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ABSTRALT

This thesis descmbes the occurence, mineralogy and assimilation of
basic xenoliths hosted by Centre 7 syenites. Field work was carried aut in
twi locations, one in the vicinity of Neys/Ashburton and the other a large

megaxenolith hosted by Centre 1 syenites in the wicinity of Wolf Camp Lake.
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Itered wenoliths consist of plagioclase, pyrogene. amphibole,
biotite, apatite and opagque phases. With increasing assimilation this
changes to a combination of plagioclase, amphibole, biotite, apatite, opague
phases, alkalh feldspar, calcite, fluorite, sphene, zircon, REE phases and
quartz.

Plagioclase is replaced by alkali feldspar in the form of porphyroblasts
and crystals in the groundmass. Plagioclase is alzo decalcified to mor
albitic compositions along with recrystallization. Amphibole compositions
exiend over the same range of amphibole compositions in the host
ferro-edenite syenite. The general effect of genolith assimilation is the
equilibriurm of a zenolith’s mineral assemblage to that of the host syenite.

Assimilation processes seen at ‘wolf Camp Lake are similiar to those szen



at Meys/Ashburton.
Bulk rock data along with mineralogical compositional wvariation in

clinopyroxenes, suggest a tholeiitic basalt par =zenoliths in both

m
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areas. Cr and Mi contents indicate an evolved nature to the parent volcanics.
Data also suggest the possible eristence of a second undersaturated type of
olcanic xenolith present at Neys/Ashburton. Parental basalts are
postulated to be coeval valcanics related to the formation of the Coldwell
Complex
Modelling by ma 39 balance mixing calculations of contamination of host

sijenit
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: indicates that contaminated ferro-edenite syenites are the result

af direct assimilation of volcamic kenoliths by ferro-edenite syenite. Quartz
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; are found to be unsuitable parents to contaminated ferro-edenite
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introduction

1.1 Reqgional Geologic Setting

Located approximately 250 km east of Thunder Bay, Ontario, the Coldwell
Alkaline Complex is the Jargest of its kind in North America and represents
a manifestation of late .Precambrian Keweenawan igneous activity (Mitchell
and Platt, 1982). The complex is approximately circular in plan with a
diameter of about 25 km. Figure 1.1 shows the location of the Coldwell
Complex with respect to the major structural and tectonic features of the
Lake Superior Basin.

The Coldwell Alkaline Complex intrudes an east-west trending
greenstone belt within the Superior Province of the Canadian Shield. This
greenstone belt is part of the Schreiber-white Lake Archean metavolcanic
and metasediment terrain and consists of mafic to felsic volcanics and
greywackes which are all regionally metamorphosed to greenschist and
amphibolite grade. A 2 km wide contact metamorphic aureole surrounds the
compliex. A maximum grade of pyroxene hornfels facies is reached adjacent
to the contact {Walker, 1967). The complex as a whole is the most

southerly of a north-south trending group of contemperanecous alkaline



Figurel.1 Tectonic 3etting of the Lake Superior Easin and location of the Coldweall
Alkaline Complex.
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intrusions (Prairie Lake, Killala Lake, Chipman Lake} (Mitchell and Platt,
1962).

Platt and Mitchell (1982) using a seventeen point Rb-5r isochron,
reported an age of 10445 £ 6.2 Ma, placing the complex as Meohelikian in
age. This age ingicates that the Coldwell Complexr was emplaced after the
bulk of the Keweenawan igneous activity found in the Lake Superior Basin
during the Late Precambrian.

1.2 General Geoglogy_

A summary of the geology of the complex as presented by Mitchell and
Platt {19862} is shown in Figure 1.2,

A significant positive gravity anomaly over the complex suggests the
infrastructure of the complex is composed of mafic rocks. Mitchell et al
{1963} interpret the gravity study to suggest that the complex consists of a
cap of felsic rocks, 3-5 km thick, overlying a differentiated basic intrusion
consisting of a gabbro layer of peridotite and/or pyroxenite. This supports
the hypothesis that at least some of the Coldwell Complax rocks are the
result of the differentiation of a basic parent.

The structure of the complex is as yet pooriy understood. Mitchell and

B
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Platt (1982) propose that the original form of the intrusion has been
obscured by block faulting and that several periods of magmatism were
involved in its emplacement. Intrusion of magma is postulated to be related
to cauldron subsidence, thereby giving the roughly circular dimensions to
the body. Block faulting, breccia zones and metasomatism in the western
portions of the intrusion are believed to represent an area close to the roof,
whereas the absence of these features in the eastern portions indicate a
deeper structural level. Many volcanic ®enoliths in the central portions of
the intrusion are thought to be remnants of basaltic cap rock lavas {(Mitchell
and Platt, 1982}

1.3 Lithologies

The Coldwell Alkaline Complex is unusual as it contains rocks of
undersaturated, saturated and oversaturated character. Mitchell and Platt
{1978) recognize three distinct centres of igneous activity each having a
characteristic differentiation trend. Each magmatic centre is the
expression of a cauldron subsidence event. The centres are, in order of
intrusion;

Centre 1. saturated alkaline rocks with peralkaline residua,

Centre 2. undersaturated alkaline rocks and,

(4



Centre 2. Alkaline rocks with oversaturated residua.

Rocks of Centre 1 are the oldest in the Complex and consist of gabbro and
ferro-augite syenite. The gabbro Yorms the border of the intrusion and has
intruded the ferro-augite syenite. The petrological relationship between
these two rock types is not known (Mitchell and Platt, 1975} The magma
that produced the ferro-augite syenites differentiated towards extrems iron
enrichment with peralkaline oversaturated residua. This has led to the
formation in these rocks of the characteristic minerals; fayalite,
aenigmatite, ferro-augite and ferro-richterite {Mitchell and Platt, 1978

LCentre 2 rocks consist of the earliest-formed nepheline-bearing biotite
gabbro. These are followed by the intrusion of nepheline syenites which are
interpreted by Mitchell and Platt {1982} as being formed by fractional
crystallization of an atkali basalt parent. Associsted with the rocks of
Centre 2 15 a swarm of lamprophyre and analcite tinguaite dikes.

The last episode of magmatic activity, Centre 3, consists of saturated
and oversaturated syenites, and it 1s these rocks with which this thesis is
mainly concerned. They are confined to the western half of the intrusion
and intrude all earlier rocks. Xenoliths of comagmatic volcanics, country

rock and other Centres are commaonly found. A previous study by



Lukosius-Sanders (1983} has identified four rmain rock types in Centre 3
based upon their petrographic and mineralogical characteristics. All are
alkali feldspar syenites, that are distinguished on the basis of the nature of

the amphibole present. These are; magnesiohornblende syenite,

[4.¢)

ferro-edenite syenite, contaminated ferro-edenite syenite and quartz
syenite. Contacts between the varieties may be sharp, gradational or
undefined and the many small injections of magma have led to complex
inter-relationships between all four rock types. Also present in Centre

are xenohith-rich areas consisting of many basaltic xenoliths in various
stages of digestion, within a matrix of contaminated ferro-edenite syenite.
A complete spectrum of contaminated rocks erist from uncontaminatad
ferro-adenite syenite through to highly contaminated ferro-edenite syenite.
study of the contamination, or assimilation, as well as determining the
nature of the xenoliths is the primary objective of this thesis.

1.4 Present Study: Assimilation of Basic ¥enoliths

1.41 Object of Study_

The object of the present study is to examine xenoliths incorporated
within the syenites of Centre 3, in the vicinity of Neys Lookout, in order 1o

determine the nature of the assimilation process and the effects of



assimilation on the host syenite. Methods employed include examination of
sampies in thin section by petrographic and scanning electron microscopy,

together with whole rock analysis of xenoliths, contaminated syenites and
uncontaminated syenites.

& large brecciated block of basaltic rock measuring approximately 2 km
by 3 km occuring in the vicinity of wolf Camp Lake was also examined. Host
rocks to this megaxenolith belong to Centre 1. The composition and
relationship to the host syenites were also investigated to determine if the
processes of assimilation were similiar 1o those occurring in Centre 3. An
attempt to determine if this xenolith is related to those occurring in Centre
I syenites is also made.

1.4.2 Field Investigation

Detatled mapping of outcrops exposed along Trans Canada Highway *17 in
the vicinity of Neys Lookout were carried out to determine relationships
between the volcanic xenoliths and the contaminated syenites. Detailed
sampling was undertaken for further study in the laboratory.

Traverses in the Wolf Camp Lake area were made {0 determine the size
and boundaries of the volcanic block and samples taken to determine the

composition and effects, if any, of its incorporation in Centre 1 syenites.
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Aenoliths occurring in Centre 1 and Centre 3 sysnites

2.1 Macroscopic Observations

!

2.1.1 Meys/ashburton - Centre 2

Zenoliths of country rock hornfels and other Coldwell Complex rocks are
found in syenites of Centre 2, but by far the most common xenoliths found in
the Meys/Ashburton study area are of wolcanic origin. These were
previously identified as oligoclase basalt, and Mitchell and Platt {1973,
1952} suggested that they represent a suite of coeval alkaline volcanics
related to the farmation of the Coldwell Complex and possibly were cap
rocks to the intrusion. Figures 2.1A through 2.1J are a series of outcrop
rmaps of the Meys/ashburton study area showing the distribution of the
xenolith types.

The volcanic xenoliths have g wide range of distribution being found also
in the Western Contact Zone of the Complex {(Jago, 13500 and on Pic Island
(Lukosius-Sanders, 1988). The xenaliths are characteristically found only
in ferro-edenite syenite and its contaminated variants in all of these areas.
Inclusion of the xenaliths into the ferro-edenite syenite has led to its
contamination and formation of an apparently large variety of sy g types.

The main occurence of the volcanic xenoliths is in the form of

~)
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Plate 2.1 ¥enolith-rich zone adjacent to the Little Pic River,

Neys/Ashburton study area.

Plate 2.2 ¥enolith-rich zone located at Ashburton Lookout, Meys/Ashburton
study ares.






<enolith-rich areas d
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scribed as breccias by Lukosius-Sanders (1988 Two
such xenolith-rich zones are located in the Neys/ashburtan study area, one
adjacent to the Little Pic River (figure 2.1A, Plate 2.1}, the other at the
Ashburton Lookout (Tigure 2.1J, Plate 2.2). Lukosius-Sanders {1388 has
1dentified a stmiliar zone on Pic Island.

¥enoliths are also found in highly-contaminated purplish ferro-edenite

syenite which occurs ¢

[w(}
(_n ]

; 1arge masses brecciated by the intrusion of later
bodies of uncontaminated Terro-edenite syenite {(figure 2 1C-E, Plate 2.3}
The volcanic xenoliths are fine grained and holocrystalline ranging from
aphanitic to phanerocrystalline depending on the degree of assimilation that
has occurred. They are dark grey-to-black in colour, with the more resorbed
specimens being less dark in colour. & wide range of sizes and shapes are
zeen in outcrop (Plate 2.4} The size ranges from a few millimetres to over

I metre in diameter, and shape ranges from angular to rounded. As

ssimilation of any one xenolith progresses the degree of roundness
increases as does grain size. Common to outcrops of xenolith-rich areas is
the occurrence of @ mixkture of ®enoliths in various stages of assimilation.
Assimilation varies from nil to near complete digestion, resulting in the
formation of ghost kenoliths in which it is possible only to see the remnant

outhine of the original cla such bodies are delineated by a greater
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Plate 2.3 Xenoliths within highly contaminated ferro-edenite syenite.
denoliths display development of biotite ovoids (dark spots) and
porphyroblastic alkali feldspar growth (white spots).

Plate 2.4 Wide range of size and shape to volcanic xenoliths in Little Pic
River xenolith-rich zone. Xenoliths are also brecciated by host
syenite penetrating along fractures.






concentration of mafics in the host farro-edenite syenite than 1s normally
found. Unaffected zenoliths and ghost encoliths are broken up by syenite
magma that has penetrated along fractures (Plate 2.4}

Development of 3 porphyroblastic texture occurs concurrent with
Increase in grain size with progressing assimilation. This results from the
formation of alkali feldspar porphyroblasts and thotite ovolds. Alkald
feldspar porphyroblasts reach upto S mm in size and are hematized. Biotite
avnids can contribute u;:n‘n 10%F volume of a xenolith. The ovoids consist of
bictite and amphibole and Qive the Xenoliths a spotty, mottled appearance
On exposed surfaces preferential weathering of the ovoids occurs, resulting
in the formation of a pitted surface. ¥enoliths that appear to be unaffected
by assimilation contain few ovoids, whereas those that are highly-altered
contain many. Ovoids occur randomly within a xenolith and may straddle
xenolith/host contacts. The presence of the porphyroblastic texture and
ovold development has previously been reported from the western Contact
Zone syenites by Jago (1980),

#enolith/host contacts vary with the degrea of assimilation. Thase

seemingly showing no assimilation have sharp contacts, whereas those

T

vehich have been extensively assimilated exhibit contacts that are embayed,

rounded, diffuse or undulnse (Plates 2.3-2.51



Plate 2.5 Detail of host syenite/xenolith contacts. Contacts are embayed,
rounded, diffuse or undulose in assimilated samples.

Plate 2.6 Relict plagioclase phenocrysts in least altered Neys/Ashburton
volcanic xenolith. Note two optically distinct amphiboles present
in section, one green-to-brown the other green-to-blue green.






All vareties of contact type can be found in zenolith-rich areas.
#enoliths become progressively rounder as assimilation proceeds. Rarely
seen 15 a darkening of 3 kenoliths rim at the contact with the host due to

formation of amphibole and biotite (Plate 2.3, right of Centre).

2.1.2 Other xencliths

Dther rock types are found as xenoliths within the Centre 3 syenites.
These include metavolcanic and metasedimentary zenoliths of country rock
and cognate inclusions of other Coldwell Complex rock types. The volcanic
zenoliths are only found within ferro-edenite syenite and contaminated
variants but the other xenoliths types can bie found in all Centre 3 syenites
Cognate zenoliths include nepheline syenite, gabbro, lamprophyre and
ferro-augit enite. Kenoliths within ferro-edenite syenite are commaon,
whereas few are found in the quartz syenite and magnesio-hornblende
syenite.

2.1.3 Wolf Camp Lake - Centre 1

The megaxenolith occuring at Wolf Camp Lake forms a large block within
Centre 1 at the Coldwell Complex (figure 2.2}, In some portions of the
block it is possible to distinguish individual lava flows af not more than a
Tew metres thickness. Such flows are visible on the east side of

Trans-Canada Highway *17 and at the southwest end of the hill which



Figure 2.2 Wolf Camp Lake study area. Large hill to south of Wolf Camp Lake
comprises the bulk of the megaxenolith.
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comprises the bulk of the xenalith. These flows can be distinguished from
each other by the nccurrence of relict flow tops that exhibit vesiculation.
The outcrop of the vesicular zones is limited and tracing out of individual
flows over any distance proved impossible.

The Wolf Camp Lake megaxzenolith is quite different in character to those
seen in the Meys/Ashburton study area. It is much finer grained and darker
in colour with the gverall appearance of a hornfels. Closer to the contact
with the host syenites, the zenolith is stightly coarser grained, although
remaining aphanitic in texture. Enlargement of grain size due to
recrystallization and appearance of alkali feldspar porphyroblasts in
proximity to the host contact demonstrate that portions of the block are
showing the effects of assimilation in the Centre 1 syenites. Biotite ovords
are not developed.

Greenish-black, fine-grained vesicles range from 1-2 mm in size and
Jive a spotty or mottied appearance fo the weathered specimens. On highly
weathered surfaces they produce a pebbly surface, as they are not as easily
eroded as the matrik. Typically vesicles are too fine grained 1o permit
characterization of their mineralogy however, in proximity to the contact
with the Centre 1 host, the vesicies become coarser grained and enlarged in

size (2-5x) and are seen to consist of green-black amphibole, biotite and

1



alkali feldspar. Sulphides may or may not be present.

Contacts, when visible, between the megaxzenalith and the host syenitas
are sharp and well-defined. On the north end of the hill, outcrops on the
highway show the block to be brecciated by intruding syenite magma. The

esulting fragments other than becoming coarser grained, show little effect
of being incorporated within the syenite. Blocks are angular and rounded
edges are absent.

2.2 Petrography of the enoliths

2.2.1 Neys/Ashburton

The volcanic ¥engliths in the Meys/Ashburton study area consist
primarily of plagioclase, amphibole and biotite with minor clinopyroxens,
potassium feldspar, opaque phases and apatite. wWith increasing alteration
due to assimilation by the host ferro-edenite syenite calcite, sphene,
fluorite, zircon, thorite and rare earth carbonates appear as accessory
phases.

fenaliths that are angular in shape and show no effects of assimilation
generally are porphyritic, with plagiociase and rarely clinopyroxene
phenocrysts (Plates 2.6 and 2.7). Relict plagioclase phenocrysts occur
rnainly as lath-shaped crystals and rarer tabular zoned crystals. They are

commanly highly-altered and cloudy due to the formation of hematite and
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Plate 2.7 Relict clinopyroxene phenocrysts in least altered Meys/Ashburton
xenolith.

Plate 28 Overgrowth of amphibole on relict clinopyroxene phenocryst.






sericites/saussurite. Compositions determined using the Michel-Levy Method
are in the range labradorite-bytownite. Jago (1950) reported compositions

in the labradorite range and that plagioclase phenocrysts exhibited

I‘l',l

qlomeroporphyrytic and interpenetrant textures. Plagioclase phenocryst
show no preferred orientation.

Relict pyroxene phenocrysts are corroded euhedral crystals that are
colourless-to-pale green in colour. Slight pleochroism is exhibited by few
examples. Overgrowths of amphiboie (Plate 2.3} are common, as are
intergrowths along cleavage traces.

Relict phenocrysts of plagioclase and clinopyroxens are set in a
groundmass of corroded plagioclase laths, amphibole, Diotite, opague phases
and apatite. The texture is that of a metabasalt (Plate 2.9). Groundmass
plagiociase shows no preferred orientation and 15 highly altered to 3
combination of sericitessaussurite with hematite clouding Their
compositions by the Michel-Levy Method are in the range
nligoclase-labradorite. Inclusions of apatite and biotite are commaon and
strained extinction is evident.,

Two optically distinct varieties of amphibole are present (Plate 2.6).
The most common amphibole exhibits a pale olive green-to-dark olive grean

or Hight brown through olive green pleochroism. This amphibote occurs a



Plate 2.9 Texture of least altered Neys/Ashburton xenolith.

Plate 2.10 SEM photo of opaque mass consisting of magnetite (light gray)
with exsolved ilmenite {darker gray). Such masses are common
in altered xenoliths.
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corroded, ragged-looking anhedral to subhedral crystals. 1t occurs in
isolated patches with biotite or with clinopyroxene as rims andg
intergrowths. Replacement of this amphibole by biotite and opaques is
common.

The less common amphibole exhibits light green-to-blue green
pleochroism {(Plate 2.6). This amphibale can be seen to be replacing the
more common brown-green amphibole as diffuse patches. it also occurs
within relict clinopyroxene crystals and with biotite.

Subhedral bintite is present in various proportions and is pleochroic
from pale straw yellow-to-dark red brown. Commanly inclusions of
radinactive phases produce radiation damage halos. Replacement of
amphibole by biotite and reaction rims of biotite around Spague minerals are
comman.

In the majority of the least-ait

Y=}

red specimens a small amount of
clinopyroxene can be found in the groundmass. It forms small anhedral
crystals exhibiting the same optical characteristics as displayed by the
clinopyroxene phenocrysts. Apatite occurs as acicular needles primarily
w1th plagiociase, but also as inclusions within amphibole and biotite.
Inclusions of apatite in bintite are commonly seen to produce halos in the

host. Dpaque minarals are typically present as small anhedral or subhedral
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grains. Using EDS/SEM techniques the opagque grains were identified as
pyrite, chalcopyrite, magnetite, ilmenite, sphalerite and galena. Common to
the amphiboles are small sulphide blebs, consisting principally of pyrite,
and lesser chalcopyrite. Larger opaque masses found with amphibole and
biotite are a combination of magnetite with exsolved ilmenite (Plate 2.10).
Sphalerite and galena are rare.

