ratio of non-bridging exygen enbi?ns to
tetrahedrallycoordinated (network-forming) cations (NBO/T)..Although the latter value s’
fairly constant for the Wells Gray lavas, in the range 1.1 to 1.2, the composition of fhe
coexisting volatile phase forming the vesicles. is not, known. In addition, the reiétively
high concentrations of Cl and P,0; in the lavas precludes the treatment of the volatile

solubilities in a simple H,0 - CO, system. '
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qu'Flg 52 dO“ agamst“H O for. volcannc glasses Sufﬁxes used for each centre are llsted.m;
Table 1. Errors for P,0; are given q:c the 1o confndence level baséd on th,e*d‘
%mum observed’ concentratlon “Errors for H,O are given at the 1¢ confndénce" ’
tevel based on rephcate deterDmanons taken from seversal glass fragments
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The ratlo of K,O to H,0 in melt inclusions in Kilausan basalts was used" by Harris
and Anderson l1983) to determine the source. phase for the water dlssolved in the
primary magmas ‘No_such linear relationship exists for the Wells Gray lavas. ThlS
suggests that water may be stored in more than one phase in the various source regions
beneath Wells Gray Park, an mterpretatnon con5|stent with the hypothesis of mantle
: metasomatism detailed in Chapter 5. _'
- On a graph of H,0 against P,0, for the Wells Gray lavas (Fig.53), neither group is
~ sufficiently varlable as to plot in a range Wthh can be extrapolated to the origin with any
Aconfldence. A line cohstructed through both'groups .does not pass near the origin,
: s‘uggesting either that ':the two groups dicl not have a common Aphosphate source phase,
or that the source phase, or phases, was characterlsed by Cl or F as well as b‘y
: ’:v»'-‘hydroxyl groups. Concentratlons of Cl in the lavas determméd by X. R F., are as high as
0.03 welght percent enough to move any linear correlatlon in Flg 53 closer to the‘

o

orlgm ’_ o ’, P

: ¢ : _ '
C. Summary e '

Alkallc lavas from Wells Gray Park are typlcally enriched in the volatlle species
H,O and CO, relative to the r ansmonal lavas of Hyalo Rldge Vesnculatlon has taken place
during ascent, such that.the vesucles have acted as nucleatnon sites for phenocrysts Melt

mclusrons are commonly unsealed, devitrifigd and ‘have bexsolvec:l a volatile phase

v

- Glasses analy%d do not ahow a linear trend of K quuth H,0 but all have H O/CO ratms ’

} .
; near” 4 and show a Yoot lunear or curvmnear oorrelatlo‘h with P 20 ThIS may be md:catnve. '
b

of’ the composmon of the qurd in equmbruum with the magmas at or near theur source

PR . «
4 PR . . ) .

. N . ’ o . [T
. v e . . N NS
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- o . Y ~ - . " .
Fig. 53. H,0 against P,0, for vglcanic glgsses. Suffixes used gor each centre
in-Table 1. Errors for PO, are given at tHe 10 confidence level based on the
‘maximum observed concentration: Errers for M,0 are given at the 1o confidenc
level based on replicate determinations taken from several glass- fragments. -
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- remainder lie in the co‘mposltionaj‘ f

8.
CONCLUSION

A. Results
The eleven volcanoes studied in the Wells Gray Park arga were active over a
period from 300 ka B.P. to the present day. One centre (Hyalo Ridge) is a tuya, two are

sub-glacial mounds or SUGMs (Hickson 1987), two are glaciated cinder cones and one is

.a dlssected flssure type volcano. Four are post- glacnal complex cinder cones with two

or more stages of ‘activity. The eruptlve phases in polygenetlc centres are separated by
tens or hundreds of years, with the exception of the two phases in the Ray Moun‘tain '
centre which werge separated by at least one glacial‘advance

al flelds; those from: Hy@o Rldge are transmonal

ater part of the lavas erupted in the park The

;3

elds of alkall basalt basanitoid -and hawaiite. A

further division of the alkaline lavas, on the basis of incompatible element

:

' _co.ncentrations is possible, into a Ba-enriched Type 1 and a Zr-enriched Type 2. .

’

The Iavas from Hyalo Rldge are olivine” £. plagloclase phyrlc and avesm:ular The '

rest of the lavas are ollvme 1‘ lnnopyrox&ene phyrlc ollvme clanpyroxene xenophyrlc_

»

Ly

" . and highly vesxculau Xenohths of Cr- splnel Iherzolite. and Al- spmel cllnopyroxennte are

» e

" also abundant in the alkalrc lavas ' : o .

. ..

v

c s,

' that each has three main composftlonal types For ollvme the compaositional, ranges are

Fogo _to Fc;9l Fo,. to 'Fof,2 and Fo,, to Fo,,. The frrst is a ref‘ractory composmon trom a

Cr spmel Eterzcrllte QThe remamlng types are fe;und as phenocrysts in the Type l\l/nd ’

- o
’Type 2 lavashand as xenocrysts in the Type 2 and Type- 1 lavas, r.espectlvely T
4 : '
N The three mam types of clmopyroxene xenocryst are -a mantle derlved chrome

. dLOpSlde an alumlnous auglte and, a ferroan auglte Phyruc trtamﬂferous chrome rich

‘o
augite occurs as a phenocryst phase The. chrome lepSlde is part of the spmel lherzolite

assemblage and the aluminous auglte is part of the Al-spmel clinopyroxenite assemblage

Prumary volatile- bearlng phases occur in ultramaflc xenollths in - three of the
i
recent centres. At Kpstal Lgke, phlogopute occurs as crystallographucally controlled .
Al ‘ .
e 159

N Analyses of the two main phenocryst phases (ol:vme and cllnopyroxene) mdlcate L
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inclusions. Blebs of the mineral, 0.1 mm in size, occur in trains on the 001 face ‘of
clinopyroxene in wehrlite xenoliths. The trains run parallel to the b-axis of clinopyroxene
and are interpreted as volatile-rich inclusions in the clinopyroxene.

At Dragonhead a»prlmary amptibole occurs' in an aluminous spinel-bearing

clunopyroxemte The mlneral occurs with cllnopyroxenea showing at least” one. weakly ,

sutured grain boundary The ka_ersutlte, at. sealed grain Boundaries, is in apparent

'equcllbruum with “the aluminous aUgite At lower pressure, during ascent sodic

plagloclase has formed as a Iow pressure reactnon rim around the amphlbole and splnel

‘e

‘ The assemblage is lnterpreted as a posslble source composmen for the host lavas and

resembles amphlbole reported by Arai (1986) and by Best (1974)

?r\

At the Flourmlll centre, primary inclusions of apatite, 20 um in dlameter were.

discovered in a clinopyroxene grain comprising part of a websterite The websterite

' fragment is 3 mm in size and is mterpreted as part of-a mantle assemblage enrlched in

¢

" Fe; xenollths of slmllar composltlon were found at Ray Rldge The Epatlte is chlorlferous '

‘and represents the fnrst descrlptlon of an occurrence of this mlneral in Canada as a-

prumary constltuent of an upper mantle assemblage ' S

s

.The major element chem stry of each lava\su:te mdlcates that o sngnuﬂcant

——

~fractlonatlon has taken place w1thln the sulte lVlajor element concentratlons for. the

¢ v

4 v

majority of the' lavas give Mg numbérs wh:ch are.near- prlmary lFrey et a/ 197’8l Each . .

volcano is characterlsed by dlscrete values for Mg and ZFe Wthh suggest that each

. vo|cano tapped a dtfferent source reglon in the upper mantle The homogeneaty W|th|n

' _ea h centre does nyhowever preclude the poss:blllty of fractionation at depth prlor

t finar ascent Fractlonatlon trends are absent save m the Flourmlll centre where an

'4-»

e . accumulatlo‘n trend of olrvnne causes MgO enrlchment in 'the older lavas

& N . pi Vo ., 5 "v\ s
Al Iavas from the’ studv area are enrlched in mcompatlble elements partlcularly
5t ‘

the alkalme earth ehemeqts‘ ,relatlve to lavas- rn the Anahlm Belt (c. f Bevuer 1978 19833)

The mcompatlble elements partlcularly the tré‘ce elements show extensnve varlatlon

partlcularly |n lavas from Kostal Lake and the Dragons Tongue At least 30%

-
-

mcompratlble thh the range in major element concentratlons WhICh permlt a maximum of

-10% fractlonated material. It is more probable, therefore, that the range in trace

-

[N

fractloeatlorb is r,equnred to account for such a range in concentrations; this is'

5

i

v



T .and Spanlsh Lake Tb@

b

, , . . o
elements is due to multiple phases of partlal melting in the same source reglon the first
melting event depletmg the source in mcompatrble elements.

“Two types of magma are deflned by ratios of trace mcompatlble elements The

first, deslgnated Type R lS represented by lavas from the. Dragon s Tongue Flourmill

A strong posHt dg;grrelatlon exists between maxlmum Cl concentratlons and Nb.
Q‘

‘The close correlatl!Sn I:retween these elements suggests that Jnco.atlble element

t\.-

l"‘"enrlc:hment occurred as aye&ult of metasomatlsigm the sburce regic :
Niobium is usually part‘ntloned mto oxide ‘and’ ferromagnqslan mlne

covarlance lndxcates therefore that Ilttle or_ rio crystal fractlonatlon mvolvmg

161

.‘lavas are characterlstlcally enrlche in Ba Type 2 (Kostal Lake)':‘

ferromagnesnan mlnerals has taken place since the enrlchment event throughout the

subsequent generatlon and ascent of the Wells Gré%magmas

Strong enrnchment of sulphur in the Wells G@ry lavas precludes the use Obel as

S

“an md:cator of\the prlnr\_ary nature of the magma Small mcluswns of sulphude of varymg
-

’Nn ‘content m clmopyroxene granns render the "use - of Satos (1977) method of
" ‘d . \“ -, 1 ‘
determlnatlon |mpraot|¢al v ; L

.zv»hl\-b’ - AR "7 S

ﬁ\/as fcom Wel%Gray Park are typlcally enrlched in fhe volatnle specues H O and

CO,, such that both commence exsolutlon from the. magmas ~prior to eruptlon- the

x

vesxcles produced act as nucleation sntes for crystals ‘Melt inclusions. suffrcrently Iarge

for analysis are commonly unsealed and devntrlfled and are’ not amenable to analysrs

Glasse{s analysed do not show a llnear‘ trend of K,O with H O but all have H O/CO, ratios
near4 .\h' [ .‘_ v(: S B ‘ ) A-'-’-.' . ‘ :..". ". )"V

isotopic groups sllghtly below the mantle evolutnon curve The group’ de5|gnated Type 1

s characterlsed by bigr /1Sy l/alues ranging from 0 7036 to 0. 7042 and by “’Nd/“‘Nd

values ranglng from 0.5119 to O 5120. That desugnated Type 2is characterlsed by

ratios of 0. 7030 to O, 7033 and Q. 5120 to 0. 5123 respectlvely Both fnelds fall closm

' to. those of the Garonimo Volcanic Fleld (Menzies -et a/ 1985) Hawau (Chen and Frey

11985) and .the Austrahan basalts (McDonough et a/ 1985) alt of which are unterpreted

‘

\‘-"‘

ar

5. Twenty samples analysed for ”Sr/"Sr and mNd/“‘Nd in the study area lie'in two
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- as the products of isotopic mixing between MORB and more enriched compositions
For individual centres, such as Kostal Lake the Sr/2Sr value does not vary
8

S|gn|flcantly with the phase of actlwty This is probably due to low concentrations. of Rb’

in the source-rocks, such that’ Sr |sotopes are not sngnlflcantly partitioned between

phasés. The 'Nd/!*Nd value, howeyer “displays a Eonsnstent mcrease from earller tc -

later phases within individual centres; this ef_fect, while most. pronounced in the Kostal

. Lake lavas, is observed in all the post-glacial centres. | _
An inverse correlation between P\O5 and m‘Nd/ 14Nd ln‘l’avas from both Kostal
Lake (Type 2) and from the.Dragon'’s Tongue (Type 1) suggests that a phosphate phase in
the “source reglon is controlling the distribution of Sm and Nd and therefore of
“’Nd/‘“Nd Isotopic dlsequlllbrlum is present either in the source reglons of the lava or
m the material accumulated after generatlon The observed trends are, conslstent with a
source comprlsmg accessory” phosphgte wrth low Sm/Nd and (in both types) a
\“’Ndl “Nd value of approxmately O 51187 typlcal of “undepletéd mantle, w;th a ‘
Arefractory phase, probably cllnopyroxene characterlsed by high Sm/Nd and “3Nd/'1“Nd ,f
'\"values of "0.5122 and 0.5124, for Type 1 and Type 2, respectlvely Thls clear
’ separatron in |sotoplc composrtlon between Type 1 and Type 2 |nd|cates the presence

O ; ﬁ"*q- ~

¢ of at least two dlfferent source components for the Wells Gray lavas Isotoplc

equrllbrlum for . Sr is present wnthln each 50urce reglon Studles by Hofmann and Hart

W(1978) and by Sneerlnger -et al. (1984) rndlcate that the lsotQplc heterogenelty in the
" source reglon must forrrrless thsn 2 Ma before Onset of the volcanlsm aA . .

In the Flourmill and Spamsh JLake centres departure from ‘the trend ot

O “’Nd/’“Nd prOportuonallty is’ obser\ied although these centres retgp the N

correlatlon of thelr Sm/Nd ratlos ,wcth P: 05 (both centres belong to Type: l) The

departure is wprobably due to the accumulatlon of cllnopyroxene xenocrysts with Iow

. posslbly undepleted mantle values of l“Nd/“‘Nd durrng ascent. Values for ”Sr/“Sr of -

. 0..7_055 (A.D. Smlth unpubl. data) lndrcate, that - ther xe'nophyrlc cllnopyr‘oxe’ﬁe is t_he

contaminant. S .
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B. P035|ble sources for magma e ‘: o R
The Wells Gray lavas - are mtraplate basaltlc lavas with - strongly enrlched'
1ncompatlble and llght rare earth element concentratlons Three models have been
proposed. for such volcamsm in the Anahlm Belt. (Bevier et a/. 1979) The flrst is control- -
of the volcanlsm by a deep crustal dlscontmwty such as a shear zone,- runmng along the -
52nd. parallel No geologlcal evndence for such a dlscontlnulty exists. The second
mvolves the Ieadlng edge of the subduqted Juan de Fuca plate Frlctlonal melting at thus'
point is assumed to trlgger the ascent and eruptuon of magmas. This model! cannot
account for the age progressnon of volcanoes in the Anahim Belt. ,
The: thurd -model, preferred by Bevner et al. (1879), is that of a hotspot in the
upper mantle stationary with respect to the -asthenospherlc mantle, belng overridden by
'the North Amencan plate. The trace of the supposed hotspot is in agreement ‘with the
sense and speed of the North American plate, but devnatgf fre thls trend at the eastern'
'end of the Belt The model nevertheless prowdes an %planatlon for the anomalies in
mantle conductlwty and natural seismicity at the eastern end of ‘the Anahlm Beit. The_
dlsadvantage of the maodel is that there is seismic ev1den,e that the underthrust Juan de
~ Fuca. plate may lie at shallow levels beneatl the crust, mterposmg ltself between the\'
& :

locus ‘of hot spot meltlng and the, base of. the contlnental llthosphere Evidence for theﬁ '

presence of ‘the slab s glven by the shallow dnp of the plate at the continental marglh""' '

~and by the ;%resence of a high- velocnty layer at apprommately the depth requnred for the‘ L

_ _generation of alkali basalt magma in addmon the spacmg between the eastern end of
Athe volcanlc chaln and the selsmrcatly active area at 'vlcNaughton Lake |s 100 km>
'somewhat too great ‘or ‘the llthospherlc thlckness mvolved lVogt 1974a 1974b)
Possnble sources for’ magma in the region of Wells Gray. Park are deplcted in-
’an 54 The source region for the lavas I|es in the splnel perudotlte or garnet pendotlte s
_stability field., The inferred zone of mc;plent partlal mel ing extends from almost at the
base of the continental cruyst |nto the ‘garnet pendotlte stability field. Three subductlon'
events . have taken place on the westerr. margin of North Amerlca the mantle is
therefore almost certainly heterogeneous ‘The high-velocity Iayer may be- part of the

subducted Juan de Fuca plate. The layer is at or near the boundary between spmel and

garnet stability fnelds.-fhe pos_51ble sources are therefore four-fold: undepleted or
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Fig. 54. The subcordilleran mantie- of British Columbia. G = Garibaldi.Belt, A = Anahim
~. Belt. The diagram shows the anomalous asthenosphere, absence of lithospheric-
-mantle and presence of a high-velocity seismic refractor beneath the Canadian
-Cordillera. The lithospheric mantle is either partially melted or has béen decoupled

and removed. The high-velocity layer may be subducted oceanic lithosphere. -

-
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MORB-like mantle, each in either the spinel or garnet,vstability fields. { _

P > e

C. Petrogenesrs of the Wells Gray lavas

o

Fig.5b demonstrates three possible modes of magma "formation for the Welts:'
‘Gray lavas The fxrst mvokes devolatlllsatuon of a slab of oceanic llthosphere to prowde
7“ fluid for propogatlon of metasomatic processes and eventually partual meltmg ln the
overlynng mantte (Flg Bba). This model depends upon whether volatiles persnst in “!he slab .
for long periods of time following subductlon _ o |
' Thermal models of subduction zones have been 'developed by Hasebe et a/
(1970) Turcotte and Schubert (1973) Andrews and Sleep (1974) and Anderson et al.
(1978, 1978) Although the consnderatlons of frrctlonal heating, asthenospherlc flow and
heat transport were treated dlfferently, the consensus of the authors lS that
. endothermic dehydratlon reactlons w:ll absorb much of the heat generated by friction in
- the downgonng sIab and that a Iow temperature reglme may persvst in the slab’s interior
to- greater dlstances in the mantle than prevxously assumed Dehydratlon of chlorlte '
epldote and lpossnbly) serpentlne in Anderson et al. s (1986) model wrll _maintain
sufﬁcrently low temperatures in the slab as to stabilise amphlbole to as great a dustance ‘
as 400-500 km beneath the Cordilera, partlcularly if frictional heatlng is. Iow thls last is
| suggested by aseismic subductlon However greater knowledge of the chemlstry of the |
flund or flulds involved in thls metasomatlsm is necessary for better understandxng of the
element partmqnlng and speciation durmg metasomatlsm and consequently of lsotoplc' ’
systems i the petrégenesis ofadikall basalts T oY Co
| A second possible model proposes partnal meltlng of the subducted oceannc
crust or ullthosphere followmg heatlng by feiction or simple conductlon\(Flg 55b), The,
' magmas would have the lsotoplo character of. MORB and would have to be reequmbrated
with- mantle materlal closer in |sotop|c composmon to CHUR This model obviates the .
necessrty for consnderlng isotopic dlsequmbruum in the source because the phosphate
phase controlling the Nd |sotop|c ratios of thelavas would only be ih contact with them :
for ‘a short period. Co ( |
The third, preferred, model is a two-stage model for petrogenesns of the lavas

which allows Tor the observed enrichment in inggmpatible ‘andl!ght rare-earth elements. .
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- Y. 551:[:(a“§,§|ble methods of ‘generation of the Wells Gray lavas: a. Devolatilisation of a
i) k MORB-reservoir, enriching a lherzolité source rock in incompatible elements. b.
f‘..‘s N, Malting of. a MORB source rock and isotopic equilibration with a spinel Iherzolite

5,

manti&:4n,-mantle magma chambers . Two-stage model, with melting of a MORB

" source':r'ocx,ﬂand crystallisation of the melt as amphibolite veins in a spinel lherzolite -~
mantle. Bulk “rgmelting ‘of the veins (65% partial melting) followed, to produce the
lavas and a’' spinel- clinopyroxenite residuum. This last: model allows for a
garnetiferous sburce rogk to produce an initial light rare-earth enrichment in the -
amphibole veins;-‘a. subsequent enrichment could ‘produce very - strong light
raré-earth enrichrhent’ without the infinitesimal degrees of partial melting required
by a single-stage process. ’ LoTe ) '

_ 1 ’
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Partial melting of a "‘garnetiferous assemblage ‘'with a MORB isotopic _character could
produce a strongly undersaturated melt which would ascend to crystallise as amphibole
veins in the overlying mantle. Degassing of the melt upon-ascent could metasomatise the

host mantie close to the vein enriching it in incompatible elements. Upon ‘crystallisation
e

both the host mantle and the ir
R J:{

for a perlod not exceedmg ZM}: (Hofmann and Hart 1978, Sneeringer et a/ 1984). The

phibole-rich vein would retain their isotopic character

concentrations of raduoactlve heat producrng elements in the amphibole would sufﬁce to
raise ibe temperature of the vein to meltmg point in approxumately 1 Ma. Upon melting,

the amphlbole wolld increase the revlatnve enrichment in Nd with respect to Sm stuII),
further and preduce a resrduum of chnopyroxene and splnel Host mantle*»materlal
surroundmg the vein and chnopyroxene residual from the earupr cﬁg two melting events

would.contammate the magma. ’generated during the Iater event Based uppn the evndence
of the presence in tne source regions, of apatite and amphnbole and the compositional
relationship between amphibole, magma, clinopyroxene and spinel in the Dragon's
Tongue, it is therefore proposed that akaline. magmas erupted in V\;eHs Gray Provincial

Park are the products of such a two-stage process in the subcBrdilleran mantle.
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A.Hy thosouthacrou Spanish Ldu ltsstruepro .gmcfn tuya
194’), stoop sides of the edifice comprise inchyatey hysioclastite. A

doponiihpuofthelavacapnsm byalmeoftro‘nwtho

mlwa of the tuya are truncatagd by the cirque. The
of'» 1Ci;ltmloxtrm left ofuge plato st the ps3e of the lava cop.

c View dong the “eection o\aaz\m Hyalo-Ridge lsva cap. showing the four flows

5‘& On nﬁﬂankonydoR:dge macrqmbqowmwn Four

the' odmc CM is sundmg by an exposure of diull pillow isvas,
mqwn in detait n le 0. ‘

DPouOWhvnmmdiﬂdporuonofmbaulflowonHydoRndg. *.

E. Biagt pit in the mtemmost crater of the Spanish Lake centry. They photoorapﬁ"is
taken from,thp original floor at the level of the lava fnllmg the craty(.

_F. Lavu flow ‘from_ s flank™ mﬂoﬂ in Spumsh Lake centre The. portuon of the erupted

lava seeh here flowed into the main crater, creating 8 lavs laky. The resurgom
_sdome is visithe in tho backwomd

RS






-~ — ) .

\ . . ]
. "PLATE2 .

. ’ . '
, Stereographic derisl photograph of the Spahish Lake centre- showing the thres craters,
resyrgent dome and lava flows in voicano and the pit crater of Peridot Lake, to the
north of the cone. The jons and vistas of Plates 1E and 1F are shown by arrows.
This piste is repr serisl photographs BC7324-064 and BC7324-065 by
courtesy of the Pro itish Columbia. The photographs are copifright and no
further repr ) ). Tnade without permission from the B.C. Ministry of-
Environment and Park R P = ) '
. L S .
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, B PLATE 3 , S
| Stereographic nml phothqah of the Flourmill ogntre, showmg the thru craters and
. lava flows. Note the layering of in the youngest, northwest crater. The

locstions and vistas of Plites 4A to sre.shown b; arrows. This piste is reproduced
from serisl photographs BC7323-221 snd BC7323-2 ¥ courtesy of the Province of
British Columbia. photographs are copyright and .no oducuons may be .
made without permission from the B. C Mmostry of Envurooment and ’

f
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PLATE 4 0 L .

. I

.

A. Layered cmders and agglutinate in- Flourmill - centre (southwest crater) in.” the »
*  background are the Iava beds fnllmg the Spamsh Creek valley.
.B. Lava squeeze-up in the southwest crater of Flourmill centre. : \

C. Drained lava lake in the northwest crater of the Flourmill .centre. Note the rafted\\ |
‘ blocks representing the collapsed crust of the lava lake. Foreground: J Gibbs,

- University of Alberta _ , o ' . \

‘D Explosion pit- surrounded by.a ring of scoria. This featu-a rep esents the Iast phase '

- of activity in the Flourmill centre. Left to rlght 3 GIbbS C. M Eliéon, Unuverslty of

- Alberta.

E. Volcanic: bombs from the northwest part of the Flourmnl Centre. .
F. Pyramnd Mountain seen from the south The edlflce is described by Hickson (1987) as
a8 SUGM, or SUbGlacial “Mound; it comprises -a hyaloclastite mound . with - a
secondary summit (right), the latter interpretdd by Hickson as a slumped summit;

the original structure was supported by an mtraglacral taker

AY
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PLATE 5

. The. fissure structure in the Ray Mountain centre, showing the erupted lavas and the

domes of the subvolcanic intrusions. Dykes extend from the margin of the main

“intrusion into the ejecta, to the left of the photograph. Both intrusive and extfusive

- rocks are from the earlier phase of activity on Ray Mountain. Photograph looking

south towards Jack s Jump and the Helmcken Plateau. .

“View southward along the: Ray Mountain fissure towards Key Puy, showing
disturbance of the layering-in the pyroclastic deposits near the fissure. Key Puy, a
volcanic neck from the second phase of activity, intrudes country rocks at the
right of the photograph. The summit of Ray Mountain is visible at the left, along the
lava cliff seen in Plate S5E. -

Dyke mtruded during the earlier phase of activity at' Ray Mountain. The dyke cuts
-subaerial ejecta from a previous eruption in the same phase of activity.

‘Basal contact of ‘Ray. Mountain ‘h'yaloclastite. the hyaloclastite o_ve'rlies Shuswap

quartz-feldspar-muscovite schist on the northern edge of the Ray Mountain centre.-

The hyaloclastite is the earliest deposit from the second phase of activity on Ray
‘Mountain and is interpreted as the result of ice-lava contact.

. Stratigraphic secti_on through Ray Mountain, seen from Key Puy across the fissurs.

Subaerial ejecta from the earlier phase are overlain unconformably by hyaloclastite
from the:later phase. The contact is exposed at the right side of the photograph,
beneath the summit of Ray Mountain. The hyaloclastite, which incorporates some
subaerially-erupted volcanic bombs, is overlain by a lava f ow and subaerial ejecta.

. : {
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PLATE 6

Stereographic aerial photograph of the Dragonhead centre, showing the breached-
‘crater, landslide surface and lava flows.coalescing in the valley. The locations and vistas
of Plates 7A to 7C are shown by arrows. This plate is reproduced from aerial
photographs BC5048-72 and ‘BC5049-73 by courtesy of the Province of British
Columbia. The photographs are copyright and no further reproductions may be made
without permission from the B.C. Ministry of Environment and Parks.
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A. Dragonhead cone, from ths air across the Falls Creek valley. The edifice is:a ‘simple
~ conag, situated on the side of the vallby. A landslide on the valley side permltted
egress of two lava. flows from the cemtral crater.

B. Dragonhead coné from the northeast showing slumping of the cone towards the Falls
Creek valley. In the foregrounhd of the photograph is a slope covered with a
considerable, although unknown thickness of basaltic ash, formed from a lava
fountain and driven by a prevalllng southwest wind. "The ash .deposits are:
Bxtensively weathered N

C. Breach in Dra?onhead cone showing the slumped portnon of the cone and the‘ )
vaIIey-‘fnlllng low beyond. ,

D. Vertical contact of distal Dragonhead flow w1th mica schist country rock. The lava

flow filled an ea;Juer stream canyon of Falls €reek alterxng its course to the-north.
iy .

. Tree mould in the distal portxon of the Dgagonhead flow The mould is orae of several
in the surface and at the base.of the flow Bark impressions in one mould indicate
that at least some of the trees were poplars. A mature forest had developed
therefore, after the last glaciation, before the lava flow was -erupted.

F. Section from the base of the Dragonhead fld(w (distal portl_on). The flow rests on 3 to
5 cm of intercalated grey and.brown silt.- The silt covers a.layer of carbon; relict
from dead trees, which yielded a *C age of 7.5 ka. The basal unit comprlses
yellow micaceous sand deposited by stream action.
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[ PLATE 8

Stereographic aerial photograph of the Kostal Lake centre, showing the two cones and

the lava flows. Note the ponding of lava to thé south of the south cone, damming the
valley-to form Kostal Lake. The locations and vistas of Plates 9A to SF are shown by
arrows. This plate is reproduced from aerial photographs BC1744-10 and BC1744-11 |
by courtesy of the Province of British Columbia. The photographs are cogyright and no
further reproductions may be made without permission from the B.C. Ministry of
Environment and Parks. ' R '

-
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"PLATE 9

A. Kostal Lake centre from the air, showing the older agglutinate mounds (top left), and
the south cone (left). Lava draining thraugh the breach formed the lava lake at the
centre and lower right of the photograph. This lava lake abuts' against the older
lavas. o : - . .

B. Kostal Lake-centrg from-the air, showing the north cone (left centre) and flow

{bottom), the flow, from a lava-tube (right centre) and a portion of the south cone

" {right). Photograph looking east. °

C. View across the flow from the north cone at Kostal Lake, with the north cone in the

' backgrounc' The flow surfsce is of aa. BN o

D. The south cone of the Kostal Lake centre, seen from the air. The small resurgent
dome in the crater is visible at top centre.’ . -

" E. The south ctone of the Kostal Lake centre, viewed, from iheh northwest across the
flow from the lava tube. Pressure ridges a%e visible in the flow surface. L

F. The breach in the south coneg, showing coliapse in the flow ‘surface where the flow
drains' the crater. From left to right: C.J* Hickson, Geological Survey of Canada;
D.R. Bull, University of Alberta; S. Bishop, University of British Columbia. .
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PLATE 10

P

A. Photomicrograph of hyaloclastite from Spanish Mump. Two fragments of .glass, -at
© . lowsr centre and upper right are vesicular, with minor phenocrysts; the frgg‘ment_
s

in the upper right corner is the more glassy. An oxidised fragment of glass is
present in the lower right of the photograph. On the left side of the photograph is
a larger, partially crystallised fragment containing a xenophyric intergrowth of
olivine and Cr-spinel. The Cr-spinel has been oxidised where it is in contact with
the melt. Photomicrograph taken in plane polarised Iigh;. o el

B. Clinopyroxene xenocrysts in lava from Spanish Bonk. The xenocryst in the lower right
of the g graph is of ferroan augite, that in the upper left is of aluminous augite.
The forﬁ% pervasively corroded and lacks a phyric rim. The latter is peripherally
corroded @#d .weakly zoned, with a strongly zoned phyric rim. Photomicrograph
taken between crossed polars. . :

C. Hyaloclastite from Hyalo Ridge. Three fragmenis ‘of avesicular, light-coloured glass
are présent in the lower part of the photograph, matrix-suspended in a matrix of
fine-grained hydrated glass with crystal fragments. On the left side of the

W photograph and in the lower right corner "are oxidised of the samie glass.

Photomicrograph taken in plane polarised light.

’
-

D. Olivine xenocryst showing'embayed margins. Photomicrograph . taken in plane

polarised light. )

E. Glass fragment from Pyramid Mountain showing oxidation of ‘glass, progressing from
the margin of the fragment, at the lower right of the photograph, to the interior, at
the upper left corner. increasing from lower left to upper right, with distance
from the margin of the fragment. The larger phenocrysts in the glass, such as that
in the upper .right corner, are of olivine. Note the abundance of vesicles.
Photomicrograph taken in plane polarised light.

Ei Enargement of one of the crystal clusters visible in Plate 10E, surrounded by pristine

glass. The small size of individual crystals precludes analysis by microbeam. The -

aggregate probably comprises an intergrowth of Fe-Ti oxide' and plagioclase.
Photomicrograph taken in plane polarised light.

“F. Hyaloclastite from Ray Mountain. The photograph shows a globule of vesicular glass
at right centre, with an oxidised .centre, black in’colour, and a hydrated rim,
matrix-suspended‘in. fragments of orange hydrated glass. Photomicrograph taken in
plane polarised "li“gh_%; ,‘*‘ .
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~ PLATE 11.

A Protoclastlc alummous spmel wehrhte from the Trophy Range 10 km south of Wells -
. Gray Park. The wehrlite comprises olivine and clinopyroxene, with accessory
spinel. The large grains in the centre of the photograph are clinopyroxene; those
-,on the right side of the field"of view are olivine. The protoclastic texture has
“broken down in places into.a fabric resembling a mortar or porphyroclastlc_
texture. Photomlcrograph taken between crossed polars

' b Porphyroclastnc Cr-spinel Iherzplnte from the distal portion of the Dragon’s Tongue.
Fhe small grains at extinction in the lower centre of the photograph are Cr-spinel
S grains which have partially-formed vermicular texture. The light-coloured grains at . -
' the centre are strained olivine; the. large dark grain ‘at the top right is a strained
. clinopyroxene. Orthopyroxene is a minor phase. Photomlcrogra taken between
crossed polars. . _

C. Cr spmel wehrlite, ‘exhubutmg tabular equigranular - texture, from a Iocallty on the
‘wTrophy Mpuntain range. The minerals: shown comprise banded clivine and
“ “." cllnopyrc»(ene Photomxcrograph taken between crossed polars

D Cr- spmel Iherzollte exhlbmng mosaic equxgranular texture hosted by lava from the.

- flank eruption at Spanish Lake Centre. The extinct grains at lower .centre=are

~ Cr-spinel and exhibit- vermicular texture. Olivine, orthopyroxene and clinopyroxene

. are all major constituents and exhibit 120" grain boundane\s Photomicrograph
taken-between crossed polars. -

E. Protoclastlc AI spinel clmopyroxemte from the proxlmal portlon of the Dragon's *.
Tongue. 'Spinel is an accessory phase in this xenolith. Chr?rz)pyroxene is the only - -
Ehase shown and exhibits irregular zonation and mutually mterpenetrant grain

oundaries. Photomicrograph taken between crossed polars..

F Porphyroclastnc wenrhte from the older parasmc cone et Spanish Lake Centre. The
"+ -xenolith contains corroded clinopyroxene and fresh olivine, both phases exhibiting

- evidence of straining. Note the overgrowth of phyric cllnopyroxene at top left
e Photomlcrograph taken between csossed polars o

—
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PLATE 12

»

¢

A. Kaersutitic amphibole in an aluminous spinel clinopyroxenite from the proximal portion
of the Dragon's Tongue. The amphibole (centre} occurs with aluminous spinel
(lower left) and clinopyroxene (upper left, lower right). Note the development of
oxides where the host melt has soaked into the xenolith. Photomlcrograph taken in
p.ale polarused light. . ; .

B. Kaersutitic amphlbole in an aluminous spinel cifhopyroxenite from the prommal portion

’ .of the Dragon’'s Tongue. The amphibole forms 120° grain boundaries with

clinopyroxene and shows no reaction relationship; the clinopyroxene (dark grain at

centre) exhibits mutual interpenetration with the amphibole. Where melt has invaded
the xenolith, there is evidence of a reaction with the amphnbole Photomncrograph
taken between crossed polars.

¢

'C. Websterite with primary apatite .enclosed in clinopyroxene. The websterite is a small
fragment from the earlier phase of activity in the Flourmill Centre, with a mosaic
equigranular texture; the modal mineralogy of the parent rock in the mantle is

therefore enigmatic. The apatite grains are enciosed in the darker fractured grain

. near the centre of the inclusion. Photomicrograph taken between crossed polars.

'D. Prxmary apatite grains in clinopyroxene. At least two of the mclus&ons shown are still
sealed. The inciusion on the far left is that exposed by polishing and subsequently
analysed by electron microbeam. The inclusion is shown in Plate 12E.
Photomicrograph taken in plane polarised light

E. Electron photomlcrograph of apatite grain analysed by energy dlsperswe analysis.:
Photograph taken using the output from the secondary electron detector on the.
department A.R.L. S.E.M.Q. mncﬁ'oprobe while tife electron beam was rastered
over the area. } \

*

F. Devitrified melt inc’ 'sion i an olivine phenocryst. Theimelt inclusion was trapped
during growth of the phenocryst, with synchronous or subsequent evolution of an.
exsolved volatile phase, forming a gas bubble in the centre of the inclusion.
Devitrification~of the enclosed melt formed microphenocrysts of clinopyroxene
and felted intergrowths of plagioclase and Fe-Ti oxide. A lining of relatively
fayalitic olivine ,formed on the walls of .the lnclusnon Photomncrograph taken in
plane polarlsed Ilght






. APPEND!X A
M
. ELE@YRON MICROBEAM ANALYSIS

Sample selection
SR _ ‘
187 standard thin sections were examined prior to selection of samples for

microbeam analysis. Sample selection, based on this examination was’ biased toward less

R

weathered s‘amples, also .submitted for whole fock chemical analysis, and toward lavas
relatively Fich in phenocrysts and incognate material. Where more than one phase' of -
activity could be identified, particularly in the postglacial centres, at lsast one

representative sample was taken from each eruptive event.

)

~
Sample preparation

.

A total of 45 pohshed sections were prepared following the exammatuon
representing phases of z_tii y from nine of the eleven centres studied. Sam\ples’ were
prepared as polished - thir: ;eetiohs permitting detailed textural stud?és in addition to
detailed chemical analysis by m:crobeam The remammg two’ centres Spanish Mump and
Pyramid Mountain,” are hyaloclastite mounds (SUGMs) and materlal from these centres'

was used to Mmake grain mounts of whole glass. Material from Ray Mountain and Hyalo

Ridge was also prepared in-the same way.'

Analytieal pr:bcedure ‘
Major mine-ral phases, accessbry, minerals End glass were ana!yéed usih\g én- ARL
- SEMQ electron microprobe with an ORTEC energy dlsperswe syster’n Acceleratmg
“voltage durmg each run was 15 kV and the sample current was 0.39 nA. The ratio of
sample current to aperture current’ wes measured at the beginning and end of each run;
aperture ‘current was m@itored throughout a ren _ ‘
Minerals were identified in the mlcroprobe usmg a combnnatnon of reflected Irght
transmitted light and back-scattered electron nmagery, using large scale
photomicrographs taken during the course of petrographic analysis. The back"-scattered |
eleetron imagery was also used.to eneere that the beam was%--incident on a volume of

material which was homogeneous and clean of inclusions, prior to each analysis.

189
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Analytical standards, for sach slement analysed in each phase. are listed in Table

A-1; element concentratlons in each standard are glven in Table A- 2 Where possnble
‘standards were chosen of a similar matrlx to that of the phase to be analysed.:

P . All spectra were collected over_a period of fo‘ur minutes ' live . timm.’ Olivln'e

pyroxene oxide minerals and sulphlde minerals were . analysed using a pomt beam ina

: smgle‘locatlon Plagioclase was,, also\\analysed in this manner after measurements.

indicated that prolonged borhbardrnent dld not s;gnlflcantly alter the Na Ka counts

obtained using a wavelength dlspersnve spectometer For apatlte and volcanlc glass the

spectra were obtained over slever,al areas, using a 30 second lllve tlme) aCQUlSItIOH
period and a beam rastered over an area of 400 um?, A

- A minimum of 10¢ cé;;smts {full spectrum) were obtained f'or eachﬂsample analgsed.

Daté were stored on floppy dlSC Data processing wasg carried out with,the EDATA2

- v

data reduction programme of Smith and Gold (©1976).

i

| fx;lg;:;:: o ~ | . .
Analytical resuits - : ’ ‘

i

Results were examlned for totals and, where appropriate; st0|ch|ometry Analysgs

‘ deficient in. elther respect were discarded, with three exceptions. The first of these
comprlses the olivine analyses from Pointed Stick Cone and from Bathroom Bonk.. All
analyses from this run are consistently high in totals. :The stoichl/ometry’ _is, howeve’r,‘
excellent; on thgse grounds it wds considered lustifiat/ale to recalculate these analyses to
' 100%. Such a reoalculatlon would not hgve been possible, nor justifiable, for puroxene.
The second-exception made was the recalculation of all sulphide a_nalyses to 100%. The.
- sulphide analyses are semiquantltative and are included only to provide an estimate of

- their contrlbutlon to the chemlstry of the enclosmg lavas. The third exception made is
where the analy5|s represents the only one obtained for a particular phase.. In such
cases, the analysis is m_arked in such,,a.vyay as to identify it as suspect.

, A to"’f;'a’l of‘ 725 analyses 'wa“s obtained forvlmajor phases, "comprislng.
clinopyroxene (186), olivine (204), _plaglocla'se (104), oxide (174), orthopyroxene (14),
~amphibole "(10), apatite (3}, sulph,ide {9) and ‘whole glass (21). All analyses are listed in-
Appendix B (Tables B-1 to é- l..3).'Errors based on counting statistics and precisions of

standard concentrations are listed, for each species; in Table A-3. In addition, the errors .

L



appropriafe to each species are listed in the relevant tables in _Appendb'( B.
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.Na,
Mg
Al

vEIe’men't

Si ;-
P

S -
Cl
K
Ca
. Ti.
. Fe
Ni
Cu
Zn

Element

* Na
" Mg
Al
Si
P
)

Cr
K
-Ca
Tt
’ Noid

s

Mn-

. Ee
Ni
“Cu

Zn

-

re

Pyroxene' -

albite
_diopside
"o alhite
“diopside
n.a.
n.a.
_na.
- h.a.
diopside
jlmenite -
chr.omite

willemite .

ilmenite
n.a.
f.a.
n.a.

Plagioclase

albite

n.a.
- albite

albite

n.a.

. n.a.

» n.a-
? sanidine
-diopside
" limenite

n.a.
willemite
ilmenite

n.a.

n.a.
willemite

- Mineral standards used for ana)lysis by electron microprobe
- Qlivine Spirtel’ Magnetite limenite
n.a. n.a. _ na. na.
diopside’ digpside diopside diopside
D chromite- ° chromite chromite
diopside D. D b D
n.a. n.a. n.a. n.a.
n.a. n.a. , - n.a. n.a.
n.a. . ha. , n.a. - n.a.
n.a. na. n.a. ' na
- D na. - D .. D
._ilmenite ilmenite imenite . - ilmenite
D chromite chromite ©~ ~ chromite’
willemite wiliemite willemite - willemite
iimenite haematite . haematite : hasmatite
D v D : D 2 D
n.a. 7 na n.a. . n.a.
n.a. willemite ~willemite , Willemite
T ‘ df,'l,;‘k.". )
- Glass - Amphibolg.; > “Apatite * - Sulphide
albite albite :»! D. n.a.
diopside diopside - D n.a.’
albite albite D e n.a.
albite albite -+ D n.a.
~D n.a. apatite n.a.
P n.a. D Sphalerite
D "N na apatite n.a.
sanidine sanidine D n.a.
diopgide diopside apatite n.a.
. ilmehite ifenite _ D iimenite
chromite .chromite n.a.’
willemite _ willemite -~ D willemite
_ilmenite iimenite 7 D - iimenite
n.a. n.a. .- D
n.a: na. = . ¥'n.a. D
willemite willemite n.a. willemite

.

- Table A*1 | ’

-~

a7

. .

{

D = default (no standard Used);' n.a. = element not analysed for mineral specified.
e !

1.
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P

-~ Si

/ § t
' TabldA2 b
: : Chemical composmons of mmeral standards used ¥ e
. hd % . i’ . .
E‘@(nent , . Franklin CI‘evela’nd “Hohenfels - Wakefleld ‘b‘ Stlllwater Lt
P willemite Albité sanidine .  diopside 3 chromlte
N _h.a.- 8.579 $2.230 0.018 - Jnac Ll
M 0.074 na. . h.a. 11.233 - ‘5- 5'100
Al , 0.022. 10.338 8.830 0.047 .-é L a6
Si 13.121 32033 ,  30.230 25,878 ~;1'~;:‘f4
n.a. " n.a. n.a. na. .
S -na. n.a. n.a. n.a..
Ci n.a. n.a. n.a. N.a.
K Sona.’ . 0.184. 10.050 £
- Ca - 0.005 ' 0 090 -0.00 - 18. 390
Ti " n.a. n.a. 0.00 . 0.051 |
Cr n.a. n.a. n.a. -.0.010
Mn - 3.733 n.a. - n.a. 0.036 0.140
Fe 0.015 n.a. 0.140 - 0.040 27.430
Zn , 53.716 - .n.a. n.a. n.a. f.a.
v : includes: Includes:
Ba {0.98) V{0.14)
: Co (0.03).
Ni (0.09)
"Element . “ Obergaarden Elba Durango Sphalerite
iimenite -~ haematite fluora{%atite S
Na na. ° n.a. 0.170 , ha.
Mg - 0.580 0.030 n.a: n.a.
Al - 0.010 0.010 0.040 n.a.
" 0.00 n.a. 0.160 . n.a. -
P n.a. n.a. 17.840 n.a.
S n.a.: na. g 0.180 32.60
Cl n.a. na- - . 0410 n.a.
n.a. ng v " n.a. n.a. -
Ca n.a. né. - © 38.610 n.a.
25.580 076940 n.a. n.a.
Cr n.a. n.a. n.a. n.a: /
Mn 0.230- - n.a. n.a. 0.002
Fe 38.690 .69.860 n.a. - 0.08
Zn 0.010 N.a. n.a. 66.8
o Includes: Includes: Includes:
V(0.17) La{0.38) Cd (0.105)
Ce (0.44) Cu (0.002)
'Nd (0.22)
Pr (0.10)
Y (0.08) :
- EEE As (0.07) 2
- *Sr(0.05)

-t

"

The composmons of all standards used in mncroprobe analysns are listed here. Errors are |
+ 0.1 weight percent Values used in analytical work are in bold type. - o

-

(I
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, ~ " _* Table A-3 ,
, Analytical precision in microprobe analysis
Element Pyroxene Olivine Spinel -Magnetite limenite -
Na a 54 n.a. n.a. ‘na. - n.a.
Mg 2.1 1.8 -3.1 4.3 4.1
Al o 2.2 i.c. 2.6 3.0 4.8
Si “ 7 0.9 1.0 ‘4.1 4.5 i.c.
P X, n.a. n.a. n.a. n.a. n.a. :
‘ S\ n.a. n.a. n.a. n.a. *na.. .
- ClIy N n.a. n.a. n.a. " n.a. n.a.
K . h.a, - n.a. n.a. . na. n.a.

Ca - 1.2 6.5 na. 6.3 i.C.

Ti - 3.7 i.c. 3.0 1.3 1.0 . .
Cr . Oy 3.7 i.C. 1.7 3.2 ic. ¢ '
~ Mni S 12.0 12.0 5,9- 5.8 7.8

Fe & 20 1.7 7.1 0.8 1.2
Ni - T nia. 12.0 7.2 ic. i.c. e

- Cu n.a. n.a. n.a. n.a. n.a. !
Zn n.a. n.a i.c. I.C. i.c.

Element Feldspar Glass Amphibole Apatite Sulphide

‘Na + . 37 3.6 3.6 3 n.a.
Mg ‘n.a. - 2.5 2.5 . - n.a.
Al - , 1.9 2.0 2.0 . n.a.

P n.a: 7 b9 n.a. . ° na.

S nia. - i.C. n.a. i. 0.5
Cl n.a. 7.1 n.a. - 4, © n.a.
Keoooe .53 a 3.5 3.5 hC. n.a.

" Ca: i 1.6 1.6 1.6 0) n.a.

i i.c.. 2.7 2.7 i.c. i.c.

. Cr n.a.. i.c. i.C. n.a. ic. Ry
Mn e, 12.0 12.0 i.c. e - A
Fe 6.1 1.8 1.8 6.5 1.3
Ni - n.a. i.c. . i.c. n.a. .~ 08
Cu n.a. ““na. . n.a. n.a. 1o
Zn i.c. el i.c. n.a. ic. .

’ ‘ ¢

Precisions are given, for every element analysed in each spe ... -t the 99% confidence
level, as a percentage of the"total concentration of that elerent. n 1, = not analysed. i.c.

= insufficient concentration present. ! = precision based or the r aximum concentration
in that phase. R S ,
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Table B-1
, Major %Iament concentrations.in clinopyroxene
Clinopyroxsne. analyses comprise major oxide concentrations, cation numbers of sach
ionic soecies,, recalculated on the basis of six oxygen anions and the molecular
percentages of major end members. The latter, together with the percentage of Fe':,
are calculated using the method of Lindsley (1883). Analyses are in the order_given
below; on each page is a subheading listing the centres described thereon. The source
of each analysis is identified by the two-latter suffix, and is plotted on each diagram' of

" this work with the appropriate symbol, as follows:

~

‘R

Suffix ‘ . Symbol  Unit -
SM 3| Spanish Mump.
SB # ' Spanish Bonk -
ST . @ Hyalo Ridge ‘
SL Spanish Lake Centre N
SC Flourmill Centre
PY o+ Pyramid Mountain
" SP X Spahats (Second Canyon ayke)
RM ¥ Ray Mountain - *
' 4 Ray Ridge .
RC Nk Pointed Stick Cone ————
A Dragon's Tongue A
RP A Dragon's Tongy€ (proximal)
RD ° A Dragon’s Tongue (distal) '
0 Kostal Lake . ;
KP 0  -aKostal Lake (older lavas) ‘ ) !
KN - (/ 0 Kostal Lake (north cone)
KS 0] Kostal Lake {south cone)
KT 0 Kostal Lake (lava tube)

L2

- Analytical precisions for every element analysed in clinopyroxene are listed below at the
89% confidence level, as a percentage of the total concentration of that element.
‘ Ty :

- Na . i - T

Mg ~ . ’
Al " o
Si ..
Ca
Ti
Cr
Mn
Fe

ww_onN

N

N

' .
Sample numbers comprise three parts, interpreted as follows :

26/8/3X) " CP1XIC,M.R | SB
Sample number (X if ClinoPyroxene 1 (X if xenocryst) Suite suffix
xenolith)’ . ~ Core, Median or Rim
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_Table B-1 (continued): CLINOPYROXENE
Spanish Bonk.

Sample 26/8/3  26/8/3  26/3/3  26/8/3  26/8/3
CRTCFSB  CPIR-SB  .CP2C-SB  CP2R-SB ° ,CP3C-SB
Major oxides (wt.%) ‘ .

