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ABSTRACT

The Guichon Crcck batholith is exposcd approximately
200 miles N.E. of Vancouver, B.C. and is a zoncd 'granitic'
pluton of Lower Jurassic age (198%8my). The batholith
consists of scven major intrusive phascs. The
predominant rock type is granodiorite with lesscr amounts

of quartz diorite and quartz monzonitc.

Study of rock and mincral compositions has rcvealced
a gradual variation in the relative proportions of
mincral phascs as crystallisation of the batholith
procceded. The chemical compositions, however, of the
individual mincral phascs show very little change. The
rclative roles of assimilation and magma convection in
producing compdsitional variations in the carly phascs

of the batholith are discusscd.

Alkali feldspars arec microperthitic with bulk
compositions in the range 71-86 Wt% Or and the
compositions of thce perthitic componcents approach purc
cnd members. The potassic phasces of the perthites have
structural statcs cquivalent to that of orthoclasc.

The plcogioclase feldspars arc oligoclases with low to
intermediate structural states. Plagioclase from the
early phases of the batholith (Hybrid and Highland

Vallcy phascs) show normal zoning whercas thosc from



the later phases (Bothlehem and Bethsaida) show
oscillatory zoning. Biotitcs from the major phascs of
the batholith have progressively lower Fe/(Fe+Mg) ratios
with progressively incrcasing silica content of the host
rocks. Plagioclasc crytallized carly in the older phases

of the batholith whercas quartz was the carly mineral

to crystallize from the younger mojor phascs.

Evidencce suggests that megma convectced during
crystallisation of the older phascs of the batholith but
that the younger phases crystallicscd from a stationary
magma., Cowmparisons with cxperimental systcms suggest
that the ecarly magma crystollised under conditions of
relatively low total pressurcs in the order of 1 or 2 kb
but that the later phascs wmay have been subjected to
total pressurcs in thce order of 4 or 5 kb during
cfystallisation. This incrcasc in total prcssurcs was
most probably duc to incrcasing volatilc pressurcs during

crystallisation.
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I Introduction

The Guichon Creek batholith crops out over an area
of approximately 400 sq. miles near to and southeast of
the town of Ashcroft in the Interior Plateau of British
Columbia. The batholith is of considerable scientific
and economic interest. The Bethlehem Copper and
Craigmont Mines, and several potential mines such as

Lornex and Valley Copper occur within or adjacent to

the batholith.

Early geological mapping of the eastern half of
the Guichon Creek batholith, at a scale of 4 miles to
1 inch, was completed by W.E. Cockfield (1947), and of
the western half by S. Duffell and K.C. McTaggart (1952).
Several detailed reports of parts of the batholith have
been prepared by J.M. Carr (1959-1963) and the geology
of mineral deposits associated with the batholith has
been described by W.H. White, R.M. Thompson and
K.C. McTaggart (1957). Radiometric K/Ar age
determinations from the batholith have been published by
Baadsgard et al (1961); Dirom (1965); Wanless et al
(1965, 1967), White et al (1967), and Northcote (1968,
1969). Christmas et al (1969) have studied the
rubidium/strontium, sulphur and oxygen isotopic

composition of samples from the batholith and the



associated Craigmont ore body. Previous work on the
batholith culminated in a detailed geologic and
geochronologic study by Northcote (1969). DNorthcote
mapped seven separate intrusive phases of the batholith,
described them, and explained the differences between
them as due to the combined action of assimilation and
magmatic differentiation. 1In addition Northcote
proposed that a change from mesozonal to epizonal

environments occurred during emplacement of the pluton.

The present work was undertaken as an attempt to
further describe the mineralogy of the various phases
and ﬁhe mechanisms involved in the emplacement of the
batholith. It was hoped that the differentiation
occurring within the pluton would be reflected in the
changing compositions of feldspars and biotites which
occur throughout the batholith. In addition it was
hoped that study of the variation in the structural
states of the alkali feldspars would help in
determining the history of crystallisation and changes

in the environment of emplacement of the batholith.

All of the samples used in the present
investigation were collected by Dr. K.E. Northcote
during the preparation of his Ph.D thesis (University

of British Columbia) in the summers of 1963 and 196L.



FIG.|. GEOLOGY

OF THE GUICHON CREEK
BATHOLITH

Simplified from
Northcote (1969).
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Phases and Varieties of Intrusive Rocks

(from Northcote 1969)

Relatively 0ld
(1) Hybrid phase - quartz diorite, granodiorite
(2) Highland Valley phase

(2G) Guichon variety - quartz diorite,
granodiorite

(2C) Chataway variety - granodiorite,
quartz monzonite

(2LR) LeRoy granodiorite - granodiorite,
guartz monzonite

Intermediate Age

(3) Gump Lake phase - granodiorite, quartsz
monzonite

(4) Bethlehem phase - granodiorite, quartz
monzonite

(5) Witches Brook phase

Variety A - granodiorite

Variety B - granodiorite

Variety C - granodiorite, quartz monzonite,
granite

Bethlehem porphyries
Relatively Young
(6) Bethsaida phase - quartz monzonite. granodiorit-

(7) Gnawed Mountain porphyries, younger Bethlehem
porphyries and associated intrusive breccias

Leucocratic dykes and irregular-shaped bodies



IT Geological Setting of the Batholith

The general geology of the CGuichon Creek batholith
has been described by Northcote (1968, 1969) and only a
brief summary wili be given here.

"The batholith is a semiconcordant, zoned, 'granitic'!
pluton consisting of several intrusive phases arranged
in a roughly concentric pattern. The batﬁolithic rocks
intrude sedimentary rocks of the Cache Creck Group
(Permian) and Nicola Group (Karnian stage: Upper
Triassic) causing local contact metamorphism to albite-
epidote or hornblende hornfels facies. The batholith
is overlain unconformably by Middle and Upper Jurassic
sediments and Lower Cretaceocus and Tertiary volcanic and
sedimentary rocks. There is no evidence of any
significant metamorphic activity occurring in the region
after emplacement of the batholith. Published
raciometric age determinations of rocks from the batholith
give an average age of approximately 198 my. (Dirom, 1965;
Wanless et al 1965, 1967; White et al 1967; Northcote

1969; Christmas et al, 1969).

Northcote has divided the batholith into seven
major phases (Table I, Fig. 1) primarily on field
relationships and textural variations. Most of the

batholith is composed of granodiorite, with lesser



amounts of quartz diorite, quartz monzonite and with
minor granite. In a general way the older phases tend
to be basic, the younger phases to be acidic. Northcote
has suggested that the Guichon variety granodiorite

may approximate the composition of the original magma
and that the more basic rocks may be the result of
contamination, the more acidic rocks the result of

differentiation of this magma.

The roughly concentric pattern of the major phases
of the bhatholith is disrupted by three of the minor
phases. The Gump Lake phase occurs as a semiperipheral
body on the eastern margin of the batholith, the LeRoy
and Witches Brook phases occur as irregular dyke-like
bodies within older phases. Contacts between phases
range from sharply intrusive to broadly gradational and
a single contact may vary in nature along its length.
Chilled contacts between phases are extremely rare and
for this reason Northcote considers that all. phases were
hot at approximately the same time, inferring only a
short time interval between intrusive pulses. The major
phases of the batholith have a coarse-grained,
hypidionorphic texture, and only the youngest, minor
phases include porphyritic rocks. The Hybrid, Highland

Valley, Witches Brook and parts of the Bethlehem phases



all exhibit, to varying degrees, alignment of
plagioclase crystals. In addition a rough foliation of
mafic minerals is present, locally, within the Guichon

variety.

On the basis of textural evidence, Northcote (1969)
has suggested that the early phases of the batholith
were emplaced under mesozonal conditions and that
progressive erosion of the cover rocks established
epizonal conditions during emplacement of the later

phases.



Fig.2. Sample location map.
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IIT The Alkali Feldspars

a) Mode of Occurrence

The rocks investigated contain between 1% and 20%
alkali feldspar, most of which is either interstitial or
poikilitic, enclosing plagioclase, quartz, hornblende
and biotite. As a general rule fine-grained rocks
contain interstitial alkali feldspar whereas in coarse
grained rocks it is poikilitic. All the samples
investigated are either microperthite or cryptoperthite
iﬁ which the subordinate, albite-rich phase occurs as
extremely thin stringlets. (c.f. Alling, 1938, p.l42).
Wherever poikilitic alkali feldspar is in contact with
plagioclase the alkali feldspar either forms embayments
in the plagioclase, or myrmekitic intergrowths are
present within the plagioclase marginal regions. The
significance of these features in discussed in
chapter 1V,

b) Method of Study

Alkali Feldspars were separated from the 80-120
mesh fraction of the crushed and sieved rock using a
combination of electromagnetié and heavy-liquid methods.
Magnetite and other strongly magnetic minerals were first
removed from the size fraction with a hand magnet. The

remaining material was then passed through a Franz



electromagnetic separater set at maximum amperage, to
remove mafic minerals and any heavily altered feldspar.\
The remaining fraction was then processed by separation
in bromoform diluted with acetone to a specific gravity
such that a quartz crystal sank and an orthoclase
crystal floated in the mixture. The "float" fraction
from this final separation consists of alkali feldspar
with very minor amounts of adhering quartz. The ‘'sink"
fractions consist mainly of discrete quartz and
plagioclase grains with minor but variable amounts of
composite grains and occasional non—magneﬁic mafic

minerals.

Sniear mounts were made of each sample and three
X-ray diffractometer patterns were run for each using

CaFs (a = 5.4631 %

.0006%) as an internal standard. The
runs were made using Ni filtered Cu radiation from a
20 angle of 58° to 19°, at a scan speed of %°/min.
and chart speed of 2cm/win. |

For twelve of the samples all peaks present were
measured and indexed using the tables given by Wright
and Stewart (1968). Unit cell parameters (Table II) for
the K-rich phase in these samples have been calculated

using the 'variable-indexing'! computer program developed

by Evans, Appleman and Handwerker (1963) of the U.S.G.S.

10
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Input for the calculations was restricted to those
reflections that could be uniquely indexed and which
showed a total deviation of less that 0.015° 268 from
three diffractometer patterns. Following the precedent
of Wright and Stewart (1963) the majority of the peaks
have been measured as close as possible to the maximum
peak height. However, in uncertain or ambiguous cases,
peaks were measured at the 2/3 peak height position.

For the remaining samples the positions of the 060, 204,
and 201 reflections for the K-rich phase, and the 201
reflection for the Na~rich phase, have been measured.
(Table IIT). All the samples investigated contain both
a K-rich, and an Na-rich phase and hence there is the
chance of mutual interference for scme of the reflections.
In most o§ the samples, however, the Na-rich phase was
greatly subordinate - as estimated from the (201) and
(002) reflection intensities - and hence interference
effebts are minimal, ©None of the samples exhibited a
sufficient number of characteristic reflections, for the
Na-rich phase, to allow calculation of the unit cell

parameters.

In order to estimate the bulk composition of the
alkali feldspar separates, each sample was heated in a

silica-glass tube at 990°C for three days. At the end
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TABLE TI1
; Potassic Phase Sodic Phase
Sample Phase|Est. Or degrees 26 Est. Abldegrees 2€
#o W% 201 060 204 W% 201
|
1 1 89.0 21.034
2 1 .| 38.5 21.039 | 41.714 | 50.612 | 99.5 22.041
3 1 90.0 21.014 | 41.705 | 50.669 | 98.0 22.018
L 1 89.0 21.030 | 41.661 | 50.706 | 95.5 21.985
5 2G 91.5 20.996 | 41.709 | 50.692 | 99.0 22.037
6 2G 89.0 21.034 | 41.687 | 50.673| 97.0 21.998
7 2G 88.0 21.037 | 41.696 | 50.641
8 2G 2 alkali feldspars present
9 2C 89.0 21.029 | 41.676 | 50.659 | 97.0 22.001
10 2c 91.0 21.009 | 41.686 | 50.644 | 97.0 21,999
11 2C 89.0 21.026 | 41.701 | 50.667 | 98.0 22,019
12 2C 3.0 21.038 | 41.701 | 50.673
13 2C 89.5 21.019 | 41.674 | 50.677 | 97.5 22,014
14 2LR 85.5 21.064 | 41.679 | 50.624
15 2LR | 86.5 21.052 | 41.684 | 50.677 | 98.5 22.029
16 2LR 85.0 21.071 | 41.681 | 50.684
17 2LR 86.0 21.058 | 41.683 | 50.636
18 2LR 89.0 21.026 | 41.693 | 50.657
19 3 89.0 21.035 | 41.687 | 50.656 | 99.0 22.035
20 3 87.5 21.046 | 41.681 | 50.629
21 3 89.5 21.021 | 41.684 | 50.647 | 98.5 22.029
22 Iy 91.0 21.004 | 41,636 | 50.646 | 98.0 22.020
23 [ 89.5 21.024 | 41.676 | 50.668 | 97.5 22.015 -
2L L 2 alkali feldspars present
25 L 39.0 21.029 | 41,654 | 50.682
26 5 89.5 21.024 | h1.672 | 50,664
27 5 86.5 21.055 | 41,679 | 50.652 | 97.5 22,01
28 5 86.0 21,061 | 41.729 | 50.639 | 96.0 21.976
29 5 85.5 21.067 | 1,708 | 50.634 | 98.5 22.027
30 5 87.5 21.046 | 41,676 | 50.672
31 5 91.5 20.996 | 41.766 | 50.582 |100.0 22,059
32 6 89.5 21.021 | 41.681 | 50.654
33 6 90. 51 21.011 | 41.681 | 50.642 |100.0 22.051
3 1 6 89.5 | 21.021 |41.698 | 50.672
35 . 6 88.5 21.039 | 41.684 | 50.662




B

TABLE IV UHNIT CELL PARAVMETERS FOR HOMOGFWNISED ALEALT FULDSPARS
7/

it Cell Parameters at g
Do IR A f A N o) ::O’ of ::-: or
Phase Wt Or a(A) v (4) c(h) o‘ P ‘3' V(A)3 lines used Eb§2§
omogenised 2C 33,0 8.5L0112.896 7.200 00% | 115° 55,79 | 90° 718.41 16 .017
| * .oonl .003 | .00l | 1.75¢ .36
al 5 | 77.5 | 9.51%|12.976 | 7.199 [90° | 116° 0.13'| 90°| 714.85 11 | .017
f .006| .oon | .oo2 1.71¢ .53

T
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of this period most samples showed only a single (201)
reflection on diffractometer patterns, indicating that
homogenisation was compleate. Any samples exhibiting more
than one (201) reflection were returned for further
heating until no further change in the position of the
201 reflection(s) was recorded. Unit cell parameters
were determined for two of the homogenised samples
using CaF, as an internal standard, (Table IV) and the
position of the Ebl reflection was measured for the

remainder (Table VI) using KBr05 (101 reflection at

20.215°26 CuKk « ) as an internal standard.’

c¢) Compositions of the Natural Feldspars

Wright and Stewart (1963) have shown that the a
cell dimension, unit cell volume, and the position of the
201 X-ray reflection of alkali feldspars show a direct
correlation with composition which is independent of the
structural state of the material. (Fig. 3). Thus, for
those sawmples for which unit cell dimensions have been
refined, the compositions of the K-rich phase have been
estimated from the unit cell volume (Table Ii).
Compositions for the remaining samples have been
estimated from a knowledge of the position of the 201

reflection. (Table VI).