With increasing degrees of assimilation porphyroblastic growth of alkali
feldspar occurs in the zenoliths. This feature has also been reported in the
western Contact Zone syenites by Jago {1980) and Lukosius-Sanders (1938).
rowth of alkali feldspar starts with the development of coronal
pvergrowths on relict piagioclase phenocrysts (Plates 2.11 and 2.12) and

continues until the phenocryst 1s completely replaced by an alkali feldspar
porphyroblast. Alkali feldspar porphyroblast growth also results from the
formation of alkali feldspar crystals in the xenolith matrix (Plate 2.13).
The porphyroblasts may or may not show twinning (Carlsbad) and
development of g perthitic texture. They commonly are corroded in
appearance and altered to hematite and sericite/saussurite. Inciusions of
biotite, amphibole and opaque phases ars common.

Biotite ovoids consist primarily of mica and amphibole with accessory

clinopyroxene, fluorite, calcite and opague phases (Plates 2.14 and 2.15).
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Plate 2.11 Coronal overgrowths of alkali feldspar on relict plagiociase
phenocrysts begins development of alkali feidspar
porphyroblasts.

Plate 2.12 Alkali feldspar overgrowth on relict plagioclase phenocryst.






Plate 2.13 Alkali feldspar porphyroblastic growth within a Neys/Ashburton
xenolith. Notice concentration of amphibole growth at the host/
xenolith contact.

Plate 2.14 Detail of biotite ovoid. Example consists mainly of subhedral
biotite flakes with accessory opaques and fluorite.






Plate 2.15 Large biotite ovoid consisting of subhedral biotite flakes and
amphibole with accessory opaques. Note radiation damage halos
in biotite.

Plate 2.16 Beginnings of ovoid development.
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Amphibole 1s commonly of the biue-green variety. The appearance of the
ovoid is determined primarily by biotite which occurs as randomiy-oriented
subhedral crystals. Biotite ovoids are roughly circular in shape and occur
randomiy within xenoliths or stradling the contacts between zenoliths and
host ferro-edenite syenite. Biotite ovoids are also found within the
contaminated host. Ovoid size increases with the degree of assimilation.
Ovoid development begins with formation of a few biotite crystals and
blue-green 3mpmhul-, with or without opagque phases (Plate 2.16). As the
degree of xenolith resorption increases, the ovoid grows by the addition of
biotite crystals outward from the original core. In the more advanced
stages of formation fluorite, opague IJT-B.]nb and calcite appear in the core.
Development of biotite ovonids in the wenoliths appears to be a random

process caused by the addition of fluids derived from the host ferro-edenite

nites.

o
..L,.

A Teature common to all volcanic xenoliths that is observable by
scanning electron imagery is the replacement of plagioclase laths in the
groundmass by alkali feldspar (Plates 2.17 and 2.18). Alkali feldspar
formation ocours as diffuse patches within these crystals. This feldspar is
rich in celsian and contains up to 6 Bald wt & (see chapter 3; Plate 2.19).

browth of alkali feldspar crystals in the groundmass occurs along with



Plates 2.17 and 2.18 SEM photos of alkali feldspar replacement and growth

within plagioclase feldspar of volcanic xenoliths.
Alkali feldspar shows as a lighter phase within the
darker plagioclase laths.
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Figure 2.19 Replacement alkali feldspar with high barium contents.
Leisian-rich areas appear lighter in colour. Darker phase is

plagiociase.
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Assimilation results in an increase in grain size and recrystallization of
the groundmass (Plate 2.20). Plagioclase laths are recrystailized to produce

a granular mosaic with triple point grain boundaries. Recrystallized
plagioclase displays poor development of albite twinning. Fluorite, caicite
and rarely quartz are present. Other phases present are anhedral zircons
(Plate 2.21) that are highly altered and rare earth carbonates.

wWith complete assimilation the enoliths appear as ghosts of the
original volcanics from which they formed (Plate 2.22). The only evidence
of their having existed are porphyroblastic alkali feldspars, biotite ovoids
and increased mafic mineral content, giving the host syenite a distinct
purplish colour. Assimilation results in the production of the contaminated
varieties of ferro-edenite syenite.

222 wWollf Camp Lake

Typically the wWolf Camp Lake volcanics consist of plagioclase
amphibole, clinopyroxene and biotite. Minor phases are opagque minerals and
apatite together with accessory sphene, calcite and fluorite. Accessory
phazzs occur in recrystallized specimens close to sysnite contacts. Olivine,
or 15 pseudomorphs, are absent.

The volcanics are holocrystalline and aphanitic. In some case
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Plate 2.20 Higher degrees of assimilation results in the recrystallization
of the volcanic to coarser grain size. Plagioclase laths are
recrystaillized to a granular mosaic.

Plate 2.21 SEM photo of zircon growth within ®enoliths with increased
degree of assimilation.






Plate 2.22 With complete assimilation xenoliths appear as ghosts of the
original volcanics from which they formed. in photo a partially
assimilated xenolith is seen on the lert and a ghost is seen on
the right. Note coarser grain size and and decreased mafic
content of ghost relative to the other xenolith.

Plate 2.23 Texture of unaltered Wolf Camp Lake xenolith of fine grained
non-oriented plagiociase crystals. Texture is that of a common
basalt.






15 50 small that the rocks appear cryptocrystalline. Specimens closer to the
contacts with the host Centre | syenites are recrystallized and coarser in
grain size, although they remain aphanitic in character. The rocks rarely
contain plagiociase and clinopyroxene phenocrysts.

Unaltered specimens display a distict volcanic texture and are similiar
to commaon basalts (Plate 2.23) Plagiociase occurs as very small acicular
laths showing no preferred orientations. Plagioclase is commmoniy turbid in
appearance due to hematization and sericites/saussurite formation and
exhibits poor development of aibite twinning, precluding optical
composition determination. in those areas of the megaxenolith near to or at
the contact with the host syenites, plagioclase is recrystallized to a
granular mosaic of crystals exhibiting poor albite twinning (Plate 2.24).
Alkali feldspar forms as granular crystals in association with the

crystallized plagioclase or as porphyrobiasts with inclusions of
chinopyroxene and amphiboie.

Amphibole ococurs as ragged anhedral-to-subhedral crystals in slightly
coarser grained recrystallized samples. amphibole shows pleochroism from
paie straw yellow-to-brown green, colourless or pale green-to-green and
pale green-to-blue green. The blu2 green amphibole is 1ess common.

Inclusions of opaque minerals are commaon, inclusions of feldspar, biotite



Plate 2.24 Recrystallization occurs towards the host/syenite contact to a
coarser grain size.

Plate 2.25 Recrystallized vesicle within Wolf Camp Lake volcanic. Granular
clinopyroxene and amphibole are major constituents






and pyroxene rare. The more commaon brown-green amphibole can be seen
forming rims on pyroxene grains or altering to otite. The less common
blue-green amphibole occurs as zones within the brown-green amphibole

Pyroxene occurs as isolated granular anhedral crystals or as inclusions
within biotite and amphibole. 1t 15 pale green in colowr and may exhibit
slight pleochroism from colourless-to-pale green. [nclusions of opaque
phases are commonly present.

Subhedral biotite is pleochroic pale red-brown-to-dark red-brown and
pale straw yellow-to-dark red-brown. [t occurs as rimns to opagque grains
and zones within amphibole crystals. Halos around inclusions within biotite
crystals are rarely seen.

Apatite occurs as acicular needies within plagiociase and the other
major minerals of the xenolith. Anhedral-to-subhedral opague grains
commonly occur as inclusions within amphibole and biotite and may have
rims of sphene. They consist mainly of magnetite with exsolved iimenite.
Sulphides are rarely seen. The accessory minerals calcite, fluorite and
zphene appear towards syenite contacts where recrystallization has
necurred.

Vesicles are seen in few specimens from the megaxzensolith and are

interpreted to represent the tops of individual flows. Clinopyroxene and
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amphibale are major constituents (Plate 2.25). Clinopyroxene forms a core
of granular crystals which are colourless-to-pale green in colour forming a
core which 1s surroundad by a rim of amphibole. with increasing alteration

the vezicles are recrystallized to a mass of randomly-oriented amphibole

alkali-feldspar occur in recrystaliized vesicles. Biotite-rich recrystallized
vesicles resemble biotite ovoids (Plate 2 26}

Distinct changes can be seen in the megaxenolith from the interior to the
contact with the host Centre 1 syenites. The block grades from a fine

the

W

grained volcanic rock to a slightly-coarser grained metabasalt a
contact is approached. Pyroxene begins to dissappesar as 1t 1S replaced by
biotite, amphibole and opaques. Plagioclase begins to recrystalhize and
atkali feldspar growth and replacement of plagioclase occurs. In proximity
to the contact with the host syenites plagioclase recrystallization is
compliete and growth of alkah feldspar, both as crystals in the groundmass

and porphyroblasts, is extensive. Accessory calcite, fluorite and sphene are

L
lIl

present. %“Yesicles 1f present are recrystailized to assemblages of
amphibole, biotite and accessory phases.

2.2 Summary of MeyssAshburton and Walf Camp Lake

Although different in mineralogical character, the zenoliths of

-~
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Plate 2.26 Vesicle in altered xenolith close to host/syenite contact.
Amphibole and biotite become more prominent with increasing
assimilation. Biotite-rich recrystallized vesicles resemble
Diotite ovoids.






Meys/Ashburton Lookouts and the megaxenolith of Wolf Camp Lake show

related effects of being immersed in their host syenitic magmas. ¥With
increasing assimilation recrystallization occurs such that plagioclase laths

this

Ay

produce a granular mosaic of poorly albite-twinned crystals. A
recrystallization occurs, alkali feldspar forms both in the groundmass and
3s porphyroblasts. The porphyroblasts begin growth as rims to relict
plagioclase phenocrysts. Wolf Camp Lake zenoliths however do not show the
development of biotite ovoids that are prevalent in the #enoliths of
Meys/Ashburton. Other similarities include the appearance of accessory
calcite, fluorite and sphene with increasing assimilation and the formation
of biotite. It appears the assimilation process involwes the addition of
alkalies, iron and volatiles into the ®enoliths, the source of these materials

being the host syenites.
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Chapter Three

Compositional Yariation of Amphibole, Pyroxene and Feldspar

Z1 introduction

Other than the limited data reported by Lukosius-Sanders (1985), Nittle
13 known of the compositional vartation exhibited by amphibole, pyrokene
and plagiociase within the xenoliths found in the wicinity of Meys/Ashburton
Lookouts. The present study expands on this limited data base and provides
new data for the wolf Camp Lake megaxenoiith

Aenoliths studied ranged Trom those least-affected by assimilation to

those highly-affected to abtain the best possibl ntation of
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compositional varations. Specimens weare prepared as one inch diameter

polished discs and analyzed using a Hitachi 270 scanming electron
microscope by energy dispersive analysis. Back scattered electron imagery

and ¥-ray energy spectra were used to identify mineral grains suitable for
analysis. Five-to-ten spot analyses were made per thin section. Analytical

methods are outhined in Appendix 1.

2.2 Amphibole Compositiongl Variation

Classification and nomenclature used for the amphibnles are those

recommended by the IMA subcomities on amphiboles (Leake, 1978)
Structure formulae were calculated on the basis of 22 azygens with cations



allocated to structural sites according to the standard Tormula of
1,“,..5%1]“ {OH.F, L,l:; Ferric iron contents were calculated an a

stoichiometric basis using th thod proposed by Droop (1973). A
complete 1ist of amphibole compositions 1s gqiven in Appendices 2, 2 and 4.

Figures 2.1, 22 and 2.2 are classification diagrams for amghiboles from
xenolithe in the Meys/Ashburton study area. The compositions of
amphiboles Tound in the ferro-edenite syenite and contaminated
Terro-adenite syenite (Lukosius-Sanders, 1935) are plotted ror comparison.
Figure 2.4 is an amphibole classification diagram for amphiboles in the Wolf
Camp Lake megaxenolith with amphibales from host syenites plotted for
comparison.

2.2.1 Meys/ashburton

A1l amphibotes from xenoliths in the Meys/Ashburton study area are
calcic and exhibit a wide range of composition, ranging from magnesian
hastingsite and ferroan pargasitic hornblende to ferro-edenite and
rerro-actinglite to ferro-hornblende. In Figures 3.1 and 3.2 there occurs a
cluster of points in the compositional fields of ferroan pargasitic
hornblende and magnesian hastingsite respectively. From these clustars,

points spread with hcreasing 51 contents and near-constant magnesium
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FIGURE 3.2 NEYS LOOKOUT/ASHBURTON
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FIGURE 3.3 NEYS LOOKOUT/ASHBURTON
AMPHIBOLE COMPOSITIONS
1.0
~—M—g——y ACTINOLITIC MAGNESIO-
Mg +Fe HB HB
(o]
_ fa 8 .
-5 O OO O "RI 0O ©
b @ &5 %
FERROACTINOLITE ® o
L L) C’
(X
o0 \ °
o &. ® FERROHORNBLENDE
FERRO @
ACTINOLITIC
0 HB
8.0 7.25 6.5

Si

(Na+ K)A<.5 :TiL. 5




FIGURE 3.4 WOLF CAMP LAKE
AMPHIBOLE COMPOSITIONS
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numbers tnto the ferro-edemite compositional fields Figure 3
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considerable scatter of points ranging from ferro-actinolite to
ferro-hornblende with near-constant magnesium numbers. Amphibole

compositions are similiar to those of the ferro-edenite syenmite and

contaminated ferro-eder syenite, except that they have higher amounts

|'[|
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of Mg compared to the host syenite ampiboles, with magnesium numbers
being 20 to Z0 percent higher. This iz due to the xenoliths being more
magnesium-rich than the sysnites. Amphibole formation in the xenoliths
invoives Uje replacement of magnesium-rich pyrozenes, and this is in tumn

‘
i

:reflected in the composition of the amphibote.

rn

Lukasius-Sanders {1988) reports that groundmass amphiboles replacing
pyroxene are ferroan pargasitic hornblende, ferro-actinolitic hornblende and
ferro-edemte. Amphiboie in biotite ovoids is ferro-edeniie or
ferro-edenmtic hornblende and is more highly evolved than the other
amphiboles in the xenoliths as it has higher Si contents.

Amphibote compositions in the zenohiths reflect the degree of

azzimilation. &s the amount of assimitlation increases, amphibole
compositions become more evolved and exhibit increasing Si contents. This
15 MMlustrated in the compositional diagrams (Figure 2.1 to 237 which show

that i increases from a low of 6.5 cations per umt cell Lo a high of around

24
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522 wWolf Camp Lake
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Amphibole compositions do not show an extensive range of compositional
variation (Figure 2.4 They plot in the ferro-edenite hornblende region with
minor overiap inta edenitic hornblende and hastingsitic hornblende.

wear contacts
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amphibole 12 generally only found in those spec
#ith the host syenites, where assimilation effects ars most pronounced.
Figure 3.4 shows that the zenolithic amphiboles compositions are slightly
more magnesion than amphiboles in host syenite.

222 Discussion of Amphibole Compositions

In each case, amphbole compositions in the genoliths are found Lo extend

<2
[y

r the same range of amphibole compositions as found in thear syenit

:'tl

hosts, except for those xenoliths least affected by the assimiiation process
This is seen for Neys/Ashburton xenoliths (Figures 3.1 and 3.2). On these
figures there occurs 3 cluster of points in the compositional fields of
ferroan pargasitic hornblende and magnesian hastingsite respectively with
no corresponding amphiboles in the host syenites. These armphibole
compositions represent the initial amphibole formed in the xenoliths at the
expense of pyroxene. From these clusters, points spread with incressing Si

contents and near-constant magnesium numbers to amphiboles

,-.
4‘_5



mphiboles.

co

corresponding to host syenite
Development of amphibole occurs in the zenoliths because it is the

liquidus phase of the host syenite magma. The magma equilibrates with the
kenolith and forms within it the mineral phase in which 1t is saturated.
Hence the similarity in composition between zenolith and host amphiboles.
#enolith amphiboles are more magnesian due to the xenolith being more
magnesium-rich than the syenite. The range of amphibole compositions is
due partiy to the various degree of assimilation of the zenoliths studied and
evolution of amphiboles in the host syenites. The longer a xenolith is within

a syenite magma, the more assimilated it will become and the more evolved

the amphiboles become as they equilibrate to those amphiboles in the
syenite
in the case of the Wolf Camp Lake xenoliths, amphibole is only found in

proximity to the contacts with host syenites and as such does not show the

compositional variation displayed by those amphiboles in Neys/ashburton
#enoliths. This amphibole has only a limited range of composition as the
host syenttes contain amphibole of limited compositional variation.

2.2 Pyroxzene Compositional Yariation

—

Classification and nomenclature used for pyroxene is that proposed by

Morimato (1989). The accuracy of the microprobe snalyses was checked by



catculating their stiochiometry on the basis of & orygens. End member
molecular components were calculated using an APL program "STRUCTURE”
(Mitchell, unpublished) A complete Nst of pyroxene analyses 15 presented
in Appendices 5, 6 and ¢

221 MeysfAshburton

Pyrozene is not a common constituent of the xenoliths and few suitable
crystals were found for analysis. Figures 3.5 and 3.6 are compositional
plots for pyroxene in senoliths Trom the Neys/Ashburton study area. All are

clinopyroxenes that-show little compositional variation. They are

I

by

s1fied as augites and diopsides. Sodium was typicaily not detectable

oy

although some examples do contain up ta 1wt 2 Na:;_,i]_ when compared to

host syenites xenohith pyroxenes are deficient in both Tid- and Ma.-0.

¥enolith pyroxene compositions are notably-different ram those

reported by Lukosius-Sanders (1953) in that they contain significantiy-les:

o

Ti0, and Na,0. Dats reported by Lukosius-Sanders i plotied on the acmite;

Ti-pyroxene: CATS diagram (Figure 3.8) They contain Tils up to 3 few

welght & Pyroxenes in this study

(RN

welght £ and Na,0 between 2 and 2.

contain a trace-to-nil Ti0s, and a trace-to-nil Na-0. Al-DO=z contents of

|

(RN
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pyroxenes found in this study are also low in comparison Lo pyroxenss
reported by Lukosius-Sanders (1988). Pyroxene compositions reported by
Lukosius-Sanders {1983) represent one volcanic genolith, so little

significant comparison 15 possible.

332 Waolf Camp Lake

Pyroxene compositions for the Wolf Camp Lake megazenolith are plotted
on Figures 3.9, 210 and 32.11. They show the same limited compositional
range as Meys/Ashburton pyroxenes. The xenolith C3120 1s atypical in that
ferrnsilite is present in addition to clinocpyroxene (Figure 2.12). This
indicates that at least some portions of the megaxenolith have possibly
undergone effects of contact metamorphism and therefore may be described

a3 g hornfels. It was found that pyroxenes in recrystallized vesicles are

clinopyroxene of the same composition as the pyroxene in the groundmass.
Host syenite pyroxene compositions are plotted on Figures 3.13 and 3.14.

They are different from those pyraxenes in the megaxenolith in that they

contain an appreciable acmite component and thus plot in the acmite:

Jiopside: hedenbergite diagram. Sodium contents range from 1.5 weight
ta 3 weight & Na,0. Ti0, is present in only trace amounts. Host syenite

pyrozenes are also considerably enriched in Fel and moderately enriched in
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Cal with respect to genolith pyroxene compositions. No useful comparison
is possible between host and zenolith pyrogens.

_____ % Discussion of Pyrozens Compositicnal Yamation

Pyroxenes from both the Meys/Ashburton study area and Wolf Camp Lake
have similiar compositions. They also have very different compaositions
from pyroxenes found in their respective host syenites. This is due to
pyroxene in the zenoliths being converted to amphibale early in the

ssimilation process. As a result no equilibrium 12 set up between ¥enolith
pyrokenes and higuidus pyroxenes in the host syenites. The amphibale
mantle does not allow the host syenite magms to equilibrate with the
enolith pyrozenes.

The pyroxenes however supply information as to the nature of the
parental volcanic rocks. This is due to their being relict phases.

Leterrier et al. {1952) devised a method based on statistical study of Ti,
Cr, Ca, Al and Na contents of calcic clinopyrozenes which identifies the

magmatic affinities of the volcanic rocks within which the clinopyroxenes

l'tn
l \

. This method was applied successfully to volcanic rocks which had
undergone metamorphism or metasomatism. Magmatic affinities are
claimed to be distinguished with better than 80% confidence.

Figure 3.15 i3 a series of plota based upon the Leterrier et al. {1962)
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method Tor pyroxene compositions fom Neys/Ashburton xenaliths, Figure
2154 distinguishes between alkali and tholeiitic plus calc-atkaline basalts.
Meys/Ashburton pyroxenes plot stradling the division between the two
fields. This could be interpreted as indicating that two xenolith types
present at Meyssashburton, one a tholeiite and the other an alkali basalt. It
rmay also reflect the addition of sodium to pyrokene in the earliest stages d
assimilation.