- Si0, 47.6 .48.9 46.6 48.4 ,47.0
TiO, N\ 2.1 2.4 2.4 2.0 2.2
Al,0, 8.4 5.2 . 9.1 , 55 8.3

- Fe,0, . 2.5 2.4 2.7 - 3.2 3.5
FeO 5.8 4.8 5.4 ‘ 4.0" 4.6
MnO 0« 0.1 0.0 0.1 0.1
MgO 13.1 13.2 12.4 13.0 12.6
Ca0 . 19.4 22.4 2G-3 22.3 20.2

- Na,0 1.1 0.8 . 1.1 0.9 1.3
Cr,0, 0.3 0.3 0.0 0.3 0.1
Total 100.5 100.8 100.0 899.8 ‘89.9
Cations on the bas . of 6 oxygens S '

Si. 1.755 1.808 1.730 . 1.803 1.744
Ti -0.058 0.067 0.067 0.066 0.063
Al (V) 0.245 0.192 0.270 0.197 0.256
Al (V1) 0.120 0.033 0.128. ., 0.046 0.109 °
Fes- o 0.070 0.067 2 "0.076 0.089 0:.097
Fe? ' . 0.180 0.150 ~__. 0.168 0.125 0.143
Mn 0.003 0.005 0.000 0.002 0.003 -
Mg 0.722 0.728 0.687 0.723. 0.698 ~
Ca © 0.768 - 0.886 0.806 0.889 0.804
Na 0.069 0.051 : 0.067 0.058 0.079
cr 0.007 | 0.009 g,: 0.000 0.007 - . 0.004
B

y o : ‘
End member percentages ' % ‘ .
Ac : 6.8 8.1 6.7 8,,8 7.9
Jd 0.0 .0 “0.0 - .0 0.0
TiCeTs 5.8 6.7 . 67 ™ 58 6.3
FeCaTs 0.1 : 1.6 08 3.1 1.8
CrCaTs - 0.7 O.g 0.0 0.7 0.4
AlCaTs ' 12.0 3. 12.8 4.6 10.¢ -
Wo 29.1 38.04 30.1 . 37.4 305
En . 36.1. 36.4 ° 34.4 36.1 348. °
Fs [/ 9.0 7.5 8.4 6.3 7.1
Woltern) \ 39.; 46.4 41.3 46.9 . 42.1
Enitern) - 48. 44 .4 471 45.3 48.1
Fsitern) : 12.1 9.1 115 — 7.8 9.8
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V77 7 TableB-1 (continued): CLINOPYROXENE
, )ﬂ - Spanish Bonk to Hyalo Ridge
& . ’ : ) . ) .
Samﬁm 26/8/3 26/8/3 26/8/3 26/8/3 - 23/8/12

CP3R-SB CP4C-SB CP4R-SB CP5G-SB CP1G-ST
Major oxides (wt.%) ‘ ' L

SiO, 469 51.4 48.6 - 49.6 50.0

'TiO, 2.1 0.3 - 2.3 2.0 1.4
Al,O, 8.1 1.5 . 52 4.4 4.1
Fe,0, 2.1 2.5 3.3 1.8 0.0
FeO o 5.4 12.9 . 4.2 - 5.4 7.8
MnO 0.1 0.5 0.1 . 04 0.0.
MgO 13.0 12.0° 13.1 - 13.2 15.2
Cal - 20.6 18.4 22.2 22.1 19.4
Na,0 -~ 0.7 0.8 - 1.0¢ 0.8 L
Cr,0, 0.4 00 . - 0.4 0.3 0.8
Total 99.7 100.4 100.5 100.1 8s.0
Cations on the basis of 6 oxygens ‘ . W
Si 1.749 1.947 1.803 1.845 1.869
Ti : 0.060 -0.010 0.064 - 0.057 -0.040
Al V) 0.251 0.053 0.197 0.165 0.137
Al (VI) 0.105 0.013 0.028 - 0.037 0.043
Fe' ' 0.058 0.072 0.092 -~ 0.051 0.000
Fe» . 0.167 0.410 0.128 - 0:.167 - 0.248
Mn » 0.002 0.017 0.004 0.003 0.000

. Mg 0.723 0.679 0.723 0.730 0.847

© Ca 0.824 0.746 0.880. 0.882 0.776
Na ' 0.044 0.053 - 0.064 ,  0.057 0.009
Cr 0.012 0.000 / 0.012 - 0.010 0.023
End member percentages . '

Ac ) 4.4 # 5.3 6.4 5.1 0.0
Jd ' 0.0 - 0.0 - 0.0 0.6 70.9
TiCaTs 6.0 1.0 6.4 5.7 4.0
FeCaTs 1.5 . 20 2.8 0.0 0.0
CrCaTs 1.2 0.0 ;1.2 - 1.0 2.3 .
AiCaTs 10.5 1.3 28 3.1 3.4
Wo 31.6 35.1 37.4 39.2 34.0¢
En . 36.2 33.8 ., 36.1 36.5 42 .4

8.3 20.5 6.5 8.4 12.4
Woltern) 41.5- 38.2 46.7 46.6 38.3
Enitern) 475 37.9 45.2 43.4. 47.7
Fs(tern) 11.0 228 | 8.1 99 14.0

s



Sample . 23/8/12  23/8/12  23/8/6  23/8/6  23/8/6
| CP2GST  CP3GST  CPIGST  CP2G-ST  CP3G-ST
Major oxide3 (wt. %) o ' o :

SiO, 50.8 49.4 - 50.6 52.8 51.9
T|O2 1.5 1.9 1.4 1.0 0.9
AlLO, 2.6 5.4 2.4 2.0 <5.8
. Fe,0, 0:7 0.2 . 05 0.0 0.0
FeO 8.9 8.4 115 10.3 .8.4
© MnO 0.1 0.2 - 0.2 0.3 - 0.3 .
MgO | 14.7 15.1 o146 15.3 12.7
Ca0 - 20.2 19.1 17.7 -18.2 16.8
. Na,0 0.3 . 0.2 - 0.3 0.2 1.0
Cr,0, 0.2 0.5 0.0 - 0.0 0.0
‘ Total 100.0- 100.3 99.1 1011 98.8 -
Catlons on the basis of 6 oyygens :
Si - 1.897 . 1.826 1.811 1.943 1.931
Ti 0.042 - 0.053 0.039 - 0.027 =~ . 0.024 -
ALV 0.103 0.174 0.089 . .. 0.065 0.119.
ALV 0:.010 . . 0.062 0.018 0.024 - 0.136
Fe’ 0.018 . 0.004 . 0.014 0.000 - - 0.000
Fe! - 0.276 | - 0.259 0.363 0.318 - 0.283
Mn 0.003 0.006 . 0.005 0.008 0.008
Mg . 0.816. - 0.833 0.821 0.837- . 0.705
Ca 0.809 - 0.758 0.718 0.757 - . 0.670
Na .- 0017 0012 -< 0.022 -0.012 . 0.064
Crv 0.007.° . 0.013 ¥ 0.000 = 0.000 0.000
- End member percentages . ‘ ‘
Ac 1.7 . 0.4 »\_—-—/1‘4-——«‘ 0.0 0.0
Jd - ‘ 0.0 0.7 0.7 1.2 - 6.4
TiCaTs . 4.2 5.3 3.9 2.7 2.4
FeCaTs 0.2 . 0.0 0.0 0.0 - 0.0
‘CrCaTs ©0.7 1.3 - 0.0 0.0 0.0
AlCaTs . - 1.0 5.5 1.1 1.1 . 7.1
Wo ', 374 3.8 33.4 35.9 - 28.8
- En 40.8 - 41.7 . - 41.0 - 41.8 35.2
Fs 13.8 - 12.9 18.2 15.9 -14.7
Woltern) 40.6. 36.8 - 36.1 38.4 36.6
En(tern) 44.3 -+ 48.2 44,3 44.7 44.8
15.0 15,0 . 19.6 - 17.0 18.6

Fsitern) -

. .. Pl
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Sample . 24/8/13  24/8/13 . 24/8/13  24/8/13  24/8/13
CP1C-SL  CPIM-SL  CPIR-SL  CP2C-SL  CP2R-SL .
Major omdes (wt %) . '

SiO, 5179 48.9 48.5 49.8 46.5
TIO2 ‘ 0.3 0.8 2.2 1.6 3.4
AlL,O, 3.0 5.5 5.4 4.6 6.6 -
Fe,0, 1.5 1.6 2.1 . 1.3 2.1 .
FeO 8.2 889 - 5.7 . 5.0 6.5
‘MnO 0.2 0.1 0.4 - -~ 0.0 0.0
MgO 13.3 - 12.7 13.8 14.6 12.0
Ca0 211 19.8 22.0 22.3 22.2
Na,0 0.8 0.9 0.4 0.4 0.6
Cr,0, 0.1 - 0.1 c.1 0.3 0.0
Total 100.3 100.1 100.4 99.9 98.9
Cations on the basis of 6 oxygens L .
Si 1.928 - 1.862 - 1.800 - 1.843 ~ 1746
Ti ‘ 0.008 . *0.022 0.062 - 0.044 - 0.085
Al V). 0.072 0.138 0.200 - 0.157 0.254
Al (V) 0.058 0.102 0.035 - 0.046 0.040
. Fe* : 0.043 0.045 . .0.060 ,0.036 - 0.058
" Fe? _ 0.253 0.277 0.177 - '0.154 0.204
Mn 0.005 0.004 0.004 . 0.000. 0.000
Mg - 0.738 0.706 - 0.763 0.806 0.670 -
Ca ‘ 0.840 0.782 0.873 0.883 0.885
Na - 0.051 0.058 0.022 0.022 ™ 0.036
Cr - 0.003 0.003 0.003 ~0.010 0.000
End member percentages
Ac 4.3 4.5 2.2 2.2 3.6
©Jd 0.7 1.2 0.0 0.0 0.0
TiCaTs 0.9 2.2 " 6.2 4.4 - 95
FeCaTs 0.0 0.0 3.8 1.4 - 2.4
CrCaTs 0.3 - 0.3 0.3 1.0 0.0
‘AlCaTs 5.1 8.0 3.5 4.6 4.0
"Wo .« 38.9 33.3 36.8 38.5 36.8
En 36.9 35.3 © 381 40.3 - 335
Fs 12.7 13.9 | 8.8 7.7 10.2
Woltern) 43.9 40.4 43.9 445 +45.7
Enitern) 41.7 42.8 45.5 46.6 - 41.6
Fsitern) 14.3 16.8 10.6 . 8.9 12.7



Spanish Lake

‘Sample 24/8/13 " 24/8/13 24/8/13 24/8/13  .24/8/14

Fsitern)

+ CP3C-SL CP3R-SL CP4G-SL CP5G-SL CP1C-SL
Major oxides (wt.%)
SiQ, - 47.1 451 48.3 46.2 47.6
TiO, 2.5 3.8 1.9 3.4 2.4
AlLQ, 7.4 8.5 5.0 7.0° 7.0
Fe,0, . 2.1 v ~7 2.1 2.5 2.7
- FeD 48 5.4 5.4 6.2 4.3
MnO 0.0 0.0 01 0:1 0.1
MgO 13.1 11.9 14.4 12.0 13.3
Ca0 22.3 22.2 21.9. 22.0 122.5
Na,0 0.4 0.6 0.3 0.6 0.5
Cr,0, 0.5 0.1 0.3 * 0.0 0.5
Total 100.3. 100.4 100.9 100.0 100.9
Cations on the basis of 6 oxygens ‘
Si 1.746 ~1.684 1.816 1.732 1.753
Ti-: , 0.069 0.107 0.052 . 0.096 - 0.066
AlH{IV) . 0.254 0.316 . 0.184 0.268 0.247
Al (VI ' 0.068 0.057 0.034 0.042 - 0.057
Fe’. 0.058 . 0.076 0.058 0.072 0.075
- Fe® 0.152 - 0.169 0.167 - 0.196 - 0.133
Mn 0.000 . 0.000 0.004 0.003 . -0.002
Mg : 0.723 0.663 0.790 0.672 0.732
Ca 0.888 - 0.887 0.862 .0.883 "+  -0.888
Na 0.025 0.036 0.021 0.037 ~0.031
Cr = 0.014 0.004 0.008 0.000 0.015
End member percéentages ‘
Ac 5 3.6 2.1 3.7 " 3.1
Jd 0.0 0.0 0.0 0.0 0.0
TiCaTs 6.9 10.7 . 5.2 9.6 6.6
FeCaTs . 3.3 4.0 3.8 3.5 4.4
CrCaTs 1.4 0.4 0.8 0.0 ‘ 1.5
AlCaTs 6.9 5.7 3.4 4:2 5.7
Wo 35.1 33.9 36.5 35.6 35.3
En . .36.2 33.1 39.5 33.6 36.6
Fs 7.6 8.4 8.4 8.8 6.6
Woltern) 445 448 43.3 450 45.0
Enitern) 45.8 43.8 46.8 42.6 46.6
9.6 11.2 9.8 12.4 8.5



‘ Samp]e

v

24/8/14
CP1R-SL
Ma;or oxides (wt.%)
Sio, 349.7
ﬂO 1.9
NO 4.3
%O 0.8
%O - 6.1
MnO 0.0
MgO 14.3
Ca0 . 22.3 .
Na,0 0.2 -
&ﬁ, 0.2
99.9

'{... Total

A End member percentag

Catnons on the baSlS of 6 oxygens

Si’
© T
Al{IV)
Al (V)
Fe’.
Fer
Mn
Mg -
Ca
Na
Cr

Ac
Jd.
TiCaTs

- FeCaTs

CrCaTs
AlCaTs
Wo

En

Fs
Woltern)
Enitern)
Fsitern)

1.846
0.053

0.154 .
0.034 "

0.023
0.191

- 0.000.

0.790
0.888
0.014
0.006

®

S

N ATA N
oprphLOEWOOVLO:;

24/8714
CPZG-SL; »

0.044

0231 .
©0.004"
0.746 -

0.867

0.028

0.000

..o_...m.o?r'\jj,

WD N .
oY R U PO 0O, -

P13

—phbDoWww

N —
SONNON

—_

1.848
0.058 -
0.162" . .
0.018 ..

—~OPYO =

PRSZEHOPNO -
Lo onPONOO

24/8/14
CP3G-SL

H
o ~0D

bbaoooub

Ooi

Qo0
Q

" 1.795
0.075
0.205 °

0.014
0.057

0.220
0.004

0.760

0.855

0.015

0.000

— PR W

©  Spanish Lake to Flourmill

24/8/14  2/8i8 .
~CPAG-SL - cmxc-sc
"46.6 " 466
2.7 2.4
7.4 : 8.7 -
2.4 3.1
5.3 8.0

0.1 0.1 .
.12.8 1.6
- 221 19.7.
0.4 ~1.40
. 05 0.0
100.4 99.7 .
1.733 11.743
0.077 0.066
0.267 0.257
0.057 . 0:126
0.067 0.089
0.166 0.18
0.003 - .0.004
0.708  °  -0.B47
0.879 ~ -0.788
0.025 0.090
0.014 '0.000
. ; o
2.5 . 88
© 0.0 . 0.1
7.7 6.6
1.4 0.0 -
345 - 29.9.
35.4° 324
8.3 9.3,
441 417
45.3 b 45.2
10.6 13.0



- Table B-1 {continued): CLINOPYROXENE

.. ’ . Flourmill -
- - : , L T
. Sample: 2/846 2/8/6 2/8/6 2/8/6 .2/8/6 =
CP‘IX : CP2XC-SC . CP2XM-SC. - CP2XR-SC  * CP3C-SC
Major ox;des (wt.%) "% ) , R " '
Sio, 49.8. 4895 - 483 48.5
TiO, . 06 . 06 .. s 20 - 1.1
- ALO, a4 4.5 75,5 7.3
Fe. O, <27 2.9 2.6 2.0
FeO 8.6 94 7 - 4.4 5.4
MnO 0.3 0.4% ~© 0n 0.1
‘MgO 12.7 13.1 ¢ 14.2 15.7
. Ca0 19.3 17.7 217 18.2°
_Na,0 0.8 1.0 0.5 0.8~
Cr,0, . 0. - 0.0 0.3 0.1 -
Total 998.6 89.1 99.6 100.2
Catiohs on the basnsd(f 8 oxygens . , o : ‘
Si g 1.755 1.875 - 1.870. 1.798 1.810
Ti ., -0.064 0.017 0.018 0.055 0.030
Al (IV) - 0.245 0.125 0.130 -0.202 0.180
Al (Vi) 0.065 0.071 0.072 0.038 . 0.123
Fe'> . 0.070 0.076 .0.084 0.073 0.054
Fer 0.138 - 0.272. 0.297 0.136 0.165
Mn 0.003 0.010 0.011 0j003 0.003
Mg ’ 0.742 0.714 0.737 0.790 0.856
Ca -~ 0.877 0.779 - 0.718 0.865 - 0.712
Na . - o 0.028 0.057 0.063 0.030 " 0.051
Cr ©0.010 0.00% 0.000 0.009 0.004
End member percentages ' -
Ac 2.8 5.7 6.3. - 3.0 5.1
Jd 0.0 0.0 0.0 - 0.0 0.0y
TiCaTs 6.4 1.7 1.8 55 3.0
FeCaTs 4.2 1.9 2.1, 4.3 0.3~
CrCaTs 1.0 “ 0.3 -0,0 0’9 0.4
AlCaTs 6.5 7.1 7.2 3.9 12.3
Wo 34.8 - 335 30.3" 35.9 27.6
En 37.1 35.7 36.9 39.5 . 42.8
Fs 6.9 13.6 14.9 6.8 8.2
Woltern) -44.1 40.5 37.0 43.7 35.1 -
. Enitern) 471 43.1 44 .9 ; ,48.1 54.4
Fsltern) 8.8 16.4° 18.1 8.2 . 105



Table B- 1 (contmued) CLINOPYROXENE

v B A Flourmlll
Sample . L2/8/6 ¢ 2/8/6° - 2/8/6 2/8/6" 2/8/6
d&eae SC CP4C-SC - €P4R-SC CP5G-SC . CP6G-SC
Major oxides (wt. %) | - :
Si0, 46,1 . 475 448 49.8 46.7
Tioo, ; ,8u4A ) 2.2 3.6 1.4 2.6
Ai,O, R < O .7.0° 7°9 - 4.3 - 5.9
Fe,0, 3% 2.7 25 ™=& 24 3.9
FeO 3.8 4.1 5.9 - 3.8 - 5.3
MnO 0.0° - 0.0+ 0.1 0 - 0.1
Mgo . 12.8 13.8 11.8 151 12.6
- Ca0 v - 215 21.8 ¢ 216 '21.8 21.6
a,0 0.8 0.5 0.5 05 - 0.7
C O ~ 0.3 0.0 . 0.2:" . 0.6 - 0.1
Total 99.8 9.7 98.0" 8s.8 . 98.5
Cations on the basis of 6 oxygens - S
Si S 1.718 1.764 -+ 1.6989 © 1,841 ¢ 1 760 -
Ti ' 0.067 0.060 -2 0.104 .°0.0389 ° . 0.073
Al (IV) 0.282 0.236 -+0.301 © 0.188.; 0.240 .
Al (VI) 0.084 ., 0.072 0.052 0:039. ¢ - 0.022
Fe _ 0.103 - 0.075 0.071 0.067 +~ 0.109
Fel 0121 0.128. -0.186 0.17 . 0.187
Mn 0.000 0.000 . 0.003 0.003 - 0.004
Mg 0.713 0.763 0.668 - 0.833 0.705
Ca 0.857 0.868 - 0.875 . 0.862 . 0:873..
Na , ' 0.047 - 0.031 - 0.034 = 0.033 . 0.0
Cr ' 0.008 0.000 0.006 - 0.016 0.003
End member percent oes " , S ' -
Ac’ . 4.7 3.1 3.4 3.3 4.1 -
Jd 0.0 0.0 - -0.0 0.0, 0.0
TiCaTs 6.7 6.0 10.4 3.9 7.3
FeCaTs 5.6 4.3 3.7 - 3.5 6.8
CrCaTs 09 - 0.0 0.6 1.6 0.3
AlCaTs- 8.4 7.2 5.2 3.0 2.2
Wo 32.1 34.7 33.9. - 371 ¢ 35.3
En 35.6 38.1 334 41.6 35.2
Fs B.1 | 6.4 93 .. .. 589 8.3
Woltern) 43.5 43.8 442 % .439 44.8
En(tern) - 48.3 48.1 43.6 | " 748.2 44.7
8.2 8:1 124 6.9 10.6

" Fsitern)



Sample 4/8/7
CP1C-SC
Major oxides (wt.%)
Sio, 51.7
TiO, 0.3
ALLO, 36
Fe,0, 1.3
FeO 5.3
MnO 0.1
MgO 14.7
Ca0 23.3
Na,O 0.
Cr,0, 0.1 .
Total 100.8 |

Si
Ti -
Al (IV)

Al VI

Fe
Fe?
Mn
Mg
Ca
Na
Cr

-
Y

Cations on the basis of 6 oxygens

1:897.

- 0.008

0.103
0.053
0.036
0.163

© 0.005

0.805
0.915
0.006

0.004°

"~ End member percentages

-AC
Jd

FeCaTs
CrCaTs
AlCaTs
' Wo
En

Fs.

Woltern) -
Enltern)
‘Fs{tern)

TiCaTs .

B BN
OHnPoUOWOo

0.6
- 0.0

~owNwowkow®

Table B 1 (contlnued) CLINOPYROXENE

Flourmill
41817 4/8/7 4/8/7 4/8/7
CP1R-SC CP2G-SC CP3G-SC ~ CP4G-SC
440 50.1 Y 43.1 43.2
4.0 1.9 4.7 4.2
10.0 . 4.4 9.1 10.5
37° 1.7 a1 4.4
45 , 54 6.6 4.0
0.1 .01 0.1 " 0.0
11.9 14.5 10.8 11.5
21.8 225 21.1 - 22.0
0.5 0.3 0.7 0.7
0.4 0.3 0.1 0.3
101.1. 101.5 . 100.5 100.8
1.632 1.835 - 1.626 . 1.607
0.111 0.051 0.133 0.117
0.368 0.165 - 0.374 ©70.393
0.067 0.026 0.031 - 0.066
0.104 . .0.046 - 0.115 - 0.123
0.140 . 0.165 0.208 . 0.125
0.003 0.002 0.004 0.000
0.655 0.789 0.609 0.638
0.872 -~ 0.883 0.851 0.877 °
0.033 - 0.019 - 0.042 ° 0.041
0.010 0.009 0.003 0.010
.
33 1.9 _ 42 4.1
0.0 00 > 00 0.0
11.1 B L . 18.3 1.7
70 2.7 7.3 8.2
10 0.9 . 0.3 1.0
6.7 2.6 3.1 6.6 -
30.7 38.5 30.5 30.1
32.8 39.4 30.4 31.9
7.0 8.3 10.4 6.3
43.6 44.6 42.8 a44.1
46.5 458 42.7 46.7
9.9 9.6 14.6 9.2



Table B-1 (contirued): CLINOPYROXEN

Flourmlll
Sample 4/8/7 4/8/ 4/8/1 4/8/1 - 4/8/1
o CP5G-SC  CP1C CRIR-SC  CP2C-SC - CP2R-SC

Major oxides (wt.%) : L

. Si0, 49.4 51.5 48.7 - 50.8 433
TiO, . 2.0 0.6 1.8 1.0 1.5
ALO, 5.0 5.6 5.9 5.1 5.2
Fe,0, 2.1 1.0° 1.6 21 25
FeO 5.4 4.9 5.3 4.0 4.1
MnO 0.0 . .01 0.1 0.1 0.1
MgO L 145 172 14.2 15.6 14.4

- Ca0 . 22.0 ©19.0 218 21.2 22.%
Na,O . 04 05 . 02 0.6 0.5
Cr,0, 0.4 05 - &6 0.6 0:6
Total -101.2 101.1 10Q4.5 - 101.0 100.4
Ca.nons on the basis of 6 oxygens S ' -
Si A 1:.813 . .1.859 - - ' 1.798 .1.846 1.817

- Ti , 0.056 0.016 0.048 0.026 0.042
AL (V) 0.187 0.141 0.202 0.154 0.183 ;,
Al (Vi) 0.030 0.096 0.056 0.065 0.04%
Fe’ ... 0.058 0.028 0.044 0.058 0.068
Fe?r - 0.166 ~0.148 0.164 0.121 - 0.127
Mn- . 0.000 0.004 0.003 0.003 0.003
Mg - 0.791 0.823 0.780 0.845 0.793
“Ca . D.864 0.733 0.866 . 0.826 0.872
Na _ 0.022 0.030 0.015 0.039 0.032
Cr o 0.010 0.015 0.019 0.017 0.017
End member percentages ’ -
~Ac 2. 2.8 - 1.5 " 3.9 3.2
Jd 0.0 0:3 0.0 .- 0.0 0.0°

- TiCaTs - bBi6 - .16 4.9 2.6 4.2
FeCaTs : 3.6 0.0 . 2.8 1.9 ‘3.6
GrCaTs - v 1.0 1.5 1.9 1.7 1.7

~ AlCaTs 3.0 9.4 5.6 - 6.5 45 .
Wo - 36.7 - 30.4 . 356 34.9 - 36.6°
En # 39.6 46.1 39.0 42.2 396 -
Fs . 8.3 7.4 - . 8.2 8.0 * 6.4
Woltern) 43.4 - 36.2 ~43.0 42.0 44.3
“Enl(tern) 46.8 54.9 47.1 - 50.8 48.0 .
Fsltern) 9.8 - 8.8 8.9 . 7.2 7.7



. Fs

Table B-1 (continued): CLINOPYROXENE

Flourmill
Sample . “ = 4/8/1 . 4/8/.1 4/8/1 4/8/1 4/8/1
CP3C-SC CP3R-‘SC - CP3R-SC CP4C-SC CP4M-SC
Major oxides (wt %) L : S L
SiO, 49.6 50.5 45.8 51.7 50.5
TiO, . 1.4 1.4 . 2.9 0.4 . 1.1
Al O, 5.9 4.4 8.7 3.5 4.8
Fe,0, 1.8 1.5 3.3 1.3 1.5
FeO 4.8 5.1 4.7 8.9 ¢ 4.6
MnO 0.1 0.1 - 0.1 0.2 © 0.0
MgO 14.7 15.1 12.5 13.3 15.4
. Ca0 215 22.0 22.0 209 21.6
., Na,0 - 0.4 0.3.. - 0.5 + 0.6 0.4
Cr,0, | 0.2 ' 0.5 0.1 0.2 0.4
Total 100.6 101.2 .100.6 100.9 100.6
co ' | ﬂ
Cations on the basis of 6 oxygena T S
Si . 1.819 1.847 1.697 1.813 1.848

- Ti 0.038 ,0.038 0.080 0.010 .. .0.031
Al (IV) . - 0.181 . ‘0. 153 - 0.303 0.087 0.152
Al (Vi) 1 0.076 0.038 . ,0.078 - 0.064 0.060

- Fe** 0.051 0.040 - .0.082 0.036 - 0.042 .
Fer- . - 0.148 10.157 . 0.145 0.276 0.138 -
‘Mn ¢ e 0.004 .,0.003 -+ 0.003 -0.006 .0.000 -
Mg - 0.805 %)0.823 . '0.680 0.734 0.838
Ca . 0846 -+ 0864 - 0873 . 0.828 0.848
Na v - 0.026 . O&@ 0.032 0.039- - 0.024
Cr ‘ '0.005 - 0! "~ +0.004 : 1 ¢0.004 0.012
End member percenta ges . : o '

"~ Ac 2.6 1.6 3.2 3.6 24
Jd: 0.0 . 0.0 0.0 0.3 0.0
TiCaTs -'3.8. - 3.8 ., 8.0 1.0 3.1
FeCaTs 24 2.4 6.0 0.0 1.8
CpCaTs 0.5 | 1.5 04 - 0.4 1.2
AlCaTs .76 3.8 , 7.8 6.1 6.0
Wo 35.2 - 874 32.5 37.7 36.3
En. 40.2 /41.2 345 36.7 41.9

‘ 7.4 ] 7.8 7.3 13.8 7.0

" Woltern) 425> " 43.3 43.8 42,7 42.6

En(tern) 48.6 - 47.6 46.4 41.6 . 49.2
8.9 8.1 9.8 15.86 8.2

Fs(tern)



Table B-1 (continued): GLINOPYROXENE

Flourmill
J i
Sample . 4/8/1 - 4/8/1 4/8/1 4/8/1 4/8/2
CP4R-SC CP5C-SC CP6G-SC  CP5R-SC CP1C-SC
Major oxides {wt.%) . y : ‘ .
Sio, _ 46.9 485 - 46.8 46.7 51.6
TiO, , 2.2 2.3 2.4 2.5 0.9
A0, 7.6 ¢ 4.8 7.7 7.7 4.9
Fe,0, 3.5 2.7 L 2.9 2.4 1.3
FeD 4.4 vo70 .. 5.4 5.1 . 4.0
MnO 0.1 . 0.2 .~ 0.1 0.0 0.1
MgO 12.8 135§ 128 13.0 15.8
Ca0 22.0 21.2 21.8 22.0 21,5
Na;0 0.6 0.4 " 04 . 0.4 06
Cr,0, 0.3 02 ° 0.4 0.6 0.2
Total .. 1005 100.9 101.0 - 100.7 101.1 -
Cations on the basis of 6 oxygens B ‘ s T
Si . 1737 1.800 1.731 - 1.731 1.868
T 0.062 0.065 0.067 0.069 0.024
Alvy - 0.263 .200 0.269% 0.2689 0.132
ALV - - 0.067 011 ’ 0.067 0.067 0.079
“Fer 0.098 - 0.076 - 0.081 0.068 0.035
Fer 0.136 ©0.220 0.168 | 0.159 - 0.123
Mn 0.003 0.006 0.003 0.000 0.003
Mg . 0714 0.746 .~ 0.703 0.716 0.854 -
- Ca - 0.875 0.845 0.867 0.875 . 0.836
Na 0.035 - - 0.023 0.025  0.022 0.036
Cr . 0.010 - ~  0.006 - 0.012 0.017 0.005
End member percentages. . o -
Ac - 35 2.3 | 25 2.2 35
- Jd 00 0.0, 0.0 0.0 0.2
TiCaTs , 6.2 . 6.5 . 8.7 6.9 - 2.4 .
‘FeCaTs £ 6.3 5.3 5.6 4.6 0.0
CrCaTs 1.0 0.6 1.2 1.7 0.5
AlCaTs" . 6.7 1.1 6.7 6.7 7.8
Wo 33.7 35.5 33.3 33.8 36.4 -
En 35.7 37.3 35.2 35.8 42,7
Fs 6.8 11.0 8.4 8.0 6.1
Woltern) - 442 ~ - 423 43.3 43.6 42.7
Enitern) 46.8 44.5 45.8 46.2 50.1
Fsitern) 8.9 13.1 109 10.3° 7.2



~ Total

41872

. Sample
CP1R-SC
- Major 0x|des (wt.%)
Si0, 50.0
Aﬂ, 1.8
N,, 4.4
Fe,D, 1.8
Fe 5.4
Mn 0.0
MgO . 14.3
Ca0 22.4
- Na,0 0.5
Cr,0, 0.3
100.8

4/8/2
CP2C-SC

47.2

N —
¢ PR RNNN
T e roOTS;

coo
=)

—

Cations on tﬁ‘e basis of 6 oxygens

—_—

‘Si

Ti
Al (V)

Al (Vi)

Fe
Fe?
Mn
Mg
Ca
Na
Cr

End member percentag

Ac \

- Jd

TiCaTs -
FeCaTs
CrCaTs
AlCaTs

‘Wo

En
Fs

Woltern} -

Eniterm)

" Fsitern)

1.839
0.050 -
0.161

- 0.031
0.049

0.166
0.000
0.786

- .0.881

0.028
0.008.

103
[72)

’ DWW
OCHpPpepwodboon

NopuWyyn—oNoo®

»

1.741

0.065 .
- 0.258
0.066 "

0.078
0.137
0.003
.0.7189
0.880
.,0.030
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0.057
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4/8/2
CP3G-SC

48.0
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1
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.023
0.077
- 0.151
0.003
0.790
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0.027
0.013
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' Table B-1 (continued): CLINOPYROXENE
Flourmill to Ray Mountain

17/8/7
tP2G-RM

475*"

N —
NROvWoIN G
oo = N WG

N

Cow

1.779
0.077
0.221
0.031
0.092
0.178
0.004
0.668
0.891

Oph% -

0.000

NN~ OPNON

>

0



210

-

‘Table B-1 (continued): CLINOF YROXENE
— ' o Ray Mountain

Sample . 17/8/13 17/8/13 17/8/13  17/8/13  17/813
, CPIXC-RM  CP1XR-RM  CP2XR-RM  CP3XC-RV - CP3XR-RM
Ma;or oxides. (wt.%) ) :

$i0, 49.1 485 52.8 48.2 445
TiOz : 1.4 3.3 0.8 N7 3.7
AlLO, : 6.8 . 84 1.5 5.7 9.0
Fe,0, £t26 2.8 . 1.7. . 2.8 3.7
FeO 4,2 5.3 59 4.4 4.7
MnO 0.1 0.1 0.1 v 0.1 0.0 -
MgO 14.8 12.4 14.4 145 12.0
Cal 2.1 22.1 22.3 22,1 22.1
Na,0 0.5 0.4 0.9 . oW 05
Cr,0, 0.1 04 0.5, 0.1 0.4
Total : 101.0 100.9 01 .0 1011 100.7
Catnons on th f 6 oxygens . Tyt Co
Si 17794 1.690 - 1.843.: . 1.802. 1.657
Ti 0.040 0.084 - - .0.021 €.048 0.103
Al (IV) 0.206 0.310 . 0.0%7" 0.198 0.343
- ALV 0.086 0.056 0.00B 0.049_ 0.052
Fe’ - 0.071 0.078 0.047 0.076 0.104
Fe - - 0.127 0.165 .0.181 0.135 0.148
Mn S 0.003 ~ 0.003 0.004 0.003 0.000
Mg . : 0.805 0685 =~ 0.789 . 0.7380 -0.668
. Ca - 0.826 - 0.880 Y 0.877 0.868 - 0.882
Na 3 0.033 0.022 ° 0.054 0.026 0.031°
Cr . ~ 0.004 0.011 0.014 0.003 0.012
End member percentages
- Ac 33 2.2 " 4.7 2.6 31
Jd s 0.0 0.0 0.7, 0.0 0.0.
TiCaTs 4.0 9.4 2.1 . 4.8 10.3
"FeCaTs « - 37 55 - 0.0 5.0 . 7.3
CrCaTs - . 0.4 1.1 1.4 0.3 ¢ 1.2
AlCaTs - - 8.6 5.6 0.1 49 . 5.2
Wo - - 33.0 33.2 43 .1 359 321
“En " 40.3 34.2 ?§;4 395 ° 334
- 6.4 - 8.2 -9 6.7 ' 74
Woltern) 415 43.8 46.5 43.7 44.0
Enitern) 50.6 - 45.3 43.5 48,1 45.8
Fs(tern) 8.0 10.9 10.0 8.2 10.1



Table B-1 {continued): CLINOPYROXENE

. : - | S : Ray Mountaln ,
-Sample 17/8/13 17/8/13 »,,17/8/13-/ 17/8/13 '_17/8/13
CP4C-RM CP4R-RM CP5C-RM CP5R-RM CP7G-RM
Major oxides (wt.%) A
SiO, , 52.3 49.3 51.8 48.5 47.7
TiC, & 0.6 2.0 0.3 - 20 3.1
AL, ¥ o 26 45 ¢ 2.7 5.5 5.7
Fe,0, ° . 3.2 2.2 1.2 3.0 4.9
FeO 6.8 6.2 -10.4 " 5.0 4.0
MnO 0.2 0.1 0.3 0.1 0.1
MgO 15.5 14.3 13.0 14.0 = 12.7
Ca0 19.6 21.6 20.8 21.6 215
Na,O 0.9 0.3 0.4 0.5 1.3
Cr,0; 0.1 0.2 0.17™ . 0.4 0.0
Total 101.7 100.8 101.0 100.6 101.2
\.atnons on the basis of 6 oxygens ~
Si 1.808 1.823 1.829 1.794 1.763 -
Ti , 0.017 0.055 0.007 - 0.056 0.085
Al (V) 0.091 0.177 0.071 0.206 0.237
Al (V1) 0.019 0.017 . 0.046 0.033 | 0.012
Fev . 0.087 0.061 0.033 - 0.082 0.137
Fer : 3 0.206 0.192 0.322 0.154 0.125
Mn /  0.006 0.004 0.009. - 0.003 .004
Mg~ " 0.842 0.787 0.718 T 0.773 ¢.683
Ca R).766 0.856 0.832 0.857 0.853
"Na 0.053 0.017 0.026 0.031 . 0.083
Cr - 0.003 - " 0.007 0.003 0.011 . 0.000
s ; ,
o End member percentages . :

Ac 5.3 1.7 2.6 3.1 8.3
Jd 0.0 0.0~ 0.0 0.0 0.0
TiCaTs' 1.7 5.5 . 0.7 ‘5.6 8.5
FeCaTs * * 3.3 4.4 0.7 5.1 5.4

- CrCaTs 0.3 0.7 0.3 1.1 0.0
AlCaTs 1.9 1.7 4.6 3.3 1.2
Wo 34.6 36.7 138.4 35.3 35.1
En 42.1 . 38.4 35.8 38.6 35.0
Bs 10.3 - 9.6 16.1; 7.7° - 6.2
Woltern) 39.8 42.8 425 43.2 46.0
Enitern) 48.4 46.0 39.7 . 47.3 45.9
Fsitern) - [ 11.8 11.2 . "17.8 9.5 8.2



1y = b ’ ' . 212

kY

o . Table B-1 (continued): CLINOPYROXENE
. v - Ray Mountain to Ray Ridge

\

Sample_ - 17/8/1 . . 17/8/T "18/8/1 19/8/1 18/8/9

CP1XC-RM  CP1XR-RM CP1G-RM_ CP2C-RM '\ CPIC-RR
Major oxides fwt.%) . ' \

Sio, - 48.1 50.0 - 46.6 48.3 t 621
TiO, 1.5 f1.2 3.2 2.2 0.2
AL, 7.0 i 5.3 6.0 43 0.6
Fe,0, 3.0 2.1« T2 129 0.5
FeO » 5.1° 5.3 6.8 6.9 14.6
MnO 0.1 0.1 0.1 0.2 09
MgQ 14.6 15.6 12.3 12.3 11.9
Ca0 - 20.0 18.5 21.8 22.2 17.9
Na,0 0.5 0.6 0.4 0.5 0.7
Cr,0, 0.1 .04 0.0 0.1 0.0
Total 100.1, »100.3 89.4 99.1 88.3
Cations on the basis of 6 oxygens : ‘ . '
Si 1.777 1.836 . 1.760 1.830 1.996
Ti .0.043" 0.034 0.090 . 0.062 0.005
Al (IV) 0.223 - 0.164 0.240 0.170 0.004
C ALV 0.082 .7 ~ 0.064 0.026 0.022 - 0:023
Fes- . 0.082 <~ 0.059 - 0.060 . 0.055 0.0186
Fel- 0.156: -  0.164 . 0.214 0.218 0.468
Mn *0.005 ' - 0.004 .- 0.005 0.005 0.029
Mg g 0.805." - ° 0.857.° 0,693 0.694 0.681
" Ca . 0791 - :0.768. . 0.881 .0.901 0.734
* Na - 0030, " 0836 0.026 0.033 ©0.044
Cr _ 0.003‘9;':::, ' 0.000 0.002 " 0.000
End member percentages: »i%a 3.
Ac 3.0 ‘kgﬂ’ 3 26 3.3 1.6
Jd . "0.00 T sy 0.0 0.0 2.9
TiCaTs 4.3 9.0 6.2 0.5
FeCaTs 5.2 3.4 2.2 0.0
CrCaTs 0.3 0.0 . 0.2 0.0
AlCaTs 8.2 |\ 2.6 R 2.2 -0.6
Wo 305 .36.6 39.7 36Q
En 40.3 34.6 34.7 34.
Fs ' 7.8 10.7 11.0 234
Woltern) 38.9 44.6 46.5 39.0
Enitérn) 51.2 42.3 40.7 36.2
Fs(tern) 89 . 13.1 12.8 24.9



‘ Sampre :

. Total

" Cations on the basis of 6 oxygens "

Si
Ti -
Al {IV)

Al (V). °

- Fe
- Fe?
Mn
Mg -

. Ca
" Na -

Cr

Ac
~Jd
TiCaTs

- FeCaTs -

CrCaTs
AiCaTs,
Wo, -
En :

. Fs .
‘Woltern)
Enltern) .

Fs{térn)

W,
OHIVO

e o
SO PO

18/8/9
CP1R-RR "

Major oxides (wt.%) .'
Si0, = 47.4 .

: -TiO, 26
Al,O, 5.2
Fe,0, 2.6
FeO - 5.5

, MnO 0.1
MgO 12.9
- Cal 21.9 -

- Na,0~ 0.6

Cr,0, 0.0
98.8

1.792

- 0.073

0.208

-0.024
-0.073

0.175

~0.003

- 0.729
. 0.888
0.035
0.000

End member percentages

3.5

ONO

5

000000~
O—=00-0®

18/8/9

- CP2C-RR

506

© A=
0" PonlP PO

WWAdWo0

6
000

- 0.871°

0.794

.. 0.042

0.037

OB PWai o ok
P Lo PwWo W
PP NO® ==

WwWNLpOP=NOy

—WWo~

S

1878/9

CP3C-RR

()]

n = '
SooBzovnnod
o NDRpmwRONy

(o]
o)

1914

~ . 0.020

>

AP B PWL ey
S OpRPHYNYO~NO R

0.086

0.021
0.067
0.164

- 0.005

0.855
0.810
0.049

- 0.007

WovNpny o Noooo

o
Table B 1 (cor*tmued) CLINOPYROXENE

18/8/9

- CP3R-RR
. 467

2.1

(o] N — ¢
BoolNgorwyr
PP . O—~00

1.748

- 0.060 "
0,252

0.058

- 0.084 .

0.127
0.000
0,730

10879 -

0.036
0.024.
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Ray Rldge

18/8/8
CP4G-RR

.1.858.
0.036
0.142
0.036
0.038
0.175
0:004.
0.841
0.828
0.022

0.018

e BB P W Oy
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Table B 1 (continued): CLINOPYROXENE

Pointed Stick Cone .

\
Sample 18/8/4 18/8/4 18/8/4 18/8/4 - 18/8/4
. CP1G-RC CP2C-RC . CP2R-RC CP3C-RC CP3R-RC

Major oxides (wt.%) L .
SiO, 44.9- . 48.8 . 485 -42.9 48.9

T TIiO, 4.3 1.6 2.5 46 - . 2.0
Al,O, 7.8 . 6.1 8.2 8.0 . 4.3
Fe,0, . 298 2.3 2.4 5.1 1.2
FeO 6.2 6.6 6.4 4.7 75

- MnO 0.0 0.1 - 0.0 0.1 0.1
MgO 11.4 13.7 125 105 13.2

- Cal 21.7 18.8 - 181 22.1 21.4
Na,0 0.8 1.1 1.1 0.9 0.4
Cr,0, 0.0 - 0.2 - 0.2 0.1 0.0
Total 100.0 99 6 838.2 , 9989 89.3

, Catlons on the basis of 6 oxygens T
Si - 1.690" 1.818 1.745 1.625° -1.843
Ti - 0.122 0.046 | 0.072 0.130 0.058 .
Al (V) - 0.310 0.182 0.255 0.375 0.157
Al (V) , 0.035 0.088 . 0.108 0.026 0.034
Fe’ ’ 0.083 - 0.065 0.067 © 0.145 - 0.035
Fel 0.195 0.204 0.202 - 0.148 0.236
Mn 0.000 0.003 -0.001 0.003 0.004
Mg 0.641 0.763 0.699 0.581 - 0.738
Ca ! 0.875 0.752 0.769 0.896 - 0.865
" Na S 0.051 - 0.070 0.070 0.08% . 0.027
Cr 0.000 0.006 0.007 0.003" - 0.000-
End member percentages N .
Ac 5.1 6.5 6.7 5.8 2.7
Jd 0.0 05 - C.3 . 0.0 0.0
TiCaTs 12.2 46 7.2 13.0 58 -
FeCaTs 3.2 0.0 - 0.0 8.6 0.8
CrCaTs 0.0 0.6 - 0.7 0.3 0.0
AlCaTs 35 8.4 10.4 %2.6 3.4
Wo 34.3 30.8 28.3 © 325 38.3
En 32.0 38.2 35.0 29.5 36.9
Fs 9.7 . 10.2 10.1 7.4 11.8
Wottern) 45.1 38.9 39.4 ~-46.8 44.0.
Enitern) 42.1 48.2 .47.0 .,.42.5 42.5
Fsitern). 12.8 12.9.. - 13.8 0.7 13.6 .

S
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D Table B-1 (continued): CLINOPYROXENE
- L }“‘ g Dragon’s Tongue (proximal)
Sample -, 14/8/1 14/8/1 14/8/1 14/8/1 14/8/1
CP1XR- RP CP2C-RP CP2R-RP - CP3C-RP CPSR-RP
Major oxndes (wt.%) -
Sio, 45.9 48.0 48.1 48.9 443
TiO, 2.7 0.4 05 - 0.6- 35
ALO, 6.7 6.4 64 5.1 8.0 -
Fe,0, 3.6 4.2 4B - 3.3 4.1
FeO 5.3 66 . - 62 5.7 4.9
© MnO 0.0 04 - 05 102 0.0
MgO . 12.0 10.7; 10.9 12.5 11.2
. Ca0 - - 21.8 215 - 214 . 226 22.1
. Na,0 0.7 el 1.1 0.5 0.7 .
. Cr,0, 0.0 0.0 - . 0.0 0.0 0.0.
- Total 98.6 . 88.2 - 99.7 . 99.3 98.8
Cations on the basxs of 6 oxygens coo ST o _ o
Si 1.744 1.818 7 1.815 1.838 1.684 -
Ti 0.077 - 0.010 0.013 ., 0016 0.101
Al (iv) | . 0.266. '0.182 .. - 0.185 0.162 0.316 -
Al (V) 0 0.044 0.106 ~.0.098 0.066 0.042
Fe’* .- 0:102 0.120 +0.130 - 0.085 D.118
Fer . 0.168 0.209 - 0.197 0.179 -0.156
Mn .o 0.000 . 0.012 » 0.015 0.007 - 0.000
Mg . ' 0.678 - 0.606 0.613 0.698 " 0.636
Ca 0.880 0.873 0.865 .09810 /7 -0.800
“*Na 0.042 0.064 0.069 0.030 - D.047
Cr - ' 0.0Q0- 0.000 ©,0,000 0.000 .- -0.000
R \ IR . .
End member percentages : £ . :
Ac 4.2 6.4 6.9 3.0 4.7
Jd 0 0.0 0.0 0.0 0.0
TiCaTs '7.7. 1.0 1.3 16 7 10.1
FeCaTs 6.0 5.6 6.0 6.5 7.1
CrCaTs 0.0 ~ 0.0 0.0 e 0.0 0.0
AlCaTs 4.4 10.6 9.8 BB 4.2
Wo .. 355 ~35.1" . 34.6 13802 - 34.2
En. 339 30.3 7, 30.6 4349 31.8
Fs g4 10.5" 98 - .89 78 °
‘Woltern) - 456 ©46.3 46.1. " " /. 46.6 46.4
Enitern) s 4838 40.0 7 40.8 i 42,6 43.1
Fsitern) = . 10.8 13.8 - 131.°2+ 109 10.6
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© Table B-1 {continsed): CLINOPYROXENE ' -

5 Dragon's Tongus (proximal) # .
Sample 14/8/1 14/8/1 °7..14/8/1 . 14/8/2 - 14/8/2
~ CP4C-RP CP4R-RP - CP5G-RP’ CP1C-RP CP1R-RP

.Major oxides (wt.%) § L : & D
Sio, . 52.° 45.8 4%9 | 52.0 -~ . 47.2 -
TiO, 0.0 26. - 47 ) 247 —
AlLQ, 2.6 7.4 9.7 29 6.6
Fe,0, 2.1 3.1 5.2 2.0 2.4
FeD : v 4.0 4.6 5.3 7.2 i 5.1
MnO 0.1 0.0 9.0 - 0.2 47 0.0
MgO 15.5 12.4 %0.3 13.87 138
Cal 23.0 22.3. . 218 21.8 22.2°

~ - Na,0 0.3 05 | 0.7, 0.6 0.5

- Cr,0, 0.0 0.3 . 0.0 0.0 - 0.4
Total 939.8 , 988 98.5 - 100.9 - 99.7 |
Cations on the basis of 6 oxygens A ‘ '. ‘ h
Si , 1.923 1.729 - 1.598 1922 . 1782 - -
Ti 0.000 0.074 0.134 .. "~ 0.005 . 0.067°¢
Al (IV) 0.077 0.271. 0.402 . 0.078~ 0.238 -

- Al (V) 0.036 0:057 :0.032 . 0.047 0.055 -
Fe 0.059 - 0.088 . .0.148 .. . 0857 - - 0.067
Fer . ‘ 0.124 0.146 .- - 0.168 - 0.2237 '0.169 .
Mn - 0.004 . 0.000 - .0.000 - - -0.007 20.000 ~
Mg 0851 - 0696 '~ 0584 . 0.758 0.726
Ca 0.908 0801 - 0888 ’ 0.863 ° - 0.887°
Na o 0.017 0.030 .- 0.047. - 0,037 :0.028;
Cr .~ 0.000 0.008 0.000 - . 0.000 .0.012
End member percentages - R S
Ac 1.7 3.0 4.7 3.7, 2.8
Jd ' 0.0 0.0 0.0 0.0 0.0 -
TiCaTs 0.0 7.4 13.4 0.5 6.7
FeCaTs 4.2 5.8 10.1 2.0 - 3.9
CrCaTs 0.0 0.8 0.0 - 0.0 1.2
.~ AlCaTs" 3.6 5.7 3.2 4.7 5.5

" Wo 41.6 35.2 31.0 739.5 , 35.8 .
En ’ 425 - 348 29.2 © 37.9, - 36.3
Fs 6.2 . 7.3 8.4 . 11.2 / 7.9
Woltern) 46.1 45.5 45.2 44.6 -44.7
Enl{tern) 47 .1 45.0 42.6 42.8 - 454
* Fsitern) 6.8 9.4 12.2 12.6 9.9
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Table B-1 (continued): CLINGPYROXENE
: Dragon’s Tgngue {proximal)

Csample. . fa/8/%  1a/8/2 14/8/2 14/8/2 14/8/2
" . -, CP2C-RP CP2R-RP ~ CP3C-RP CP3R-RP . CP4XR-RP
- Major oxides (wt.%) . ‘ .

“.o Si0y . 4972 45.4 49.8 - 47.2 - 52.1
. TiO, R N - 3.3 - 0.6 . . 2.4 0.9
1 ALO, - 746° - 8.4 5.7 6.7 4.2

Fe,0, 2.6 3.0 3.0 3.7 0.0
FeO - s 3.2 4.9 4.3 3.9 9.9
. MnO s 04 9 0.0 0.0 . 0.1 0.3
MgO. & 148 12.2 14.4 13.3 - 16.1
. Ca0 198, 22.3 215 22.5 161
Na,0 0.8 0.5 0.7 - 0.6 S 05
CriO, 0.3 0.3 0.0 0.3 . 0.0
© Total = 100.8 100.4 99.9 100.8 100.2
Cations ‘on the basés of 6 oxygens _ -
Si . -1.793 ©1.682 1.838 1.746 - 1814
Ti 70031 0.094 0.017 0.068 0.026
Al (V) 10207 0.308 0.162 0.254 - 0.100
Alvy o 7 0.120 0.062 - 0.084 0.040.  0.081
Fe’ i 0.072 0.084 . 0.083 0.103 0.000
-Fe?; - . 0.126 0.154 0.133 0.121 0.304
Mn * . 0.004 0°000 - 0.000 0.003 0.008 ,
Mg < .- 0.806 . 0.675 0.790. 0.730 0.883
Ca . 0774 - 0.890- 0.852° 0.889 0.635
~ Na = 7 0.057 < 0.033 0.040 0.035 0.032
~Cr ‘ - 0.008 + 0.008 0.0C9 0.010 . 0.000
End member percentages :
- At C 5.7 3.3 4.0 3.5 0.0
SJdd - 0.0 0.0 . 0.0 0.0 3.2 -
.- TiCaTs - 3.1 9.4 1.7 6.8 " 2.6
" FeCaTs 1.5 5.0 4.3 6.8 0.0
.- CrCaTs. 09 0.8 0.0 1.0 - 0.0
"AlCaTs 12.0 6.2 8.4 4.0 4.9
" Wo., 29.9 33.8 35.4 35.2 28.0
En- - 40.3 33.7 . 385 36.5 44.1
. Fs 6.3 7.7 . 6.6 6.0 . 16.2
‘Woltern) 39.1 449 43.4 '45.3 32.1
"Enitern) " - 52.7 44.8 48.5 47.0 50.5
Fsitern) 8.3 10.2 8.1 7.8 17.4

[p3



Sample

14/8/2

N
-

: s& 'Table B-1 (continued): CLINOPYROXENE
- Dragon's"fongue-{proximal) to Dragon's Tongue (distal}

14/8/2

14/8/2 S x 11/8/7 11/8/7
CP4XR-RP CP5G-RP. ~  CP6G- % CP1G-RD CP2G-RD
Major oxides (wt.%) ' » :
SiO, 45.4 48.3 ' 48 6 -43.6 46.3
TiO, 3.1 1.7 - 2.1 3.7 2.7
Al, 8.2 8.8 4.7 8.8 6.7
Fe, 4.0 3.0 2.4 5.2 4.4
FeO 4.4 4.8 6.1 5.5 44 -
MnO 0.0 ¢ 0.2- 0.1 . 0.1 0.1
MgO 12.2 13.9 13.2 11.0 12.8
-Ca0 22.3 19.3 22.2 21.0 21.8
Na,0 . 0.6 1.2 0.5. - 08 - - 0.7
- Cr,0, 0.2 . 0.0 0.0 0.1 0.4
Total 100.3 © 1011 83.9 99.9 100.2 .
Cations on.the basis of 6 oxygens : . ~
Si 1.684 - 1.759 1.819 1.648 1.728
Ti . 0.086 0.045 0.058 0.106. 0.075
Al (IV) 0.306 0.241 0.181 0.352 0.271
ALV 0.054 0.139 . 0.027 0.041 0.024
_ Fe 0.112 0.083 0.067 0.149 0.124
Fe: 0.137 0.145 0.192 0.175 0.137
Mn : 0.000 0.005 0.004 0.003 0.002
Mg ~. 0.676 0.757 0.733 0.618 0.713
Ca - .0.890 - 0.754 0.889 0.851 0.871
.Na _ 0.039 "0.072 0.028 0.054 0.040
Cr 0.007 - 0.000 0.000 0.004 0.013
End member percentages P
Ac .~ 3.9 27, 2' 42 @.9 5.4 4.0
Jd : . 0.0 0.0 2 7%:070 0.0 0.0
TiCaTs _ - 8.6 4.5 R 10.6 7.5
~ FeCaTs ol/-4 1.1 3.8 95 - 8.3
CrCaTs 0.7 . 0.0 0.0 0.4 1.3
AlCaTs . 5.4 13.9 2.7 4.1 2.4
Wo 33.5 - 27.9 . 38.3 - 30.2 33.8
En,. 33.8 37.8 36.7 30.9 35.7
Fs 6.9 7.3 9.6 8.7 . 6.9
Woltern) 45.2 38.3 45.3 - 43.3 .- 44.3
Enltern) 45.6 51.8 ° 43.4 © 44.2 46.7 .
Fsitern) . - 9.3 #.9.9 11.4 12.5- - 9.0

‘ | | | T 28
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+ Sample - 11/8/17
) R CP3G-RD
Major oxides (wt.%)

- Si0, ' 46.5
TiO, 2.9
AlLOy , 6.4
Fe,0, 3.1
FeQ 5.6
. -MnO 0.0 -
MgO 129
- Ca0 21.7
- Na,0 05 .
Cr,0, |, 0.3
Total 899.6

Cations on the basis of & oxygens

Si 1.747
Ti T 0.081 .
Al (V) 0.253
ALV - 0.031
Fe . 0.086
‘Fe? - - 0.176
Mn 0.000
Mg 0.712
Ca 0873
Na . 0.034

Cr : - 0.008 -

End member percentages
Ac v

©Jd , 0.0
TiCaTs - - 8.1

‘FeCaTs 5.3
CrCaTs 0.8

AiCaTs 3.1

Wo 35.0

En 35.6

Fs 8.8

‘Woltern) 44 1

- Enltern) 44.8
1.1

- Fsltern)

Table B-1 (continued): CLINOPYRGXENE

o 218 -

" Dragon’s Tongue (distal) to Kostal Laké (older javas)

31/8/8

8/8  31/8/8
CPIM-KP ' CP1CKP
51.0 - 50.9
2.0 0.7,
13.9 4.5
0.0 1.3
10.5 5.4
0.1 - 0.1,
8.3 15.7
12.7 20.7
2.1 0.4
0.0 0.1
100.6 100.0
) .
1.842° 1.872
0.054 0.020
0.290 0.128 -
0.302 0.069
0.000 0.035
0.318 0.165
0.003 0.003 .
0.445 0.860
0.489 .. 0.815
0.124 0.026
0.000 0.003
0.0 26
12.4 0.0
5.4 2.0
0.0 0.9
0.0 . 0.3
17.8 6.9
12.9 35.7
22.3 43.0
15.9 8.3
25.3 41.1
43.6 49.4 -
31.1 9.5

31/8/8
CP 1M-KP

— cm
4.0 W0—~2,

[ SN
OOCNRppOCHO-W_,

(o)
o

'1.876

-0.035

0,196
0.198
0.000
'0.202

- 0.000

0.651
0.701

0072

0.000

lpmonlluho

e

T

l ..‘Q‘::‘ J\\‘?%

*31/8/8
' CP2CKP

50.7

f

e
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" Table'B-1 (continued): CLINOPYROXENE
Kostal Lake {older lavas)

e

s

-Sample 31/8/8 31/8/8. 31/8/8 31/8/8 = 31/8/8
: : CP2M-KP = CP2R-KP CP2R-KP CP3C-KP = - CP3M-KP
Major owdes (wt %) e . e o ; S
SiO, 505 -« . 491 476 -46.6 46.0
TiO, 0.3 - 1.7 2.5 1.5 ) 1.7
AlZO3 5.0 5.0 . 5.6 79 . 8.4
Fe,0O, 2.7 1.7 - 2.1 34 / ~ 3.3
FeO 6.5 4,7 + 5.8 8.8 / 8.3
MnO 0.2 0.0 0.0 0.2 . 0.2
MgO 12.8 14.5 13.2 8.6 . 8.2
CaOO- 19.8 22.2 21.9 20.31 . 20.4 ,
Na,0 eme 1.4 0.4 0.5 1. 1.1
s Cry0y ;7 0.1 . 0.4 0.2 . 0.1 0.0
. Total ~ 98.4 - 99.7 899.5 89.6 . 838.6
Catiops on the basig*of 6 oxygens _‘ e o ‘ -
Si. 1.887 1.822 - 1.784 1.769 1.751
Ti : 0.008 0.047 - 0.069 , .0.043 -0.048
Al {IV) - 0.113 0.178 -0.216 = 0.231 e 0.249
Al (V) Y 0.107 - 0.041. - 0.034 0.123 0.129
Fex 0.076 0.047 :0.058 0.098- 0.083
Fer 0.204 0.145 0.182 0.282 --0.296
Mn . 0.007 0.000 .0.000 - 0.007 - 0.006
Mg 0.710 0.802 0.736 - 0.544 0.524
- Ca 0.797 . 0.881 . . 0.881 - 0.820 .  0.831
~ Na - o 0.088 0.022 . 0.030 0.079 . 0.072
-Cr - 0.003 0.012 - -0.007 0.903 0.000
‘ End member percentages - o B
‘7.6 2.2 3.0 7.9 7.2
1.2 0.0 0.0 0.0 0.0
0.8 4.7 6.9 . 4.3 4.9
0.0 2.5 29 1.8 2.1
0.3 1.2 0.7 0.3 0.0 -
8.5 . 4. 3.4 12.3 12.9
34.6 37.8. 37.1 31.6 - 316
35.5 40.1 36.8 . 27.2 26.2
_ 10.2 7.3 . 9.1 141 ©14.8
Woltern) 43.0 .44.4 44.7 43.3 43.5
- En(tern) 44.2 471 44.3 37.3 36.1
12.7 8.5 1.0 19.4 20.4

) @ ’Fs("cernl)



Sample - 31/8/8
CP3M-KP
Major oxides (wt.%) -
'Si0, ‘ 46.2
TiO, 15
ALO, - 8.1
Fe,0,. 3.6
FeO 8.6
MnO™ - 0.2
MgO 8.3
Cal - 20.3
Na,O 1.3.
. Cr,0, 0.0 .
Total 98.2

S8

31/8/8
CP3RKP

D
@

L .
COoONEeWhO —

(o)
.