Table V compares compositions estimated from unit
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cell volumes, & cell Gimensions and 201 X-ray
diffractioﬁ refledtions for the twelve ‘refined!
alkali feldspars. In general the estimates obtained
from these three parawmeters agree within the iZ%
accuracy claimed for the methods by Wright end Stewart

(1968).

The samples investigated comprise K-rich phases
whose compositions vary from 87 to 92 Wt% Or, and Na
rich phases with compesitions between 95 and 100
Wt% Ab. Because the error in measurement of composition
is approximately : 2Wts% Or it can be stated that the
alkali feldspars throughout the pluton have reached
approximately the samec stage of perthitic unmixing.

Although none of the samples exhibit any optical
cvidence of compositional zoning the 201 diffraction
peaks for the K-rich phase in several samples are very
slightly skewed towards higher Or Wt% values, thus

suggesting that slight zoning may in fact be present.

d) Structural States of the Natural Alkali Feldspars

The structural states of the K-rich phascs of the
natural perthites have been estimated from a knowledge
of the b and ¢ cell dimensions, or from the position of
the (060) and (204) X-ray diffréction reflections.

Figure 4 (simplified from Wright and Stewart) shows data
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TABLE V

Relation between estimated bulk compositions and degree of anomoly for

computer refined alkali feldspar

Samnle V(.ﬁ)3 a(Calc)(R) a(est)(x) Anomoly|201 obs. Cogposégégglgg%_Siezfgim%%gi
33 721.72 | 8.581 8.58 - 21.011 [92.5 gl Ol 50
6 720.79 | 8.576 8.575 - 21.0%4 |91.5 93 | 91 39
z 721.18 | 8.5%1 8.58 - | 21.014 [92.0 9 o 20
13 721,02 | 0.577 8.59 .012 | 21.019 |92.0 93 96 89
19 721.13 8.530 8.60 .02 21.035 | 92.0 Sy ole 32
12 720,90 | 8.573 3.59 .02 21.038 | 91.5 92 96 58
29 712.79 8.562 .59 .030 21.067 |39.0 a0 96 as
23 721.57 3.578 8.61 .032 21.02L | 93.0 | 93 99 89
22 721.97 | 8.584 8.62 038 | 21,004 [95.5 | 94 100 21
ly 721.06 | 8.575 8.62 045 | 21.0%0 [22.0 | 9% 100 89
17 719.60 |  8.555 3.61 .060 | 21.058 [83.5 | 38 95 26
27 720,461  8.564 5.62 .060 | 21.055(20.5 | 90 100 56

. . ) . . . 3 .
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for the 12 "refined' samples plotted on a b vs. ¢
Giegram. Similarly Figure 5 is a 926 (060) vs.

©26(20L4) wlot of data for all the samples investigated.

When the b and ¢ cell dimensions for any sample
are plotted on Fig. q‘the a cell dimension may be
estimated from the cross contours. For approximately
half of the samples investigated the value for a so
estimated does not agree with the a value calculated
from the éell refinement. Wright and Stewart (1966
have described alkali feldspars in which a ‘calculated’
differs from a 'éstimated' by more than .02 A as having
‘anomolous' cell dimensions. They suggest that in such
cases the composition of the sanple may be estimated
from the cell volume, on the premise that the atoms will
occupy the same volume regardless of the configuration
of the unit cell. Furthermore, they state that the
sample may be defined in terms of an fapparent' structural
state., Table V lists cell volumes, and calculated and
estimated a cell parameters for the ‘cbmputer refined’
samples investigated. The present study agrees with
Wright and Stewart's observations that in all anomolous
samples the a calculated values are lower than the a
estimated values. However, Tilling (1968) has reported

samples in which the reverse holds true. The anomalous



condition exhibited by such alkali feldspars would
appear to be related to their perthitic nature and may
be due to strains imposed on the structure during

perthitic unnixing.

The Guichon batholith alkali feldspars plotted on
Figures L and 5 lie within the orthoclase field betwecen
the orthoclase P50-56F of Wright and Stewart (1963) and
the maximum microcline of Orville (1967). The only

exception to this is sample #3%1 which plots on Fig. 5

within the intermediate microcline field. The sample is

from a small intrusive mass oa the western margin of the

batholith, and has been tentatively correlated with the

21

Witches Brook phase. The rock contains 26 vol% of mediun

to coarse grained microverthitic alkali feldspar which
has a subhedral habit, and a bulk composition of A4¥Ft%
Or. 1In addition, the rock contains 76 Wt% $iO, and
appears to be the most highly differentiated of the
samples studied. The X-ray diffractometer pattern for
this sample contains no well defined 131 or 131
reflections for the potasium rich phase. The
reflections in the region between 29.25° and 30.50° 26
CuK« are illustrated in Fig.6. . The higher intensity
reflection with centre of symmettry at approximately

30.19 28 Cullx is most probably a composite reflection
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X-ray diffraction pattern for sample 31 in
the region of 30° 28 CuK «

Also shown are the ranges of potassic and
sodic alkali feldspar reflections which may
appear in this region. (From Wright and
Stewart, 1968)
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caused by the inference of the 131 albite reflection
and a 171 microcline reflection. The very broad
reflection extending from approzimately 29.59 to 29,9°
20 Cul« probably represents a 131 reflection from a
triclinic ©potassium rich phase and there is a distinct
possibility that a 131 reflection from a monoclinic
potassium phase mey also be represented here. This
would indicate that the potassium rich phase of the
perthite is present in a wide range of structural states.
Inicontrast the 060 and 204 reflections from the

p otassium rich phase in this sample are relatively

sharp and well defined.

Smith and Mackenzic (1961) have suggested from
theoretical considerations that as the Si-Al order of a
perthitic alkali feldspar increases, so0 should the purity
of the perthitic components. Tilling (1968) has -
observed a general increase in 'triclinicity!' with
increasingly albitic bulk compositions of werthitic
alkali feldspars from the Rader Creck Pluton, Boulder
Batholith, Montana. The compositions of the perthitic
components in sample #31 approach closely the pure end
member compositions and are very similar to the other

samples .from the Guichon Creek batholith. Sample #31

P
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is unique howecver, beccausc it is considerably more
ordcred with respcct to Al and Si, and has a more

sodic bulk composition than the other saﬁplcs. Thus a
‘groator degree of perthitic unmixing must have taken
place in sample #31, and the conscquently greatcer amount
of giffusion of An and K ions may have allowcd a higher

degrec of Si~Al ordering to take placc.

Thus, with a single cxception, the alkali fcldspars
from th@ Guichon batholith are orthoclasec exhibiting
‘approximately equivalcent 'apparent! structural states.
The slight scatter of data points on Figs. 4 and 5 most
probably rcflects, in large part, cxperimental errors
and the anomalous naturce of many of the samplcs. The
équivalenco in.'apparcnt' structural statc of thc alkali
feldspars docs not necessarily mean, howcver, that the
temperaturce of their originel crystallisation did not
vary. The reclative structural state of a monoclinic
alkaii feldspar is dcpendent on fhe degree of Al/Si
ordcring over the noncquivalent Tl and TZ tetrahedral
sitcs., The ordering is achieved by diffusion, in the
-s0lid state, of Al into the more favourable Tl sitcs,

and thc cooling history of the material will detcrmine
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the amount of time during which diffusion may take place.
Therefore both the initial crystallisation temperature
and the cooling history of the host rock will affect the

final, relative structural state of an alkali feldspar.

e) Bulk Compositions of the Homogenised Alkali Feldspar

Table VI gives observed °268(201) for the homogenised
sanples and the corresponding estimated bulk compositions
in Wt% Or. As may be seen alkali feldspar bulk
compositions are generally in the range 71 to 86 Wt%
with the exception of two samples from the Witches Brook
Phase which have bulk compositions of 63 Wt% Or and
65 Wt% Or. There scems to be no regular variation of
the alkali feldspar bulk compositions from onc phase of
the batholith to another, nor is there any correlation
with the component oxide contents of the rock samples

as derived from chemical estimates. (see Appendix 2)



TABLE VI

©°26 valucs for 201 rcflections. (CuK « radiation) and
cstimated bulk composition of homogeniscd alkali
feldspars from the Guichon Creck batholith

: |
Sample # Phasc °20(201)* | °26 Sprecad | Estimated |
from 3 traccs Wt% Or..

1 1 21.113 .005 81.5

2 1 21.124 .013 80.0

3 1 21.116 .003 31.

Iy 1 21.111 .003 82.

5 2G 21.216 .003 72

6 2G 21.146 .008 79.

7 2G 21.089 : .002 8L,

3 2G 21.169 .005 76.

9 2C 21.213 .005 72, -
10 2¢ 21.119 .013 80.5
11 2C 21.120 .005 80.5
12 2C - 21.082 .015 3.,
13 2C 21.116 .010 81.
1L 2LR 21.131 .010 79.5
15 2LR 21.123% .005 80.
16 2LR 21.141 .005 79.
17 2LR 21.132 .008 79.5
13 2LR 21.164 .008 77.
19 3 21.200 .010 73.5
20 3 21.096 .003 82.5
21 3 21.184 .013% 75.
22 L 21.197 .005 73.5
23 L 21,144 .013 78.5
2L L 21.241 .010 70.
25 L 21.139 .003% 79.
26 5 21.125 .005 80.
27 5 21.293 .008 65.5
28 5 21.150 .006 78.
29 5 21.204 .003 73.0
30 5 21.166 .008 76.5
31 5 21.319 .003 63,
32 6 21.152 -.003 78.
3 6 21.231 .007 71.

3L 6 21.179 .008 74.5
35 6 21..070 .005 - 385.

*°29 (EOl) valucs are averages of 3 diffractomctcer traccs
+ Accuracy cstimated at Io Wt% Or.



IV Plagioclase Feldspars

a) Mode of Occurrcnce

Plagioclase occurs as subihedral or cuhedral crystals
in all phaées of the batholith, and has an cxtremely
variable grain size ranging from 4um to less than O.5mm.
Albite or combined albite-carlsbad twinning is
ubiquitous but pericline twinning is scarce. Normal and
oscillatory zoning are common and patchy zoning is
frequently present. Zoning is discussed more fully in
the following section. Hornblende, magnetite and biotite
inclusions are common, with biotite showing a slight
tendency to be restricted to rim regions. In the Hybrid
phase, and less commonly in the Highland Valley phase,
pyroxene also appears as an inclusion and tends to be
restricted to core regions. Intense alteration to a
fine-grained colorless mica is cspecially common in the
Hybrid phase and some alteration occurs in plagioclase

core regions of almost all the samples studies.

b) Plagioclase Compositions and Zoning

Plagioclase compositions have been measured in
thin-section using the wverpendicular to ‘'a' method and
a L-axis universal stage. Universal stage mecasurcments
of EVZ indicate that the structural states of the

plagioclases vary from low to intermediate. Because



TABLE VIT

ol as mpositions ~ sse te r explanation
Plagioclase compositions ge text for explanation

Bulk composition

Sample # | Phase, ___ _Wt% An , Wt % An
Core jMain RimiRim contact with!Cptical X-Ray
IAlkali feldspar
1 1 L7 36 36 P43 L4 .0
2 1 35 28 ‘heavy alteration. 32 C 23,5
3 1 30 26 ' ?12heavy altergion. 30 . 30.5
L 1 38 27 20 55 . 35.5
5 2G 36 27 none observed 31 25,5
6 2G 38 25 2L P 35.5
7 2G %8 27 20 32 .28
8 2G 14+8 20 Zero 30 v 24,0
S 2C 38 20 20 353 i 36
10 2C 36 20 zero 33 ; 33
11 2C | 36 26 26 3] 33
12 2C 22 32 32 32 P 25.0
14 2LR L5 25 myrmekitic 39 %2.0
15 2LR | 41 EYA 2l 33 32.0
16 2LR 39 25 20 3% 33
17 2LR | 31 20 20 28 27.5
18 2LR 32 20 20 28 31.5
19 3 33 20 ZEro 50 29.0
20 3 32 20 Zero 27 25.5
21 3 27 20 ZEro 29 29.0
22 n 36 18 18 21 I 32,0
23 L 38 20 Zero 28 27.5
2l L 38 20 Zero 28 29.5
25 i 383 20 Zero 30 71.5
26 5 L8 20 Zero 25 26.5
27 5 36 20 7Zero 28 27.5
28 5 29 20 Zero 27 26.5
29 5 33 20 Zero 28 23.0
30 , 5 40 20 Zero 27 235.0
31 i 5 2L 7 7 or zero 12 11.0
32 | 6 38 20 zero 28 b28.5
33 I 6 32 20 20 28 I 27.5
34 | 6 34 20 zero 30 | 29.5
35 ' 6 28 16 Zero 2L 23,5
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the plagioclase e¢xhibit considerable compositional
zoning it is rather difficult to estimate bulk compositions.
Because of this difficulty X-ray diffractometer patterns
were oObtained for all the samples, with six oscillations
being made in the range 29° to 230 28 using Cuk 4 radiation.
The separation of the (121) and (131) peaks was measured
and the average value for each sample compared to the
"low' plagioclase curve of Smith (1956). For 75% of the
samples investigated the average composition from the
diffractoimeter method agrees to within 2 Wt% An with
the average value cstimated by optical examination. For
the remaining samples the diffractometer averages are
lower in An content and all these samples contain
plagioclases with‘strongly sericitised core regions.
In such cases the average or bulk composition finally
accepted was that obtained by optical examination.
Table VII lists compositional ranges and optical and
X-ray diffractometer estimates of average plagioclase
comﬁositions.