Figure 2,156 mdmatpp that the source rocks for the genoliths are
orogenic basalts in origin. This is incorrect given the tectonic setting of

the Coldwell Complex (Chapter 1). Clinopyroxzenes in Neys/Ashburton
xenalithes contain less Tid, than is needed to plot their compasitions into
the correct field of non-orogenic basalts. This is due to their avolved

nature as clinopyroxenes of tholeiitic basalts decrease Ti0 wment: with

fractionation (Deer et at. 197 Figure 3.15C distinguishes betwee
tholetites and calc-alkaline basalts from Figure 2.154. This diagram
indicates a definite tholeiitic parentage for Meys/Ashburton xenoliths.
Figure 2.16 applies the method of Leterrier et at (1952} to pyroxene
compositions from wolf Camp Lake. Figure 3.16A indicates the vwolcanics

are not alkali basalts but either tholetitic or calc-alkaline. Figure 3166
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indicates incorrectly an orogenic origin for the source volcanics, given the
Coldwell Complex tectonic setting. Again low Til, contents of the

pyroxenes indicate an evolved nature, such as those in Neys/Ashburton
xenoliths. Figury 3.16C indicates @ definite tholeiitic affinity for the

source volcanics at Waolf Camp Lake

Ti0+ and &l,0< contents of the pyroxenes for both Neys/Ashburton and

.,.

wWolf Camp Lake volcanics indicate a tholejitic basalt parent. [t has bsen

documented that L}xnapgro (enes from undersaturated volcanic rocks, such as

alkali olivine basalts, are high in initial Ti0, and Al,0= and with

fractionation of these rock types Ti0, and Al,05 contents increase
(Magonthier and Yelde, 1976} Lowdes {19732} concludes also from study of

Late Cenozoic basalts in Utah that Al increases in clinopyroxens with
increase in fractionation of alkaline basaits. it was also concluded that for
tholetific basalts, Al shows the opposite trend and decreases with

increasing fractionation. Clinopyroxenes for Meys/Ashburton and Wolf Camp
Lake contain very little to no Til, and Al,0<, indicating fractionation from

a tholeiitic basalt, with the small amounts indicating a tholeiitic basalt in

an avolved ztate,



Dlivine andsor 115 alteration products are not seen in 2ither
Meys/Ashburton or Wolf Camp Lake senoliths. This suggests that the basalt
was not an alkali olivine basalt, giving credence to the conclusions from
pyrozene compositional data.

2.4 Feldzpar Compositional Data

Structural formulae and eand member molecular components were
determined on the basis of 32 oxygens using the feldspar subroutine of the
“STRUCTURE" computer program {Mitchell, unpublishad). Complete analytical
data are presented in Appendices d and 9

32.4.1 Neus/ashburton

Figures Z.17 through 3.22 illustrate feldspar compositional variation in
xenoliths from the Neys/Ashburton area. The compositions of both
plagioclase and alkali Teldspar reflect the degree of assimilation of the
gennliths.

In sections that appear to be least-affected by assimilation, plagioclase

iz calcic with cormpositions up to Angc, although on average they lie

betwesn An,n_-q (andesine-labradarite). With increasing assimilation,

plagioclase compositions become increasingly-sodic and trend towards

more albitic compositions. Highly assimilated kenoliths have plagioclase

(Y]
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CHMpoItions that are more sodic than '&’DENJ (Figure 322,
compasitionsl change, and

Fecrystallization accompanies Lhis
lath-shaped relict plagicclases are converted into g granular texture of
rounded crystals exhibiting poor albite twinning. Associated with these
changes iz the replacement of plagioclase oy 31k eldspar. Alkall

Teldspar compositions are plotied Tor those specimens where analysis was

possible A commaon feature of this replacement alkali feldspar, either as

as diffuse patches within relict

stinct crystals in the groundmass or
ants. These

gse 1aths, is

plagioclaze
it 15 possible to find almaost

vary from 0.5 ta 6.4 wt F Bal. In some cases
2 replacement of plagioc)ass 2 by alkall Teldspar crystals

comnplete r

'7 }7
1985)

Figure 2 22 shows feldspar compositions for ferro-edenite and

coantaminated ferro-adenite syenite as reported by Lukosiug-Sanders (1

nd antiperthites with secondary feldspars

The teldspars are perthites a
being albite

242 wolf Camp Lake

e wolf Camp lake megas<enolith are illustrated

nted by figures

Compositional data for th
224 through

an figures 224 through 227 Samples represe
e3s Figure 227 represents a samplsa

26 are from within the block, whereas
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collected in contact with the host syenite. Those from within the block

have plagioclase compositions in the range of andesine ‘:"ﬁ‘nZO—SO)- The

variation to mare sodic compositions is due to effects of assimilation.
There iz also minor replacement of plagioclase by alkali feldspar, this
giving compositions up to 26 mol ® orthoclase. The most extreme case of
assimilation is represented by xenolith C252 1A (Figure 3.27).
Recrystallization has occured producing a granular matrix of poorly-twinned
albite crystals. Alkali feldspar crystals are also now present in the matrx.
The range in orthoclase compositions is due to the presence of minor
amounts of sodium.

242 Summary of Feldspar compositions

Both Neys/Ashburton and Wolf Camp Lake feldspar compositions exhibit
the same patterns. With increasing assimilation effects due to
incorparation into the host, original plagioclase compositions of
aligoclase/andesine are decalcified and converted to albite. Along with this
decalcification there occurs 1) recrystallization of plagiociase laths to
granular crystals exhibiting poor twinning and 2) replacement of
plagioclase and growth of alkali feldspar, this being orthoclase in

composition and characterized by high barium content (up to 6.4 wt § Bad).

34



Phenocrysts are present in the zenoliths of Meys/Ashburton, these being
relicts of the original volcanic texture. They are zoned and range from
bytownite to labradorite in composition. Groundmass plagioclase is
oligociase-andesine in composition. This plagioclase composition
co-exristing with a clinopyroxene is similiar to co-existing plagiocliase and
calcic-clinopyroxene in Mipigon diabase reported by Sutcliffe {1987) and in
tholeiitic basalts from southwest Utah reported by Lowder {1973} This
indicates the basalt parents to Neys/Ashburton and Wolf Camp Lake

xenoliths are common basalts that are not highly evolved.



Chapter Four

whole Rock Chemistry of Basic Xenoliths

4.1 Introduction

whole rock analyses for major and minor elements were obtained for ten
specimens from Neys/Ashburton and twelve from wolf Camp Lake. ¥hole
rock analgées for Neys/ashburton rocks were undertaken by the Centre in
Mining and Mineral Exploration Research at Laurentian University. Analyses
were performed using XRF methods on glass discs. Accuracy for major
elements is + 2% , for trace elements + 103 (Lukosius-5Sanders, 1988).
Trace elements were determined using pressed powder. Whole rock analyses
for ¥olf Camp Lake rocks were performed by ¥-Ray Assay Laboratories in
Toronto, Ontario using similar methods. Detection limits for major

glements were + 0.01% and £ 10 ppm for trace elements. Major elements

determined were 510,, T10,, Al,03, Fe,0<, Mn0O, Ca0, Mgd, Na,0, K50 and

PEDS- Trace elements included Cr, Co, Ni, Cu, Zn, Pb, Zr, ¥, 5r, Rb, Ba, Ce, La,

Nb and Ga.
Hormative calculations were processed using @ computer program called
"ROCALC”, written by Stormer (1935) and based on the method in Barker

(1933). Also calculated were AFM plotting parameters and F', Q', &n

r
[}



parameters used in the Streckeisen-LeMaitre {1979) rock classification
piot.

472 Meys/ashburton

421 Major Elements

Major elemant compositions for Neys/Ashburton zxenoliths and their
respective CIPW norms can be found in Table 4.1, Of the ten analyses, four
are quartz normative, one is neither quartz nor nepheline normative and the

other five are nepheline normativa.

Figure 4.1 is a series of variation diagrams for the major oxides vs 510,

510, shows the greatest variation from a low of 45.4% to 34.2%. Points
are identified for those samples least assimilated through to those most

assimilated. Weak irends are observed in KQD, NaQD_, Cal and Fe?_D3 with
increasing Si0, contents. Cal and Fe,0< are seen to decrease and K,0,
NaQG are seen to increase from unassimilated to assimilated specimens.
increases in KQD reflects addition of potassium feldspar into the specimens

as assimiiation progresses whereas increase in Na,0 and decrease in Ca0
reflects the decalcification of plagioclase to more sodic compostions. MgO
and Al,0< show no identifiable trend as the degree of assimilation

37



TABLE 4.1 WHOLE ROCK ANALYSES AND CIPW NORMS FOR NEYS/ASHBURTOM XEMOLITHS

ANALYSES ARE IN ORDER OF INCREASING ASSIMILATION

C2311 (2503 C24398 C2307 (2450 C2303 2351 (2286 CZ2330  C2331
S5i02 49693 5021 3S030 S1.20 5143 5300 5383 S4.06 5422 4540
Ti02 039 074 063 0.8%9 D64 082 081 0.79 D65 128
A1203 1521 1569 152%Z 15383 1533 1548 15924 15337 1528 15356
Fe203 1160 1028 995 1153 972 1071 1010 956 8.76 1427
MnO 0.21 019 0149 022 017 0.19 0.19 017 0.18 028
Ca0 8304 920 743 8.16 934 T.23 6.80 608 716 8.2
MgO 461 6.00 355 497 3%0 399 4.12 3.30 3.0 4.06
Naz0 6528 426 6.81 323 33 4.45 484 381 472 475
K20 1.84 1.80 225 1.84 2.00 2.31 2.65 260 222 273
P205 0.60 0.45 0.28 0.61 0.40 .55 0.42 040 D37 1.47
TOTAL 989 9882 9878 9856 9837 9874 9901 9834 98562 9834
CIP% NORMS
Q 506 - zMm 0w - 029 ===
OR 1096 1077 1348 1104 1193 1382 1379 1553 1323 1630
AB 3368 3388 2930 2771 3350 3817 4139 4620 4112 23549
Al 796 1860 440 2388 1857 1563 1215 331 1382 1268
NE 1083 1.4 1371 1.90 -—— 834
Rl 2032 1775 2236 849 1372 1167 1327 1356 1408 1412
HY 863 226 466 422 - 6.14 -
oL 153 483 255 === 275 - e 248 ————- 282
L 046 042 0.41 048 036 042 042 0.37 0.35 061
HM 11.72 1040 1007 11639 9384 1083 102 267 3.39 1431
™ 112 0.589 0.82 1.60 1.12 1.49 1.47 1.03 .16 167
AP 143 108 091 146 096 1.31 1.01 037 083 354
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ncreases.
sample C2331 is anomalous in that 1t plots away from the main group of

xenaliths. [t contains approximately 3% 1ess 51, and has significantly

more Til, and Fe,0z than the other xenoliths. Fetrologic study shows it to

be highly assimilated with a large amount of potassium feldspar growth. It
15 possiblie this sample represents another type of xenolith.

C2211, C2331 and C2498 are strongly nepheline normative with C2311
and C2498 exhibiting intermediate assimilation effects and C2331 being
highly assimilated. ‘C2386 and C2303 are slightly nepheline normative and
exhibit slight effects of assimilation. Those specimens that are quartz
normative decrease in their amount of normative quartz as their degree of
assimilation increases. These observations seem to indicate two trends in
Meys/Ashburton xenoliths. One trend is for quartz normative specimens
becoming less saturated with assimilation, the other trend for specimens
that are nepheline normative becoming more nepheline normative as
assimilation progresses. This indicates there may be two types of
volcanics present in the Neys/Ashburtan xenoliths syenite. However
pyroxene cormpositional data contradicts this as it indicates that saturated

volcanic rocks are parental to the xenoliths. It is possible that the trends



refiect the occurence of twa different assimilation episodes, each having
distinctive chemical characteristics.

Figure 4.2 plots compositions according to the rock classification
scheme of Streckeisen and LeMaitre {19379} The data shows a considerable
scatter, and range from phonolite and basanite through latite to tholeiitic
basalt. As assimilation increases points plot away from the original
compositions of a tholeiite towards a l1atite due to alkali addition. This
agrees with plagioclase compositional data as anorthite content decreases.
The least assimilated samples plot towards the field of tholeiitic basalt,
agreeing with the conclusions derived from pyroxrene compositions. Two
trends however seem to evident in the data, one from oversaturated to
saturated, the other from saturated to highly understaurated. This again
could indicate the presence of two types of xenoliths or different
assimilation trends. |t a second type of #enolith is present the original
compositions could lie in the area of alkali basalts.

Compositions of alkali-feldspars are also plotted on figure 4.2, One
trend seems to progress towards these compositions whereas the other
deviates away from it. The trend that approaches alkali feldspar
compositions indicates the xenoliths are becoming more syenitic in nature

as their compositions equilibrate with their syenite hosts. The ather trend
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towards compositions more undersaturated than atkali feldspar may be due
to the presence of a different reaction.

422 Minor Elementis

Minor element compasitions of the Neys/Ashburton zenoliths are listed
in Table 4.2.

Trends in the minor elements of Neys/ashburton xenoliths are

pooriy-developed, but 1t is possible to identify weak trends as 51'02

increases. Y and Rb are seen to increase and Cr, Co, Ni, Zn, 51 are seen to
decrease. Cu, Pb, Zr, La and Ce, do not develop only significant trends.
Barium is present in significant amounts, ranging from 471 ppm to 2157
ppm, with the higher amounts in those specimens showing postassium
feldspar addition. Sris also present in significant amounts, ranging from
S2o ppm to 816 ppm.

Noticable in all specimens are low contents of Cr and Ni. This indicates
that the volcanic parent or parents to the xenoliths is of an evolved nature.
This agrees with information obtained from pyroxene compositional
variations.

423 Comparison with other Keweenawan VYolcanics

Table 4.3 compares the Neys/Ashburton volcanic xenoliths to other

Kewesnawan volcanics found in the region. Neys/Ashburton compositions
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TABLE 4.2 MIMOR ELEMENT COMPOSITIONS FOR HEYS/ASHBURTON XEMOLTHS IN PPM

C2303 C2309 C2311 C2330 C2331 (2351 C2386 CZ490 C2498 (2503

Cr 8 15 18 17 26 1S i1 20 17 21
Co 46 45 51 45 34 43 36 46 49 49
Ni 27 32 31 55 z4 28 28 55 S3 33
Cu 108 110 112 43 34 &0 42 54 54 7
Zn 115 124 110 106 145 139 a9 a2 116 a3
Pb 0 52 0 0 43 41 35 0 27 45
Zr 224 150 178 332 132 165 194 180 236 156
Y 37 31 31 39 36 29 31 2Z7 229 26
Sr 706 723 741 526 17 621 566 &40 592 636
Rb IR 82 86 115 T 140 124 76 1135 79
Ba S64 792 804 471 3158 711 ™ 570 766 715
Ce 162 158 161 208 238 142 122 142 179 129
La 92 86 83 111 128 68 70 74 a5 63

TABLE 4.3 COMPARISON OF MEYS/ASHBURTON XENOLITHS TO OTHER KEWEEN &% AN VOLCANICS

HEYS / ASHBURTON KEW QUEBEC MINE SOUTH SHORE
5i02 49.7-51.2 46 .6-48.7 43.4-476 50.2-54.0
Ti02 0.69-0.89 0.72-233 1.10-1.80 2.10-2.50
Alz03  15.21-1593 158-19.2 13.2-16.7 139-142
Fe203 995-116 8.20-1432 10.9-12.4 11.1-139
MnO 0.12-0.22 0.11-0.17 0.17-0.20 022-027
MgC 461-60 5.20-8.70 6.30-9.00 4.00-6 40
Cal 7.43-220 9.20-124 7.10-105 6.00-8.10
Na20 3.22-6.81 220-2.60 1.90-2.90 2390-z.60
K20 1.80-2.25 0.12-0.54 0.20-1.20 0.60-1 .40
P205 0.38-0.61 0.03-0.25 0.10-0.18 0.31-0.37

KEW= KEWEENA'W AN REFERENCE SUITE (BASALTIC YOLCANISM STUDY PROJECT,1981)
QUEBEC MINE= QUEBEC MINE BASALTS, MICHIPICOTEN ISLAND (ANNELLS,1974)
S0UTH SHORE= SOUTH SHORE BASALTS, MICHIPICOTEM ISLAND (ANMELLS,1374)



are represented by those least-altered by assimilation.
Two groups of tholeiites are found on Michipicoten Istand {Annells,
1374}, these being the Quebec Mine basalts and the South Shore basalts.

when compared to the Quebec Mine Suite, the Meys/Ashburton xenoliths are

found to have maore Siﬂg, Ma»0, KQG and PQDS. Mgo. Al,0=, Cald, MnO and
FeQDS are comparable with T}'D;__; and MgQ0 1ess. The South Shore Suite prove
ta be higher in 510, Ti0,, Fe,0z and MnO with less Al,0<, Can, Ma,0, KED,

P,0g and comparable Mg0.

Neys/ashburton zenoliths differ significantly from the Keweenawan

Reference Suite {Basaltic ¥olcanism Study Project, 1381 being enriched in
5105, Na U, K,U and P,0g and slightly enriched in Mnd. They have less
AIQD_—:;, MgO0, Ca0, FeQD3 and TiDQ.

[n general, Meys/Ashburton least assimilated zenoliths are enriched in

the atkalies and P205 and depleted in ng rejative to other Keweenawan

bazalts. TiDQ depletion indicates the parent volcanicis) of Neys/Ashburton
enoliths to be more evolved than the other volcanics whereas enrichment in

alkalies and P205 shows there iz cantamination present fram the hast
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syenites.

4 2 wolf Camp Lake

431 Majar Elements

wolf Camp Lake megaxenolith major element compositions and their
respective CIPW norms are presented in Table 4.4, All specimens are quartz

normative ranging from less than 13 guartz to over 113 quartz.

Figure 4.3 is a serias of variation diagrams for the major oxides vs Si0,.

510, shows the greatest variation from a low of 48.3% to a high of 33 9%,
Points are identified for least-assimilated to most-assimilated specimens.

MgQ, Fe,0< and K50 produce trends when plotted against increasing 310,
content. Mgl and Fe,0z are seen to decrease while K50 increases. A weak

trend of increasing Na»0 is also evident. Cal and Al,0- show no

recognizable trends.
It i3 observed that the most assimilated samples C2517 and C2515 are

distinctly different in composition to the ather xenoliths. The specimens
piot as the most extreme 10ss or increase of components with 5id,

increase. C3121 represents the closest composition to that of the original

volcanic rocks.



TABLE 4 4 WHOLE ROCK AMALYSES AND CIPY NORMS FOR WiOLF CAMP LAKE MEGAREMOLITH

ANALYSES ARE [N ORDER OF INCREASING ASSIMILATION

C3121 C2531 C3123 C2530 C2523 C3123 C2526 C2524 C3120 C3124 C2518 C2317

Si02 4330 4950 4960 4970 4920 4980 35030 5050 5170 5220 3380 5390
Ti02 2.03 1.80 180 1.77 1.93 200 1.92 1.78 1.97 194 1.29 1.40
Al203 1420 1400 1390 1230 139 1390 13590 13320 1420 1400 1540 14350
Fe20Z% 1540 1430 1450 1360 1350 1490 1580 1520 1450 1450 1100 12,60
MnO 027 028 024 0.30 0.20 27 027 029 0.25 022 025 27
Ca0 784 732 785 EAR! 7.02 636 634 S.09 715 725 4.11 437
Maq0 4.14 342 3.64 417 356 367 400 308 2536 246 0.76 1.16
Ma20 347 483 385 362 426 393 263 436 381 337 518 474
K20 167 168 1.3 2.85 232 297 213 2833 238 2.536 4.36 4.54
P205 1.07 0.87 099 092 1.00 102 088 087 103 1.07 0.42 0.48
Lo 123 047 1.00 1.00 1.16 Q.77 1.00 1.70 0.31 0.16 277 0.70
TOTAL 9990 9920 9960 9960 9950 10010 9940 99350 10020 10020 2980 9920
CIPW MORMS

Q 473 0.22 461 115 133 1.49 1125 2.7 7.30 857 033 221
OR 10.02 1008 1088 1713 1518 1767 1282 1727 1413 1516 2663 2739
AB 2981 4149 3313 3113 3675 3363 2267 3957 3238 3028 4534 4095
AN 1880 1173 1557 905 11539 1150 2020 759 1468 1465 6.10 498
w0 129 079
el 584 1299 3.1 2002 873 6.70 020 5Sev? 6.35 661 422 636
HY 776 263 5.00 1.28 4.99 6.85 1006 3524 .46 308 - =
L 059 0.61 052 065 0.44 058 0.59 064 0.54 0.47 0.35 059
HM 15964 1452 1475 1383 1417 1500 1609 1553 145356 1453 1138 1286
™ 4.30 370 307 257 426 419 404 366 4.16 4.16 2.56 273
AP 2357 209 2.39 222 242 243 212 21 230 254 103 1.16
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All specimens are guartz normative, with normative hypersthene
indicating a parent basalt with thotetitic arfinities.