Cations on the basis ofi 6 ox_y‘gens

Si

Ti

Al (V)
Al (VH)
Fe’ .
Fe?* .

~ Mn

Mg
Ca.
Na -

Oy

M
Jd’

. TiCaTs

FeCaTs
.CrCaTs
AlCaTs
Wo

En.

Fs '
Woltern)
Enitern)
Fs(tern).’

/End member

WD aNW -

1.762
0.044

0.238.
©0.128

0.105
0.275
0.006
0.528

. 0.832
- 0.083
0.000.

percentages

8.3

OoONDO
o

‘OO bPwmH 2NN P

Sl uniopON®

1.796

0.042

0.204
0.071
0.059
0.120

0.000

0.760
0.890
0.034
0.023

NL&5o88Nvvrow
O wCopn—wonvo b

ROOHOL WO,
© N — O
ORPONRNOPMN

BD G WWa .
OCHOPGR - WNOW

2.5

1.734

-0.071.

0.266
0.068
0.067

0.137 .

0.000
0.711
0.896
0.032
‘0.015

v 22

' Table B-ﬁ;ﬁ

at

v,
.

Zontjnued): CLINOPYROXENE . 4
¢ @%Kostal

e (older lavas)

[

T o

31/8/8° 3T/t
CPAC-KP  “ePaMkP .,
q g e e
"4B.1+ " 488

1.6 1.3

70 - 85

22 20

4.3 © 48

0.1 . "F% 00

13.9. &7 143

222 - - 2132

0.3 0.5

0.0 - 0.0

100.0 . 99.2

1778 + .+ 1.807

0.045 0.037
0222 0.193
0.085 - - 0.094
0.060 - 0.085
0.134 0.143"
0.003-  0.000
0.766 0.794
0.882 . 0.845
0019 0.031
0.000 0.000

1.9 3.1

0.0 00
45 37

42 25

0.0 0.0,

8.5 9.4

35.6 345 )
383 39.7

6.7 72
44.1 424
475 48.8

8.3 8.8
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i Table B- 1 (continued): CLINOPYROXENE . -

- ‘ - Kostal Lake (older lavas) to Kostal Lake (south cone)
Sample - - 31/8/8 31/8/8 29/7/6 29/716" 29/7/6
o -CP4M-KP CP4R-KP CP1CKS . CP1RKS CP2C-KS

4" Major oxides (wt.%) = =~ ‘ P o SN S
SiQ, " w48.9 - 473 : 49.3 . .. 48.8 47.3°
TiO, z 1.7 2.2 1.3 S 12 1.9 =~
Al,O, . 5.7 6.5 &, 6.3 5.4 9.0 -
Fe,0, 2.0 2.0 1.8 2.0 1.8
FeO < .43 _ - 5.3 4.3 4.1 6.2
MnO 00" Y 0.0 - 0.1 0.0 0.1
MgO 14.2 -13.1 14.7 14.9 12.7
Ca0 22.4 221 21.3 21.7 18.3
Na,0 - 0.4 0.4 0.5 0.6 1.1
Cr,0, - * 0.1 0.2 0.1 0.0 0.0
Total . - 100:1 88.5 100.0 99.7 . -99.4
Cations on the basis of 6 oxygens o :

Sigr 1.808 1.771 1.814 . &1.840 1.761
Ti : - -0.046 0.063 0.036 - %0.033 0.052
Al (V) ., 0.192 0.229 0.186€ 0.160 0.238

CARVE 0.058 - 0.058 - 0.088 0.074 0.155
Fes+ - 0.057 0.058- 0.053 0.055" . 0.050 -
Fe?- . 0.133 0.165 . - 0.133 0.128 . 0.194
Mn - 0.000 0.000 0.004 .~ 0.000 0.004
Mg - 0.785 - 0.730 - 0.805- - 0.817 0.704 -
cCa -~ - 0886 .0.888 0.840 0.859 - 0.771.
Na - ' - 0.026 0.024 0.032 0.034 0.0771°
Cr .~ . 0.003 0.007 0.004 0.000 { 0.000
End member percentages ; ‘ :

- Ac _ 2.6 24 3.2 3.4 50
Jd o 0.0 - 0.0 - 0.0 0.0 2.0
TiCaTs - 46 . 6.3 . 3.6 - 33 -5.2

~ FeCaTs . 3.1 3.3° 2.% 2.1 0.0
CrCaTs 0.3 0.7. 0.4 . 0.0 0.0
AlCaTs + 5.8 5.9 8.8 7.4 13.4

. Wo 37.4 36.3 345 36.6 1 29.2
En '38.2 - 36.5 40.2 © 40.9 35.2

- Fs > 6.6, 8.3 6.7 6.4 8.7

© Woltern} - 44.9 44.8 42.4 43.6 39.4
En(tern). - 471 45.0 1 49.4 ©48.7 47.5

_Fsltern) 8.0 10.2 8.2 7.6 13.1



o - | 223

Table B-2
Major element concentrations in |ncognate clmopyroxene

Chnopyroxene analyses comprtse major oxide concentrations, cation numbers of each
ionic species, recalculated on the basis of six oxygen anions and the molecular
percentages of major end-members. The latter, together with the percentage of Fe',

are calculated using the method of Lindsley (1983). . Analyses are in the order. giveny
below: on each page is a subheading listing the centres described thereon. The source
of each analysis is identified by the two-letter suffix, and is plotted on each diagram of
this work with the appropyiate symbol, as follows:

© Suffix Symbol  Unit :
SM #F - Spanish Mump .
SB : # - Spanish Bonk
ST & Hyalo Ridge : ' ,
SL X Spanish Lake Centre ,
SC Flourmill Centre
PY o + Pyramid Mountain -
SP. - X Spahats (Second Canyon dyke)
RM Nd| Ray Mauntajn ,
RR # Ray Ridge . 9.
RC ¢ . Pointed Stick Cone "
R A Dragon's Tongue =~ .
RP. A Dragon’s Tongue (presximal)
RD A Dragon’s Tongue (distal)
« KL 0 Kostal Lake
KP’ 0 Kostal Lake (older lavas)
KN 0 Kostal Lake {north cone)
KS o Kostal Lake {south cone)
KT 0

- Kostal Lake (lava tube)

Analytncal precxsxons for every element analysed in chnopyroxene are listed below at the
98% con‘idence level, as a percentage of the total concentration of that element.

Ind
Mg
Al
- Si
Ca
Ti
C,
M
Fa

PHWW—=ONNOr

o>

OoNNNON=A

Sample numbars ccmp se three parts, interpreted as follows :

26/83(X) - CP1(X)C.MR ‘ -SB
Sample number - ¢ ClinoPyroxene 1'(X if xenocryst) Suite suffix
xenolith) ~ Core, Median or Rim ¢

'



spo o - o | 224
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R o © Table B-2 (continued): CLINOPYROXENE
S, ‘ - Spamsh@/luf'np to Spanish Lake

Samplel’ | 26/8/2X  26/8/2X ~ 26/8/2X  26/8/2X  24/8/13X
CP1C-SM  CP2C-SM  CP3C-SM  CP4C-SM-  CP1C-SL

Major ¢ Cat %)
Si0, 52.7 52.3 52.9 52.0 52.7
& TiO, . 0.4 0.5 Y 0.4 03 0.4

ALO, 6.6 6.7 7.0 6.6 6.6

Fe,0, 0.5 0.0° 1.0 0.5 0.6
s FeD . 2.3 26 2.1 25 8 23

MnO 0.1 0.1 0.1 0.1 0.1.

. MgO. 14.8 . 14.7 14.8 -~ 15.2. 15.2
' Ca0 20.4 ©19.9 '18.9 20.1 20.2

Na,0 2.0 2.1 2.3 1.7 2.0

cr,0, 0.8 1.0 0.8 . 0.8 0.7

Total . 101.1°. 100.1 101.6 100.4 100.8

&

Catrons on the basis of 6 oxygens : _

Si '1.891 1.884 1.888 1.879 1.891
T } 0.010 0.013 0.010 0.009 0.010 -
r ALV 0.108 ©.107 . - 0.112 0,121 0.109

Al (VI) 0.172 0.178 ' 0.181 0,162 0.170

Fe» ) 0.014 0.000 0.026 0.015 0.017

Fer . 0.070 0.079 . 0.061 0.075 0.071

Mn - - 0.002 © 0.003 0.003 0.003 0.002

Mg 0793 . 0.792 : ° 0.789 0.830 0.816

Ca - . . 0.784 0.771 - 0.760 0.778 0.776

Na - 0.122 ., 0.128" -0.138 0.101 0117 o

.Cr : 0.024 00.030 : . 0.023 10.026 .0.021 .7
~ End member- percentages ' , T anat? . o

,,,,, -~ Ac 14 0.0 A 2.6 1.5 1.7
oJd , 10,8 .. f¥2.6 % 110 8.6 10.1

TiCaTs . 1.0 1.3 7 1.0, 09 1.0

FeCaTs 0.0 ny, 0.0 0.0, Qe . '0.0

CrCaTs . 24, . ¥ 30 2.3 e 2.1

+ AlCaTs 7. 64 - 4 '5.2 ‘6.9 7.6 7.0 .

£ Wo ;o 343 33.8 32.9 .4 33.3 33.8. ©
S En 39.6% 39.6 39.4 41.0 40.8
Fs \ 5 40 37 3.7 3.5
Woltern) 443 43,7  _..%743.6 42.7 - 43.3
Enltern) . %5512 51.2 "p 52.3 52.5 52.2
5 51 4.1 4.8 4.5

Fsitern) 4,



225

Table B-2 (continued): CLINOPYROXENE
Spanish Lake

| 9
- Sample 24/8/13X 24/8/13X 24/8/13X 24/8/13X . 24/8/13X
/0L CP1C-SL /OP /SP2 CP2C-sL
CP1R-SL CP1R-SL CP2R-SL ‘ A
Major oxidgs (wt.%) ) . &
Si0, - 52.9 52.9 53.0 52.7 - 52.7
TiO, 0.3 0.4 0.3 0.4 0.4
Al,0, 6.3 7 6.6 . 8.2 6.5 6.5
Fe,0, 0.2 0.7 0.1 .04 0.8 -
FeO 28 2.4 2.8 2.8 2.2
- MnO .. J 0.0 ( 0.0 0.1 , 0.1
. Mg0 15.6 15.4 15.7 15.7 15.4
Ca0 20.2 20.3 18.8 19.9 20.2
Na,0 1.8 1.8 1.8 1.7 1.9
Cr,0, 0.7 - 0. 0.7 - 0.9 0.8
Total 100.6 1011 100.8 101.3 101.1
“Cations on the basis of 6 oxygens: - .
Si ¢ 1.800 1¢880 . 1.885 1.887
Ti 0.008 - [N CH) . 0.010 0.010 -
Al (V) 0.100 - OND .00 0.115 0.113
Al (V1) 0.166 0.78% 0.160 *0.161
Fel 0.004 0.018* 0.010 0.023
Fet- 0.085 0.071 ).086 0.083 0.065
Mn 0.000 0.000 0.003 0.003
Mg™’: . 0.833 0.819 0.838 0.837 0.824
- Ca ©0.778 0.777 , - 0.766 0.764 0.776
ga’ 0.106 0.116 - 0.1M0 0.102 0.112
r. 0.019 < O 0.018 0.025 0.022-
gﬂ% ‘
| - - 2y &
~End membe> percentages @‘%’. ? 1 I ’
Ac - .. 0.4 5 1.8 » 0.3 .= 1.0 2.3
Jd '10.2 “t 98. . 7 107 9.1 8.9,
TlcaTS : 08 ’: 1.4 '.'O“INJI £ 09 o 10 10
FeCaTs 0.0 .. 0.0 0.0 "7, 00 0.0 -
CrCaTs 1.9 - 2.0 1.9 5 2.5 2.2
AlCaTs 6.4 s 17.0 6.0 6.9 7.1
Wo 343 , 33.8 339 -33.0 33.7
En 417 Y810 418 . 4195 41.2
Fs 43 ° 3.5 . 4.3 ' 4.1 3.2
Woltsrn) : 42.8 . 43.2 42.3" 41.8 43.1
Enitern) e 51.9 © 52.3 52.3 53.0 | -52.8
~ - Fsftern) 53" 4:5 5.4 5.2 4.1
o : 3 pad:
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' Table B-2 (continued): CLINOPYROXENE
' Spanish Lake to Flourmill

8

Sample 24/8/13X  2/8/6X . 2/8/6X  2/8/6X2  2/8/6X2

. CP3C-SL CP1C-sC __ ?P2C-SC . CP1C-SC. . CP2C-SC
Major: oxides (wt.%) S ' ’
Si0, 52.7 47.3 46.1 51.3 51.8
TiO, 0.4 1.4 2.5 0.5 0.5
AlLO, 6.6 9.0 8.0 5.2 4.7
Fe,0, 0.0 3.1 3.9 1.6 1.0
FeO 2.9 5.3 44 ~ 4.3 4.4

- MnO 0.0 0.1 0.1 0.0 0.0
MgO 153 14.0 13.0 17.4 . 17.3
Ca0 202 . - 18.3 21.5 18.5 -18.6

“Na,0 1.8 1.0 0.5 . 0.6 ;0.5

= Cr,0, 0.7 0.0 0.0 ‘ 0.6 0.6
Total 100.8 . 99.6 100.1. - 100.2 - 300.6,
Cations on the basis of 6 oxygens ‘

Si 1.894 1.753) 1.717 1.864 - 1.877
Ti 0.011 0.038 0.068 0.014 - 0.015
Al (IV) : 0.108 0.247 0.2%3 0.136 6.123
@ - ALV 0.170 0.145 0.069 0.087 0.079
Fe 0.000 0.086 0.109 0.043 - 0.028
Fe 0.086 0.164 0.137 0.132 0.132
Mn , 0.000 0.004 0.003 0.000 0.000
Mg 0.820 JU.773 0.721 0.943 0.934
Ca ~ 0.779 0.727. 0.859 0:721 . 0.761 .
Na j 0.105 0.063 0.033 . 0.039 0.029
Cr - 0.021 _ * -0.000 0.000 0.017 0.017
End\member percentages - -
Ac 0.0 6.3 3.3 3.9 2.8
Jd 10.5 0.0 0.0 0.0 R
TiCaTs 1.1 3.9 6.9 1.4 15
FeCaTs 0.0 23 76 0.4 0.0°
CrCaTs - 2.1 0.0 0.0 1.7 1.7,

- AlCaTs 6.5 14.5 6.9 - 8.7 7.7
Wo 34.1 25.9 32.3 30.0 32.6

_En 41.0° 38.6 36.0 , 47.2 46.7

“Fs 4.3 8.2 6.9 6.6 . 6.6
Woltern) 42.9 35.6 42.9 - 35.8 37.9
En(tern) 51.6 - 53.1 47.9 56.3 54.4
Fsitern) 5.4 11.3 8.1 7.9 7.7



Sampls 2/8/6X3

. TiO,

IAP . -
: -« . CPIC-SC
Major oxides (wt.%) : -

"'SiO; ' 51.9

0.0
ALLO, 2.1
Fe,0, 1.1

" FEO- - " 9.2
MnO . 0.3

“"MgO 13.2°
Ca0 20.7
Na,O 0.6 -
Cr,0, 0.2
Total - 989.5

Cations on the basis of 6 oxygens

Si 1.953 .
T 0,000 . -
ALQV) - 0.047
Al (VI) -~ 0.045
- Fe .. 0.032-
Fe! ] 0.289
Mn .- - 0.008
Mg 0.742
.Ca - 0.836
Na. - -0.035

cr 0.005

End member percentages

Ac : 3.
Jd- : 0
TiCaTs -0
FeCaTs 0
CrCaTs -0
AlCaTs- 4,
© Wo. 39
En 37
Fs . 14
Woltern) 43
En(tern) 40
15

Fsitern) . -

Do o NOOORN

ot - 1dDI8 DL ({CONWNIUBA). LLINUEF TRUACNC -

2/8/6X3  2/8/6X3
CP1C-SC ~ CP2C-SC

[ & 1 I
N
o
o

0 0
0.2 0.2
2.2, 22
0.4 1.4
10.2 9.3

0.3 0.3
132 13.3
20.6 207 .
05 0.6
0.2 02
1 99.9 100.2
1.952 . 1.944
0.006 0.005
0.048 0.056
- 0.0a8" 0.040
0.012 0.039.
0.319. 0.289
0.010 0.009
0.735 0.741
0.828 - ° 0.830
0.030 0.037
0.006  .0.005
1.2 3.7
1.8 0.0
0.6 0.5
0.0 W 0.2
0.6 0.5
3.1 4.0
39.3 38.9
36.8 37:1
15.9 14.5
427 43.0
140.0 410"
17.3 6.0

2/8/6X3 ,
CP3R-SC. CP4C-SG

©ONO

" Flourmill

2/8/6X3

). — o1
OO0 QWY i

©
Lo UgpowDdmNNg

1.947

0.008—~
0.053 »

- 0.043

0.023 .
0.308
0.008

0.739

0.831.

10.030
0.004

©wohoNIPODDW



bie B-2 {continued): CLINOPYROXENE

Flourmill

Sample | -4/8/17X 4/8/17X 4/8/17X 4/8/4X 7 4/8/4X
’ - CP1C-SC CP2C-SC ~ CP3C-SC ~ CPIC-sC -, CP2C-SC

Major oxides (wt %) _ ‘ ' - N ‘

SiO, 52.5 52.4 . 52.6 51.0 51.6 .

TiO, 0.2 0 - 00 0.5 04 ©

AI,O3 2.7 - 2.7 . 2.8 - 5.3 4.3

Fe,;0; 2.2 . 2.5 3.1 0.1 0.4

FeO 2.3 2.1 - 1.8 5.5 5.4

MnO - 0.1 = 0.1 - 0.1 0.1, 0.0

MgO 17.2 %1 ' 17.5 17.0 17.6

Ca0 21.0 TR - 20.3 18.4:. 18.0 /s

Na,0 0.7 0.8 0.8 0.4 - 0.6 -

Cr,0, - 0.8 0.8 0.7 - 0.9 085

Total" 100.0 98.6 8s. 8 89.4 835 |

<Cations on the basis of 6 oxygens :

Si. 1916 - 1.820 - 1.816 1.871 - 1.887
A-T“r © . 0.004 0.000 ~ 0.000 " . 0.013 0.012
ATY) . 0.084 * 0.080 - 0.084 . 0.129 0.113
- ALV 0.034 = - 0035  ° 0.034 0.098 0.098°

Fel+ . 0.060. 0.068 0.084 - 0.003 0.012

Fe? 0070 . - 0064 =~ 0.056. ~ 0.168 0.164

Mn - .- 0.004 0.005 0.003 - 0.002 0.000 -

Mg . 0.833 ~0.830 0.853 = ; 0.832 0.956

Ca 0.821 - 0.827 0.794 0.725 0.704

"Na , : 0.041 - 0.046 0.056 10.026 0.036

Cr 0.022 0.023 | 0.02% 0.026 0.015

End member percentages : ’

Ac - 40 4.6 5.6 0.3 1.2

- Jd 0.0 . 0.0 0.0 2.3 - 24

. TiCaTs 0.4 0.0 0.0 1.3 , 1.2
" FeCaTs 2.0 2.2 2.8 0.0 0.0

- CrCaTs 2.2 2.3 2.1 2.6 1.5
. AlCaTs 3.4 3.5 3.4 7.6 7.5 -

Wo - 37.1 37.3 355 30.5 30.1 -
- En. 46.7 46.5 47.6" ;. 46.6 47.8

Fs , 3.5 3.2 2.8 ;. 8.5 8.2
- Woltern) 42.5 "42.9. 41.3 - 35.6 35.0

En(tern) . -53.5 53.5 554 545 ° 55.5 -

Fs(tern) 4.0 3.7 EERC B R 9.9 - 85

-



Si 1.897
Ti : ~ 0.014
Al (V) 0.111

ALV 0.085 -
Fe3: 0.000

. Fel 0.189

-+ Mn ' - 0.005

“ Mg - : 0.967
Ca 0.691
Na - 0.12

Ac 0.
Jd 1.2
TiCaTs 1.4
~ FeCaTs 0.0
CrCaTs 1.0
AlCaTs 7.3
Wo 29 7
En 48.4
Fs 9.5
Woltern) 33.9
Enitern) 55.3
Fsitern) .10.8

Sample 4/8/4X
CP3C-SC
Major oxides (wt.%) ,
SiO, 52.2
TiO, 0.5
Al,O, 4.6
Fe,0, 0.0
FeO 6.2
MnO 0.2
MgO 17.8
Ca0 17.7
Na,0 © 0.2
Cr,0, 0.3
Total 100.2

Cr ~0.040.°

"
End member percentages
- 0

14/8/4X2
 CP1C-SC

— m
COYyPOPoUOo._,

©
- N :
PR AT, FRSRSRNT. Yo T 3

" Cations on the basis of & oxygens

O=xOW—-—-m

©Lo0o0000=
8!\)0(3-—‘0@
EBROOOIN

0.938

0.674 -

0.038
0.008

m\,bwmm\moo\lmo) B

“Table B-2 (continued): CLINOPYRONENS.;

. 13/8/10

CP1C-PY
52.1

N — - .
~~BroNoNof
Zomg o~

-
Q —
—
o

1.872
0.012

~0.128 -

0.177
C.004
0.088
.0.003
0.801
0.770
0.107
0.028

—
~of

OB AL BW e o
ToRNTONSDO
\_swbbo\,mmowwb_

Flourmill to Pyramid M

13/8/710 -

CP2C-PY
52

EHONOOO!

Son
o))

—_

1.886
0.007
0.114
0.176
0.025
0.065"

0.002 -

0.807
0.762
0.125
0.024

ol

ok bW
PORRORNINOO,
NoiwNRLoPONgO

k‘?’"
Kl

13/8/10
CP3C-PY

52.3

N —
ONSRONONO
(DOOLDO-D@-—‘U‘

-
ooN
N

1.875
0.012
. 0.125
0.175"
0.022
0.073
0.000
0.798

- 0.768
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Sample
’ CP4C-PY

. Major oxides (wt.%)

Si0, 4 51.5
TiO, 0.4
Al O, 9.2
Fe,0; 1.1
FeO 2.4
MnO 0.1
MgO 14.0
Ca0 20.0 -
Na,0 2.2
Cr,0, 04
Total 101.3

Va

£

‘Cations on the baS|s of 6.oxygens

Si 1.840
Ti 0.010
Al (IV) 0.160
Al (V) 0.230
Fe’- _ 0.031
Fe?- 0.072
‘Mn ) 0.003
Mg ’ 0.744
Ca 0.767
Na ‘ 0.131

Cr 0.010

End member percentages

Ac 3.1
S Jd 10.0
TiCaTs 1.0
. FeCaTs 0.0
. CrCaTs 1.0
AICaTs 13.0
- Wo 30.8
En 37.2
Fs. , 36
Woltern) 43.0
Enitern) 51.8
5.0

Fsitern)

13/8/10

Table B-2 (contifued): CLINOPYRO%ENEa
: Pyramid Mguntain.to Ray Ridge
% e |

-8
¢ A .

19/87 1X 19/8/1X ?/s/sx - 18/8/9X
- CP1C-EM CP2C-RM . P1C-RR CP2C-RR
51.3 50.8 51, o "52.0
0.8 0.8 . 0.7 : 0.7
2.6 3.2 4.0 2.6
0.1 1.8 1.5 © 0.6
8.5 - 8.4 35 4.3 -
0.2 0.2 0.0 0.1
12.8 13.2 15.8 15.8
21.9 21.1 21.6 218
0.4 0.6 0.5 0.5
0.0 0.0 1.0 1.1
99.6 100.2 99.9 - 99.7
1.929 1.898 . 1.874 1.814
0.024 2.024 0.020 0.020
.0.071 0.102 0.126 0.086
0.046 0.038 0.049 0.028
0.003 0.052 0.042 0.076
0.298 0.263 1 0.107 0.131
0.005 - 0.008 0.000 0.002
0.717 0.737 0.865 0.869
0.882 0.843 0.850  0.864
. 0.026 0.035 0.033 ~° 0,032
''0.000" 0.000 .0.029  0.033
B A ey
0.3 ,3.5 33 1.6‘, ’
2.2 0.0 - . 0.0 1.6
2.4 2.4 - 207 w20
0.0 1.7 0.8 0.0
0.0 0.0 29 . 3.3
2.4 3.8 49 . 1.2
41.8 38.3 37.2 33.9°
35.8 369 43 %3.4
14.9 32 5.4 , 66 .
45.2 “43.3 - 43.4 £ 444 -
38.7 41.8 0.4 48.3 -
16.1 149 Ife.z 7.3 .



Table B-2 (dontinued): CLINOPYROXENE
Ray Ridge to Dragon’s Tongue (proximal)

‘Sample - . 18/8/9X- 13/8/1X  13/8/1X  13/8/1X . 13/8/1X
CP3C-RR CP1C-RP CP1C-RP CP1C-RP  CP1C-RP

Ma;or oxides (wt.%) ,
SiO, 54.7 : 48.0 47.9

. Ti0, 0.0 - . 1.5 1.4

- ALO; 0.6. 6 9.5 8.6

Fe,0, - 0.5 3.4 3.3 3.3 -
FeO 3.7 Y 5.8 55
MnO 0.1 , o - 0.2 0.2
Mg0Q 19.1 : 4.8 ©14.8 14.0
Cal 18.8 17.6 7. 17.6 17.8 -
Na,0 ; 0.9 1.3, 1.2 1.2 1.3
Cr,O3 v “1.4 0.0 0.0 0.0 0.0
Total 88.7 101.3 102.1 ., 1013 101.0

. "Cations on the basis of 6 oxygens ‘ , ‘
Si’ , . 1.987 1.784 1.746 1.746 1.746
Ti : 0.000 0.032 0.035 0.041 - 0.039
AL(V) - 0.013 0.216 0.254 0.254 0.254
Al (VI) ©0.013 0.145 0.153 0:155 « 0.161
Fe* 0.014 - 0.088 0.093 0.089 0.091
Fe* 0.1 0.169 0.173 0.176 0.169
Mn ©0.002 0.005 0.006 - '~ 0.005 0.005
Mg . 1.033 - 0.794 0.798 " 0.775 0.761
Ca 0.730 0.687 0.667 0.686 - 0.695
Na .. 0.055 0.082 0.069 0.073 0.077
Cr 0.041 0.000 0.000_, .,  0.000 0.000
End member percentages : e ’ :
Ac 1.4. 8.2 8.9 3 7.3 7.7
Jd 4.1, 0.0 - 9.0 0.0 » 0.0
TiCaTs 0.0 3.2 3.5 £ 4.1 3.9
FeCaTs 0.0 0.6 24 1.6 1.4
CrCaTs: 4.1 - 0.0 0.0 =™ 0.0 0.0
AlCaTs -2.8 145" 15.3 15.5 16.1
Wo 35.9 : 25.2 22.7 23.7 24.0
En 51.6 38.7 38.8 38.8 38.1
Fs , 5.6 8.4 8.7 8.8 . 8.4
Woltern) 38.5 34.3 31.9 33.2 34.1
Enltern} ' 55.5 54.1 56.0 54.4 54.0
Fs(tern) 6.0 115" 12.1 12.3 11.8



~ Fsltern)

Sample
. /'SP
CP2.1R-RP-
Major oxides (wt.%) - g
Si0, - . 50.0
ﬂO ' 0.8
AI,O3 7.1
Fe,0, "3.4
‘FeO ; 9.0
~ MnO o 0.2
- MgO 17.9
Ca0 12.3
. Na, 0.9
’gf,o, ~ 0.0
Total 1016 .-

13/8/1%

£
—

AL

13/8/1X
CP2.2-RP

_A-
OQuwpPPNN—5
ToLRENEOLO,

w

coco

Cations on the basis of 6 oxygens

Si 1.808
Ti o ’, 0.023
Al (IV) 0.1981.
Al (VI) 0.110
Fe3-+ T 0.093
Fer» .. . 0.271
Mn - - 0.007
Mg SR 0.863
Ca ‘ ‘ 0.477
Na ' 0057

Cr ; 0.000

1]

End member percentag s
‘Ac 5.
. Jd K -0
TiCaTs J2.
FeCaTs - 3:
- CrCaTs 0:

AlCaTs

- Enltern)

NN ==t

1

1

4

‘ 1
R Wo(tern) 2
6

1

S AN WO

1.805

0.027.
0.195 -

- 0.126

0.071 - -

0.267
0.007

0.811 -

0.535

0.056

0.000

NOWWamNO =N
s wmmbmmeb\lom

SOOI =D o

C13/8/1X
. CP2.3-RP

H
e

oL phONDN,

F oy

oo QONN=

00—

1.793
0.032
£ 0.207
0.126
0.073
10.244
0.005
0.868
0.589
0.058
£ 0.003
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Table B- 2 (contlnued) CLINOPYROXENE

Dragon S Tongue (proxlmal)

13/8/1X , 13/8 /
CP2.4-RP 25
49.3 282
1.3 1.5
8.1 9.2 .
2.9 29
76 6.3
0.2 0.1
15.4 13.3
15.9 18.3
1.1 ,13
0.0 . 01
101.8 1071
1.786 - 1.763
0.035 - 0.040
- 0.214 . 0.237
- 0.132 0.158
0.080 - 0.079
- 0.231. ¢ 0.194 -
1 0.005 - 0.004
0.834 = - 0.727 .-
0.617 0.716
0.068 0.081
0.000 ~ 0.000
6.8 79 .
0.0 02
35 4.0
1.3 0.0
0.0 0.0
13.2 - 15,6
21.9 . 726.0
417 - 36.3
115 97 -
29.1 36.0 ¢
55.5 50.5
15.4 135 -

o



: Table B-2 (continued): CLINOPYROXENE
‘ Dragon’s Tongue (proximal)

Sample 1378/1X  13/8/1X  13/8/1X  13/8/1X  14/8/9X . -

_ CP2.6-RP CP3-RP CP4-RR . CP5-RP CP1C-RP
Major oxides (wt.%) : - :
- Sio, ° 48.7 48.2 -48.5 48.7 47.4 -
< Ti0, 1.4 1.8 1.5 1.4 1.6 -
- ALO, - 8.2 8.5 9.2 8.3 8.4
. Fe,04- 29 2.8 24 2.8 20
FeO 7.0 7.1 6.7 7.2 6.2
MnO ! ‘0.2 0.1 0.1 0.2 0.1
- Mg0 14.1 12.9. 14.1 13.6 13.5
© Ca0 S 17.1 18.3 17.8 17.9 18.9
'Na,0 1.3 1.4 1.1 1.2 0.8
- Cr,0y 0.0 0.1 . 0.0 0.0 0.0
- Total 101.9 ..101.5 101.6 101.3 100.1
Catibns on the basis of 6 oxygens -
Si. o _ 1.765 1 1.782 - 1.751
T ©0.038 0 . 0.038 © 0.043
Al (IV) - 0.235 - 0. 0.218 - 0.249,
Al (Vi) . 0.168 0. 0.141 . 0.161
. Fe». - 0.080 . 0 0.076 . -0.056
" Fe 0.212 0.2% 0.219 0.193
M - 0.005, - 0.004 - 0.005" 0.004
Mg - 0.764 ) ‘ 0.744 0.741
. Ca o 0.663 0.702 0.747
Na - .. 0.080 0.075 0.055
.+ .Cr S 0.000 0.000 - '0.000
End member percentages . ;. TN g
Ac . 8.0 7.6 6.6, © 7.5 5.5
Jd - ' . 0.0 09 0.2 0o 0.0
TiCaTs 3.8 5.0 4.1 3.8 4.3
FeCaTs 0.0 0.0 - 0.0 0.1 0.2
CrCaTs 0.0 0.2 0.0 0.0 0.0
AlCaTs . 15.8 12.6 15.5 14.17 16.1-
- Wo 23.3 27.0 249 26.1 27.1
En 38.2 353 38.2 37.2 - 37.0
Fs 10.6 10.9 10.1 - 11.0 9.6
Wolterny 32.3 36.9 34.0 -35.2 36.7
Enftern) 53.0 48.1 52.2 5001 50.2
F_s(ter‘m 14.7 14.9- 13.8 - 14.7 13.1



14/8/9X
- CP2C-RP
Major oxides (wt.%) :

‘.Sample _

14/8/8X
CP3C-RP

. -Si0, - 47.9 50.0 -
= Ti0, T - 1.0
. ALO, 8.0 6.0 -
. 'F8,0; - 1.8 C2.2
kel - - - ,6.8 55 .
- MnO. 0.1 0.2 .
~MgO .- 135 16.0
- Ca0 18.5 18.7-
Na,0 : 1.0 - 0.6
.Cr,0, 0.0 0.1
© Total . - . 100.4 & 100.4
Cations on the basis of 6 oxygens™ " - :
Si A - 1765 . 1.829
Ti - " 0.044 -0.027 -
ALY . 0.235 0171
ALV - 0.158 0.089
Fe* = 2 0.050 . 0.060. .
.Fer» 7 0.209 L Que7
- Mn '0.004 . - 0.005
Mg ¢ + 0.740 - 0.871
Ca . ' 0.732 : 0.733
Na Gy 0061 . 0.037°
Cr % * 0.000 ' 0.004
End member percentages :
Jd ; 1.1 0.0
TiCaTs - 4.4 © 2.7
FeCaTs 0.0 - 2.4
‘CrCaTs 0.0 0.4
AlCaTs 14.6 8.9.
Wo 27.1 29.4
En - 37.0 43.5
Fs - ~ 10.4 8.4 |
Woltern) . 36.3° . 36.2
Enltern) -49.7 " 5635 -
. Fsftern) . 14.0 10.3

Table B-2 (continued): CLINOPYROXENE

14/8/9X .
CP4C-RP

47.8

oo~
F Y

——
wow.= .

oo

(o]
w

1.769
0.040

- 0.231,
0.148.

0.048
0.176

-+ 0.005,

0.741,
.0.787
0.049
0.003 .

DJOpLOPOP

-5
pobPompWoo—®

Dragon's Tongue (proximal)

14/8/1X

14/8/1X -
CP1C-RP CPI1C-RP
- 48.4 48.5
1.2 1.3
8.3 8.0
2.4 2.7
6.3 6.0
0.1 0.2
13.9 15.0
18.4 17.5
1.0 1.0
0.0 "~ 0.0
100.1 100.1
1.784 =  1.783
0.035 "~ 0.035
0.216 0.217
0.146 0.130
-0.066 0.075
0.194 0.185:
0.004 . 0.005
0.763 0.823
0.728 0.688
0.064 , 0.059
- 0.000 .-\ 0.000
\ |
6.4 5.9 .
0.0 0.0. "
3.5 35
0.1 1.7
0.0 0.0
14.6 13.0 .
27.3 25.3°
138.2 411
9.7 9.3
36.4 33.4 -
50.7 54.3
129 12.2

?‘
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- Table B-2 (continued): CLINOPYROXENE

LG Dragon’s Tongue (proximal) -~
Sample 14/8/1X &
..~ CP2C-RP : _ o
Major oxides (wt.%) . = ' . R
Si0o, 47.9 coE : '
TiO, 1.5
AI]O; t 8-8 1 !
Fe,O, 2.7
FeO - 6.3
MnO - 0.2
MgO 14.5
Ca0O 17.5
-Na,0 ‘ 0.9
Cr,0, 0.0°
Total 100.4
Yow o ’ $ ‘ v . .
Cations on the basis of 6 oxygens
- Si 1.760
ST .- 0.041
ALIVE: - 70,240
Al (VI ) 0.142
Fe" s : 0.074 1
Fei - 0.195
“Mn 0.006
Mg . 0.796
Ca ) 0.688
Na 0.058

Cr . 0.000 o ‘

Endmember percentages

Ac 5.8

Jd 0.0

TiCaTs : 4.1 '
FeCaTs 1.6

CrCaTs 0.0 ‘

AlCaTs : ‘ 14.2

Wo 245

En 39.8

Fs - 9.7 a

XVo(tern) 33.1

nitern) 53.8

Fsitern) 13.2 “
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~ Table B-3 ﬁf e .
Major element concentration _,Aﬁ%qjlvine
_ . ‘ RN v .
Olivine analyses cdmprise major oxide concent?ationéﬁ‘géon numbers of each ionic
species, recalculated on the basis of four oxygen anion“f%ﬁ_eg‘khe molecular percentages
of.end members. Analyses are in the order given belowﬁdh:‘@ach page is a subheading
listing the centres described thereon: The source of eachanalysis is identified by the
- tworletter suffix, and is plotted on each diagram of this work with the appropriate
symbol, as follows: . - , ' -

 Suffix ~ Symbo!  Unit

SM. . k) Spanish Mump '
“sB #  Spanish Bonk _
ST : Y Hyalo Ridge v
SL X Spanish Lake Centre
SC Flourmill Centre
PY + Pyramid Mountain :
SP - X ‘Spahats (Second Canyon dyke)
RM - o Ray Mountain ,
RR # Ray Ridge o
RC * Pointed Stick Cone ©
R A Dragon’s Tongue . - . .
RP A Dragon's Tongue (proximal) , .
RD A - Dragon’s Tongue (distal) ‘ -
KL - 0 Kostal Lake . ’
KP 0 Kostal Lake (older lavas) = :
KN 0 Kostal Lake (north cone)
KS 0 Kostul Lake {south cone)
KT 0 Kostal Lake (lava tube)

“Analytical precisions for every element analysed in olivine are listed below at the‘99,;f%
‘confidence level, as a percentage of the total concentration of that element. i.c.. =
insufficient concentration. ’ '

Mg - - ) : : - 1.8
Al o ' i.c.
- Si . - ST - 1.0
Ca L , - 6.5
Ti - o7 . : i.c.
Cr . o e o ©i.c.
Mn c B ) . 12.0
Fe ‘ : 1.7

Ni - : ' ‘ 120

Sample numbers comprise tﬁree paris, interpreted as follows : -

. 26/8/3(X) ~ OL1XIC,MR - -s8

Sample number (X if = OLivine 1 (X if xenocryst) Suite suffix
xenolith) I  Core, Median or Rim .

N
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Table B-3 (continued): OLIVINE

- /Spﬁnish Bonk

Sampia . 26/8/3  26/8/3  26/8/3 26/8/3  26/8/3

; OL1C-SB OL1R-SB OL2C-SB OL2R-SB OL3C-SB
Major oxndes (wt.%) . ‘
Si0, 37.8 375 -~ 375 37.3 37.1
TiO, 0.0. 0.0 0.0 » 0.0~ 0.0
Al,Q, - 0.0 | 0.0 0.0 0.0 0.0
‘Fe0 21.6 - 24.3 26.3 - 26.2 24.7
MnO 0.3 0.5 0.6 0.6 0.5
MgO 38.5 36.4 35.5 35.2- 35.9
Ca0 0.2 0.3 & 0.3 0.3 0.2
NiO 0.0 0.0 - 0.0 0.0 Y 0.0
Total - 98.4 83.0 100.1 98.7 98.4
Cations on the basnsof 4 oxygens .
4,998 0.997 0.995 0.996 ~ 0.886
0.000 ~ ~0.000 0.000 . 0.000
0.000. ° ~ 0.000 0.000 0.000,
0.542 . 0.583 0.586 0.554
., 0.012 0.013 0.013 " 0.011
- 1.444 1.404 . 1.401 1.436
-~ 0.008 0.008 0.008 . 0.006
- 0.000 0.000 0.000 0.000
3 ,
71.6 69.4 69.3 71.2
27.6 29.7 ,29.8 - 28.2
0.8 0.9 .9 0.6



w

Sample 26/8/3 - 26/8/3
: OL3R-SB OL4C-58
Major oxides (wt.%) ‘

. Si0, 36\9 38.9
TiO, 0.0 0.0
AL, : 0.0 0.0
FeO . 253 16.2
MnO 0.6 0.2 °
MgO 35.2 43.0°

- Cd0 0.3 . 0.3

- NIO 0.0 0.0

2 98.6

Total 98.

Cations on the basns of 4 oxygens

Si 0.995 0.998
Ti: ) 0.000 0.000
Al : 0.000 - 0.000
Fe? 0.571 0.346
Mn , - 0.013 0.005
~ Mg 1.416 1.645 -
Ca 0.009" 0.007
Ni . 0.000 0.000
. End member percentages :
Fo ' v 70.0. 81.7
Fa 2981 ©17.5
Mo . 098 0.

o /2*8

Table B- 3 (c~ntinued): OLIVINE
Spamsh Bonk

26/8/3 - 26/8/3

 26/8/3.
OL4C-SB ~ OL4R-SB  OL5C-SB
38.9 37.2 37.4
0.0 0.0 0.0
0.0 .0.0 0.0
18.2 24.6 23.8
0.2 - 05 0.5
43.0 35.9 36.7 .
0.3 ;0.3 0.3
0.0 0.0 - 0.0
98.6 98.6 98.6
0.998 0.997 0.997
© 0.000. 0.000 0.000
0.000 - 0.000 0.000
0.346 0.552 0.530
0.005 0.012 0.010
1.645 1.433 1.458.
0.007 0.008 - 0.008
0.000 0.000 0.000
81.7 71.1 72.3
17.5 28.1 "26.9
0.7 0.8 0.8



Sample 1 26/8/3 23/8/2

, - OLBR-SB OL1C-ST
Major oxides (wt.%)
SiQ, - 7.2 40.4
- TiO, 0.0 0.0.
"~ AlLO, 0.0 0.0
FeQ - 24.8 + 18.0
MnO 0.5 0.2
MgO 35.9 43.9
Ca0 0.3 0.2
- NiO 0.0 0.2
7 102.9

Total , 98

Cations on the basis of 4 oxygens

Si 0.996 0.999
Ti . 0.000 0.000
Al 0.000 ~ 0.000
Fei 0.556 0.372
Mn . 0.012 0.005
Mg 1.431 1.617
Ca 0.008 - 0.006
Ni 0.000 °  0.003

End member percentages

Fo 70.9 80.6
Fa 283 18.8
Mc 0.8 0.8

23/8/2
OL1R-ST
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Table B-3 (continued): OLIVINE
Spanish Bonk to Hyalo Ridge

- 23/8/2
OL2C-ST

'39.8

oo

0
0
6

3
2

wPmw

4
3
2
2.

QOO

102.3

0.983
0.000
0.000
0.389
0.006
1.607

0.008.

0.004

23/8/2
OL2R-ST

© 39.0

W~ N
BoNoo
—awc,wmwo

—

0.993 -
0.000
0.005
0.483
0.007
1.505
0.010
0.001
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Table B-3 (continued): OLIVINE

Hyalo Ridge
/ , .
- , CmL L . ‘
S¥mple 23/8/12 23/8/12 23/8/12 23/8/12 23/8/12
- OL1XC-ST /CPX OL2C-ST OL2R-ST OL3C-ST
S . - OL1XR-ST D ‘ :
Major oxides (wt.%) :
38.8 36.9 39.0 38.6
TiO, 0.0 0.0 "0.0 0.0
Al,O, 0.0 0.0 2.0 0.0
FeO 16.2 - 279 16.2 14.9
MnO 0.2 0.4 0.2 0.1
MgO 43.4 33.9 43.3 442
Ca0 0.2 0.3 0.2 0.2
- NiO 0.4 0.1 0.3 [/ 0.4
Total 98.2 - 88.5 8.2 99.4
Cations on the basis of 4 oxygens
Si 0.993 - 0.985 0.995 1.002
Ti 0.000. 0.000 - 0.000 0.000
Al 0. \ 0.000 0.000- 0.000
Fe?: 0.845 N 0.629: 0.346 - 0314
Mn 0,004 0.009 0.005 + 0.003
Mg - ¥.651 1.361 1.646 1.666
Ca - Q.005. - 0.009 0.006 0.005
Ni £.008 0.002 0.007 0.008 «-
End member percentages : ‘
Fo 82.1 67.3 81.8 74.9 83.6
Fa 17.3 31.7 17.5 243 159
Mo 0.5 0.9 0.6 0.9 0.5
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B “Table B-3 (continued): OLIVINE
Hyalo Rldge‘ ‘
‘Sample 23/8/12° ~ 23/8/12  2378/12  23/8/12  23/8/12

OL3R-ST .~ OL4'C ST  OL4R-ST OLBXC-ST . OLBXR-ST
Major oxides (wt %) B : = . : :

w
J
(o]

SiO, 38:3 38 8- 37. 395 - 39.1
To, . - 00.- -~ 0.0 . 0.0 0.0 - ©.0.0.
Al,0, . 0.0 - 0.0/ 0.0 0.0 0.0
FeO . .. 23.4 17.6 220 16.3 17.2
MnO o 0.3~ 0.2 ' 0.3. T 0.2 0.2
Mgob .~ 38.2 42.6 385 44.0 -, 43.0
Ca0 | ‘ - 03 0.2 s 0.3 . 0.2 . 0.2
- NiO ' 0.2 " 0.2 - 0.2 0.3 0.2
Total '_ 100.8 89.4. 88.2 . ;’100 4 89.9
R . ‘ . ¥
~ Cations on the baS|s of 4 oxygens ' SR Lo - o
~ Si 0.986 - 0.993 . 0.995 ~0.995 0.994
T : 0.000 - .. 0.000 .  0.000 0. 000 0.000
AL .. 0000 - 0.000 - 0.000 . ..0.000. . 0.000
- Fe* ., 0510 0.373 0.484 0.344 0.366
Mn - ... 0.006 - 0.005 Q.006 0.004 0.004
Mg - 1.478 . 1.627 1508 . 1651 1.629
.Ca - 0.010 " . 0.007. - 0.008 - 0006 ° .0.007 .
NP . 0.004 " 0.003 004 - .0.005 . 0.005
- End member percentages o : - - .o
. Fo. . ,73.3 80.6 748 - 821 80.9
Fa, = 2B 7, “,_ 18.7 244 g 17.3 18.4
Mo .+ o T . 08 # 06 0.7

. . . . - . . v
. A . BN . . c
A . . S y
- R . 2L o LA »



( - TiO,

Sample - 23/8/12

23/8/12

OL6G-ST OL7G-ST
. Ma;or ox;des wt%) - :
-Si0, 37.5 35.1
0.0 0.3
AIIO, 0.0 0.0
- FeO 25.3 35.8
- MnO 0:3 0.4
‘MgO " 36.3 . 26.6
Cal - 0.3 - 0.4
NiO 0.1 0.0
Total 89.9 98.7

Cations on the basis of 4 oxygens

St 0.993 0.994
Ti _ 0.000 0.007
Al ' 0.000 0.000
Fe oy 0.560 . 0.849
Mn - - 0.007 .0.010
Mg . 1435 1.126
Ca . 0.010 . . 0013
Ni ’ ; 0.003 : ©  0.000
End memiber Qercentages SR e
Fo 70.9 BB
Fa . 282 .43
Mo. 1.0 . 1.3
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Table B 3 (contmued) OLIVINE

Hyalo Rldge
23/8/6 23/8/6 23/8/6
oL1c-sT OLIR-ST-  OL2C-ST
38 6 -37.7 . 385
0.0 .. 0.0 ‘ 0.0
. 0.0 ~ 0.0 0.0
19.2 22.6 17.9
0.3 0.3 0.2
41.0 379 - 416
- 0.2 C.1 0.2
0.3 0.1 0.3
98.6 - 88.8 88.7
0.995 0.986 0.985
0.000 0.000 0.000
0.000 - 0.000 -0.000
0.415 05017 -0.387 -
0.0086 0.008 0.Q05
-1.8577 1.493 1.606.
0.006 0.004 0.007 . -
0.006 0.003 0.006 -
@
78.5 74.3 79.9
20.9 25.3 19.5.
0.6 0.4 7



Sample 23/8/6° 23/8/6
, OL3C- ST - OL3R-ST
Major Sxides (wt.%) T3 ,
Si0, 37.8 . 37.7
TiO, 0.0 9.0
ALO, ® 0.0 0.0
FeO . 20.4 22.7
MnO 0.3 0.3
MgO 39.5 37.8
Ca0 - 0.1 0.1
NiO - 041 .01
88.8

Total - 88.4

Cations on the basis of 4. oxygens

Si . 0.985 0.997

Ti 0.000 -0.000

Al g.000 - 0.000

Fe?. 0:.449 0.501

Mn - 0.007 0.007

‘Mg 7 1.548 . 1.481

Ca 0.004 0.003 ..

Ni © 0.003 . 0.003° -

End member percentage

Fo 76.9° 74.3 .

Fa L. 227 - 253
3 .

Mo~ 04 0
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Table B 3 (contlnued) OLIVINE

Hyalo Ridge
23/8/6 23/8/6 23/8/’6
- OL4C-ST OL4R-ST OL5C-ST
1 37.9 37.6 37.1
0.0 0.0 - 0.0
0.0 0.0 0.0
22.8 . 235 26.3
0.4 0.4 0.4
37.6 37.4 35.0
0.2 0.1 0.1
0.2 0.3 0.2
99.1 . 99.2 991
1.000 = 1}.995 0.996
0.000 0.000 0.000"
0.000 0.000: 0.000
0.506 0.519- . 0.591
. 0.008 © 0.808 0.008
1.477 - 1.474 1.402 -
0.006 - 0.004 - 0.004
0.004 - 0.005 0.003
N L ,
73.7 73.4 69.8
25.7 26.3 28.8
' 6 0.4 . 0.4 .



Sample

"N -

Mo

. 23/8/6
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Table B-3 {continued): OLIVINE |

Hyalo Ridge to Spanish Lake

23/8/6 23/8/6

\ 24/8/13 ' 24/8/13
, OLBR-ST OLBG-ST - OL7G-ST OUC-SL OL2C-SL
Major oxides (wt.%} - S ,
Si0, 36.7 36.1 36.2 . 40.0 40. O
TiO, 0.0 0.0 - 0.0 0.0 0.0
AlLO, 0.0 0.0 . 0.0 0.0° 0.0
FeO .. 267 30.5 -30.6 ©13.2 135
-~ MnO - . 0.4 0.4 0.5 0.3 0:1

Mg0 34.5 31.5 31.2 46.3 46.0
Ca0 0.1 0.2 0.2 . 0.3 0.3,

. NiO 0.0 0.0 . 0.0 0.3 - 03 -
Total 98 4 ,88.7 98.6 100.4 - 100.2
Catibns on the basis of 4 oxygens , ' :

Si 0.995 0.8993 0.998 0.995 0.986
Ti 0.000 0.000 * 0.000 0.000 0.000
Al 0.000 0.000 © 0.000 0.000 0.000 -
Fe?- 0.605 0.274 0.282
. MR . 0.009 : - 0.005 * 0.003
Mg - 1.393 1.717 ‘“1710
" Ca- - - 0.Q04 .- 0.008 0.007
0.000 : 0.008 0.006
End member percentages , g
Fo . T 69.1 64.0 -63.6 85.3 . 85.1
Fa 306 - 35.4 35.8 13.9 14.2
0.4 0.7 06 0.8 0.7



Sample 24/8/13
‘ OL2R-SL
Major oxides (wt.%)-
SiQ, "38.1
TiO, . 0.0 ,
AI,O, : 0.0
- FeD 23.8
MnO 0.3
MgO 37.8
Ca0 0.4
NiO . 0.1
00.7

Total : 1

- Cations on the basus of 4 oxygens

Si - 0.994

Ti 0.000.
Al . : 0.000
CFerr , 0.520
“Mn ' 0.007
Mg _ 1.469

- Ca - 0.012

Ni o O.:003 .

.- - End member percent\ages
.Fo, 726"

Fa 126.2°

Mo e 1.2

a

24/8/13
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k

" Table B- 3 (continued): OLlVINE
Spamsh Lake

24/8/13"

24/8/13 24/8/14
OL3G-SL OL4G-SL OL5C-SL OL1C-SL .
37.5 . 37.6 39.9 40.2
0.0 0.0 = 0.0 0.0
0.0 0.0 - - 0.0 0.0
26.7 -26.8 13.9 12.8
0.5 0.5 0.2 0.2
. 35.0 348 . 45.7. 46.5
0.6 0.5 0.3 0.3
0.0 0.0 0.3 0.3.
1003 1003 100.2 100.2
0.996 0.999 0.8996 0.998
0.000 0.000 .- 0.000 0.000
0.000 - 0.000 0.000 0.000
0.593 0.586 0.290. 0.267
0.011 ° 0.011 - 0.004 0.004
1.387 1.380 1.702 . 1720
. 0.016 0.015 0.008 .. 0.007
.0.000 0.000 0.005 {0.006
68.3 - '88.2 84.6 - 858 v
30.1 30.3 . 14.6 135
“1.6. AU I S - 0.8 ~0.7 -,
: e ‘ ~ v



Sam’ple 24/8/14 ,
OL1R-SL- . .0L2C-SL
Ma;or oxides (wt.%) -~ =~ = .,
-%5i0; 38.4
- Ti0, 0.0 -
AIO o 0.0
FeO. “ i 178
MnO ' 0.2
: CaO_ﬂ LA 0.4
NG - s TR3 s
. Total - 00.5,

1

Cat:ons on the bas:s of 4 oxygens i

. Si ¥ 0.994 = Q996
Ti ' - 0:000 - . 0.000 .

AL 0.000 . °.0.000
Fe? .. 0.371 .0.278.
Mn - " 0.005 *.0.004
Mg.. . 1.618 . - 1.714
Ca. : . 8.011 0.007
Ni 0.006 -, .0.006
End member percentages - - - ’
Fo , 80.2 85.3
Fa = 18.72 A 1470

3418114

pid

248

Table B-3 (contlnued) OLIVINE

Spamsh'Lake

24/8/14 24/8/14  24/8/14

OL3XC-SL ~ OL3XR-SL . OL4C-SL
139.7 39.2 40.1
0.0 0.0¢ 0.0
0.0 ool 0.0
15.3 18.9 ¢ 13.3
- 0.2. 0.3 0.2
448  » 417 46.1
0.3 .05 .03
1 100.5 100.8 % '100.3°
0.996 _o.99§ &3

. 0.000 ¥ 0.000" ;

. 0.000 0:00 i
0.320 0.40 g
0.005 .0.007 0
1.872 1681 1.7

- 0.007 . 0.013 . 0.0
.0.005 ° ,.0.004 ~ 0.007

B ﬂ
83.1 78.3 85.2
16.2 - 20.4 '14.0.
0.7, 1.3 .08



Sample

24/8/14
" OL4R-SL OL5G-SL
Major -oxides {(w4£.%}
Si0, ' 37.7 - 36.7.
TiO, 0.0 0.0
. ALO, 0.0 0.0
FeO 25.5 31.3
MnO 0.4 0.6
MgO 36.2 30.9
Ca0 . 0.4 0.6 -
NiO 0.0 0.0
srTﬁtal 100.2- 100

A

‘»C‘r'

Cations on the basus of 4 oxygens

ST .. -~ 0.996 0.889°

Ti 0.000 0.000
) » ~0.000 0.000 -

Fer -. - 0.663- 0.714 '

Mn ' . 0.008 , 0.013... -

Mg : - 1.425 - 1.256

Ca - . 0.0 0.019.