In genersl, core compositions are in the range
Anzg to Anpg and it is only in the Witches Brook phase
that this range is exceeded -~ An52 to AnZO' Plagioclases
from the Hybrid phase and from the Guichon variety of the

Highland Valley phase have rim compositions averaging
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An 9 whilst all the other samples investigated have rim

2
conpositions of approximately An20'

Many of the samples exhibit poikilific alkali
féldspar in contact with subhedral-c¢uhedral plagioclase.

In such cases the alkali feldspar commonly occupies
embayments into the plagioclase, (Platcs 1and 2) which
suggests that resorption of plagioclasc was taking pleace
during the final stages of crystallisation in these
samples. Furthermore, a very thin rim of albite occurs
within the plagioclase, paralleling the resorbed outline
of the crystal. (Plate 3) Two alternative hypothescs
may be put forward to account for the presence of these
albite rims:

(1) It is possible that, during resorption of the
plagioclase, calcium may have been diffusing out of the
plagioclase rim more rapidly than sodium. Late stage
magmatic liquid in granitic rocks is commonly believed
to be enriched in sodium and potassium relative to calecium,
Therefore the composition gradient between late magmatic
liquid and plagioclase crystals would be greater for
calcium than for sodium, and hence more rapid diffusion
of the calcium rich component out of the plagioclase is
to be expected. The albite rims appcar to have diffuse

inner edges, which may support the diffusion hypothesis.
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Howcver, the thinncss of the rims orcvents o close study
of this fcaturc.

(ii) Bowen and Tuttle 1958 have suggestced that
albite rims on orthoclasc-rich alkali fcldspars may be
the result of diffusion of the albitc component to
crystal margins during porthitic unmixing. This does
not scem to be a very likely cxplanation in the present
samplcs, howcver, bocausce of the relatively finc scale
of the associated perthitic lamellae. In addition, the
albite rims arc optically continuous with the plagioclasc

rather than with the alkali feldspars.

Latc stage resorption of plagioclasc has becn
cxplained by Tuttle and Bowen (1958) with rcfercence to

the system NaAlSiBO8 - KA1Si - CaAlZSiaOS. In Fig. 7

398
the linc ABC represents the limit of fcldspar solid
“solution in this system and thce lince DEF is a single
field boundary corrcsponding to liquid compositions which
care in cquilibrium with two fcldspars at 1 kb water
vapour pressurce (James and Hamilton 1969). Strongly
fractionated liquids which crystalliscd'plagioclasc at an
carly stage may cventually onter the field BEF, at which
time plagioclasc resorption and replaccment by alkali
fecldspar may take place. Sample #31 represcnts a highly

fractionated magmatic ligquid which initially crystalliscd.
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plagioclase feldspar Anpp. This plagioclase rapidly
became. out of equilibrium with the magmatic liquid and

was consequently partially resorbed and replaced by an
alkali feldspar 0364. Thus #3%1 ccnsists of an |
equigranular mosaic of quartz, alkeli feldspar and crystals
with partially resorbed plagioclase cores and alkali
feldspar mantles.

Although plagiéclase compositions show very little
variation throughout the batholith, the nature of the
zonation is signifiéant and divides £he phases into two
major groups. Thus plagioclases from the Hybrid and
Highland Valley phases exhibit only normal zoning with
superimposed patchy zoning, whilst those from tae
Bethlehem and Bethsaida phases have delicately
oscillatory zoned cores and normally zoned rims. The
change from core to rim regions is in all casecs
gradational through progressive normal zoning.
Plagioclases from the Gump Lake phase exhibit a zoning
scheme intermediate between the two previously described,
in that cores may have thrce or four very broad
oscillatory zones followed continuously by a normally
zoned rim., Samples from Northcote's Witches Brook phase
may exhibit either or both of the schemes, suggesting

that somc of these samples are related to the Highland
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Valley phase and others to the Bethlehem phase. Fig. &
illustrates the nature of the zoning schemes. Sample
727 is particularly interesting in that it displays a
homogenous core (An;a) similar to samples from the
Highland Valley phase, which terminates in an absorption
rind and is followed by a more basic oscillatory zoned
inner rim An38 giving way to a normally zoned outer rim
(An57_20), a characteristic of the Bethlehem and later
phascs.

Normal zoning in plagioclase crystals is generally
believed to result fron non-reaction between crystals in
the anorthite-albite solid solution series and magma
during crystallisation in response to falling temperaturec.
Such lack of rcaction would scem likely for plagiocldses
of the Hybrid and Highland Valley phases which are
believed to have crystallised under conditions of
convective magma flow. -Convorsely the mechanisms
leading to the development of delicate oscillatory
zoning in plagiloclases are imperfectly known. Vance
(1957) has discussed the various theories. Basically
the theories can he divided between those that invoke
repeated variations of temperature, pressurc and/or
partial volatile pressure or require repeated rclative

movement of crystal and magma, and those based on the



diffusion supersaturation theory of Harloff (1927) as
expanded by Hills (1936) and Bottinga ot al (1966).

. The latter authors rcelate the degrec of supersaturation
in the magma immediately adjacent to the crystal-liquid
interface to the mechanism of nucleation and the
geometric configuration of that interface. The presence
of a supersaturated layer immediately adjacent to the
interface of oscillatory zoned bytownite crystals set

in the glassy matrix of an oceanic basalt has been proven
by Bottinga et al using an electron microprobe analyser,.
The theory requires that there be no relative movement
between growing plagioclase crystals and tlie boundary
layer in the magma immediately adjacent to the interface.
Most of the oscillatory zoning observed in plagioclases
from the Bethlechem and Bethsaida phases is of the
regular, delicate type. If this type of zoning were due
to variations of temperature or pressurc within the

magma chamber it would requifo that these variations be
extremely rcegular in both timing and degree. TFor this
reason the modified diffusion-~supersaturation theory

is considered by the present author to be the most viable
explanation currently available for the prescnce of
regular dclicate oscillatory zoning in igneous plagioclases.

Some of the Bethlchem phasc plagioclase crystals do,
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however, contain one or two slightly wider zones that
have irregular outlines., It is possible that these
zones may represent variations in volatile pressures

accompanying intrusicn of Witches Brook dyke rhase.

Vance (1957) has discussced the origin of normally
zoned rime succeceding osciliatory zoned cores in
plagioclase crystals. He has sugagested that the
battainment of volatile saturation with conscquent
resurgent boiling may be sufficient to prevent the
operation of the diffusion-supersaturation process and
growth of oscillatory zoned plagioclase, thus causing the
deposition of normally zoned rims. Piwinski (1968) has
carried out melting experiments on granodioritc samples
from the Sierra Nevada batholith and had determined
compositions of Teldspars coexisting with the melt at
various temperatures. (Fig. 9) This study has shown that
in the water saturatcd system, the plagioclase cowmposition
coexisting with the melt changes rapidly with inditial
slight increase in temperature. Further increasesin
teuperature cause the rate of change of plagioclase
composition to decrcase markedly. The onset of rapidly
changing plagioclase equilibrium compositions during
crystallisation would probably tend to terminate the

¢ffectiveness of any slow diffusion process likely to
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cause oscillatory zoning, thus causing the precipitation
~of normally zoncd plagioclasc. Textural cvidence suggests
that the Bethlechem and Bethsaida phascs crystallised

under conditions of higher volatilc pressures than had
previously existed. Piwinegki's oxporiméntal data are
therefore probably applicable to plagioclase
crystallisation in these phases and the hypothesis based
on his study is presented as an alternativc to Vance's

suggestion.,

The unique plagioclase zoning scheme present in twp
of the Witches Brook phase samples, (#27 and #26) is not
easily explained. The partially resorbed, normally
zoned cores of these plagioclascs suggest affinities to
the Highland Valley phase, whilst the outer zoning
schemes arc idenfical to those present in Bethlehen
phase plagioclases. Northcote (1969) has suggested that
the Witches Brook phase may be a dyke phasc associated
with the major Bethlehem phase. If such is the case
then the resorbed plagioclase cores of samples #27 and
726 may be xenocrysts of carlier phascs which were
mantled by typical Bethlehem phase matcrial, prior to
being intruded as dykes of the Witches Brook type. The
lack of such xenocrysts within the major'Bethlehem phase
rocks may be due to the, fact that more complete assimilation

was possible deeper within the main chamber.
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V Biotites

Biotite is present in all of the samples studied
from the batholith. The amount of biotite tends to
decrease with increcasing silica content of the host rock
(Fig 10). 1In rocks with lecss than 65 Wt% 5i0, content
biotite is accompanied by both pyroxene and hornblendc.
Biotite aﬁd hornblende occur in approximatcly equal
amounts in those rocks with 8102 contents betwcen 65
Wt% and 70 Wt%, and biotite is the dominant mafic mineral
in more siliceous rocks, In rocks containing grecater
than 75 Wt% Si0, biotite is the only ferromagnesian
silicate present, In addition, quartz, plagioclase,
alkali feldspar and magnetitc arc present in all the

samples but muscovitc is entircly absent.

Biotite generally occurs as ragged, subhedral to
cuhedral crystals and exhibits a wide range in grain
size., Some of the coarse-grained samples contain large,
euhedral, poikilitic biotites with plagioclase, quartz
and magnetite occurring commonly as inclusions. Only
in the Hybrid phasc does biotite exhibit a tendency to

rim or replace pyroxene and hornblende, in all other

phases biotite and hornblende coexist without replacement.

)
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The tyvpe bf inclusions present in all of the biotites
suggest that biotite started to crystallise during the
simultancous crystallisation of plagioclase and quartz,
but prior to the scparation of alkali'feldspar.

Chloritic alteration of biotites 1s insignificant in the
majority of the samples but up to about 50% chloritisation

occurs in a few samples.

b) Method of Study

Biotite micas exhibit a large range of possible
P

chemical substitutions within the crystal structure.

Z
Thus A17" may replace S:’LLF+ in the tetrahedral layer, Ca,

[

Na, Ba, Rb ctc may substitute as intcrlayer cations in
place of K., and 0 anions may be replaccd by Cl~ or

F~. The most petrogenetically important substitutions
however occur in the octahedral layer where Mg2+ may be

2+’ Fe3+ 2+

+ . 5+ : .
replaced by Fe , Al3 ) Ti”" and Mn . Differences

in physical properties of the biotites arc caused by the
wide range of possible chemical substitution. It is not
surprising therefore that attempts to correlate changes
in physical propcertics with the variation in concentration

of a single clcment or simple element ratio have been

largely unsuccessful., (c.f. Rimsaite 1967).

The present author has attempted to make estimates
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of the percentage of totél octahedral iron group metals
prescnt in blotites from the Guichon Batholith using
Gower's (1957) X-ray diffractometcer method. The results
have shown that variation in the degrec of preferred
orientation of the sample may introduce as much as 10%
variation in the cstimated percentage of total octancdral
iron group metals, (Table VIII) when intcnsity ratios
1004/1005 are related to Rimsaite's TFig 11 (1957 p.37).
The study was thus discontinued in favour of morc

direct chemical analysis.

Sample # Samnple Preparation 8%% % Fc oct.
A1 Coarse grind - slurry mount 684 28
A.2 Fine grind ~ slurry mount . 570 22
B.1 Fine grind -~ slurry mount .661 27
B.2 Fine grind - siurry mount .937 L0
B.3 Fine grind - centrifuged . 348 36
B.4 Fine grind - centrifuged .822 35
C.1 Pine grind - slurry mount .827 35
c.2 Fine grind ~ slurry mount L4l 31

004

Table VIII Obscrved intensity ratio I for 3% biotite

005
samples as a function of sample preparation

Any form of standard chemical analysis technique of
mineral concentrates suffers from the fact that it is
sometimes impossible to obtain a completely pure sample.