Figure 4.4 plots compositions according to the rock classitication
scheme of Streckeisen and LeMaitre (1979). The data shows considerable
scatter, with compositions ranging from mugearite and calc-alkaline
andesite at the 1ea:$t—a:§sir11ilated part of the trend to trachyte towards
highly-assimilated samples. As assimilation progresses, compositions plot
away from the least assimilated samplies towards the highly assimilated
specimens due to alkali addition. The normative anorthite content is also
seen Lo decrease, this agreeing with observed plagioclase compositional
- variations. C3121 is the least assimilated of all samples and plots close to
the tholeiitic basalt field, showing this rock type to be a likely parent to
the megaxenolith basalts. This conclusion agrees with the observed
pyroxene compositional variation. All data plots on the same trend
indicating only one parental rock type is present. Data also trends towards
plotted alkali feldspar compositions, indicating equilibrium to more
syenitic compositions of the host.

432 Minor Elements

Minor element compaositions for the Wolf Camp Lake megaxenolith are

given in Table 45. Mo significant trends are found in these elements other
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TABLE 4.5 MINOR ELEMENT COMPOSITIONS FOR WOLF CAMP LAKE MEGAXENOLITH IN PPM

C2517 C2518 (C2523 C2524 C2526 C2530 C2531 C3120 C3121 C3123 £3124 C3125

Cr <i0 <10 25 20 19 <10 25 <10 <10 410 <10 <10
Rb 107 109 13 72 120 127 79 82 86 59 &4 113
Sr 314 275 464 259 278 337 430 525 481 499 487 526
Y 60 30 44 40 20 36 24 335 43 42 8 43
r 345 35 339 379 332 267 3449 329 330 329 z32 332
hb 136 154 104 128 125 126 129 126 135 125 122 114
Ba 3430 2610 1020 1410 1020 1240 765 1370 7 1410 1170 1250
Ni 2 2 20 7 32 21 21 22 22 19 24 21
Ga 15 18 18 20 19 14 19 18 12 16 12 17

TABLE 4.6 COMPARISON OF WOLF CAMP LAKE MEGAXENDLTH TO OTHER KEWEEN AW &N YOLCANICS

HEYS / ASHBURTON KEW QUEBEC MINE SOUTH SHORE
5102 48.3-52.2 46.6-48.7 43 4-476 502-540
Ti02 1.90-2.03 © 0.72-233 1.10-1.80 2.10-2.50
Al203 13.9-1432 13.8-19.2 153.2-16.7 13.9-142
Fe203 145-158 8.20-143 109-124 11.1-139
MnQ 022-027 0.11-017 0.17-0.20 022-027
MgC 246-4.14 5.30-8.70 6.30-3.00 400-640
a0 6.34-7.85 9.20-124 710-105 6.00-8.10
Naz0 2.63-3.95 2.20-260 1.90-2.90 2.90-360
K20 1 67-2.97 0.12-054 020-1.20 0.60-1.40
P205 0.88-1.07 0.03-0.25 0.10-0.18 0.31-0.37

KEw= KEWEENAY AN REFERENCE SUITE (BASALTIC VOLCANISM STUDY PROJECT,1981)
QUEBEC MINE= QUEBEC MINE BASALTS, MICHIPICOTEN ISLAND (ANNELLS ,1974)
SOUTH SHORE= SOUTH SHORE BASALTS, MICHIPICOTEN ISLAND (ANNELLS,1974)



than slight decreases in 5rand Hb with increasing Si0,. Ba is seen to
increase significantly in the most assimilated samples, reflecting addition
of potassium feldspar. Other elements show no trends. Barium and
strontium are prasent in significant amounts ranging from 768 ppm to 3430
ppm and 239 ppm to 536 ppm respactively. Zr is present ranging from 329
ppm to 2379 ppm.

Cr and Ni contents are low 10 nil for Wolf Camp Lake specimens,
indicating the parental tholeiitic basalt to be evolved.

4323 Caomparison to ather Keweenawan Valcanics

Table 4.6 compares wWolf Camp Lake magaxenalith samples to other
Kevieenawan volcanics. Wolf Camp Lake compositions are represented by
least assimilated specimens.

Compared to South Shore tholeiites of Michipicoten Island {Annells,

1974) a close match is observed, except that Wolf Camp Lake is slightly
poorer in Si0,, Til4, Fe,0<, Mn0, Ma,0, K50 and P,0g and less in Al,0<, Cal
and Mg0. Compared to Quebec Mine basalts, Wolf Camp Lake is found to be

higher in SiDQ, TiD?_, FeQD} MnQ, NaQD, KQG and PZUS and less in MQGE;_. Cal

and MgO.

Compared to tholeiites of the Keweenawan Feference Suite (Basaltic
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Figure 4.5 AFM diagram for Neys/Ashburton xenoliths (-} and
Wolf Camp Lake megaxenolith (+).

A=Na20 + K20
F= (FeD + .8999Fe203) + (Fe0 + 2Fe203){Fe + Fe)
M= MgD



Yolcanism Study Project, 1951), Wolf Camp Lake specimens are

significantly different. They are higher in Si!]g,, TiDQ, FEQG_—:;_. MnQ, NaQD,

K-0 and P50g and Iower in Al,0<, Mg0 and Cal.
In general, compared to other Keweenawan volcanics, Wolf Camp Lake

xenoliths are higher in alkaties, P»Ug, MnO and Fe, 0= and lower in Cad, MgO

and Al,0=. Increased alkalies indicate assimilation accuring in the
teast-altered specimens. South Shore basalts show the closest match
indicating a tholeiitic parentage possible. Ti[12 contents show Wolf Camp

Lake to be only slightly more evolved than Michipicoten Island tholeiitas.

4.4 Comparison of Wolf Camp Lake and MNeys/Ashburton

Figure 45 is an AFM diagram for Meys/Ashburton kenoliths and the walf
Camp Lake megaxenolith composition. MNeys/Ashburton xenoliths have
slightly more total Fe, Mg0 and higher alkalies than Wolf Camp Lake
samples. Both however show the same response to assimilation as alkalies
increases. The most assimilated samples in each case plot with higher
alkali content. Meys/Ashburton data suggests development of two trends,
each increasing with atkali content. This may indicate the presence of two

®eholith types.
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Both Meys/ashburton and Wolf Camp Lake show the same trends on the
Streckeisen-LeMaitre rock classification plot of decreasing normative
anorthite with increasing assimilation, agreeing with observed plagiociase
compositional variation,

Bulk rock compositions from both areas and CIPW norms indicate the
wenoliths are derived from a tholeiitic basalt parent. Meys/Ashburton
displays trends suggesting the presence of a second undersaturated xenolith
type. Pyroxene compositional variation indicates an evonived tholeiitic
parentage. Trace element data from the xenoliths agres with this
conclusion as Ni and Cr contents are low. Wolf Camp Lake zenoliths are
slightly more evolved than Neys/Ashburton xenoliths as they contain less Mi
and Cr. In the case of the Meys/Ashburton xenoliths, identification of two
rock types is difficult due to the absence of completely-fresh rocks and few

anaiyses available.
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Chapter Five

Ralationship between the ¥enoliths and Host Syenites

S.1 Introduction

It was suggested by Jago (1980} and Lukosius-Sanders {19858) that
assimilation of the basic wenoliths in the Western Contact Zone and
Neys/Ashburton has resulted in the production of coantaminated
ferro-edenite syenites from uncontaminated ferro-edenite syenite. This
hypothesis is tested in this study by modelling the contamination of a
ferro-edenite sgeniie by the addition of basic xenoliths, This is
accomplishad by mass balance mixing calculations and principal component
analysis. The compositional changes found in the xenoliths are also
maodeiled using these technigues.

2.2 _Xenolith Compositional Changes

Mass balance mixking calculations are used to study the compositional
changes in the xenoliths due to assimilation. The calculations are based on
the procedure orginally devised by Bryan et al (19569}, and incorporated inta
the Geochemical Program Package of Geist et al (1965). Proportions of a3
specified set of components are added to or subtracted from a parent to

produce a least squares best fit to a given daughter composition. This



procedure permits the modelling of assimiiation or mizing processes. The
sum of the squared values of residuals (R-squared) is used as a test of

whether or not a solution 15 acceptable.

m

R-squared values less than 1 are
considered acceptable with values less than 0.3 a good it and values 1ess
than 0.1 an excellent fit

To assess compositional changes during zenolith assimilation, the
parents used are Keweenawan volcanics from the area of the North Shore,
Lake Superior, these being from Michipicoten Island f{Annells, 1974) and the
Keweenawan Reference Suite {Basaltic Volcanism Study Project, 1961). The
daughters are the xenoliths observed at Meys/Ashburton. Components added
to the zenoliths are minarals found within the host ferro-edenite syenttes,
as they are the source of the components added.

Figures 5.1 and 5.2 are mass balance mixing calculations modelling a
Michipicoten sland tholeiite {AK 108} as the parent for volcanic xenoliths
at Neys/Ashburton. By adding various combinations of minerals to this
volcanic it was found the best solution was obtained by the addition of
albite, potassium feldspar, magnetite and apatite. This combination of
minerals produce R-squared values of 0.199 and 0.091 for the daughter

compositions C2490 and C2330 respectively. €24990 is a ¥enolith displaying



UNWEIGHTED INPUT DATA:

PARENT albite mag <spar apat DAUGHTER
502 47.60 67 .41 .27 63.66 0.00 51.45
TIOZ 1.44 .00 0.0C .00 0.00 0.64
ALz203G 15.20 20.5¢0 .21 19.54 0.00 15.33
FRE203 3.00 .00 0.00 0.00 0.00 0.00
FEO 16.52 G.08 02.73 .09 0.¢C0 83.75
MMG 0.13 0.00 .00 .00 0.10 0.17
MGO 7.90 .10 ¢G.C0 0.00 a.1 5.80
CAD 3.80 0.81 3.00 0.50 55.2 9.3¢4
NAZO 2.490 10.97 8.00C 0.80 ¢G.00 3.91
K20 0.86C .28 G.00 15.60 80.00 2.00
H20~ 0.00 0.156 6.00 0.00 1.86 0.00Q
H20- .00 .00 0.00 06.0C 0.00 0.00
P205 0.1 .00 0.00 0.cC¢eC 42.058 0.40
(PARENT-MINERALS=DAUGHTER)
PARENT ak 108
DAUGHTER cZ2430
SCL'N % CUMULATE
ak 108 1.000
2lbite C.252 53.484
mag 0.006 1.3042
Kspar 0.1564 35.603
apat 0.020 1.565
C21490 1.401
R SQUARED = 0.199
PARENT DAUGHTER DAUGHTER WEIGHTED
ANALYSIS ANALYSIS CALC RESID
S102 22.50 22.94 22.85 0.33
Ti102 0.68 0.28 0.48 -0.18
ALZ203 7T.19 6.33 7.20 -0.0"7
FEC §&.97 3.980 3.89 0.02
MND 0.09 0.0¢ 0.06 0.01
MGO 3.73 2.68 2.62 0.01
CAQ 4.186 4.186 4.10 0.06
NA2OQ 1.37 1.75 1.72 0.03
K20 0.28 0.849 v 0.87 0.02
P205 ¢.07 0.18 0.89 -0.21
o BULK D
cr 210.600 20.220 146.974 ~-126.754 0.000
co 52.00¢ 45.600 "36.393 9.207 0.000
ni 150.0C0 54 .88 104.981 -50.101 0.000
Cu 39.00¢0 34.1590 41.293 12.837 0.0C0
Zr 160 e 179.7C86 111.98¢C 67.726 0.000
Y 47.000 23.8597 32.894 -4.297 0.000
sTr 250.000 639.918 174.869 464.949 0.000
ba 200 .000 569.750 -139.875 429.7175 0.000

FIGURE 5.1



PARENT aloite ang Kspar
SiGE 47 .60 C7.41 0.27 63.66
TIOE 1.44 0.0¢G .00 .00
ALL200 15.2¢0 20.5¢ .21 19.54
OB~ S 0.00 .00 0.00 .00
el 16.52 0.06 892.73 c.09
MNO 0.18 0.08 3.0C 0.00
MGO 7.90 0.10 ¢.C0 0.0aQ
CAU 5.80 .31 0.0¢C 0.50
NA2Q 2.960 10.97 G.CQC 0.80
X248 .60 .3 0.00 15.60
420+ .00 0.:5 .00 0.00
H20 - 6.00 C.00 0.0 .00
705 0.14 .00 5.00 0.00

CPARINT-MINERALS

PARENT:
DAUGHTEZR: C

apat

c232C

PARENT
ANALYSIS

SIC2 22.50
TI02 0.68
AL203 7.19
FEQ 4.97
MNO 0.09
MGO 3.73
CAQ 4.16
NAZO 1.37
K20 0.28
P2Q35 c.¢C

cr 210.000
Co 52.000
ni 150.000
cu 59.000
ZTr 160.000
y 47.000
s 250.000
ba 200.0C0

FIGURE 5.2
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few effects of assimilation whereas C2330 13 3 highly assimitated genolith.
Amounts of components added depend on the degrae of assimilation af the
=»enolith. Only 25.2% albite was added to the least assimilated C2490
whereas 52% albite was added to the more highly assimilated xenolith

C2330. Potassium feldspar and magnetite also show this relationship of

increased addition to the more assimilated xenolith. Apatite results are
variable as P,;.DS contents of the xenoliths show no relationship to degree of

assimilation only fhat concentrations are higher in assimilated zenoliths.

Figures 3.2 and 3.4 are mass balance mixing calculations using a
Keweenawanh tholelite, KEWS, as the parent. Addition of the same Tour
minerals used in calculations for AK 103 produces R-squared values of
G172 and .170, with the components showing the relationship of more
addition to produce more-assimilated xenoliths. This indicates that the
modelling procedure is valid for the general case. Both exampies
demonstrate that addition of albite, potassium feldspar, magnetite and
apatite produce assimilated xenoliths, the amounts added governing the
degree of assimilation.

To test further the modelling process, these four minerals were added to

3 xenolith displaying no effects of assimilation to investigate whether or



UNWEIGHTED INPUT DATA:

PARENT albite mag Kspar apat DAUGHTER
S102 480.73 67.41 .27 63.686 0.00 51.453
TIDZ2 0.32 0.00 0.00 0.00 0.00 0.64
ALZ0O3 ig.02 20.5¢C G.212 19.54 0.00 15.33
FE20D .00 .00 0.60 0.0C 0.00 0.060
FEO 5.67 0.086 92.73 0.09 ¢.00 3.75
MNO 0.11 .00 .00 .00 0.10 0.17
MGC .77 .10 G.CQ0 0.06¢C 0.1 5.90
CAQO 10,108 0.81 .00 0.590 55.34 9.34
NAZO 2.39 16.97 0.0¢C 0.8¢ 0.00 3.91
20 .21 .36 .00 15.60 0.00 2.G60
H20=+ 3.29 0.15 ¢.00 0.00 1.386 .00
H20 C.0¢0 0.990 .00 .00 0.00 6.00
P20s 0.06 0.00 0.00 0.00 42.05 0.40
(PARENT-MINERALS=0AUGHTER)
PARENT: kew 5
DAUCHTER: c2490
SOL'N % CUMULATE
Kew 5§ ,1.00¢0
aloblite 0.260 57.768
mag 0.016 3.605
xspar 0.160 35.4408
apat 6.014 3.179
c24980 1.450
R SQUARED = 0.272
PARENT DAUGHTER DAUGHTER WZIGHTED
ANALYSIS ANALYSIS CALC RESID
Sio2 22.77 22.94 22.98 -0.15
T102 0.38 .29 0.26 6.02
AL203 3.42 6.83 £.03 -0.24
FEO 4.33 3.98¢0 .91 -0.0:
MNO ¢.05 0.07 c.04 0.04
MG 2.63 2.63 2.51 0.12
CAD" 4.73 5.186 4.14 0.02
NA2Q 1.12 1.73% 1.55 0.20
K20 D.1C 0.39 6.76 0.13
pPz20sS 0.03 0.18 0.62 -0.13
BULX D
cr 140.000 20.220 ‘96.466 -76.246 0.000
co 48.200 45.600 33.212 12.388 80.000
ni 270.000 54.880 186.041 -131.181 0.000
ST 210.000 629.818 144.699 495.220 0.000
rb 2.00¢C 75.469 1.378 74.091 0.0CO
5a 51.080C¢C 569.750 35.141 524.609 0.000
ce 16.50¢C 141.670 7.235 134.435 0.000
la 4.290 73.750 2.956 70.794 0.000

FIGURE 5.3



UNWEIGHTED INPUT DATA:

PARENT albite mag Kspar apat DAUGHTER
sToz 48.738 67 .41 ¢c.27 63.66 g.0¢0 54.22
TI02 V.32 0.00 D.0¢C 0.00 8.0!¢ 0.63
Al.2zud 18.0 26.50 g.213 19.54 .00 15.28
FLE203 U.00 0.00 (.00 0.00 0.00 0.00
JORSEY] 867 0.06 92.73G 0.09 0.00 7.89
NG 0.11 0.0¢C 0.00 0.00 0:1 .16
MGG 7.7 80.:0 .GC 8.0¢0 0.1 5.01
CAQ 10,18 c.81 0.C¢C .50 353.84 7.186
NAZC 2.39 10.987 .00 0.80 0.00 4.79
<20 0.21 .38 .00 i15.86¢C .0 2.22
120+ .29 6.15 0.0¢0 0.00¢ 1.86 0.00
H20 - 0.00 5.C0 C.00 0.00 0.00 0.00
P205 .06 0.00 ¢.00 0.00 42.05 0.3
{PARENT-MINERALS=DAUGHTER)
PARENT . kKew 5§
ODAUGHTER . 2330
SOL'N % CUMULATE
Kew 35 " 1.00¢C
albite 0.5387 863.257
nag ¢.029 2.603
Kspar 6.222 28.22
apazt C.007 0.914
2330 1.738
R SQUARED = 0.170
PARENT DAUGHTE DAUGHTER WEIGHTED
ANALYSIS ANALYSIS CALC RESID
5182 22.77 23.41 23.45 -0.18
TIC2 0.38 0.28 0.21 0.07
AL20C3 8.42 6.59 7.98 -0.28
FEQC 4.05 3.40 3.41 -0.01
MND 0.05 0.07 0.63 0.04
¥GO .63 2.16 2.G4 0.12
CAO 4.73 3.09 3.09 0.00
NA2C 1.12 2.07 1.91 0.16
K20 .10 0.96 0.85 0.10
pz2os C.03 .16 0.26 -0.03
BULK D
cr 140.00¢0 16.630 78.241 -61.6112 0.000
co 43.20¢0 45.400 26.937 18.463 0.0C0
ni 270.00¢C 55.22¢0 168.893 -95.673 0.000
570 210.06C0 526.099 117.361 408.738 0.000
rb 2.0C0 114,757 1.118 113.839 0.000
ba 51.0600 471.180 28.502 442.8678 0.000
ce 10.50¢0C 208.32¢C 5.868 202 .462 0.0C0
la 4.290 110.470 2.2398 108.072 0.000

FIGURE 5.4



not a contaminated xenolith could be produced. The results are presented in
figure 5.5. Using C2490 as the parent and C2320 as the daughter
composition, an R-sguared value of 0.019 is obtained, indicating that this

model is valid also for the Meys/Aashburton xenoliths. Apatite in this case
is subtracted as PqO5 15 present in varying amounts within the xenaliths

#ith no relationship to degree of assimilation, other than being present in
increased amounts in atfected ®enoliths.