Ni , 0.000 0.000

End member percentages

Fo , , 704 618

Fa = - 285 36.3

9

Mo . (P U EE W

24/8/14 24/8/14
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nMesakmmmmnouwns
: . Spanish Lake

- 24/8/14

_ 24/8/14
OL6eG-SL - OL7C-SL - OL7R-SL
358  39.3; 39.4
02  0.0¢. 0.0
0.0 - D0 0.0
-33.5 18.0. 17.7
0.7 0.2 0.2
. 28.7 41.8 42.5
0.8 0.2 0.4
- 0.0 0.2. 0.1
.99.7 ©100.8 100.2
" 0.994 0.998 1.000
0.004 0.000 0.000
0.000 0.000: 0.000
0.777 0.404 0.375
0.016 0.005 -'0.004
©1.187 - 1.584 1.610

. 0.023 0.006 0.010
. ,CXGOO - 0.004 '0.002

e, ’ PN '

58.1 78.9 80.1.
39.6 20.4 18.0
3 0.6 1.0



Sample . 3/8/4
OLIXC-SL-
Major oxides (wt. %) "
SO, - 40.7_;
TiQ; - 0.0
A0, 0.0 .
FeO - 94 .
MnO 0.1
MgO © 485 -
Ca0 . 0.0 -
NiO - 0.0 -
Total 99.7

‘Cations on the basus of 4 oxygens o
0.995 *

Si . - :'0.998
‘Tio < 0.000 .
Al -0.000
Fe . - 0.192

Nn ’ 0.003
Mg : 1.810

Ca , * 0.000 .

NP . - 0.000

End member percentages
Fo . 80.3
- Fa- L. 87
© Mo Ty 0.0

3/8/4: -
OL1XR SL

391

7o JENPERS SN
.wPPmeOP

0:000

0.000

0.342
0.005

1.654 -

0.008

© 0.000

wowgh . 0o
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| Table 8- 3 (continuéc): OLIVINE

Spamsh Lake to Flourmnl! .

3/8/4 2/8/6 2/8/6
OL2CSL ~ OLIXC-SC  OL1XR-SC
397 406  -397
0.0 - 00 - 00
0.0 0.0 0.0 .
14.9 14.2 19,1
0.2 0.2 0.2
4.8 45.7 42,1
0.3, 0.3 0.3
0.0 0.0 0.0
999 100.9 . 101.4
0:998 1.005 1.001
0.000 0.000 0.000
© 0.000 0.000 0.000
0.313 0.294 0.403
. 0.004 0.004 0.004-
1.679 1.686 1.583
0.008 0.007"  0.008
0000 " 0.090.,{. 0.0
00 - ?;t?' o5
83.4 - 84.3- 78.9
15.8 14.9 204
0.8 0.7 08 -



Sample __.  2/8/6 2/8/6

: oL2C-sC OL2R-SC.

- Major oxides (wt.%) : -
Sio, 40.5 39.4
TiO, _ 0.0 0.0
AlLO, , 0.0 0.0
FeO . 136 16.9
MnO , 0.2 0.2
Mgl .. - 45.3 43.0
Ca0 ~ 0.3 0.3
NiO ' 0.0 0.0
Total . - ' 99 8 99.9

Cations on the basis of 4 oxygens

. Si 1.010 1.000
T ' 0.000 . 0.000
Al ' : 0.000 - 0.000
Fer 0.283 0.359
Mn - 0.003 0.004
Mg - 1.684 1.628
Ca- 0.009 0.008

N -0.000 -~ 0.000
End member percentages ‘ L

. Fo : B4.6 81.0
Fa . - 145 18.2

8.

‘Mo . 08 . .. . 0

2/8/6

OL3C-SC.

'400
0.0

3

©50¢

oo

© »
© o1
MOWL,NEO

1.004
0.000

~0.000

0.289

1.693
0.007
0.000

- 0.004

+
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Table B-3 (c0ntmued) OLIVINE
T Flourmill

*ffb/e/s

"OL3R- SC

396

Y

2/8/6

‘0OL4XC-SC



Sample - 2/8/6

) OL4XR-SC
. Major oxides (wt.%)
SiQ, . 38.8
Tio, - 0.0.
‘ ,AI,O, ’ 0.0
-FeO .., 21.0
MnO - | 0.3
MgO "40.3
Ca0 | 0.4
NiO 0.0
Total - 101.

o

2/8/6
OL5C-SC
399
0.0

e

D
OO WO,
“onjNLO

—
TN

OO0

Cations on the basis of 4 oxygens

Si 0.997.
Ti - . -0.000 .
Al e 0.000 -
Fe: : 0.4489
‘Mn o .0.006
- Mg © 1.539
Ca - ‘ 0.012

Ni -~ : "~ 0.000

End member percentages

Fo o 76.1.
Fa - . 227

Mo 1.2

1.000

'~ 0.000
0.000 °
0.361 -

0.003
1.630

0.006

0.000

2/8/6
OLBR-SC -
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Table B-3 (contmued) OLIVINE

2/8/6
OL6G-SC

© 39.7

2
43.3"

{
1.001
0.000

0.000. -

©70.360
- - 0.004
1.626
0.009
0.000

—m

o
0

3
.0
0.

Flourmlll

MBH%:’
OL1C-SC

3

S e (¢}

oo RO
MO NS00,

(o}
[a o]

0.995/,

0.000
-0.000

0.320

- 0.004

1.679

. 0.006
./ 0.000



4/8/1

Sample 4/8/1
OL1M-SC OL1R-SC
Major oxides (wt.%)
SiO, 9 38.7
TiO, 0.0 0.0..
AI,O, 4 0.0 0.0
FeO 14.8 -16.7 -
- MnO - 0.1 0.2
Mg0 - B 44.0 427
-Ca0 0.2 0.3
NiO - T - 0.0 0.0
Total 98.1 98.7

Cations on the basis of 4 oxygens -
0.995

Si 0.997

Ti-- 0.000 - 0.000
Al 0.000 0.000
Fe - .0.318 0.358
Mn ~0.003 0.005
Mg . 1.681 1.636
Ca 0.006 0.008
Ni ' 0.000 0.000
End member percentages

Fo 83.5 - 81.0

& Fa . - 18.0 18.91

Mo , 0.6 ‘ 0.

o
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‘Table B-3 (continued): OLIVINE -

" Flourmilt
4/8/1 4/8/1 4/8/1 |
. OL3C-SC OL3R-SC OL4C-SC
39.3 38.8 38.2
0.0 0.0 0.0
0.0 0.0 0.0
13.4 15.9 13.1
0.1 0.2 0.2
45.6 43.2 45.5-
0.3 0.3 0.2
0.0 ‘0.0 0.0
98.7 898.4 . 98.1
0.894 0.996 0.986
0.000 0.000 0.000
0.000 0.000 -0.000
0.283. 0.341 0.277
0.003 0.005 0.004
1.718 1.654 © Y721
0.007 0.007 - 0.008
0.000 0.000 0.000
85.1 82.0 85.5
14.2 17.3 . 14.0
0.7 0.7 5



iy

Mo, 1.1

Sample 4/8/1 4/8/1
OL4R-SC OLBC-SC
Major oxides (wt.%) ‘
Si0, 38.5 . 38.8
TiO, . 0.0 0.0
AI,O3 : 0.0 0.0
- FeO -17.0 164
MnO. 0.3 0.2
MgO 42.2 438
Ca0 0.4 0.3}
NiO 0.0." 0.0+
Total 88.4- 98.9+
“ ;: . B
Cations on the Basis of 4 oxygens -
Si .. 0.985 0.983
Ti - -0.000 0.000 .-
Al : 0.000 0.000
Fe - 0.368 0.342
Mn ' 0.006 - 0.004
_ Mg e 1.626 1.662
" Ca 0.011 0.Q08
Ni . 0.000 0.000
End member percentages ,
Fo 80.4 82.1
Fa ' 18.6 17.2
0.7

4/8/1

OtBR-SC

38.5

.0
.0
.9
3
2
3
.C
2

© » o=
CDOONOO')OO

0.996

" 0.000.
0.000 - -

.0.366
0.006
1.628
0.009
0.000
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Table B-3 (continued): OLIVINE

4/8/7
‘0L1C-SC

388 . .
0.
0.
2.

0

0

7
0.2 -

46.3

2

0

3

—

0.
0.
gs.

‘Flourmill -

4/8/7
OUR‘SCv

38.6
0.0



"4/8/7

Sample 4/8/7
0OL2C-SC OLZR-SC
Major oxndes {wt. %)
Sio, 38.0 37.3
TiO, ’ _ 0.0 0.0
ALO, .00 0.0
FeO 15.7 18.3
MnO 0.2 0.3
MgO Y 398 .
Ca0 -0.3 0.3.
NiO 0.0 0.0
Total 96.8 95.9
Cations on the basis of 4 oxygens - _
Si R 0.996 -
Ti O 000 - 0.000
Al 0,000 " 0.000 °
Ferr e WuRTag3gg - < §R0g
“Mn : 0.003" 0.006
- Mg 1.659 1.584
"Ca : - 0.008 0.009
Ni . 0.000 0.000
End memBer percentages '
- Fo . 82.0 '78.4
Fa - 17.3 20.6
0.9

Mo 0.8

4/8/7
OL3C-S’C

397

) ocofogoeo
3'-'Mo“"--"’ib'?9

(o}

o S
¢

0.997
.0.000

0.000
0.272

0.004

1.722

~0.008
0.000

—

4/8/7

" OL3R-SC.

39.2
0.0

s~ =
®OPwIa D!
mowmw\,o

©
OO

R

1.000
2% 0.000

0.000
0.335
0.005
1.653
0.007
0.000

—
NN
Now
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Table B-3 (continued): OLIVINE -

‘Flourmill

4/8/2
. OL1XC-SC

39.2

- 0.0

Qo

oo

© A
® W
WwOPWHN©

1.002

0.000
0.000
0.322
0.003

.1.664

0.007
0.000

— 00
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Table B-3 (continued): OLIVINE
Flourmill

Sample 4/8/2 47872 4a/8/2  4/8/2  4/8/2
OL1XR-SC  OL2C-SC  OL2R-SC  OL3C-SC  OL3R-SC
Major oxides (wt.%) - ‘ '

Sio, 38 9 f} 40.5 39.8 39.0 38.7 s
TiO, .y : : 0.0 0.0 - 0.0 0.0
"ALO, - . O 0 0.0 0.0 0.0 0.0
FeO, 18.7 14.4 18.8 1513 17.7
MnO 0.2 0.2 0.2 . 0.8 0.2
MgO - 41.3° - 45,7 42.4 43.6 41.4
Ca0 - : 0.3 0.3 , 0.3 0.3 0.3
NiO - - . 0.0 0.0 0.0 0.0 0.0-
Total 98.4 ' 101.0 ' 101 4 88.4 SR.4
K Catlons on the basis of 4 oxygens ,

Si oW .000 - 1.003 1.001 0.999 1.002

i ' . & O 000 0.000 0.000 0.000

~. -0.000 0.000 0.000

0.396 0.327 0.384

0.004 0.004 0.005 .

1.589 1.664 - - 1.599

~0.008 0.008 0.008

0.000 0.000 0.000

: 78.0 82.7 79.7

20.0 16.5 19.5

0.9 8 0.9
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Table 8-3 (continued): OLIVINE

P ‘ ' o T Flourmili Yo Ray Mountain.
\:’ ‘ T . - N
Semple,  4/8/2 4/8/2 \ " 4/8/2 4/8/2 " 17/8/3

~ . OLac-sC JOL4R-SC OL5C-SC OL3BR-SC OL1C-RM
Major oxides (wt.%) ]

Si0, -~ 40.2 - 39.4 38.0 38.6 38.8 ..
TiO 0.0 0.0 0.0 8.0 00 Wy
ALD, 0.0 0.0 0.0 00 , 0.2 -
FeO > 151 * 19.5 15.9 19.8 235
MnO 0.2 0.2 . 0.1 - 0.2 0.3
MgO 449 41.6 43.0 40.1 38.0
Ca0 0.3 0.4 03 g4 0.3
NiO 0.0 0.0 0.0 0.0 0
Total 100.6 101.3 . 98.2 99.2 s 10211
N
Cations on the basis of 4 oxygens :
Si - 1.003 0.999 1.002 1.002 0.992
Ti ~ - 0.000 0.000 0.000 0.000 0.000
Al ‘ 0.000 0.000 0.000" . 0.000 . 0.006
" Fe?* 0.314 0.414 - 0.341 0.429 0.503
Mn 0.004 0.005 '0.002 0.005 0.006
Mg ‘ 1.668 1.571 1.645 1.550 1.488
Ca ' 0.009 '0.011 0.007 0.012 0.008
Ni 0.000 0.000 © 0.000 - 0.000 0.002
e . Ay
End member perc S
Fo 83.2 77.9 82.1 77.0 73.8
Fa - 15.9 20.9 17.2 21.8 25.4
Mo - 0.8 1.1 0.7 1.2 0.8



. Table B-3 (continued): OLIVINE

. Ray Mountain
Sempie - .17/8/3 17/8/7 17/8/7 17/8/7 17/8/7
oL 1R-RM  OLIC-RM OL1IR-RM - OL2C-RW OL2R-RM
Ma;o? o;udos wt% 4 : T CL
Si0, 38.9, 371 36.5 38.6 371
-TiO 0.0 0.0 0.0 . 0.0 0.0
Al 0.0 0.3 0.3 0.2 0.3
FOO 23.1 29.7 322 23.1 0.1
MnO 0.3 0.5 0.6 0.3 . - 05 o
MgO 39.2 33.1 309 38.9 326
\ Ca0 0.3 0.3 04 0.3 0.3
NiO \ 0.0 .. 0.0 0.0 0.0 0.0
Tots! ' 101.7 100.9 +100.9 101.5 1009 .
Cations on the basns of oxy ,
Si 3 0992 0991 “ 0993 0.994
T . 0 .000 0.000 0.000 0.000 0.000
Al 0. Ogg 0.008 0.010 0.007 0.008
Fe! 04 0.664 0.730 0.498 0.676
Mn 0.006 0.012 0.014 0.006 0012
Mg 1.499 1.318 1.248 1.491 1.302
= 0.007 0.009 0.011 0.009 . 0.009
Ni . 0.000 0.000 0.000 - 0.000 0.000
* 'Y ‘
End r percentages ) '
Fo ¥ 74.3 65.4 61.8¢ -73.9 1 64.7
«*y 249 33.7 37.1 25.1 34.4
9

Mo 0.7 0% - 09 't 0.



1.0 -

Table B-3 (continbch: OLIVINE

Sample 9 . 17/817 "17/847 17/8/7
. OL3¢C-RM OL3R-RM OL4AC-RM
‘Major oxides (wt.%)
Si0, 38.1 36.8 38.0
TiO 0.0 0.0 . 00
ALO, < 03 0.3 - 0.2
FeO 26.4 318 25.0
Mo B e 332
17 Bl .
Ca0 0.3 v 04 .. 0.3
‘NiO 0.0 0.0 » ~0.0
Total -101.6 101.2 1011
Catilihs on the basis of 4 oxygens : '
Si 0994 . 0893 - 0.991
* Ti ) 0.000 - ° 0.000 0.000
Al - ) 0.009 - - Q.009 0.007
Fe* 0.578 0.717 £.546
Mn - 0.009 0.014 0.008
Mg 1.403 1.259 1.445
Ca . 0.010 0.011 0.009
Ni 0.000 0.000 0.000
Enq member percentages .
Fo ' : gg’% 62.4 715"
Fa ' 29.3 36.5 27.6
Mo 1.1 09

Ray Mountsin
4
17/8/7  17/8/7
. OL4R-RM OL6G-R”M .
37.4 36.0
0.0 00
, 03 0.3
29.1 329
. 05 0.6
33.6 285
0.4 0.3
0.0 0.¢
L1013 99.5
0.993 0.99%
0.000 0.000
0.009 _ 0.009
0.646 T 0.761
0.011 " 0.014
1.332 1.213
0.012 0.010
0.000 - 0.000
8660 A 603
329 . 388
1.2 1.0



.

7

'amm,- 17/8413 17/8/13

OL1C+RM OLICRM

\

Major oxides (wt %)

S0, - 38.0 378
TiO O.g 0.0
ALD, 03 00
FeO 27.% 26.8
s
Cal . 0.2 0.
NiO 0.0 0.0
“Totsl 102.1 101.2
Cations on the b~ of 4 oxy
Si &)
Ti »° O 000 000 ‘
Al : Q.008 0 00
Fe*: 0.601 0.887
Mn , 0.007 . 0.007
- Mg ‘ 1.392 - 1.41
Ca 0.006 0.00
Ni 0.000 0.000™
End mombor perccn
Fo %ﬁ 70.1
Fa 30.3 29.5
Mo f’ . 0.6 0.4

H

-

-y
X
~ .
3>
w

= WAN

0.992
0.000
0.007
0.543
0.012
1.442
0.009
0.000

ol
©

Table B-3 (continued): OLIVINE

17/8/13 -
1R-RM

8.

(XY
N9 OO
o"_00

’
-
ocooYo
Q0O
Sow
®

‘Q.
0O0~000Q0
(@) HLOMNMNOO

D—=N
U‘;-b

.\
Oen

38
o

w

g

a3

Noo

e

Ray Mountain

17/8/13
OL2C-RM

38.9
0.0

Wo N
OwP

0
4.
.2
8.8
1
0

1015

Soo

1.000
0.000
0.000
0.504.
0.005°
1.488
0.004
0.000

N~
Qo
L X



Teble B-3 (continuedk OLIVINE

N 3 : - - Ray\ Mountain
. . ‘ Ca
Sarmple 17/8/13  17/8/13  17/8/13  17/8/13 ~ 17/8/13, (
s OL2C-RM  OL2R-RM , OL2R-RM OI.3C-RM OL3C-RM
jor oxides (wt.%) '

0, ' 38.4 38.2 38.4 395 38.3
TiO; - s - .00 0.0 0.0 0.0 0.0
ALD, /’# 0.0 .2 . 0.0 '0.2 0.0
FeO L0 23.0 24:9 236 - 19.4 18.4
MnO 0.2 0.4 0.4 0.2 0.2
MgO 39.1 37.4 38.2 42.0 427
Ca0 0.1 0.2° .02 0.3 . 0.2

: vrs;o : 0.0 0.0 0.0: 0.1 0.1
‘Total 101,.0 101.4 - 100.9° 1032 101.0
' ) “ .- s
i
 Cations on the basis of boxygons - ’ '
“ S -0.893 - 0.994 0.997 0.996 0.994
" Ti- . 0.000 0.000 0.000 0.000 ~ 0.000
Al 0.000 0.006 0.000 0.006 0.000
Fe 0.498 0.541 0.513 0.409 0.389
‘ 0.005° 0.010 0.009 .0.004 0.005
1.508 1.447 . 1.478 1.577 1.609
0.004 0.006 .0.006 0.007 - 0.006
0.000 0.000 . 0.000 Q.003 0.003
member percentages
’ ‘ P w 71.9 734 ! 78.6 79.9,
25.0 275 26.0 20.6 19.6
0.4 0.6 0.6 0.7 0.6
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S .~ Table B-3 icontinued): DLIVINE
! * Ray Mountsin:

—
~
*

Y a ) ' - ) . ,
" Suhple ) 17/8/13  17/8/13 - f3/B/13  17/8/13  17/8/13 -
.  OL3RAM ' OL3RAM  OLACRM  'OLACRM"  OLAR-AM
Major oxides (wt.%) - . . .

!

Si0, -~ 38.2 " 38.1 4ap.4 8 38.6
TiO - 00 . 0.0 0 .0 0.2
ALO, . 0.0 0.0 # 2 02 - 03
FeO 246 23.9 - 18.7 16.5 23.2
MnO 0.5 . Q5 0.2 - 0.3 0.5
MgO 376 _ ¢ 380 - .458 . 438 38.9
C40 02 - 0.2 0.8 - 0.3 '0.3
NiO - ‘ 0.0 < Q0 0.3 0.3 0.0
Total 101.2. - . 100.6 102.0 100.9 102.0
- Cations on the basis of 4 oxygens ! ’ -
Si . 0994 - 0993° - .0.995 0.997 0.989
li * 0.000 - 0.000 0,080 0.000 0.003

| . 0.000 - 0.000 - 0006 0.007 1 0.008 -
Fe 0.535 0.520 0303 . 0346  0.498
Mn . . 0011  .0010 0.004 .- 0.005 D.011
Mg v 1.459. 1.478- 1.681 1.632 . 1.487
Ca - 0.007 0.006 0.008 - 0.007 ° 0.009
N 0.000 0.000  0.005 0.00% . 0.000
End member percentage I

Fo 722 - 13%: 83.9 81.7°". 73.7
Fa 27.° 26.3 15.4 17.6 25.4 \
Mo s - 07 0.6 0.8 07- 4 089
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'ra‘mfa-a {continued): OLIVINE
) Ray

2 " ! . { o -
G 1718113 17/8/13 17/8/13
" OLSCRM  OLSR-RM  OLSR-AM

39.8 38.4 38‘3
9.0 0.0 . 0.0,
0.0. 0.2 - 0.0
13.9 23.7 . 23.0

0.2 0.5 . 0.8
45.7 38.1 385 - F
0.2 0.3 0.3

0.3 .0.0 0.0
00.1 101.2 100

4

0.993 0.993
0000 *0.000

0.008 0.000
.0.513 0.600
o.0n 0.012
1.471 1.493
0.009 0.008
0.000 0.000
.
A 72.8 73.7°
.26.1 254
0.9 0.9
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DR W '
A T _ A Table B-3 (continued): OLIVINE |
Lo e ud ) . Ray Mountain to Rsy Ridge
SN \ . ‘o ' *
W‘ s 11/8/13 17/8/13 - 18/8/9 - 18/8/8 18/8/9 .
DRI OLBGRM  OL7G-RM ouc-aa OLIR-RR - OL2XC-RR
. M ondumn R >
?éf’ 30863 : 30802 . 37.2 30700 308b3
“m?ét: 02 02 ¢ po 00® 0.0
o « v 281 25.1 7.4 29.0 21.4
. MnQ , . 08 , 07.p 0.5 085 -« 0.3
% .378 372 345 33.1 39.7
. . . 0.3 0.3 0.4 0.3 - 0.3
NQ - 0.0 . 0.0 T X 0.0 0.0
Totel . 101.6 104.4- 100.0 100.0 100.0
Cetions on !ho bam of 4 oxygens B
B 0982 = 0892 0.995 0998 . 0.994
T + 0.000 oooo 0.000 - 0.000 . 0.000
Al 0.007- 0.006 0.000 0.000 - 0.0Q0
Fe* 0.522 0.546 0.613 0.654 0.464
Mn 6.012 0.011 0.011 - 0.012 0.008
Mg - 1.462 1.440 1.374 . 1.328 1.533
_ Ca 0.008 0.009 0.012 0.010 0.007
Ni 0.000 0.000 0.000 " 0.000- 0.000
End member percpnuzqes
Fo 5 71.4 67.8 65.8 75.8
Fa 26.6 278 , 311 33.2 23.5
Mo o8 0.9 1.2 1.0 0.7



L4

Sanplo ,

18/8/9 1878/9
OL2XR-RR. OL3CRR
Major oxides (wt. %)
SiO, 37.1 37.3
TiO 0.0 0.0
Al Q, 0.0 0.0
FeO . 27.4 26.9
£ I S
* Ca0 0.4 0.4
NiO 0.0 0.0
Total 100.0 100.0
Catioris on the basis of 4 oxygens’
Si © o 0.992 ’ 0.994
Ti 0.000 0.000
Al 0.000 . 0.000
¢« Fe* 0.61 . 0.601
Mn 0.01 . 0.01M
Mg 1.380 1.389
Ca 0.0 0.010
Ni 0.000 0.000
End member percentages
Fo 67.9 68.6
Fa ~ 31.0 30.4
Mo 1.1 1.0

»
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Table B-3 Qonmuod OLIVINE
18/8/9 18/8/9 18/8/8
OL3R-RR" OL4AGRR - OLBC-RR'
7 3720 ° 374
0.0 0.0 0.0 .
9.0 _ 0.0 0.0 )
28.4 28.3 26.8
0.5 - 05 0.5
- 34,0 - 33.7, » 349
0.4 04 0.4
0.0 0.0 °é’ \
100.0 100.0 100.0;
0.986 0.994 0.997
0.000 0.000 0.000
0.000 0.000 0.000
0.640 0-¢37 0.598
0.0 | 001 0.010
1.8 “1.3%1 1.386
0.01 0.011 0.012
0.000 0.000 -0.000
Q
“%6.8 66.6 68.5
321 32.2 30.23
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- Table B-3 (continued): OLIVINE
. Ray Ridge to Dragon’s Tongue (proximal)

? (S 4

Serple . - 18/8/9 18/8/9 "18/8/9 18/8/4 = 14/8/1
- . OLBC-RR OL6R-RR OL1C-RC  OLIXC-RP
Msjor oxides . ot . ;
S0, 37.4 372 38 38.1
TiO 0.0 Q.0 . 0.0 0.0
ALO, 0.0 0.0 0.0 .0
FeO 28.0 28.7 26.3 29.4
MnO - 05 0.5 0.3 *0.3
MgO 34.1 33.2 353 . 35.2
Ca0 0.4 0.4 0.2 ., 0.0
NiO 0.0 00 . 0.0 0.0
Total 100.0 100.0 100.0 .  103.0

Cations on the basis of 4 oxygens
‘ 0.995

Si . 0.995 1.000 . 1.004 0.994
Ti 0.000 © 0.000 0.000 0.000 0.000
Al ’ Q.000 0.000 - 0.000 - 0.000 0.000
Fe?- 0.833 0.627 0.646 . 0.584 0.640
Mn 0.012 0.011 0.012 0.007 - 0.007
Mg 1.354 1.361 1.330 1.398 1.386
-Ca ' 0.011 0.0 0.017 - -0.008 0.000
Ni VOO 0.000 0.000 . 0.000 0.000
\ W
N . - )

- End member perc :

Fo Yo7 Per 62.8 67.2 65.9 69.8 v 67.9
Fa 32.1 31.7 2.9 29.7 32.1
Mo © A, 1.1 1.1 - 0.6
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© Table B-3 icontinued) ouvm\*ﬂ

Dragon’s- Tongue (proximal)
Sample 14/8/1 14/8/1 14/8/1 14/8/1  14/8/4
OL 1 XR-RP OL2C-RP OL2R-RP * OL3IC-RP OL3R-RP,
Major oxides (wt.%) —
SiO, 394. 404 39.7 39.5‘_ 40.0
( Ti0O 0.0 0.0 00 - 0.0 0.0 .
ALD, 0.0 0.0 0.0 0.0 00 -
21.6 16.6 18.3 21.1 19.0
MO 7 0.2 0.1 0.2 0.2 0.2°
.MgO 40.5 444 42.7 411 42.3
Ca0 0.4 0.2 0.3 0.2 0.4
NiO 0.0 0.0 0.0 0.0 0.0
. Total 102.2 101.6 101.1 102.1 101.9
‘ *
Cations on the basis of 4 oxygens '..,;-‘,@,
Si " 0999 ., 1.0Q3 1.001 0998 -, }003
Ti 0.000 0.000° 0.000 0.000  :z3.000
Al . 0.600 0.000 0.000 0.000 ‘< 0.000
Fe’* 0.457 0.344 0.385% 0.44 .398
Mn 0.005 0.003 0.004 X 0.00%
Mg 1.529 1.642 1.802 1.5 #1582
Ca , . 0.011 0.004 0.007 0.00% 0.010
Ni 0.000 0.000 0.000 0.000 0.000
--End member percen s -
Fo 'm 821 79.8 77.0. - 78.9
Fa 231 17.4 19.5 225 20.2
Mo 1.1 0.4 0.7 05 1.0
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Tabte B-3 {continued): OLIVINE

" Dragon's Tongue,(proximal)
Ssmple 14/8/1. 14/8/1 14/8/1 14/8/1 . 14/8/1
| OL&C-RP  OL4RRP  OLSCRP  OLSRRP  OL6G-RP
Mgjor oxiges twt.%) ¢ : . :
Si0 40.0 39.4 396 _ 39.4 3da
TiO 0.0 0.0 0.0 0.0 0.0
ALd, .00 0.0 0.0 00 s 00
FeO 17.8 ° - 209 18.1 - 200 f 19.8
MgO | 40628 402'24 40'23' 31 23
- . . 1. 3
Ca0 W 0.3 0.2 0.3 0.3
NiO : 0.0 0.0 . 0.0 0.0 ' 0.0
Total - - 101.8 101 ° 100.6 101.3 101.0
/
Cations on the basis of 4 oxygens ¢ >
Si ., . 1.000 1.000 1.002 0.989 1.001°
Ti - 0.000 0.000 - 0.000 0.000 0.000
Al : 0.000 0.000 0.000 0.000 0.000
Fe °* 0.373 0.444 0.384 __ 0.42% 0.420
“NMn 0.004 0.005 . 0.004 0.00% 0.005
Mg 1.614 1,542 1.601 1563 1.565
~ : 0.009 0.009 - 0.006 '0.009 d.008
] - 0.000 ~ 0.000- 0.000 - 0.0Q0 : 0.000 ,
d e
End member percentages
Fo - 80.2 76.7 ™ 80.0 77.6 77.8
Fs 18.9 22.4 19.4 - 215 21.3
9 0.6 0.9 0.9

Mo 0.9 . 0.
. 1 4
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R AN 2
o d Tabie B-3 (continued): OLIVINE
e Dragon s Tongue jm'oxumal) to Dragon's Tonwo mun
Sample -14/8/2 L 1498/2 14/8/2 14/8/1 117817
. Ot1CRP OL1R-RP OL2R-RP OP 1 XR-RP q.IC-RD
Msjor oxides (wt.%) #» S L
Si0, 403, . 39.3 s 375 38.7 40.0
Tio { 00 00 ° - 00 ¢ 00 - 0.0
ALQ, 6.0 00 . -. +CO 00" - 0.0
FeO . 185 197" 193 219 16.9,
MnO . 0.2 0.2 0.2 .d3 . 0.2
* MgO 44.3 . 411 39.1 40.1 44.2
- Ca0 ‘0.2 0.3 0.4 03 . 03- -
NiO - 0.0 \ 0.0 0.0 0.0 - 0.2
Total : 1015 \w‘IOO.S 96.5 101.3 101.8
Cations on the basis of 4 oxygens ST -, .
Si 1.002 1.002 0.999 0.992 - 0.997
T 0.000 0.000 0.000 0.000 0.000
Al -=D.000 . 0.000 7 0.000 0.000 0.000
Fe 0.343° 0.421 0.430 0.470 0.353
Mn 0.004 0.005 . 0.006 0.008 0.004
Mg 1.643 1.562 1.554 1.531 1.639
Ca ‘ 0.007 - 0.009 0.0 0.007 - 0.007
Ni 0.8%0 0.000 * 0.000 0.000 0.004
End member p‘ercentages
B81.9 77.8 771 75.6 81.6
Fa 17.4 21.3 218 237 17.8
Mo 0.7 0.9 11 0.7 0.7

AT A



o Total -

~Si
Ti
Al
. Fer
JMn .
Mg
Ca
Ni

11/8/7

.~ Sample;
' , : OL1R-RD -
- Major oxides (wt.%)
Si0, 38.5
TiO, 0.0t
Al,O, ©0.0!
FeO - 186
© MnO. 10.3 -
MgO - 424
~ Ca0 0.4
NiO 01
- 101.2.

Catlons on' the basis of .4 oxygens

0.996
0.000
. 0.000

' 0.391 -
0.006

1.597

S 0.011 -
0.003 -

End member percenfages

Fo
Fa
Mo

-79.1.

18.8
1.1

11/8/7
 OL2C-RB

38.8

0.983
0.000

0.006 .

0.376
0.005

1.613

0.008

0.004

O
[

N
ey
‘U\"

o= w:
PENC®200
LW Ws OO,

C ooo

(o))

" 0.994

0.000 .
0.000

0.388 -

0.006
1.606
0.009
0.002
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Table B-3 (continued): OLIVINE

~ Dragon's Tongue (distal)

11/8/7

- 11/8/7
OL3C-RD  OL3R-RD /
39.9 39.7
0.0 0.0
0.0 0.0
17.6 18.4
02 03
435 . 42.8
0.3 '0.4
0.1 0.0
1016 . 1015

0.887 * . 0.997

0.000 10.000

. 0.000, 0.000

0.369" - 0.387
0.005 . 0.005
1.621 1,604

0.008  0.010

0.003 0.000

180.6 79.5
18.6 19.6
0.8 1.0
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Table B-3 (continued): OLIVINE
Dragon’s Tongue (distal} to Kostal Lake (older lavas)

Sample 11/8/7 11/8/7 31/8/8 31/8/8 31/8/8
- OL4G-RD OL5G-RD OL1C-KP OL1CKP OL 1M-KP.
-Major oxides (wt.%) ) , :
.Si0, 37.4 37.2 398.7- - 384 38.4
TiO, R 0.2 0.2 0.0 0.0 , 0.0
Al,O, 0.3 0.2 s 0.0 0.0 0.0
FeO 26.2 26:9 . _ 14.4 - 14.4 14.3
MnO - 0.4 0.4 - 0.1 0.2 0.2
MgO 35.2 35.0 45.0 - 44 .8 45.0
“Ca0 : 0.8 0.7 0.3 0.2 0.3
NiO , 0.0 0.0 - 0.0 0.0 0.0
Total . 1005 100.6 T 895 99.0 99.3
Cations on the basis of 4 oxygeng ’
Si - 0.989 0.987 0.99S 0.997 0.996-
Ti : 0.005 0.004. 0.000 0.000 0.000"
Al " 0.010 - 0.007 0.000 0.000 0.000
Fe? : : 0.578 '0.597 0.303 0.304 0.303
- Mn 0.010 0.008+ 0.003 - 0.003 0.004
Mg 1.388 . 1.382 1.690 1682 1.694
Ca o 0.022 .0.018 0.007 0.006 0.007
-Ni wr - 0.000 0.000 0.000 0.000 0.000
End member percentages
Fo : ~ 68.3 67.9 84.0. 84.0 84.0
. Fa 29.4 - 30.2 15.3 15.3 15.3
Mo 2.2 - - 1.9 0.7 0.6 0.7



' 31/8/8

——-Sample - 31/8/8
OL1R-KP OL2C-KP
Major oxides (wt.%) ‘
SiO, 39.1 . 39.7
TIO ' 0.0 — 60
Al, O . 0.0 0.0
FeO : 16.5 15.2
. MnO 0.2 - 0.2
MgO : 43.3 . 44.8
Ca0 0.3 0.2
NiO 0.0 0.0
4 '100.1

Total g9.

Cations. on the basis of 4 oxygens’

Si 0.986 . 0897
Ti . 0.000 €.000
Al - 0.000 0.000
.Fe? 0.352 0.318
Mn 0.004 0.004
Mg 1.643 1.677
Ca 0.008 0.006
Ni } 0.000 0.000
End member percentages

Fo . . 81.4 83.3
Fa 17.7 16.1

Mo 08 0.6

31/8/8
OL2M-KP

270
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Table B-3 {continued): OLIVINE
Kostal Lake (older davas)

31/8/8.  31/8/8
OL2M-KP . OL2R-KP
33.2 39.1
.0.0 0.0 -
0.0 0.0
17.3 18.6
0.2- - 0.2
433 - 42.2
0.2 0.3
0.0 0.0
100.2 100.4
0.993 0.996
0.000 0.000
0.000° 0.000
0.367 0.396
0.004 0.005
1.637 1.601
0.007 0.007
0.000 ©0.000
80.9 79.3
18.4 19.9
0.7 0.7



31/8/8. 31/8/8

Sample . -
OL3C-KP  -OL3R-KP

Major oxides (wt.%) o

. Sio, - 400 ‘ 39.8
TiO, 0.0 0.0
Al,O, 0.0 0.0
FeO 13.2 14.8
MnO 0.2 0.2
MgO 46.2 451
.Ca0 0.2. .3
NiO . 0.0 0.0
Total™ 88.8 . 100.2

&

Cations on(the basis of 4 oxygens

Si 0.999 0.998
Ti 0.000 - . 0.000
Al 0.000 -  0.000
Fe* ' 0.275 . 0.309
Mn .0.004 0.004
Mg 1.718 1.684
Ca 0.006 0.008
Ni | 0.000 , 0.000

-~

End member percentages

Fo . 85.5 83.6
Fa ' - 13.9. 15.6
Mo . 0.6 0.8

. 37/8/8
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Table B-3 (continued): OLIVINE
Kostal Lake (older lavas)

31/8/8"°

31/8/8
OL4C-KP  OL4R-KP  OL5C-KP
33.3 386 40.0
0.0 . 0.0 0.0
0.0 0.0 0.
17:7 21.3 135 ¢
0.2 ° 0.3 0.1
42.8 39.9 46.0
0.3 0.3 0.2
0.0 0.0 0.0
100.3 100.3 99.9
.
0.997 0.996 0.998
0.000 0.000 0.000
0.000 0.000 ~ 0.000
0.375 0.459 -  0.282
0.005 0.006 0.003
1.618 1.533 1.713
© 0.008 0.009 €.006
0 00C 0.000 . 0.000
80.2 76.0 . 85.1
18.9 23.2 14.2
0.8 0.9 . 0.6
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- Al

x ' Table B-3 (continued): OLIVINE
Kostal Lake (older lavas) to Kostal Lake {south cone} -
Sample 31/8/8 29/7/6 29/7/6 29/7/6 28/7/6
OLBR-KP . OLIC-KS OL1IM-KS = OL1IM-KS OL1R-KS
Major oxides (wt %) ’ o o
Si0, 39.3 - 38.1 38.5 39.2 39.4
CTiO, . 0.0 0.0 0.0 0.0 0.0
'AI,O,-' - 0.0 0.0 0.0 . 0.0 0:0 -
FeO 17.3 22.7 21.6 16.3 16.3
MnO 0.2 0.3 0.3 0.1 0.2
MgO" 43. 2 , 38.9 40.0 43.7 43.5
CaC -~ E 0.3° G.1 .0 0.2 0.3
NiO 0.0 - 0.0 0.0 : 0.0 0.0 -
Total ~ 100.3 100 2. 100.5 . 99 5 899.7
Cations on the basis of 4 oxygens - - -
Si - 0.995 0.993 0.8984 0.995 0.998
Ti 0.000 0.000 .0.000 0.000 0.000
0.000 £.000 - 0.000 0.000 - 0.000
Fe? 0.366 0.495 0.466 0.346: . 0.347
Mn 0.005 0.006 0.006 0.003 -0.004
Mg . - %630 1.508 1.5636 +1.656 1.644
Ca : . 0.008 0.003 0.004 0.006 0.007
“Ni 0.000 - 0.000 0.000 0.000 0.000
End member percentages _ ,
Fo . 80.7 74.8 .76.2 82.1 81.8
Fa 18.4 -24.9 23.5 17.3 17.5
Mo 0.8 0.3 - 0.4 0.6 0.7



. Si

-+ Sample 29/7/6 . 28/7/6 29/7/6
: OL2C-KS "OL2R-KS -~ OL3C-KS
Major.oxides (wt.%) A , :
-Si0, 39.5 39.3 38.2.
Ti0, ‘ 0.0 0.0 . 0.0
Al,Oy 0.0 0.0 0.0
FeO 15.4 17.1 235
MnO 0.2 . 0.2 | 0.4
MgO 446 43.2 - 38.4
Cal 0.2 0.3 . 0.2
NiO 0.0 0.0 0.0
Total 99.8 100.1 100.6
e~ o
-~ Cations on the b,asns of 4 oxygens % .
: 9 0.995 . 0.994
Ti 0.000 0.000 0.0@0
Al . 0.000 0.000° 0.000
Fe?- - 0.325 0.363 0.512
Mn 0. 04 0.@05% 0.008
Mg ' 76 - "1.634 1.488
Ca 0 .008 g 0.007. 0.005
Ni . 0. OOO 0.000 - + 0.000
/ ‘ o
End member percentages ™
Fo.. - 830 *© 80.9 73.7
Fa ' 16.4 .18.3- 25.8
Mo 0.6 0.7 0.5 .

v

29/7/86
OL3R-KS

38.5
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- Table B-3 {continued): OLIVINE -
Kostal Lake {south conel.

29/7/6
OL4CKS

39.2

0.0 .
.0
4.

=X

D
COFHO]

5
2.
2
2
.0
3

S.

- w

10.990
0.000
0.000
0.307

Q.004
1.704
0.005

.0,000

-
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Table B-3 (continued):>OLIVINE -

Qo - Kostal Lake (south cone}

Sample -~ 29/7/6 _ 2877/6 - 28/7/6

' o ‘ OL4R-KS OL5C-KS OL5R-KS

Major oxides (wt.%) ‘ o

Si0, | . 388 .39.2 39.0 -

Tio, - . -0.0 8.0 0.0

ALD, -0.0 0.0 0.0

FeO™ -~ 16.1 159 . 17.1

MnO 0.1 0.2 - 0.2,

MgO 43.8 439.. 42.8

Ca0 ~ 0.2 0.3 0.3

NiO 0.0 . 0.0 0.0

‘.Total o 88.1 89.4 89.4

Cations on the basis of 4 oxygens » )

Si . 0.992 0.995. 0.996 - ) ;

Ti 0.000 £.000 - 0.000- . ~

Al = 0.000 ..0.000 . 0.000° - ., il

Fe! 0.343 00,338 0366

Mn R 0.003 . d'a05 0005 - -. & . o

Mg T 1.664 1.660 1.628 ¢ - ‘ I

Ca 0.006 0.007 0.008. . : C

Ni ' 0.000 0.00? 0,000 :

 End member percentages - ‘ ‘ ' . -

Fo 82.2 ‘822 — — B0O.6 :

Fa 17.2 17.1° 18.4

Mo , - 0.6 0.7 0.9



 Table B4 e
- Major e|ement concentratlons in incognate olwine . ST

_Ohvme analyses comprise major o;ude concentratnons cation numbers of each |omc
species, recalculated on the basis cff,;our oxygan anions and the molecular percentages
of end members. Analyses are in the %qr given below; on sach page i$ a subheading
listing the centres described thereon./The source of each analysis is identified by the
two-letter suffix, and is plotted on each dlagram of this work with the appropriate
symbol as follows: . . !

 Suffix Symbol 'Unit
-*SM : - . Spanish Mump
SB o & Spanish Bonk .
ST 1Y Hyalo Ridge
St . "X . Spanish Lake Centre
SC B ‘Flourmili Centre
PY . + Pyramid Mountain . .
P ) X Spahats (Second Canyon dyke) oo
RM ] Ray Mountain '
RR e Ray Ridge : N
RC $ Pointed Stick Cone ‘
R <A Dragon’'s Tongue
RP A Dragoh's Tongue (proxnmal)
RD - A Dragon's Tongue (dlstal) '
KL, 0] Kostal Lake : s .
KP 0 Kostal Lake (older Iavas) N ot
KN 0 Kostal Lake (north cone) ' S
'KS 0 Kostal Lake {south cone) : '
KT 0

~ Kostal Lake (lava tube)

i
\
]
|
i

oo

Analytical precisions for‘e\r/\Zry element analysed in olivine are listed below at the 98%
confidence level, as a pertentage of the tqtal concentration- of that element. i.c. =
insufficient concentration. ’ . ; :

- . ‘ . .

3

Mg - _ ' 1.8
Al . . . : . e,
Si < . 1.0
Ca : ' 6.5
Ti I . - i.c. ' )
Cr ' _ DU ‘ i.c. - .
Mn , ' v 12.0 o
Fe . ' : ‘ . 1.7 - : ‘
Ni ' ‘ v : Y » C 12.0
Sample numbers comprise thriparts, interpreted as follows : ,
. 26/8/3(X) ‘ ~ OLUX)C.MR : -SB
Sample number (X if OLivine 1 (X if xenocryst) Suite suffix

xenolith) A . Core, Median or Rim' ,



" Total

26/8/2X  26/8/2X
OL1C-SM

Major oxides (wt.%)

Sample

Si0, 41.3 419 -
TiO, - 0.0 _.Q.I?
ALO, 0.0 0.0- -
FeO 10.7 9.7
. MnO 0.2 . 0.2
MgO %49.0 50.0
Ca0 0.1 0.0
NiO 0.4 0.5
. 101.8 102.3
Cations on the basis oY% oxygens
si 1.00 1.004
Ti 0.00 0.000
Al . 0.000 0.000
Fe® . 0.217 0.194
Mn 0.004 - 0.003
Mg 1.768 1.785
Ca - 0.004 0.000
Ni 0.008 0.010
End member percentages il
- Fo : 88.6 90.1,
. Fa 11.0 9.9
: 0.4 - 0.0

Mo

OL2C-SM

26/8/2X
OL3C-SM

o
ogoo®

H s
8235291
Noop—wmooy

OO0
N
O

—

0.998
0.000
0.000
0.206

'0.003

1.783
0.000
0.008
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Tabte B-4 (continued):-OLIVINE
Spanish Mump to Spanish Lake

26/8/2X

24/8/ 13X

‘OL3R-SM OL1C-SL
419 40.7
. 0.0 0.0
0.0 . 0.0
- 10.2 . 10.0
0.1 0.3
50.1 . 49.4
0.1 0.1
0.4 0.4 .
102.9 100.7
1.000 .0.993
0.000 0.000
- — 0.000 0.000
0.205 .0.205
- 0.003 0.003
1.781 1.795
0.003 - . 0.002
0.008 0.008
89.3 89.5
10.4 10.3
0.3 0.2

i



- 24/8/13X

-~

Sarhple
OP/
OLgR-SL
MaJor oxides (wt %)
Si0, : 40.8 .
: T|O - 0.0
AI,OJ 0.0
FeO - 10.0
MnO 0.2
MgO 48.1
Cal 0.1
‘NiO , 04
Total 100.6

Cations on the basns of 4 oxygens

Si ~ 0.996 -
Ti - 0.000,
Al 0.000
Fe?- 0.204
Mn 0.004
- Mg 1.790
Ca : '0.002
Ni 0.008

i
- End member percentages

Fo - 89.4
Fa . 10.3
Mo 0.2

4

O

N
(DOOOO

.S
.0
.0

.0
2

.3
A
5

oO0oO

- 101.0

J

0.995

*0.000 ,

0.000
0.204
0.004
1.789
0.003
0.010

-
ow
WA

24/8/13X -
OL3C-SL

24/8/13X.

2418/ 13X

SP/ sbr T

OL4R-5L OL4R-SL ,
-40.3. 41.0
0.0 "0.0
0.0 0.0

" 10.1 10.1
0.2 o 0.2
47.4 494
0.1 0.1

. 0.5 0.5

- 98.6 101.3
1.005 0.995

" 0.000 0.000
0.0Q0 0.000
0.211 0.206
0.003 - 0.003
1,763 1.788

- 0.003 0.003
0.010 0.010
88.9 89.3 -°
10.8 © 104
0.3 0.3
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Table B-4 (continued): OLIVINE ’
Spanish Lake to Pyramid Mountain

13

/8/10X

OL1C-PY

-

owoo

. / B \j'_.

»H
N

o
Q005

-~ Nho
o

1.00%
0.0Q0 .
0.000
0.197
0.003
1.789 -

- 0.000 L

0.008

-
200
©pbo



Sample - 13/8/ 10X
. " OL2C-PY
Major oxides (wt.%)
Si0, 41.89
TiO, . . 0.0
Al,Q, ~0.0
FeD - 10.4
- MnO . . 0.2
MgO 49.9 .
Ca0 - o 0.0 ¢
NiO 0.4
Total 10

Catior.s on the bdsis of 4 oxygens

Si 1.001
COTi, - 0.000
- Al 0.000
Fer! 0.208
Mn - 0.003
Mg 1778
Ca . 0.000

Ni o 0.008

End member percentagas

Fo 89.4
Fa - 10.6 -

Mo - 0.0

2.7 -

13/8/10X

OL3C-PY

n

Yowoo{
o—000;,

000
Nho:
\l .

1.002
0.000
0599
> 0.1
0.0b3
1.807
0.Q00
0.008

808
8.1
0.0

18/8/9X
"OL1C-RR

398,

OO

oY
wO

—_

0.996
~0.000
0.000
0.385
0.005
1.609
0.004
0.005

OO

PR
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" Tabte B-4 (cormnued) OLIVINE
Pyramld Mountam to Ray Ridge

18/8/8X -

OL2C-RR

39.5
0.0

.0

8.7

3
.6

3

2

O«

Py
OONO

B

.6

0.895
0.000
0.000

4 0.395
- 0.007
1.597
0.008

- 0.004

79.3
20.0
0.8

18/8/8X
O.3C-RR_



e

K
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: Table B-5 .
- Major element concentrations in plagioclase
Plagioclase analyses comprise major oxide concentrations, cation numbers of each.ionic
species, recalculated on the basis of eight oxygen anions and the molecular percentages
of end members. Anaglyses are in the order given below: on each page is a subheading
listing the centres described thereon. The source of each analysis is identified by the
twor-letter suffix, and is plotted on each diagram of this work with the apprpriate
symbol, as follows: , )

. Suffix © Symbol . Unit
SM - Spanish Mumps
sB &3 Spanish Bonk
ST -] © _ Hyalo Ridge
SL X Spanish Lake Centre
SC Flourmi!l Centre
Py + Pyramid Mountain
_SP X Spahats {Second Canyon dyke) - !
RM V4| Ray Mountain -
RR . 4 S Ray Ridge _ -
RC : * Pointed.Stick Cone
R . A Dragon's Tongue
RP A Dragon’s Tongue (proximal}
RD A Dragon's Tongue (distal) -
KL 0 Kostal Lake . ’ :
KP .- 0 Kostal Lake {older lavas)
KN 0 ,._ Kostal Lake (north_cone)
KS 0] Kostal Lake (south cone)
KT 0 Kostal Lake (lava tube)

Analytical precisions for every element analysed in plagioclase are listed below at the
99% confidence level, as a percentage of the total concentration of that element. i.c. =
insufficient concentration. Analyses whi%h“ are poor in quality but which give an

approximate composition are labelled thus:V

Na
Al
5 Si

Ca
Ti : | '

Mn . <3
Fe

Zn ‘ ‘ ' = i.c.

i)
— 010 =W
LO90% mwwoy

(o) Butiud

»

Sample numbers comprise three parts, interpreted as follows : -

26/8/3(X) PL1X)C,M,R, : -SB
Sample number (X if PLagioclase 1 (X if xenocryst) Suite suffix
xenolith) Core, Median.or Rim

¢

e~
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Table B-5 (continued): PLAGIOCLASE

¥ , . . Spahish Bonk

' Sample ..26/8/3 , 26/8/3 26/8/3 26/8/3 26/8/3

‘ PL1C-SB PL1R-SB PL2C-SB PL2R-SB = PL3C-SB

- Major oxides (wt.%) o o : ,
Si0, 51.8 51.3 52.8 - 51.8 - .50.9
Ti0, 0.1 0.2 . 0.1 0.1 Ly 0.0
Al,O, 30.4 .30.7 295 - ° 303 “¢730.8
Fe,0y 0.6 0.6 . 0.7 0.7 0.6
FeO 0.0 0.0 0.0 0.0 0.0

- MnO 0.0 0.0 0.0 0.0 0.0 -
Ca0Or 13.1 13.5 12.3 130 13.9
Na,0 4.6 T 4.2 4.9 4.3 4.1
K,O - 0.2 0.2 0.3 0.4 0.1
Zn0 ,\%‘a , 0.1 0.2 0.3 0.2 0.2
Total*x4% -~ . 101.0 100.9 101.0 100.9 100.5
Cations on the 'basis of 8 oxygens o= o
Si . 2.352 2.331 T 2.395 2.356 . 2.320
Ti - 0.004 0.005 0.004 . 0.004 0.000
Al \ 1.625 \- 1.645 1.576 1.621 .1.659
Fe’ » 0.020 0.018 0.026 . 0.024 ' —. 0.020
Fe? 0.000 0.000 0.000 0.000 .©.000
Mn <+ 0:000 0.000. 0.000 0.000 , ° 0.000
Ca . ©0.635 0.659 - . 0.597 0.632 0.678
Na 0.347 0.318 0.373 0.323 0.308
K - , 0.012 6.010 0.016, 0.02% 0.008
Zn 0.004 - 0.007 ;009 ° 0.008 0.006
End member percentages ' » '
An | ) 64.0 66.9 60.9 65.1 - 68.4
Ab 34.8 - 321 37.5 32.8 30.8
Oor = 1.2 ‘ 1.0 , 1.6 2.1 - 0.8



>'.

fSample .. 26/8/3

J—

PL4AG-SB
“‘Major oxides (wt.%)
Si0, 52.0
Ti0, 0.1,
ALO, - 30.2
Fe,0, 0.7
FeO 0.0
MnO 0.0
Ca0 = 13.0
Na,0 45
K,0 ‘ 0.2
-Zn0 : 0.2
Total .Q

e,
al

&:..
O

-——

» 26/8/3
PL5G-SB

515
0.2

— (JJ
PLPOOO!
T RNG, 00N,

!
/

. 00O b,

o

Cations on the basns of 8 oxygens

Si 2.358
Ti 0.005
Al 1.613.
Fa3+ 0.024
Fe?-. - 0.000
Mn 0.000
Ca : 0.634
Na 0.342
K 0.010
Zn © . 0.0U8

“End member percentages K

An ! 64.6
Ab 34.4

Or 1.0

#2.340
0.006
1.629 .
0.024
0.000
-0.000
0.649
0.323
0.009-
0.013

Y

~
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Table B-5 (continued): PLAGIOCLASE
Spanish Bonk to Hyalg Ridge

23)“-8/8

PL1G-ST

56.1
- 0.2

COPPOO =R
RONNDOO =4y,

(o]
w.

2.570
0.006
1.395
0.038
-0.000

- 0.000

0.423
0.509
0.043
0.00G

43.4
52,2
4.4

23/8/6—
PL2C-ST

23/8/6
PL3C-ST

53.1
0.1
28.4
1.0

o0

o
ooV

. .o
2.432-

0.004
1.632

0.035

0.000
0.000
0.559
0.398
0.032
0.003

{ .

»

~q.



" Cad
"~ Na,0

23/8/6

Sor 2.8

L 23/8/12

 Table B-5 (continued):

'23/8/12  23/8/12

Sample
PL4C-ST PL1G ST _PL2G-ST PL3C-ST .
Major oxides (wt.%) " C : o .

- Si0; 53.2 52 5. .. 52.7 .B2.9 .
TiO, 0.0, - 0.0 0.1 \ - 0.0
Al,0, 28.7 28.7 128.8 . 28.6
- Fe,0, 1.0 0.7 0.7 ,. 0.7
FeO . 0.0 0.0 0.0 - 0.0
™MnO 0.0 0.0 . 0.0 0.0

117 12.2° 12.1 12.0
5.2 5.1 . 4.9 *. 5.1

K;0 05 0.3, . 0.4 - 0.3
Zn0: 0.1 .00 . 0.1 . 0.0
_Total 100.4 99.5 99.8 - 98.6

" Catlons on the basns of 8 oxygens : L ; ,

2 Sil~ : 2.426 2412 - - 2,413 2427

ST T .~ 0.000 0.000 - '0.004 0.000
Al con o 1.541 1.557 1.558 1,546

Fe 0.036 -0.024 .- 0.023 - 0.023

. Fe’ ‘ '0.000 ~ 0.000 .- 0.000 0.000

SO MR 0.000 . -+ _ 0.000 - 0.000 ( -0.000

- Ca 0.569 - 0589 - . 0595 0.591

Na - - 0.394 0.390 - 0.371 0.386
K -0.028 - 0.020 - 0.020 0.020
Znt o '0.003 - ~0.000 0;003\, 0.000
End member percentages W A
An ; 57.5. . 58.3 30.4 59.3
Ab 39.7. 38.7 375 . 38.7

2.0 ' 2.1 2.0

282

PLAGIOCLASE
Hyalo Ridge
23/8/12
PL3R-ST
539

0.1
276

oOoOo

oool

w pary
LLowNjooN,

2.479
0.004

'~ 1.493
©.0.025
***0.000
0.000
0.529
0.436

- 0.020
0.000

TN
Cwy

~ .
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Table B-5 (continued)’ PLAGIOCLASE
Hyalo Ridge to Spanishl.ake

Sample 23/8/2  23/8/2 24/8/13  24/8/13  24/8/13
PLIG-ST  PLOG-ST ~ PLIC-SL ~ PLIR:SL  PL2G-SL
‘Major oxides {wt.%) ' ’ a . : ' :

Si0, 54.1 54.0 52.5 52.5 524"
TiO, - 0.0 0.0 . 0.2 0.2 0.1
: - 293 29.4 29.8 30.0 30.2.