In analysis of biotite concentrates, admnixturcs of iron

\J1
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oxide, chlorite, amphibole and inclusions of zircon,
sphenc, rutile, apatitc and quartz may introduce large

and unknown crrors, Fof this reason, the elcctron-
microprobe has been uscd for partial analyscs of the
biotites from the Guichon batholith. The usc of this
instrument has the added advantage that only small amounts
of the sample arc required. Biotitc mincral concentrates
for approximatecly half of the samples studied had alrea@y
been produced by K.E. Northcote for use in K/Ar age
determinations. The present author is grateful to

Dr. Northcotc and to Dr. W,H. White for pcrmission to usc

0
(@]

these concentrates in the present study. Biotites from
the remaining samples were concentrated by sieving of
crushed rock followed by hand picking of the +40 wnesh
fraction., Dectails of the experimental techniques
employed in the clectron microprobe analyses and a
discussion of the errors involved in the method are

presented in Appendiz 3.

c) Discussion of Results

The results of the partial analyses of 1h biotite
samples from the Guichon beatholith are given in Table IX.
Results are given in terms of Wt% Mg and Fe since it is
not possible to distinguish various valcnce states with

he clcctron microprobe. For this rceason the results for
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Wt.% SiO, in host rock.

Fig.il; Biotite compositions as a function of the

silica content of'the host rock .
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Semple 7 _ Wt Mg ¢ Mg Wt% Fe G Fe
! microprobe W% microprobe Wt%
+ +
f Ll I
31 x 6.0 .30 19.5 .25
14 ; 7.3 %5 15.5 .10
19 | 8.1 .25 15.1 .20
20 | 3.6 25 15.% .25
6 , 3.6 50 14.3 .70
2 : 9.1 .25 16.0 L0
23 g 9.2 . 50 13.0 .30
L ! 9.3 20 13.3 .10
29 | 9.4 30 12.6 .20
15 ; 9.4 .35 13.3 .05
; 9 i 9.4 50 12.9 .10
: 3 i 9.5 20 12.4 .20 |
34 (Dup) 9.7 55 12.2 .25
| 11 10.0 30 13.0 .10
! 35 10.0 355 13.3 .10
Table IX Results of partial clectron-microprobe

analysis of biotites from the Guichon
Creck batholith. o (onc standard

deviation) is a function of sample

inhomogeneity, surface roughness and the

statistical variation of X-ray gcneration,

(see Appendix 3)
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iron must be regarded as total iron (F02+ + Fe3+).
Relative cerrors in analyses; taking_into account
cxperimental errors, the statistical variation in X-ray
gencration, and samplec inhomogeneity; arc estimated as
+

- 0.35 Wt% Mg and : 0.25 Wt% Fe. No regular compositional

zoning was Obscrved in any of the samples studied.

There is a regular variation in the iron and
megnesium contents of the biotites with incrcasing
acidity of the host rock. Thus for the hornblende-
bearing samples there is a decrcase in the FAFc + Mg)
ratio of the biotites with incrcasing content of STLO2
in the host rock (Fig 11). This trend is reversed in
those samples that contain biotite as the only ferro-
mognesian silicate mineral, i.e. those rocks containing
grcater than 73 VWt% SiOp. The observed biotite
compositional trends arc rewarkably similar to those that
cxist within the Ben Nevis, Scotland, ingecous complcx; as
reported by Haslam (1968). TFurthermore, in the Ben Nevis
complex, the hornblendes and clinopyroxenes eoxhibit
compositional variations that are cxactly analogous to
those of the coexisting biotites. Haslam has cuphasised
that this observed trend of decreasing Fo/(Fe+ Mg ratios
in ferromagnesiaﬁ silicates with incrcasing diffcrentiation

of the host rock is the reverse of what might be suggested
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by the rcsults of cxperimental studics of synthetic
systems. The factors which may contribute to this
reversal includce the partial pressurcs of oxygen and

watcr and the total pressures opcrative, and the phase

asscmblages present.

Viones and Bugster (1965) have studied the
conpositional variation of synthetic blotites crystallised
at variablce oxygen fugacities. Fig 12 is a reproduction
~of Wones and Eugster's Fig 13 (1965, p.l254) and shows
the stability of biotites as a function of fO, and
temperature at a total pressurce of 2070 bars. This
diagram represcnts unusual bulk compositions becausc
biotites arc much more commonly associated with
amphibolcs and pyroxenes than with olivines. Woncs and
Fugster cmphasise the fact that cextrapolations from
F'ig. 12 to assemblages containing biotite and amphibolo

pyroxenc are unrcliable., The two trend linces labelled
I and II on Fig 12 reproscnt the Changing conditions
cxpected during hypothetical crystallisation of two
magmas. Trend I represents a magma which, during
crystallisation and cooling, becomes saturatced in HZO’
rcacts with that component, and loscs hydrogen to the
environment, Under such conditions biotite compositions

will remain essentially constant. Trend II represents
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a magma that is 'buffercd' by the mincral assemblage
that it contains. Thus with falling tempcerature, fO2
also decrcases and biotitc compositions will becomce

consccutively more iron rich.

Evidence will be presented in Chapter VI which
suggests that crystallisation of the Guichon batholith
occurred under conditions of progressively increasing
volatile pressures. In such a casc the possibility
exists that oxygen fugacitics may also have been
incrcasing duc to rcaction betwecen water and magma and
the loss of hydrogen to the environment. This would
explain thc obscrved slight progressive decrcases in

T

Fe/Fc + Mg ratios in biotites with progressive
consolidation of the magma. The rceversal of the trend
that occurs at 73 Vt% S10, of the host rock in Fig 11
also corresponds to a change in the mincral asscmblage
present, where biotite becomes the only ferromagnesian
silicate prescnt. It is possible that thce new mincral
asscmblage may have a 'buffering' cffect on the
prevailing oxygen fugacities - an ¢ffeoct that was not
present with the proviously cxisting mincral asscmblage.
If this is corrcct then the oxygen fugacity would

decrecase with deocrcasing tempcecrature and the obscrved

rapid increasc in the Fe/Fc¢ + Mg ratio in biotitcs would
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be produced, It is therefore suggested that the mincral
asscmblage and the partial vressures of volatiles that
oxisted during crystallisation of that asscmblage may
both have had an effcect on the composition of the

biotites crystallising from the magna.

The discussion of biotite crystallisation in the
Guichon batholith has, of nccessity, becn purely
qualitative, Wones and REugsteor (1965) have published
data that allow quantitative cstimatces to be made of the
indecpendent intensive parawmeters, temperaturc, fugacity
of HZO, and fugacity of oxygen, which wecre operative
during crystallisation of thc asscmblage biotite +
sanidinc + magnetite. The comﬁon assciblages proesent in
the Guichon batholith samples, however, include hornblende,
plagioclase, quartz : clinopyroxene, pyrite or other
sulphides, sphenc apatitc and zircon, in addition to
biotite, alkali feldspar and magnctite., Furthermorc in
any calcalation of the intensive variables opcrative
during crystallisation, the activity of the
KFGBAlSiBOlO(OH) component is a critical factor. The
data presently available for the Guichon batholith
biotites does not allow an cstimate of this parameter
because of the lack of any quantitative data on the

2+

F03+/FC ratio in the biotites. The evaluation of this



ratio by standard wect chemical analysis suffers from
inacuracics that arce due to the prcsence of magnetite

and/or chlorite as inclusions in the biotite.

Ol
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VI DModal Analyscs_and Calculated Chcmical Compositions

Modal analyscs for approximatcly half of the samples
investigated have been reported by Northcote (1969).
For the remainder of the samplcs modal analyscs were
carried out on standard thin scctions using a travorsiné
point count microscope stage. TFor coarse-grained samples
500 points were counted in cach thin scction with a
point spacing of 1lmm, fine-grained samplcs werc analysed
with a point spacing of #mm and 1000 points were éounted.

Modal analyscs are prescnted in Appcendix 2,

Fig 13a shows the mincralogical variation within the
pluton expressed in terms of modal Quartz, orthoclasc,
albite and anorthite recalculated to 100 Wt%. Within
the 'granodioritec! tetrahcdron of Fig 13a the samplces,
with the cxception of thosc from the Gump Lake phasc,
all lic on thic planc ABCD which intcrsects the @, Or, Ab
basc of the tetreahedron in linc CD. The linc AB
describes the trond of the gradually differentiating
magma towards increcasing quartz and orthoclase contents,

decrcasing plagioclasc compononts and concomitant incrcasec

in the Ab/An ratio.

Fig 13b is a hypothetical phase diagram of the
granodioritc system based partly on cxperimental

investigations of the ternary systems that constitue the
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Taces of the tetrahedron. Phasc rclations in the system
Ab-Or-Q have boen studied at water vapour pressures from
0.5 to 10Lb by Tuttic and Bowen (1958) and Luth, Jahns and
Tuttle 196L4). Yoder (L967) investigatcd ternary compositions
in the system Ab-An-Q at 5 kb water vapour pressurc.

The binary system An-@ has boon studiced at atmosphoeric
pressurce by Schairer and Bowen (1947) and at 1kb PﬁZO by
Stewart (1967). Preliminary data on the system An~Ab-Or
nave boeen published by Franco and Schairer (1951), Yoder,
Stewart and Smith (1957) and Jamcs and Hamilton (1969).
Similarly cxpcrimental results in the system An-AbnOr—QmHao
have boen published by Von. Platen (1965) and by Jamcs

and Hamilton (1969). The curved surface abcd within the
tetrahedron of Fig 13b separatcs regions of compositions
first crystallising feldspar, from thosc first crystallising
quartz. Compositions lying on this plane will be in
cquilibrium with both of the mincrals whose rcogions it
scparates. The plane defg similarly scparates the two
feldspar rcgions; above this planc plagioclasce is the
primary phasc, and below it alkali feldspar is the primary
phasc. The two surfaccs interscct to form a linc along
which liquids are in equilibrium with plagioclasc +

alkali fecldspar + silica + vapour.

The scquence of rock compositions from the Hybrid
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phasc; through the Highland Vallcy phasc to the LcRoy
granodioritc occupy successively morce differcntiated
positions‘along the trend A-B in Tig 13, Textural
cvidence from these rocks indicatces that plagioclasc

was the first felsic mineral to crystallisc and that it
was followed at a much later stage by quartz, and finally
by alkali feldspar which is conspicuously interstitial

or poikilitic. This is cxactly thce scquence of felsic

crystallisation that would be predicted by Fig 13.

Rock compositions from the Gump Lake phase do not lic
on the genceral trend surface ABCD in Fig 13 but are
displaced towards the quartz corncr of the tetrahedron.
Northcote (1969) has suggested that the Gump Lake phase
may not be rclated genetically to the rest of the
Guichon batholith and that it may be an offshoot of the
central Nicola batholith which lics to the east. The
rclations shown in Iig 13 tond to support Northcote's
suggestion. Plagloclase and quartz crystals in the Guup
Lake phasc tend to be cguidimensional suggesting that
they perhaps crystallisced almost simultaneously, whilst
alkali fecldspar is cither institial or poikilitic. The
Gump Lake samples plot on Tig 13b aporoximatcly on the
plagioclase - quartz surfacc somec way above the |

plagioclase - quartz - orthoclase cquilibrium line,



which supports the proposcd crystallisation scquence,

The samplcs from the Bethlehem and Bethsaida phascs
plot on Fig 13 in a position that lies within the general
trend and is not radically different from that of the
Highland Vallcy phasc, but which indicatcs a slight
enrichment in albite. LeRoy granodioritc samples plot
on IMig 13 in a position which indicates that they arc
more diffcrentiatcd than the bulk of the Bethlehem and
Bethsaida phasc samples., . This tonds to confirm MNorthcote's
(1969) suggestion that the LeRoy granodiorite dyke phase
formed in responsc to local differentiation in cupolas,
whilst the bulk of the Bethlchem and Bethsaida phases

later crystalliscd within thce main magma chamber.

Thc Witches Brook phasc -~ which has becen tentatively
corrclated with the Bethlchem phasc by Northcote (1969)
- exhibits the widest range of composition on Fig 13.
A distinction has alrcady becn made (Chap. IV) between
those samples containing only normally zoncd plagioclasec
and thosc containing oscillatory zoned plagioclasc, and
this distinction is confirmed by Fig 13. The two samplcos
containing oscillatory zoncd plagioclases - a distinctive
feature of the Bethlehem phase - have compositions that
arc ecsscntially the same as those of the Bethlchem phase,

The thrce samples with only normally zoncd plagioclases
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have compositions correcsponding to thosc of the most
highly differcntiated LeRoy granodiorite. 1t is
suggested thercfore that the Witches Brook dyke-like
phase of Northcote (1969) in fact represents two
separate phascs. The first of thesc is associated with
the morce differentiatced latc components of the carly
phascs of the batholith, and the sccond is associatoed
with the later, less diffofentiatcd Bethlchem phase.
Both of thesc groups exhibit early cuhcdral plagioclasc;
latcer anhedral quartz and finel anhedral, intcrstitial

alkali fcldspar.

The Spatsum quartz monzonitc sample #31, which
Northcotc has tentatively cquated with the Witches Brook
phase, is the most highly differentiated samplce studiced.
The rock contains roughly equidimensional subhedral |
quartz, plagioclase and allkali fcldspar in the proportions
41:3C:26 vol %, suggesting that crystallisation of these
three minerals was alwmost simultancous. The position
of this sample on Fig 13 indicates that it lies very

closc to the hypothetical univariant curve.