The program alsg allows for the inclusion of trace elements in the
calculations, without affecting the result of mass balance mixing. The
program predicts the distribution of trace elements in the daughter based on
the proportions of minerals added to produce the daughter. For all
calculations, trace element distributions do not match those observad in the
daughter compositions. This suggests that the trace elements in the
assimilation process are controlled by some other process not modelled by
these calculations.

5.5 0rigin of Contaminated Ferro-edenite Syenite

Modelling of the origin of contaminated ferro-edenite syenites involves the

addition af volcanic compaositions to a parent ferro-edenite syen

—
[n}

determine if a contaminated ferro-edenite syenite can be produced.
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UN

WEIGHTED

INPUT DATA:

PARENT albite mag Kspar apat
S102 51.43 37 .41 .27 63.66 0.00
TI02 3.64 .00 .08 0.00 0.00C
ALZ200 15.33 20.00 C.21 19.54 0.0¢0
J2203 .00 0.00 0.00 0.00 0.00
FEO 5,75 .06 82.73 0.09 0.00
wWNG c.17 0.060 6.00 0.00 0.10
MGO 5,90 ¢C.:i¢0C 0.00 0.00 0.10
CAO 9.304 0.31 0.00 0.3¢C 55.84
NAZO 3.9: 10.97 0.00 0.890 0.00
K20 2.00 .08 .00 15.690 0.0C
Hz20- 0.00 3. 15 0.0¢C 0.00 1.86
H20 - 0.00 .00 0.00 0.00 0.00
205 0.4¢ c.CC 0.00 0.00 42.05
{PARENT-MINERALS=DAUGHTER)
PARENT: c2490
JAUGHTER c2330
SOL'N w CUMULATE
c2490 1.08C¢6
albite ‘0.189 82.886
mag 0.0063 1.243
Kspar 0.C43 18.532¢8
apat -0.0085 -2.167
c2330 1.22
R SQUARED = 0.019
PARENT CAUGHTE DAUGHTER
ANALYSIS ANALYSIS CALC
S102 22.94 23.41 20.42
TIGZ2 0.29 0.238 0.23
AL203T 6.823 6.59 7.01
FEC 3.90 3.40 3.41
VINOG C.07 C.07 0.06
MGC 2 3 2.16 2.14
CAQ 1.18 3.09 3.11
NA2Q 1.75 2.07 2.07
Kaon c.2 0.96 0.96
P205 .18 0.16 -0.10
cr -20.220 16.630 16.438
co 45.600 15.400 37.070
ni 54.880 55.220 44 .614
cu 34.180 48.0890 44.004
zn 91.810 106.650 74.635
Db 0.338 0.060 0.0635
Zr 179.786 321.950 146.089
vy 28.59"7 39.321 . 3.247
ST 639.918 526.099 520.211
rhb 75.469 114.757 61.351
ba 569.750 471.18¢C 463.169
ce 141.670 200.320 115.168
ia 73.753C 117 470 59.954

JAUGHTER
54 .22
0.65
15.28
C.00
7.89
0.16
.01
.16
.79
.22
.00
.00
.37

WEIGHTED
RESID
.05
6.05
.08
.00
0.01
0.G2
.02
.00
.00
.08

o oNe]

0.192
8§.330
10.6086
4.086
32.015
-0.005
185.861
16.074
5.888
53.406
8.011
93.152
50.5186

OCcoOoOocoQoCcoCcocoooow

T

PUIAS

.000
.000
.000
.00¢C
.Qoo
.000
.00¢0
.000
.000
.000
.000
.000
.000

D



Yolcanic rocks added are from Michipicoten island (Annells, 1974 and the
Keweenawan Reference Suite {Basaltic ¥olcanism Study Project, 1981},
Contamination of gquartz syenite to form contaminated ferro-edenite syenite
was also investigated.

Figures 5.6 through 5.8 are the results of mass balance mixing
calculations using a variety of contaminated ferro-edenite syenites from
least-contaminated to highly-contaminated. The volcanic zenolith
composition added is from Michipicoten Island. Results indicate the
addition of a voicanic xenolith into a farro-edenite syenite may produce a
contaminated ferro-edenite syenite. For the least contaminated
ferro-edenite syenite composition zenolith addition of 12.5% produces the
closest match. This increases to 24% and 75.73% for the more contaminated
syenites. The amount of xenolith added vwaries with the degree of
contamination. Little addition results in slight contamination whereas
large additions produce highly contaminated compositions.

This trend of differing xenolith amounts added producing varying degrees
of assimilation is also seen in figures 5.9 through 5.11 which models origin
of contaminated ferro-edenite syenite with the added volcanic rocks being

from the Keweenawan Reference Suite. The results obtained are comparable

a1



UNWEIGHTED INPUT DATA:

DARENT ak144 DAUGHTER

SICc2 64.75 46 .70 62.97
TIOZ .37 1.890 0.45
AL20G 15.60 16.80 15.44
FE203 G.C0 G.00 0.00
FEC &.350 11.85 5.58
MNO .11 0.20 0.1

MGO .57 6.90 1.57
CACG 1.66 g9.80 2.3

NA20 3.70 2.40 5.27
K20 5.3G6 0.4¢C 4.70
H20+ Q.01 3.80 0.00
H20~- C.G0 0.60 0.00
P205 c.07 0.18 0.08

{PARENT-MINERALS=DAUGHTER)

PARENT: c233
JAUGHTER: c2328

SCL'N % CUMULATE

c2334 1.000
aklss G.125 %1008.000
02329 1.3125

R SQUARED = 0.337

PARENT DAUGHTER CAUGHTER WEIGHTED
. ANALYSIS ANALYSIS CALC RESID

SId2 65.66 63.94 63.75 6.19
TIiOo2 C.37 0.46 0.54 -0.08
ALZ203 15.83 16.67 15.99 -0.31
FEO 4.07 5. 64 5.42 0.22
WANEY G.11 0.12 6.12 -0.01
¥GC .38 1.59 1.30 0.29
CAD 1.63 2.38 2.62 -0.24
NAZGC 5.78 5.35 5.41 -0.06
K20 5.3 4.7 4.82 -0.08
P2GC5S 0.01 0.08 0.03 0.05

FIGURE 5.6



UNWEIGHTED

INPUT DATA:

PARENT ak144 DAUGHTER

Si02 64.73 46.70 61.00
TIOZ 0.27 1.8¢ 0.48

.203 13.65 16.0 16.C0
FE200 0.00 0.00 0.00
FEC 4.50 11.85 5.84
MNG G.12 0.20 0.5
MGO C.57 6.90 1.75
CAC 1.66 9.80 3.45
NA2Q 5.70 2.40 3.16
Kzo 5.380 0.40 4.63
H20- 0.00 3.80 0.00
H2o- 0.00 C.C0 .00
P20G5 0.071 0.18 0.1

{PARENT-MINERALS=DAUGHTER)

PARENT: ca
DAUGHTER:

SOCL'N % CUMULATE
c203 1.000
akl44 C.240 %100.000
c22335 1.240
R SQUARED = 0.404
PARENT JAUGHTER DAUGHTER WEIGHTED
ANALYSIS ANALYSIS CALC RESID
sI02° 65.66 61.87 62.30 -0.44
TIO2 0.37 0.49 0.66 -0.18
AL203 15.87 16.22 16.07 0.15
FEQ 4.57 5.92 6.06 ~-0.14
MXNO 0.11 0.15 0.1 0.02
MGO c.58 1.77 1.85 -0.08
CAD 1.68 2.530 3.33 0.18
NAZO 5.78 5.24 5.14 0.10
K20 5.3 4.70 4.41 0.29
P205 c.01 0.1 0-.04 0.09

FIGURE 5.7



UNWEIGHTED IXPUT DATA:
PAREXNT axkid4 DAUGHTER
$IC2 G4 .73 36.70 34.7C
Ti0Z .27 1.38 .61
ALZ2OD 15 .63 16.030 15.00
Frz2an 0.00 0.00 g.0u
SU0 31.50 11.85 7.608
MNG 0.33 .20 C.16
¥Go .37 6.9C 4.17
CAQ 1.066 S.uU T 0z
SAZO 5.70 2.40C 4.35
RZO 3.30 G.4C 2.73
H2O0 - .00 3.00 1.79
H20- C.C0 0.08¢C 0.0¢
P23856 G.oUl c.18 .57

(PARENT-MINERALS=DAU

0
o
3
o
)
g

PARENT: G2504%
DAUCGHTER. «20359
SCL'N % CUMULATE
2304 +.CC0C
aKis4g 1.1306 + %180.0¢0¢C
¢2C89 2.130

R SQUARED

2.576

PAREXNT DAUGHTER DAUGHTER WEIGHTED
ANALYSIS NALYSIS CALC RESID
S102 65.66 36.19 56.44 -0.25

TIG2 0.37 .62 1.17 -0.54
AL203 15.307 15.92 16.41 -0.49
FEQ 2.957 7.89 8.68 -0.79
MYNO 0.1 C.16 0.186 -0.00
MGO 0.58 4.28 4.08 0.20
CAD .63 7.21 6.20 1.01
NAZG 5.78 4.47 4.02 C.45
K20 S.07 2.387 2.73 0.14
205 .01 .38 0.10C 8.27

FIGURE 5.8



INPUT DATA:

PARENT kew:l DAUGHTER

S102 64.73 SU.54 62.97
Tio2 0.27 1.49 0.45
AL203 15.863 16.59 16,44
Pra2cs ¢.00 0.CC 0.00
TEG 1.50 10.55 5.385
¥XNC c.11 ¢.16 ¢.12
MGO 0.57 $.31 1.357
CAG 1.66 10.06 2.34
NA2L 5.70 .28 5.27
K20 5.806 .76 4.70
H20- U.2808 .38 ¢.C0¢C
H2O- ¢.00 .74 0.0«
2205 0.01 .23 0.08

cz2334
c2329

SCOL'N % CUMULATE

R SQUARED = 0.620

PAREXNT
ANALYSIS.

DAUGHTE
ANALYSIS

DAUGHTER
CALC

WEIGHTED
RESID

sice 65.66 63.94 65.92 .02
TIGZ2 ¢.37 0.46 0.51 .06
AL2U3 15.87 15.67 16.00 .33
FEQ 4.357 5.64 5.33 .31
MNO 0.11 .12 0.12 .00
MGO 0.83 1.59 1.07 .02
CAQ 1.68 2.38 2.74 .36
NAZQC 5.78 5.35 5.47 .12
K20 5.37 &.77 4.81 .03
P203 .01 G.C8 g.04 .04

FIGU

RE 5.9



UNWEIGHTED INPUT DATA:

PARENT kew 3 DAUGHTER
SIG: 84.75 47.19 61.00
TI102 .27 .35 0.48
AL203 15.865 17.04 16.00
FE20S 0.06¢C ¢.0¢ 0.00
r=0 %.50 10.086 5.34
MNC 0.31 .14 .15
MGO .57 .11 1.75
CAG 1.66 10.76 3.45
NA20 3.70C 2.28 3.16
K2¢ 5.38¢C 0.30 4.63
H2C0+ 0.00 2.580 0.00
H2C~- G.00 0.6¢C ¢.G0
7205 C.01 C.13 0.14

{PARENT-MINERALS=DAUGHTER)

PARENT: c
JAUGHTER: c

SOL'N % CUMULATE

c2334 1.00¢0
kew 3 g.232 %100.CC0
c223856 1.252

R SQUARED = .569

PARENT DAUGHTER DAUGHTER EIGHTED
ANALYSIS ANALYSIS CALC RESID

Sic2 835.66 61.87 62.43 -0.57
TIiOZ 0.37 C.49 0.49 -0.00
ALZ20C 15.87 16.22 16.20 0.03
FEQ 4.37 5.92 5.67 0.25
MNC 0.11 0.15 0.12 0.03
MGC 0.38 1.77 2.06 -0.28
CAQ 1.€68 .50 3.47 3.08
NAZO 6.78 5.24 5.12 .12
X208 S.37 4.70 4.42 6.28
P2G5 0.01 .14 0.03 0.10

FIGURE 5.10
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IGHTED INPUT DATA:

PARENT kew 3 DAUGHTER
S102 84.75 47.18 54.70
Troz ¢.27 0.95 C.61
AL203 13.63 17.C4 15.50
FE202 ¢.00 0.00 0.C0
FEOQ 4.30 10.06 7.68
MN G 0.11 0.14 .16
MGO 5.57 3.11 417
CAQC 1.66  10.76 7.02
NAZD 5.706 2.238 4.3805
Keo .30 C.35 2.79
H2o - 0.00 2.35 1.79
HeO- 0.060C 0.00 0.C0
pP2n5 0.01 0.13 0.37

{PARENT-MINERALS=DAUGHTER)
PARLNT 2334

SOL'N % CUMULATE

c2334 1.00¢C
Kew 3 1.0935 %100.000
c20890 2.095

R SQUARED = 1.9086

PARENT DAUGHTER DAUGHTER WEIGHTED
ANALYSI1S ANALYSIS CALC RESID

$I082 65.66 36.19 36.69 -0.30
TI02 0.37 0.62 .69 -0.07
AL203 15.87 15.92 16.77 -0.85
FCQ 4.587 7.8089 7.63 0.26
MNO 0.11 0.16 60.13 6.03
MGG G.5¢8 4.28 4.68 -0.40
CAQ 1.68 7.21 6.63 0.56
NA2G 5.78 4.47 3.94 0.53
K20 5.3 2.87 2.738 0.14
P200 .01 0.3C .08 0.30

FIGURE 511



to the above calcuiations. Addition of basic volcanics to ferro-edenite
syeni sults in the production of contaminated ferro-edenite syenite
#1th the degree of contamination warying with the amounts of wolcanic
material added.

Figures 5.12 through 5.14 show that addition of least-assimilated
Meys/Ashburton zenolith compasitions also results in the production of

contaminated ferro-edenite syenite from ferro-edenite syenite. When the
composition of ®xenolith C2311 is added, it produces the same trends as seen
by addition of Michi‘pcoten Island and Keweenawan Reference Suite volcanic
rocks.

In the above cases it is observed the R-sguared va]ue is high (2.575,
1.906 and 5.333 respectively) for the most contaminated samples. This is
the result of two possibilities. Either the ¥enolith composition chosen is
not compositionally similiar to that of the Meys/Ashburton xenoliths or it is
possible that addition of more contaminated xenoliths is nesded Lo produce
highly contaminated ferro-edenite syenite. To test the latier possibility,
conditions were remodelled using addition of a more assimilated xenolith,
C24894, to an uncontamined ferro-edenite syenite. The results are presented

—

in figure 5.15. The R-squared value 15 0,159 for 253 3% volcanic xenolith



- UNWEIGHTED INPUT DATA:

PARENT ¢c2211 DAUGHTER
SToz2 64.75 49.69 62.97
TIC2 6.37 .89 €.45
ALZ200 15.65 15.21 15.44
FE2C3 0.00 .00 .00
FEO 5.50 18.43 5.58
MNO .12 0.21 0.12
MGO 0.57 .61 1.357
CAQG :.66 .04 2.34
MAZO 5.7¢ 6.28 5.27
K20o 5.3 1.8 4.70
H20+ 0.08 0.00 0.00
HZ20- 0.00 0.00 ¢.00
P205 0.01 0.60 0.03

{PARENT-MINERALS=DAUGHTER)

PARENT: c2334
DAUGHTER: c23289

c233 1.C000
c2311 0.165  %100.000
c2329 1.168

R SQUARED = 0.720

PARENT DAUGHTER DAUGHTER WEIGHTED
ANALYSIS ANALYSIS CALC RESID
sIgz’ 65.66 63.94 832.586 0.38
TIC2 - 0.237 £.46 0.45 0.01
AL202 15.87 15.67 15.83 ~0.186
FEQ 4.57 5.64 5.43 0.21
MND 0.11 0.12 0.13 -0.01
MGO 0.58 1.59 1.16 0.43
CAO 1.838 2.38 2.60 -0.23
NA2C 5.78 5.3 5.87 -0.51
X20 5.37 4.77 4.88 -0.11
P20s 0.02 0.08 0.09 -0.01

FIGURE 5.12
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o

HTED INPUT DATA:

PARENT ¢233i1 DAUGHTER

S102 64.75 49.69 61.00
TIOZ 0.27 0.89 0.48
AL20S  15.685  15.21  16.00
FE260 .00 0.00 y. 00
QRSRS 4.30 10.43 5.84
VNG .11 ¢.2:1 0.15
MGO 0.37 4.87 1.75
CAQC 1.66 $.04 3.45
NAZ2D 5.70 6.28 5.16
K2G 5.3 1.84 4.63
H2O+ .00 0.C0 0.0

H2(- 0.00 0.0¢C 0.00
P2C5 3.01 0.60 0.14

(PARENT-MINERALS=DAUGHTER)

PARENT: c2334
DAUGHTER: c2335

c2334 1.000
c23:1 0.33 %100.000
2335 1.339
R SQUARED = 0.812
PARENT DAUGHTER DAUGHTER WEIGHTED
ANALYSTIS ANALYSIS CALC RESID
sro2’ 65.66 61.87 61.90 -0.04
TIOZ 0.3 0.49 0.51 -0.02
AL203 15.87 16.22 15.79 0.43
FEQ 4.57 5.92 6.21 -0.19
MND .11 0.15 0.14 0.01
MGO 0.58 1.177 1.62 0.15
CAO 1.68 3.50 3.33 0.17
NA2D 5.78 5.24 5.94 -0.70
K20 5.37 4.70 4.49 0.21
P245 0.0: 0.1 0.16 -0.02

FIGURE 5.13



DATA:

R

o

DAUGHTE

-

INPUT
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CNWEIGHTED INPUT DATA:

PARZNT ¢c249C DAUGHTER
S5Iica 55.78 31.493 34.7C
Ti0Z c.37 C.CG4 0.61
ALZ2GS 13.863 15.38 15.30
Fo2Ga g.a6¢ c.0¢ 0.0¢u
IL0 .00 S.735 7T.C3
MXC .11 G.17 .16
MGO c.o7 3.90 .17
CAQ 1.66 3.34 7.02
NWA2C S.70 5.91 3.33
Kzl 5.8 2.0¢0 2.7¢
H20 - C.6C .00 1.79
iHz0- 0.Q¢ 0.G¢C .00
P2035 0.01 C.30 0.87

(FPARENT-MIXNERALS=DAUCGHTER)

PARENT: o)
DAUGHTER : C

c2334 1.000
2430 2.338 %1C00.06QQ0.
c2Ca9 3.333

R SQUARED = 6.1249

PAREZXT DAUGHTER DAUGHTER . WEIGHTED
ANALYSIS ANALYSIS CALC RESID

Sis2 65.66 36.18 5G6.26 -0.07
TIiGZ .37 .62 .58 G.05
ALZ2C3 156.387 15.92 15.72 .20
'es 5.07 7.388 7.7C 0.19
MXNO 0.11 U.16 0.15 0.01,
MGQO .58 $.28 4.489 -0.20
CAD 1.68 7.21 7.32 -0.11
NAZC 3.7¢C 3.47 4.50 -0.03
K20 3.37 2.87 2.98 -0.12
P205 0.01 C.38 .3 6.08

FIGURE 5.15



added. The large amount of xenglith addition required 13 implausible and
suggests that the simple mixing procedure is not valid for this case.
Figures 5,18 and S.17 are the results of mass balance mixing
calculations modelling quartz syenites as parents to the contaminated
ferro-edenite syenites. On average E-sguared values are greater than one,
this indicating they are not possible parents. Ferro-edenite syenites
produce 3 much better fit to the model as potential parents.

5.4 Principal Component Analysis

Yariation diagrams for 510, vs major oxide components for whole rock

compositions of Xenoliths and host syenites are plotted on figure 5.18.
Campositions from this study are combined with those reported by
Lukosius-5Sanders (1988). The plots show linear relationships between the
end-members ferro-edenite syenite and xenoliths with contaminatad
ferro-edenite syenite lying intermeadiate between the two. This suggests
that the three rock types are related. To study further the relationship
between Neys/Ashburton xenoliths, ferro-edenite syenite and contaminated
ferro-gdenite syznite, principal component analysis is used.