- Fe,0y . 0.9 0.9 0.9 0.8 0.8 -
FeO 0.0 0.0 0.0 0.0 0.0 -
MnO 0.0 0.0 . 0.0 0.0 - 0.0,

Ca0 12.8 ; 12.8 13.0 13.0 . - 134
‘Na,O 5.1 4.8 4.4 45 S 45
K,O 0.2 0.3 0.4 0.4 . 04
Zn0 L0 0.2 0.1 0.2 - 0.1
Total © 1025 102.4 101.4 101.7 - 10%.7 "
i ) - : . o ‘ﬁi
Cations on the basis of 8 oxygsns _ } . .
Si 2.415 2414 . 2.371 . 2.370 2.362-
Ti ‘ 0.000 0.000 0.006. - .0.006 -  0.004

- Al : 1.544 1.547 - - 1594 1.593 1.605
Fes* 0.029 0.037 - 0.031 ~0.031  ---0028 . - -
Fer. - 0.000 0.000 - 0.000 0.000 0.000 -
Mn o 0.000 0.000 0.000 0.000 : -0.000.
Ca 0.611 0612 0628 . 0.626 - 0.635
Na 0.379 0.358 . 0.329 0,339 © - - 0339~
K 0.014 0.016 0.023° - 0.025 - : 0.022
Zn 0.004 0.005 D.005 . 0.005 * . 0.004"
End member percentages P
An 61.0 62.2 %43 - - 634 - 63.8 \

~ Ab 376 36.2 /7384 . 34.0. 33.9
Or - 1.3 & . 1.6 2.3 T 25 - 2.2
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Table B-5 (continued): PLAGIOCLASE
, Spanish Lake

Sample 24/8/13 . 24/8/14 24/8/,14 24/8/14  24/8/14
. - PL3G-SL PL1G-SL PL2G-SL PL3C-SL PL3R-SL
Major oxides (wt.%) ' : :
Si0, 4 51.7 "51.7 51.4 51.7 50.8
TiO, - 0.1 < 0.1 0.2 - .0.2 0.2
Al,O, . 30.7° 30.7 305 . 294 30.7
Fe,0, ° 0.9 0.9 1.0 0.9 1.0
FeO 0.0 0.0 - 0.0, 0.0 0.0
MnO 0.0 0.0 0.0 . - 0.0 . 0.0
Ca0 ' 13.9 14.0 13.7 12.8 14.0
Na,0 . 4.1 4.1 4.3 4.7 4.0
K,0 S 0.4 0.3 0.4 0.4 0.4 ¥
Zn0 " 0.0 0.0 0.0 0.0 0:1
Total 101.8 101.7 1015 100.0 101.2
. Cations on the basis of 8 oxygens ’ ‘
Si 2.331 2.331 ©2.328 2.370 2.308
Ti 0.003 0.004 0.005 0.006 .0.005 ,
Al 1.632 1.631" 1.628 ~ 1.589 1.6487
Fe 0.030 0.028 0.034 0.030 07034 “ -
Fel* 0.000 0.000 . D.000 0.000 0.000
Mn 0.000 0.000 -0.000 0.000 0.000
Ca 0.672 0.675 0.665 0.628 . 0.6e81
Na 0.311 0.306 0.328 0.361 0.306
K ° 0.020 0.020 0.022 0.023 0.020
Zn 0.000 . 0.000 0.000 0.000 . 0.004
A - . . .
End member percentages Y o K <=
An '87.0 67.5 .68.5 . 62.1 877 e
Ab 31.0 30.6 . 323 35.7 30.2

Or 2.0 2.0 2.1 23 2.0



Sample 2/8/6 21816

: PL1C-SC . PLIR-SC

2 Major oxides {wt.%)
SiO, 518 52.2
TiO, . 0.1 0.1
Al,O, 296 29.4
Fe,0y .08 - 0.8
FeO 0.0 - 0.0
MnO 0.0 . 0.0
Ce” 12.9 12.7
Na,0 4.6 45
K,O . 0.4 04
Zn0  ~¢ <041 0y
Total : --100.4 ~ 100.3
: _ VA
LA

. Cations on the basis of B oxygens
Si . . 2.367 2:384 -
“Ti . 0.005" - .0.003 .
Al . 1.594 1.683 -
Fe T . 0.028 o 0.03
Fe? 0.000 0.000
Mn ' 0.000 - . 0.000:
Ca -.0.632 ' 0.620
Na ,.0.346 0.341
K . .. 0.024.  ~ 0.025

czn 10.005 0.008.

End member percentages . s
An - 63.2 63.0

Ab . 34.4 345

or 24 25
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Table B-5 (contmued) PLAGIOCLASE :

Flourmnl
2/8/86. 2/8/6 2/8/6
PL2C-SC PL2R-SC PL3C-SC.
50.9 519 . 50.2°
0.0 0.1 0.1
30.0. 29.7 - 308
0.8 0:8 0.9
0.0 00" 00 -
0.0 - . 0.0 - 0.0
13.7 13.1 14.4
3.9 4.4 by
0.3 0.4 .03
0. 0.1 0.1
89.7 100.6 100.5
2.341 2.367 },2.299
0.000 . - 0.004 “0.004
1.626° 1.595 1.661
0.028 - 0.028  0.030
0.000 0.000 - 0.000
0.000 0.000 . 0.000
0.674 0.640 <¢- 0.70B
.0.297  .0.33%5 - .027
0.018 0.024 0.016
0.005 . 0.003 . 0.004
" %
68.3 64.2 . 70.6
299 33.4 278
1.8 24 1.6 -
. {



Sample 4/8/1
< PL1C-SC -
Major -oxides (wt.%) -
-Si0, 52.3
<TiO, 0.v
Al,0, 28.5
Fe,0, 0.8
FeO 0.0
MnO 0.0
Cal 12.8
Na,0 4.6
K,O 0.3
Zn0 0.1
Total 100.5

—y

4/8/1

PL1R-SC

(82}
w

( o

S
QOO RKO0 3t
STNW A

~

‘Catnons on the basis of 8 oxygens

Si

Ti_

Al ™~

Fe?

- Fe™

Mn

© - Ca
-~ Na

K

Zn

2.382

© 0.004

1.685
0.027

b

0.000 -

0.52
0 34
0.U1%
0.003

. 0.000

End member percentages

An
Ab
Or

3.4
34.9

1.7

2.363
0.005
1.599
0.033

0.000 -

0.000
0.631
0.336
0.018
0.007

ocoow
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Table B 5 (continued): PLAGIOCLASE

4/8/1
PL2C-SC

51.3

0.1
30

COWEHOO =,
—hwogpoooy,

2.331

'0.004

1.625

0.038

0.000
0.000
0.676
0.298
0.013
0.005

: 4/8/
PL3G-

51.2

LW
0cOo—~50

00k,
O

2.332 .¢

0.004

1.616
0.049 .
0.000 .
0.000
- 0.664

0.308

0.012

0.006

éc

Flourmlll

4/8/1
PLAC-SC

51.0
0.0
3

“

co—s

000w,
PRONO OO0,

—
o
w

2.335
0.000 -
1.630
0.035

0.000

0.000
0.674
0.297
0.012

0.005



"~ Or

4/8/1

- 4/8/2 .

Sample _
: 'PL4R-SC-  PLIR-SC
Major oxides (wt.%) : '
SiO, .+ 50.8 " 511
TiO, 0.0° 0.1
Al O3 304 30.2
. Fe,0, 1.1 0.8
FeO 0.0 ., 00
MnO 0.0 0.0
Cal 13.9 . 13.4
Na,O 3.8 4.2
K,O 0.1 0.2
Zn0 0.1 . 0.2
Total 100.4 «, 100.4
.. Cations on the basis of- 8 oxygens
Si 2.324 2.338
Ti 0.000 ° 0.003
"Al 1.638 1.627
Fes~ 0.038 . 0.032
Fer 0.000 0.000
Mn 0.000 0.000
Ca 20681 0.658
Na 3&3 0.294 0.320
K - 0.009 - 0.014
Zn 0.004 0.006
“End member percentages:
An - 69.3 66.6
Ab . 1 29.8 - 32.0
0.9 - 1.4

N
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Table B-5 (contnnued) PLAGIQCLASE -

Flourmill
4/8/2 4/8/2 4/8/7
PL2C-SC! PL3C-SC PL1C-SC
51.4 - 53.3 s B1.2
0.0- 0.2 0.1
301 28.6 30.3
1.1 1.2 0.8
0.0 N 0.0 0.0
0.0 0.0 . 0.0
13.3 11.7 13.7
4.0 . ‘5.2 . 3.8,
0.3 ~.0.4 , 0.3
0.1 0.2 0.2
100.4 100.8 100.5
2.348 < 2 421 24335
0.000 '0.007 . 0.005%
1.619 1532 1.632
0.037 0,040 0.028
0.000 0.000 -+0.000
0.000 0.000 0.000
0.653 0.571 . 0.671°
0.306 0.395 0.287
0.017 0.02% ' 0.8
0.005 0.005 } 0.907
67.1 57.8 69.0
31.2 39.6 29.2
1.7 2.6 1.9



Sample  ,  4/817

PL1R-SC!
Major oxldes (wt.%} _ -
. Si0,” 50.9
TiO, - | 0.0
-AlLO, .. 305
‘Fe,0, - t 0.8
Fed 0.0
MnO 0.0
Ca0 141
. Na,0 . 3.6
“K, O 0.3
ZnO 0.2
Total 00.4

—_

4/817

_PL2G-SC!

ol
w

»
(SYAY. PAS =T X(- PR SF

WHLO00s0

ooow,

Cat;ons on the basis of 8 oxygens

= Si . 2.324

Ti , " 0.000 -
Al S 1.644
Fe' - . 0.029 -
Fer [ - 0.000

Mnh 0.000

Ca _ €0.690
Na . 0.271
K 0.018

Zn 0.007

- End member percentages

n 70.7
Ab 2%-4

Or : 1.8°

2.335
.0.005
1.628
'0.032
0.000
0.000
0.666
0.286
0.020
0.008

68.
29
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8
2
0
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" Table B-5 (continued): PLAGIOCLASE
* Flourmill to Pyramid Mountain

4/8/7. - 13/8/10 - . 13/8/10 \
PL3G-SC' ,.°PL‘1G-PY. PL2G-PY:
512 . 554 557
0.0 027 . 0.2
301 28.2 . 279
1.0 . 1.2 © 11
0.0 0.0 . 0.0
0.0 - 0.0 0.0
_ 135 1.0 . 107
3.9 5.9 . 58
0.3 - 0.5 ., 05
0.3 0.1% 201
100.2 102.5 . 102.1
o e
2.343 2.471 - 2.489
0.000 0.006 ~ 0.005
1.625 - 1483 - 1.472
0.034 . - 0.033 . 0.037
0.000 . 0.000 - 0.000
0.000 - 0.000. - 0.000 . .-
. 0.660 0.527 . 9.513
0.295 ° - 0436 . . 0.431
0.019 0.029 . . 0.030
0.003 . 0004 0.004
68.0 53.3 52.9
- 30.0 43.8 440
1.9 g -



Si. 2.393
‘T 0.006
Al 1.560
. Fe¥ 0.037
«~ Fer - 0.000
~ Mn 0.000
Ca 0.611"
Na 0.363
K 0.017
In

-~

- W

. 0.005

~ End.member percentages

An
‘e Ab
~LOr

-

61.9
-36.4 .

1.7

Sample . 17/8/3
PL2G-RM
Ma;or’oxxdes (wt %)
.&O 52.9
TIO2 0.2
5 ALO, 1283
Fe,0, 1.1
" Fel 0.0
MnO 0.0
‘CaQ i 12.6
Na,0 . . 4.8
. K0 0.3
~ ZnO 0.1
~ Total 101.

Cations on the basns of 8 oxygens

b

17/817
_PL4C-RM

2.382
0.004
1.605
0.015
0.000
0.000

0.608

0.361
06.017
0.000

[y

289"

Table B 5 (contlnued) PLAGIOCLASE

17/8/7 1
PLAR-RM

53.3 .

.
J

oo

(e} —
Lo - ¢

2.440
0.008
1.553 ¢F
0.000./%
0.600 %
0.000
0.553
0.424
0.021
0.000

17/8/13
. PL1G-RM .

- 51.8

- Ray Mountain

17/8/13
PL2C-RM"

-

3]
LWL @O® g~

@©

pOeOOEe

cooh

! 2.387

£ 0.005
1.584
0.019
0.000
0.000 °
0.620.

.~ 0.365
0.016

©0.002

wo



- Or : 1.3 .

1.

- ) !3 ‘
-Sagpple 17/8/13 - 17/8/13 717/8/13
.PL2R-RM . ~ PL3G-RM" |, PL4G-RM
Major oxides {wt.%) L '
Si@f 52.3 52.1 52.3
TiO, ‘ .00 . 0.0 0.1
. ALO, . 30.2 30.8 ,. 30.8
Fe,0; 0.7 - - 0.5 0.5
FeO .. ’ - -0.0 0.0 0.0
MnO - 0.0 0.0 0.0
"Ca0 13.3 13.4 13:3 -
- Na,0 ’ 45 4.3 46 .
K,O 0.2 0.2 0.2
Zn0 o 0.1 0.1 0.0
"Total 101.3 101.4 102.0
Catlons on the basis of 8 oxygens. -
St - - 2,362 2.350 2.349
T 7'0.000 0.000 0.005
Al : 1.608 1.636 = 7 1.631
Fe¥ 0.025" ~.0.017 0.017
Fe 0.000 0.000 0.000
“Mn 5 0.000 0.000 0.000
Ca . 0.644 0.648 0.640
Na ' 0.337 0.324 0.346
K 0.013 0.014 0.014
Zn . . 0.005 - 0.003 0.000
End member percentages , ¢ ‘
An oo 64.9 65.8 ™ '64.0
Ab 33.7 4 328 > 34.5
4

e SR e

_PL5G-RM "

’Table B- 5’(cont|nued) PLAGIOCLASE;
. Ray Mount?m_

%

f**'?*%;
17/8/13- '3‘" 1718/13
'y PLSC RM




[4

Samplé

BEals 0000:‘

i

End rmember percentage;
CAb - 32.
Or o 14

17/8/13 -

2.
0.
1.
0.
-, O
0.
0.
0.
0.
0.

17/8/13
PL6R-RM

_ PLBR-RM
Major oxides (wt.%)
SiO, s 520
TiO, . 0.1
ALO, ¥ 2311
Fe, O %, 06
FeO 0.0
- MnO ., 0.0 :
- Xa0 13.6
Na,0, 4.4
S 0.2
0.0
101.9
é .
Catlons on the basis of 8 oxygens
Si . 2.335
TP 0.004
Al 1.646
e’ 0.020 -
Fe? -0.000 -
Mn ¥0.000 .
Ca - . 0.653
Na ... © 0.326
K -1 0.014

Table B-5 (continued): PLAGIOCLASE

18/8/9
PL1C-RR

51.7

0.1

w
~ O
»

0O P [HAOO
oMK 0D ®;

OO0O P

18/8/9

—_
-—

Ray Mountain to Ray Ridge

18/8/9
. PL1R-RR PL3G-RR
v B4.2 51.9 . °
0.1, 0.0
28.6 . 30.4
0.6 0.7
0.0 0.0
0.0 0.0.
11.2 13.3
5.7 4.5
0.4. 0.2
0.2 0.4
101.1 "101.1
-4
2.449 2.350
0.005 0.000
1.525 1.626 .
0.021 0.022
0.000 0.000
0.000 - 0.000
0.542 0.648
. 0.337
: 0.014
.- 0.003
65.0
33.6
14

291,
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Table B 5 {continued); PLAGIOCLASE
Ray Ridge to Pomtad Stick Coné

Sample 18/8/9  18/8/4 18/8/4 . 18/B/4 18/8/4

. PL4G-RR _PL1C-RC PLIR-RC- - PL2C-RC PL3G-RC
Major oxides (wt %) ' ‘ ' .
SiO, 51.3 55.0 54.9 56.2 56.1
- TiO, . 0.2 0.0 0.2 0.2 0.2
Al',O] ' 30.1 28.3 '28.3 27.5 27.3
Fe,0, 1.3 0.8 - . 0.9 0.9 1.0
FeO 0.0 0.0 - 0.0 0.0 0.0
a MnO 0.0 0.0 0.0 0.0 0.0
Ca0 13.2 10.7 10.8 8.7 9.5
Na,0 45 6.1 6.1 6.8 6.9
K,0 = 0.2 0.3 0.3 0.4 0.3
Zn0 0.1, 0.1 0.2 0.1 & 0.1
Total -100.9 101.5 101.7 101.7 * 104.4
Cations on the ba5|s of 8 oxygens - L . - ‘
- S 2.336 2.474 4 2.466 2516 2.519 -
Ti - _ 0.006 - 0.000 0.007 0.006 0.008
Al 1.617 .1.502 . 1.489 1.450 1.446
Fe? . 0.043 0.027 - 0.031 0.030 - . 0.034
Fe?* 0.000 - .0.000 0.000 . 0.000 0.000
Mn 0.000 . 0.000 0.000 - 0.000 0.000
Ca 0.643 0.516 0.518 0.466 - 0.456
Na 0.345 0.456 0.456 0.508 0.514
K 0.012 0.020 0.017 0.021 0.019
V4 0.004 0.005 0.005 -~ 0,003 ¢ 0.004
End member percentages , b
An 644 » 523" 52.6 46.9 - 46.3
Ab 34.3 48.7 45.7 51.0 51.7
Or 1.2 2.0 % 17 2.1 1.9



283

Table B-5 (continusg): PLAGIOCLASE
~ Dragon’s Tongue (proximal)

o
? . .
Sample 14/8/1 14/8/1 14/8/1 14/8/2 14/8/2 -
-PL1C-RP PL1R-RP PL3C-RP PL2G-RP PL3G-RP
Major oxides (wt.%) . T "
SiO, 54.1 54.4 54.5 54.8 53.8
TiO, 0.3 0.4 0.3 0.4 -0.3
Al,O, 28.6 28.2 28.3 27.7 29.0
Fe,0, 1.1 .3 n1.3 1.3 1.1
FeO 0.0 0.0 0.0 0.0 0.0 -
“MnO - 0.0 0.0 0.0 0.0 0.0
Ca0 -11.4 S 11.0 11.3 10.5 11.8
Na,0 5.5 56 5.7 6.0 54
K,O 0.5 0.6 0.5 0.6 0.4
Zn0 ' ' 0.0 0.1 0.1 0.0 0.1
Total ) 101.4 101.5 “101.9 Y102 101.8
Cations on the basis of 8 oxygens . ' ‘
Si . 2.437. - 2.450 2.446 2.473 “2.418
Ti 0.008 0.012 0.010 0.014 0.008
Al + 1520 1.498 1.500 1.475 1.535
Fe’ - 0.038 0.045 0.043 0.043 0.038
Fer . 0.000 0.000 ¢ 0.000 0.000 0.000
Mn = 0.000 . 0.000 0.000 . 0.000 0.000
Ca ' 0.548 0.532 0.542 ¢ 0.508 0.57
Na 0.41¢ 0.424 0.423 0.447 0.40.
K 0.027 - 0.033 0.030 0.033. 0.021
. Zn 0.000 .0.002 0.004 0.000 0.005
End member percentages -
An 55.3 53.9 54.7 51.4 57.6
Ab 42.0 42.8 . 42.3 45.3 40.3
or 2.8 3.3 T 3.0 3.3 2.1



Sample C11/8/7

PL1G-RD
Major oxides (wt.%)
Si0, es \E 1.8
TiO, . 0.2
" ALO, . 29.9
Fe,0, 1.0
FeQ 0.0
MnO -~ 0.0.
Ca0 131
Na,0 *4.4
K,0 0.3
Zn0 - 0.2
Total 101.0

Cations on the basis of 8 oxygens

Si 2.354
Ti 0.006
C Al 1.603 .
Fe’ 0.036 -
- Fe? 0.000
Mn . 0.000
Ca _ 0.837
Na - 0.334
K . 0.020
Zn . 0.007

End member .percentages .

An 64.5
Ab 33.5
Or . ,i 2.0

294

_Tabie B-5 (continued): PLAGKOCLASE

Dragon's Tongue (distal) to Kostal Lake (soffth cone)

11/8/7  11/8/7  29/7/6  29/7/6

PL2G-RD :  PL3G-RD  -PL1R-KL PL2G-KL
515 ' - 51.0 8527 4  B3.2
0.1 0.1 0.1 0.2
30.4 30.4 298  , - 294
1.1 0.9° 1.0 1.1
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
13.6 13,7 12.9 12.3
4.1 4.1 4.8 5.1

0.3 0.3 0.4 0.4
0.2 0.1 0.0 0.0
101.3 100.6 1017~ 101.8

2.335 2.327. - 2.376 2.395
0.004 0.005 - 0.003 0.006
- 1.623 1.636 . 1,582 1.563
0.038 0.030 0.036 0.037"
. 0.000 0.000 ~ 0.000 0.000
0.00 0.000 . 0.000 £ 0.000
o.es% 0668  0.624 0595
0.313~_ 0312 0.359 0.384
0.017 0.017 0.022 0.023
0.006 0.004 0.000 0.008
, 66.8 % 67.1 < 62.1 59.4
31.4° 312 35.7 38.3
1.7 % 1.7 2.2 2.3

‘,n
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-' ( o A Rl
\ -~ Table B-5 (continued): PLAGIOCLASE

,5 - Kostal Lake (south cone) to Kostal Lake (older lavas)
Sample 29/7/6 2?1/8,/8 31/8/8 ~ 31/8/8 :
° PL3GKL PL1CKL PL 1R-KL PL3G-KL c T
‘ Major oxides, (wt %) ‘ .
Si0, : 53.0 52.7 ‘ 53.8 53.1
TiO, ' 0.2 0.2 0.3 : 0.2
AI,O3 29.3. - 28.9 . 293 . 298
Fe,Q, .~ , 1.2 - 1.3 1.3 R P
FeO' . 0.0 0.0 0.0 0.0
MnO . 0.0 - 0.0 0.0 0.0 !
Cé0 - 125 13.0 12.2 12.7
Na,0 - 4.8 4.5 5.1 4.9
K,0. 0.3 0.4 0.5 0.4 ;
Zn0 0.0 0.1 0.2 0.2 50
Total 101.4 102.2 102.6 102.6 40
Catiohs on the basis of 8 oxygens ‘
Si 2.394 2.368 2.405 2.375 . ‘
Ti A 0.006 0.007 0.008 0.008
Al ‘ 1.562 1.581 1.544 1.578 .
Fe’- 0.040 - 0.045 0.043 0.038
Fe : 0.000 - 0.000 0.000 0.000
Mn 0.000 0.000 0.000 0.000
Ca 0.604 0.627 0.586 =  0.611
Na . 0.370 . 0.339 0.377 -~ 0.367
K . 0.018 0.021 0.028 0.024
Zn 0.000 0.004 0.005 0.006
: ‘ ) N
End member percentages
An . 60.9 - 63. 59.3 61.2
Ab 37.2 , 3472 37.8 36.4
2.4

Or 1.8 2.2 . _ 2.9

ped
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Plagioclase analyses comprise major oxide concentrations, cation numbers of each ionic
species, recalculated on the basis of eight oxygen anions and the molecular percentages
of end members. Analyses are in the order given below; on each page is a subheading
listing the centres described thereon. Groundmass plagnoclases from: the host lavas are
included for“'comparlson The source of each analysis is identified by the two-letter
suffix, "and- is plotted -on each dlagram of this work with the approprlate symbol, as
follows -

Suffix 'Symbo! Unit

ST

SM L ® - SpanishMump
SB. ki ‘Spanish Bonk
A Hyalo Ridge .
X Spanish Lake Centre
SC Flourmilt Centre
PY -+ _  Pyramid Mountain -
SP X “Spahats (Second Canyon dyke)
RM Y] Ray Mountain
RR St Ray Ridge ~
RC . # ' Pomted Stick Cone
R A Dragon’'s Tongue
.RP A . Dragon's Tongue (prommall
RD A \,‘Dragon s Tongue: (dlstall
o) ostal Lake
KP 0] .ostal Lake (older Iavasl
KN - - 0.- - i{Kostal Lake (north cone)
KS 0 Kostal Lake (south cone)
KT T 0

Kostal Lake (lava tube) : -
" Analytical precisions for every ele‘ment.'ehalysed in plagioclase are listed below at the -
99% confidence level, as a percentage of the total concentration of that element. i.c. =
“insufficient concentration. Analyses which are poor in. quallty but wh|ch give an
' approx:mate composition are labelled thus 1
Na. . - 3
Al - ) : . 1.
K ’ S o - . B
. o » - 1
‘Ti i
Mn_. _ : ‘ ) o ) i . .
Fe .- . . : S : 6.1 - i,

Sample numbers comprlse three parts mterpreted as follows : o s
 26/8/3X) CPLIXCMR - -SEQf‘
f

_Sample number (X if - PLaglocIase 1(X if xenocryst) Suite sdffix
xenolith) . Core. Median or Rim : '



Sample- - 4/8/17X
. PL1C-SC?
Major oxides (wt.%)

.Si0, a
TiO,
A0,
Fe,0,
FeO
MnO
Ca0
Na,0
K;0
Zn0
"Total

Si :
Ti.
Al
Fe¥*
Fe?
Mn
Ca
~Na
K.
Zn

Cations on the basis of 8 oxygens

An
Ab

© Or

60.8

N
3
o

T ewoUwooh,

@

0O—~N®OOO

2.683
0.000
1.307
0.013
0.000

0.000

0.327

0.552

0.056

»~

0.003_

35.2
58.8
6.0

End member percentages

4/8/17X
PL1R-SC

58.3

OOONLOOORO

N
o1

2.586
0.000
1.382
0.022
0.000

0.000
0.414

0.530
0.047
0.004

42.0

53.3
4.7

OOO~NNOOO

—

4/8/17X
PL2C-SC?

59.8

N
On0O
(]

S Lomwook

—_
w

‘26m

0.000
1.302
0.013
0.000

0.000

0.378
0.558

0.048 -

0.004

orWw

4/8/17X

PL2M-SC

55.9

N

COPHOE
Nomogoom,o

N
R

. .
o000,

2.492
0.000
1.487

-+ 0.020

0.000
0.000
0515
0.445
0.036
0.000

DO
P
DUN

14/8/17X

'PL3C-SC
59.4
0.1

N
o
w

Nomwuosoowg

QO0ON®POOO

2.623
© 0.004
1.348
0.024
0.000
0.000
0.383
0.564
0.048

. 0.000

[S N %]
Som
Oy



Sample 4/8/17
PL1G-SC!
Major oxides (wt.%)
Sio, - _52.3
Tio, 0.1
Al O, 30.7
Fe,O, 1.0
FeO 0.0
MnO 0.0
Ca0 13.
Na,O 4.0
K,0 0.4
Zn0 0.3
Total 102.3

Y

4/8/17
PL2G-SC

Cations on the basis of 8 oxygens

Si

Ti -
Al
Fe’*
Fe!
Mn'
Ca
Na .
K

Zn

An
Ab
. Or

2.344
-0.005
1.621
0.033

. 0.000

0.000
0.654
0.295
0.023
0.010

End member percentages
' . 67.6

30.1
24

2.398
0.010

1.547 .

0.043
0.000
0.000

- 0.592

0.367
0.035
0.006

4/8/4X
PL1C-SC!

&)
(o2}
N

O o0
CeN— L 000N

0]

)
<l

—
COO0 !

4/8/4X

PL1R-SC
56.4

8

NS

OM5000
2O OO0 W

QOO m

- w2.508

0.008
1.466
0.020
0.000
0.000

0.484 -

0.452

0.043

0.004

IS
o ©
Poo

4/8/4X
PL2C-SC

5]
oPPCPxLnm
TN 00N Win

~

— )
ooocolo

coouw

2.485
0.008
1.488
0.022
0.000
0.000
0.507
'0.428

0,038
- 70,005

O
DN
O

*
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- Sample 4/8/4 4/8/4 4/8/4 14/8/9X" 18/8/9X
PL1G-SC PL1R-SC - PL2G-SC PLIC-RP =~ PL1C-RP
‘Major oxides {wt.%) . LT o oot
SiO, 51.9 517 524 - B42 ~ . 545
©TiO, a4 0.0 -0y . 0 v 0.0 0.1
- YALLO, 308 - 311 30.4 29.0 - 28.7
Fe,0, 0.7 . 0.8 - 0.9 ¢ 0.4 04
© Fe0 0.0 0.0 0.0 0.0 - 0.0
-~ MnO - 0.0 .00 0.0 "~ 0.0 0.0
Ca0 "13.8 < .138 13.2 11.3 111
Na,0 4.1 4.0 4.4 ‘5.4 5.6
K,O 0.3 - 0.3 0.3 0.6 0.6
Zn0 0.1. 0.2 . .0 0:1 . 0.1,
Total 101.7 102.2 . 101.8 - 100.9: * 101
Cations on the basis of 8 oxygens = " . . :
Si - : 2.339 2.323 12,357 . 2447 © 2457 ..
Ti 0.0000 - 0.004 -+ 0.004 0.000 ' 0.004
Al 1.639 1.647 -+ 1611 1.544 1.528
Fe’: 0.023 :0.027 . 0.032 0.013 © 0.013
. Fer - 0.008 .0.000 - . 0.000 0.000 - 0.000
Mn - 0.000 :0.000 '0.000 - . 0.000 . 0.000
Ca o . 0.665 0.6700 . _ 0.639": 0.547 - . 0.538
~Na 0.304" + 0.301, 0.330 0.407 + - 0.418
K 0.016 - . 0.016: 0.018 0.032 - - 0.032
Zn 0.004 - - 0.007 0.004+ 0.004 . 0.005
End member percentages o S ey
An 67.6 68.2 65.1 55.7 - 54.6
Ab . 308 . - 303 33:4. 41.1 #4421
Or ' 1.7~ . 16 6 3.3 3.2



.. . “ -7 Dragon's Tongue (proximal)
T ‘ - ) ) 9> E -
Sample 14/8/9X 14/8/9X 14/8/9% 14/8/9X 13/8/1X

, PUC RP PL1R-RP PL2C-RP PL2R-RP PL1C-Ri¥
Major oxides (wt‘igs ' I e S
Si0, ‘548 5b4.2 - 56.5.0 85.0
TiO,. . : 0.1 .0 0.0 - 0.0
AlLO, - 29.8 29.0 27.4 - 28.4
Fe,0, . - 0.4 - 0.4 0.2 0.3
FeO. - ’ 0.0 0.0 0.6. 0.0
MnO 0.0 0.0 Q.0 .. 0.0
Ca0 . 12.5 11.4 8.6 116
"Na,0 49 5.3 6.6 - 5.6
K,0 2 0.4 0.6 0.7 0.4
Zn0 0.0 , 0.0 0.1 0.2
Total B 101.0 1008 101.1 102.4
Cations on the basi J 8 oxygens L -
Si 2.449 -~ - . 2541 2.452 2.449
Ti ‘ 0.004 0.000 ° 0.000 0.000 - 0.000
Al SN 1.591 1.542 1.451 1.540 1.543
Fe’ 0.015 - 0.015 '0.007 0.012 0.008 -
Fe? . 0.000 .0.000 0.000 0.000 . 0.000
-Mn - 0.000. 0.000 0.000 0.000 0.000
Ca 0.606 - 0.551 0.461 j 0.545 0.552
Na ' 0.366 0.401 - 0.491 . © 0.413 0.413
K 0.026 0.033 - 0.043" 0.029 - 0.022
- Zn o 0.000 0.000 - 0.003 0.003 . '0.005
, A\, :
- End member percentages ' ’
An 60.7 56.0 46.5 - B5.4 . 56.2
Ab - 36.7 40.7 49.2 41.7 41.6
Or 2.6 - 3.3 4.3 29 . 2.2



B ‘Dragon's Tongue {proximal)

Sample Cf3/8/1X  13/B871X ° 13/8/1X .. 13/8/1 13/8/1
- PLIR-RP Pt?C-RP .. PL2R-RP PL1G-RF’" - PL2G-RP

Major oxrd’ds (wt % . CERE :
Si0, : 55.7 56.6 - B7. 54.6 52.4 -
TiO, - 0.0 - 0.1 » 01 . 7 0.3 0.2
AI;Q3 \ . 28.8 28.2 281 29.1 30.1

. Fe,0, ey 0.3 0.3 0.5 1.07 1.0
FeO < 0.0 0.0 U 0.0 0.0
MnO . - 0.0 0.0 0.0 0.0 - 0.0

. Ca0 10.8 - 101 9.9 114 12.8
Na,0 6.0 .65 6.8" - 5.5 4.6
K,® 0.5 0.5 0.5 - 05 0.4
Zn0 © 0.2 0.1 - - 0.2 .01 0.0
Total 102.3 102.4" 1028 . 102.5 101.4
-.Catnons on the ba5|s of 8 oxygens ‘
Si : . 2.481 , 2.512: - +23435 2 365
Ti : .0.000 . 0.004: 0009 0.008 &
Al 1.509 1.47F 1.830 1.602
Fes- " 0.010 - 0.011° -~ Q.033 0.032
Fer - 0.000 - 0.000 - L-8.000 - - 0.000
Mr o 0.000 ~ 0.000 © D.000- 0.000 *
Ca . 0516 | 0.478 0.543 0.621
i\ . 0.446° - 0.480 0410 ~ 0.346
< - -0.027 0.029 0.030 - 0.022
Zn 0.008 0.004 0.004 ° -0.000
End member percentages ’ ' ’
An . 525 ' 48.7 479 - 55.4 62.8
Ab 44 8. 48.4 L4901 415 35.0
Or E 2.7 - 29 30 . 3.1 2.2



rawvivc O~ 7
Major element concentratlons in o)crde
Oxnde analyses comprise major oxide . concentrations, cation numbers of each ionic
species, recalculaed on the basis of four or three oxygen anions, as appropriate, and
. the mole fractions of appropriate components. Analyses are in the order given below;
on each page is a subheading listing the centres described thereon. The source of sach
. analysis is identified by .the two-lstter suffix, and is plotted on each dlagram of this

" RP

work with the approprlate symbol, as follows: N .
: SUffIX ‘ Symbo1 Unit '
S\ - # Spanish°Mump
sB . E3 Spanish Bonk X ‘
ST @Al Hyalo Ridge T
SL X ‘Spanish Lake Centre : o
sC - . . Flourmill Centre : v ,

- PY + Pyramid Mountain ' ' v
SP o, . X Spahats (Second Canyon dyke) ' :
RM I . Ray Mountain :

RR * . Ray Ridge
RC # Pointed Stick Cone
R A Dragon's Tongue

‘ A Dragon's Tongue (proxnmal)
RD - A Dragon'’s Tongue (distal)
KL. -0 - Kostal Lake
KP 0 Kostal Lake (older lavas)

KN 0 Kostal Lake (north cone)
KS 0 Kostal Lake {south cone)
(OO

KT - Kostal Lake (lava tube)

Analytical precnsnons for every element analysed in .oxide are listed below at the 99%
. -confidence level, as a percentage of the total concentration of that element:. i.c. =
insufficient concentration, n.a. = not analysed. Analyses which are poor in quality but
~ Which give an approxlmate composmon are labelled thus: 1.

Element . ’ Spmel ‘ Magnetlte ' , Ilmenite
Mg . ‘ . 341 4.3 ; 4.1
Al T 26 - 3.0 2 4.8
Si 40 45 ™ - i.c.
Ca - n.a. 6.3 ‘ i.c.
Ti 3.0 1.3 1.0
Cr 1.7 - 3.2 i.c. .
Mn 5.9 5.9 7.8
"Fe 1.1 2 0.8 1.2
Ni 7.2 i.c. AN
-Zn i.c. [ ri.c. i.c.

Sample numbers comprise three parts, interpreted as follews :

26/8/3X - OX1XCMR - sB
. Sample number (X if - OXide 1 (X if xenocryst) - - Suite suffix
xe‘holith) : ‘ Core, Madian or Rim I



T Zn0

Sample 26/8/2 - 26(8/2 - 26/8/2
' & O)é1 G-SM O%S/{G-SM - OX3G-S™M
s pinel pinel Spinal -
Major oxides (wt.%) . \

sio, - . 04, 0.3 . 04

TiO, 165 - 185 - 152
ALO, - 5.6 5.3 6.1

Fe,0; 31.0 289 30.4

. FeO .. 38.2 40.8 38.0
MnO 0.2 0.3 0.4

Mg0o . 5.4 5.3 5.4

Ca0 » 0.2 0.2 0.2
" Cr,0, 1.6 " 0.1 .45 .

0.0 - 0.0 0.0

NiO 0.0. 0.0 0.0

100. .8 00.

. Totual

(o}
(o]
. O
o

" Catiohs on the basis’of oxygen present /\)

Si 0.014 ~  0.010 0.01
Ti ' - 0.438 - 0.492 - 0.39
Al 0.232 -0.221 0.25
Fe - -0.821 - 0.770 0.80
Fe _ 1.154 1.207 1.11
Mn . 0.007 0.008 - 0.07
Mg .- 0.284 0.281 0.28
Ca. - - - 0.006 0.007 0.00
Cr - 0.044 - ~ 0.004 0.12
Zn ., 0.000° 0.000 0.00
SN 0.000 - 0.000 - 0.00
- Concentrations of trace components o
X(usp) - 0.485 " 0.524 0.486

x(itm) ©o'n.a. n,a. n.a.

OOWUAW =200 H

Table B-7 (coritinued): OXIDE

Spanish Mump to Spaffshﬁonk

26/8/2
0X4G-SM
Spinel:

e
4o
oW

cococovo@lu
OOV W,; o+

[ (o]
.

. 0.011
0.458 .

-0.225

0.823 " -

1.158
0.008
0.293

0.010..

0.013

0.000:
0.000 -

0.484

- n.a.

- 26/8/3"
OX1C-SB
limenite -

0.3 7.
53.9

w
awo
PRI N

Cooorn—o;

(o]

’,“

90000 N~

0.007
- 0:g61
- 0.007 .
0.058
0.683
0.020°
0.250
.0.005-
0.000
- 0.000
"~ 0.000

n.a. ’
0.960



Table B-7.(continued): OXIDE
Spanish Bonk' to Hyalo Ridge

9
_Sample’ .26/8/3 26/8/3 26/8/3 26/8/3 23/8/2
: . . 0OX2cC-sB OX1C-SB OX2C-SB . 0OX2C-SB  OX1G-ST

: i -limenite _limenite limenite . Spinel’ - Spinel
Major oxides (wt.%) ' o : ‘ )
‘Si0, - S 03 - 03 - 0.3 - 0.3 , 0.4
To, .. . - bB2.2 54.0 52.2- ~ ° 18.7. - 2.7
Al,O, 0.4 . 0.2 0.4 2.6 17.6
Fe,0, 5.6 45 6.6 29.2 14.4
FeO '35.7 33.9 348 426 19.6
MnO - 0.7 - 1.0 - 0.7 0.5 0.4
MgQ0 - ' 5.9 7.7 .6.4. 3.6 . 11.0 .
Cal 0.3 0.2 0.3 0.2 04 -
Cr,0, 0.3 0.0 0.3 0.6 32.7 -
2Zn0 - 0.0 ;0.0 0.0 0.0 0.1
NiO 7 00 0.0 0.0 0.0 0.0
Total 101.2 101.8 102.0 98.3 . 98.4
R . . X ) ) . . ,' . . ‘ T, a
Cations on the basis of ox_ygen‘f:resent g S S
. Sik - - 0.007  0.006 - 0.007 - 0.010 , 0.013
o 0.935 . ! 0,951 0.927 - 0.519- - 0.066
Al ¢+ 0.010 ', ¢ 0.007 0.010 0.113 0.665 -
Fe» , 0.100 ~ 0.078- - .+ 0.118 0.810 - 0.348
. Fe® 0.711 . 0.664 0.687 1.311 :0.525
Mn . -0.014  0.020 0.014 - 0.015 0.011
Mg ' -0.210 4y 0.288 -+ 0.227. "0.196 0.526
- Ca - 70007 - 7 0.005 - 0.007 +0.006 0.014
- Cr. 0.005 - - -0.000 0.005 '0.018 -0.828
Zn - '0.000 - &bBO - 0.000: : 0.000 0.003
Ni : o 0.000. 0.0000 "~ 0.000 0.000 0.000

an'ce‘ntrations of trace compc'ahents ‘ : S ' o
X{usp) n.a. n.a. . n.a. 0.530 - 0.642
xiim) . . . 0933 ¢ 0.944 . 0.920 _n.a. n.a.

. ) L : . o '



 Sample . . 23/8/2
R OX2G-ST  OX1C-ST

Major oxides (wt %)

Sio, 0.4 0.4
' TIO2 , 2.4 10.0
"AlLO, . « 18.4 2.6
Fe, 0y - %3.8 - 4gé
FeQ 0.4 . 38,
MnO - 0., . .kO.Z
MgO 10.8 . 1.8
-Ca0 . 0.1 0.1
Cr,0, , 33.26 gg
Zn0 0. = 0.
NiO 0.0 - - 0.0
100.6 101,

Total®

A N
C -

Cations on the basns &f oxygen present

Si . 1 0.014 0.015
T 0.057 0.274
Al . 0886%  0.10

Fet 0.329 - 1.250
Fer 0538 1.173
Mh 0.013 0.005
Mg - 0.509 © 0.105 -

. Ca ..0.005 © 0.006

" Cr 0.842 ~ 0.063
Zn ©0.005 - 0.000
Ni 0.000 . 0.000

Concentratlons of trace compoqents

X{usp) 0.665 .0.307

x(|lm) - ' n.a. ‘ n.a.

b4

23/8/6
Spinel Spinel

~

-

Table B-7 (continued): OXIDE

PR Hyalo Ridge
23/8/6 z23/8/6 23/8/6
OX2C-ST  OX2C-S7 OX2C-ST -
Spinel limenite limenite
0.3 11 1.1
- 8.8 . 485 485 -
2.7 0.7 0.7
7459 . 8.6 S
36.5 35.5 35.5
0.2 0.4 . 0.4
24 4.8 4.8
.05 0.3 - 0.3
1.9 0.2 0.2
0.0 0.0 0.0
. 0.0 0.0 0.0
100.4 101.2 100.8
0.011 0.027 - 0.027
0.270 0.875 0.878
0.117 . 0.020 0.020
1.267 0.173 0:165
1.119 *0.712 -0.716
' 0.007 0.008.  0.008
. 0.133 0.173 0.173
0.021 . 0.008 0.008
- 0.054 - 0.004 0.004
0.000 0.000 0.000 .
0.000 . 0.000 -0.000
0.282 - n.a. : n.a..

n.a. - 0.888 - 0 893



| " Table'B-7 (continued): OXIDE
v - Hyalo Ridge _

- Sample - 23/8/6 23/8/6 23/8/6 .23/8/6 23/8/6
OX3C-ST OX4C-ST  OX4C-ST OX5C-ST OX5R-ST
o Spinel Spinel limenite Spinel 7 Spinel
. Major oxides (wt.%) . : .
Sio, . 0.4 0.4 0.4 0.5 0.5y -
TiO, ' 9.2 99 50.2 - 12.7 125
“ANO, - 2.8 2.9 0.3 2.8 2.7
Fe)0, 46.3 44.0 8.0 36.5 35.9
Fe o 364 37.1 36.0 . 386 38.0
Mn 0.2 0.3 0.5 - 0.3 0.4
MgO 2.6 2.4 4.9 3.3 3.2
caO - 0.2 0.2 0.3 . 0.2 0.3
Cr,0, 25 3.3 0.4 6.0 5.7
Zn0 0.0 0.0 6.0 02 © 0.0
NiO 0.0 0.0 0.0 0.0 . 0.0.
Total 100,4 100.6 101.0 100.9 99.2 f
~ .
Cations on the basis of oxygen present - :
Si . 0.015 . . 0.01 0.008 ¢ 0.017 0.019
Ti . 0.252 0.277 0.910 |, 0.344 0.346
Al 0119 0.124 0.007 7 o0.11& 0.116
Fe* 1.295 °©  1.208 0.146 0.990 0.990
Fer* - ° © 1114 1.13¢ *  0.725 1.164 1.166
Mn 0.006 0.010 '0.010 10.008 0.011
(Mg 0.140 0.133 0.176 . 0.176 0.177
Ca : 0.008 - 0.009 0.008 -, - 0.008 0,011
Cr 0.072 .  0.096 0.008 0.170 - 0166 .
Zn ~0.000 . . 0.000 - 0.000 0.005 NTHY0
0.000

Nio 0.000 o ' 0.000 - 0.000 0.000

Concentrations of trace compdnéats oo .o
Xsp)? 0.276 , 0.311 n.a. - 0411 . 04N
x(ilm) - na. n.a. 0.908 . ha o n.a.



: ;{Sample 23/8/86, 23/8/6
o OX6C-ST "OX7G-ST
. Spinel Spinel
' Major oxides (wt.%) : :
Sio,’ 0.5 0.5
TiOz 8.9 15.9
AlL,O, 2.4 2.2
- Fe,0, ¢ 476 35.5
- FeO 37.1 41.7 -
MnO 0.2 0.2
MgO 1.7 2.8
Cal 0.3 0.4._
Cr,0, 0.9 0.2
Zn0 0.0 0.0
“NiO 0.0 0.0
99.5 98.5 -

Si - 0.018 0.019
Ti 0.249 0.440
Al 0.104 0.096
Fe - 1.335 0.980
Fe ~ 1.156 1.282

“Mn_ ~0.007 © 0.007 -
Mg 0.094 0.156
Ca 0.011 0.015.
Cr 0.026 0.006
Zn - 0.000 0.000

0.000

Ni . ,0.000 EET
Concentrations of trace ccr'ﬁponents

X(usp) , - 0.204 0.444
xlilm) n.a. n.a.

Total %g ) :
Cations on“tHe Bdsis of oxygen present

23/8/6
OX8C-ST
Spinel -

w
©

cCOoOMOoOWo

. A2 PO N
R

Table B-7 (continued): OXIDE

_Hyalo Ridge
23/8/6 . - 23/8/6
0OX9C-ST QX1OC ST
Spine! Spmel
04 - 04
W 10.4 8.
2.6 2.8
45.1 40.1
38.2 35.4
0.3 0.3
2.1 2.6
0.3 0.1
1.4 8.4
..0.0 0.0
0.0 . 0.0
100.9 . 98.6
'0.015 0014
0.287 0.240
0112 0.124
1242 1.122
1.168 1.099
0.010 0.010
©0.115 0.141
*0.010 0.004
0.041: 0.245
0.000 0.000
~0.000 0.000
0.306 0.342

n.a. n.a.



Sample

Si0, . 0.4
TiO, - 10.6
ALO, % 2.8
Fe,0, 42.2
FeO 37.5
MnO 0.3
- Mg0 2.6
Ca0 0.3
Cr,0, . 3.9
Zn0 0.0
~ NiO 0.0
" Total 100.6

23/8/6

: OX11C-ST .
Spi
Major oxides (wt.%)

23/8/6
OX12C-ST

Spinel -

- 0.3

L

wH
OpnNO
ou—9P

OCoouvasmi,:

(83}

-l
9ooNO -0

—

Cations on the basis of oxygen present

\

0.012
0.268
0.093 -

* 1.275
1.202
0.008
0.066
0.004
0.072
0.000
- 0.000

Si 0.013
Ti .- 0.290
Al - 0.122
Fe’ 1.159

~Fer ) 1.144
Mn / 0.008
Mg : 0.140

. Ca o 0.011.
Cr . ' 0.112
Zn 0.000
NI o ~ -0.000.

3. A:

.Concentrations of trace components
X{usp) 0.335

x(ilm) . - n.as

r

0.311
n.a.

23/8/6
OX 13G-5T
Spinel

w
»

TooUSwwW i,

-
(e o]

H

coowowoX

Table B-7 (continued): OXIDE .

- Hyalo Ridge
. . Rt . )
23/8/12 23/8/12
SP1XC-ST SP1XR-S7

Spinel - Spine!
0.3 0.5
2.9 23.1
18.2 2.1
13.5 18.1
28.2 49.6
0.4 0.4
58 20
0.2 0.3
30.9 3.8
0.1 0.0

© 0.0 0.0

~100.6 83.8

0.070 © 0.017

0.072 0.634

0.704 *. 0.090

0.333 0.489

0.772 1.517

0.010 0.013

0.290 9.110
0.008 0.012.
0.800 - 0.109
0.002 . 0.000
0.000, 0.000
0.727 0.718

n.a. n.a.



Sample ‘ 23/8/12

OX2C-ST

a iimenjte
Major oxides (wt.%)
Si0, 0.3
TiO, - 49.6
ALO, ~0.4 .
Fe,0, . 8.7
FeO 415
MnC 0.5
MgO 1.5
Ca0 0.2
Cr,0, . 0.0
Zn0 0.0
NiO 0.0
Total 100:7

23/8/12
0X3C-ST
- Spinel

0.5
245

. ) (6 N
coco—ofg-~
R (DOOOQ)O(ﬂme

o
w

Cations on the basis of oxygen present

Si 0.008
Ti 0.924
Al : 0.012-,
Fe’ ' 0.125 =
Fe® - 0.860.
Mn i 0.012 ';
Mg 0.05%
Ca 0.006 ~
Cr - 0.000 .
Zn , 0.000 °
Ni . 0.00Q%

N
PAPA

. P

0.017
0.682
0.054
0.547

- .1.618

' 0.015.
0.054
0.012
0.600

Concentrations oftrgéé ;;; Sivet

X{usp)

o nE "-{J-\,-ﬁ,;
x{itm} 0.832

IS
O ©b
“ooorOby,

N

23/8/12
OX4C-ST
" limenite

o
w

51.8

NO
N

Table B-7 {continued): OXIDE

23/8/12
SP5XC-ST .

Spinel

0.5
7

o

w -
ogomoJi:;
o—PPo_L

00O
OCoo;

0.016
0.066
10.730
0.320
0.758
0.012
0.309
0.003
0.786
0.000
0.000

0.731
n.a.

Hyalo Ridge .

23/8/12
SP5XR-ST
Spinei

o
(¢ o BN I

“oocodWRp,

coO®ONO
o N
B

—

0.017
0.582
0.145
'0:460
1.460
0.012
0121
0.006
- 0.195
0.000
0.000

0.733
n.a. -



Sample 23/8(12
BT SP5XR-ST OX6G-ST. .
N Spinel Spinel
Major oxides (wt.%) - o
Si0, - 0.6 © 1
TiO, ‘ 24.9 24,7
- AlLO, 2.5 15 .
Fe,0, s 1741 17.4
FeO 52.2 53.4:
MnO 0.4 . .04
“MgO 2.0 - 0.8
Ca0 0.3 - 0.5
Cr,0, 1.7 0.0 .
Zn0. 0.0 . - 0.0
- "NiO 0.0 0.0
101.7 988 -

- Total

Cations on the basis of oxygen present
. ) ) ‘O

23/8/12

y .

'0.060

Si 0.021 042
Ti - 0.670 0.684

Al 0.108 © 0.066

Fer 0.461 0.482
Fe . 1.562 1.647

© Mn 0.012 0.013

Mg 0.106 0.046

Ca . 0.011 . 0.020"
Cr 0.050 - 0.000

Zn 0.000° 0.000

0.000

>

Concentrations of trace components  *

X{usp)
- x(ilm)

s

0.741
n.a.

0.735
n.a.

5000000000

.23/8/12
OX7C-ST

Spinel

0.4
26.3

[ &1 N
Oppih
w

COO0OMmW—=~NO
d=NWNOOMD

o
o
o

n PO L
OB in i@

TooONWWR, ]

(o]

24/8/13
'SP1XC-SL
Spinel . -

Qoo

oo
o

310

* Table B-7 (continued): OXIDE
Hyalo Ridge to Spanish Lake .

24/8/13
SPIXC-SL

.. Spinel

. 16.3

6.8

~N
N
~

w

ooo0wWOoUIo

—
o
©

0.015.
0.424
0.279 -
0.583

- 1.154

0.013.
0.266

10.006

'0.250
0.000
0.000

0.611
na



Sample 24/8/13.

SP1XR-SL

o Spinel

Major oxides (wt.%) . -
Si0, . 04
TiO, . -~ 205
AlLO, ' 5.6
Fe,0, 20.8
FeO 44.4

MnO 0.4 .
MgO 4.6
Ca0 0.2
Cr,0, 4.3
- Zn0 0.0
NiO 0.0

Total - 101.3

24/8/13
SP2XC-SL

Spinel

0.3
-10.0

0.
2.
3.

WN —

[eX=X= iy
- 3 9
H

Cations on the basis of oxygen present

Si. 0.016
T 0.538
Al 0.228
Fe?* 0.547
} Feb R 1295
Mn- 0.013
Mg 0.238
Ca 0.007
Cr ‘ 0.118
Zn . 0.000
Ni : 0.000

0.012
0.256
0.415
0.579
0.943
0.013
0.305
0.007
- 0.471
0.000

10.000

" Concentrations of trace components

- Xlusp) 0.660
x{ilm) . n.a.

- 0.582

n.a. -

o0omOo
CooymNOU L mw:e

"24/8/13
SP2XR-SL
. Spinel

coorvoprofHN
TO0OONBU G o

(o .

0.013 -

0.572

0.203.
0.550

1.335
0.015
0.226
0.009
0.076
0.000.
0.000

0.665
n.a.

24/8/13

-SPAXC-SL -

Spinel

0.6
2.0

—_ -
ClUwo!

 ©

N0 L
b@“b“awwww

oo

0.016
0.043
1.325
0.282
0.406
0.007
0.633
0,003
07277
0.002
0.006

1 0.663
n.a.

3N

“Table B~7 (continued): OXIDE"

Spanish Lake

24/8/13
OX5G-SL
Spinel

o
o

oY e RN NT{ X¢/

~d .

coo~NOorOf

—_—

0.015
'0.484
0.254
0.534
1.237 .
0.015 .
0.2561 -
0.007
0.193
0.000
0.000

0.658
n.a.



N\

VT
WK W
B AL }" vt
3 G
Sample 24/8/13
' OXeG-SL . OX7G-SL IL1C-SL
Spinet. - Spinel limenite
Major oxides (wt.%) '
Si0, 0.4 0.5 0.5
TiO, 20.9 . © 241 . 53.8
AL O, 5.6 4.3 - 05 .
Fe,0, 20.3 183 1.0
FeO 44:7. 48.8 425
MnO- 0.5 0.6 - ~2 0.3
Mg 4.7 3.8 - 3.5
Ca0 0.1 0.3 0.0 .
Cr,0, . 42 0.8 0.0
© Zn0 0.0 0.0 0.0
NIO . : 0.0 - 0.0~ 0.0
Total S 101.4 102.7 102.0
Cations on the basis of oxygen present . .
Si . 0014 0.018 0.011
T . .. 0547 0.629 0.974
Al c 0.2 0.177- . 0.013
Fe’ - 0532 0.505 0.017
Fe? . S 1.300 1.418 0.855
Mn ° 0.014" 0.018 0.005
Mg - 0.243 0.201 0.124
Ca -~ 0.004 0.011 0.000 -
Cr _0.114 0.024 . 0.000
- Zn 0.000 . 0.000" ’> .. 0.000
Ni - 0.000 - 0.000.~ 0.000
‘ , ' 5.
ancenira of trace . components . :
X{usp) - 0669 . 0.688 ‘n.a.
x{ilm)’ EURDTR o Y- PR - na. 0.990

51.8.