During crystallisation of the Bethlehcem phasc a
change in the order of formation of the felsic mincrals
occurrcd. Early (outcr) Bethlchem phasc samples contain

large cuhedral plagioclasc crystals, somc of which cxhibit
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a prefered oricntation, set in a finer grained mosaic

of plagioclase, quartz and alkali fcldspar. This
indicates carly plagioclase crystallisation. The later
(inner) Bethlchem phasc and the Bethsaida phasc contain
large, subhcedral, fracturcd quartz crystals which appear
to be slightly rcsorbed phenocrysts., This is confirmed
by the textural cvidence cexhibited by a dykc of Bethsaida
granodiorite that cuts Guichon phasc rocks cast of the
Bethlchem Copper property (White ot al 1956). This dyke
contains large cuhedral to subhedral quartz phenocryvsts
sct in a finer grainced matrix of quartz and feldspar
(sce Photo 5). Thus it would appcar that the later
portions of the Bethlchem phase and the Bethsaida phasc
began crystallisation from within the quartz ficld of the
'‘granodiorite tetrahcdron'. The cssential similarity of
the compositions of the Highland Vallcy phase and the
Bethlchem/Bethsaida phases has alrcady been noted, Thus
" progressive silica curichment duc to differcentiation
cannot be called upon to cxplain the prescnce of quartz
phcnocrysts in the later phases. Tuttle and Bowen
(1958) and others havc shown cxwerimentally that
progroessive incrcascs in PHZO will causc progrcssive
incrcascs in the size of the quartz ficld in the system

Ab—Oerz—HZO, It is suggested thercfore that the
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Bethlchem and Bethsaida samples containing carly quartz
phenocrysts may have crystalliscd under conditions of
considerably higher volatile pressures than had previously
existed. Expofimental work in synthctic systems donc by
other inﬁcstigators would scem to indicatce that the
presence of quartz on the liquidus in the 'granodioritce!
system may roequirce total pressurcs in the order of 4 or

5 kb (It must be cmphasiscd however that this rcprosents
at best an 'inspired' cstimatc). Northcote (1969) has
suggestcd that the Bethsaida phasce crystalliscd in an
cpizonal cnvironment, thus implying, at most, 6 to 8 knm

of covcr which would produce a fload'? pressurc in the
ordcr of 1.5 to 2 kb. If thc above cstimates arc corrcect,
it follows that tho volatilc pressurcs cxisting during
crystallisation of the Bethsaida phasce must have been in
the order of 2 to 3.5 kb, Furtincrmore thore is considerable
cvidence that conditions of high volatilc pressurcs
cxisted during the formation of many of the small, late
igneous bodies that arc bcelicved rclated to the Bethlchem
or/and Becthsaida phases., Whitc et al (1956), for instance,
cxplain the prescnce of numcrous breccia pipes on the
Bethlchem Copper property on the basis of subvolcanic

explosions duc to incrcasing volatile pressurces.

Chemical cstimates for the samplcs have bcecen calculated
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using the computcr program of Dictrich and Shechan (1964)
modificd for usc on the University of British Columbia,
I.B.M. %360 computer, The pregran assigns avcragce choemical
paramctoers to the mincrals present in the mode and converts
these to chemical estimates for the rock sample. Input

is in the form of mineral volumc pcrcentages and output

is prescentcd as mincral weight percentages and component

oxide wcight percentages. Orthoclase, albite and anorthite

v

arc treated as separatc mincral constituents, and therefore

C

the data of Tables VI and VII was utilised for program
input. Biotite, hornblende and augite analyscs uscd werce
those from ‘averagce® granodioritic rocks as rcportcd in
rccent literaturc, and all opagquc minoralé were treated

as magnetitce. Chomical cstimates erc prescnted in
Apvendix 2 and silica variation diagrams for the component

oxides arce prescnted as Fig 14.

The diagrams cmphasisc the restricted range of
compositional variation within the batholith, and also
the ovorlépping naturc of the compositional ranges of the
various phascs. The rather wide vertical scattcring of

data points on the variation diagrams is to be expected

and is partly duc to the errors inhcrent in modal analyses.

Fig 14 shows that the scquence Hybrid-Guichon-

Chataway-LeRoy phascs displays a progressive displacement
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towards morc silica rich compositions, which is probably
largely the result of continuing differcntiation. The
later phascs Bethlchem, ¥Witches Brook ond Bothsaida
bclong to the intermediatce members of the scrics and
very little discrimination can be made between them on
the basis of the chemical cstimates. The most acidic
sample analyscd comes from a small isolated body at the
westorn margin of the batholith which Northcotc hes
callcd the Spatsum Quartz Monzonite, and which he

eaquates with the Witchces Brook phasc.

It has becen suggested by Northcote that the Guichon
phasc approximatcs the composition of the original magma
end that thp morc basic members of the pluton may boe the
rosult of assimilation of country rock during intrusion.
The prescnce of a xcnolith-rich zonc extending for
scveral hundrcecd feet inwards from the outer margins of
the Hybrid phasc certainly tends to support this suggestion.
An attcempt has becn made to construct an ‘faddition'
diagram (c.f. Bowen 1928, p.76) to tecst thc assimilation
hypothesis., The average composition of the rocks
intruded by the batholith is a particularly difficult
paramctcr to cstimate. he Permian Cache Creck Group
adjacent to the prescnt batholith contact is composed

predominantly of andesitic grecoenstoncs with subordinate
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argillitc and chcert. The Upper Triassic Nicola group is
predominantly andesitic or basaltic volcanic rocks with
minor limcstonc, argillitc, quartzitce, greywacke and
arkose. (Cockficld, 1947, Duffcl and McTaggart, 1951).
Schau (1969) has prescnted chemical analysces of volcanic
rocks from thc Nicola group. An average composition for
the Nicola volcanic group taken from Schau's data, has
bcen plotted on Fig 15 along with the cstablished tronds
of chemical variation for the Guichon batholith samplcs.
1t is obvious that the 'avecrage!' Nicola volcanic,
supposcdly contaminatced Guichon samples and the proposcd
Guichon magma compositions do not lie on straight linc
tronds. The abscnce of such trends would tcnd to indicate
that assimilation has not becn a major factor in
producing chemical variation through the batholith. It
must be emphasiscd however that the variable amounts of
sedimentary rock present in both the Nicola and Cache
Creck groups may possibly have a significant cffect on
the composition of the assuncd contaminating matcrial.
Bowen (1928) has cmphasised that in order to melt basic
matcrial added to a more acidic magma consiaorablo
amounts of supcrhcot would be nccessary to prevent rapid
crystallisation of the magma. The prescnce of

preferentially oriented plagioclase crystals in
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most of the Hybrid rocks suggests that the magma had
recached liquidus conditions prior to intrustion and

hence did not have any appreciablce amount of supcrhcat.
Thus mclting of any assimilated matcerial is unlikely to
have occurred., Bowen (1923) has suggcestcd, however,

that conversion of morc basic matcrial into constitucnts
that arc in cquilibrium with thc acid magma may take
place without melting. Northcote (1969) has rcported
¥cnoliths within the Hybrid phasc which display a marked
variation in dcgrec of assimilation. Some xcnoliths

have sharp angular outlincs whilst othecrs are rcduced to
indistinct clusters of wmafic mincrals. This suggests
that thec morc acidic componcnts of the xcecnoliths may

have been more casily converted into constitucnts in
cquilibrium with the magma than the worc basic componcnts.
If such is the casc it would cxplain the lack of agrocment
between the cvideace from the ficld and that from the

faddition! diagram of Iig 15.

An alternative hypothesis for the origin of the nore
basic rocks is that thcy arc the dircct result of magmatic
differentiation., The foliated naturc of the carly phases
of the batholith suggests that magmatic flow has occurred,
possibly as a result of natural convection within the

magma chamber. If convective flow did take place during
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intrusion thcre cxists the possibility that carly

formcd crystals - prodominantl& oligoclasc and pyroxcne -
may become attached to the roof or walls of the nmagnma
chamber, thus successively enriching the magma in morec
acidic components. In all probability magmatic
differcntiation and subordinatc assimilative action have
combined to producc the range of compositions exhibited

by the carlicr phases of thce batholith,

The return to the chemically intermediate members of
the scrics exhibited by the Bethlechem and Bethsaida phascs,
when combined with the evidence of plagioclase zonation
schemes - as discussed on page 34 - suggests that a
rcnewed intrusion of the magme occurrcd prior to
consolidation of the Bethlchem phasc. Textural
information suggests that the bulk of this magma
crystalliscd under fairly quicscent conditions. It scems
likely, therefore, that the range of choemical comrositions
cxhibited by these phascs is largely the result of local
heterogenies causced by incomplete mixing of magma. The
compositional rangces may also be partly due to crrors in
the modal analyses from which chemical cstimates were

calculatced.
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VII Geological Evolution of the Batholith

The history of cmplacement of the Guichon Creck
batholith has prcviously been discussed by Northcote
(1969) and the following interprctation is largely an
oxtonsion of Northcotc's idcas. The only significant
diffcrcnce between the two schemes is that the present
work suggests that convective magma flow has becen largcly
responsible for the textural and compositional difference
between successive phasces. The possibilitics of magma
convection have been discusscd by Grout (1918), Knopoff
(1964), Shaw (1965) and Bartlett (1969), and thesc
authors have concluded that convection may constitute a
significant physical factor during thc crystallisation
of granitic magmas. Shaw (1965) also suggests that
pockets of strongly diffcrentiated liquid wmay develop
closc to the top of a magma chamber due to the action of

local high lcvel convective vorticces.

Very little is known concerning the ultimate origin
of the magma that crystallisced to form the Guichon Crecek
batholith. hristmas ¢t al (1969) have investigated the
strontium isotopic composition of rocks from the batholith
and from thc Craigmont minc. They report an initial
Sr87/Sr86 ratio for the Craigmont isochron of 0.7037

which falls within tho rangc of valucs from rccent



basalts (0.703%3-0.706). Thcy conclude therefore

,,. that the orc mincrals and K-fcldspar ganguc did
not originatc by fusion of ancient sialic bascment or
Cache Creck or Nicola rocks, but must have developed in

86

an environment with low Sr87/Sr ratios similar to
recent basalt. Such a source could be cither rcabsorbed
occanic crust (Wilson 1968), thc upper mantle or a basic
leyer in the lower part of the crust....". They further
imply that the magma which formed the Guichon batholith
devcloped in a similar cavironment. Initial risc of carly
magna was possibly duc to gravitetional instability of
the less densc megma in relation to the rocks prescent at
the place of formation. Intrusion of the carly granitic
magma was probably controlled by the dominantly NW-SE
strikc of the country rocks and may have been in part
accomplished by magmatic stopping, as cvidenced by the

xcnoliths prescent in the outer phases of the batholith.

Although the tomperaturce of the carly magma at the
time of cmplaccment nced not have becen very high, the
temperature difference between magme and country rock
would probably havce been considorablo; In such cascs
conduction of heat into the wallrocks at the margin of
the intrusion may well have lcd to a tomperature

differential within the chamber vhich could not be
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satisficed by conduction of thermal cncrgy through the
magma., This in turn would precipitatc magma convection,
A combination of intrusive flow and magmatic convection
would account for the foliation of plagioclasc crystals
obscrved in the outer phascs of the batholith., Relative
movement of magma and crystallising plagioclase, as might
bc expected to occur during magmatic convection, would
also explain the normal zoning exhibited by plagioclasecs
from Hybrid and Highland Valley phascs. Possible
concentration of carly formcd minceral phascs - primarily
plagioclasc and pyroxcne - at the periphery of the magna
chamber, combinced with local assimilation of country rock
and a progressive inwards solidification, probably led to
a gradual carichment of the remaining magma in acidic
componcnts., In this manncr the obscrved gradual change
in rock composition during crystallisation of thce Hybrid

and Highlend Valley phascs may have been accomplished.,

The obscrved foliation of both plagioclasc and mafic
mincrals in a large part of the Guichon Varicty, in addition
to its intrusive naturc into the Hybrid phase, suggestcd
-to Northcotc that a magmatic pulse must have occurrcd
during crystallisation of the Highland Vallcy phasec.

This intrusive movement must have occurred when


http://plagiocla.se
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crystallisﬁtion of the Guichon varicty was fairly wcll
advanced, and movecment would have taken the form of
flowago of a largely crystallince mush. The conditions

of crystallisation of the Chataway varicty must have

bcen very similar to thosc coxisting during crystallisation
of the Hybrid phasc. The only obscrvable diffcrences
bctween thesc two units are that thoe Chataway varicty
crystalliscd from a more acildic magma and that assimilation
was largely inopcerative. The continuing trend of
differcentiation is cxhibited by the LeRoy granodiorite
phasc. The dykce likce naturc of this phasc has been
ascribed by Northcote to local incrcases in volatile
pressurcs possibly within cupolas at the roof of the
magma chamber, which cxcceded confining pressurc and
strength of overlying rock, causing fracturing in cooler

crystalline phascs.

The Gump Lake phase does not appcar to be dircctly
related to the other phascs of the Guichon batholith.
As explained in Chapter VI, it is suggestced that the
Gump Lake phase may be an offshoot of the Nicola
- Batholith which outcrops to the east. Becausce of the
rclatively small size of the Gump Lake phasc, and its
intrusion into rocks alrcady ncatcd by prcvious phascs,

it is probable that conductive hcecat transfer through the
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nagma was able to koeep pace with relatively slow heat
loss to the surrounding rocks and hencc magma convection
ncver developed. Such conditions would ¢xplain the lack
of foliation and the coarsc-grained, cquigranular naturc
of this phasc. Textural cvidence suggcsts that
plagioclase and quartz crystalliscd cssentially

simultancously from the Gump Lakce magma.