Principal component analysis was carvied out using the subroutine

principal compaonents of Multivariant Methods contained within the

i
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sioz
TGz
AL203
FE20S
FEO
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MGC
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=
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FEO
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MGO
CAD
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o X G

UNWEIGHTED 1INPUT DATA:
PARENT kew & DAUGHTER
64.1¢C 47.19 62.97
.39 0.965 0.45
16.00 17.064 15.44
0.0¢ 0.00 0.0¢
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0.314 0.:14 .12
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0.00 2.55 0.00
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3. 06 0 o 6.08
T-MINERALS=DAUGHTER)
RENT: c2473
DAUGHTER: c2329
SOL'N % CUMULATE
2473 1.000
ew 03 ;. 127 %100.000
2328 1.127
R SQUARED = 1.62
PARENT DAUGHTER DAUGHTER
ANALYSIS ANALYSIS CALC
64.81 63.94 63.00
.09 0.46 0.46
16.17 15.67 16.33
4.07 5.64 5.57
0.14 0.12 0.14
0.36 1.59 1.25
1.31 2.38 2.40
6.086 5.356 5.64
5.72 4.717 5.13
0.086 0.08 0.07
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UNWEIGHTE INPUT DATA:

5 DAUGHTER

PARENT kew

S102 §4.10 48.75 82.97
TIO2 0.29 0.82 0.45
AL203  16.00 18.02 15.44
FE203 0.00 0.C0 0.00
1) 4.92 38.67 5.55
MY 0.14 ¢.1: 0.:12
VGO 0.26 7.77 1.57
CAU 1.30 10.:13 2.34
NA20 5.99 2.39 5.27
K20 5.66 0.21 4.70
H20+ 0.00 3.29 0.060
Hz20- ). 00 0.00 0.00

205 0.06 0.06 0.08

(PARENT-MINERALS=DAUGHTER)

PARENT : c2473
DAUGHTER: c2329

SOL'N % CUMULATE

c2473 1.000
kKew 5 0.132  %100.000
c2329 1.132
R SQUARED = 1.614
PARENT DAUGHTER  DAUGHTER WEIGHTED
ANALYSIS  ANALYSIS CALC RESID
s102 64 .80 63.94 63.12 0.81
TIOZ2 0.38 0.46 0.45 0.01
AL203C 16.17 15.67 16.45 -0.78
Fre 4.97 5.64 5.43 0.20
¥NO 0.14 0.12 0.14 ~0.02
MGO ¢.36 1.59 1.25 0.34
CAQ 1.531 2.3 2.37 0.01
NA20 6.06 5.35 5.64 -0.29
K20 5.72 4.77 5.009 -0.31
P205 c.086 0.c8 0.06 0.02

FIGURE §.17
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HARKER DIAGRAM FOR NEYS/ASHBURTON WHOLE ROCK ANALYEES



Statgrapnics Statistical Graphics System, designed by the Statistical
Graphics Corporation. Ordinary variation diagrams do not account for atl the
variation inherent in the data set. In principal component analysis all data
is used such that all variance in the raw data is accounted for. Principal

- components that explain most of the variance can be identified in a data set
such that the others may be discarded reducing the number of variables to
consider. Plots of principal components are equivalent to n-dimensional
orthogonatl variation diagrams.

In this study the data set is the whole rock composition of xenoliths and
host syenites. MnO and P,;DS are deleted from the principal component
gnalysis as they contribute vary little to the variance in the data set.

Principal component analysis of the eight major oxides 5105, Til0,, Al,0=,

F8203, Cal, Mg0, Na,0, and K,0 generates Table 5.1 which shows the

proportion of the total variance accounted for by each component. In this
case the first three components account for over Q0% of the total variance
encountered.

Figures 5.19 and 5.20 are scatter plots of component 1 vs components 2



TABLE 5.1 PRINCIPAL COMPONENTS ANALYSIS FOR FERRO-EDEMITE SYEMITE, CONT AMINATED FERRO-EDENITE

SYENITE AND XENOLITHS FROM NEYS/ASHEURTON

COMPONENT PERCENT OF CUMULATIVE
NUMBER VARIANCE PERCENT AGE

1 63.75933 63.73933

2 19.35054 83.10987

3 7415613 30.52599

4 5.31908 95.84507

S 241470 9823978

6 1.20900 99.46877

7 0.47446 3394222

8 0.05677 100.00000
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and 2 respectively. Xenoliths plot to the lefi-hand side of each figure
within a small field. within this field it is found that Teast assimilated
zenoliths range to more assimitated xenoliths.

Ferro-edenite syenites all plot together in a tight group on the
right-hand side of each diagram.

Between ferro-edenite syenite and the xenoliths 1s a wide spread of data
points representing contaminated ferro-edenite syenite. identification of
data points {(figures 5,19 and 5.20) 1eads to the observation that
highlg—contammateﬁ terro-edemte syenites piot towards the xenolith end of

the distribution pattern and slightly-contaminated ferro-edenite syenit

'.'I'

plots toward the ferro-edenite syenite end of the distribution pattern. This
5 significant in that it suggests that contaminated ferro-edenite syenites
are the result of the direct assimilation of Neys/Ashburton volcanic

xenoliths by ferro-edenite syenite. This supports the conclusions reached

from the mass balance mixing calculations outlined in section 5.3



Surmmary

Yoloanics that produced the kenoliths found in the MNeys/ashburton study
area and the megaxenoiith are postulated to be coewval with the production of
the Coldwell Alkaline Complex and to have formed cap rock lawvas. Gulk rock

composition and pyroxene compositional variation indicate they wers of an
gvolved tholeiitic basalt character. Cauldron subsidence may have caused
their brecciation and subseqguent inclusion into the Coldwell syenites.

Modelling by mass balance mixing calculations indicate volcanic
zenaoliths ar assimilated by the equilibration of their mineral assemblages
with that of the host syenites. Ferro-edenite syenite is seen to be the
parent of contaminated ferro-edenite syenite.

Further study of the zenoliths in the Meys/Ashburton area is needed to
determine it there are two types of xenoliths present. Trace element
behavior in the assimilation process also requires further investigation as

mass balance mixing modelled in this study is inadequate.
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APPEMDIX 1

MICROPROBE AMALYSIS

Circular, one-inch diameter polished discs were studied using a Hitachi
S5-570 Scanning Electron Microscope at Lakehead University, Thunder Bay,
Ontario. Quantitative analysis was accomplished using energy dispersive
x-ray spectrometry and the Tracor Northern MICROQ program{full ZAF
correction procedure). Counting time ranged from 80 to 100 seconds with an
accelerating voltage D,f 20 KeV, a beam current of 0.36 nA and spot size of
approximately 1 um. Standards used were minerals similiar in composition

to those analysed.



APPENDIX 2 AMPHIBOLE COMPOSITIONS FOR MEYS/ ASHEURTOM XENCOLITHS

C2328A C2328A CZ328A C2328A C2Z28A C2328A C2328A C2328A CZ328A (2331

Si02 42 14 44 IZ 4388 4315 4357 4348 4160 4229 4292 40.50
Al203 740 7.36 g.04 7.19 &.10 77 7.84 743 854 10.68

F=0 21.10 2107 2212 2205 2135 2186 2138 Z2.14 20 23.04
MnO 0.04 0.0z aas 004 002 Qo3 005 0.04 0.04 007
Ti02 1.04 0.98 1.16 1.26 1.18 1.05 0.9 1.28 .21 1.92
MgO 8.65 959 841 838 .17 2.00 829 806 1029 592
Cal0 1133 1123 1128 1167 1152 1138 1135 1165 968 1123
Naz0 349 226 1.52 1.34 245 121 296 228 1.9z 1.94
K20 128 1.20 1.25 1.26 1.29 124 155 121 26l 165

TOTAL 9748 9806 9772 9633 9881 3652 9646 9649 9812 9695

C2331 C2331 C2331 C2331  C2331 (2331 C£2331 C2331  Cz331  CzZ331

Sigz2 3971 3966 4053 40.22 40.28 40.10 40.15 4043 39320 40.15
Al203 10.29 1123 1090 = 10.78 i0.78 10.92 1G0.16 1126 10.78 10.75
FeQ 2294 2259 2208 2092 2025 2159 2247 2173 2128 21 861
MnQ Qav Q.04 0.05. 0.04 002 0.04 0.05 a0e 0.04 0.06
Ti02 182 249 239 261 266 225 224 2186 2320 234
MqO 6.57 6.79 6.64 T67 702 6.82 6.80 6.61 €24 733

Ca0 1153 1136 1355 11.76 11.54 1131 11.29 11.08 1141 11.58
N320 202 215 163 1.65 29 3.16 136 207 1.60 2.31
K20 1.84 187 175 1.79 183 1.70 1.66 1.44 1.68 1.75

TOTAL 9681 9g.17? 9751 97 .44 9r30 9789 %9617 2684 9324 9787

C2331  C2331 C2331 CZ33t 2331 C2331 C2331 C2331 C2331  CZ3

$i02 3989 4046 4050 4050 23915 4006 4023 4036 39391 %8.13
Al203 104 16.75 10.92 10.45 1091 1062 1077 1031 10.50 10.50
FeQ 2284 2282 2135 2309 2476 2085 2226 2347 2327 2265
MnQ 0.0S 0.05 003 0.05 0.0z 0.04 0.05 0.04 0.04 0.05
Ti02 218 181 260 232 0.73 293 221 217 233 205
Ma0 6.43 594 7.44 563 6.48 6.40 3.90 6.35 6.99 6.30

Ca0 1153 1117 11.69 11.54 10.87 1114 1148 11.38 1132 1095
Na20 1.85 1.88 207 2384 325 2.14 243 281 301 3.18
K20 1.70 1.84 1.56 167 1.86 137 1561 1.64 1.73 1.85

TOTAL 9689 97.04 98.16 98 .07 9805 9596 9693 99.12 311 95.66

At



AFPEND[X 2 CONTINUED .

Si02
A1203
FeQ
MnO
T2
MqO
a0
Naz0
K20
TATAL

Si02
Al203
Fed
MnQd
Tio2
MgQ
a0
Na20
Kz0
TOTAL

S0z
Al203
FeQ
MnO
T2
MaQ
Cal
Naz0
K20
TOTAL

C2331  C2331 C£2331 C2358 C2338 CZ2I5E  C2358 L2358 C2358 C2358
3966 41.08 40.47 4650 47.38 458.95 4793 5140 48.91 48.86
1063 11.08 10.92 6.02 476 4.70 437 427 4.07 333
2167 20593 2077 19.85 19.34 1990 19.95 19.66 20 13.60
0.03 0.04 003 032 0ze 052 0.zs8 041 037 0323
2.18 232 265 1.78 1.29 0.75 096 0.€6 1.01 031
713 759 6.96 888 330 397 925 949 1020 368
1140 1137 1155 1145 1148 1041 1119 10.64 11.09 1134
283 2192 245 L 1.53 172 1.35 173 1.66 0.38
167 1.73 1.72 0.64 052 059 064 047 0.35 044
97 21 98.35 752 9829 96.76 98.35 97.53 98.74 98.56 97.20
C2358 €£2358 (2358 CZ358 (2358 C2358 C2358 C2358 (2358  C2358
4862  4B69 48 .46 48.03 5108 5035 48 97 47 48 4623 46.72
4.19 3235 446 - 4.81 249 333 4.66 512 625 422
2036 2080 2067 21.10 18.80 12.08 2043 2036 2059 2031
017 0.34 040 042 04e 0326 027 0.30 0.536 042
D.74 0.84 1.06 1.40 0.3z 046 0.96 133 1357 145
.41 304 939 876 1016 1013 941 338 371 950
11.82 1163 11.21 10.72 1168 11.57 11.08 10.94 10.78 10.91
133 1.05 227 1.02 a7 182 3.16 1.23 142 215
041 055 044 046 0.24 029 058 0357 064 047
9732 9731 99.59 98.00 712 97.38 39.89 96.72 96.75 96.98
C2338 C2490 T2490 C2450 C2490 C24%98 C2498 C2498 C2498 (2498
45.29 47.07 46 .60 46.39 47.21 41.51 4069 40.94 4298 41.11
5.02 5.93 583 6.58 398 10.18 10.11 9.79 7.80 983
2069 1822 1785 18.27 18.77 1947 1966 1988 12955 20350
o4 0.36 018 028 025 049 0.38 047 036 D44
1.5% 1.09 1.07 1.09 081 156 146 1.28 045 039
862 1015 11.64 10.64 11.07 9.14 943 884 993 866
11.02 11.44 11.54 1126 11.08 1135 1121 1112 1. 1166
178 220 2532 221 182 235 263 288 251 249
064 057 060 0.79 066 126 1.15 1.11 1.10 1.01
9730 9798 9888 98.17 765 $8.19 9787 9152 94 3669



APPENDIX 3 AMFPHIBOLE COMPOSITIONS FOR WOLF CAMP LAKE MEGAXENOLITH

Si0z2
Al203
MgO
Ca0
Naz0
Kz0
Fel
MnO
Ti02
TOTAL

Si02
A1203
MqO
Cal
Naz0
K20
Feld
M0
Ti02
TOTAL

5102
AR202
Mq0
Ca0
NaZ0
K20
FeO

Ti02
TOTAL

£2519  C2519  C2519  C2519 C2519 C2519 C2519  C2512  C2519  C2519
4446 4460 4207 4254 43335 42923 4306 4185 4321 4294
7.97 823 771 8.32 823 7.81 8.16 8.79 819 g22
9.34 2.09 3.10 8.30 8.95 8.58 £63 873 828 754
11.47 11.00 1123 1093 1148 1122 11.11 11.27 1091 1085
223 1.31 331 237 227 1.795 248 155 1.49 1.58
1.18 133 1.24 1.22 1.26 1.43 141 1.44 1.60 1.39
2048 2189 2121 2128 2118 213 2124 2142 2139 2193
0.04 607 0.04 0.05 0.0& 0.04 005 0.04 005 0.04
077 0.7 153 138 1.1 1.43 25 1.34 1.76 1.67
9795 9828 9744 9659 9849 3683 9781 36.53 96930 937
C2519  C2519  (C2519  C2519  C2519 C2519 C2519 C£2519 (2519 2519
4276 4176 4472 4253 4222 4347 4222 4232 4315 43
8.44 828 6801 . 775 837 8.35 797 8.38 8.30 8.17
822 7.78 7.89 784 687 7.14 937 675 719 781
11.21 11.05 1059 10.77 1115 11.37 11.30 11.07 11.26 11.22
2. 2352 062 164 216 181 202 2.96 1.89 181
125 1.20 1.44 143 1.41 1.40 129 125 1386 142
2133 2195 2373 2304 2339 2340 2157 24 .11 2229 2205
0.04 0.02 0.05 0.06 0.07 008 0.03 006 007 0.06
148 149 108 154 149 180 147 164 1.3 1.49
97.94 96.15 9692 9660 9712 983 9724 9875 9727 97.74
C2531A C2531A C2531A C2531A C2531A C25314A

4068 4262 4319 3957 41.14 23.57

992 a2 8.80 1052 8289 t1.13

710 1023 1607 842 586 824

11.28 11.13 11.58 13.22 10.73 11.67

3359 352 2892 284 357 Z.14

1.28 1.35 1.38 1.35 148 1.25

2154 18.62 19.20 161 2360 19.08

0.39 027 03 0.56 047 06l

258 .94 080 4.84 203 326

98.47 97.88 98.51 9204 9?77 9795

A3 1



APPENDIX 4 AMPHIBOLE COMPOSITIONS FOR WOLF CAMP LAKE HOST SYENITE

Si02
AT202
Mg0
Ca0
Naz0
K20
FeQ
MnQ
Ti0z
TOTAL

Si02
Al202

Cal
NazD
K20
FeQ
MnO
Ti02
TOTAL

Si02
A1203
MqO
Cal
Na20
K20
FeQ
MnG
Ti02
TOTAL

C2515 (C2515 C2515 C2515 C2513  C2515 (2515  C2515 C2515 C2515
47.08 49.05 47.85 47.91 4739 47.31 4710 46.51 48.07 4720
208 1.01 1.09 1.62 146 1.56 1.74 1.77 1.43 168
1.45 0.00 0.00 D.00 Doo 070 073 0.00 D45 0.81
620 ERR 483 481 S5.18 4.93 243 530 5.10 523
5.02 1.38 S5.51 521 4.18 5.04 4356 3N 4.36 4.25
1.24 040 1.05 1.19 1.08 1.21 1.02 1.00 0.98 120
33.16 35.39 2606 3514 3530 ISel 24 92 23.72 34 85 2324
0.58 2.06 1.23 1.19 094 0.86 137 asg? 077 0.90
157 0.00 0.38 0.77 063 0.43 0.51 1.28 0.51 0.35
9832 3840 |00 98.74 9765 9767 98.73 9753 96.50 9779
C2515 C2515 C2516 C2516 C2516 C2516 C2516 C2516 (2516  C2516
4795 45.80 46 .40 47.07 45.99 47.18 45.80 46.80 47 563 46 .97
1.76 210 204 222 223 222 2.13 287 1.95 1.65
1.07 0.00 0.60 043 0.00 0.00 0486 0.54 0.00 0.00
S5.02 572 6.30 6328 6.43 6.23 6.69 6.07 5.80 592
4.30 497 382 339 3.32 374 369 4.54 3.47 4.11
1.14 1.20 1.08 117 121 115 115 1.00 1.1 089
34.98 3422 34 .44 3421 34 .44 24 34 24 44 3263 35378 3557
0.99 085 088 077 083 o 060 032 (L 070
026 161 2.10 218 2.36 232 228 202 081 086
3889 T2 98.09 9842 98.01 98.08 3867 93.81 98.55 98.14
C2516 2516 C2516  C2531A C2531A C2531A C2531A C2531A C2531A C25314A
4780 4736 46.05 42.16 41.77¢ 4288 4155 4109 41.90 4125
1.79 183 217 760 7.80 £.94 7.84 779 817 224
0.00 062 080 594 553 497 50 403 553 491
596 6.10 633 10.58 1019 1071 10.18 1022 {019 10.25
306 345 4.11 244 3.13 3.01 305 3.24 326 294
054 Q.87 1.05 1.27 1.33 1.13 1.27 128 1.49 1.48
3582 3437 34.13 23.33 2477 2608 2640 2694 26106 25779
0.80 0.8s 105 0.59 055 065 0.56 046 073 045
043 082 137 1.95 1.65 1.30 1.68 202 1.62 1.86
98.05 97954 27.16 96.90 96.71 9767 9IS 9708 327 97.16

Ad 1



APPENDIX 4 CONTIMUED._.