IL2C-SL

limenite .

-0.5

)
g T
yow

90000 -0
"Ovoococom

312

Table B-7 (continued): OXIDE

Spanish Lake

24/8713 - 24/8/14CX 24/8/14CX 24/8/14

OXaG-SL
Spinel

Por W N
onTol
oYY

000 eIONO
. CQooNnbOm,

- N

-+ 0.020
0.555
0.208
:0.498
. 1.387
0.019
0.151.
- 0.017
0.146
0.000
0.000

0.702
n.a.



313
C o« % Table B-7 (continugt: OXIDE
: -, " . Spanish Lake o Floymill *
Sample 2¢/8/14  24/8/18 - 4/8/2  4/8/2 4/8/2
- OX5C-SL . OXBR-SL.  SP1XC-SC . SP1XR-SC 0X2G-SC
5 ' S‘Pinei Spinel " Spinel Spinel Spinel-
Major oxides &vt %ol . I . C [
Si0, 0.5 - 06 « 04 - 085 .. .05 . =
TiO; , 13.8 v '21.6 S 00 - .. 143 . 19.2 ‘
Al,O, 8.8 4.2 . 208 5.4 3.3
Fe,0, , 18.3 19.6 3.2 27.6 29.2
FRO™ ~ ° 40.0 "47.9 14.2 369 42.4
MnO 05 0.7 © 04 509 » 0.7
MgO. 3.5 23 ° 138 ¢ 5.4 - < 4.4
Ca0 0.4 - 0.4 . 0.1 0.3 0.3
Cr,0, 14.4 2.7 "47.2° 9.4 0.0
Zn0O 0.0 - 0.0~ © 0.0 . 0.0 0.0
NiO . 0.0 .00 - 0.0 0.0 0.0 .
Total 100.2 999 100.1 - 100.3 100.1
. - 7 “ .
Cations on the basjs of oxygen present : S coe T L
Si 0.017 0.020 L 0.01717 - 0.016 0.019
Ti 0.363 . .0.587 0.000. .  0.377 - 0.517
Al _ 0.362 . 0.178 . . 0.766 . ', 0222 - " 0.140
Fe’- 0.480 0533 . 0.074 .. 0.728 0.787
Fer 1.169 1.447 ~ 0.365 - - 1.083 . 1.269
Mn 0.015 6.020 ' 0.012 .- 0.020°° . 0.020
Mg 0.182 0.122 0.631, '0.280 - 0.235
Ca ' 0.014 - 0.017 0.003 . . 0.010 0:013 «.
- Cr 0.398 0.076° 1.148 ° . 0.262 ' + 0.000
Zn ’ 0.000 0.000 . . 0.000- . °0.000 - 0.000
Ni 0.000 0.000 0.000 0.000 - 0.000 -
Concentrations of trace components S ' :i , ‘
Xlusp) 0.686 0.681 = - 0.803 . 0518 ° 0.523

x{ilm) . n.a. n.a. na -‘* . na . n.a.



ey

[

Cxllm) n.a.

: 314

£ ‘ Table B-7 (continued): OXIDE
' , ~ Flourmill,
Sample - ;4/8/2 . 4/8/2 4/8/7 4/8/7 - 2/8/6 -
DR -7 OX3G-sC OX4R-SC - OX1G-SC 0X2G-SC = " SP3XC-SC
. . . Spinel Spinel " Spinel Spinel Spinel
Major oxides (wt.%) . ' :
Sio, S F 0.6 05 - 0.8 0.5 0.6
TiO, - T 183 14.6 26.0 25.9 « 200 4
Al O; 4 3.6 5.0 35 3.2 ‘ 5.6
: Fe,0, <& 303 31.0 154 - 16.2 24.3
FeO . ' 415 38.0 53.1 52.6 455
MnO @7 0.7 0.6 0.6 0.7 0.5.
MgO & 4.4 4.7 ' 2.1 2.1 3.7 -
CaO "~ ‘0.3 0.2 0.4 2.3 - 0.3
Cr,0, - , 0.1 53 « 0.0 0.0 1.4
Zn0 . 0.0 0.0 - 0.0 0.0 . - 0.0
NiO & 0.0 0.0 0.0 0.0 0.0
Total 98.8 100.0 101.8 101.56 101.8
~ Cations on the basis of ‘'oxygen present : ~ o
Si . 0.020 0.017 '0.028 0.018 0.020
ST 0.494 . ©0.389 0.693 0.696 0.526 -
CAR 0 0.150 0.210 0.146 .0.136 . 0.230
Fe’* |\, 0.818 '0.828 0.410 0.434°° 0.639
Fer® : 1.245 1.128 1.578 1.572 1.328
Mn . ©+0.023 ° -.0.019 0.018 0.021 ‘0.014
Mg . 0.235 0.251 0.111 0.11 0.192
.Ca 0.012 - 0.008 0.013 0.012 0.011 -
Cr ~ , 0.003" ..0.148 0.000 - 0.000 0.040
n - 0.000 0.000 0.000 0.000 0.000 -
SN 0.000 0.000 0.000 0.000 0.000 °
~Concentrations of trace components - ,
. X{usp) . 0.502 0.475 0.766 0.756 - 0.616

N . .
n.a. - na. ¢ n.a. n.a. -
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Jable B-7 (continued): OXIDE

’ N .
y @ , o Flgurmnl
‘Sample 2/8/6 2%/6": - .2/8/6 2/8/6" - 4/8/1
R OX1G-SC SP4XC-SC = - SP4XR-SC 0X2G-SC OX1C-SC
' Spinel . Spinel, ' @inel Spinel " Spinsl
Major oxides (wt.%) R . PR S A -
SiO, 0.6 - . 0.4 0.4 0.6 - 0.5
Tio, 195 2.1 20.2 206 - 26.9

fL0, ' 55 - 33.3 5.0 5.1 29"

‘5 Fe,0, 26.0. 10.9 ~24.4 243 14.1
FeO 447 19.4 45.8 46.9 51.6
MnO - - & 05 0.4 0.6 - 0.6 - 0.6

. MgO 3.8 12.8. 3.0 2.8 3.1

. Ca0 04 02 0.4 - 0.3 0.1
Cr,0, ‘ 1.0 o 21.3° - 1.2 0.2. 0.0
Zn0 ! 0.0 . 0.3 0.2 0.0 0.0
NiO- 0.0 - 0.0 0.0 -~ 0.0 0.0
Total 102.0 101.0 101.2 101.4° .99'8

Cations on the basis of oxygen present

. <
Si : . 0.020 - 0.011 0.014 0.020 0.017
Ti ©0.512 0.046 0.5638 0.548 0.730
Al ' 0.225 1.151 0.211 - 0.2N1 0.123
Fe¥ - . 0.682 0.241 0650 - 0647 = 0.384
Fe* . 1.306 0.475 . 1.358 1.388 1.559
- Mn 0.015 ~ 0.010 ~  0.018. 0.018 . 0.018
Mg 0.198 0561 0.158 0.149 . - 0.166 -
Ca - 0.013 -0.005 0.014 - 0.012 - 0.003
Cr 0.029 - D.495. 0.035- ~  0.006 0.000
Zn . 0.000 0.006 - . 0.005 0.000 4 0.000
Ni ~.0.000 - 0.000 . 0.000 .. 0.000 - 0.000
Concentratiors of:trace coniponents '
X(usp) -0.588 0.623 0.779
x(ilm). n.a. n.a. . na.

o



B

NE - 0.000

4/8/1

4/8/1"

Sample - ,
a ’ OX1R-SC SP1XC SC
: : Spinel . Spmel )
MaJor oxndes (wt.%)
SIO2 0.5 0.4
TiO, ' 27.4 i1,
‘AI,O, oy 2.2 27.3
Fe,0, 134 8.3
FeO 51.5 16.1
‘MnO - 0.6 04
MgO - 3.1 14.1
Ca0 - . 0.2 © 0.0 ,
Cr,0, 0.0 33.8 -
Zn0 | 0.2 0.2
NiO 0.0 0.2
Total ‘ 99.3 ,101.8
Cat|ons on the. ba5|s of oxygen present S
Si 0.020 0.013
7 - 0.749 0.025
AL ) v 0.096 0.950
- Fe’ S 0.366 0.185
Fe* - - 1.6867 © 0.398
Mn ‘ 0.018" 0.008
Mg . 0.170 .0.621 -
Ca «0.008" . 0.000
- Cr : 0.000 0.789
Zn L ~3.005 0.005
0.004

Cancentrations of trace components

- Xlusp) ‘
x(ilm) ’ n.a.

0.788 -

0.772

n.a.

478/t
0X2G-SC.

Spinel

07 -

20.5
3.6

N

o 0]

H
-

COOPOWO

0.026

0.545

. 0.152

0.579.
1.382
017
59
13
28
00
00

000000
QO —=-0O—

- 0.655

n.a.

: 3.1>6> :

Table B 7 (contlnued) OXIDE

A

FlourmxllJ

Y
¥ooa

4841 -
- OX3G-SC

Spinel

0.6
23.3
2.1

HN
TN,
wor

-~
oo

SooooNO;

¢

ooéo
,0.626
*0.089

0.599

1.464 -

0.019
0.147
~ 0.014 -
< 0.019
0.003
0.000

0.657
. n.a.

o,

"\5’}%#1 ‘

* OX4G-SC

Spinel
0.5

N
oo I

e

BNy,
oD

000 —0owo

P —_—

0.017.
0.617
0.102
0.580
1.439
0.019
- 0.160
0.018
0.039
0.000
0.000

0.658

n.a..
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: Table B-7.(Ccntinued): OXIDE
Pyramid Mountain
Sample . 13/8/10 - 13/8/10. .13/8/10 " 13/8/10 13/8/10
_ 7 - SP1XC-PY  SP1XR-PY . OX2G-PY = OX3G-PY  OX4G-PY .
' Spinel. Spinel - Spinel .. .~ Spinel Spinel
Major oxides (wt.%) - - - : . , - C S
Sio, 1.3 . 0.3 0.5 - 05" 0.4 .
- TiO, *3.8 16.1 . 19.6 18.3 © 22.0
- AlLO,. 34.2. .7.0 ..5.0 - 56 4.4
Fe,0, 18.7 282 27.7 28.3 Y237
-FeO 23.6 37.9 425 . " 41, © 442
MnO 0.3 -0.3 0.4 -0.3 0.4
MgO 12.0 6.2 - B.3 - 5.2, 5.4
Ca0 0.2 0.1 0.2 . 0.2 - 0.2 .
~ Cr,0,, 6.7 45 - 0.1 - 05 0.2’
ZN0 7 e 0.2 . 0.0 . 0.0 0.0 - 0.0 .
NiO - v 0.0 0.0 0.0 0.0 - 0.0
Total 101.2 210007 101.2 100.0 100.8°
. . . \c
- Cations on the basis of oxygen present . B
- Si .- 0.038 . 0.0t - 0.017 . 0.016° . 0.015
Ti . 0.085" 0:418 - 0.514 0.486 ©.0.579
Al ¥ 1.184 0.285 - 0.207 - 0.232 0.183
Fe3: . 0.414 - 0.734 0.728 .0.751 . © 0:625
Fe?: 0.580 1.096 1.240 1.212 = 1,294
Mn : 0.006 0.009 . 0.011 0.008 0.011 .
Mg : ' 0.525 0:318 0.273 - 0.272 .0.282
Ca - 0.007 0.005 0.0C8 0.009 0.008
Cr o 0.156 0.123 0.002" 0.013 --0.005
Zn 0.004 - 0.000 0.000 - 0£.000 -0.000
Ni ’ . .0.000 - 0.000 0.000 .9.000 - '0.000
Concentrations of trace c“bmponents L ' ' .
X{usp) . 0578 . - 0518 '0.548 0.532 - 0.613

n.a. na. . - ha. . na © na.
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4% Table B-7 (continued): OXIDE

. W . Ray.Mountain .,
: : ) Q 5y, : S : &é . ' ' ' %
Sample - 17/8/10  17/8/10°-. 1748/10 } 17/ 8 MoS il 2
o ~ OXIC-RM  OXiRRM ~ OX2G-RM " OX3G-RM - SXWgiNle.
- Spinel ~ -Spinel- " ®Spiriel - Spinel ™\ Gpin® ¥
Major oxides (wt.%) . I ¥ T
- Si0, : 0.5 0.4 0:4" - ‘o4 . Pos T
. TiO, 17.1. 18.8 . 22.45 19.3 - 16.7 ~ ¢
AL, 115" 8.3 - 5.7 . 6.8 8.3 -
Fe;0, 259 - 24.2 20.4 26.5 28.3
'FeO .37.6 39.7. - 445 - 406 .. - 37.6
MnO 0.3 0.3 0.4 0.3 e 03
‘MgO , . 7.6 69 . 5.2 6.3 3 89
ca0 -~ 01 - . 0.1 0.1 0.1 "o 02
- Cr,0, - 0.0 0.2 0.0 0.0 - 1.0 .
Zn0 0.1 0.0 0.0 0.0 0.0
“NiO 0.0 . 0.0 0.0 0.0 - 0.0
Total 100.7 100.1 *98.0 100.2.. 100.5 &
Cations on the basis of oxygen present - . - ‘ o
Si ' - 0.017 - 0.01% 0:.014 0.012 0.012
~Ti- . . 0430 - 0483  0.59 0.502 0.430
Al ‘ 0.455 0.376 0.237 0.281 0.333
" Fe* _ "~ 0.853 - 0.822 0.543 0.680 '0.754
- Fe?* o 1.053 1.133 1.320 1.176 1.076
Mn™ "o - 0.008  0.009 0.012 0.008 - 0.008
" Mg 0.380 . 0.352 - .0.273 0.325 .0.352
Ca 0.003 - 0.004 0.005 . .. .0.005 0.006 -
] Cr ‘ ' 0.000 . 0.006 .0.000 0.000 ©0.028
; %{) . - 0.003 - -0.000 -0.000 0.000 0.000
T ~ 0.000 0.000 - 0.000 - 0.000 0.000

‘Concentrations of tracé .components

Xlusp). ' 0.546 . ‘0.682 - - 0.663 - 0.555 0.497
x{lmj © - v  na n.a. o na. : n.a. - “on.a



|

’17/(8/2

N - 0.000

Concentratnons of trace components

X{usp) 0.516

- xlilm) ' n.a.

17/8/2

OX3G-RM

- Spinel

0.011
0.446
10.317

0.755

1.092
0.008 -
*0.350
0.006
10.015
0.000
0.000

Sample
. OXZG RM
Spinel
MaJor oxndes (wt. %) :
© S0, - 0.3:
TiO, co 18.3
ALO, 6.5
Fe,0, - 285
K/‘e% R 39.20
n
MgO .&5 
Ca0 ' 0.1 ...
Cr,0, Ce 0.0
Zn0 « 0.0.
NiO - o0
Total - 99.5
- Cations on the basis of oxygen present
Si - 0.011
Ti - .0.480 .
Al . . 0.269
Fe¥ - 0.748"
Fer 1.141
Mn - 0.007
Mg 0.338
Ca o 0.005
Cr 0.000
Zn 0.000

- 0.502
na. .

17/8/3

. OX1C-RM
Spinel KR

0.3

WO,y
owM:
mobm

CoOoOMNNIIO L}

000000

omz@
0.043
0.108
1.777
0.965
0.000
0.084

0.006

0.005
0.000
.0.000

. 0.041
n.a.

17/8/3
 OX2C-RM -

Spins!

0.3%

g ST
o\l(ﬂm

Q0000=0
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Table B-7 (continued): OXIDE

Ray Mountam _

171 8/ 3
0X3/1-RM
Spinsl



. Fer

&
A
Sample. _ 17/8/3 17/8/3 .
I . 0X3/2-RM ~ - 0X3/3-RM
- limenite Spinel
Major oxides (wt.%) . ' :
- Si0, 0.4 0.4
TiO, 39.3 6.1
. AlLOy 5.2 4.1
Fe,0, 25.3 53.6
FeO . 23.1 34.4
“MnO- 0.5 0.1
™MgO 6.7 2.5
Ca0 0.1 0.1
.Cr,0, 0.0 0.4
ZnO 0.0 0.0
"NiO 0.0 . 0.0
100.7 "101.6

= vTotal O

1Y

~Cations on the basis of oxygen present

Si 0.008 -~ 0.013
Ti .0.695 - - 0.166
Al 0.145 0.174
0.448 1.457
Fe 0.454 1.040
Mn 0.010 0.003
Mg 0.236 , 0.133
Ca —-0.003 0.004
Cr - 0.000. 0.010
Zn 0.000 0.000 .
Ni 0.000 0.000 -
‘o e s of trace components
Xwsp) n.a. 0:181
x(i'm) n.a.

0.665
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Table B 7 (continued): OXIDE -

: Ray Mountam
-17/8/3 17/8/ 11 17/8/ 11
OX3/4RM  SP1XC-RM  SP1XR-RM
limenite - Spinel - Spinel
0.4 0.2 0.2 N
38.4 09 , 0.9
5.2 52.5 52.2
27.0 11.5 11.4
22.4 21.8 21.7
05 . 0.2 0.1 «
6.7 ~— 12.5 12.4 -
0.1 0.0 0.0:
- 0.1 0.3 ’ 0.3-
0.0 . - 0.3 0.2
0.0 - 0.0 . 0.0
. 100.8 100. 2 : 99.4
. T
0.009 0.007 0.086
m0.6'79 0.018 0.018
0.145 1.706 1.708
0.477 0.238 0.237
0.440 0.503 0.505
0.010 - 0.004 0.003
0.234 ©.0.512 0.512
0.003 0.000 0.000
0.003 " 0.007- 0.007
0.000: 0.006 0.004
. 0.000 0.000 0.000
n.a.’ 0.750 0.751
0 644 n.a.

n.a. ..
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; ST e Table B 7 {continued): OXIDE
B TR . - Ray Mountain
Samplg, . -, - 17/8/11 17/8/ 11 17/8/ 11 17/817 171817
- ini, 7 OX3C-RM OX4G-RM .- OX5G-RM OX1C-RM  OX3C-RM
) Spinel / - Spinel Spinel - . Spinel - Spinel
Major ¢ = A%} : o ’ C
SiO, 0.4 0.5 0.7 - 0.4 04
TiO, 19.0 17.7 . 18.6 17.3 19.3
ALO, .50 - 44 4.1 2.8 2.6
Fe,0, 27.7 - 285, 28.9 31.5 28.1
FeO 141.2 421 43.8 43.2 45.3
MnO 0.4 0.5 0.7 . 0.5 0.5
MgO 5.2 4.2 35 2.4 2.3
+Ca0 0.2 - 0.3 0.3 " 0.3 . 0.2
Cr,0, 0.0 3.2 0.4 0.3 0.0
Zn0 0.0 0.0 0.0 0.0 0.0
NiO - 0.0, - 0.0 0.0 - 0.0 0.0
Total . 99.0 - 101.5 101.0 98.6 98.8
. . . & .
Cations on the baS|s of oxygen present - : ,
Si - 0.014 ., 0.018 0.024 0.015 0.016
Ti' © 0.608 0.468 0.497 0.482 - 0.537
Al 0.212 0.184 . 0.173 0.122 0.114
Fg’+ 0.743 0.75%5 0.773 0.878 0.781
Fer . . $1.227 1.239 .. 1.301. 1.338" 1.399
Mn - . 0.013 - 0.0186 . 0.020 ¢ 0.016 0.016
‘Mg - 0.276 -.0.220 ' 0.186-. Oﬂgl 0.129
Ca - 0.006 j_0011'/ 0.013 0.0%2 0.008
Cr " . * 0.000 - 0.08Q - 0.0%2 0.007 °~ 0.000 L
Zn - 0.000 - : 0.000 - " 0.000 0.000 0.000 <
‘Ni ' 0.000 , 0.000 -~ -.0.000 0.000 - 0.000 .7
é. - ‘"f" . p . S
- Concentrations of trace components ; ""’7 - : o
X(usp) 0.540 0. 538 Wg,‘o 539 - 0505 | 0561

xfilm) -~ na . -+ - 'ha. . na. n.a. 7 na.

. »
Loy Y



17/8/7

Sample
- OX4C-RM
. Spinel
Major oxides (wt.%) .
Si0, 0.4
TiO, # 20.4
AlLQ, 25
Fe,0, 25.9
- FeO +46.2"
MnO 0.6
MgO 2.3
Ca0 - 0.1
Cr.,0, 0.3
Zn0 0.0
NiO - 0.0
Total 88.7

17/8/7
© OX5C-RM .
Spinel

Cations on the basis 6f oxygen pres

Si 0.014
T ‘ . -0.569
Al 0.107
Fe’ - 0.720
Fea? 1.428
Mn 0.019
Mg 0.128

0.005

M 0.008 .

Zn. o 0.000
“Ni 0.000

Coﬁnc'en\rations of trace cafigoneits
. 0596 =

X{usp) L
x (i) o

“17/817
OX5C-RM
Spinel

0.4
18.8
2.4
28.7

H
FaY

oooONO

(e}
[o 4]

. 0.013
0.526
0.106

.0.803

1.397
Q.017

0:117
0.009
0.011
20.000
0.000
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Table B-7 (continued): OXIDE

®/8/13
OX1C-RM
limenite

0.3
o B1.7

o¥~No
“oocowhopW

S0000mO
N

—_

0.007
0.925
0.008
0.128

0.684 ™

0.016
0.225
0.007
0.000
0.000
0.000

n.a.
0.913

Ray:Mountain

17/8/13

 OX1C-RM-

~ Spinel "~ .
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Table B-7 (continued): OXIDE

. : ‘ Ray-Ridge to Pointed Stick Cone
Sample 18/8/9 18/8/9* ~  18/8/9 -18/8/9 : 18/8/4
: OX1C-RR OX2C-RR OX2C-RR OX5C-RC OX1C-RC

. Spinel limenite -Spinel ., limenite Spinel

Major oxides (wt.%) ’ .o T

Si0, 0.4 03 03 0.4 0.3
TiO, 22.7 53.8. 23.8 20.2 ‘ 18.6
AlLO, 2.2 0.3 ' 2.8 2.0 : 6.1
Fe,0, 23.4 3.0 19.8 ' 60.0 28.8
FeO 47.3 40.7 48.6 11.3 42.2
MnO 0.6 . 0.5 04 0.6 . " 0.5
MgQ 3.2 4.0 2.4 3.6 5.0
Ca0 0.2 , 0.2 0.2 0.2 - 0.0
Cr,0, 0.4° 0.0 05 0.7 0.1
Zn0 .0.0 2.0 0.0 0.0 . 0.0 .
. NiO 0.0 0.0 0.0 « © 0.0 - 0.0
Total 100.3 102.8 . 99.8 88.0 s 101.6

, . . |
. Cations on the basis of oxygen prggagt T v

Si 0.013 007 0.012 0.009 - 0.011 ~
Ti : 0.617 0.962 . 0.650 .0.384 . 0.485
Al . 0.095 ~ 0.008 §,0.121 0.060 *0.250-
Fes: 0.636 <~ 0.053 -0.542 - 1.140 0.756
Fe- 1.431 0.810 1.509 0.238 1.225
Mn 0.018 0.011 0.013 . 70.013 0.014
Mg 0.175 0.143 0.132 ~0.137 _ 0.257
Ca 0.006 '0.005 0.007 0.006 . 0.000
Cr - 0.010 - 0.000 0.013 - 0.013 0.002
Zn ~ 0.000 0.000 0.000. - 0.000 0.000
Ni L \0.000 ~ 0.000 0.000 0.000 0.000

Concentrations of trace components '
X{usp) 0.635 n.a. 0.696 na. ' 0.536
_x{ilm} n.a. 0.968 n.a. 0.286° - na

EEA



Pointed Stick Cone to Dragon’s Tongue (proximal)

o xdilm) n.a: -

R

n.a.

Sample . 18/8/4 18/8/4 . 14/8/ 1% 14/8/1 -14/8/12 .
: : OX1R-RC ~ OX2C-RC - OX1C-RP#- OX1R-RP SP1XC-RP
< . - Spinel . Spinel Spinel Spinel Spine!

o Major oxides {wt.%) . ' : ,

' Si0, ' 0.3 0.4 0.4 0.3 0.3
Tio, . 17.9, 16.2 5. 5.8 - 1.0
Al;0, 6.1 1.7 7.6 7.7 . 45.7
Fe,0, 29.2. " 34.6 51.2 50.1 18.3

. FeO ° 41.0 415 - 335 32.4 23.5
MnO 0.4 0.2 0.2 0.2: 0.3
MgO 4.8 . 2.8 2.7 3.7 10.7
Ca0 0.1 - 0.1 0.0 0.0 0.0

- Cr0y - 0.0 0.4 0.1 0.0 0.2

©Zn0. - 0.1 0.0 - 0.0 0.0 0.2
NiO .0.0 - . 0.0 0.0 0.0 0.0 °
Total 100.1 - 98.1 - 100.7- 100.3 100.2
Cations on the basis of oxygen present o ‘

Si: 0.011 0.014 0.015 0.012 098

T ' 0.475 0.454 0.136 0.155 0.022.
Al - 0.254 ~-.0.075 - 10.318 - 0.324 1.541
Fe: . 0.774 0.974 1.377 1.340 - 0.893
Fe?* 1.208 1.299 +1.002 - 0.863 . 0.563.
Mn 0.013 0.008 -0.007 0.005 .0.007

. Mg - 0.259° ~.0.158 0.142 0.198 - 0.456_
Ca -.0.004 - 0.004 - 0.000 - 0.000 - 0.000
Cr . 0.000 0.013 0.003 0.000 - 0.004

- 2Zn - - 0.002 0.000 - 0.000 0.000 0.005
Ni 0.600° 0.000 - 0.000 0.000 0.000 -
Concentrations of trace components A :

. Xlusp) e 0.524 . 0.451 0.202 0.199 '0.626

S na. n.a. 2.



Sample

Major oxides (wt.%)

.. Si0,
TiO;
~AlLO,
Fe,0,
FeQ
MnO
MgO
Ca0
Cr,0,

Zn0
NiO

‘Total - ’

14/8/2
SP1XR-RP
Spinel

0.3.

SN
oPwwo™

ComNoOoWHmwmn

N

14/8/2
SP1XR-RP

_Spinel

b
coocobro@YW

©
. ©
RS =EININT( Lo FreN

. -.'G;tidns on the basis.of oxygen present

L .A‘."! I
R
Al
A
Fer

Mn

Mg
Ca
Cr
Zn
Ni

0.008
0.023
1.837
0.385
.0.562
0.007

»

0.458 =

0.000
- 0.004
0.005
0.000

0.071 -

0.352
0.303

. 0.844

1.142
0.016
0.258
0.008
- 0.005
0.000
0.000

" Concentrations of trace components

Xlusp)
x(ilm)

0.624
n.a.

0.431
n.a.

PO

14/8/2
IL1XC-RP
limenite

0.3
495

W —
wo®

00000®O

. 0.006

0.886

10.022
0.193

0.660
0.014
0.215
0.003

-~ 0.000

0.002

0:000.

n.a.
0.872

S

SoooouUof

s o__.o....._..\l_a\]m
T 000D =N

w

14/8/2 ;
IL1XR-RP. -

Spinel

0.3
215

)
o
; oo™

—

>_. P X .

©00000
OO0 QON

s 1ARIT W7 \WWIHIWIIUDAT,. AN

Dragon's Tongue (proximal)

14/8/2 .
OX1G-RP

Spinel

.04 g

16.9
4.0 |

W
onN
(o}

ooNL = N

o,
w

0.014

- 0.456

0.169° 9.
0.886
1.221

16 .-
12 -
05
00-
00

0.469
na. .



, Sample - 14/8@

14/8/2 14

14/8/2 14/8/2 78 o
- OX2G=RP OX3G-RP OX4G-RP - OXBG-RP . IL1XC-RP ~
, Spinel  Spinel - Spinel Spinel limenite -
Major oxides (wt.%) ,
SiO, 0.4 0.5 04 0.4 0.3
TiO; -~ 16.9 . 17.1 176 . 18.4 49,5
Al 0, 3.7 3.5 4.3 3.9 0.8
Fe,0, 33.0 33.1 31.4 30.3 10.7
FeO 40.4 41.4 41.3 41.8 33.1
MnO. 0.7 0.8 0.7 0.7 0.7
MgO 4:1 3.7 4.1 4.2 6.1
Ca0 0.3 0.4 0.4 0.4 0.1
Cr,g, 0.0 0.1 0.1 0.0 0.0
Zn - 0.0 0.0 0.1 0.1 0.1
NiO 0.0 0.0 0.0 0.0 - 0.0
Total . 985 '100.6. - ~100.3 100.2 101.3
. o . .
Cations on the basis of oxygen present
Si o 016 0.018 0.016 ,0.015 0.006
T 0.457 . 0.460. 0.47.}1 0.495 ° 0.886
Al 0.158 -0.148 . 0.181 0.165 0.022
Fe3 0.896 0.891 0.843-  0.815 - 0.193
Fe? 1.220 1.240 1.231 1.250 0.660
Mn 0.021 . 0.023 0.020 0.020 0.014
Mg 0.222 0.200 - 0.217 0.222 0.215
Ca 0.010 - 0.015 .016 0.014 0.003
- Cr . “% 0.000 0.004 ' .002 0.000 0.000
Zn ~ . 70.000 0.000 © 0.004 0.003 0.002
Ni i 0.000 .0.000 0.000 0.000 0.000.
”
Concentrations of trace corgponents
X(usp) 0.463 0.469 0.491 0.508 n.a.
x(ilm) 0.872

_n.a.

n.a. . Nnh.a. n.a.



C S

+Table B-7 {continued): OXIDE
- Dragon's Tongus_ (proximal)

%
'.‘J .

) ? - : har} . .
. Sample 14/8/1 . 14/8/1 14/8h1 - 14/8/1 14/8/1
OX1G-RP ~ OX2G-RP OX3G-RP{ & SP1XC-RP SP1XR-RP
Spinel Spine! - Spinsl - Spinel Spine!’
“Major oxides (wt.%) ' o ‘ ‘ .
Sio, 0.4 0.3 0.5 0.5 - 0.6
TiO, 18.3 158.5 149 . = 1.7 15.3
Al O, 5.8 6.5 7.0 36.0 . 7.4
Fe,0, - . 28.4 27.0 26.9 11.8 26.2
FeO . 421 39.7 38.8 17.3 40.6
MnO 0.5 0.5 0.5 0.3 0.6
MgO - - 4.3 4.0 4.5 14.6 4.0
Ca0. 0.3 “ 03 0.4 0.1 0.4
Cr,0, | 0.0 5.0 6.1 18.8 5.9
Zn0 0.0 0.0 0.0 0.1 0.0
NiO - ~0.0 0.0 0.0 0.0 0.0
Total £100.1 98.7 99.5 101.3 1100.8
Cations on the basis of oxygen present . ]
Si ‘ - 0.015 ' 0.017 , “0.013- 0.021
Ti : 0.486 0.417 0.395 0.036 0.401
Al 0.243 - 0.273 0.292 1.218 -0.303
Fes+ 0.755 0.728 0.715 0.255 - 0.690 -
Fe? 1.247 1.188 1.145 0.414 1.185 ~
Mn 0.014 0.014 0.014 0.008 0.017
Mg 0.229 0.215 0.235 0.622 0.206
Ca 0.012 0.010 0.017 0.003 - 0.014 |
Cr -0.000 0.141 0.16S 0.429 . 0.183
Zn 0.000 0.000 0.000 0.002 - : 0.000
Ni 0.000 - 0.000 0.000 0.000 ", .0.000 ~
; 4wy -
. ' A &
Concentrations of trace components A . ‘
X{usp) 0.540 0.548 0.542 .0.698 .. 0:564
x(ilm) - n.a. " na. n.a. B na ¥ oonas s



- . Table B-7 (continued): OXIDE
Dragon’s Tongue (pro&imal) to Dragon's Tongue‘(distal)

Sample . 14/8/2 14/8/2 -11/8/7 11/8/7 11/8/7
‘ < SP2XC-RP-  SP2XC-RP SP1XC-RD  SP1XR-RD 0X2G-RD
S - Spinel Spinel Spinel = — Spinel Spinel
Major oxides (wt.%) ’ . ' .
SiO, 03 - 0.6 0.6
T‘% - 1.1 17.8 18.3
Al;O, - 46.5 6.5 5.8
Fe,0, ' 18.3 259 25.5
FeO » 23.6 39.1 40.8
MnO 0.3 . 0.4 0.4
-MgO 11.0 6.4 - 6.3
"Cal / 0.0 0.4 0.3
Cr,0, 0.1 3.4 2.3
Zn0 - ¢ 0.4 0.0 . 0.0
NiO 0.0 0.0 0.0
Total ' 101.6 100.5 '101.5
Cations on the basis of oxygen present R '
Si 0.010 ‘0.013 - 0.025 0.020 ~0.020 .
T - 0.023 - 0.020 0.130 - 0.464 - 0.500
Al - . 1544 i 1.608 0.784 0.265 0.237
-~ Fe* . 0.387 . 0.323 0.435 - 0.674 0.660
" Fe* ‘ 0.555 0.574 0.718 .  1.131 1.175
Mn . 0.007 .0.006 0.011 0.011 - 0.011
Mg 0.463 . 0.444 0.411 0.330 0.323
Ca 0.000 - 0.003 - 0.011 0.013 0.01
Cr - 0.003 0.003 0.471 0.093 0.064
Zn 0.007 0.006 0.004.. 0.000 ‘0.000
Ni _ . 0.000 0.000 ++0.000 0.000 0.000
. & PRI
‘Concentrations of trace componess - ¥ 7. ~
X{usp) 0.627 - 0.687 t 0.550 + 0.567
o n.a. n.a.

x{ilm) ©ona. n.a.



Sample | ‘1‘1 /1817

OX3G-RD
, Spinel
 Major oxides (wt.%) _
. Si0, 0.4
TiO, - 187
Al,O, 6.2 -
Fe,0;, . 25.2
“Fe0 40.5
MnO ¢ 0.3
MgO «: 6.2
Ca0 - 0.1
. Cr,0, 3.5
ZnO 0.0
NiO 0.0
Total 103

"g«

. Table B-7 (gontmued) OXIDE .

Dragon s Tongue (distal) to Kostal Lake {south cone)

29/7/6
IL1XC-KS

limenite -

0.3

w o
ORWOg
o9 Pw

QooooNO
Coouhwo;

B Y

Cations on the basns of oxygen present

. Si 0.013
T : - 0.485
Al - 0.2583 -

" FeX ' - 0.656
Fe? 1.169
Mn - .0.008
Mg . - 0.317
Ca 0.004
Cr -0.085
Zn 0.000

Ni. 0.000 -

10.007
0.949
0.012

©.0.063

0.684
0.009 .
0.258
0.004
0.013
0.000

- 0.000

Concentratlor’is of trace components

X(usp) ¥ 0.574

x(ilm) : n-a.

n.a.

0.956

OOONOUO
Nooo=in

- 29/7/6
IL1XR-KS

Spinel

04- 

l\)
Ho

o
»o >
oy N

. 29/7/6
SP1XC-KS

Spinel

—_ N
-%8N o

00000
OSomdro;

—_—

0.000

0.024

11.550
£ 0.397.
.0.535
© 0:005
- 0479
- 0.000
0.005
10.005
0.000

- 0.620

n.a. .

WMo

"

28/716
SP1XR-KS
Spinel

ooocoprof

w
© 2O =
N-OON&)O-&(D

0.008

0.469

0.301 -

0.739

1.242 -

0.012
0.213.
0.010 -

0.005

0.000
0.000

0.554

n.a.



Table B-7 (continusd): OXIDE «
-Kostal Lake (south cone).

Sample  29/7/8 29/7/6  29(7/6 ~ 29/7/6 - 29/7/6 .

-T + SP2XC-KS - SP2XC-KS = 8P2XC-KS OX1CKS OX1R-KS
Spinel " Spinel Spinel . Spinel - Spinel
Major oxides (wt.%) o : ' ' T
SiO, . 0.2 02 0.3 - 0.4 1.0
TiO, - 16.3 5.4 4.2 . 2.4 18.8
AlLO, - ) 6.9 21.2 '24.3 - 32.4 . 5.3
Fe,0, 26.2 '20.8 - 18.7 - 12.9 22.1
FeO : 40.6 -25.3 25.1 - 20.7 - 447
MnO -’ 0.4 - 0.3 0.4 0.4 0.5,
MgO 4.2 - 8.3 8.9 11.8 " 3.1
Ca0 0.2 0.1 - 0.2 0.2 0.6
Cr,0, 4.8 16.8 16.9 '18.4 - 3.0 .
- Zn0 0.0 0.1 0.2 - 0.1 0.1
NiO 0.0 0.0 - 0.0 0.0 0.0
. Total 99.8 99.5 99.1 - 99.7 .89:3
Cations on the basis of oxygen present ) ,
Si 0.008, i 0.008 0.011 - 0.035
- Tio : 0.433 CRMID, 0.100 0.054 - 0.511
Al 0.286 O3 0910 .~ 1.144 . .0.225
-Fe¥ 0.697 - 0.502 0.448° ~ 0.291 0.597
Fe . - 1.200 0.678 - 0.666 - 0.520 —~—+340—~
Mn' i 0.013° . 0.008 ~ 0010 - 0.010 ~ 0.014 °
Mg . 0222, - 0.445 . 0.422 ¢ 0.528 - 0.164’
.-~ Ca - 0.007 - 0.004 - 0.006 . .0.005 . -0.024
- Cr ' 0.134 -~ 0.425 0.425 0.435 . 0.086
Zn : .0.000 ~  0.003 0.005 0.002 - 0.003 "~

N 0.000.  ~ 0.000 -  0.000 0.0000 0.000

- Cancentrations of trace components \ s o
Xusp) . . 0568 0.567 0.607 - *0.697 O 634
x{ilm) - nas na. . ~na " na ‘ n.a.



" Table B-7 (continued): OXIDE -
} Kostal Lake {south cone) to Kostal Lake (older lavas)

- Sample . 29/7/6 29/7/6  31/8/8 31/8/8 31/8/8

OX2G-KS - "OX3G-KS SP1XC-KP.  SP1XR-KP* OX1G-KP
- - Spinel -~ Spinsel - Spinel . Spinel - Spinel
: Major oxudes (wt B . : ‘ ’
-Si0, - - 0.5 - 05 - 04 0.6 0.3
. TiO, - 185 - 1868 18 - 18.2 : 17.8
C O ALD, S, 57 62 215 . - 8.3 4.4
- . Fe0y- .. 2B.9 27.7 1.2 2_4.0- 30.2
- FeQ - » 431 40.7 23.2 38.9 - 42.8
MmO ;o 0.5 - 0.4 0.5 - 0.5 0.5
"Mg0 " . F. 3.8 . 4.7 8.9 5.4 3.3
Ca0 o 0.4 - 0.4 0.1 0.3 - 04
-~ Cr,0, 1.9 3.4 32.2 7.7 0.2
Zn0 0.1 0.1 0.1 0.0 0.0 -
‘NiO | 0.0y - - 0.0 - 0.0 0.0 0.0
Total 100.4 101.0 98.8 8s.8 . 100.0
Cations on the basis of oxygen present ) : - -
Sio Lo 0.019 . 0.017 0.012 - = 0.02% 0.012
- Tio o “_ -0.491 O,0.445 ~ - 0.045 o 0.426 . 0.483 .
Al e 770,237 T 0253 0.806 0.262 0:187
Fe 0.691 : - 0.729. 0.268  0.633 - 0.817
Fer,™ o $1.276 0 1.188 0 0617 . 1.142 1.288
Mn < 0.016 -0.013 0.014 0.015 . ' 0.016 :
Mg~ b+ 0.201 . ..0.244 0.421 0.280 - 0.177
Ca 0.015 - 0:015. .. 0.003 0.010 - -.0.014
Cr . o 0.052 0.093 - 0810, . 0.213 0.007
Zn o . - 0.002 0.002 0.002 - 0.000 ‘0.000
Ni st 0.000 - Q.OO‘O ‘ 0.000 - - "0.0(30 \ ' 0.000

: _Concentratlons of trace: components N P — o
X{usp) . 0579 - 0541 4 O, 744 -.0.582 - 0.522
- x(itm). ona. Y na . -0 nas na. - . n.a.



T

Table B-7 (continued): OXIDE
' Kostal Lake (older lavas)

. onid o i .

- x(ilm)

Sample 31/8/8 . 31/8/8 . 29/716
e OX2G-KP =~ OX3G-KP IL 1XC-KS
' ' Spinsl e Spinel limenite
Major oxides (wt.%) " .
- Sio, - 04 0.4 0.3
TiO, . 17.3 17.5 53.3 -
. AL O, 47 4.6 0.4
Fe,0, 30.4 30.5 3.5
FeO 41.2 425 . 34.6
MnO 5 0.5 0.5 0.5
- MgO 4.2 3.5 7.3
Ca0 - 0.3 0.3 0.2
Cr,0, 1.2 - 0.2 0.7
Zn0 .0.0 0.0 0.0
NiO - 0.0° 0.0 - 0.0 .
Total 100.1 100.2 100.8
- LI
Cations on the basis of oxygen present o
Sit 0.014 . 0.015 0.007
i . 0.464 0.473 0.949
0.196 0.195 0.012
0.815 0.823 0.063
1.229 1.274 0.684 1
. 0.014 0.015 0.009
. 0.223 0.186 . 0.258
0.011 0.013 0.004
0.034 0.006 0.013
0.000 0.000 0.000
0.000 '0.000 0.000
Concentrations of trace components
Xlusp) 0.508 - 0.515 n.a.
T n.a, n.a. - 0.956



T SM

o catlon numbers ‘of each ionic
2 ,_en anions, as appropriate, and
the mole frac&ons of appropriate components Angiiies-are in the order given below;
on each page is a subheading listing the centres des'lbbd thereon. The source of each
analysis is identified by the two-letter suffix, and ls, ‘plotted on each dlagram of this-

work with the appropriate symbol as follows: "

KT -

' ,SUffIX Symbol Unit . :
- @& Spanish Mump .
SB &3] - Spanish' Bonk - , _—
ST @ . HyaloRidge o
" SL X . Spanish Lake Centre
SC : " Flourmill Centre
PY +  Pyramid Mountain ,
“SP X Spahats (Second Canyon dyke)
RM 4] Ray Mountain -
‘RR - # - Ray Ridge
RC # Pointed Stick Cone
R A Dragon's Tongue
RP - A Dragon's Tongue. {proximal)
RD A Dragon's Tongue (dlstal)
KL 0 Kostal Lake o
KP 0 Kostal Lake (older Iavas) : : .
KN 0 Kostal Lake (north cone} - :
KS 0 Kostal Lake {south cone)
0

-Kostal Lake (lava tube)

Analytical prec15|ons for .every element analysed in oxide are.listed below at the. 99%
- ‘confidence level, as a percentage of the total concentration of that element. i.c. =
insufficient concentration, n.a. = not analysed. Analyses which are poor in quaftty but
which give an approxnmate composmon are labelled thus: !.

Element B Splnel Magnetite imenite
Mg Lo o 3.1 4.3 o 4.1
Al L 2.6 : 3.0 : 4.8
Si 4.1 4.5 i.C.
Ca 3 S na. 6.3 i.c.
Ti : o 3.0 1.3 1.0 -
Cr 17 3.2 i.C.
Mn-. R 58 . 5.9 7.8
Fe 1.1 . 0.8 . 1.2
Ni 7.2 e, i.c.
Zn i.c. Tooe. e,

3 . i
; .Sample numbers comprise fhree parts, interpreted‘as follows L

26/8/3X) OXHXICMR -
Sample number (X if » 0X|de 1 (X if xenocryst) Suite suffix
xenolith) Core Median or Rim R



24/8/ 13X
SP1C-SL
Spinel

Safnple

Major oxides (wt.%)
Si0,

- TiO,
Al,O,
Fe,0,
FeO
MnO
MgO
Ca0
Cr,0,
Zn0 -
NiO
Total

NownYoo
PO R N®O®E W

cowo

1 ,'.;:%
(o]
w

Cgﬁons on thi

. S ‘ -
T i

0.007
0.002

Al 1.747.
Fe’ 0.055.- -
Fe 0.169 !
Mn 0.004

Mg 0.824

Ca *0.000

Cr 6.180

Zn . 0.003

Ni 0.009

basis of oxygen

24/8/13

Sp2C-SL

Spinel

comoPomnToo

OOOmO

°h
w

-

present
- 0.004
0.002-
1.760
0.047
-0.175
0.004
0.817
0.000
0.180
0.001

0.009

Concentrations of trace components

X(usp) o 0.803
x(ilm) T na. .

0918 °

n.a.

24/8/13X
CPX/

SP2R-SL
Spinel

coomoNounvFoo
Pbamo¢wmmbow

K

0.005
0.000
1.760
0.054 -
0.168
0.004
0.821
0.000
0.176

0.002
10.008." .

0.905
na.

Table B-8 (continued): OXIDE
+ Spanish Lake to Flourmill

24/8/43X  2/8/6X
ol SP1CaeC
SP2R-SL Spindy-
 Spinel .
0.2 0.4
-0 07
58. 58.9
261 9.2
80 1301
0.1 0.1
216 19.4
0.0 0.0
87 0.0
02 02
0.4 0.0
100.2 102.1
0.006 0.011°
0.002 0.014
1,760 1,775
0.049 0177
0.171 0.279 -
0.003 0.002
0.822 0.739
0.000 0.000
0.176 0000
0'003 0.003 .
0.008 - 0.000
0.913 0.748

n.a.. ' n.a.



Sample 2/8/6X

CP/
. SP2C-SC

Spinal .
Major oxides (wt.%)
SiQ, 0.5
TiO, 1.4
AO, 1 345
Fe,0, - b 9 5
FeO 4.8
MnO O 3
MgO ‘15.8
Ca0 0.0
Cr,0, 23.4
Zn0 0.1
NiO 0.0.
Total , 100.3

18/8/1X
OX2C-RM
<Spinel

w._.\
NI
ocwPoew

fo00—Wwh

b .

iy

Soocoonof

c Uy

—_

Cations on the bas:s of oxygen present

Si 0.013
Ti - 0.031
Al 1.171
Fe?¥ 0.207
"Fe? ‘ * 0.356
‘Mn 0.007
Mg . . 0.680
Ca 0.000
Cr . 0.634
Zn _ ' 0.002
Ni 0.000

0.011
0.395
0.163
1.025
1.266
0.013.
0.123
0.003
0.000

+. 0.000

0.000

Concentrations of trace components

X(usp) -0.733
x{ilm) n.a.

0.427
n.a.

‘330

_g>

'l;able B-8 (continued): OXIDE
Flourmill to Ray Mountain

19/8/ 1X
‘OX3C-RM

Spinel

w®

coocoro @Yo

nOOOOPW MmN

[Co]
w

10.008
0.360
0.241
1.022
1.205
0.011
0.153
0.000
0.000
0.000
0.000

0.416
n.a.

19/8/1
OX 1XC-RM
Spinel

P Wy
®oP 0=
o Pow

O0O0O0ONO

0.008
. 0.527
10.101
0.826
1.397
0.017
0.123
0.000
0.000

0.000 -

0.000

0.544
n.a.

Noooowwo

o

19/871
+ OX2C-RM
llmenite

w o
JWo o

coo0o0UVO
w

0.005
0.959
0.005
0.068
0.755
 0.016
0.188 -
~ 0.004
0.000
0.000
0.000

n.a.
0.957



Sample

19/8/1
OX2C-RM
" Spinel

.Major oxides (wt.%)

. SI0,
" Tio,

A'IO] -

Fe,0,
FeO
MnO
MgO
Ca0
Cr,0,
Zn0
NiO
Total

Si
~Ti
Al
Fe’
Fe?:
Mn
Mg
Ca
Cr
Zn
Ni

Cq_hcentrations of trace components
X{usp)

x(ilm}

Cations on the basis of oxygen present

336

Table B-8 (continued): OXIDE
Ray Mountain to Ray Ridge

19/8/1  19/8/1  19/8/1 18/8/9X

* OX3C-RM OX4C-RM OX4C-RM SP1C-RR-
Spinel Spinel Spinel . Spinel
0.9 0.3 0.3 ' 0.5
12.3 A7 12.2 15.0
3.2 3.5 3.2 3.8
40.0 43.8 43.2 - 22.2
40.7 . 39.6 38.8 35.9
0.4 .. 05 0.5 0.5
1.8 21 2.2 6.4
0.1 0.1 0.0 0.4
0.0 0.1 0.1 15.6

- 0.0 . 0.0 0.0 0.0
- 0.0 - 0.0 0.0 0.0
89.4 101.8. 101.4 100.3 -

010 0.033 0.011 ~0.008 0.018
0.376 0.341 0.317 0.332 0.394
0.122 0.140 0.149 0.136 0.162
1.108 1.112 1.180 1.178 0.585
1.229 1.256 1.196 1.205 1.049
0.014 0.011 0.015 0.014 . 0.016
0.138 0.101 0.115 0.121 0.332
0.004 . 0.005 0.003 0.001 0.014
0.000 0.001 0.004 0.002 0.431
0.000 0.000 0.000 0.000 ~0.000C
0:000 0.000 © 0.000 0.000 0.000
0.381 ¢ 0.373 . 0.338 0.347 0.590

n.a.

n.a. . n.a. _ n.a. + n.a.
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Table B-8 (continued): OXIDE .
Dragon’'s Tongue (proximal)

Sample 14/8/8X 14/8/9X 14/8/8X . 14/8/9X 14/8/8X.
ll : SP2C-RP SP3C-RP - “SP4C-RP - SP4C-RP  SP4C-RP
Spinel - Spinel - Spinel Spinel Spinel

Major oxides (wt.%)

Sio, 0.4 0.4 0:3 0.3 04
TiO, : 0.3° 0.6 0.7 0.7 0.7
Al,O, 56.1 55.5 54.7 548 . 54.5
Fe,0, 8.6 9.9 9.2 9.6* 9.5
FeO 185 . 19.3 18.3 19.3 19.2
MnO 0.2 0.2 0.2 0.1 0.1
MgO . 148 14.5 14.1 "14.2 14.2
Cal 0.1 0.1 0.0 - 0.0 0.1
Cr,0, 0.1 0.1 0.% . 01 0.1
Zn0 0.2 .01 0.2/ ° 0.2 0.2
NiO : ] 0.0 0.0 0.0 ' 0.0
Total - 100.4 100.7 . 89.1,
Cations on the basis of oxygen present

Si 010 . 0.070 0.0
Ti - { 0.906 - .0.012 0.015
Al / TR = ~1.753 .71.753
Fe’ ‘0.194 0.200 . 0.195
Fe? - 0414 0.432 0.438 .
Mn & 0.004 .. 0.004 0.003
Mg %4 0.591 0.581 57 _ . . 0577
Ca 0.003 0.003 - 0.000 0.000 - 0.002
Cr 0.003 0.003 0.002 0.002 0.002
Zn 0.004 0.002 0.003 0.005 0.005 -
Ni 0.000 0.000 0.000° - 0.000 0.000

Concentrations of trace components

X{usp) 0.771 0.768 0.782 0.775 0.775
x(ilm} n.a. n.a. n.a. n.a. o n.a.
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Table B-8 (continued): OXIDE

,]’ S

Dragon’s Tongue (proximal)

L

Sample 13/8/1X% . 13/8/1X .13/8/1X 13/8/1X 13/8/1X .
: . SP2C- RP- - SP2R-RP "SP3C-RP SP3C-RP . SP4C-RP
Spinel- ., Spinel - Spinel ~ Spinel* . Spinel
Ma)or oxides (wt.%) - (e L
Si0, .04 0.4 0.4 0.4 0.4
- TiO, 0.6 0,7 0.7 0.6 0.8
Al,0, 53.8 55.8 55.9 -56.0 55.1
' Fe,0, 17.6 11.4 10.0 9.8 10.8
FeO 21.0° 21.] 17.8 18.0 - 18,9
© MnO’ 0.2 0.7 0.1 v 0.1 0.2,
- Mg0 13.4 13.3 - 15.6 15.5 15.0
Ca0 . 0.1 0.1 0.1, 0.1 0.1
+Cr,0y . L . 01, 0.3 0.1 - 0.1 0.2
Zn0. 7 - 08 - 0.4 0.2 0.2 04
“ONIO 0.0 - 0.0 0.0, 0.0 00 -
~ 7 Total 1015 - 101.6- *100.9 100.9 .. 102.0
Cations on the basis of oxygen present : ' : :
Si : 0.012 0.011 .0.010 0.011 _0.012.
Ti oo 0.012 0.014.-. =¥ 0.014 0.013 0.017
Al o 1.713 -1.712 1.750 1.753 1.723
Fe’ 0.236 - . 1 0.232 % . 0.200 0.197 0.215
Fe» ., 0473 - 0.477 - 0.385 0.400 0.420
Mn . - . 0.004 0.003 . 0.003 - 0.003 0.004
Mg . 0B38. . 0533 ©°0.619 -+ 0.61% © 0.885
~Ca. o ~.0.003.,  ..0.004 +0.003 4. 0.003 0.003
Cr ,4 . 0.003 v 0.006 . 0.083 .. 0.002 0.005
* Zn L 7v0.006. - . 02008 . 0. OO@;‘«B 0.003 0.007-
Ni e 0.000 : ,0.000 ' . 0.00 . 0.000 .. .0.000
. . . t;j . . . " ) L
Conc ntratno’ns of trace components R T [ o
'X(us ? . 0.741 0.746 0.758. . 0.762 , 0.746
: x(ulm) S na, s nac -na “- na n.a.



Y

.Total

Sample . 13/8/1X
- SP4C-RP.
~ Spinel
Major exides (wt.%)
'Sio, - : 0.4
TiO, 0.9.
Al,O, ' 55.2
- Fe,0, 10.4
_FeO 19.0
:MnO 0.2
‘MgO 15.0
Ca0- . 0.1
LCr,0; - - 0.2
"Zn0 0.4
NiO. - 0.0 -
101.8

‘Cé;tio'ps on the basis of oxygen present . -

Si 0.012

Ti 0.018

Al : . L727
- Fen S 70.208
- Fel . 0421 .

Mn ' 0.003

Ca £ . 0,004
- Cr 0.005
Zn 0.007-
Ny ©.000

-Concentrations of trace components

X{usp) . 0.754 -

, x{iim) . ‘. na

f e,
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Table B-8 (continued): OXIDE
Dragon, s Tongue*(prqximal)
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Table B-9

R Major element concentretlons in incognate orthopyroxene

ionic species,

+ Orthopyroxene analyses comprise major oxide concentratlons cation numbers of each
‘ recalculated on the basis of six oxygen anions and’ the molecular

percentages of major end members. Analyses are in the order given below; on each
page is ;@ subheading listing the centres described thereon. The source of each analysis
is identified by th& twi-letter suffix, and is plotted on each diagram of this work with’
the appropnate symbol as’ follows

Su¥fix
SM
SB

.. ST

SL
sc
PY

. SP
RM
RR
RC
R
RP
RD

K1
KP
KN

- KS

KT

Symbol

J;Unlt

+ IRSHE

D000 OoOBDBD b #IX

R

Spanish Mump
Spanish Bonk

Hyalo Ridge .
Spanish Lake Centre
Flourmill Centre
Pyramid Mountain*
Spahats {Second Canyon dyke)
Ray Mountain
Ray Ritige

b3

- Pointed Stick Cone o
‘Dragon’s Tongue

Dragon's Tongue (proxlmal)

Dragon's Tongue (distal)

Kostal Lake - e .