The recturn to morc intcrmediate bulk compositions
and thce complete change in the naturc of plagioclasc
zoning schemes c¢xhibited by the Bethlchem and Bethsaida
phases indicatce a rencwed influx of magma into the arca.
The composition of this magma was morc basic than that
which crystallised the LeRoy gronodiorite and yet more
acidic than the bulk composition of the carlicr magma.

The cmplacement of the later magme was probably governcd
largely by zoncs of weakness originally created by the
carlicr magma, and the processcs involved arc believed

to have includcd at lcast minor remelting of Highland
Vallcy phasc rocks. Remclting is suggested by plagioclase
zoning schemes (discusscd carlicr, p. 41) in Witches Brook
phasc rocks, which Northcote belicves to be an associated
dyke phasc of the Bethlchem phasc. In view of the closc

compositional similarity between Highland Valley and
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Bethlehem phasce roclks the problems of assimilation scem

not to be insurmountable.

The intrusion of the later magma into batholithic
rocks that wcre provably alrcady ét clevated temperaturces
may havce precludced the formation of any significant
temp crature gradicent, and hence magmatic convection, in
all probability, did not occur. If the prescncc of
dclicate oscillatory zoning in plagioclasc fceldspars is
duc to thc process expoundod.by the diffusion-suncrsaturation
thecory of Harloff (1927) and latcr workers, then the
crystallisation of the Bethlchcm and later phasces must
have taken placce under very quicscent conditions. An
apparcnt contradiction to this, however, is the prescnce
of an imperfcct plagioclase prcferrcd oricentation in the
‘outcer parts of thce Bethlchem phasce. Local convection
and/or intrusivc flow may have occurrcd at the pcriphery
of the magma chember during carly crystallisation causing
oricntation of plagioclasc crystals. If such flow
occurrcd during carly stages of plagioclasce crystallisation
it is just conccivablce that the viscosity of the magma
prevented relative crystal-liguid boundary laycr movement
and oscillatory zoning continued uninterruptcd. During
consolidation of the Bethlchem phasce the volatile

pressures within the magma chamber must have risen



considerably thus permitting the initial crystallisation

of quartz rather than plagioclasc.

On the basis of textural and ficld cvidence,
Northcotc (1969) has suggested that the carly phases of
the batholith.wcre emplaced under mesozonal conditions,
and. that progressive crosion of the cover rocks
cstablished cpizonal conditions beforce cmplacement of
the later phascs. The possibility cxists that a relatively
long time intcrval scrnaratcd the cmplaccment of carly and
latc phascs of the batholith. The naturc of the coantacts
between Bethlchem and Highland Valley phascs -~ which vary
from sharply intrusive to gradational - suggests to the
present author, however, that the two phases were
separatcd by a rclatively short timc intcrval. Northcote
also has suggested that the cmplacement and crystallisation
of the early phases may have occupied only four million
years. The prescnt author has argucd that the intrusion
of the later magma into rocks that werce probably alrcady
at elecvatcd temperaturcs prevented convective flow and
hence the later phases crystalliscd under csscntially
quicscent conditions in thc presence of high volatile
prcssurces.,  Thus the change in textural fecaturcs from
carly to latc phascs may possibly be cxplaincd by

variation in physical paramctcrs other than those
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controlled by depth of intrusion. The mineralogical
'variations prescnted in the prescnt thesis contain no
cvidence to support any great changes in depth occurring
during crystalliéation of thc main phascs of the batholith,
The presence of local breccia pipes, within the Guichon
batholith, ccrtainly suggests that the very late stage

igncous activity took place under epizonal type conditioans,

Is it possiblc that the cntirc batholith crystallised
under cpizonal conditions? Horthcotc has listed criteria
pfoscnt within the older phascs of the batholith which -
according to Buddington (1959) - would suggcst mcsozonal
crystallisation (scc Tablc X). The prescnce of all these
features within an cpizonal cnvironment could be
adaquatcly cxpleined if convection was active within the
magma chamber, thus causing a continuing, rclatively
rapid transfer of hcat to the chamber margins. This
could account for the presonce of complex emplacement
rclationships to country rock, contact metamorphism of
epidote-amphibolitc grade and partial assimilation of
country rock. The prescnce of prcecfercntially oricnted
plagioclasc crystals within the older phascs of the
batholith may bc evidence that convection was occurring
during their crystallisation. If such is the case then

the apparent change from mesozonal to cpizonal conditions
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TABL

a)

b)

d)

e)
£)

g)

h)

i)

k)

0
Q

© X Criteria, suggested by Buddington (1959) as

indicative of mesozonal intrusion, wnich are
present in the Guichon Creek batholith
(From Northcote, 1968) '

Degree of metawmorphism of country rocks not more
intense than green-schist and epidote-amphibolite
facies (LO0O-5000),

Complex emplacement relationshins to country rock;

in part discordant, in part concordant. Local
replacement.

Planar foliation is often well developed, especially

in outer portions of the pluton, but is commonly

local, elusive or missing in the core.

Tounger units may cross cut foliation of older

units, or the structure may locally be independent

of boundary units within a composite pluton.
Assimilation mey be significant in border or rocf zones.

Emplacement by reconstituticn and replacement is
commonly absent or subordinate.

Chill border facies, in the sense of aphanitic
texture, are absent. (Present in the youngest phases
of the Guichon batholith).

Migmatites are absent or subordinate.

Pegmatites and aplites common especially in the border
zones. They may have a radial fabric.

Miarolitic structure is absent.

Contact metamorphic aureoles may be well developed.
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suggested by Northcote may not be rcal and the erosion
of scveral thousands of fecet of Lower Jurassic
scdiments during the cmplaccment of the batholith may
not bc nccessary. The present author would suggest
thercefore that during crystallisation of the batholith
the lecvel of cmplacement of the batholith, i.c. the
depth of cover, may have changed by as little as two

kilomctres.

It has alrcady bcon statced that crystallisation of
the bulk of the Bethlchem and Bethsaida phases is
belicved to have occurrcd under csscntially quiescent
conditions., The slow cooling of thc magma under such
conditions naturally led to the crystallisation of the
coarsc graincd, cven texturcd Bethsaida phase. Textural
cvidonce suggests that the Bethsaida phasc crystalliscd
under conditions of high.volatilc pressurcs. The

continuing cnrichment of the magme in volatiles and

6]

conscquent increascs in volatilc pressurcs probably
cventually rcsulted in local fraecturing of the walls of
the magma chamber. Local fracturing was accompanicd by
cmplacement of porphyry dyke swarms, pipe breccias'and
possibly the Gnawed Mountain Porphyrics. Local
cunplacement of Bethsaida phasc dykes into older phascs
also occurred at this time.  Coppcr-rich mincral deposits
such as Bethlchem, Trojan, Krain, 0.K., and Lornex

accompanied this final igncous activity.
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VIII Summary and Conclusions

The present study has been concerncd with the
changing mincralogicoal composition of the rocks produced
during crystallisation of the Guichon Crcck batholith.
The study has shohn that, in gcnceral, thore was a slow
progressive change in the relative proportions of
various mincral phascs present in the rocks as
crystallisation of the batholith procccded. The chomical
compositions of the individual mincral phascs, howcver,
show very little change with decrcasing relative age of

the host rock. (Fig 16).

Alkali feldspars throughout thce batholith arc
micropcrthitic and the potassium rich phascs of thesce
have structural states cquivalent to that of orthoclasc.
The two unmixed phascs of the alkali foldspar‘arc almost
purc orthoclasc and purc albite respcectively. The bulk
compositions of artificially homogeniscd alkali fcldspars
from the batholith range from 71 to 86 Wt% Or. There
is a scemingly random variation of bulk compositions and
structural statcs of the alkali feldspars from the

various phascs of thc batholith.

Plagioclasc fecldspars from the batholith arc of low
or intermediate structural statcs. Plagioclase from the

Hybrid and Highland Vallcy phases show normal zoning with
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cores Anq8_52 and rinms An28_20. The Gump Lakce phasc
carrics oscillatory zoncd plagioclases with corcs An32
and rims AnZO' Plagioclascs from the Bethlchem and
Boethsaida phascs cxhibit oscillatory zoning with corcs
An38—28 and rims AnZO' The Witches Brook phasc may
contain plagioclascs similar to thosc of eithoer the
Highland Vallcy or the Bethlchem phasc. In many of the
samplcs studicd partial resorption of plagioclasc occurs

at plagioclasc~alkali feldspar grain boundarics.

There 1s an approximatce corrclation between the
silica content of any rock and the concentration of
biotite that it contdins. Within the major phascs of the
batholith there is also a slight rcgular decrcasc in the
Fe/Fe + Mg ratio of the biotitc with incrcasing silica
content of the host rock in which it is found. The
Fe/Fc + Mg ratio in biotites also appcars to be affccted
by the prescence of any other ferromagnesian silicatces.
Thus in thosc rocks containing more than 73 Wt% SiO2
biotite is thec only ferromagnesian silicatc present,
and the Fe/Fc + Mg ratios in thesc biotitcs incrcascs
rapidly with further incrcasces in the silica content of
the host rocks. Such conditions arc found only in the
samplcs from the Gump Lake phasce - which may not be

genetically related to the rest of the Guichon Creck



batholith - and from the Spatsum quartz-monzonitce which
is belicved to be a late stage daifferentiate of the
batholith. The variations in Fo/Fe + lg ratios in
biotites may be produced by variablc fugacitics of
oxygen which in turn may be controlled by the prescnce

or abscnce of other ferromagnesien silicatce phascs,

The variable tcxturcs and compositions prescnt in
the Guichon Crceck batholith arce the products of
crystallisation of magma undcr varying physical conditions,
These conditions included assimilative rcaction with
country rocks, magmatic_convcction and diffeoreontiation
and varying volatile and oxygen pressurcs. Two
distinctive cvents in the crystallisation history can be
discecrned from the mincralogical study. The first najor
cvent producced the Hybrid, Highlond Valley and LeRoy
phascs of the batholith, the sccond major cvent producced
the Bethlchem, Witches Brook and Bethsailda phasob and
the minor latce stage porphyrys and breccias associated
with them. The Gump Lake phase was intruded at some
time between the two major cvents outlincd above but its
gencetic relationship to the rest of the batholith is in
doubt. It appcars from analysis of modal salic constituents
that the Guap Lalke phasc is not dircctly rclated to the
other phoscs of the Guichon batholith and it nay possibly

be genetically linked to the Nicola batholith which outcrops



to the cast.

Thuere is o definitc chemical and mincralogical change
in the nature of thce batholithic rocks with decrcasing
relative age of intrusion. The carly magmatic cvent was
probably aCCOmpanicd by at lcast minor assimilative action
and convcctive flow of the magmo. Thesc conditions
produced thc xenolith rich margin to the batholith, the
prcfoerred oricntation of normal zonced plagioclasc
phenocrysts in the carly phases and progressively less
basic bulk compositions through thc Hybrid and Highland
Vallecy phases. The LeRoy granodiorite was cmplaced as a
dyke phasc possibly as a rcesult of locally high volatile
pressurcs cxisting in cupolas at the batholith wmargin.
The more highly diffcrentiated naturc of the LeRoy
sranodioritc is compatiblce with such an origin. The
scquence of crystallisation of the salic mincral phascs
during the ecarly magmatic cvent was: plagioclasc, gquartz,
alkali feldspar; and the mafic mincral phascs
crystallised in the scqucnce: pyroxcnce (not common),
hornblonde, Biotito. The prescnce of pyrexcenc inclusions
in plagioclasc corcs suggests that pyroxcnc was the first
major mincral phasc to scparate in pyroxenc bcaring rocks.
The lack of mafic inclusions in plagioclasc cores in rocks
devoid of pyroxenc suggests that hornblende and biotite

crystallised after the first scparation of plagioclasce in
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these rocks,

The later magmatic cvent is most probably dircctly,
genetically rclated to the carlisr magnatic event and
rccords a slight roncwed intrusive movement. This magma
crystalliscd under gquicscent conditions ond thus very
little differentiation took place. The lack of
convcective flow in this magma was probably duc to its
cmplacement into hot, consolidated rocks of the carlier
event and for this rcason also the later magma
crystalliscd to a much coarscr grain size. The conditions
of emplaccment of the Witches Brook nhasc werc very similar
to thosc of the LeRoy granodioritce of the carly magmatic
«cvent. Plagiocclasc zoning schemes and bulk composition
data suggest that some samples originally described by
Northcotc (1969) as bclonging to the Witchics Brook phasc
may in fact bclong to the LeRoy granodioritc phase.
During crystallisation of the latcr magma o change in the
order of crystallisation of the salic mincral phascs
occurrcd. Thus initial scparation of plagioclasc in the
outcr Bethlchem phasc wes replaced by initial scporation
of quartz in the Bethsaida phase. This change was most
probably due to an incrcasc in the volatilc pressures.

If results from synthetic experimental investigations

can bc dircctly applicd to the present case it suggests



that total pressurcs in the order of 4 kilobars cxisted
during crystallisation of the Bethsaida phase. The

cbscrved gradual decrcasc in Fe/Fe + Mg ratios in

events suggests that the fugacity of oxygen was also
incrcasing gradually during consolidation of the major
phascs of the batholith. The continuecd build up of
volatile pressurcs within the mogma chamber cventually
led to local fracturing of the chambcr’margins and the

formation of prophyry dykcs, pipe breccias and local

cconomic mincral deposits.