Si02
Al203
MqgO
Ca0
Naz0
K20
FeQ
MnO
Tin2
TOTAL

C2531Aa C2531A C23314A

41.63
832
4399
10.06
212
149
2599
061
1.70
97.16

40.86
7.90
4359
1022
280
124
26.21
064
161
96.74

40.80
8.75
4739
10.27
348
130
2627
0352
149
98.86

Ad 2



APPENDIX 5 PYROXENE COMPOSITIONS FOR NEYS/ASHBURTON XENOLITHS

Si02
ALZ03
Mn0
FeQ
Mg
Cal
Na20
K20
Ti02
TOTAL

5i02
Al203

FeQ
Mq0
Ca0
Naz0
20
Ti02
TOTAL

Si02
A1203
Mn0
FeO
Mo
Cal
Naz20
K20
Ti02
TOTAL

£2358 (2358 C2358 C2490 (2490 C2490 C2490 C2490 C2490 C2490
5267 51.99 52.24 51.82 5190 S335 3075 35145 S1.06 5027
033 084 Q.77 0.97 0.50 035 1.25 2.10 0.36 0.00
0.5%9 0.48 Ded 035 0.65 0.56 068 039 051 0352
15.27 15.12 15.99 1225 14.81 1368 1333 1159 13.54 13.51
2.10 832 8.74 11.82 11.26 1154 11.03 1263 983 10.51
2194 21.01 2043 2207 2099 2205 214 2070 2255 2253
000 2.00 0.00 Q.00 000 000 Q.00 0.o0 083 1.31
.00 0.20 0.00 013 0.00 0.00 0.00 0.00 6.00 0.00
0.00 0.40 023 0.28 0.00 0.00 0.38 026 0.00 0.00
99.91 10080 9983 33.90 10162 10189 10023 9912 98.72 98.66
C2498 C2498 (2498 C2498 (C2498 (C2498 (2498 (2498 (2498 (2498
5113 5197 5253 5t69 S199 5088 5063 5239 5239 St.12
032 0.00 0.00 0.00 0.50 0.00 0.00 0.0 0.00 0.00
0.57 041 0.51 0.47 0.57 049 055 0.53 0.47 0.60
14.73 12.90 13.15 14.08 13.20 13.59 12.99 13.84 1Z.04 1349
10.29 10.88 11.20 10.03 957 972 10.56 11.00 11.38 1124
20.84 2288 2347 2205 2378 2338 2417 2254 2315 2263
147 0.00 .00 0.00 0.00 0.00 0.00 0.88 0.00 0.89
0.00 0.00 0.00 0.00 080 0.00 0.00 .00 0.00 0.00
0.14 02t 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00
10066 9926 9996 9931 10021 9852 9974 10118 10115 10120
C2438 C2498 C2498

51.51 S172  S145

0.00 b.oo 0.00

0.53 0 A4S 033

12.40 1297 14.22

12.11 1153 10.71

2212 2237 2250

0.63 068 091

0.00 0.00 0.00

0.31 017 a.22

10025 10116 10053



APPENDIX & PYROXENE COMPOSITIONS FOR WOLF CAMP L AKE MEGAXENCLITH

Si02
Al203
Cal
MqgQ
Naz0
K20
FeQ
MnO
T2
TOTAL

302
Al1203
Ca0

Naz0
K20
FeQ
MnO
Ti02
TOTAL

5i02
A1203
£al
Mqa0
Na20
K20
Fel
MnQ
Tig2
TAOTAL

C2531A C25Z14 C2531A C2521A C2531A CZ5314 C2531A CZ5314 C25Z1A4 C25214A
S52.2¢ 5255 5142 51.2% 53.51 5148 51.87 S2.05 5186 51.75
a3z 0.00 0.00 .00 .72 .00 0.00 Q.78 0.49 o0
22435 2327 2242 23.31 2289 2285 2267 23324 2291 2233
9.36 1066 10.74 1028 10.00 10.70 1130 998 1051 11.56
0.00 1.57 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0oo 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00
13.81 1261 1225 13 66 1234 1220 1322 1343 12.14 1254
039 a.75 063 047 049 0358 0.63 046 063 0353
0.1 0.00 0.15 0.00 0.21 0.39 2.00 017 0.00 0.14
33.10 1141 98.70 93.04 10126 99.10 99.70 10022 9954 9311
C2531A C2531A C2531A C2531A C2521A C2531A C2531A C2531A C2531A C2531A
St 4t 3212 5138 3182 5151 3238 5150 3260 5203 5183
098 0.00 061 a1 0.00 Q.83 0.00 1.13 0.00 as7
2318 2163 2277 2274 2260 2400 2278 2295 2283 2279
9.84 11.78 11.21 941 384 10.79 10.80 229 10.46 9.85
000 1.44 1.08 0.00 127 0.00 0.00 082 0.00 000
0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.60
13.35 1335 12.88 1333 1370 13.83 13.94 1293 13.45 1435
044 Q.75 0.37 0.43 0.72 0.48 0.351 0356 075 053
000 022 0.00 0.00 g.00 0.00 0.2t 0.00 0.30 025
99.20 101.29 10070 98.54 99.65 10132 99.74 027 9382 100.47
C3120 C31z20 C3120 C3120 C3120 C3120 C3120  C3120  C3120 C3120
50.99 5227 3298 5359 5290  52.21 5052 5237 S128 S2.11
0.00 0.00 0.00 127 0.00 0.00 0.00 0.00 0.00 036
139 1940 112 1361 9.2 1.49 123 126 1.15 1.38
13.31 10.99 1477 985 9.29 15.00 13.05 14.95 1456 1495
0.00 0.00 0.00 0.00 0.00 0.00 1.08 0.00 0.00 0.00
0.00 Q.00 0.00 0.00 0.00 a.00 Q.00 0.00 g.oo 0.00
30.70 15.75 309 19.47 1368 20.38 3068 30.47 2024 30.05
115 062 0.99 053 032 093 1.1 1.09 1.10 124
0.00 0.00 022 az2s5 0.00 0.00 0.00 022 0.00 0.00
3974 9955 10099 9896 t00.16 10000 9968 10036 9902 100.08

A6 1



APPENDIX & CONTINUED...

Si02
AlZ03
Cal
MgQ
Naz0
Kz0
Fe
MnO
Ti0z
TOTAL

5i02
AlZ03
Cal
MgO
Naz0
K20
FeO
MnO
Ti02
TOTAL

5i02
A1203
Cal
MqQ
Naz20
K20
FeQ
MnQ
Tio2
TOTAL

C3120 C3120 C3120 C3120 C3120 C3120 C3120 C3120 C3120 C3120
S1.78 5188 5261 5239 5317 529 5325 5303 5286 5257
Q.00 LRE ] a.e7? Q.26 1.06 0.38 0.0Q Q.00 059 026
1.07 130 2000 2049 1992 2074 2061 2063 2087 2096
15.19 1412 11.65 11.00 11.02 1136 1262 10.78 11.41 1155
0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 Q.00 0.00
0.00 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3163 3087 1486 1452 1422 1387 13.40 1432 14 .40 1386
1.13 0.99 079 0359 097 0.33 Q73 0.79 083 065
0.30 0.13 000 0.00 0.31 0.00 027 023 0.00 024
101.06 9941 10058 9936 100.70 9984 10089 99.78 10096 100328
C3120 C3120 C3120 C3120 (£3120 C3120 C3120 C3120 C3120 C3120
5289 5183 5294 5279 5275 5272 5269 5234 5405 S248
035 042 026 0.00 060 0.00 1.06 0.00 043 0.00
2080 2102 2111 2132 2113 2100 2112 2045 2086 2092
1085 1133 10.41 11.35 1127 1t.15 11.38 11.70 11.35 10.85
090 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 096
0.00 0.00 0.oo 0.00 0.00 0.00 000 0.00 0.00 0.00
14 .01 14.05 1346 13.72 1263 1417 12.89 13.68 13.75 14.44
069 0.68 0.70 0.76 073 D.54 0.83 050 069 0.83
0.00 n.2s 0.16 0.00 024 0.3 023 028 012 0.34
9979 99561 9903 9955 10036 99950 100.19 9896 10125 10082
C3120 C3120 C3120 C3120 C3122 C3122 (3122 C3122 C3122 C£3122
5228 52147 527 Sz 5323 5292 5243 5190 51738 5186
035 0.00 0.36 0.00 0.52 0.00 0.72 0.68 060 000
2091 2064 2114 2081 2062 2038 2062 1998 2023 2037
1120 11.88 11.14 10.84 1180 1196 1212 1141 1135 12.18
0.00 123 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.0Q 0.00 0.00 .00 0.00 0.00 0.00 0.00 ELL
13.70 1413 14.02 1425 1265 13.56 1380 1297 1529 1361
ast a78 085 065 034 052 055 023 046 058
o.18 0.00 023 023 017 Q.17 0.26 027 043 0351
3942 10084 10045 9888 10032 9951 10050 9845 10033 99.10

AL 2



AFPENDIX & CONTINUED ...

5i02
41203
Ca0
Mq0
NazQ
K20
Fel
MnO
Ti0z
TOTAL

Si02
41203
Cal
MgQ
NaZ20
K20
FeG
MrO
Ti02
TOTAL

Si0z
AlR03
£ad
Maq0
Na20
K20
FeO
MnO
Ti02
TOTAL

€3122 C3122 C3122 C3122 C3122 C3122 C3122 C3I122 C3122 C3122
5188 51831 52.35 $2.60 5248  52.07 5305 5130 500 52.21
.70 0.00 0.00 0.00 0.80 065 .00 0.64 0.00 0.00
2092 2031 2043 2042 1360 2059 2047 2062 2007 2034
1254 1225 12.20 1157 11935 11.77 1244 11.87 12.76 11.78
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1317 1338 1428 1346 1423 1374 14 00 1254 13.98 13.49
0.61 032 0.56 033 050 0.359 033 0e0 0.3z 065
022 0.30 0352 0.00 0.00 027 0.38 0.51 0.34 017
10004 9867 10042 9838 9956 9969 Q109 9908 10067 98465
C3122 C3122 C3122 C3122 (3122 C3122 (3122 C3123 3122 C2123
5215 5239 35229 52e4 5239 St 5237 5202 5051 48.50
0.00 0.00 0.00 0.00 0.51 0.00 1.35 0.65 1.31 139
2051 2069 2011 2119 2058 2083 2076 2061 19.45 1958
10.78 12.48 12.31 12.08 11.44 11.88 11.59 1127 883 12.06
Q.00 0.00 0.94 0.00 0.00 0.00 0.00 0.62 0.00 0.00
0.00 0.00 0.00 .00 0.00 0.60 0.00 0.00 a.oa 0.00
13.36 13.350 §2.21 12.09 13,10 13.19 12.04 12,14 1638 14.94
0.64 0.46 0.51 0.54 0.62 049 0.81 0.44 043 050
0.18 026 025 0.16 03z 0.15 0.30 080 0.00 350
98.61 F9.79 9922 9870 9896 98.45 10042 9953 98.75 101.31
C3123 C3123  C3123 C3123 C3123  C3i23 C3123 CC3123 C3123 2123
5344 5151 5287 32.21 5106 5258 S172 3246 5143 5143
0.00 1.79 0.00 0.00 1.79 0.00 1.64 0.00 147 1.28
2050 2008 2079 2134 2079 2127 2053 2175 2089 21.00
1210 1156 1Z2.135 1231 1194 11.22 11.59 1236 11.66 12.18
0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 Q.00 0.00 0.00 0.a0 0.00 .00
12.58 12.49 12.08 1264 12.20 12.26 11.96 1125 12.68 13.49
Q47 064 035 04¢e 043 0.47 0.41 049 040 .51
0.00 1.36 029 0.18 0.79 0.64 0.30 0.00 1.17 1.08
39.10 10044 9953 3934 99.16 9915 9865 9930 99.69 10097



APPENDIX 6 CONTINUED...

Si02
Al203
Ca0
MqQ
NaZ0
K20
FeQ
MnO
Ti02
TOTAL

C3123  C3123  C3123  C3123 C3123
53 .81 52.94 9371 53 .51 5340
0.00 0.00 0.00 Q.00 0.0o
2125 2142 2267 2281 21N
1207 10.73 1213 1119 1148
0.00 0.00 0.00 0.00 0.00
000 0.00 0.00 0.00 0.00
12.23 1539 1238 1261 1350
045 0.58 029 0638 0.70
D.17 0.00 D00 0.00 D45
93.99 10106 10138 10080 10124



APFENDIX 7 PYROXENE COMPOSITIONS FOR WOLF CAMP LAKE HOST SYENITES

Si02
Al203
Ti02
MnQ
FeQ
Mgl
Ca0
Na20
K20
TOTAL

Si02
AlZ203
Ti02
MnQ
FeQ
Mg
Cal
NazQ
K20
TOTAL

Si02
A1203
Ti02
MnO
FeQ
MqO
Ca0
Naz20
K20
TOTAL

C2515  C2515  C2515 C2515 C2515  C€2515 C2515  C2515 C2515 C2515
49.06 48.30 48.57 48.21 4865 4849 47.84 4792 50.76 47 66
0.76 0.59 0.76 Q.43 a.eaQ 0357 062 .00 0.00 0.46
0.37 D.00 0.00 0.33 0.44 0.25 039 0.34 0.00 0.19%
059 033 078 0.80 085 030 050 088 0.76 035
2894 28.21 2917 2826 2863 2945 28.60 2823 28N 2573
1.22 0385 143 0.73 on 0.79 0.61 8.00 0.89 198
1835 18.68 1893 18.20 1844 17.53 1762 18.49 15.78 1928
038 1.61 095 133 1.08 1.75 202 1.30 297 Zm
0.00 0.00 0.00 0.00 0.09 0.00 0.00 D.0o 0.00 0.00
100.77 9938 101.57 9848 99352 39 32 93.71 33.04 101.07 99.19
02516  C2516  C2516 C2516 (2516 £2516  C2516 C2516 C2531A C2531A
48.10 4838 4893 48795 48.52 47 47 47.58 47.75 49 22 50.z20
0.41 0s7 0.64 o.oQ 0.82 0.36 000 0.00 0353 042z
0.36 024 0.18 036 0.00 0.40 0359 029 023 0.00
Q.76 0.83 0.56 Qg1 0.84 0359 0.835 07z 1.05 0381
2913 7824 2912 2823 2846  28.70 2896  29.10 2538 251
Q.38 033 073 126 a.rs 048 048 053 230 113
18.12 17.89 17.96 18.07 18.13 17.77 1751 17.75 18.06 17.23
161 1.82 1.55 1.58 246 168 225 1.81 228 258
0.00 0.00 003 0.00 0.00 000 0.09 0.00 .00 0.00
99.54 99.90 10072 10036 100.94 9842 100.19 9907 10069 9931
C2531A C2331A C2531A C2531A C2331A C2531A C2531A C2531A C2531A C23314A
43.78 48.73 4356 50.30 497? 4830 35015 5016 5033 50.89
0.00 0.00 0.00 0.00 0.00 082 0.00 0.76 045 0.54
0.00 026 0.00 000 0.00 027 0.00 0.00 0.00 0.00
0.8 0.78 0.89 089 0.7 087 1.09 125 087 1.03
2540 2549 25.59 5.78 2509 2529 2532 2578 2539 2584
166 225 2.3 220 1.96 169 226 1.52 1.7 2.31
1717 i9.03 18.46 1809 18.26 17.79 1828 2042 1828 18.56
294 2.34 238 261 299 17 39 0.00 297 197
0.00 0.00 000 a.00 060 0.00 0.00 0.00 a.00 0.00
10065 99587 973 10090 9882 I8.48 10102 9930 10020 101.14

AT



APPENDIX 7 CONTINUED...

Si02
41203
Ti02
MnQ
FeO
MgO
Ca0
Naz0
K20
TaTAL

25314 C2531A C25314 C2531A C2531A C2531A C2531A L2531A
49.04 49.99 5023 4335 4862 5103 4929 43563
044 028 0.35 0.00 Q.60 0863 064 043
0.00 0.00 0.00 022 022 0.00 D018 0.00
036 095 080 030 1.03 Q.91 115 o
25.01 2526 2494 24.72 2524 2547 2473 23.50
213 205 263 1.82 169 1.60 1.72 2,
1839 1742 18.16 18.18 1839 18.14 18.1& 1763
379 344 3.79 4.84 1.77 3.2% 1.83 4.16
0.00 0.00 0.60 0.00 0.00 000 0.00 000D
101.38 9939 101.16 10100 9867 10103 98.76 101.09

A7 2



APPENDIX 8 FELDSPAR COMPOSITIONS FOR NEYS/ASHEURTON XENOLITHS

Si02
Al203
FeQ
Ca0
Naz0
K20
Bal
TOTAL

5i02
A1203
FeQ
Ca0
MNaz0
K20
Bal
TOTAL

Si02
Al203
FeQ
Ca0
Naz0
K20
Bad
TOTAL

S0z
A1203
FeQ
Cal
Na20
K20
BaO
TOTAL

£2305 C2305 C2305 C2205 C2305 C2305 C2305 C2312  C2312 C2312
6535 6542 61946 63.10 &4 .51 62.95 63.40 63.31 63.55 66.09
2354 223 2352 1396 2205 2399 2464 18.88 1875 2130
D.26 g2z 23 0.00 024 024 0.00 057 043 0.13
z49 274 6.49 0.96 232 429 389 0.69 0.19 186
898 820 7.37 1335 308 8.835 223 068 0.00 11.33
pos 021 0.10 1236 024 013 024 1537 1553 028
017 0.00 0.00 060 0232 0.00 0.00 0.00 000 000
101.87 10150 10169 9840 101.07 10045 10142 9992 98.46 101.20
C2312  C2312 C2312 (2312 C2319A CIZ1%4a C2319A C2319A C2319A CZ319A
6588 6287 83.07 62.84 63.75 63.36 6665 6328 6293 64 .66
2063 2276 2292 2297 1812 1810 2040 2240 2124 2197
609 035 036 020 0.00 23 az1 026 0.2% 033
0.87 3.22 3.60 359 0.31 022 0.70 247 238 2.30
1242 10.89 9.94 1027 132 311 1193 1184 12.43 11.60
024 021 019 017 15.55 1430 028 040 Q.16 029
0.00 0.00 0.00 0.00 D.00 0.00 0.00 0.00 0.00 0.00
100.14 10029 10008 10003 9904 39.32 100.1¢ 10065 994¢ 101.15
C23194 23194 C2328A C2328A (C2328A C23284 C2328A C2I28A C23284 C2328A
63.79 62.94 6319 6327 6377 6703 6740 6632 61.48 61.70
22.06 2357 1954 13.00 18.33 21.02 1949 1999 2187 23.80
022 025 0.80 G.00 0.16 0.11 019 0.30 029 0.18
122 426 083 0.00 0.00 1.02 0.31 106 334 4733
1147 10.06 0.83 093 1.66 11.70 12.19 12.59 10.89 10.14
0.18 0.21 15.18 15375 1572 020 .14 022 0.21 0.17
000 0.00 000 000 0.00 0.00 0.00 000 000 0.00
10095 10129 10037 10093 9965 101.09 9973 10048 98.17 100.74
C232z8A C2331  C2331 C2331  C2331  C2331 CZ331  C2331  C2331  C2331
61.42 54.50 54.09 5350 61.95 6221 58.86 6191 60.72 60.43
2359 2430 2503 24.61 2532 2577 2676 23.14 2525 26.58
033 0.60 022 0.27 0.00 028 037 0.14 D15 035
4.08 489 4.76 5.58 6.19 4.64 776 237 507 7.04
9.61 789 7.00 767 6.49 627 6.34 808 688 7.02
0.11 0.15 6.00 0.09 0.26 1.35 0.18 0.16 0.13 g.11
0.00 0.00 000 0.00 0.00 0.31 0.18 0.34 0.00 0.15
99.13 10172 10111 10170 10022 10082 10044 10113 9920 10169



APPENDIX & CONTINUED...

Sio2
Al203
FeO
Ca0
Na20
K20
Ba0
TOTAL

Si02
Al203
FeQ
Calt
Naz20
K20
Ba0
TOTAL

302
A1203
FeD
Cal
Naz20
K20
Ba0d
TOTAL

5i02
Al203
FeQ
Ca0
Naz20
K20
Ba0
TOTAL

C2331 £2321 C2331 C2331 C2331 C2Z31  C2331  C2331 C2331 L2331
56.32 6105 6564 58.58 63.37 38.47 6184 67 64 66.62 6633
28389 2323 2274 2760 2410 2728 2483 2197 2089 2185
D27 026 0zs 025 0.00 0.18 0.00 013 0.16 0.00
10.13 582 288 780 4.50 g.19 536 1.10 0e5 1.35
538 8.19 9.78 6.72 8.71 6.75 7.26 237 254 929
0.12 0.17 0.12 025 0.00 0.1& 0.24 0.13 0.39 0.1é
g2z8 0.00 0.00 029 0.00 032 0.00 0.00 000 0.00
10140 10072 10146 10147 10068 10136 9953 100.34 98.26 93.38
C2331  C2331  C2331 (2331 C2331 CZ331 C2331 C2331 C2331 (2331
6432 66.13 6258 6269 6342 6334 63.53 63.46 60.91 61.77
2279 2190 2005 2008 2017 2026 19.91 2032 1945 1945
023 024 027 0.00 025 0.00 0.40 02z 0.15 000
3.01 1.49 0.00 0.24 010 0.14 0.30 a1t 0.00 a1t
206 360 132 1.39 0.83 1.98 1.84 1.21 1.84 080
0.3 030 1428 13.28 1417 13.34 13.11 13.43 13.23 1348
0.00 0.00 1635 273 260 1.64 232 196 249 283
10033 9886 10115 1a043 {01353 10070 110179 10071 9807 9843
C2331 C2321  C2331  C2331  C2331  C2331  C2331  C2331  C2331 C2331
6199 62.50 60.76 60.04 6238 60.85 S8.47 6063 61.52 60.99
2004 13.533 1890 20.31 13.47 19.91 2052 19.70 1369 13,67
0.438 0.13 000 0.43 0.12 0.00 0.00 022 0.11 0.19
0.00 0.14 0.00 161 023 0.00 012 028 0.132 0.14
1.04 1.39 058 1.51 1.12 0.00 072 123 125 1358
13.09 13.11 15.04 11.94 1297 13.9 1258 1333 13.19 12.80
267 244 242 401 257 493 645 296 a2 2735
99.321 9924 97.70 99.85 99.06 9360 9387 98.36 33.10 98.12
C2331 C2340 C2340 2340 C2240 C2240 C2340 C2340 L2340 L2340
6269 6470 6726  66.11 6658 67.79 64 .54 66.84 65.17  67.14
13.66 1930 22226 2288 2245 2124 2065 22.02 2223 2257
0zg 0.00 0.00 0.00 017 022 0.14 0.00 0.31 0.10
a.14 028 236 260 273 143 1.13 212 1.51 262
188 083 8.70 559 .84 264 419 954 245 845
12.40 1239 0.8 0.23 013 a4 725 a.14 as5? 021
230 043 0.00 0.00 0.00 0.00 0.50 020 0.00 0.00
3345 9g2.12 1007¢ 10061 10191 10073 9840 10087 9924 101.09



AFPENDIX 3 CONTINUED...