Kostal Lake (oider lavas) . : A
Kostal Lake (north cone)

Kostal Lake (south cone)

-Kostal Lake (lava tube)

’,.

Analytical precisions for every element: analysed in orthopyroxene arg listed below at the
' 99% confadence leve' asa percentage of the total concentration of that element

‘Na

"Mo

Al
Si
Ca - -~

- Ti

Mn * O

Fe T a
g
-

Sample numbers cﬁomprise three parts lnteroreted as follows :

'26/8/3(X)s

Sample humber (X if

‘ xenollthl

(f:

(.

o 54
- 82\1,v - . .
. . : 2.2 : :
- 09 .
1.2 .
‘ 3.7
3.7
12.0
- | ; { 2.0
OPAXICMR . . 8B o
"OrthoPyroxene 1 (X if xenocryst) " Suite suffix
’ Core, Median or Rim ., oL !
A . T e Se .
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Table B-9 (continued): ORTHOPYROXENE
. Spanish Lake to Flourmiil

Sample 24/8/13X 24/8/13X 24/8/13X 24/8/13X 2/8/6X3
OP1C-SL.  OP2C-SL /0L OP3C-SL OP1C-SC
o S OP2R-SL :
Major-oxides (wt.%) :
Si0; 55.5 55.7 55.7 55.3 '51.9
TiO, - 0.0 0.0 . 0.0 0.0 0.2
AlLO, a4 4.2 4.3 4.4 1.4
Fe,0, . 0.4 0.4 0.5 0.3 1.8
FeO 6.0 6.0 58 6.1 24.1
MnO' 0.2 - 0r 0.2 0.1 0.6
MgO 33.3 33.3 " 334 ~33.2 20.3
Ca0 0.6 0.7 0.7 0.6 0.8
. Na,0: 0.0 0.0 0.0 0.0 0.0
Cr,0, : 0.3 0.3 0.2 0.3 0.0
Total 100.8 100.8 100.9 100.2 101.5
Cations on the basis of 6 oxygens "
St . 1.800 1 1.903 1.938
Ti 0.000 0.000 . 0.005,
Al (IV) 0400 0.097 7 - 0.062
Al (VI) 0.079: e 0.081 © | 0.001
" et S ¢ 0.012 0 0.008 0.051
- Fer 0.172 7 0.175 0.753
Mn '0.004 .0 0.004 0.018
1.698 . 1.702 1.130
0.022 . 0.023 0.034 .
. Na 0.000 . 0.000 0.000
Cr 0.009 0.007 0.006 0.008 0.000
. ) . - B ¢ ’ ) 7 u
. End member percentages ) N
.Woltern) - 1.2 4 - 14 1.3 1.8 - .
Enitern) . “89.5 89.3 ~ 89.4 89.4 58.4 =
Fsitern) - %3 A4 ... 9.3 . 8.2 94 39.8
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. Table B-9 (contmued) ORTHOPYROXENE
Flourmill to Dragon's Tongue (proximal)

oy

. Sample 2/8/8X3 13/8/10 13/8/10 13/8/10 14/8/1X.
‘ OP2C-SC OP1XC-PY  OP2XC-PY  OP3XC-PY OP1C-RP
Major oxides (wt.%) ' g o
- Sio, 51.8 56.3 56.2 . - 56.0 51.4
TiO, 0.2 0.1 2.1 . 0.1 0.5
“AlLO, P 1.4 4.6 4.4 " 5.3 5.2
Fe,0, : 1.6 0.6 0.2- 0.3 3.8
FeO 24.2 6.1 6.5 6.4 13.0
~ MnO 0.6 . 0.2 0.2 0.2 0.3
MgO 20.2 33.2 33.1 32.8 25.4
Ca0 0.9 0.7 0.6 0.8 1.4
' 'Na,0 0.0 0.2 0.2 0.2 - 0.4
Cr,0, 0.0 - 0.5 0.4 0.4 0.0
Total - . -~ 101.1 ¥ 102.6 102.1 102.8 - 101.5 -
Cations on the basis of 6 oxygens : o
Si: 1.941 1.898 1.905 1.887 1.837
Ti 0.005 0.003 0.003 .0.003 0.013
Al (IV) 0.058 0.101 0.095 -0.118 0.163
Al (VI 0.002 0.080 0.082 0.098 0.057 .
Fel- : 0.046 0.016 0.005 | Q.008. ..~ 0.103
Fe 0 0.758 ©0.173 - 0.185 - 0,181 .- 0.387
Mn 0018 - 0.005 . 0.005 0.005 # .0 - 03010
Mg 201128 - 1.668 1.672 1.660 . 1.353
Ca -7 0.086 0.025 - 0.022° 0.028 0.054
Na ' .0.000 - 0.012 0.009 0.010 0.023
. Cr 0.000 .0.013 0.008 0.011 0.000
End member percantages e AN o
‘Woltern)- 1.9 14 - T2 N 16 32
_En(tern) - . 58.1- 88.2 ° . 887 . 88.4 74.8 -
, Fsitern) ' 400 ° 8s . 101 100 ' 219,



s SiO,
TiQ,
ALO,
: 'Fezo:
- XMhO
! Mgl
. Cal" L
. Na;O [ o ‘)
""Cr_,O, ' L
- Total N
Catlims on the basus of 6 oxyg;an% s
Si. 1.844 1.830. -
v Ti , 0.012 ' 0.013
ALY ., 0,156 0.170
AL (V). - 0,071 0.075 *
Fel - +.0.072 0.089
Fei-: . & 0419 0.406
Mn - +0.01Q .008
“Mg- - 1.351 1.340
Ca 0.053 ., 0.052°
Na : - 0,012 0.019
Cr ' 0.000 .0.000

: Sample

14/8/1X
OP1R-RP -

Major oxides (wt.%)

.

o 14/8/1X
" OP2C-RP

Endr’hémbe‘h percentages
" Woltern). 3.1

. e
Cw . S RIS~
v, i - : .*,v
oA - K b

o 3.1

) : - Enitern) 73.5:¢ ( 74.0 ©
. Fsiterny ¥ 7. 2}4'“%%’ 229 .-

IS

1343

L B

Table B-8 (contmued) ORTHOPYROXENE
‘ Dragon s Tongue ;proxlmal)

14/8/ 1

- OP1XC-RP

53.6

o

.,
Om_a_a

-3 .

N
OO0y

K]

OO Of ¢
WP HW P NO;
(ol g et

&

000000000~
W-a2~NW-010

14/ 8/ 2
OP4XC-RP

52.5

oy
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TableB-10 - -
Major element concentr’agiops,in amphibole

Amphibole analyses comprise major oxide concentrations only (see text) and are from a
single occurrence in a nodule from the proximal portion of the Dragon’s Tongue.
Analytical precisjons for every. element analysed in amphibole are listed below at the
99% confidence level, as a percentage of the total concentration of that element. i.c. =
insufficient concentration. - ' oo ; R

Na = _ . '
Al "
Si
K
Ca
Ti
-y Cr
¥ Mn 4
Fe
Ni
Zn

o

¢

SN WO NG
O Umvnwowm

N
o

00 !

it

‘.

Sample numbers comprise three parts, interpreted as follows :

. 14i8/9x TAMIXICMR. A
Sample number (X if AMphibole 1 (X {f xenocryst) " Suite suffix
xenolith) . Core, Median or Rim ;

2l



s Table B- 10 (conhnued) AMPHIBOLE
- Dragon s Tongue (proxumal)

+

Sample ' . J14/8/9X . 14/8/9X - 14/8/9%  14/8/9X - 14/8/9X
: AMIC-RP - AM2C-RP ~ AM2C-RP = AM2C-RP - AM2C-RP
Major oxides (wt %: : Co

Si0, 408 - . 40.5 . . 406 : - 406 40.6
T|OZ 45 52 . 5.8 5.9 - Bb
- ALO, .- 15.2 - 14.8. 14,8 14.7 - 14.8
‘FeO - 1.9 7.8 - - .. 118 11.7 11.7
‘MnO 0.0 0.1 -~ 0.0 “ 0.0 .0
MgO 12.4 122 o122 121 ' 12.2
Ca0 . - 10.7. - 0107 J10.6 105 - . -10.6 .
Na,O0 § 2.7 1 2.8 ot 29 3.0 29
K,0 - ERR - 1.2 a1 1 1.2
Total ) . 99.8" 99.4 ~99.8 99.6 99.6
Sample :  14/8/9X - 14/B/9X. - 14/8/9X  14/8/9X  14/8/9X
' .+ AM3C-RP.  AMA4C-RP - AMBC-RP AMGBC-RP AM7C-RP
Major oxides (wt %) o o
-.Si0, 40.9 39.3 39.7 398 . 408 \
TiO, 5.0 6.1 5.3 58, .~ 6.0
AI,O 15.0 14.6 14.4 14.3 16,0
FeO 11.9 11.9 7 L5 L L 1T
MnO . 0.0 0.1 ‘0.1 %1 #5001
MgO - 12.3 T 11.6 11.9 - #198 . .. 123
Ca0. - 10.7 10.3 10.4 10.4 10.6
-Na,0 2.9 2.9, 2.8 2.8 . 2.8
K,0 < 1 1.2 1.1 1.2
‘Total 3 100.0 97.8 97.6 s7.8 100.5 .
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Table B-11 ’
Major element concentrations in incognate apatite

Analyses are from the. Flourmill centre only ‘as’ shown in the subheadlng Analytic’il"

precisions for every slement analysed in glass are listed below at the"99% confidgnce

.« level, as a percentage of the total concentratron of 'Ehat element. i.c. = insufficient
' coricentration. _ i '
Na o 7.1
Mg S - 4.8 e
Al e . 4.0 e
Si : 1.5 i
P - 1.2, <A
S i.c. 4
=Gl 4.0
K- iC. % :
Ca : o ; R 0.8 '
Ti ‘ _ : ‘ ' . i.C.
Mn C . ' . L : i.c.
Fe ‘ , ' L 6.5
Sample numbers compr:se three parts mterpreted as follows :
2/8/6(X). B AP 1(X) - -SC W
Sample number (X if a APatite 1 (X if a xenocryst) g Smte suffnx ;
- xenolith) s . o
Flourmill ‘
: Sample ; 2/8/6X3 S L 2/8/-6X3 : 2/8/6X3
APIC - -~‘~"AP1C o vAPlR.,
Majt r oxides (wt W) ; .
SiO;- o 067 - -0.81 : o ,O.'82. '
- Tio, X + - 0.00 .0.00~ - - 0.00
AI,Q, o 0.19 *~ . - =019 - . - 0.19
FeO ~ . . - . - "0.52 R 055 - 0.61-
“MnO e - 0.00 - 000" o= " s 000
‘MgO _ 0989 . - 110 L " 1.0
, Ca0 o R 5383 - - - B4k . 54.00 -
" Na,0 . 0.37 . ...03% . - 036"
<KO : ‘ - .on.d ) - nd °~  o n.d. .
R P,Oj . . 41.83 . 4223 41.82 .
ci ..o Cn0287T 0 0 018 N - 0.31 ‘
. Total. .. ... 9864 . - 100 09 v .988.15
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_ Table B- 12 '

, Major element concentratlons in sulphide ) _
Sulphide analyses are in the ‘order glven below on each page is a subheadlng llstlng the :
centres described thereon. The source of each analysis is identified by the two- lettgr;

~ suffix, and is plotted on each dlagram of: this work wnth the appropnage ‘symbol, “gs :
- follows: - ,

"Suffrx I vSymb.ol, Umt

S SM - [E  Spanish Mump . R
" SB. - @ Spanish Bonk AR S
ST - 1y, Hyalo, Ridge -
SL.* X - . Spanish Lake Centre A
sC. e Flourmill Centre = . .
- PY, .+ - Pyramid Mountain ' A
~SP X Spahats (Second CanyOn dyke) _ : S
RM ¥ = Ray Mountain - o - S
RR :: % Ray Ridge - SN S S
RC & Pointed Stick Cone . : ‘ ,
R - A Dragon's Tongue : : '
RP A Dragon’s Tongue (proxlmal) .
L A, - Dragon’s Tongue (distal)’
KL - 0 Kostal Lake :
KP. -0 -Kostal Lake (older Iavas)
KN. S0 Kostal Lake (north cone)
KS .0 - Kostal Lake (south cone)
0 , Kostal Lake (lava tube)

Analytlcal precmons for major elements analysed in; sulphlde are listed: below at the 99%
confidence level, as.a percentage of the total ¢concentration of that element. i.c. =
insufficient - concentration. ! denotés precisions obtained from -the maximum
: concen’tratlon of that element. AlI analyses are recalculated to 100%

Tl . : . C : L - ) i C . .

Mmoo oL _ ‘ e s _ Cos
Fe. .o T R I 1.3 - "
N : C R o 0.8 .

"Cu L L : e o SRR

_Zn-_ o . 'v . v‘ L — o o .
_ Sample numbers comprlse three parts mterpreted as folloWs

14/8/9(Xl R SUl(XlCMR I -R i

. Sample number (X if - SUlphlde 1 (X if xenocryst) =~ Suite suffix
xenollth) PO Core Medlan or Rim . . . ‘ :

P

Y



- Sample. 4/8/4X
oL - SU1C-SC
S Inclusion in
‘ Major elsments {wit, %)

ST 08

o Ti: -0

. Al . 0.7

-l Fe 53.4

e Mn o 0.0

S Mg o 0.6

¢ Ca. - . 0.1
T g T -.305é6 '

A B
~.f"'%ig*"--.“‘«‘lf»@u‘ . QO -
SNy Total 100.9, -

Sample . 23/8/2
: SU1G-ST °
: Major elements (wt.%)
- Si- : - 0.9
T : 0.2
- Al 0.6
- Fe ST 57.7
M Y 00
Mg ' - 04
Ca 0.3
S : - 37.3
Zn - . 04
" Ni 20
Cu - 0.0 -
Total - 100.0

.

: Table B 12 (contunued) SULPHIDE o

Hyalo Rldge Spamsh Lake, Flourmxll and Dragon s Tongue

'24/‘8/13X‘_ 24‘/8/13X 24/8/ 13X 24’/8/'13X_ .
ASU1 1-8L . SU2.1-SL SU3.1-SL Su3.2-sL
0.7 - 0.7 0.6 0.7 -
0.0 : 0.0 0.0 . /0.0
0.5 0.5 0.5 0.5
37.8 42.8 ' 28.4 29.9.
0.0 - 0.0 .0.0 0.0
© 0.6 . 0.6 0.6 - 0.6
0.0 . 0.0 . 0.0 0.0
374 37.5. 31.9 33.2°
0.0 - 0.0 - 0.0 0.0
22.8 178 37.3 1.8
0.0 0.0 0.7 33.3
-100.0 100.0 100.0. 100.0 -
. 4/8/4X 14/8/1 14/8/8X
SU2C-SC.  : SUIC-RP SU1C-RP
Inclusion in - Inclusion in mt  Inclusion in -
cpx - - .. CpX
. 0.8 0.6- 0.7
.0.1 - 0.2 0.7
0.7 0.5 - 0.1
54.6 . 63.1 57.2
- 0.0, 0.0 0.0
- 0.7 - 0.4 0.6
0.2 . 0.0 0.1
36.1 35.2 '38.6
0.6 0.1 0.4
- 6.2 - 0.0 1.7.
- 0.0 0.0, 0.0
-100.0 100.0 100.0
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: -  Table B-13 - .
Major element concentrations in whole glass

Analyses are in the ord'él;_ given below; on sach page is a"subheading'listing the centres
- described thereon. The solrce of each analysis is identified by the two-letter syffix, and
is'plotted on each diagram of this work with the appropriate symbol, as follows*

Suffix © Symbol  Unit - .

. 'SM g Ed Spanish Mump
ST ‘ - Hyalo Ridge

- PY. + - Pyramid Mountain
Rm = M Ray M%yntain

’

: e . :
' Analytical precisions for every ,elemgnt analysed in giass are listed below at the 99%
confidence level, as .z percentage af the total concentration of that element. i.c. =
insufficient concentration. co :

Na L f
Mg T )
oAl : B :
P
S
Cl
K-
Ca » o
Ti , E ;
Mn - : S 12.
Fe S | : . 1.8
Ni - g ' i.c.
Zn _ ' - i.c.

5
A

S NEWN-UONNW

%

. Safmple numbers comprise three parts, interpreted as follows :

26/8/2 ‘ GL1 . -SM
"~ . Sample nurmber . Glass 1 ’ Suite suffix
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Table B-13,{continued): WHOLE GLASS
’ Spanish Mump to Hyalo Ridge

Sample ' 26/8/2 - 26/8/2 26/8/2 23/8/2 23/8/2
L CGLIW-SM  GL2W-SM  GL3W-SM  GLTW-ST = GL2W-ST
Major oxides (wt.%) : - :

. Fo

Sio, 48.:21 ¢ 48.34 . ~ 48.28 52.20 52.05
TiO, 2.74 267 - - 266 2.17 2.23
Al O, 16.44 16.35 - . 16.31 14.85 14.56
- . Fe,0, 4.24 417 Y416 3.67° 3.73
FeO 7.29 ' 750 = 7.36 7.26 7.25
MnO- , 0.14 0.12 0.13 ° - 0.08 0.13
MgO 3.60 ‘ 3.72 3.61 '5.87 5.60
Cal 7.15 . 7.02 7.03 © 9.30 8.30
Na,0 : - 5.32 5.36 5.30. 3.52 . 3.56
K,0 2.65 2.66 - 2.60 S22 1.29
P,0, 1.03 1.08 1.07 S 0.31 0.30
cr - 0.11 0.12 013~ 0.00 0.00
Total . 98.92 99.11 98.65 100:44 - 99.99
CILPW.norm = .. - “ ‘
Q.  wisersey B vy 0.0 0.0 1.1 1.1
A o 0.0 00 0.0 0.0
Or 15.7 15.8 15.4 . 7.2 7.6
Ab 28.5 28.9 296 28.8 30.1
An - 13.1 12.6 13.0 21.1 19.9
L 0.0 0.0 0.0 0.0 0.0
Ne 8.9 - ‘8.9 8:3 0.0 0.0
AL : 0.0 0.0 . 0.0 0.0 - 0.0
Wo(Di) 6.5 6.3 6.2 9.5 10.1
En(Di) 3.8 3.6 3.6 . 6.1 6.4
Fs(Di) 2.4 2.4 2.4 2.9 3.1
En{Hy) 0.0 0.0 0.0 8.5 7.6
Fs(Hy) - 0.0. 0.0 - 0.0 4.0 3.7
3.8 4.0 3.8 0.0 - 0.0
Fa 2.5 2.9 - 2.8 0.0 0.0
Mt 6.2 6.1 6.0 5.3 5.4
Hm . 0.0 0.0 . 0.0 0.0 0.0
i 5.2 - b 5.1. 4.1 4.2
Ap 2.3 2.4 2.3 0.7 0.7
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Table B-13 (#ntinued): WHOLE GLASS
Hyalo Ridge to Ray Mountain

Sample 23/8/2 13/8/10  13/8/10  13/8/10 17/8/1

GL3W-ST GLTW-PY - GL2W-PY GL3W-PY GLYW-RM
Major oxides (wt.%) '

Si0, , 52.42 49.18 47.54 4753 48.76
TiO, 2.26 2.65 3.07 3.06 3:20
ALO, | 1@78 16.30 16.36 . 16.28 14.71 -
Fe;0, ; * 3776 4.15 4.57 4.56 4.70
FeO . 7.33 6.87 737 . 71.32 7.94
MnO - 0.12 0.10 0.12 F 014 0.16
MgO 5.74 3.28 3.85 & 3.81 4.12

1 Ca0 '9.26 7.11 7.71 7.75 8.1
Na,0 © 3.46 5.27 5.23 5.04 4.02 .

© K,0. . 1.30 233 . 2.46 2.50 > 2.58
PO, - 0.38 11BN 1.02 - 0.97 0.81
ca 0.00 . - 0.13 0.11 0.10 0.00

- Total - ©100.81 99.11 99.40 93.07 99.18

0.0 . 0.0- 0.0 0.0
0.0 0.0 0.0 0.0
, 17.3 14.6 14.8 15.2
- 30.2 26.7 269 29.9
12.1 13.8 4.4 14.4
0.0 0.0 0.0 0.0
7.7 9.5 8.5 22
. 0.0 00 0.0 0.0
.. 65 7.4 7.4 8.7
-’39 4.6 46 . 5.3
- 24 24 - 2.4 2.9
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 .
3.0 3.5 35 3.5
2.0 .20 2.0 2.1
60 ~ 66 6.6 6.8
0.0 0.0 0.0 0.0
5.0 - 5.8 5.8. 6.1
2.5 2.2 2.1 1.8

/
4
=
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L _ : - Table B-13 (continued):

Sample 17/81/1 17/8/1 17/8/2  “17/8/2
el GL2W-RM  GL3W-AM  GLIW-RM  GL2W-AM
Major oxides (wt.%)’

Si0, : 48.62 48.%4 45 .41 4561 -
TiO 3.25% ~ 3.25 4.06 3.98

- ALO, 14.65 14.63 16.37 , 18.33
Fe,0, | * 4.7% 4.7% 5.56 5.48

FeO 8.39 8.07 8.21 8.25

MnO 0.20 6.19 ~ 0M8 013
MgO 4.14 4.27 4.88 4.86

Ca0 8.10 8.34 9.61 9.65

Na,O ~ 4.05 4.13 2.28 2.67

K,O , 2.65 2.40 2.06 2.07

P,0, 0.85 0.78 0.47 * 0.46

of] 0.00 0.00 0.00 0.00

Total 99.65 99.36 - 99.08 99.49
C.LP.W. norm .

Q 0.0 0.0 0.0 0.0

C 0.0 0.0 0.0 0.0

Or . 15.7 14.2 12.2 12.2

Ab 29.1 295 19.3 225

An 13.9 14.2 28.3 28.5

lc e 0.0 0.0 « 00 0.0

Ne 2.8 29 0.0 -0.0

Ac 0.0 0.0 0.0 0.0

WolDi) 8.7 9.2 6.8 7.7

En(Di) 5.1 , 5.6 4.7 5.2

Fs(Di) 3.2 3.1 1.6 1.8

En{Hy) 0.0 0.0 5.8 0.6

Fs{Hy) 0.0 0.0 2.0 0.2

Fo v 3.7 36 1.2 4.4

Fa 2.6 2.1 0.4 1.7

Mt 6.9 6.9 8.1 7.9

Hm 0.0 0.0 0.0 0.0 .
i 6.2 6.2 7.7 7.6

Ap 1.8 -1.7 1.0 1.0

382

WHOLE GLASS
Ray Mountain

17/8/2
GL3W-RM

 £5.24
4.09
16.28
5.59

QOO WVND®—-N
oM -0 ®

Yoonv—-wsro®
~J
o

. [ S JP
.$~sr#@p99pgp¢9

~NOo®Oo
- O -0



o ' 383

y | E ©
' _ Table B-13 (continued): WHOLE GLASS
» . "t ) Ray Mountain
Sample 17/8/3  17/8/3 17/8/3 _ 17/8/10  17/8/10

GL 1W-RM GL2W-RM GL4W-RM GL 1W-RM GL2W-RM™
Major oxides (wt.%)

'\

Si0, . a6 ¥ 4623 . 46.28 4770 . 47.82
TiO, . 4.12 4.12 - 4.06 3.90 3.72
ALO, 16.86 16.62 16.68 16. 16.59
Fe,0, 5.62 5.62 5.56 5.4 5.22
FeD 8.58 8.50 817 - 803 7.63
. 0.18 0.17 015 . 015 . 04!
MgQ 4.85 489 , 5.04 4.2% 4.08
Ca0 10.08 9.81 9.87 848 . 868
NaO - 1.31 142 1.34 1.63 . 1.85
K, 173 ° -© 174 1.80 . 2.19 2.46
P,0; 0.58 - 0.52 0.44 10688 . 0.64
c - 0.00 - 0.00 9.00 0.00 0.00
Total 100.09 99.71 - 99.40 98.54 98.79
C.LP.W. norm ¢ o
Q 5.3 4.9, 4.9 7.0 5.0
C 0.0 0.0 0.0 0.0 0.0
Or 10.2 10.3 . 10.6 12.9 " 14.6
Ab 1.1 12.0 11.3 138 15'6
An 34.4 338 34.1 30 - 296
Le 0.0 . 0.0 0.0 0.0 0.0
Ne 0.0 00 -, 00 0.0 0.0
Ac 0.0 0.0 0.0 0.0 0.0
WolDi 4.9 4.8 5.0 3.1 39 .
EniDi) 33 3.2 35 2.1 2.6
FstOi) 1.3 .2 1.1 08 1.0
EniHy) 8.8 9.0 9.1 85 7.6
Fs(Hy) 3.4 3.3 2.9 33 2.8
Fo 0.0 0.0 0.0 0.0 0.0
Fa 0.0 0.0 0.0 0.0 0.0
Mt 8.2 8.2 8.1 7.8 7.6
Hm 0.0 0.0 0.0 0.0 0.0
I 7.8 7.8 7.7 7.4 C 7
Ap 146 1.1 1.0 1.5 1.4
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Table 813 (continued): WNOLE GLASS
¥ Sample . 17/8/10 ‘ \
¢ - GL3W-~AM o -

Major oxides (wt.%) ’ .

Si0, 47.45 . 1

TiO, 3.74 -

Al,Op . 16.84 .

FQ;O; o 5.24 ,

FeO "’ 7.75% .

MnO . 0.17 - , '

MgO v 4.31 .o . ) » a

Ca0 8.80 .

Na,O 1.83

K,O . 1. 233

P ‘ - 0.

Cﬁ' 0.00

Total - . - 99.16

C..P.W. norm . : N

Q . 4.0 ‘

C 0.0 ,

14.4
15.5 , ,
An 30.5
] .

Ac 0.0 N

WolDi) 3.9 \)

En(Di) 2.6 .

Fs(Di) 1.0

En(Hy) 2.2

Fs(Hy) .

Fo ™. 0.0

Fa \ 0.0 v

Mt 7.6 -

Hm 0.0

|- 7

Ap 1.3



"4 . APPENDIX C
CHEMICAL AND ISOTOPIC ANALYSIS

. A’ Sample uloc'tlion ‘ v K f

Ssmples werp selected from sach of the ten volcanic centres studied. For the
) mlbr centres only two or three samples Wwere chosep but the largér and the
postglacial centres were sampled extensivdly in ord;r to study different phases of
-activity. Care was takon to ensure that as littie contamination as possible was derive&
from (ater lavas, inclusions Of crustal material and weathering. A total of 108 suriplés

were selected for chemical analysis, 20 for isotopic analysis and eight for Sm amd Nd

[4 -~
’

|sotop~d'lution

— — -

8. Sample preparation A

' Samples were trimmed of weathered surfaces using a tnm saw, ground on all
surfaces using silicon carbide grit to remove trarﬁ-:teel, washed twice in an ultrasonic
Yh the second time using distilled water, and dned in an oven at 120°C. Sampies were
then crushod to 2-3 cm size usmg a ;aw crusher and visually exammed to ohmunate tramp
steel acquired from the ;aws A clean aliquot of each sample Was divided in two smaller
ahquots The first was crushed in a tungsten carbuda swing ‘mill to -20Q ‘mesh. The
second was first nrqundm a rotary grinder wnth mullite piates. then in an agate swing -
mill, to -200 mesh. Great care was taken to minimise- airborne contamination of the

sample powders during preparation.

C. Whols ;ook chemical anslysis

108 samples were anslysed for Si0,. TiO,. IFe as Fe,0,. MpO,' MgO. Ca0. Na,0.
K,0 and P,Q;,, uting a PhilibsG PW 1400 X-riy fluorescence spectrometer with a rhodium
tube (Harvey and Atkin 1982). Analyses were conducted by Migdland Earth Science
Associstes of Nottingham, England. Samples were prepsred from powders ground in
the tur‘quton carbide swing mill, using the fused disc method Qvitﬁ a lithium tetraborate
flux. Loss on ignition was reported for each sample and was negligible in all jsave .two

cases. where contamination from the plastic vial was encountered. 4

{
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Tl\etncoolomontss oL, Rb. S, Ba. Sc. Y. 2. mv:> Co and hi were
nlysod by the pressed d‘sc method, using powdors proplr.d fr grmdng N mullite
andagate udesmbodabovo Scwasandyudumgnmgnonm ‘.

Nine uninarked replicates of thésis samples were incuded inthe batch, together
it .u.quoi of US.G.S. standard rock powders BHVO-1. DNC1 and W-2. One
replucafo of W-2 was qlso included. Rosul;s for standards are profontod in Table C-1
to”ther with pubhshed values fgr c¢mpmson The two sots of values aro discussed in
ﬂetml in Chaptor 5 '

Analytncal results for* the samples are shown in Tm D 1 .(Appendix D). A
scpante table (Table C-2] lists the mlytncal results for repjucates . \
¥ ~0m the basis of replicate snalyses and compamon with publishod values of _
U S.G.S. standdrds, errors were assngned for sach slement mlysed These errors are
jr'}?ma in Table C-3. o ", . \

il g
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Table c- * '
Amlytlool resuits for U.S.G.S. whols rook otmdc
Elomonl') .« BHVO-1 (This BHVO-1 ( DNC- 1 (This DNC 1 (Gllﬁ\.y
: : study) lnd Goode 1983) - study) . . et 2t 1983
Major_ oxides (wt.%) - ‘ )
Si0; 7 49.67 49.9:0.8 - 46.83 4.7
TiO, - . T2.72 2.65:0.09 ' 0.48 . 0.4820.03
Al . 13.34 8.820.2 18.34 18.010.76
Fe,0, : 12:28 12.210.3 10.10 9.910.37
MnO e 0.16 . 0.166£0.005 0.15 0.15:0.02 »
~ MgO . 7.43 7.120.2 . 10.81 "10.18 .
Ca0 11.30 11.41£0.2 11.34 11.7£0.78
Nas,O ' 244 2.2120.08 1.97 1.720.11
Ké 0.53 0.55:0.08 0.23 . 0.23:0.01
'f . - 0.26 0.2910.04 0.09 ‘0.1620.07
raco elements (ppm) ’ : : -
722 . 101 483 na.
{ 0 ' 9224 158 33
Rb 11 ; - 4022 40 1.9-9.0
Sr > ) 388 “440£70 748 140-470 -
Ba o 130 14218 . . 783 -, 120217
Sc © 22 , 3022 - 19 3322
Y ’ 25 2812 | 27 | 1922
44 . ' 176 180230 203 . 40-310
No 18 18+2 83" 22 -
Vv . 263" 314212 . 169 160130 —
.Cr . . 317 300230 294 © 270130
‘Co ._ 40 ® 4531 47 - 5414
Ni 127 T 117218 . 233 190140
. .I ‘ N ‘
y]

Analytical results are compgred with published values, Major oxide cancentrstions are in -
wm ht percent. Trace siement concentrations are in parts’ 1Per million by waeight.

nalyticsl precisions, uniess otherwise specified, are ‘?won in Table C-3. Values which
'dnffor significantly (greater than 2¢) from pubhshed values are in bold type. n%. = not
analysed '

’
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11 00:004 088 .
0.17£0.01 ° o 17:002

"6.8980.03 ., -. 6.33

9210, 10.940.56
2.4420.01 . 2.00t0.08
0.63:0.01 - 0.61

0.1320.01 - 0.1%
13829 - - 63
4413 170
221 2312
192+1 185-380
21222 200140
301 36122
2021 2
961 . 1331%0
721 . 8 :
25418 263218
116828 a 9124
3911 " 4313 .

723 70
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e " Teble C-2 R
R Replicate whole rock analyses -

23/8/8-ST 23/8/8 ST 24/8/ 14- St 24/8/14-SL

Rep. 1 . YRep. 2 Rep’ 1 Rep. 2
oromdos(m%) : .
49.96 845 - 86.36 46.37~~
1.73 / 1.72. 251 2.50 -
, 14.37 F 1386 14 A5 Y 14.47
Fe,0, . 1147 11.08 12.60 12.57
vﬂo . 0.12 0.15 0.18 0.15 -
> MgO 8.36 8.41 8.61 8.59 -
C0 . 8.86 8.75 9.65 9.66
Ne O | . 353 . 324 . 3.67 3.69
K,0 ‘ 1.23 1.20 1.71 1.70
: 0.34 ©0.33 0.53 0.53
" Trate elements (ppm)
s o .0 483 . 545
Cl 0 0 158 - 178
RB 028 - 29 40 . 38
&S 588 589 746 . 739
“Ba ‘ © 417 '406. 783 795
- 17 17 19 _ 22
Y 18 18 27 24
Zr : 182 192 . 203 205
N 37 38 53 54
Vv 109 130 169 170
Cr S 344 354 294 281
Co ' 39 - a5 | 47 42

Ni 165 . 165 233 233



Table C-2 (continued.

Element

Major oxides

Si0,

TiO

‘;rice elements (ppm)

Cl

. Rb
Sr
Ba
sc.
Y
Zr
Nb
\Y
Cr
Co
Ni

(wt.%)

17/8711-AM

Rep. 1

4453
2.50
13.12
13.29
0.17
9N

9.79

3.50
1.58
0.54

236
308
30
670
620
21
24
188

205
307
50
240

17/8/,1

o-wwovogsnd . §
a8

18/8/9-RR
Rep.

43.30
2.14
12.73
111;
0.1
¢« 11.03
9.84
9
]
9

]

O —-Ww
W —-Ww

168
140
27
494
381
19
22
7y
8
194®
358
. B7
226

18/8/9-RR
Rep. 2 ,

44 .47
2.1%
12.77
13.81
0.18
11.03
9.79°
3.43
1.18
0.40

Y
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Table C-2 jcontinued). L. C
Element . 21/7/1-R 21/7/1-R 21/77117-R° &  21/77/1-R
Rep. 1 - Rep. 2 . Rep..3 Rep. 4
Major oxi & _ .

0, 43.71 43.80 © 44.33 43.35
TiO .~ 2.689 2.68 - 220 . 2.67
Al,O, 1% 13.18 13.10 13.22 12.92
Fe,0, ‘gi 14.29 14.25 1432 ° 14.24 _

.MnO - 1 & 0.19 0.18 0.17 ©0.16 '
MO . * Y% .gg2 10.07 10.01 . 10.06
Ca0 9.48 . 951 9.49 9.49,
Ns,0 . 3.80 3.85 3.84 3.82
KO 156 1.61 157 1.69 '
P,O, ‘ 0.59° 0.6 0.60
0.62 - .
. .

Trace elements (ppm) .
S 108 o 117 123 112
Cl ‘ 341 329 340 320
Rb . 38 34 36 - 35

" Sr 802 ' 795 - . 803 806
Ba ® 940 921 | 830 954
Sc ' 19 18 18 17

Y - 23 23 , 22 24
- Zr 225 213 - 217 225
‘Nb’ : " 65 65 64 . 67
Vv 180 173 184 191
Cr . 277 : 264 272 272
Co o 55 . 57 55 50

N ' 173 168 168 169



s

Table C-2 (continued). ' )

: ‘ , _ Sk
Element 29/7/3KN 29/7/3KN ~ '29/7/6-KS 29/7/6KS g
Rep. 1 Rep. 2 Rep. 1 Rep. 2

Major- oxides (wt.%) ‘
Si0, 43.74 44.21 - 4459 ¥ 44.20 -
Ti0, - 2.61 : 2.61 2.63 2.61
Al,0, 12.90 -13.05 13.18 13.09.
Fe,0, 13.77 13.91 13.76 13.63
- MnO 017 0.16 0.18 0.18

' MgO 11.18 11.27 10.71 10.85
Ca0 9.62 9.63 9.49 948
Na,O 3.47 356 364 3.79

kS S S

P,0, : : : 54,

=

Trace elements (ppm) ' : g&’ :

S 322 313 7 EARRT:]

Ct ) 241 278 51

Rb 30 30 — 33

Sr 643 632 684 » 674

Ba B 457 472 508 95

Sc’ 18 20 21 17

Y 22 19 21 1

2r 212 208 229 S 723

Nb 47 47 . 49 > 50

Vv 169 v 170 172 , 178

Cr 344 323’ 328 332

Co 54 58 58 54

Ni 234 227 236 234



Table C-3

' Analytical precision in whole rogk analyses
‘Eloment ‘ Standard deviation ° - Standard error
Si0, . ‘ . 1774 . 0.40
TiO : 0.58 . ,0.14
ALS, : . -1.70 0.40
FeO - 1.38 f 0.32
MnO 3 - 126862 g.oz
MgOo . 1. 28 ° -
e ) 0.50 Q.12 J
Na,O 3.58 0.82
K,0 AR T 0.44
P,0, 5.92 1.40
S ) ‘g.eo 2.08 -
Ci ' > .14 2:16
Rb - . ., 7.84 1.88
. Sr ’ 1.04 0.26
Ba 2.54 0.60 -
Sc 10.98 2.58
Y 70 1.82
Zr , 2.56 0.60
" Nb 3 , 3.04 , 0.72
-V . 994 . 2.34 '
Cr : S 480 1.12 “\L,
Co 9.14 2.16
Ni . » 302 0.74

Standard dewations and standard errors for whole rock spalyses by X-ray fiuorescence
spectrometry are based on deviances observed in unmarked replicates. Analytical
precisions are quoted at 2¢. as percentages of total concentrations for each aiement or
OXIdO. ) -
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D. Isotopic snalysis < . . -
- * ” ' ) . ' s 1{
. . A ' < + ‘
Sample prepbratich « ¢ S ; .

- =~

/

I

© s
© 8
[}

Samples analysed fer initiafratié‘s.o'f "'Sr/"Sf and “’Nq/"“Nd were pregsred
usinp the method described by Smith (1986). The same aliquot was used for both Sr and
Nd. Appronmatbly 0\.5 gm ‘?f powdered sample was dissolvod. mn concof;t;ltod
hydréﬂuoric and njtric acids (A‘ﬁ}mcxturo), centrifuged and the supernatant dtsc;rdod. ;
The residue was dissolved in nitri¢ acid and evaporated to dryness. . °

Two cycles of.;nmonia precipitation and fiuorination were uséd to remove
divalent cations and Fe, respectively. The residue was dissolved in dilute hydrochloric
acid, refluxed for ! ﬁof:r and sufficient ammonium hydroxide was added to precipitate
M,0, cohplb es. The gel was centrifugéd and the ‘supornatant discarded. The residue
was flbociméﬁ using cqncenltrat.e& hydroflu;'mc scid and evaporsted to nesr-dryness.
then refluxed }or 1 r;our In @ mixture of dilute hydrofluoric and hydrochlorné acids. The
mixture was " centrifuged. the supernatant discarded, the residue dissolved In
concentrated nitric aq;d ;nd v n&ztad to dryness. The steps described ithis
paragraph were then repeated. N )
lon exchange columns used for separation of Sr and rare earth elgments were
24 x (.6 cm in size (Smith 1986) and packed wnfh BioRad AG 50-W-Xyafoon exchange
k;Scn {-150 to -200 me.f;h) The colL)Qns were equilibrated with 2.3N hydrochloric acid.
Samples were loaded in hydrochioric acid and elyted,usmg 2.3N HC!: the frac‘uon 35-55 -
ml being taken for Sr {\d the fractuo:ld 85-145 mi for Nd. The fractions taken were

evaporated to drynlss. Sr was 6urifned using a second column, to reduce Ca furthor._

’

before analysis by mass spectrom:tor.

Columns for the'séparltion of Sm and Nd were 38 x 0.3 cm In size. packed with
BioRad- AG 50-W-X8 cation exchange resin (-150 to -200 mesh). The columns ‘were
equilibrated with 0.2M metf:ylact»c acid (pH=4.43). That fraction of sample conta}mg
rare earth elements was taken up In a single drop of 2.3N hydrochloric acid and Iosded

INto 8 column. Theafra&son 50 to 70 mi was collected during elition, using a fractional
"
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mesh) and equilibrated with 1N HCI; the sample was eluted with 1N and 2.3N HCI

N

strlpped wnth 6N HCI and the last fractlon evaporatéd to dryness.

Treatmeﬁt for Sm ancl Nd. |sotope dllutrons 9 in number) was rdentlcal save for
the followmg Samples of approxumately the same srze as for initial ratio determinations
were carefully weighed and known. quantltres of mlxed Sm and-Nd' spike were added.
Drssolutlon was as for the initial ratio aliquots; only the rare earth element fractlon was
- taken from the first column The fractrons 12 to- Zo mi (for Sm) and 5Q to 720 ml (for
Nd) were taken from the second column and organlc -material was ‘re‘moved as for the
'_mntlal ratio allquots Six of the samples were further purrfled of organic materlal by
'passage through a fourth (caprllary) column wuth BloRad AG 50-W-X8 cation exchange

resm (- 150"to 200 mesh) sxm|lar to columns 1 and 3. ‘ N «

‘Blanks obtained for Sr and Nd concentratlons durlng the perlod of analysis are a

: maxlmum of 36 ng 3. 51 ng and 9.56 ng for Sr, Sm and Nd respectively (Smith 19886).
Such blanks are at least three orders of magnitude lower‘ln concentratlon than the

v

) minimum quantity of each element (A.D. Smith, pers. comm. 1986).

Mass spectrometry

Samples were analysed usmg arf’Aldermaston Mlcromass 30 mass spectrometer
iwrth a 30.5 cm radrus ‘of curvature. and a 90 sector magnet. Sarnple concentrates for
Sr analysis were loaded on to double rhenium filaments as a chioride. Those for Sm.and

Nd were loa#8d as metals sither on to double rhenium filameRts or on to triple filaments,

» .

. the centre filament being o*’ rhenium, the side (sample) filaments of tantalum.

.

The strength of the magnetlc fleld was set at 3 kG for Sm and ‘Nd runs and at 2

t

kG for Sr runs; fllament currents were approxmately 4.2/22 A and 3 1/1.0 A for rare

' - earth elements and Sr, respectively. The acceleratmg voltage for all runs ‘was set at 8.8

"'kV Each analysus was conducted by peak swrtchmg wath frequent measurements of.

'background in se\/eral posmons /

Measurements for the  Sr runs were taken in -the followmg order ugr,
vbackground lB? 88) S, backgrouné (86-87), vSr-Rb, *Sr, ”S"-Ro background
‘(84 85), '5le) and background (85'-86l

A
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Mea‘surégijs for the Nd isotope ratio runs were taken in the fdllowing order:.
1eNd, backg?ogn 43-144), “Nd, background (143-144j, **Nd, *Nd, **Nd, l"’Nc!' and.
background (146-147). S ' |

Measurements for Nd isotope dillutib.n runs. were_taken in the follo\v‘virng order:
’f‘Nd;‘ backgro.und (145-146), 'Nd, background “44,'145)' Nd, background
(142-143), 1%Ce, and background (140-142). o |

Measurements for Sm isotope.ait\Q\tiJc:n runs were taken in the following order:
147Sm, background ( 47;148), 149Sm, ’background' (149-150), '$2Sm, backgrdu,r;d
(153-154),7%Gd, and backgrouns '153-154). ' \

~ All Sr isotopic ratios are normalised to a value of _0.1- 194 for "Sr/v".Sr. All Nd

isotopic rétios ar'e'nbrmalised to a value of 0.724127 for *Nd/!*Nd. Twé_r{ty-one
analyses of tHe La Jollé stancjard taken over the period of study »‘give a value of .
0.51 1053‘9_r 14 (20) for '*Nd/**Nd. Thirteen analyses of the standard N.B.S. SRM 987
for‘”Sr/'é%;v gave a value of 0.710261 * 16 over the same time period. ”Sr/"Sr,'

Nd/*Nd and Sm and Nd cohcentrations measured for an aliquot of BCR-1 are;

respectively, 0.70502 + 4, 0.51184 + 2, 6.637 ppm and 28.93 ppm.
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| » Table D-1
Major oxide and trace element concentrations in samples of whole rock

Analyses are in the order'given below; on each page is a subheading listing the centres
described thereon. The source of each analysis‘is identified by the two-letter suffix, and
is plotted on each diagram of this work with the appropriate symbol, as follows:

Suffix - Symbol  Unit o . '
SB & Spanish Bonk - ‘
ST ny, Hyalo Ridge ‘ /
St X Spanish Lake Centrg' .
SC , Flourmill Centre
PY + - Pyramid Mountain h
Sp X Spahats (Second Canyon dyke)
_RM V4] Ray Mountain '
RR™ # Bathtoom Bonk
RC + . Pointed Stick Cone .
R - A Dragon’s Tongue
VRP A Dragon’s Tongue {(proximal)
RD A Dragon's Tongue (distall \ v
KP 0 Kostal Lake (older lavas) ' :
KN - 0 Kostal Lake (north cone)
KS "0 Kostal Lake {south cone)
KT "0

"Kostal Lake (lava tube)

5

Standard deviations and standard errars for wrole rock analyses by X-ray fluorescence
spectrometry, are based on deviances observed in eighteen unmarked replicates.
Analytical precisions are quoted at one sigma. as percentages of total cancentrations for
each element or oxide. Ferric iron is recalculated to a value of 1.5%+TiO, (Irvine and .
Baragar 1871). ‘ . :

“Element or oxide Standard deviation . " Standard error
SiO, 1.74. " 0.40
TiO, - v 0.58 - 0.14 .
AlL,O, ‘ : 1.76 — .0.40
FeO 1.38 0.32
MnO . 12.82 ‘ 3.02
MgO ' 1.06 0.24
Ca0 0.50 0.12
Na,O . 3.56 0.84 .
KO . 1.9Q 0.44
P,0; 5.92 1.40
S 8.80 2.08
Cl 9.14 2.16
Rb » 7.96 1.88
Sr - 1.14 0.26
Ba . 2.54 0.60
Sc 10.98 2.58
Y 7.70 1.82
Zr : 2.56 0.60
Nb ' r : 3.04 , 0.72
\ 8.94 - 2.34 -

» 4.80 112
Co ' A 9.14 . 2.16-
Ni K 3.12 © 074 .
. =¥



369' :

. Table D-1 (cormnued? Spamsh Bonk te Hyalo Ridge
. Sample - - 26/8/3- SB 26/8/4 SB 26/8/5-SB 23/8/3—ST 23/8/6 ST

_ Major OdeBS (wt.%) : _ ,

Si0, - . 4445 - 4414 44.75 5?9. : 49.76
TiO, - 2.79 2.32 2.82 - 80, . - 1.75
ALO, - 13.68 12.41 1 13.71 14.07 14.24
Fe,0, - 4.29 3.82 4.32 3.30 = _.3.25
Fel : ’ 8.22 8.65 : 8.30 7.35 . 7.23
MnO _ 0.17 0.18 0.15 . 0.13 0.15
MgO ) 9.14 10.81 - 9.04 ., 853 . 8233
Ca0 . 9.68 . 10.49 © 8,70 . 8.76 . 8.88
Na,O . 3.58 =~ 3.34 " 3.4 _ 3.13 - 3.35 .
K,O 1.69 -\ 1.30 1.8 124 1.24
P,O0, , . 057 50 0.59 0.32 0.34
ot 98.26 © 97.96 98.68 98.91 98.52
. Trace elements (ppm) : .

S 121 - 297 - 64 107 - 0
€l : 295 424 334 229 a 0
Rb . § 32 31 33 32 ¢+ . 30
Sr _ 690 . 693 736 546 571
Ba 474 568 - 7485 : 380 - 3390
Sc ' 19 23 19 21 18
Y 24 ' 22 26 8 . 19
zr = ) - T 205 182 -216 ' 189 191
Nb . 48 ‘ 50 51 - 35 39 .
V 195 213 189 109 123
Cr 251 334 - 233 356 ~ 352
.Co 3 — 48 52 .49 39 37
NI 151 J 239 144 184 171
C.IP.W. norm : !

Q © 0.0 0.0 0.0 0.0 0.0.
C 0.0 0.0 0.0 . 0.0 0.0
Or 10.0 7.7 10.8 7.3 7.3
Ab 14.1 11.1 14.1 26.5 28.3.
An 16:2 15.0 16.4 -~ 20.6 20.1
Le 0.0 | 0.0 - 0.0 0.0 0.0
Ne 8.8 9.3 8.2 0.0 b.o
Ac 0.0 0.0 0.0 0.0 0.0
Wol(Di) 11,7 14.1 11.6 8.7 8.1
En(Di) B 1 9.7 " 8.1 5.8 6.1
Fs(Di) 2.6 3.3 2.6 2.2 2.3
En(Hy) 0.0 ;0.0 00 _ . 9.1 - 4.6
Fs(Hy) 0.0 "~ 0.0 0.0 3.4 1.8
Fo . 10.3 12.2 10.2 45 7.1
Fa 3.6 4.6 3.6, 19 3.0 3,
Mt 6.2 5.5 6.3 7 . 4.8 4.7
Hm 0.0 0.0 0.00u 0.0, 0.0
N 5.3 4.4 5.4 3.4 3.3
Ap 1.2 1.1 1.3 0.7 0.7
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Table D-1 {continued): Hyalo Ridge

Sample’ 23/8/8 ST 123/8/9- ST 23/8/10- ST 23/8/11-ST 23/8/12 ST
Major oxides (wt.%)

'Si0, 49.96 . 48.85 49.46 ' 50.36 '~ 49.89
-Tio, Y173 o L77 1.86 1.85. 1,88
ALQ, . 1437 . 1425 ‘- 14.39 1448 — 14.49
* Fe,0, 3.23 3.27 . 3.36 335 . . 338 .
FeO 7.41 685 . 7.25 7.38. ©  7.32
MnO S 012 0.14 - - 0.15 .*#0.15 0.15
MgO - . 83 . 826 . 7.95 836 - : 8.09
Ca0 © 886 9.08 8.76 \8.90 . :8.95.
‘Na,0 3.53 3.61 3.39 '3.13 . 3.40
K,O 1.23 1.28 1.21 1.2 - 1.27
PO, . 0.34 - °0.35. ©0.35 0.34 0.36
Total 99.14 97.71 . 98.13 99.56 99.18
Trace elements (ppm) . ‘ ’ : _
S . 0 E: B 215 218. . 939
cl - 1 0 : 111 251 231 13,
Rb 28 . 30 . & 31 29 30
Sr 588 610 583 | '~ 558 . 592"
Ba 417 412 . 412 378 377
Sc _ 17 15 18 19 .19
Y 18 .20 19 .18 . . .19
Zr 192 204 202 o191 203
<Nb : 37 SNY-E I 39 36 | 39
v - 109 121 - 19 103 115
Ccr ° 344 388 ©325 353 . - 326
Co 39 ‘.. 37 44 37 33
N 165 159 - 64 183 169
C.1P.W. norm . ) . '

Q 0.0 0.0 0.0 0.0 - 0.0
C 0.0 0.0 0.0 - 0.0 . 0.0 .
Or 7.3 7.6 7.2 7.4 7.5
Ab 29.8 28.9 28.7 26.5 28.7
An 18.7 18.9 20.4 . 21.7" 20.5
Le © 0.0 0.0 0.0 0.0 £ 0.0
Ne 0.0 - 0.9 0.0 0.0 -~ 0.0
Ac - 0.0 0.0 0.0 0.0 0.0
Wo(Di) 9.2 10.0 8.7 8.4 . 9.0
En(Di) 6.1 - 6.8 , 5.8 . 5.6 6.0
Fs(Di) 2.4 2.4 2.2 2.2 2.3
En(Hy) 2.4 0.0 48" 8.7 4.1
Fs{Hy) / 1.0 0.0 1.9 3.3. 1.6
Fo. - . 8.7 9.7 6.5 4.6. 7.1
Fa ] 3.8 3.7 2.8 1.9 3.0
Mt j 4.7 - 4.7 4398 4.9 4.9
Hm : 0.0 0.0 $.0.0 - ,0.0 0.0 -
I / 3.3 3.4 3.5 3.5 3.6
Ap /. 0.7 0.8 0.8 0.7 0.8
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. * v Table D- 1 (contmued) Hyalo‘Rldge to Spanish Lake
. Sample 23/8/13 -ST 23/8/16 ST 23/8/17 S’ 24/8/3-SL 24/8/®SL
.. Major oxides fwt.%}. i '
SiO, 49.81 49.57 * .50.01 . . 45.52- 45. 78
TiO, - 1,87 1.77. 1.77 - 2.55 -2.32
Al,0, . 14,54 14.38 14.48 14.35 14.25
Fe,O; : 3.37 327 327 . 4.05 3.82
FeO ~ ~- 7.63 1 7.34 7.29 8.49 . 7.64
MnO : 0.13~ 0.12 . 0.14 . - 0.17 -~ 0.15
Mgo . 8.04 - 8.45° . 8.25 8.76 9.20 °
Ca0. : 8.82° 8.95 8.05 89.68 . 8.60
Na,0 3.44 ~3.31 - -3.33 3.93° . 3.96
K,0 v ©1.22 1.7 “1.15 » 1.83 . 197
P,O; - 0.35 0.34 0.33 0.53 0.63
Total 89.12 98.67 89.07° 99 87 - 99.32
Trace elements (ppm) : o
S 51 113 49, 644 . 410 .
Cl 325 174 40 ) 443 564
Rb 24 ' 27 - 28 . 36, 44
8r 603 586 . . - 881, ', 769 . 786
Ba o 431 400 - 385 © 792 888 -
Sc . 17 17 8 - .18 . 20
Y _ .18 16 187" - 25 S 280
Zr : 207 190 A 1893 . 207 231
Nb 41 L 36 ' 37. : 55 -, .63
Vv ' 124 115 112 - . 185 174
Cr 302 343 343 286 327
Co 37 _ 42 40 - 48 - © 50
Ni ' - 159 ' 179 163 244 C221
C.l.P.W. horm - . - . . D
- Q 0.0 0.0 . 0.0 0.0 0.0
C - 0.0 0.0 0.0 0.0 0.0
Or 7.2 - 6.9 6.8 10.8 1.7
-Ab .29.1 28.0 28.1 13.7 13.7
An . 20.6 20.9 21.1 16.1 15.3
Le 0.0 0.0 . 0.0 0.0 0.0
Ne 0.0 0.0 0.0 , '10.6 10.7
Ac o 0.0. 0.0 00’ .~ 0.0 - 0.0
WolDi) 8.7 8.9 8.0 - . 11.9 11.8
- EnlDi)" @ 5.7 . 5.9 .6.0 . 8.0. 8.2
FsiDi) 2.3 2.3 23 30 2.6
EnHy) 4.1 4.6 5.5 -0.0 0.0
Fs{Hy) 1.7 1.8 - 2.1 0.0 - 0.0
Fo 7.2 7.4 6.4 . 9.7 10.4
Fa 3.2 3.1 - 2.7 4.1 3:6
4.9 4.7 4.7 5.9.° 5.5
Hm 0.0. 0.0 0.0 0.0 0.0
I & - 3.6 3.4 3.4 4.8 4.4 s
“Ap 0.8 0.7 0.7 1.2 1.4

A\ o



Table b-1 (céntinued); Spanish Lake -

- :Sample T-24/8/6%L : 24/8/8-SL  24/8/9-SL  24/8/10-SL 24/8/11-%L

« Major oxides (wt.%) R . I ‘ o
SiO, 4538 7 46,15 4552 45.77 4528 !
Ti0, 2.31 2.32 2.58 2.31 2.34
ALO, - . 14.07 1439 1438 . ,14.10. 13.87..
Fe,0, ' 381 - 3.82 ~4.08 3.81 3.84
“FeQ 7.66 - 7.65 7.74 - 7.69 7.68
‘MnO, : . 0.16 : 0.17 0.16 0.18 0.16 .
MgO 921 926 8.78 9.45 ©9.20
Ca0 . 79 - 9.50 ' 8.81 9.57 .~ 9.72
Na,O ~.3¥74 380 . - 3.85 - 73.88 3.88
K,0 S . ~ 180 - . 1.80 1.67 ¢ 1.91 1.856
P,0; 0.64 . 0.62° 0-5% ‘ 0.62 ., 058
\ Total 88.67 99.58 89.13 . '98.29. 98.41
Trace-elements (ppm) _ - '
S 428 356 238 358 /398
Cl 571 128 ™78 - .. 547 591
Rb - . - 42 41 .3 . rs42 , 42
Sr ‘ 789 . 798 <774 788, 789
Ba 884 879 784 866 833
Sc 22 . 20 20 .22 - 20
Y > 24 . 25 24 27 v 27
Zr 225. 22 205 - - 226 T 221
Nb ‘ 63 58 55 61 —-60
V. ‘ 187 “ 167 177 185 . 188
cro 311 326 285 314 - 341

+ Co 45 42 52 - 48 - 40 .
Ni 206 227 223 223 214
C.ILP.W. norm j : 4 : :
Q 0.0 . 0.0 ' 0.0 - 0.0 0.0
C 0.0 0.0 0.0 . 0.0 0.0
Or 11.2 " 10.6 99 11.3 10.9
Ab 13.5 16.1 5.5 14.0 13.4
An - 16.0 16.4 17.0°° 15.4 14.9
Le 0.0 . 0.0 0.0 0.0 0.0
Ne 9.8 - 8.2 8.3 10.2 10.5
Ac 0.0 0.0 0.0 0.0 0.0
Wol(Di} 11.9 L 11.7 11.7 12.3.
En(Di) 8.2 7.7 8.2 _ 8.1 8.5
Fs(Di) 26 2.5 2.6 2.6 2.7
En(Hy) 0.0 0.0 0.0 . 0.0 0.0

xFs(Hy) 0.0 - 0.0 0.0 0.0 0.0
Fo 4 - 10.8 8.6 -10.8 10.1
Fa : '.7 ‘ . 3.8 3.3 3.8 - 3.6
Mt w. 55 - 5.9 5.5 5.6

. Hm " 0.0 0.0 0.0 - 0.0 0.0
i 4.4 4.4 ' 4.9 , 44 ° 4.4
Ap 1.4 1.4 ‘ 1.2 . 1.4 1.3
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Table D- 1 {continued): Spanish Lake

Sampis 24/8/14-SL 24/8/15-SL  2/8/1-SL 3/8/1-SL 3/8/4-SL
Major oyides (wt.%) ' ' _ - o
Si0, 46.37 45.74 44.09 45,25 45.61
Ti0, 2.51 2.52 252 2.39 - 2.32

. Al,O, 1446 ° - 14.43 13.68 13.94 13.98
Fe,0, . 401 . 4,02 402 , 389 - 382
FeO S 73720 7.83 -7.81 7.72 7.59
MnO 0.17 0.18 0.17 0.17 - 0.16
MgO 8.60 8.00 8.79 - . -9.90 9.41 —
Ca0 - 966 954 - . 1020 953 . 9.39
Na,O 3.68 - 3.87 ' 3.78 3.79 .7 4.00
K,0 1.71 1.85 175 173 -1.89
P,O, 053 ™ ?5 » 0.54 - 0.56 0.63
Total 88.42 5 B3 - ;1 87.35 * 88.87 98.80
Trace elentdnts (ppm) - ¢ : :

— S 514 : 647 " 370 © 428 112-
Cl . 168 - 469 500 ¢ 249 230
Rb _ 39 37 37 35 40
Sr 743 774 . 785 760 818

- Ba 789 813 905 816 915

.~ Sc. ‘ 21 20 16 18 19
Y : 26 23 22 24 24
Zr , 204 214 189 216 228
Nb, 54 b7 - 54 54 . . 63

SV 170 188 198 ‘189 172
Cr o 288 ' 265 301 354 321
Co 45 48 44 47 49
Ni ' 233 213 216 267 228
C.LP.W. norm

Q¢ 0.0 0.0 0.0 0.0 0.0
C 0.0 0.0 0.0« ‘0.0 0.0
Or 10.1 10.9 10.4 10.2 1.2,
Ab 18.2 14.9 10.8 13.9 144 -«
An 17.9 16.5- 15.2 15.9 14.6
Lc 0.0 0.0 0.0 0.0 0.0
Ne 7.0 9.7 . 11.4 9.8 10.5
Ac 0.0 0.0 ~0.0 0.0 0.0
Wo(Di) 1A 11.4 . 13.3 11.6 1.7
En(Di) - 7.7 7.8 9.2. 8.2 8.1
Fs(Di) . 2.5 2.5 3.0. 2.4 2.5
En(:_y) 0.0 0.0 0.0 0.0 0.0
FsiHy)’ 0.0 0.0 0.0"_, 0.0 0.8
Fo 9.7 - 10.2 8.9 11.6 10.8-

. Fa 3.5 36 ., 32 3.8 3.7
Mt 5.8 5.8 .. bB.8 56 ¢ 55

“ Hm 0.0 . 0.0 0.0 0.0 0.0
f 4.8 4.8 4.8 45 - ' 4.4
Ap 1.2 1.2 1.2 1.2 1.4
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© Table D-Ucdntinued)z Spanish Lake to Flourmill ~ .