Northcotc (1969) has sugsested that a change from
mesozonal to epizonal cmplaccement cenvironments occurrced
during consolidation of the batholith. Due to the lack
of any cvidence to suggest that successive phascs
pencetrated c¢n masse into successively higher regions of
the crust Northcote has suggested that from 5000 ft to
15000 ft of Lower Jurassic scdimcents werce croded from
the roof of the batholith during its emplaccment. The
mincralogical data collected in the precsent thesis
contains no cvidence to supnort any grcecat changes in

depth occurring during crystallisation of the main
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phascs of the batholith., The prescnt author would suggest

thercforc that the physical charactcristics of the



batholith that
pcrhaps be duc
and thc action

If such is thce

suggest mesozonal cmplacement may
to a combinetion of cpizonal emplaccment
of convection within the magma chanmber.,

casc the depth of cmplacement may have

changed by as little as 2 km during the cntire

crystallisation history of the batholith.
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Appendix 1 Pctrographic Descriptions

The following pctrographic descriptions arc
concerned primarily with textural fcaturces prescent in
the samples. For modal analyscs scc Appendix 2.

Samplce numbers given in brackcets rclatc to the original
ficld samplce number uscd by K.E. Northcotc who
collccted all the samples uscd in this study. Grain
sizes arc given in terms of the grceatest dimension,

HYBRID PHASE

1. (K64-59A) Quartz Diorite

Medium grainecd, cquigranuler, marked prefcrrecd
oricntation of plagioclasc. Plagioclasc subhcdral-
cuhedral, wide range in grain size from 2.5mm - O, 5mm.,
very weak normal zoning, strong scericitic alteration.
Orthoclasc pcrthitic, intcrstitial or poikilitically
cnclosing all other minerals. Quartz anhedral,
interstitial., Mafics arc ragged, anhcdral and
rclatively fresh., Clinopyroxcnce is subhcedral and of
approx. 1 mm grain sizc.  Hornblendces have cores of
strongly altercd clinopyroxcnce and contain inclusions of
plagioclasc, magnctite and quartz. Biotitc is partly
poikilitic, cnclosing nornblcnde, quartz, plagioclasc
and opaques. lyrmckite prescent at some plagioclasc -
orthoclasc grain boundarics, if abscnt plagioclasc has
albitic rim and is partially rcsorbed.

2. (X6L-49A) Quartz Diorite

Very similar to samplc #l cxcept for prescnce of
traces of microclince twinning in the alkali feldspar.
Clinopyroxenc occurs only as corcs to hornblcende,

3., (K64-13%3) Quartz Diorite

Very similar to sample #1 cxcept that clinopyroxcnce
occurs only as corcs to hornblende.

L. (k6bL-156A) CGranodiorite

Finc-medium grained, cquigranular, markcd preferrcd
oricntation of plagioclasc. Plagioclasc subhedral, grain
sizec Z2mm, fresh, normal zoning. Quartz anhcdral,
interstitial., Orthoclasc interstitial, very few
plagioclasc inclusions (strongly rcsorbed), some myrmckitic
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intergrowths., Clinopyroxcene ragged, subhedral with

plagioclasc inclusions. Biotitc markedly intcerstitial
poikilitic forming grains with max. sizc 3mm.

HIGHLAND VALLEY PHASE

Guichon Varicty
5. (K63-195~1) Contaminated ? Quartz Diorite

Mcdium~coarse grainced granular texturc, marked
plagioclasc precferred oricntation, mafic mincrals tend
to form clustcrs. Plagioclase subhcdral-cuhedral,
normal zoning, mearked altcration. Quartz and orthoclasc
interstitial. All nafics cxtrcemcly ragged. Clinonyroxcnc
rimamcd by hornblcende and variably rcplaced by sicve
texture hornblende. DBiotite poikilitic cnclosing
plagioclasc, quartz, mafics and sphene, cxtensive
altecration to chloride. ‘

6. (X63-714) Quartz Dioritc

Medium graincd, cquigranular, prcferred oricntation
of larger plagioclasc crystals. Plagioclasc is subhedral-
cuhcdral, cxhibits weak normal zoning, considerablc
scricitic alteration and partial resorption wherce it is
in contact with alkali fcldspar. Plagioclasc grain sizce
ranges from 32mm to .5mm. Quartz is intcerstitial to
plagioclasc, anhcdral and coxhibits strong cextinction
mosalcs. Orthoclasc is anhedreol, poikilitic or
intcrstitial cnclosing plagioclasce and hornblende,
Hornblonde is ragged but subhedral, often has corces of
clinopyroxcnc and tends to form clusters of grains.
Biotite is ragged and gencerally anhcedral with strong
chloritic altcration and quartz stringcrs arc prescnt
along thce clcovage. Biotitc gencrally about lmm but
may be poikilitic up to 3min. Opaguc mincrals shovw a
strong asscociation with biotitce and hornblonde.

7. (K63-104-I) Granodioritc

Medium-coarse grainced ccuigranular. Plagioclasc
cuhedral-subhcdral, Lmm-O.Lmn, slight altcration and
normal zoning, partial rcsorption when in contact with
orthoclasc. Quartz anhcdral cquant grains, O.3mm,
Orthoclase perthitic, frcesh, interstitial or poikilitic
up to Smm. Hornblende subhedral, poikilitic conclosing
quartz, plagioclasc and opaques, up to 3mm. Biotitc



ragged, voikilitic cnclosing quartz plagioclasc and
onaques, appro¥. 15% chloritic altcration.

¢.  (K64L-207) Granodioritc
Very similer to sample 6. Orthoclase is markedly
interstitial, pyroxcnc is abscnt and micrographic

intergrowths of quoartz and orthoclasce arc common.

Chataway Varicty

9. (KéL-116a-1I) GQuartz Diorite

liecdium~coarsc grained couigranular. Plagioclasc
exinibits a rough preferred oricntation, is cuhcedral-

subhcdral, L4mm - O0.5mm, slight alteration, normal zoning.

partial resorption where in contact with orthoclasc.
Quartz is anhcdral, interstitial to plagioclasc and has
strong c¢xtinction mosaics. Orthoclasc is poikilitic up
to Zmm, anhcdral and cncloscs plagioclasc, quartz and
hornblende. Myrmckite is prescent at some orthoclasc-
plagioclasc junctions. Hornblende is subhedral up to
2.5mm, fresh and has quartz, plagioclasc and opague
inclusions. Biotitc is ragged, subhcedral, with quartz
and opague inclusions and is approx. 5% chloritiscd.
Sphence is subhedral.

10, (X64~48~T)  Granodiorite

} Very similar to sample 79 cxcopt for slightly
coarscr grain sizc. Orthoclasc poikilitic up to Smm.
Hornblende strongly poikilitic. Biotitc fresh.
Myrmckite absent.

11. (X64~1L4) CGranodiorito

Very similar to sample #9. Biotite approx. 2%
chloritiscd,

12, (X64~145) Quartz Dioritc
Very similar to sample 7#9. Myrmeckitce abscnt.
Biotitc approx. 30% chloritiscd.

LeRoy Varicty

4. (K63~209a-1) Granodiorite

Medium~finc grainced, cquigranular, average groin

97



size approx. 1.5mm, rough prcfcerrcd orientation of
plagioclase. Plagioclasce subhedral-cuhcdral, wide

range in grain size Smm -~ O.5mm, normal zoning,
moderately fresh, partial resorption when in contact
with orthoclaesc, inclusions of opagucs and sphenc.
Quartz may occur as 1) larger (.7mm), poikilitic
anhcdral groine with plagioclase inclusions and mosaic
cxtinction, or 2) as smaller (.2mm) rounded cquant grains
which arc particularly common os inclusions in
orthoclase. Orthoclose is anhcedral interstitiel and
noikilitic cnclosing plagioclasc, quartz, hornblendce and
opaqucs. Hornblcnde is ragged, subhedral, up to 3mm,
poikilitic, c¢nclosing quartz,; sphenc and opaguces.
Biotite is ragged, anhcedral, up to lmm, scmi-poikilitic
cnclosing quartz and cpaguces,

15. (X63%3-2102-1) Granodioritc
Very similar to sample ML,
16. (K63-1852-1I) Groncdioritce
Very similar to samplc #l4.
17. (X64~101) Granodioritc

Very similar to sample /i,

f=
Co

(K63-37) Granodiorite
Very similar to sample :#14.

GUHP_LAKE PHASE

19. (K64-98~1) Granodioritc

Coarsc—-graincd wecakly porphyritic. JQuartz is
coarsc greained, anhedral and cither intcerstitial or
forming compositc? fracturcd crystals, mosaic cxtinction
and occassional plagioclasc inclusions. Plagioclasc is
cuhcdral or subhedral with grain size Sma to 1lmm, slight
alteration, weak oscillatory and normal zoning with
albitic rims common. Scverce rcesorption of plagioclasc
winen in contact with orthoclasc,; also some myrmckitc
prescent.  Orthoclasc is perthitic, anhcedral, interstitial
or coarsc poikilitic, cnclosing plagioclasc and quertz.
Biotitce is fresh, ragged, anhodral, wealidly poikiiitic
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cnclosing plagioclasce and quartz, and tends to form
clustcrs associated with accoessory opaquces,

20. (K64-88) Granodiorite

Very similar to samplc #19 except for approx. 10%
chloritisation of biotitec.

21. (K64-98) Quartz Monzonite
Very similar to samplc #19.

BETHELEHE} PHASE

22. (K63-115) Granodiorite

Coarsc graincd, weakly porphyritic. Plagioclasc
subhcdral, larger crystals cxhibit rough preferrcd
oricntation, wealt oscillatory zoning with variablc
alteration of zoncs. Quartz anhcdral, interstitial to
plagioclasc, mosaic cxtinction common. Hornblende and
biotitc both r.ggcd, subhedral, poikilitic cnclosing
plagioclase and quartz. Orthoclasc perthitic, anhcdral
interstitial or poikilitic, slight alteration.

23, (K64—186A) Granodiorite
Very similar to samplc #22.
24, (K63-182) Granodioritc

Coorse~-grained weakly porphyritic. Quartz may be
1) subhcdral, coarsc fracturcd crystals, often composite,
or 2) interstitial anhedral grains. Plogioclasc is
cuhcdral, Smm - O,5mm, c¢xhibits oscillatory/nornal
zoning and 1s variably altcecred. Inclusions of hornblonde
and quartz arc common and partial rcsorption has
occurrcd when in contact with orthoclasc, Orthocleasc is
perthitic anhedral, intcerstitial or weakly poikilitic,
inclusions of plagioclesc, hornblende, sphence and
opaqucs, Some smallcer interstiticl grains oxhibit
microcline type grid twinning and this also occurs at
cdges of some poilkilitic grains. Biotite and hornblende
ragged, subhcedral with slight chloritic alteration
at cdges.

25. (K63-3%9) Granodioritc

Very similar to sample #2L4 coxcept for lack of
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microcline typoe grid twinning in the alkali feldspar
and proscnce of hornblondo only as inclusions in salic
constitucnts.

WITCHES BROOK PUASE
26. (X63-171) Granodioritc

lMedium~grainced, weakly porphyritic. Plagioclasc
variable grain size Smm - O, 5mm, poor prcferred
oricntation, cuhcdral-subhedral, homogecnous cores,
oscillatory zoncd rims, altcration patchy, variable
resorption when in contact with corthoclasc, inclusions
of hornblende and magnctitc common. Qua rtz anhcdral,
approx. lmm, cquant grains or intcrstitial, mosaic
cxtinction. ‘Orthoclase perthitic, interstitial or
poilkilitic, anhedral up to 3.5mm, cncloscs all other
mincral phascs, Biotitce and hornblende ragged, anhcdral
0O.5nm, tendency to form clusters with acccssory sphene
and opaqucs.,

27. (X64~203%) Granodiorite

Very similar to sample 726.
23, (X64-102) Cranodioritc

Mcdium to finc graincd. Plagioclasc subhcdral-
cuhaodral, weakly porphyritic, larger crystals (Bmn)
¢xhibit rough preferroed oricntation, normal zoning.
Quartz intcrstitial, weakly poilrilitic or anhedral ccuant
grains. Orthoclasc intcrstitizal or poikilitic, patchy
altceration. Biotite and hornblendc fresh, anhoedral,
finc graincd ( 0.%mm) and ragged, often forming clusters,
quartz inclusions common, Sphcne interstitial, =nhodral-
subhcdral, associatcd with mofics,
29. (K63-105~1) Quoris Moazonitce

Very similar to samplc 7#28
30. (K653-8L4) Gronodiorite

Very similar to samplc 7#28 oxcept that biotite is
approx. 30% chloritiscd.

31. (K6L-17) Quartz Monzonite

Medium graincd, cquigranular. Plogioclasc subhedral



101

considcerable alteration, scverce resorption and albitic
rims comimon, traces of oscillatory zoning. Quartz forms
anhodral, cquant grains with nosaic cxtinction, also
intorstitial, Orthoclasc perthitic, anhoedrol-subhedral,
considcrable altcration, partly interstitial, partly
subhedral prismatic, found also os rims of variablc
width to plagioclasce. Fiotite finc grainoed, raggoed,
anhedral, associated with opagquce mincrals.

BETHSAIDA PHASE

32. X(6%-192A) Gr-nodiorite

Coarsc—grainced, cauigranular or wcakly vorphyritic.
Plagioclasc cuhedral, average grain size 3mm, compositc
crystals common, oscillatory zoning, partial recsorption
when in contact with orthoclasc, albitic rims common.
Quartz occurs as large, subhedral, fracturcd groins of
variable grain size, bmm - 2mm., Some graphic intcrgrowths
of orthoclase and quartz. Orthoclesce perthitic, coarsc,
interstitial anhedral or poikilitic subhcdral,
occassionally partially montling plagioclasc. Hornblende
occurs as a singlce largce, poikilitic crystol approx.