Si02
A1203
FeQ
CaQ
Naz0
K20
Ba0
TOT AL

Si0z
A1203
FeQ
Cag
Naz0
K20
Ba0
TOTAL

Si02
A1202
FeQ
Ca0
Naz0
K20
Ba0
TOTAL

5i02
AI203
Fel
Cab
Na20
K20
Bab
TOTAL

£2240 C2340 C2340 C2340 €2340 C2340 C2340 C2340  C2340 C2340
6585 66.37 67.16 67.02 66.30 6688 6561 64.59 6625 65.78
2230 2244 22 44 2263 21.67 2297 2253 2218 22329 2270
024 0.00 23 027 0.00 027 0.00 23 020 0.00
224 266 2323 254 253 234 243 282 27 290
8.77 217 245 933 203 9.04 922 8.17 .09 306
029 0.37 017 0.18 012 0.16 024 032 0.09 0.21
000 000 000 0.00 Q.00 0.00 015 a.g a.00 0.00
9969 10099 10174 10197 9965 10166 100.1&8 9849 100.79 10066
€2340 C2340 C2340 C2340 C2340 C2340 C2340 C2340 C2340 C2358
6462 64.71 63.37 54 24 69.10  85.16 66.34 65.96 63.1% 63.48
2169 2242 2218 2232 20.00 2211 2203 2168 2214 2366
000 025 013 027 0.34 010 026 0.16 0.21 0.00
287 252 263 268 0.24 244 218 192 232 388
906 5.68 5358 8.64 9.44 931 8.59 2353 378 a1
Q26 026 0.22 0.18 1.45 020 04av 0.10 a2 0.14
0.00 0.00 0.00 000 033 000 024 0.19 0.00 0.00
98.50 98.84 9932 98 41 10090 9933 9971 99.55 9982 100.27
£2358 C2358 C2358 (2358 €2358 C2358 (2358 (2358 (2338 C2358
6408 6394 63.40 64.92 62.00 64 81 £1.48 64 .50 62.01 &4.20
2346 24 .20 24.07 2338 2455 2220 2360 23.08 25.01 24.09
0.00 0.00 0.00 0.1z 0.00 0.00 0.15 023 0.00 0.10
262 4.58 427 243 566 376 472 248 5935 3.83
793 7.82 873 8.56 .67 845 8.14 &.40 742 8351
02z 0.132 0.21 028 0.18 026 0.21 0.09 0.27 0.00
000 0.00 0.00 0.00 023 0.00 023 0.00 0.00 0.00
99.33 10076 10067 10068 10028 10008 938.54 99.78 10066 10084
C2358 C2358 C2358 C2358 C2358 (358 C2358 (2358 (2358 (2358
6422 £443 6434 6352 63.14 64.00 630z 6344 65.00 64 .92
2330 19.14 2388 1940 1923 19.79 1855 18.86 18.84 13.05
0.00 022 023 o.u 025 029 0.00 022 017 000
3.32 0.00 3.81 an 028 0.13 033 0.00 0.00 .11
770 039 3.98 135 1.45 1.32 1.13 109 133 154
038 14.74 Q28 14 635 15.09 14.31 15.39 1416 1421 14 51
024 051 0.30 D64 0.36 on 063 0.76 089 on
39.15 10043 10182 9976 10001 10086 99.11 38.54 10044 10123

A8 3



AFPENDIX 8 CONTINUED

Si02
Al202
FeQd
Ca0
MNaz0
K20
Bal
TOTAL

Al203
FeQ
Ca0
MNaz0
K20
Ba0
TOTAL

Si02
Al203
FeQ
Ca0
Naz20
K20
Bal
TOTAL

Si02
Al203
Fel
Ca0
MNa20
Kz2a
Bab
TATAL

£2358 C2358 C2358 C23I58 (2358 C24%90 2490  C2490 2490 2490
64.40 64.85 6499 o413 63.81 S7.11 56.92 6457 £2.91 57.33
1999 1969 19.46 1922 2329 2627 2775 1870 2249 27.02
0.00 0.00 0.18 0.00 0.060 0.00 0.29 014 01z o1z
g.10 .00 .00 0.20 232 047 2.98 0.19 426 8.8
1.22 120 1.32 0.34 ge&z 1533 7.33 148 1G.58 680
1429 1421 1357 1542 019 020 0.00 1485 19.00 0.58
073 0.76 065 056 0.0C 0.00 0.00 064 0.00 0.00
100.73 100.72 10017 9988 9923 9939 10126 100358 100.14  100.87
C2490 C2490 C£2490 C2490 (©2490 C2490 C€24950 C24%90 C2490 C2450
5560 6444 64 21 65.00 63217 63.31 62.26 3539 3595 60.95
27136 2356 2256 2208 2487 24 .00 2575 2026 2951 29.15
013 0.31 0.1 012 0.20 0.24 024 0.34 g.19 016
9.89 4.36 293 3.19 5.14 4.57 6.13 10.84 9.78 {.64
839 8.14 5807 9.04 8.10 764 6.99 4.10 498 Q24
0.10 0.08 022 0.00 c.21 023 07 0.09 a.16 0.18
0.00 0.00 0.00 0.00 0.00 .00 0.00 029 000 0.00
10148 10090 98.10 10042 10159 10069 10144 10130 10057 10132
£2490 C2490 C2490 C2490 C2490 C2490 C2490 C2450 £2490 (2490
59.01 60.93 58.76 60.48 5938t 61.11 &0.92 59.96 6234 60.48
28.45 23.01 2860 2829 28.28 28.44 28.18 2829 2824 2882
022 025 012 017 022 0.00 028 025 0.14 U.24
1.73 1599 142 155 133 135 124 134 1.38 1.30
285 8.87 10.12 10.30 381 10.66 11.20 1161 9.75 1067
0.13 0.13 007 0.00 0.07 008 0.00 010 0.06 000
000 0.00 0.00 000 000 000 000 000 0.00 0.00
9940 16077 99.09 10080 99352 10184 10182 10155 10191 10150
€2450 C2490 (2490 C2450 C2490 C2490 C2490 C2490 (C2490 C2490
60.86 &61.34 60.81 36.06 36.11 56.75 56.40 49.17 5369 5592
2820 2895 2798 2746 2817 28.17 2821 3233 2067 2905
037 0.00 0.14 Q.12 032 0.32 021 0.51 0.20 020
1.38 138 125 946 3.21 966 960 13.87 12.48 10.02
277 S97 243 333 446 5.86 5.50 277 394 539
01 0.00 023 017 0.13 Q.16 0.08 0.10 0.08 Q.00
0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00
10079 10164 9990 9259 3840 10092 10000 9895 1M 0e 100358
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APFENDIX 8 CONTINUED...

Si02
A12032
Fe
Ca0
Naz0
K20
Ba0
TOTAL

Si02
Al203
FeQ
Ca0
MNaZ0
K20
Bal
TOTAL

Sio2
Al203
Feld
Cal
Ma20
K20
Ba0
TOTAL

802
AlZ03
Fol}
Cal
Na20
K20
Ba0
TOTAL

C2490 C2490 (2490 C2490 C2490 C2490 £2490 C2490 C2490 C2490
5569 56.75 4384 5084 5122 4990 5541 92.66 9653 5665
2822 2906 1278 32.54 2233 3285 2947 3019 226 2813
0.15 .31 023 0.00 027 0.00 o1 0.39 0.26 0.24
980 376 14 96 1442 13.08 15.06 1072 10.71 8.70 892
5.73 350 297 340 292 2.31 553 452 569 5.7
0.06 017 0.06 0.00 6.07 0.00 0.11 0.40 047 0.28
0.00 g.te 000 000 000 000 000 0.00 0.00 Q.00
9966 101.74 10085 100%0 9991 ta1.13 10134 2887 93.18 100.10
C2490 C2450 C2490 C2498 (2498 C2498 C2498 C2498 L2488  £2493
S086 S51.04 56.66 61.67 61.43 63.36 6227 oBle? 6225 b3do
32.97 3229 52.44 19.73 2468 2350 2516 2430 2398 2226
0.00 028 016 0.18 0.15 000 013 0.00 0.14 075
14.31 14.48 1413 012 530 362 5.51 531 443 461
z37 3132 327 0.00 726 8359 T.20 7.87 865 7.92
0.00 0.00 0.00 14.61 022 g13 022 0.00Q a13 0.35
0.00 0.00 0.00 1.94 0.00 .00 0.00 0.00 026 0.00
10151 10123 10067 3825 39.04 9320 10039 99.15 3928 99.11
£2498 C2498 (2498 (2498 C2498 (2498 C2498 C2493 C2498 (2498
58 6201 61.10 6102 6125 6074 60.22 61.49 5162 6242
26.69 2084 20.84 24 .64 24 48 25563 2549 2385 24 86 2422
0.1s 0.11 0.00 035 024 027 0.i8 D2z 0.00 0.33
&35 022 023 5.19 5.41 5.11 6.16 .70 498 9.05
&.50 0.00 058 8.18 7.97 721 859 7.74 7.89 7.09
0.74 1413 1434 033 024 0.7 0.00 0.10 010 o2
000 284 323 000 0.00 0.00 023 0.00 0.00 0.00
99.34 10015 9938 997 9959 9972 100298 10095 9924 39.31
C2498 C2310 C€2510 CZ510 C2510  €2510  C2510 C2510 L2510 C2510
53.44 5983 5923 39.18 3990 6219 5935 61.92 62.20 5935
2312 2493 2613 2555 2558 2288 2483 2259 2258 2566
024 0.1 024 oo D26 027 0.00 0.14 022 026
4.36 7.20 733 766 T.14 4.54 120 4.89 449 7.90
7.80 8.01 6.99 763 756 @20 821 338 10.24 7.04
a.1ée 0.24 0.33 0.10 0.00 012 0.10 0.20 0.15 an
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 025
99.12 10041 10024 10028 10044 9921 10027 9951 9938 100.5¢



AFPENDIX 8 CONTINUED...

Si02
AJ203
FeQ
Ca0
NazO
K20
Bal
TOTAL

sio2
Al203
FeQ
Ca0
Nazo
K20
Ba0
TOTAL

C2510 C2510 C2510  C2510 C2510  C2510 C2510 C2510 C2510  C2510
6185 6096 6265 6262 6394 6284 6233 6343 5846 62.04
2403 2352 2405 2316 2217 2362 2249 2304 2499 2258
0.21 0.15 0. 0.1¢6 0.21 037 025 033 D29 037
5.57 5.320 563 4.45 %96 466 4 .49 472 722 4 .36
9.02 855 .51 8.75 964 881 952 857 743 8397
0.17 0.14 0.18 012 0.16 0.19 028 0.25 0.17 0.10
0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 000 0.00
10086 9835 10113 9926 10007 10050 9935 10035 9856 98 43
C2310 C2510 C2510 C2510

6023 5941 62.01 58.00

24 34 2516 2287 2578

0.00 0.00 032 0.26

594 it 4.40 8.14

823 781 920 725

0.135 a.10 0.00 0.00

0.00 0.00 013 0.00

9889 10034 9894 9943

AS 6



AFPENDIX & FELDSPAR COMPOSITIONS FOR WOLF CAMP LAKE

Si02
41203
FeQ
Ca0
Naz0
K20
Ba0
TOTAL

Sigz2
A1203
Fel
Ca0
MNa20
K20
Bal

TOTAL

Si02
Al203
FeQ
Cal
Na20
K20
Ba0
TOTAL

Si02
Al2032
Fald
Ca0
Naz0
K20
Ba0
TOTAL

C25314 C2521A C2531A C23531A C25314 C2531A C2331A C2531A C2531A C25Z1A
6452 €3.72 &63.68 62.61 63.42 63.77 £5.21 62.97 €4 320 £3.78
2319 2034 2095 2074 2042 2048 2203 2004 2193 21.45
0.00 012 D26 0.39 0.00 0.00 0.00 0.28 0.20 0.00
154 046 049 .00 0.00 0.58 190 .13 1.74 1.21
1035 1.85 181 165 1.25 217 10.85 1.16 9.99 10.96
0.51 1223 14.02 13.78 14.82 13.17 0.20 15.26 23 037
0.0G 0.00 0.00 000 6.00 0.00 0.00 0.00 0.00 000
100.12 9837 10142 100.18 9994 10012 101,18 10048 98359 39.78
C2531a C2531A CR2531A C25314a C2331A C2531A C2531A C2531A C23314 C25314
563.60 6361 63.83 64.12 B524 64.74 66.32 66.34 64 85 6363
20869 227 20.16 2276 2174 2176 2137 2258 2184 2127
0.00 0.00 014 0.00 0.00 0.17 0.29 0.00 017 049
0.13 1.84 020 1.86 1.47 1.51 1.16 1.20 1.70 067
1.02 1000 238 294 1095 10.75 11.31 11.20 9% 247
1433 0.00 1224 015 017 0.18 029 0.00 008 10.19
0.00 0.0o 000 0.00 D.oo 0.00 0.00 0.00 0.00 0.00
10044 10040 9949 9907 9955 99.11 10035 10131 9855 9995
C2531A C2531A C25314 C25Z1A C2531A4 C2331A C2331A C3120 C3120 C3120
65.00 66 58 64.02 63393 o479 6601 63.10 &4.15 37.19 5848
22.17 22.40 21.71 21.83 2243 2195 2239 2433 27.48 26.15
0.00 0.00 D.26 0.30 0.44 0.20 oz2z2 024 0.350 D.46
1.47 1.44 1.3¢6 1.12 175 1.40 1.21 338 7.00 587
1040 10.84 10.84 10.93 11.07 10.99 1092 882 6.26 724
0.00 029 0.09 0.50 017 022 0355 0.14 0.44 0.18
noo 000 0.00 000 a.00 0.00 000 0.00 0.00 0.00
F9.04 10156 9892 10026 10064 101.12 10052 10046 9933 9922
C3120 C3120  C£3120 C3120 C3120 C3120 C3120 C3120 C3120 C3120
5665 £532 8520 65.81 6492 6545 62.78 6355 452 6566
27.16 2216 2168 2126 2216 2240 2405 2241 2222 2321
048 0.24 0.47 1.10 128 1.60 0.26 057 0.18 0.56
749 1.96 1.40 1.36 1.44 120 3.00 1.76 158 222
6.16 1003 2324 224 9.47 53 584 949 269 206
0.00 Q.52 049 0.00 0.20 026 a.16 0.66 0.06 Q.35
0.00 0.00 D00 0.00 0.00 0.00 128 0.00 0.00 0.00
9845 100.24 9858 9877 9924 10044 10047 9944 99.08 101.06

AS



APPENDIX 9 CONTINUED...

Si02
ATZ0Z
Fel
Ca0
Na20
K20
Ba0
TOTAL

5102
Alz03
Fel
Ca0
MNa20
K20
Bal
TOTAL

5i02
AlZ03Z
Fel
Ca0
Naz0
K20
Ba0
TOTAL

Sioz
Al203
Fe(
Ca0
Naz0
K20

TOTAL

C3120 C3120 C3120 (£3120 C3120 C3120 C3120 C3120 C3120  C3120
63.80 6259 6170 6538 61.57 59920 5751 61.10 61.51 64.17
2295 24 11 2409 2233 2474 2652 2657 26.24 2472 24 36
0.13 029 065 021 029 069 1.15 0.353 043 035
2. 396 4.31 165 443 246 932 5.36 448 3255
837 215 3.24 345 726 3.11 6.32 6.89 7.52 851
0.00 0325 .45 0.00 a1 3E9 036 0.15 0.20 0.0v
0.60 0.00 0.00 0.00 0.00 0.00 000 120 0.00 0.00
99.07 10046 9954 93.03 98.30 9937 101.23 10146 9886 101.32
C3123  C312Z C3123  C3123 C3123  C3123  C312T C3I123 C3123 C3123
38.76 99.62 5832 5879 56.73 58.08 5986 5789 36.74 56.96
2634 2482 2641 2426 2113 2762 2642 2698 2742 28461
1.04 062 o 034 050 035 048 0.50 062 056
5.79 S.60 6.35 743 7.24 6.54 5.80 693 7.50 2.04
745 &8.31 790 715 6.80 655 620 634 .18 568
0.14 .10 008 0.16 012 0.11 0.33 0.00 o.o0g 000
0.00 0.00 0.00 D93 Qoo . 1.8 078 0.00 0.00 0.00
39.51 9907 9978 9308 9853 10062 1003536 9924 9854 3934
C3123 C3123 C3123 C3123  C3123  C3123  C3123  C3123 C3123  C3123
63.85 58.89 5921 59.9¢6 62.33 5003 6124 62.32 5721 STI7
2052  278S 26.11 26.26 2517 2595 24 .68 24 59 26.73 2629
030 020 0.40 039 034 045 1.00 0.36 043 126
0.30 6.72 383 6.05 429 589 472 4320 6.40 6.61
3.1 642 7.58 723 762 7.31 843 881 7.31 663
1078 000 0.07 0.10 0.00 0.14 0.39 o.os8 0.07v 0.16
0.00 0.0 0.00 0.00 0.00 0.00 0.00 0.00 113 0.00
9946 10008 9922 10000 99.74 99.83 10046 10035 99950 98.78
C3125  ©3125 (3120 C3125  C€3125 C3125 C£3125 C3125 C3125  C2125
5776 5544 S7.74 58.43 58.59 5¢.25 58.91 63.31 &0.75 60.06
2710 2737 2629 2563 2568 26.06 2636 2412 24 36 2561
028 0.74 067 0.34 025 069 0.31 042 0.13 036
7.48 512 564 625 622 580 6.69 3.96 539 499
769 6.11 .42 850 7.80 663 7.99 8432 g.60 823
0.00 296 027 0.11 0.00 1.98 0.10 0.14 0.12 163
1.0 0.66 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
10133 987 39.12 99.44 98.54 38.40 10066 10061 9340 100.88

A3



APPENDIX 9 CONTINUED ..

Si02
Al203
FeQ
Ca0
Na20
K20
Bal
TOTAL

Si02
Al203
Fel
Ca0
Na20
K20
Ba0
TQTAL

2102
Al203
Fe(
Cal
Naz0
K20
Bal
TOTAL

C23125  C3125  C3125 C3125  C3125 C3125 3125  C3125 C3125 (3125
5786 62.33 62.59 6132 60.72 5925 60.54 61.17 60.95 62.26
2163 2404 21.85 2434 24 .33 2467 2564 2465 2409 24.54
0.63 0.1z 0.19 0.35 030 0.34 023 023 0.35 047
331 4.18 130 5.28 445 499 S.36 493 4.50 437
9.04 2.00 10.59 3.04 9.81 939 3.24 927 8.75 3.09
137 029 076 020 0.12 0.27 0.00 0.00 0.10 0.10
000 0.00 094 0.00 0.00 0E2 0.00 0.00 0.00 0.00
100.00 9895 98.63 101.13 10006 99.51 101.02 10045 9893 101 .24
£3125  C3125 C3125 C3125  C3125  C3125 C3125  C3125  C3125  C3125
61.51 el.81 58.73 59.83 60.52 50.18 60.61 60.69 6108 o170
2417 2428 26.15 2465 2435 2334 2437 25.02 2548 2432
D30 0.31 017 025 047 020 0.28 042 028 022
4.70 4.89 733 5.08 340 3.80 S5.14 5.17 4.99 435
288 8992 7.96 875 869 7.74 9.41 859 948 261
0G0 0.1 017 0.00 000 0.14 025 0.09 0.08 0.00
0.00 0.00 0.00 D.£0 0.00 0.00 .00 0.00 0.00 06.00
100535 10039 100533 9936 9962 9971 10005 9998 10150 10071
C3125 C3125 C3125 C3125

60.21 6067 6213 62.58

2513 2485 2485 2432

0.31 036 0.31 0.31

836 5.06 464 455

302 8.71 823 884

0.08 021 0.00 0.00

0.00 0.00 0.00 0.00

100.11  99.86 10137 10127

A