‘Sample 3/8/7-SL  2/8/3-SC  4/8/2-SC  4/B/6-SC  4/8/8-SC
Major oxides (wt.%} = , :
S0, 45.87 44 86 44,95 - ' 4532 44 .84
TiO, . 3 2.30 233  .253 257 2.54
Al,0, . 13.97 13.34 1435 - 1334 14.28
Fe,0, 3.80 3.83 "4.03 4.07 - . 4.04
FeO 784 . 7.70 7.69 ~ 7.86 -~ 7.87
MnO : 0.17 - 0.19° 0.16 © 017 -/ 0.16
MgO 9.67 937 ¥ 839 ' 853 8.40
Cab =~ - 948 - 98! 967 972 \ g7
Na,0 . 390 '3.89 - 3.98 3.86 \ 3.61
K0 1.88. | 1.81 L1.85 1.82 1.83
PO, . 0.61 - 0:82 0.56 055 055
Total 99.49 98.25 98.17 . 97.81 97.79.
Trace.elements {ppm) - \ v
- 197 253 . 626 53 [ 107
cl : 347 . -305 474 © 430 . 431
Rb ' : 44 - .37 37 37 - 37
Sr 819 797 - 802 777 - 790
Ba - 896 866 874 - 821 . 822 !
Sc . -—18 . 23 16 23 19
Y 23 , 28 - 25 . 26 22«
Zr 1228 224 210 214 . 214
Nb 63 60. - 57 56. - 56 )
Voo 177 - 184 . 191 182 178
Cr+ . 325 320 270 290 284
Co . o 48 45 _ 48 47 . 47
Ni - 227 208 179 198 208
CILP.W..norm N
Q - 0.0 0.0 0.0 0.0 0.0
C 0.0 0.0 0.0 "0.0 . 0.0
Or 11.1 10.7 10.9 10.8 10.8
Ab 14.3 12.2 13.6 15.1 14.5
" An 15.0 149 7 15.7 13.7 " 17.3 L4
Lc 0.0 0.0 0.0 0.0 0.0
Ne F 100 0 112 10.9 9.5 . 8.7
Ac 0.0 0.0 ° 0.0 0.0 0.0 #
Wo(Dil 11.7 12.4 11.9 12.9. e e
EA(DI) 8.1 8.6 8.2 8.9 4
Fs(Di) 2.6 2.7 ‘2.7 3.0 :
En(Hy) 0.0 0.0 - 0.0 0.0
Fs(Hy) 0.0 ~0.0 . » 0.0 0.0 ¢
Fo S 11.2 10.4. 8.9 8.7 -
"Fa 4.0 3.6 3.2 3.2
Mt - 55 . 5.6 5.8 5.9
Hm - 00 0.0 0.0 0.0
It- 4.4 4.4 4.8 4.9
Ap 1.3 1.4 1.2 1.2
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Table D-1 (continued): Slourmill

4/8/14-SC 25/8/3-SC

<

Sample - 4/8/7-SC' 4/8/9-SC  4/8/10-SC
. Major oxides (wt.%) '
Sio, 44.89 44.85 44.63 4480 , 45.04
TiO, 2.55. 2.51 2.50 2.50 2.45
Al,O,. 14.34. 14.29 14:00 14.17 13.64
Fe,0, -4.05 . 4.01 © 4.00 4.00 3.95
FeO" 7.68 . * 7.66 7.81 7.74¢ 7.89
MnO . 0.16 0.16 . 0:18" 0.15 0.16 *
MgO - 8.45 . 8.56 8.91 8.62 ~ .8.90
Ca0 9.67 9.63 9.70 . 9.36 9.68.
Na,0 4.00 " 4.80 4.05 383 | 3.86
K,0 - 1.84 ©1.81 1.79 1.82 1.80
P,0. . 0.65 0.57~ 0.56 0.54 . 0.56
Total - . 98.18 .98.85. 98.13 97.53 97.93
Trace elements (ppm) ' :
S ‘ 160- 510 456 517
Ci 465 482 . ., 440 391 491
Rb 347 3% 7 35 36 34
Sr 778 794 778 + .- 758 755
Bd 829 810 795 792 760
Sc 19 19 20 18 17
Y . 24 23 26- 25 24
Zr 210 211 207 212 205
Nb 55 56 .54 57 53
Y 194 - 185 186 177 163
Cr 289 271 307 295 267
~ Co 47 45 50 49 47
Ni 214 202 237 241 218
C.ILP.W. norm _ ' -~ : .
Q £ 0.0 0.0 0.0 0.0 0.0
C 0.0 0.0 0.0 0.0 - 0.0
Or 1%9 510.7. 1o.g 10.8 -10.6 .
Ab 13.4 “11.] 12. 14.7 =y 1
An 15.7 12.1 14.7 16.1 \/1%2
Lc 0.0 0.0 - 0.0 0.0 ,4)50
Ne 1.1 16.0 11.9 9.6 f_n,, 2
Ac 0.0 0.0 . 0.0 0.0 (0.0
WolDi) 12.0 _13.4 12.4 11.2 1125
En(Di) + 8.3 9.3 8.6 7.7 8.6
Fs(Di) . 2.7 3.0 2.8 2.5 2.9 1
En(Hy) 0:0 0.0 - 0.0 0.0 0.0.
Fs(Hy! 0.0 . 0.0 0.0 0.0 0.0
Fo 9.0 8.5 9.6 9.7 9.6
Fa 3.2 3.0 3.4 3.5 35
Mt -5.9 5.8 - 5.8 5.8 5.7
Hm ~ 0.0 - 0.0 . 0.0 0.0 0.0.
I 48" 4.8 . 4.8 4.8 4.7
1.2 1.2 © 1.2 1.2 1.2

'y
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Table D-1_{continued): Flourmill

Sampie 3/8/10-SC  478/12-SC  4/8/13-SC  2/8+5-SC__ 2/8/6-SC
Major oxides (wt.%) : . . :
SiO, 4470 44.98 44 98 44 .87 43.97
Ti0, 2.53 256 2.53 2.21 2.42
AlO,- 14.03 14.38 14.05 12.93 13.24
Fe,0, ©4.03. 4.06 4.03 3.71 3.92
FeO 7.74 3 7.69 7.66 8.20 7.89
MnO 0.18 0.17 0.16 0.16° 0.18
MgO , . 8.88 8.35 8.49 1.1 8.76
Ca0 8.74 9.84 S.68 10.27 ©10.48
Na,0 3.97 ~3.81 4,15 2.96 3:41
K,0 1.66 .« 1.78 1.63 . 1.38 1.63
P,O; 0.54 0.55 0.54 0.40 0.49
Total . 98.00. 88.17 87.90 98.20 87.39
“Trace elements (ppm) , :

S 277 103 3 . 7142 276 278
Cl » 272 306 161 160 242
Rb 34 "37 35 28 34

. Sr 764 783 801 . 649 740
Ba- 812 808 811, 701 863
Sc 16 21 , 18 23 21
Y. . 23 25 26 20 - 23,
2r 205 2117 221 164 - 175
Nb . 55 55 57 - 44 53

\Y 184 178 187 207 . 223
Cr 4 302. - - 291 293 420 356
Co ‘ 46 49 48 58 57
Ni 243 - 190 A 215 - 299 257 -
C.I.LP.W. norm \ . . :

Q 0.0 . 0.0 0.0 0.0 0.0
C 0.0 0.0 0.0 0.0 0.0
Or 8.8 10.5 8.6 " 8.2 9.6-
Ab 13.6 14.2 14.8 13.0 9.9
An 15.5 16.8 14.9 . 17.9 16.0
Le 0.0 0.0, 0.0 . 0.0 0.0
Ne 10.8 9.8 11.0 6.5 10.2,
Ac 0.0 0.0 - . 0.0 0.0 - 0.0,
Wo(Di) 12.2 1.8 12:4 "12.7 13.7 .
En(Di) 8.5 8.2 8.6 8.9 8.6 .
Fs(Di) 2.7 27 ° 2.8 2.8 3.0
En(Hy) 0.0 0.0 0.0 0.0 0.0
FsiHy) 0.0 0.0 0.0 0.0 0.0
Fo 9.6 8.9 8.9 13.2 104 "/
Fa 3.4 3.2 3.2 4.5 . - 3.6
Mt 5.8 59, 5.8 5.4 57
Hm 6.0 0.0 - 0.0 0.0 0.0

fl 4.8 4.9 ~ 48 4.2 4.6
Ap 1.2~ 1.2 1.2 0.8 1.1

376 -
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Table D-1 (continued): Flourmill

.

Sample . 2/8/7-SC 3/8/8-SC 4/8/15-SC  4/8/16-SC  4/8/17-SC
Major oxides (wt.%) ,
Sio, » 44.66 45.35 44.20 44.87 . .. 45.04
. Ti0, 203, . 2.30 .- .2.53 253 ., 245
Al,O, T 12.04. 13.35 ¢ 13.86 1405 ~  13.64
Fe,0, . 3.53 3.80 . 4.03 4.03. 3.85
FeO . - 8.32 8.03 7.65 7.75 . B8.03, .
MnO 0.16 . 0.18 0.17 - 017 . 0.17
MgO 13.47 1041, = 885 . %31 ~ 8.74
Ca0 - 9.12 : 10.36 9.70 8.80 10.46
Na,0 3.18 351 4.09 3.33 3.73
K, Ovigls, - 1.37 1.50 1.79 1.87 - 1.63
P,Ourgt, - - 0.41 0.46 . 083 0.52 0.50
Total % ©98.29 99.25 87.40 88.33 99.34
Trace elements (ppm) o , C
s - 366 148 = 269 162 384,
Cl. ' 251 318 417 79 419
Rb 26 29 33 32 32
Sr 609 669 ¢ 7% . 757 . 752
Ba o 632 - 711 778 ' 794 855
Sc , 23 © 20 18 ) .22 22
Y - 16 20 . 28 - 23 - 23
Zr - 155 168 202 - 186 179
Nb 40 , 46 55 53 54
\Y " : 187 219 196, 177 230
Cr 501 459 3177 . 315 356
Co . 62 51 51 - 43 . - 49
Ni - 463 - 308 282 . 247 253
C.LP.W. norm . ? ‘
Q- : 0.0 0.0 0.0 0.0 0,0
c 0.0 0.0 0.0 0.0 0.0
Or 8.1 " 8.8 10.6 SRR 8.6
Ab 12.4 12.5 11.4 13.0 1114
' 145 16.2 141 17.8 15.6
0.0 0.0 0.0 0.0 6.0 -
7.8 8.3 12.5 8.2 1.1
0.0 0.0 0.0 . 0.0 0.0
11.7 13.4. 12.7 1.7 13.8
8.4 .94 " 8.9 8.2 8.6
2.3 29 2.8 2.5 3.0
. 0.0 ‘ 0.0 0.0 0.0 0.0 -
0.0 0.0 0.0 0.0 - 0.0 .
"2 1T Twe 11.7 8.3 10.6 ¢ 10.3
5.4 4.0 3.2 3.5 > 3.6
8.1 5.5 5.8 5.8 5.7
0 s . 0.0 0.0 0.0 0.0
- 3.9 44 4.8 4.8 4.7
- 0.9 1.0 )/, 1.2 1.1 1.1
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Sample 4/8/1-SC
Major oxides (wt.%)

Si0, 45.00
Ti0, <2.13
AlLO; - 2 - 12.62 -
Fe,0, 3.63
FeO 8.26
MO 0.18
MgO 12.03 .
- Cal 9.75
Na,0 = 3.04
KO 1.24
PO, 40 _
Total X 28

- Trace elements (pp

S L 209
Cl 113

- Rb B .31
Sr 677
Ba - . 708
SC 19

Y 20
Zr 170
Nb 46
Vv v 196
Cr. , 415

-

Co - 53
Ni . 330
C.LP.W. norm ’
Q : 0.0
C 0.0
Or 7.3
Ab 14.5
An 1.7:1
Le . 0.0
Ne - 6.1
Ac 0.0 |
Wol(Di) 12.0.
En(Di) 84 °
Fs(Di) 25"
EnRy) 0.0
FsiHy) 0.0 -
Fo ~ 15.2
Fa 5.0
Mt 5.3
Hm 0.0
4.0
Ap 0.9

v
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Table D-1 (c&ntinued): Flourmill to Pyramid Meun?aip |
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~ Table D-1 (continued): Pyrarﬁid Mountain to Ray Mouﬁtair_\

 Ap

Sample . 27/7/1-PY 17/8/5-RM  17/8/7-RM 17/8/11°RM 17/8/12-RM
.~ Major oxides (wt.%) - ) : . ' »

- Si0, - 43.98 - 43.15 43.25 . 44,73  46.23
TiO, , 2.81 - 376 3.69 251 . - 240
ALO, 12,79 . 1492 .14.89 13.23. . 13.36
Fe,0; . 431 b5.26 -7 5.18 4.01 3:80
FeO - 8.66 9.37 . .9.04 . 8.4 . 8.83

~ MnO 0417 . 0.15- 0.17 v . 0.18 0.17

<5 Mgo © .. 1068 - 650 6.30 . - -8.94 8.58
Ca0 ' 9.73 - 9.60 . 8.46 9.78 9.56
Na,0 3.26 3.47 : 4.07 '3.46 3.43
K,0 - 1.17 1.27 - 158 - .- 158 0.98

. PO : 0.58 - 049 048 .. 0.53 0.52

- Total 89.14 . - 97.94 88.12~-- . 98.36 98.07

* Trace elements (ppm) - - L c

S o 87 v 302 ° 226 . 231 - 84
cr 187 .13 o 314 2312 -0
Rb .~ . 32 17 35 32 . 41
Sr . - 630 . - 830 1 848 672 526
Ba - 427 685 - - 676 . 615 530
Sc .- ‘ 19 17 15 22 19
Y o . 24 18 8- . 23 - - 24

- Zr ST 178 f 182 187 189 193
Nb . ‘ 46 B2 51 ' 52" 46
v 176 - 218 . 223 187 185
Cr - 337 - 51 54 . 312 342

~Co : 56 . 45 5.1 50 - 51
Ni : 253 . . . 58, 68 240 231
C.LP.W. norm : L ' o » : ;

Q. oo - . 00 - 0.0 A 0.0 0.0
C ‘ 0.0 - -+ 0.0 . 0.0/ 0.0 - 0.0
Or 6.9 - 7.5 9.3 8.3 5.8
Ab 14.7 - 18.4 15.3 13.8 22.4
An ~ 16.8 21.3 RVAAS 15.9 18.1

- 0.0 0.0 0.0 -0.0 0.0
Ne ' 7.0 5.9 10.3 - 8.4 3.6

CAc 0.0 . 0.0 0.0 0.0 0.0
Wo(Di) 11.6 Y 9.6 109 C12.2 . 10.8
En(Di) . - 7.8 6.3 7.2° 8.4 7.2
FsDi) - 2.9 2.7 3.0 2.8 2.8
En(Hy) 0.0 0.0 0.0 0.0 0.0
Fs(Hy) 0.0 0.0 0.0 0.0 0.0
Fo :13.2 7.0 6.0 - 115 .11.8
Fa . 5.4 3.3 - 2.7 . 4.3 - 5.2 -
Mt - - 6.2 7.6 7.5 5.8 5.7
Hm - 0.0 - 0.0 0.0 0.0 0.0
I 53" 7.1 7.0 4.8 4.6

1.3 1eh 1.0 1.2 1.1
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_ " Table D-1 (continued): Ray Mountain
Sample 17/8/13-RM 17/8/14-RM 17/8/15-RM 17/8/17-RM 19/8/1-RM

Major oxides (wt.%) _
SiO, 45.09, 45.51 45.19 42.76 . 43.13
TiO, 2.53 2.48 2.50 2.78 3.34
AlLQ, 13.39 . . 13.35 13.43 13.23 14.56
Fe,0, ‘ 4.03 - 3.98 4.00 4.26 4.84
FeO 8.24 - 8.40 8.36 9.54 8.09
MnO . 0.7 Q.17 0.17 0.17. 0.17
MgO - 10.02 ©10.04 8.94 10.13 6.62
Ca0 ' 9.94 9.82 - 9.80 9.86 8.53
Na,0 3.51 351 . 3.67 3.64 4.13
K,O- . 1.42 1.29 1.40 1.60 1.77
PO . 0.56 0.54 0.54 0.57 0.66
Total 98.90 938.11 938.00 98.52 97.84
Trace elements (ppm) =~ ' ‘
o 20 53 "305 < 188
Ci 209 138 361 401 207 .
Rb ' 35 38 39 - 40 39 *
Sr 684 645 682 857 1030
Ba _ 641 - 620 648 - 629 783
Sc - .. 24 19 23 17 )
Y. 21 .22 22 20 22
r - 198 196 204 191 199
Nb ) : 55 52 54 55 58
\% ‘ 201 82 198 180 196
Cr . 325 342 316 260 90
Co - 54 51 45 BEE1S) 43
Ni ‘ 221 228 215 217 80 ..
C.LP.W. norm C .
Q : 0.0 0.0 0.0 0.0 0.0
C - 0.0 0.0 0.0 0.0 0.0
Or . 8.4 7.6 8.3° 9.5 10.5
Ab 15.2 17.2» 15.4 7.7 13.2
: An 16.6 16.8 /~\§.O 15.0 15.9
0.0 0.0 0 0.0 0.0
Ne 7.8 6.7 8.5 12.5 . 118 -
Ac 0.0 0.0 ‘ 0.0 0.0 - 0.0
Wol(Di) 12.2 11.8 12.2 12.6 11.3
En(Di) 8.5 8.2 8.4 8.4 7.3
Fs(Di) 2.7 2.7 2.8 .1 3.2 3.3
En(Hy) 0.0 0.0 0.0 0.0 0.0
" Fs{Hy) 0.0 0.0 -~ 0.0 0.0 0.0
Fo 11.6 11.9 11.5 11.8 6.5
Fa 4.1 4.3 4.2 5.0 - 3.2
Mt 5.8 5.8 5.8 6.2 7.0
Hm 0.0 0.0 0.0 0.0 0.0
I a8 4.7 a8/ 5.2 6.3
Ap 1.2 1.2 1.2 1.7 1.4

]
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Table D-1 (continued):.' Pointed Stick Cone to Dragon’s Tongue

Sample - 18/8/3-RC 18/8/4-RC_ 18/8/8-RC * 18/8/9-RR - 16/8/1-R
Major oxides (wt.%) ' :

Si0, 44.65 45.50 45.77 44.39 4457
TiO, 2.99 . 2.94 266 2.15 2.61
Al,0, 14.32 1453 15.23 12.75 13.85°
Fe,0, 4.49 4.44 - 4.16 3.65 “4.11
FeO : ©8.89 €902 8.53 9.21 - 8.70
MnO 0.15 0.17 :0.20 - 0.17 0.18
MgO ' 650 . 6.45 6.34 11.03 8.77
Ca0 , 7.15 * 7.03 8.13 9.82 9.03-
Na,0 - : - 4.87 5.49 4.49 3.41 4.75
K,0 . 2.11 2.20 221 1.19 .1.84
P,0; 0.96 1.00 0.83 € 0.40 .+ 0.78
Total . 97.18 98.77 ~.98.55 . °98.17 » 98.29
Trace elements (ppm) - . , ;

S 109, 129 97 182 427
Ci 141 260 514 148 862
Rb . 42 45 47 29 43
Sr -~ 1087 . 1071 - 947 498 981
Ba - 507 541 1019 375 1450
Se 12 .16 16 .20 17
Y _ 24 - 24 . 26 22 24
Zr 381 - 387 . 265 161 1234
Nb : - 64 63 - - 77 . 38 89,

v 60 . 74 131 180 148
Ch : 125 130 . 105 357" 207
Co 36 42 36 - 55 _ an

Ni 114 116 79 230 154"
CLP.W. norm . v

Q ‘0.0 0% 0.0 .0.0 0.0

C 0.0 0.0 0.0 0.0 0.0 ]
Or 12,5 13.0 13.1 7.0 11.5
Ab 213 1.0 ., 19.8 12.8 ¢ C71.8
An 11.0 5 14.8 15.9 » 10,7 7
Lc 0.0 0.0 0.0 0.0 0.0
Ne 10.7 13.8° '9.8 8.7 . 15.4
Ac 0.0 0.0- " 0.0 - 0.0 0.0
Wo(Di) 7.6 8.3 8.4 12.6 . 12.1
En(Di) 4.8 5.1, 5.2 8.4 8.1,
Fs(Di) 2.4 2.7 2.7 3.2 3.2
En(Hy) 0.0 0.0 0.0 0.0 0.0
FsiHy) 0.0° 0.0 6.0 - 0.0 0.0
Fo 8.0 7.7 7.5 13.4 9.7
Fa 4.4 4.4 4.3 5.7 4.2
Mt 6.5 6.4 6.0 5.3 8.0
Hm _0.0 0.0 0.0 0.0 0.0

I 5.7 5.6 5.1 4.1 5.0
Ap 2.1 2.2 " 1.8 0.9 -7
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v

Sample 13/8/3-R .14/8/1-R
Major oxides (wt.%) A .
Si0, . 42.94 43.60
TiO, 2.72 2.67
AlLO, 13.40 13.54
Fe,0, 4.22 4.17
FeO - ) 8.74 8.84
MnO | 0.17 0.19
MgO: ' 8.80 8.16
Cal 9.83 8.80
Na,O 4.28 4.30
K.~ 1.83 1.75
PO, 10.80 0.82
Total 97.93 - 98.84
Trace elements (ppm) N
.S 250 337
" Cl 641 /0 702
Rb 33 . % . 36
Sr - 880 9986
Ba 1249 1307 -
Sc - 18 18
Y : 22 . 24
Zr ' 237 . 232
Nb 88 85
A 167 . 173
Cr 244 230
Co 58 47
Ni 168 165
C.ILP.Wx>norm e
Q 0.0 0.0
C .0.0 - 0.0
10.8 10.4
Ab 7.7 95
"An 11.9 12.4
c 0.0 0.0.
Ne 15.4 14.5
Ac 0.0 0.0
Wol(Di) 13.4 12.9
En(Di) 9.0 8.6
Fs(Di) 3.4 3.3
EnlHy) 0.0 0.0
Fs(Hy) 0.0 0.0
Fo - - 9.3 10.0
Fa - 3.8 4.2
Mt 6.1 6.0.
Hm 7 0.0 0.0
ll 5.2 5.1
Ap ; 1.7° 1.8

\
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Table D-1 (continued)f Dragon’s Tongue

14/8/2-R  14/8/4-R
43.91 43.03
2.70 2.68
13.50 13.37,
4.20 4.18
8.79 . 8.75
0.17 0.17
8.08 9.18
9.68 9.96
4.21 3.94
1.81 . 1.63
0.77 0.80
98.82 97.70 -
282 203
720 568
40 38
986 987
1230 1258
1
% 2%
240 243
89 . 87
162 175
243 260
55 47, |
175 1765
. 0.0 0.0
0.0 0.0
. 10.7 9.6
105 & 99
12.6 14.0
0.0 0.0
13.6 12.7¢
0.0 0.0
12.7 12.6
8.5 + 85
3.2 3.1
0.0 0.0
0.0 0.0
. 9.9 10.1
4.1 . 4.1
6.1 * : + 6 . 1
0.0 ¢ D0
/jy»\v5.1 ‘ 5.1
.7 4.7 -

14/8/5-R ,

43,67
2.62
13,40
4.2
8.84
0.19
9.30
9.75
4.27
1.78
0.78
98.72
209
747
38
1078.
1271
16
23
238
90
180
239
51.
. 175

@, ©
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Table D-1 {continued): Dragon's Tbngue.

v

. ™ .
Sample 14/8/8-R  14/8/7-R - 17/8/1-R  17/8/2-R  17/8/3-R
Major oxides (wt.%) "o |
Sio, « 4356 42.73 44.16 - 44.37 44.43
“TiO, . 266 - 2.63 271, 272 2.70
ALO, 13.48 13.32 13.33 13.35 . 13.31
Fe,0, : 4.16 4.13 4.2 4.22 4.20
FeO . - 8.88 8.90 9.02 9.04 9.04
MnO . 0.16 .  0.18 - 0.17 0.17 ,  0.19
MgO 8.63 - 9.01 9.96 9.95 9.93
Ca0 , 9.69 9.86 9.49 955 = 982
Na,0 4.15 453 384 - 3.73 - 3.66
K,0 1.85 . 1.86 ¢ 157 158 . 1.60
P,O, ©0.82 0.82 ° .. 059 060  0.62
Total 98.04 97.97 .. 99.05 99.28 99.20
Trace elements (ppm) : : ’ ‘
s. - 320 365 167 208 244
C! 822 777 270 466 - 467
Rb 39 35 35 . 35 36
Sr .. 1042 974 777 . 784 789
Baie -u = 1405 1246 908 914 936
Sc 16 21 .15 ¢ 18 18
Y . 25 23 22 22 21
Zr . 243 . 23& - 211 221 218
Nb 93" 85 .63 64 67
Vv 09 161 169 173 166
Cr ‘ 21 229 274 289 287
Co 4 46 59 54 50
Ni A1 160 183 196 191
C.L.P.W. norm : . : oL .
Q 00 - - 0.0 0.0 0.0 0.0
C 0.0 0.0 - 0.0 0.0 0.0
Or . 10.9 11.0 9.3 9.3 95
Ab . 10.4 6.1 12.3 12.9 13.3
An 12.7 10.5 145 15.0 15.1
(Lc 0.0 0.0 0.0 0.0 0.0
‘Ne 13.4 17.4 10.9 10.1 . 85
Ac 0.0 0.0 0.0 0.0 0.0
Wo(Di) 12.6 138 12.0 11.9 1.7
_En(Di) 8.3 9.2 8.1 8.1 7.9
Fs(Di 3.4 3.6 2.9 2.9 . 2.9
En(Hy) 0.0 0.0 0.0 0.0 0.0
Fs{Hy) 0.0 0.0 0.0 0.0 0.0
Fo 9.3 9.4 1.7 11.8 11.8
 Fa 4.2 4.1 46 ;47 ¢ 4.7
. Mt 6.0 6.0 6.1 6.1 6.1
Hm 0.0 0.0 ‘0.0 . 0.0 0.0
I 5.1 5.0 5.1 5.2 5.1 .
» Ap 18 — - 18 1.3 1.3 1.4
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' , - Table'D-1 {continuedi~Dragon's Tongue -
/Sample - 17/8/4-R  17/8/5-R 17/8/6-R ' 11/8/7-R  11/8/8R
Major oxides (wt.%) ’ o . : ‘ : LT
- Si0;, . 44.08 . 43.78 . 4413 43.97 43.82
‘Tio, 269 2.71 2.70 . 268 - 271
ALO, * - 1320  13.18. ° 1329 13.07 13.09
Fe,0, 418 - 4.21 - 4.20 4.18 421
‘FeO N ¢ 9.1 9.16 9.04 - 8.08 . 895 °
MnO 0.16 0.16-  0.16 . 0.17 0.19
" MgO . 997 - 999 9.87 10.00 = 972
Ca0 - 958 ¢ #. 951 954 . 949 - 947
Na,0 © 3.90 \. i 3.87 '3.90 - 3.83 '3.82
KO - S 1577 77 185 . 155 158 1.56
P,O¢ . -0.62 0.60 0617 - 0.60 - 0.60
Total - 99.08 = - 88.72 98.88. - 8875 . 98.14
. Trace elements (ppm) . < % c . _ o
S ' 282 7+ - 185 o . 217. 237
a o 469 59 -0 ~438" 460
Rb . 35 34 0 36 32
Sr _ 775 789 ) 0 781 " <68 .
Ba 926 . 925 20 891 - 821 ‘
Sc . 7 20 -0 17 1. T
o 22 22 0 23 23
Zr o 218 - 219 0 215 219
Nb . . 87 84 0 - 65 - - 68
LV o -0 172 " 165 0 S 172 17% ,
cr gl 296 302 0 291 301
- Co . ¥ 5y 57- 0 - 60 - . 52 .,
Ni o 202 1205 -0 * 186 =~ 201
CILP.W.norm = = : N : . :
Q ’ - 0.0 0.0 . 0.0 0.0 ' 0.0
c- 0.0 0.0 0.0 - 0.0 .00
Or 9.3 '9.2 9.2 . 9.3 9.2
Ab 11.8 11.5 12.3 “11.6 12.5
An: 13.8 14.0 142 13.3 13.9
Lc 0.0 0.0 0.0 0.0 0.0
Ne 11.5 -11.5 1.2 ro11.7 10.7
Ac 0.0 0.0 - 0.0 0.0 . .00
Wo(Di) 12.4 12.2 12.2— 12.5 12.2
En(pi) 8.4 - 8.3 8.2 - 8.4 8.2
Fs{Di) 3.1 ¢ 3.0 3.0 3.1 3.0
En(Hy) 0.0 0.0 0.0 0.0 0.0
Fs(Hy) 0.0 0.0 0.0 0.0 0.0
Fo 11.6 1.7 1.5 11.6 11.2
Fa 4.7 .. 4.7 4.6 4.7 4.5
Mt 6.1 6.1 6.1 6.1 6.1
~Hm 0.0 0.0 0.0 0.0 0.0
N 5.1 8.1 5.1 5.1 5.1
© Ap 1.4 1.3 1:3 1.3 1.3
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- Table D-1 _(-cdr'utinqéd): Df-ago'n's Tongue -

- Sample 11/8/9-R  11/8/1-R _ 11/8/2-R ' 11/8/3-R " 2/9/1-R"
Major oxides (wt.%) - T D NP
' sio, .. "44.09 4329 = 4369 44.10 43.85
Tio, ~ =~ 268 276 271 0 272 - 270
CALO, 13.26 12.95 -13.08 13.24 ' -1324-,
Fe,0, . a8 . 426 .. 421 - 5422 - .420% ~
'Fe0 -, 9.05 9.05 898 - 897 - 9.06
Mot 017 . 0.20 0.15 . 016, . 0.18
MgO 10.00 ©10.06 _  9.81 9.85° .- 9.92
Ca0 - : ' 9.47 9.77 " 9.46 .9.49 . 9.48
‘Na,0- %Y 3.71 366 3.74 403 ' 3.86
KO 157 164 150 © . 156 <« 156
P,0, - 0.60 0.59 059 - 0:58 - . 0.59
Total . .9878  , 9822 97893 98.62  98.64 -
Trace ‘elements:(ppm) RO N .
S 1 156 . - 100 211, 7 307
cl - 245 . .. 296 . 273 . 354 380
‘Rb 3] . 34 34 35 33
S . I 788 769 7620 . . 772
. Ba : 917 954 . 942 894 885
‘Se - 20 21 19 17 20
y 21 - 24 . 23 22 - 21
Zr 218 207 214 216 . . .214
Nb , ., 64 . 64 63 . ' 82 " 64
v 158 180 - . 190 170 175
Cr - 301 300 283 .. 295 . . 300
Co , 55 © B2 . BB Y° .47 -, b4~
Ni © 202 . 204 188" 7 . 195 202
C.lLP.W. norm. o ‘ S e :
Q. 0.0° . 0.0 . 0.0 . 0.0 0.0
C 0.0 0.0 0.0 0.0 ¢ 0.0 °
Or } 9.3 - 9.7 8.9 L 9.2 - 9.2
Ab. - 12.6 9.6 12.7 118 S 11.8
An 14.9 14.0 14.4 L 13.4 14.2
0.0 0.0 06— [ 0.0. 0.0
Ne . 10.1 11.6 - 10.2 . 01207 % .11.3
Ac 0.0 0.0 0.0 . 0.0 : 0.0
WolDi) 11.8 f 128 12.0 ° | 12.5 121
En(Di) 8.0 - 8.7 8.1 | 8.5, 82
Fs(Di) . 2.9 31 7 29 3.0 3.0
En(Hy) 0.0 - 0.0 0.0 < 0.0° "0
Fs(Hy) 0.0 0.0 0.0 - 0.0. 0.0
Fo 11.9 115 15 11.3 11.6°
Fa 4.8 4.5 4.6 4.4 4.7
Mt 8.1 6.2 8.1 6.1 6.1
Hm 0.0 0.0 . 0.0 0.0 0.0
M- 51 .%B.2 5.1 5.2 B
Ap - 1.3 T 1.3 1.3 1.3 1.3
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, ’ Table D-1 (continued): Dragon’s Tongue to Kostal Lake (older lavas)
Sample . '11/8/6-R  21/7/1-R - 29/7}.7-&P 29/7/9-KP . 31/8/8-KP
Major, oxides (wt.%) ‘ : A L :
SiO, © 4425 43.80 44 .48 4432 . | 43.73
TiO, . : 2.73 2.69 275 - 2.85 - 2.82
AL, - . 13.37 13.13 13.94 13.76 13.28
Fe,0, - 4.23 418 4.25 5 4.3 4.32
FeO . +9.23 . 8.08 8.62 8.74 8.73
MnO - 0.16 - 0.18 0.16 - 0.7 - 0.18
"MgoO .~ 888 10.02 8.53 . 8.7.1- . B8.64
Ca0 . -9.56 & 8.49 - 857 855 - 8.88
Na,0 . 3.66 - 3.83" . 4.58 4.69 4.68
"K,0 .1.58 - 1.58 1.98 2.07 . 1.98
PO, - 0.62 0.61 . 0.82 0.74 . 0.76
Total *° © 99,37 , 98.60 98.68 98.85 88.00
Trace elements (ppm) o . :
S 243 | 15 © 403 . 464 -1 202
Cl r -462 > 333 . 618 - 579 - 163
. Rb = 34 36 40 , 42 38
Sr. . 776 801 875 .., . 891 962
. Ba © N, - 807 936 750 sov, 710 738
Sc o 19 18> 18 . w0 13 ) 18
Y . .25 23 Y21 22 24
R d o217 220 + 303-77° 314 291
Nb ERE 1<) : 65 67 - . 66 . 63
\Y ' \ . 173 182 129 ¢ 132 125
Cr- 307 2717 224 215 - 236
Co : 53-. © b4 44 . 51 52
N 194 . 170 0 161 . 173 184
C,l.P.W.xorm : N , L
Q- ' 0.0 . .0.0 - 0.0 0.0 - 0.0
C . 0.0 0.0 0.0 0.0 0.0
Or 9.3 19.3 ° 1.7 12.2 11.7.
Ab 12.7 1135 14.2 12.4 1117
An Y 154 13.9 . 11.6 10.4 8.4 °
Le - 0.0 . .+ 0.0 1 0.0 + - 0.0, 0.0- .
Ne 9.9 11.3 13.3 - 14.8 15.4
Ac 0.0 - 0.0 00 0.0 0.0
WolDi) 1.7 .7« 1227 10.7 11.4 12.4
En(Di) 79 8.2 7.2 7.7 8.3
Fs(Di) 2.8 3.0 27 28 - 3.1
En(Hy) 0.0 0.0 0.0 F 0.0 7 0.0
Fs(Hy) 0.0 ., 0.0 0.0 - 0.0 - 0.0 .
Fo 11.8 11.8 9.8 . 9.8 9.3
Fa 4.9 4.7 41 4:0 39 ¥
Mt . 6.1 6.1 - 6.2 ' 6.3 . - 6.3
Hm - 0.0 0.0, . © 0.0 - 0.0 - 0.0
o 5.2 , B 5.2 5.4 54
Ap 1.4 ‘1.3 1.8 - 1.6 - 1.7



Table D- 1 (contlnuedx Kostai L,ake (south coner %

" Sample 29/7/5KS 30/8/5 KS .31/8/9KS 25/7/4 KSRs ‘25/7/5 KS
__Major oxides {wt.%) . ’
S0, 4435 . 8456 44.63 44, 68 - a44 30 -
- TiO; 2.61 . 268 - 266 2.64 . e, 52, sr‘
 ALO, - . 13.18 13.13 13.34 13.14 A3.9
Fe,O, 4.11 . 4.18. 416 . 4.14 ‘.’,,. 0. 4
FeO .- 860 874 ' 8.63 8.67 . ik B!
MnO ©0.16 0.16 0.16 0.18 .
MgO 10.79 10.76 10.55 10.72 ,
Ca0 .. 945 . - 967 . 958 . 9.60.
“Na,0 - 3.69 297 - 362 58, €§4A,
K0 152 ' 1.34 1.52 1.57 ’
PO, 056 - 055 0.54 0.55
" Total . 99.02 = 98.74 - 98.40 , 99.47
Trace elements (ppm) : ‘ o ' :
S 158 - 123 158 - 162 0
Cl L 354 " 183 - 353 340 0
Rb : 32 28 . 34 30 .0
Sr 1677 683 685 674 . - 0
Ba , 510 . 478 - 501 498 -0
Sc .. 21 21 21 o217 0
Y L 22 21 23 22 0
. 2Zr : 230 229 235 227 0
Nb .48 49 49 . 48 0 ;
v’ : 170 .188 132 181 0 \
Cr 339 328 . 339 334 -0
Co | . 54 . B3 : 56 53 0
Nt 237 . 246 - 238 243 0
C.I.P.W. norm \ c , o °
Q. 0.0 0.0 0.0 - 0.0 0.0
C 00 0.0 ¥ 0.0 0.0 0.0
Or 8.0 ¢ 78 » 9.0 8.9 - 8.9
" Ab 126 1 16.0 13.2 13.1 12.1
14.9 / 18.5 15.6 15.0 13.8 .
Lc 0.0 /. 0.0 0.0 0.0, ~ . 0.0
Ne, 101 ¢ 49 9.4 ‘9.6 11.0
Ac 0.0 0.0 0.0 0.0 0.0
Wol(Di) 11.8 " 10.8 11.9 12.1 12.4
En(Di) 8.3 7.5 8.3 8.4 8.6
Fs(Di) 2.6 2.4 - 2.6 2.7 2.7
EniHy) 0.0 0.0 0.0 0.0 0.0
Fs(Hy) 0.0 - 0.0 0.0 0.0 0.0 .
Fo 13.1 13.6 12.7 12.9 12.9
,‘ 4.5 4.7 4.4 4.5 4.4
Mt . 6.0 8, h 6.0 . 6.0 6.0
Hm 00 0.0 . 0.0 0.0 0.0
I 5% 5.1 5.1 5.0 50 ..
Ap ° 1.2 1.2 1.2 - 1.2 1.2



Sample .

Y

‘; 2

Major oxides (wt %) ,
Si0o, 44.40
ﬂO, 2.62
Al O, 13.14
4%@, & 4.12
"FeQ 8.56
MnO 0.18
MgO 10.68 :
CaQ —9.49
3.72
1.51
0.55
, 98.97
Trace efements @pm
S 123
Cl 355
Rb : 33
Sr e 679
Ba 501
Sc 19
' 21
zr %230
m 50
175
Cr 330
*Co 56
N ‘ 235
C.ILP.W. norm
Q . ‘ 0.G
c oo @ 0.0 -
Or £€.9
Ab 12.8
An 14.7
+ Le , 00
Ne 10.1
Ac 0.0
WolDi) 12.0
En{Di} . 84
Fs(Di) S 26 -
En{Hy) 0.0
Fs(Hy) 0.0
' 12.8
Fa 4.4
6.0 .
Hm 0.0
5.0
Ap i 1.2

.
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Table D-1 (contmued) Kostal Lake (south cone) to. Kostal Lake (north cone)

M17
2.50
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4.00 -
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0.16

11.43

9.21
4.01
1.85
0.56
< 88.00
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Sample 25/7/1-KN
Major oxides (wt.%)
SiQ, 44 51
TiO, 2.67 .
AlLO, 18.15
Fe,0, 4.17
FeO . 8.66
MnO 0.17
- MgO .10.69
Ca0 - -8.65
Na,0 - 3.50 -
K,O- 1.52
P.O; 0.51
Total 99.20.
Trace elements (ppm)
S 169
ch 335
Rb 31
664,
Ba 504
Sc 20
Y 20
Zr 224
Nb 51
\ 171
Cr = 324
. Co 57
Ni ‘ . 226
C.LP.W. norm - ‘
Q 0.0
C 0.0
Or 8.0
Ab 12.8
An 15.7
e 0.0
Ne - 9.1
“Ac - 0.0
Wol(Di) 12.1
En(Di) 8.4
FsDi) . - 2.6
En({Hy) - 0.0
Fs(Hy) ~ 00
Fo 12.8
Fa 4.4
Mt 6.0
Hm 0.0
] L 5.1
Ap 1.1

s
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Table D-1 (continued): Kostal Lake (north cone) to Kostal Lake (lava tubel

29/7/3KN 29/7/14-KN 30/8/2-KN 28/7/12-KT

43.98
2.61
12.98
4.1
8.69

- 0.17

11.23

- 8.63
- .3.52
1.36
0.51
988.78

318
260

‘|0 -

638
465
19
21
-+ 210
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43.67
2.62

12.83

"4.12
8.72

© 0.16

11.16
8.83
3.1C
1.29
0.50

98.00

403
299
27
633
448
20
21
206
45
176
. 364
55
254
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43.79
2.65
12.96
4.15
8.61
0.17
10.60
8.60
3.87

. 1.54
0.85

98.49

147
338
31
658
489
22
21
226
48
168
309
62
248
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Sample
Major oxides (wt.%)

SiO,
TiO,

Al,O,
Fe,0,

FeQ
~MnO
Mg0
Ca0
Na,O
K,O

P.O,
Total
Trace elements (ppm)’
S 1

Ci

Rb
Sr
Ba
Sc

2r
Nb
-V
Cr
Co
Ni

29/7/13-KT

C.I.P.W. norm

®OO
QO

—

oCannt

Nooobboomhhomombm

—~OOMOHAGOON®HO

,

3390

Table D-1 (continued): Kostal Lake (lava tube)

31/8/3-KT 31/8/5KT

43.92 44 .14 .
2.67 2.56
12.85 12.83
417" 4.06
8.62 8.66
0.16 0.16
11.15 11.11
949 924
3.76 3.83
1.48 1.54
0.53 0.58
98.81 98.71
296 , 4208 , ) 7
354 416 .
32 34 '
678 701 ‘ %
513 ‘ 506
21 21
23 21 s
238 240 S
49 52 - N
178 171
351 - 389
@ 56 50
267 282
0.0 0.0
. 0.0 - 0.0
.88 % 9
11.1 *12.0
13.8 13.2
0.0 - 0.0 | -
11.2 111
0.0 0.0
12.5 12.0
8.8 8.4
2.6 26"
0.0 0.0
0.0 0.0
n3.4 13.6
4.4 4.6
6.0 5.9 S
0.0 0.0 9
5.1 4.9
1.2 1.3,
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APPENDIX E
' VAC’UUM.FUSION APPARATUS'
QNS : \ ' ' |
Construction ' ‘ ' ’

The apparatus used to measure the éoncentratnons of H,O0 and CO, in glass
samples s similar to that used by Harris (198 1b). The apparatus is shown in Flg 7-1. A
vacuum on the order of 107 Torr is- attained using a roughlng pump; the vacuum is
hardened using a mercury dlffusaon pump during analysis. A lIQUld nitr ogen cooled cold

trap minimises back-diffusion of maercury vapour ‘into the measurlng volume durmg

‘
o

\
\

The meaSurnng volume of the apparatus comprlses a pyrex tube 34.8 cm? in
volume, |solated by a Kontes\ valve from a fused quartz sampie tube and termlnated at
the end furthest trom the saheplg,tube, by a Validyne AP20-10 pressure transducer. The
latter is connected to a Validyne CD-23 transducer indicator, with output (O-lOV). to a
chart recorder Heating of the sample tube is carried out usmg a Kanthal wrre furnace'
with a Barber- Colman series "120 ana%‘ague temperature controller Care is needed in
controlllng temperature, because the m@num output of the controller exceeds the
maximum current tolerable by the furnace, resultung lgijlure of the furnace winding.

A second Kontes valve lsolates the samiple volume from the vacuum system and
from a McLeod gauge, ‘the latter used to calibrate the transducer. Save for: the two
valves in the sample volume! valves irrthe apparatus, are standard bulb backed stopcbcks :
in the hard vacuum part of the system and simple ground glass stopcocks in the soft

vacuum part of the system.

-Problems in operation and sources of contamination

)

System operation originally used the followmg procedure Pt sample containers
were washed in HF, distilled water and dried in an ov&l prnor tgflrmg at 1 atmosp\ere in
a furnace, at a temperature of 1200°C. Samples were washed in distilled v;ater and
dried at 120°C or werg polished while mounted on a slide {in Canada balsém) then

washed in acetone and distilled water before drying. Pumping after loading the }npparatus

was at first done with the roughing pump, then with the ~mercury d:ffusron pump.

.« . s
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Samples were run at 120§°C. - X . '

@ - s -
4

! 4 . .
~ from Pyramid Mountain and from the glass TT-152-21, from the East Pacific Rise. Step
heating experiments showed a release of gas from the samples/tubes at 700 to 800°C

and another at 1150+ C. Concentrations of noncondensuble gases were pertlcularly'

erratic and hlgh in the fatter range of temperature.

Contaminants mcluded oil back-diffusion from the roughing pumo CO escape
from the vacuum system cold trap, adsorbed species on the Pt sample'Con:anners and
(p035|bly) remnants of balsam on the pollshed samples. Adsorptlon of cont‘wants on

to the walls of the measuring volume also occurred. The sources of th‘isﬂ_contamination

were the mercury diffusion pump and the MclLeod gauge; back-diffusion of Hg vapour’

from either source occurred when the measuring volume cold trap was immersed in
liquid nitrogen and the sample volume was openles are to the vacuum system.
The high run temperatures caused excessive evolution of noncondensible gas

from samples. Sources for the gases were cryptocrystalline oxide phases in the glass,

which were reduced upon ,h?&ng. A second, less significant source may have bsen

’

reduction of the glass itself. A run temperature of 1100°C greatly reduces the problem.

v

n >

Present operating procedure of the vacuum fusion system

S
"Preparation and loading of samples

Back-‘diffusion—of mercury vapour, oil and carbon dioxic " s mvnlmlsed by’

pumpung the apparatus only through the cold trap and mercury diffusion pump. For

the same reason, the cold trap is completely full at all tsmes when a sample is in
the apparatus. Samp|es ar.e kept at' 120°C prior to analysis and platinum sample
containers are vacuum;fired immediately orior to an analytical run.

“Sample containers are washed. in HF and inldistilled water, then dried in an
oven at 120°C. S_amples: after treatment, are similarly dried, at least overnight,
then weighed usmq the Cahn balance with a calibration welght of 927.10¢ gm and

- returned to the oven. Fused quartz sample tubes are washed with reagent grade

acetone, dIStI“ed water, HC| and distilled water, droed and fired to 1200°C in a

furnace. The sample containers are then ioaded into the sample tube, sealed to the_

Initial ‘runs using this method gave impossibly high CO, and H,0 values for glass’

I



. then closed prior to removal of the furnace and the sample containers are allowed
'.to cooI in vatuo without exposure to the pumping system This Iast is most
nmportant gnven ‘the problems wnth back- dif fusion. The ‘sample contamers are
'.‘brought up to atmosphernc pressure and Ioaded with the samples leaving one
empty as a blank. The contamers are reloaded;mto the tube -with a magnetic steel
clip for manoseuvring them and the‘sample tube is pumped dewn. Loading is carried
. out as quickly as poesible. : | | |
Contaminatidn of the platinum containers causes abnormally high balanks‘, for
CO, partic‘ula(rl'y; a dif'ferent technique is therefore used for sm_all glass samples. )
This metho}d.is preferred for all save.powdered vsampl"es bet:ause it enables the
f platinum lining -of the tube to be fired in ‘Vacuo before and after a sample is run. A;
boat _.q,f platinum foillis',loaded into the sarnple tube and' remains in the fusion zone
-of . the duartz sample, tube throughdUt- a set of analytical runs.. Samples are
prepared as described aboue but are loaded without the. pl'atinum ‘boats ‘with a
' 'steel Cllp for manoeuvrmg them wuthm the sample tube Durlng pre-heating, the .
glass samples. remam in that part of the tube not belng heated and the platinum foil
- is heated to 1200 C whlle pumping with Valve 2 open. After pre-heating, Valve 2
is closed prior te ’remOVing the furnace and the foil is aliowed to cool without
_exposure to the pumping system. Blanks can be run, using this technique, before

" each sample is fusfed;

: ‘?:.-1940{

' ;Analytical procedure ‘ -J;
~ Each blank is measured in the followmg manner. ‘The furnace s reméved

-\»v

after pre heatmg and the tube allowed 3¢ cool The steel chp is then mov f:up the t

- tube to the platmum fonl as lf it are pushmg a glass sample then returned 10 the

cold end of the tube The blank is measured after cOlIectnon for 6 mlnutes at’ a

'/
»fusnon temperature of 1 100 C The gas evolved is then pumped ol whlle the

.'-adsorbed volatnles ' f 3 | : o j\é/
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' isolated during this period and the ”U-bend" immersed in liquid nitrogen. At the e'ndb

" of the heatin'g period, the measuring volume isisolated from the sample tube by
closing Valve 1. The furnaoe removed and the U-bend is immersed in warm water.
The temperature of the water is not crucial so long as the measuring volume is
brought quickly to room temperature Two pressure peaks are often observed the
first representing the pressure peak of the water at its sublimation temperature
the second- representing later thermal expansion. Adsorbtion is sufficiently rapid as
to facilitate recognition of the first peak. The\U-bend is then dried and

' re-immersed in liquid nitrogen. | |

&

Removal of the nitrogen and gradual warming in air suffices to identify the
plateaux in pressure' caused by CO, and the sutphur species H,S and $0,. For
greater precision in measuring the transducer output, the chart reoorderv output is
connected in parallel to a digital voltmeter; this is useful for. small specimens or for
low volatile contents. At the end of a fusion the U-bend is re-immersed in liquid
nitrogen, both valves opened and the partial pressure of noncondensible gas is
measured. The sample ‘volume is then pumped out in preparation for the next
sample, as described above. - |

Calibration of the transducer is carried out after ever); run using the’

"‘McLeod gauge; at least six data points are accumulated while pumping down ine
sample tube after exposure to air. In a high turnover, it is convenient to combine
calibration of the previous run with insertior, of empty sampﬁle‘ containers for
firing, prior to tne next sun. Conversion of the transducer measurements to

: pressures and thence to molar quantities of gases is conducted using the program

VACI, compiled by the author. The program includes a routine for calculating

weight percentages. Errors calculated by the programl are based on a plus or minus

0.5'mm error in measurements on the MclLeod gauge and on a plus or minus

0.002% error in reading the transducer indicator (in this case a digital voltmeter)

Errors incurred in reading the lab temperature. (plusminus 0.5"C) have a negligible

_effect on the measured error and are neglected. Errors incurred during weighing-