1.2 cm, cnclosing plagioclasce, quartz, magnetitc and
biotitc. Biotite coarsc, mox. 3mm, ragged, subhcdral,
inclusions of quartz and plagioclasc in outcr parts of
grains, approx 5% chloritisation., Acccssory sphone,
opaguces, and apatitc occur os clusters.

33, (K63-23%38A) Granodiorite

Vory similar to samplc #32. Hornblende abscnt.
4. K63-231) Granodioritc

Very similar to samplc 732, has morc porphyritic
texture with quartz and ploagioclasc phenocrysts.
Hornblende aobsent. Biotite fresh, cuhedral, coarsc
grainced and weakly porphyritic.

35.  (K6L-6L) CGranodioritc

Very similar to sample #32. Hornblcecnde absent.



HModnal analysus and calculated chemical compositions

Intrusive Phasc

Sample # -1

Hode

o

OHHOONI\NO

Plagioclase
Alkali Feldspar
Quartz

Biotite
Hornblende
Pyroxcne

Opaque

Sphenc

Apatite

Zircon

- —
FoNF OO

Chcmical Lstimate

S102 60.52
A1207 17.12
Fep03% 3,02
e 3,62
a .
NeopO 4.0k
K20 0.93
H-0 0.1}
P50 -
Tiog 0.55
Cal'p -

Hybrid

R
O O\~ co~I\u\n

Ui OVOV\WWNN O+

62.28
16.53
1.67
3.7h
2.66
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1.43
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20,
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*  Modal analysis from Northcotc (1969)

.

64.04
16.11
2.36
3.11
2.01
5.93
3.98
1.94
0.14
0.03
0.33
0.01
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JIntrusive phasc
Sample #

Modc
Plogioclase
Alkali Feldspar
Quoartz
Biotite
Hornblende
Pyroxene
Opaque
Sphene
Apatite
Zircon

Chemical Estimate

Si0p
AlZOB
FOEO
FeOl 7
Mz0
Ca0
Nap0
K0
Ho0
P05
7103
C&Fg

Appendix 2 (continued)

Highland Valley -
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Guichon Varicty
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.82
.55
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N
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67.02
14.91
2.79
2.78
1.238
L. 3k
4.29
1.57
0.21

0.30
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Appendix 2 (continucd)

Intrusive Phasc Highland Valley =~ Chataway Varicty
Sample # 9 10 11 12
Mode
Plagioclasc 61.6 55.15 51.8 53.2
Alkali Feldspar L. 8 7.50 1.8 6.8
Quartz 21.4 21..08 21.4 25.2
Biotite .2 £.99 6.8 6.8
Hornblonde 6.2 L.65 4.8 6.6
Pyroxcnc - - - -
Opaque 0.6 0.94 0.4 1.0
Sphcne 1.2 0.22 - O.4
Apatite - Tr - -
Zircon - - - -
Chu m1cwl Ethm“tv
Si0p 65.26 66.13 66.21 66.34
41503 17.51 16.67 17.16 15.89
H0903 1.25 1.75 1.04 1.69
FeO 2.15 2.7% 2.39 2.99
z0 1.30 1.38 1.38 1.62
Ca0 5.60 L.52 L.24 h.ub6
Nas0 7 L., &7 .48 L.ohl 4. L0
KZO 0.98 1.64 2.57 L.50
30 0.22 0.26 0.26 0.29
PQOB - - - -
Ti02 0.87 O. 44 0.2 0.55

CaFs - - - -



Intrusive Phasce
Sample #

Mode

srrntian 4

Plagioclasc
Alkali Fecldspar
Quartz

Biotite
Hornblende
Pyroxcne

Opaque

Sphene

Apatite

Zircon

Chemical Estimatc

Si0
A1285
Fe 03

Appendix 2 (continued)

Highland Valley - LeRoy Variety

14

o

OO ~J3&Hunmooiv
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o

=0 P E oeCe

62.57
19.22
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o

15

53.2
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21.4
L,2
3.8
1.0
Tr

= 'O

O ONFEFEOHEFCOU
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16

50.6
11,8
24,8
6.2
5.4

1.2

(@] OMNFEWH M-
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.11
.32

an
.51
.51
47
.31

24
.49

18

s
EO

COQOOCNEWOHI.

COOO WWCOM

48
.99
.17
.71
.87
.12
.15

.16
.08
.50
.01

105



106

Appendix 2 (continucd)

Intrusive Phasc Gump Lake

Sample # 19 20 2l
Mode *
Plagioclasc 37.25 30.6 36.6
Alkali TFeldspar 16.77 2244 23,4
Quartz 39.16 29.8 386.2
Biotite 5.24 4.8 1.6
Hornblecnde 0.75 - -
Pyroxcne - - -
Opaquc 0.66 0.6 0.2
Sphene - -
Apatitc 0.09 - -
Zircon 0.09 - -
Chemical Estimate
510 74 .50 76.04 76.35
Al> 3 13.09 12.22 13.56
I'e503% 1.14 1.06 0.34
Fc 1.63 1.47 0.47
MgO 0.66 0.53 0.17
Cal 2.47 1.86 2.25
Nas0 3.59 2.8% 3.73
K0 5150 3,66 5,02
HpO 0.14 0.12 0.04
P205 0.0l-}- - =
Ti02 0.21 0.19 0.06
CELFE 0.01 - -



Appendix 2 (continued)

Intrusive Phase
Sample #

Modc

Plagioclasc
Alkali Feldspar
Quartz

Biotite
Hornblecnde
Pyroxcnc

Opaque

Snhene

Apotite

Zircon

Chemical Estimate

Si0
Fep03
e
g0
Cal
NapO
K-50
H%O
PéO
TiOg
CaF2

22

59,438
13.38
18.59
1.76
4.95

1.06

OHONOROR AN By
O£ O OO

HFJOMTDNNKN

Bethlchem

25

\Nn
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=3 -3 | Sl = N @ o1
HOH s | e s ¢ e

67.

-
(AVAN

O OHImWHN

£ 0o 0o\ £
oI~ 1 Ut

o
o

2l

N =\

69,97
16,46
0.87
1.19
0.52
3.63
4.90
2.01
0.10

0.35

107



Intrusive Phasc

Samplec #

odc

Plagioclase
Alkali Feldspar
Quartz

Biotite
Hornblende
Pyroxene

Opaque

Sphene

Apatite

Zircon

Chomical Estimate

Si0
Ala%}
FOZOB
FeO
Mg0
Cal
NasO
Kaé
HpO
P50
Tiog
CaF2

Appendix 2 (continucd)

53.37
11.07
26.36
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e 5. .
o o
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=3 -3 O AN
O
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Lo I ]

67.54
16.52
1.75
2.13
0.95
Lo, O
L., 27
1,88

0.17
0.36

Witches Brook Phase

27

70.41
15.80

O OHFWOHO
no
O

(NS e
W\ Co~a\n

OO

= ON

NO MO

~—

O (@R

N0 oo CcoO

OO

.62
.91

.09
.95
.15
.33
.09
.18

.55

29

70.

I..J
O OMNFNHMDOF
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77.73
12.17
0.55
0.58
0.18
0.65
3.96
4,07
0.04

0.06



Appendix 2 (continucd)

Intrusive Phasc

Samplce # 32
Mode

Plagioclasc 58.92
Alkali Feldspar  10.82
Quartz 19.70
Biotite 0.51
Hornblende 7.05
Pyroxcne -
Opaque 2.94
Sphene -
Apatito 0.02
Zircon -

Chemical Estimeotce

Si0 64.25
A1505 16.59
F0203 L.,16
ToO 2.85
5
a )
Nep0 5.09
K50 1.42
20 0.0
Téog 0.12

CTFZ Tr

Bethsa

67.79
17.13
1.82
1.54
0.L0
5.52
5.35
2.00
C.09
0.09
0.26
0.02

3l

= ~J
COO0OOHEFEWORHF VO

ida Phase

.90
n
.07
. 50
45
.59
.67
R
.10
.13
.29
.02

35

46,21
5.88
35.22
11.38
0.42

0.4tk
0,02

72, 34
,84
.79
.Ob
.20
U3
.28
.88
.27
.01
Le

}_J
P—BOOOH-{-‘NI—’T\)O\N

LI

109



110

Lppendix 3 Biotite Blectron Microprobe Analysis

1) Samplc Selcction and Proparation

Biotitc samplecs were proparcd as grain mounts rathcer
than as thin scctions of rocks since this allowed o much
morc represcentative samplc to be cxamined. Approximatcely
half of the samplces uscd werce originally concentrated by
X.E. Northcote for usc in K/Ar age dating studics of the
batholith., The remaining samples were sceparated from a
crushed hand sizc rock sample by combincd sioviﬁg and
hand picking techniqucs, Several grains from each
samplce werce cold mounted in cpoxy rcesin cylindrical mounts
and polishcd. For clcctron microprobe analysis a perfectly
flat sample surface is rcquircd in order to minimisc

.‘

irregular absorption ceffects on the X-rays gcnerated
within the sample. A perfectly flat sample surfacc is
extrcmely difficult to attain with biotitc samples becausc
of the cxtremely finc scalce nature of the perfect basal
clcavage prescnt in micas. Initial hand polishing on a
glass plate with 950 cqrborundum grit was cmploycd to
cxposc the biotite groins at the surface of the cpoxy
mount. Sccondary polishing was donc with tin oxide
powder on a rotary polishing machine with cloth laps.
‘This sccond stage often produced sample surfaccs which
werc dcemed to be sufficicently well polished. If further

polishing was nccessary this was achicved using l/A
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and %/u diamond paste on a silk lap rotary polishing

machine. All mounts wcre carbon-coated with a coat
thickness corrcesponding to a purple-bluc colour on
polished brass. (Smith, 1965)
2) Stendards

In order to minimise diffcrentinl absorption and
flourcscence cffects betwecen samples and standards it
was decided that a number of chemically analyscd natural
biotitcs would be uscd os standards. The author is
particularly grateful to Dr. J.H.Y. Rimsaitce of The
Geological Survey of Cannda for her help in providing
the standards prefixed R in Table XI., Chemical =analyscs
and physical propcrtics for thesce standards hove boen
published by Dr. Rimsaitc in G.S.C. Bulletin #149 (1967).
The author would also like to thank Dr. J.A. Gowcr of
the Geology Department, University of 3ritish Columbio
for providing the sténdards prefixed B in Tablce XAI.
Partial chemical analyscs for the B stondards werc
carricd out by 'rapid' mcthods by the Geological Rescarch
Department of Cominco Ltd. ot Trail, B.C.

3) Instrumcntation and Technique

The instrument uscd was a Japencsce Electron Optics
Laboratorics JxA-3A(3140) which has a normally incident
clectron becam, o spectromcter take-off angle of 209, and

is cquipped with gas flow proportional counters. All
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analyscs were carried out at an clectron cxcitation
potential of 25kv. and samplce currcents approximately .
.08 w A, using o spét size of approximately 5 u«. The
clectron becam currcnt was monitorcd between cach analysis
by rcturning to a Cadmium standard and checking that the
samplce currcent on this standard was stcady. Slight
fluctuations of the Cadium standard currcnt werc adjusted
by means of the condenscr lens bias control,

Simultaneous analyscs were made for MgKe and FeK e,
using o mica crystal for MEK°¢, and a quartz crystal for
FeKee y, in the two spectromcters. Counting responsc for
FeK , was good, averaging 1,500 counts/scc. for a sample
containing 15 Wt% Fc. Counting rosponsc for MgK o,
however, was oxtremcly pdor, average 30 counts/scc for a
samplc containing 8 Wt% Mg. Pceak to background ratios
for an average sample wero approximatoiy 200:1 for FeXy,
and G:1 for MgK« . Background counts were found to be
the samc at 1928 above and 1928 below the poak position,
and thus background counts worc taken for all anclyscs
at 1926 below the peak position.

In vicw of the low counting ratcs for MgK«, it was
necessary to count for rclatively long periods of time at
any singlc spot. Repeated ten sccond analysces of the
samc spot showcd thot after approximatély 50 sccs there

was o notable decrensce in the counting rates for both
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Mgk« oand Fcky , presumably cduc to surface contamination
build up. Thus analyscs of a singlc spot were carricd
out for LO scc time intcervals.

In order to check for sample inhomogoencity 3-5
spots werc analyscd per grain and 5 grains analyscd per
sample. In addition scveral of the samples were choecked
for compositional zoning by making lincar traverscs from
grain cores to grain boundarics., No compositional zoning
was obscrved in any of the standards nor in any of the
samples investigoted.

. Fig., 17 is a plot of composition against total
counts collccted per LO sccs during a singlc running period
for the standards uscd in the present study. The standards
lie on a very slightly curved line which has a tondency to
incrcasc slope at highcer counting rates. The Guichon
biotite samplcs all lic within the rangc of standards
R.24 - R.11 and in this range thoe corrclation curve of
total counts collcctod to composition is cffcectively a
straight line.

The rclative corrors in analysis may be guagoed by
inspcction of IFig.l7. Rclative errors in the o¢stimate of
VCOmpOSitiOnS for the Guichon batholith samples arc
ostimated at = 0.35 Wi% Mg and = 0.25 Wt% Fc. This

cstimate takes into account the #fitiing' of corrcolation
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curves, samplc inhomogeneity and the statistical
variation of X-ray gcneration. Totnl instrumental drift
was checked by analyscs of standards before, during and
after cach set of unknown samples, Drift was found to
bc less than one standard deviation in fhc accunulated

counts for all of thc standards cmployed.



